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The Millennium Development Goals (MDGs) for 2015 and the Plan of Implementation of the World Summit on Sustainable Development (WSSD), recognize that forests are critical to achieving overall sustainable development, reducing poverty, improving the environment, halting the loss of biodiversity and reversing land and resource degradation (McConnel ’05: 49). MDG Goal 7 is, “to integrate the principles of sustainable development into country policies and programs to reverse loss of environmental resources”.   Biodiversity loss has been slowed somewhat, and between 1990 and 2005 the percent of forested land, indicator 7.1, has declined 1% from 31.3% to 30.3% while the protected terrestrial and marine habitats have risen to 12.1% (Sanders ’10).  

	Millennium Development Goal 7 Environment Compared with 1990 

	Region
	Forest 

Land 

1990
	Forest Land

2005
	CO2 106 Ton

1990
	CO2 106Ton 

2005
	Ozone Abuse

1990
	Ozone

Abuse

2005
	H20

Used

2000
	Protect

Areas

2006

	World
	31.3%
	30.3%
	21,899
	28,013
	
	
	
	12.1%

	Developing
	
	
	6,803
	13,817
	247,536
	55,419
	6.7%
	13.0%

	North Africa
	1.3%
	1.5%%
	232
	437
	6,203
	1,972
	77.5%
	3.7%

	Sub-Saharan Africa
	29.2%
	26.5%
	465
	652
	23,449
	1,295
	2.2%
	11.5 %

	Latin America and Caribbean
	50.2%
	46.3%
	1,078
	1,449
	76,048
	7,386
	1.4%
	21.0%

	East Asia 
	16.5%
	19.8%
	2,940
	6,235
	103,217
	29,870
	21.4%
	14.0%

	South Asia 
	14.0%
	14.2%
	1,009
	2,051
	3,338
	4,408
	26.6%
	5.6%

	South Eastern Asia
	56.3%
	46.8%
	427
	1,045
	21,108
	3,299
	4.5%
	7.5%

	Western Asia
	3.3%
	3.5%
	646
	1,127
	11,470
	6,979
	47.5%
	17.9%

	Europe and  Central Asia
	38.6%
	38.6%
	3,796
	2,303
	139,454
	1,672
	5.4%
	7.6%

	Oceania
	68.3%
	63.4%
	6
	11
	47
	33
	0.0%
	7.2%

	OECD
	30.4%
	30.8%
	11,173
	12,979
	826,801
	4,793
	9.3%
	16.9%

	Sources: The Millennium Development Goals Report 2009 Indicator 7.1, 7.2, 7.3, 7.5 & 7.6
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For the past two decades the United States has shown a 0.2% annual net forest growth.  Canada, doesn’t report the -0.02% rate of deforestation due to agricultural and urban rezoning, not including clearcuts expected to naturally regenerate, to the Food and Agriculture Organization (FAO).  Mexico at -1.1% has the fifth fastest rate of deforestation.  Western Europe is the only continent that shows a net rate of forestation, 0.1%, due to the non-reporting of Russian clearcutting of non-regenerating taiga.  Africa shows the highest rate of deforestation, -0.8%, Central and South America -0.4%, Oceania -0.2%, and Asia -0.1%.  There are few forest types that regenerate naturally after clearcutting.  The best solution is to replant in native tree species with the intention of including urban communities, with a fair share of exotic shade and fruit trees, in the local forest, and to require sound forest management plans that limit logging to the logging road, mountain trails and wilderness campsites at planned development sites, under the shelter of the forest canopy. The primary driver of deforestation is dependence on fuelwood for heating and cooking in urban communities.  As of 2015 the United States of American is expected to be the world’s leading exporter of petroleum.  In estimation of my petrified wood oven, there is no method of increasing United Nations (UN) statistical accounts of official development assistance (ODA) for 2015 greater than by promising everyone equal prices for fossil fuels in order to provide a break to consumers in least developed nations who have been paying many times more, although they earn many times less, to reverse deforestation caused by urban firewood and charcoal consumption.  Mine the oil and natural gas before it causes a volcanic eruption, but don’t cause any earthquakes fracking or with even more seismic carbon capture storage technology, and don’t allow alternative energy financing to continue to obstruct the invention and marketing of the effective solar technology I want to power my laptop. The high levels of generosity and international assistance program success exhibited by the Saudi Arabian oil shiekdoms goes unnoticed by the Organization for Economic Cooperation and Development (OECD) and UN, their assistance is so high it does not compute as a percentage of GDP targeted at 0.7% by 2015, being more like 5-10%, tens of billions of dollars of high quality international oil industry technological assistance and no interest loans annually, previously unaccounted for.  This equal price fossil fuel cooking program should be partnered with the agreed upon carbon emission credits for multinational and charcoal companies alike, with an eye for cost-effective solar power.  Polluters, including deforesters, need nurseries to breed native tree species for replanting; and the fossil fuel not to cut them all down.  Forest growth, for watershed, air and soil protection of wildlife and human habitat, is a stately priority for everyone this Millenium. 

Forestry calls for more Internet than satellite offers guests; even the forest service manual (FSM) cannot be downloaded in PDF or Word.  However, for the price of a cup of coffee a day, I commuted to town for weeks and was prosecuted for working on the Sabbath and am still a crippled Haphaeston (pronounced half-ass-tian) with a clogged smoke flap and three day saw mark on a log to show for the hand hewn cedar plank and douglas fir stick tabletop and petrified wood oven. Rural broadband expansion offers the Forest Service another opportunity, along with the ‘jogging road’ to diversify profitable, usually highly subsidized, timber corporations, while limiting tree felling to the minimum needed to construct well planned mountain trails, logging roads and human habitat space, for public and private use.  There is consensus in the literature [image: image40.jpg]


and scientists that the Forest Service should stop the practice of constructing logging roads and leaving piles of logs to sweeten the bid for timber companies to, often clearcut, public lands. Private companies should bid to construct logging roads and their timber harvesting should be limited to the logging road; prohibiting clearcutting and precommercial thinning on public land with a mind for jogging roads, wilderness campsites and trails.  Timber companies are highly subsidized already and generally offer to produce logging roads for a reduction in stumpage rates (30%) owed the land owner (McEvoy ’04: 133).  It would cost both the public and loggers less and they could be proud of their jogging roads in a ‘Jogging Road Act’ with only two weeks altitude sickness at 3,000 ft. elevation gains that requires reacclimitization after descending for a time.  Furthermore, it is essential, if the United States is to have any success at selling fossil fuels to reverse deforestation, to verbalize their ratification of (1) the Convention on Biological Diversity (CBD) as well as the Cartagena Protocol and Kuala-Lumpur Supplemental Protocol that pointedly hold the United States and other nations responsible for corporate liability for the transboundary spread of biologically (genetically GM) modified organisms, to reduce timber industry, and GM financed political risk and (2) the Law of the Sea to create a civilian Fishing Safety and Health Administration (FSHA) to regulate the nation’s most dangerous industry. The USA, with 0.2% net annual forest growth, despite the world’s greatest demand for wood pulp and paper products, or the reader, should propose a new protocol to ban clearcutting, the cutting of trees greater than 24 inches diameter at breast height (dbh) and promote native species nurseries.  Harvesting should be limited to the absolute minimum needed to create planned roads and human habitations under the forest canopy. Timber and wood products should not be purchased from nations with a net rate of deforestation.  Replanting should be done in native species.  Fruit trees do not grow well at high elevation.  The plan is for rural and urban communities to be included into the local forests this millennium, despite the roads and buildings, to achieve the highest attainable quality of life, water, air and soil.  
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Agriculture and forestry provide all the necessities of life for free.  I sleep in the forest and commute to town to get free food.  My sister raises my nieces in the montane because her husband is a mycologist who built them a home.  My mother and I moved from the big city to a small town nearby. After passing the Marine Corp physical fitness test – 108 x 3 push-ups, crunches, 20 pull-ups and three mile run daily for a few months – I began camping and volunteering on an organic farm, a few days before the Occupy camps missed the city park by less than a quarter of a mile, exactly three miles from town and would commute daily to a library or coffieshop to work and download movies on my computer for up to eight hours without any heart attacks.  It soon became obvious that three miles was not far enough to get out of range of the boots of Marine veterans.  I would have to pass the Ranger PFT – 14 miles with a 65 pound pack.  Twice a month now I don my big hiking backpack and hitchhike to the once a month free food pantries.  Otherwise, I like to jog twenty miles to the community meal once or twice a week and divide my time between jogging ten to twenty miles a day, usually hunting agate or timely flora, and studying library books and charging my computer and cellphone in the community yurt/kitchen.  After two years of sleeping in a tent of various sizes I moved my campfire into a tarp winter shelter.  It however gets so buggy tents are preferred in the summer.  Budget travellers often prefer to roll themselves into a tarp “burrito” in the rain.  A dry futon, even one cleverly made of sticks, fir-cones and blankets, is better than the homeless shelter, every night of the year.  50 incense cedar logs are piled up in five huge bunches along the pipeline road I camp on and the owner is willing to buck for $15 an hour when I want to save the incense cedar and ponderosa pine I haven’t burnt too badly from the huge fallen willow snag, roof and wall my winter hut in hand hewn cedar shakes, planks and poles.  The elevation, E. coli, iron deficiency anemia, poison oak, rats and bears take some getting used to.  
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The National Timber Harvesting and Transportation Safety Foundation’s Revised Logger's Guide to the New OSHA Logging Safety Standards (FRA 95-A-14) requires treatment on the issue of altitude sickness at elevation gains of 3,000 feet (1,000 meters) is often disabling for two weeks and people who go to lower elevations for a time must be reacclimitized.  Although it is sometimes okay to drink out of a mountain stream, one meter wide is about the limit, if doing so habitually, or if there are any other large animals, particularly cows, upstream, always boil the water and filter it if there is any sedimentation.  Metronidazole (Flagyl ER) is the only antibiotic that is effective for all bacterial and protozoal abdominal infections, including E. coli, one must add, and unlike all other antibiotics or NSAIDs, causes no colitis.  Urinary and gallstones are cured within two days with Stone Breaker (Chianca piedra) based herbal compound tincture.  The vegan diet is definitely not for long term or high performance athletic use in thin people due to tooth decay and iron deficiency anemia, which generally manifests as chronic post-infectious diarrhea, the instant a vegan with no body fat of their own as a source of iron or phosphorus which bonds with calcium to form apatite in teeth and bones, is subjected to insult.  Poison oak, sumac and ivy grow in certain areas and must be identified to avoid the extremely itchy rash best treated topically with hydrocortisone.  Ingested or inhaled as a smoke from a bonfire poison oak can cause internal systemic rashes on all the major organs, akin to progressively fatal systemic lupus erythomatosus diagnosed mostly in women with telltale rashes (Sanders ’13) of the sort my sister has on her face after her husband and dog surveyed the poison oak forest (Sanders ’14).  
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In the woods rats are dealt with by keeping food in a cooler, washing the dishes and feeding the rats a piece of bread everynight in a discrete location to prevent them from raiding your camp, gnawing fabrics to get at food and pooping in the dishes.  Well fed rats are healthy well-behaved rats that don’t bear infectious diseases or grudges although most people prefer cats and dogs for pets.  Starving rats bear a crippling, scabby sort of plague that has tested negative for henta virus, with a strong resemblance to sarcoidosis, that cripples until identified and a truce is made with the small rodents.  Bears aim directly for coolers wherefore food must be hung 15 feet above the ground, they are good tree climbers though and must be shouted at to keep them away, unless they charge, in which case, they almost never attack if you drop to the ground, cover your head and play dead.  

[image: image44.jpg]


I have saved so much money camping for the past three years that I no longer qualify for food stamps, despite the civil damages caused by the $669 (2014) a month mental disability that took my high school friend David Haskamp’s life on New Year’s Eve 2013 at age 39.  Antipsychotic drugs and sleep aids are the leading cause of fatal drug overdose reported to the Poison Control Center.  Childhood stimulents are less dangerous but like antipsychotics may require Amantadine (Symmetrel) to instantly cure Parkinsonian side-effects.  Information pertaining to the lethal diabetic side-effects of Zyprexa, when mixed with alcohol, have been suppressed.  Anti-depressants can cause hundreds of usually minor side-effects.  I have half a mind to jog four miles to harvest the roadside St. John’s wort this summer when they smudge purple.  Urban flight from this second persecution of the number of the beast, targeting the mentally ill and mentally retarded beneficiaries with $669 a month this 2014, seems to be the best way out of the poverty trap – rent exceeding 30% income, according to Housing and Urban Development (HUD).  The collection of information for disability reviews is unnecessary for any reason, and the agency may not engage in the collection of information under the Paperwork Reducation Act, as cited by the Forest Service Manual (FSM) 1340; 44USC§3508.  Beneficiaries may wish to reduce the civil damages caused by SSA mailings by filing a USPS change of address form to a non-profit or PO box.  The Park Service provides social security beneficiaries with a lifetime free pass to the national parks.  Although they may not necessarily have an antipsychotic pill in their medicine cabinet to accidentally kill themselves when a little stressed out, the public is equally offended by this genocide in the form of rapidly rising tuition prices to perpetuate salaries in excess of $1 million a year for the completely useless and corrupt office of federally subsidized plagiarism, the University President and subsidized stadium of the football coach.  It seems important to note that the state reinvested the $5.5 million faculty cuts, whereby the University President plagiarized the publication date of my medical textbook that took all of 2013 to complete, and to infringe on this work on forestry with a $5 million state subsidy to restart a logging operation that had closed down.  For this criminal infringement of the privacy of my library card by the University President to constitute plagiarism by the state, the enslavement of free people, the forest or a logger would have to be harmed, or continue perpetrating mean and spiteful things to mock the publication of this document or my work.  The plagiarism of the mining book from 1990, the newest in the stacks I checked out at the college library, misled the United States to declare, and be recriminated against, patently illegal economic sanctions, destabilizing the joyous release of Yulia Tymoshenko from prison on false embezzlement charges and relatively non-violent overthrow of Ukrianian government.  The primary problem faced by everyone in the United States and United Nations, since the economic bailout of industrialized nation currencies that wish to wait indefinitely to appreciate developing nation currencies to justify the printing of such a macroeconomic accounting, is the abuse of intellectual property ‘enforcement’ in violation of the Slavery Convention of 1926, is dramatically reducing and corrupting the free flow of information to the public in furtherance of government accounting increasingly deviant from the more accurate accounts maintained by HA.  After the false arrest of the Russian ex. rel., jury sequestration (destruction) of my computer, Windows 8 touch screen has proven so defective, or at least deluding, that this work is two months overdue. I hope you enjoy the photographic tiles.   
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Dwelling on mental illness, judging education or legislating a ‘Jogging Road Act’ will not however improve the climate for intellectual freedom this 2014.  The graduation of U.S. Customs within 12 years from the Homeland Security Act of Nov. 2002 is the primary indicator of social progress and development this year.  It is our nation’s last chance to save face after not graduating HS in four years when the diplomatic office was seized by lawyers in violation of the ‘forced labor’ provisions of the Slavery Convention of 1926. Having abolished the Immigration and Naturalization (INS) in 2002 and Asia and Near East (ANE) Bureau for USAID in 2009 at my command, Customs was committed to St. Elizabeth’s Hospital and the campus flora was butchered by the Coast Guard in violation of the Forest and Rangeland Renewable Resources Planning Act of 1974 and Federal Land Policy and Management Act of 1976 that stressed the use of Forest Plans to include a reforestation plan so that cutover lands can be restocked with assurance within five years of the final harvest and prohibiting logging where soil, slope or other watershed conditions will be irreversibly damaged and requires each sale to include a sale area improvement plan outlining mitigation measures required to counter logging impacts.  Subsequent to the Customs House Act, St. Elizabeth (CHASTE) of 2011 for the HA Bicentennial, my out of state driver’s license expired and I too now equally suffer undocumented alien status, although I find the term Stateless more stately. The Netherlands and the USA do not allow dual citizenship and subsequent to my naturalization at age 14, graduation from a U.S. high school and university, the USA embarked on a novel discrimination against naturalized U.S. citizens, who neglected to report and replace their original naturalization papers and passports lost or stolen, whereby it must now be estimated that there are now as many undocumented aliens as naturalized U.S. citizens, 15.5 million.  As displeased as I am with the mental disability, I love American forests, exclusively own the truest federal budget on the Internet (Sanders ’10 & ‘12) and promise the national forests will accept your urban communities if you replant in native tree species. Not to dwell on mental disability for all its poetry, it is social work and not forestry that succeeds psychiatry, as the foreign relations degree succeeds the international trade lawyers; 2014 is dedicated to the; 

‘Homeland Security (HS) Graduation Act of 2014’
To abolish the Department of Homeland Security (HS) and create "Customs" in Title 6 of the United States Code and Code of Federal Regulations within 12 years of the Homeland Security Act of Nov. 2002.  

To amend Title 22 Foreign Relations and Intercourse (a-FRAI-d) to Title 22 Foreign Relations (FR-EE). 

To abolish the Court of International Trade of the United States (COITUS) and create Customs Court (CC). 

To abolish U.S. Citizenship and Immigration Service (USCIS) and create a U.S. Naturalization Service (USNS). 

To rule the necessity for and disclaimer on Freedom of Information Act (FOIA) naturalization papers a novel discrimination against naturalized U.S. citizens by the Obama Administration under Arts. 27 and 29 of the International Convention Relating to the Status of Refugees, to grant identification documents, equally to all refugees under the 1967 Protocol. The fundamental principles of the 1951 Convention are non-discrimination, non-penalization and non-refoulement. 

To amend federal torture statute to comply with Arts. 2, 4 and 14 of the Convention against Torture and Other Cruel, Inhuman or Degrading Treatment or Punishment of 1984.  The phrase “outside the United States” must be repealed from 18USC(113C) §2340A(a) and Exclusive Remedies at 18USC(113C)§2340B amended so: (1) The  legal system shall ensure that the victim of an act of torture obtains redress and has an enforceable right to fair and adequate compensation, including the means for as full rehabilitation as possible.  In the event of the death of the victim as a result of an act of torture, his dependants shall be entitled to compensation. (2) Nothing in this article shall affect any right of the victim or other persons to compensation which may exist under national law.  

Be the federal police finance and White House Office of Intellectual Property Enforcement Coordinator, Federal Bureau of Investigation (FBI), Drug Enforcement Administration (DEA) and Alcohol, Tobacco and Firearms (ATF) abolished and employees preferentially transferred to the Department of Commerce, Department of Justice and a new Drug Evaluation Agency (DEA) and Center for Alcohol, Tobacco and Marijuana (ATM) in the Food and Drug Administration (FDA) under 5USCIIIB(35)I§3503. 

When Congress has corrected these errors they are welcome to return to work, from their long holiday with pay, for President Barack Obama this FY2014 re-dedicated to the repeal of the Jim Crow laws codified in Sections 2-5 of Amendment XIV of 1868 protecting tribal tax exemptions under Section 1. 

The U.S. Department of Agriculture (USDA) provides leadership on issues related to food, agriculture, food safety, rural development, and natural resources including the Forest Service.  It was founded in 1862 by President Abraham Lincoln.  The number of food stamp beneficiaries is reported to have risen 22.5% from 31 million to 38 million between November 2008 and 2009 however in an act of discrimination against the female Presidents visiting the White House to complain of having their phones wiretapped benefits abruptly caved into obscure Republican demands to cut food stamp benefits in half for most disability and retirement beneficiaires. Agriculture Secretary Vilsak is officially a villain.  The USDA employs 103,000 workers.  Total budgetary resources were $208.7 billion for FY 2009 compared to $172.7 billion in FY 2008, an increase of $36 billion.  The increase in budget authority was primarily due to $28 billion in appropriations received from ARRA. Net outlays increased $25.6 billion in FY 2009, mostly because of the $18.9 billion increase at FNS for the Women, Infants and Children (WIC) and Supplemental Nutrition Assistance (SNAP) programs.  Despite cost increases, according to page 10 of the USDA 2009 Performance and Accountability Report, there were $38.3 billion in unexpended appropriations in FY 2009 and $30.8 billion in FY2008.  Furthermore, the cumulative results of operations netted an estimated $8.6 billion in FY 2008 and $6.6 billion in FY 2009.  The U.S. Forest Service (USFS), established in 1905, is now a powerful, complex, far-flung superagency of 33,000 employees that controls hundreds of billions of dollars-worth of timber, land, and other resources.  Overall, the USFS uses its annual net spending ($5.5 billion FY 2066, compared to $4.13 billion FY 2008) to manage 155 national forest in forty-four states, Puerto Rico and the Virgin Islands, including nine million acres of wetlands and riparian areas, along with twenty national grasslands totaling four million acres. The USFS is formally committed to using an "ecosystem approach to management that integrates ecological, economic, and social factors to maintain and enhance environmental quality to meet current and future needs", thus pledged to ensure "sustainable ecosystems by restoring and maintaining species diversity and ecological productivity".  

The United States must ratify both the Conventions on Biological Diversity of 1994 and the Laws of the Sea of 1982 to reduce occupational hazards to loggers and fishermen without interfering with the second and most dangerous occupations in the United States, respectively, since the Mining Safety and Health Act of 1977 dramatically reduced mining deaths, after only one or two years of strife.  Logging is four times more dangerous than wildland fire fighting and twenty times more dangerous fire fighting in general.  Most forests and logging done these days is at high altitudes and the best practice is to cut trees in the winter when they are dormant, there is little foliate and the ground is frozen to minimize damage to the soil.  Loggers therefore must be informed by the National Timber Harvesting and Transportation Safety Foundation (NTHTSF) or Occupational Saftey and Health Administration (OSHA) that, “Altitude gains greater than 3,000 ft. take two weeks to get acclimatized to, and those leaving high altitudes for a while must be reacclimatized”.  Levels of iron in people acclimatized to high altitudes are much higher than those in living at lower altitudes, as high as tobacco smokers.  Altitude sickness capitalizes on any weakness, but the chest pain diagnosis at altitudes is far more frequently the result of pulmonary atelactasis during physical activity than heart attack, maybe 50/50, if the President of the University has to fight to make more than a million dollars a year.  Black or green tea (Camellia sinensis) is 80% effective at curing lung problems and Hawthorn (Craetagus spp.) is the supreme herb for the heart (Elvin-Lewis ’77)(Gladstar ’12)(Sanders ’12)(Sanders ’13). Medicines originally derived from forests account for forty percent of al commercially sold pharmaceutical preparations.  Over 40 percent of the prescriptiondrugs sold in the United States contain substances derived from forty-one species of plants.  Many of the plants in use come from tropical ecosystems, where biological diversity is unmatched.  From the Amazon, for instance, comes the rosy periwinkle, used as standard treatment against leukemia, breast cancer, and Hodgkin’s disease.  Foxglove, imported from Europe, is converted into medications that treat congestive heart failure and circulatory ailments (Zaslowski ’86: 232).  Willow bark contains acetyl salicylic acid, the active ingredient in aspirin, but it is now synthesized.  Other interesting medicines from wild plants include taxol (from the Pacific yew) to treat cancer, quinine (from the Cinchona tree species) to treat malaria, and digitalis (from foxglove) to treat congestive heart failure (Berger ’08: 11).  
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A change of heart is needed in the forestry and medical literature.  The Food and Drug Administration (FDA) responded to the discovery that Hawthorn is the Supreme herb for the heart to sponsor clinical trials of Hawthorn for the treatment of congestive heart failure, high or low blood pressure, high or low cholesterol, and arrhythmia.  The FDA required warning label for Digitalis and related cardiotonic drugs for human use in oral dosage forms states "Digitalis alone or with other drugs has been used in the treatment of obesity. This use of digoxin or other digitalis glycosides is unwarranted. Moreover, since they may cause potentially fatal arrhythmias or other adverse effects, the use of these drugs in the treatment of obesity is dangerous" 21CFR§201.317 to which should be appended, for curative measure, "Hawthorn is the supreme herb for the heart, it is indicated for the treatment of congestive heart failure, including moderation of blood pressure, cholesterol, and arrhythmia.  Fresh fabric and a vegan diet is essential for the treatment of acute heart disease, antibiotics cure endocarditis and an athletic level of cardiovascular exercise is the only cure for the chronic condition" (Sanders ’13).  Hawthorn is a nice hardwood for burning and woodworking, but its bushy stems don’t achieve much diameter. Hawthorn grows readily from suckers that spring out of the mud.  Wildcrafters harvest and dry tons.  Hawthorn is sold as a tincture and there is demand for a tea; but Hawthorn is prone to mold, if it is not steeped fresh.  Harvest the hawthorn berries and leaves at first frost when the berries are ripe and the leaves are at maximum potency.  A syrup can be made out of the berries.  To make a tea or preserve the forest product for the tincture industry; dry the berries and leaves in a dehydrator for a day or in trays in a dry shady shed with a fan for a few days to weeks until dry.  When Hawthorn flowers in spring, harvest the flowers, dry them well and add them to the dried berries and leaves to complete the Hawthorn tea.  Keep the product dry; sealed packaging may be necessary to inform consumers of their right to report their clinical trials of Hawthorn for the treatment of heart disease, atherosclerosis, congestive heart failure, high or low blood pressure, high or low cholesterol, and arrhythmia to druginfo@fda.hhs.gov
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Interior Secretary Sally Jewell, having already climbed the highest mountain in Antartica, is directed as her next Herculean task, under the Federal Cave Resources Protection Act of 1988 16USC(63)§4301 et seq, to submit in triplicate, a “Notice of Claimed Investigational Exemption for a New Animal Drug” to Commissioner Hamburg of the U.S. Food and Drug Administration (FDA) under 21CFR§511.1(b)(4) pertaining to her follow up on new animal drugs for investigational use for the treatment of white nose syndrome (WNS) in eastern hibernating bat species namely; Lamasil AT (micanozole nitrate), or safer and more effective antifungal spray, to sterilize bat in danger of WNS and/or bat weight specific doses of oral Ketoconazole (Nizoral) 200 mg tablets, around 1/100 of 1 mg, if taken into the animal hospital.  Keeping geolocation information of caves secret under 16USC(63)§4304 the Secretary cannot neglect to take make appropriate antifungal management actions under §4303.  The United States is vetting a female Presidential candidate, Congress is defunct, some executive agencies function properly in writing, namely the FDA, but the Commissioner is a medical doctor not a politician.  The Interior is highly toxic, but the new Secretary has not yet exhibited a conflict of interest and if she eliminates the WNS epidemic, might be a good candidate, with the most toxic lady of all, Secretary Kathleen Sebelius, for the role of President of the United States, maybe.  Under the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) and the Federal Food, Drug, and Cosmetic Act (FFDCA), the U.S. Environmental Protection Agency (EPA), in cooperation with states and other agencies, such as the Food and Drug Administration (FDA) and the U.S. Department of Agriculture (USDA), are responsible for regulating the production and use of pesticides in the US (Grube et al ’11).
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White-nose syndrome was first observed in four caves centered roughly 30 km west of Albany, New York, in the winter of 2006/2007.  Subsequently, over a million hibernating bats have died.  Overall colony losses at the most closely monitored sites have reached 95 percent within 2 to 3 years of initial detection. As of April 2011, WNS has been detected in 6 of the 9 species of hibernating bats that occur in the affected region.  Although a more hopeless case, Tasmanian devils with facial cancer taken into captivity from the Australian outback might be treated with fluourouracil and methotrexate.  Tasmanian devils need to be bred in zoos, but their tendency to fight amongst themselves, is not only how the disease is spread, but complicates breeding in captivity.[image: image48.jpg]


Species known to be susceptible to WNS thus far are the little brown bat (Myotis lucifugus), Indiana bat (M. sodalis), northern long-eared bat (M. septentrionalis), eastern small-footed bat (M. leibii), tricolored bat (Perimyotis subflavus), and big brown bat (Eptesicus fuscus). Three additional bat species were found in 2010 that tested positive for the presence of Geomyces destructans, the fungus associated with WNS, but not with the pathological invasion of the skin that is characteristic of the disease. These bats, the gray bat (M. grisescens), the cave myotis (M. velifer), and the southeastern myotis (M. austroriparius), were found in Missouri, Oklahoma, and Virginia, respectively, and their discovery could portend the spread of WNS into new regions of the southeastern and western U.S., and beyond, in the near future.  White-nose syndrome was named for the visible presence of a white fungus around the muzzles, ears, and wing membranes of affected bats. Scientists recently identified a previously unknown species of cold-loving fungus (G. destructans) as a consistent pathogen causing skin infection in bats at affected sites. This fungus thrives in low temperatures (5-14º C; 40-55º F) and high levels of humidity (>90 %), conditions characteristic of many bat hibernacula. Pathologic findings thus far indicate that such fungal infections can be detected as early as October, and it is hypothesized that bats affected by WNS arouse from hibernation more frequently, and/or for longer periods than normal, and are prematurely expending the fat reserves they rely on for winter survival (Sanders ’11). 
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The Endangered Species Act of 1973 provides for interagency cooperation in consultation with the Secretary of the Interior regarding agency actions not likely to jeopardize the continued existence of any endangered species or threatened species or result in the destruction or adverse modification of habitat of such species which is determined by the Secretary, to be critical under 16USC(35)§1536.  Since the development of modern wildlife management in the 1930s, no American wildlife has been exterminated by sport hunting.  Refuges record more than 30 million visits a year.  Nearly 80 percent of visitation takes place on only forty of the existing 424 refuges.  Chincoteague National Wildlife Refuge in Maryland and Virginia for example, receives about one million visitors a year.  FY 1984 the nation spent $90 million for on-site care of the whole Wildlife Refuge System.  The Fish and Wildlife Service (FWS) employed 5,200 people, 1,500 of whom work on refuges, although only about 960 people were actually stationed on the refuges.  652,000 acres, or 5 percent of total refuge acreage in the lower forty-eight states have been designated wilderness, but 3.4 million more additional acres remain undesignated although FWS recommended.  The Alaska National Interest Lands Conservation Act (ANILCA) of 1980 created sixteen Alaskan refuges that total 76 million acres.  FWS runs the national fish hatcheries, conducts law-enforcement programs, administers the Endangered Species Act (ESA) along with more than 150 other acts of Congress (or portions of them), oversees animal damage control, conducts wildlife research, manages migratory birds in association with international treaties, evaluates the impacts of public works projects on wildlife, administers grant programs for state wildlife agencies and provides technical assistance on wildlife matters to nearly anyone who asks for it.  Habitats for many species are under great pressures from urban, industrial, and agricultural expansion, recreational use, and economic development (Zaslowski ’86: 184-189).  300,000 acres of wetland habitat is lost every year.  Between 1955 and 1975 more than 15,000 acres of estuarine subtidal habitats were lost in the Atlantic Flyway because of urban development; 1.5 million acres of forested wetland habitat were lost in the Mississippi Flyway, 10,000 acres of estuarine habitat were lost from the coats of Texas and hundreds of thousands of acres of prairie wetlands were lost in the interior states (Zaslowski ’86: 192, 190).  
The Republican dominated 104th Congress put in effect a one-year moratorium in 1995, prohibiting the listing of additional species under the federal Endangered Species Act (ESA). The moratorium created a 243 species backlog for the U.S. Fish and Wildlife Service (FWS).  In 2003 FWS estimated it would cost the agency $153 million to comply with the ESA, however the Bush Administration requested Congress to appropriate only $12 million FY 2004.  The Bush Administration has made no secret of its dislike for the Endangered Species Act (ESA), because of the way that its protection of threatened and endangered species interferes with logging mining, and oil and gas drilling on public land.  The FY 2003 budget provided no contingency funding to implement new court orders that were about to result from citizen suits enforcing the ESA.  Predictably, the U.S. Fish and Wildlife Service (USFWS) found that, for the summer of 2003, it did not have enough money to meet court-ordered deadlines for protecting endangered species and their habitat.  While the USFS said in 2003 that it need $153 million to address the existing backlog of species to be listed and critical habitats to be designated, the Bush Administration requested only $12 million for FY 2004.  Forty-four percent of U.S. Fish and Wildlife Service (FWS) scientists who responded to the survey said they have been led by their superiors to avoid making findings that would require greater protection of endangered species.  One in five agency scientists reported being directed to alter or withhold technical information from scientific documents.  And more than half of the respondents - 56 percent - said agency officials have reversed or withdrawn scientific conclusions under pressure from industry groups.  Forty-seven of sixty-five employees were cut in 2004, the work is now done by private contractors (Berger '08: 17, 88, 83, 97). The director of the U.S. Fish and Wildlife Service Daniel M. Ashe, of Maryland, succeeded Samuel D. Hamilton, who died of a heart attack while skiing in Colorado on February 20, 2010. The FWS estimates staffing will equal 9,386 full time equivalents (FTE) in 2015, an increase of 179 FTE from the 2014 level.  The President’s Fish and Wildlife Service (FWS) 2015 budget request totals $2.8 billion.  The Department

of the Interior funding for FY2014 is $11.6 billion, $275 million or 2.3 percent below the funding level requested and $653 million or 5.9 percent over the 2013 enacted level. The Department of Interior supports over 1.3 million jobs and over $370 billion in economic activity. Parks, refuges, and monuments generate over $24 billion in recreation and tourism. Conventional and renewable energy produced on Interior lands and waters results in $292 billion in economic benefits and the water managed by Interior supports over $25 billion in agriculture.  The estimate for revenue collections by the Department in 2011 is $14.0 billion, more than offsetting the budget request for current appropriations of $12.18 billion in 2011 (Sanders ’10: Table 17).  It is absolutely critical that the United States adopt the Convention on Biological Diversity (CBD) and its protocols. 
An estimated fifth of all species of all groups are likely disappear in the next 30 years in warmer areas of the globe where human populations are likely to double  The 50% of all terrestrial species native to tropical forests are especially at risk.  One half of these forests will be gone by the year 2020.  As many as 27,000 species become extinct every year due to anthropogenic (human) activity resulting from habitat destruction and fragmentation.  This rate exceeds the geological background extinction rate due to natural causes by 100 to 1,000 times, and over the next 10 years could total as much as 15% of all species on Earth.  After 250 years of taxonomic research approximately 1.4-1.8 million species have been identified.  The number of species worldwide is estimated to range from 3-30 million, these represent a mere fraction of all organisms that have passed through Earth’s history.  At least five mass extinction episodes occurred during the Paleozoic and Mesozoic eras.  Four occurred during the Ordovician, Devonian, Triassic, and Cretaceous, and during each of which 12% of the marine families worldwide were eliminated.  The fifth, which accounted for the disappearance of some 54% of marine families or an estimated 77-96% of all marine animal species, occurred during the Permian some 245 million years ago.  A corresponding decrease in terrestrial species accompanied their marine counterparts but documentation in the fossil record is far less comprehensive.  One of the best documented examples of mammalian extinction too place during the Pleistocene where the elimination of large mammals spanned about 9,000 years.  Mammalian diversity has never approached levels that existed during this period.  Since 1950, one third of the forests has been cut without replacement and one fifth of all topsoil has been lost, 75 billion metric tons of topsoil are lost annually.  The continuing deforestation of the tropics puts 40-90% of the world’s species at risk.  On a typical day, planet earth will lose 116 square miles of rainforest, or about an acre a second.  Another 72 square miles will be lost to encroaching deserts.  40 to 250 species will be lost.  2,700 tons of chlorofluoro-carbons and 15 million tons of carbon dioxide will be released into the atmosphere.  The earth will be a little hotter and its water more acidic (Oliver ’96: 227-230).  

Since 1900 world population has increased from one billion to six billion people and the economy is twenty times larger.  In seven years, from 1990 to 1997, world economic growth matched the sum of all growth from the beginning of civilization to 1950.  In the past fifty years, the consumption of lumber has tripled, paper use is up by a factor of six, fish catch increased by a factor of five, and fossil fuel consumption increased four-fold.  For the first time in many areas of the world, soil erosion is exceeding soil formation and fisheries once thought inexhaustible are now closed indefinitely.  Of nearly ten thousand species of birds still on earth, more than one thousand are threatened with extinction.  Of the 4,400 mammalian species 1,100 are threatened with extinction.  Among mammals, the 232 primates are most at risk.  Survival of nearly half are in question.  The mounting loss of species threatens to rival the five great mass extinctions of the geological past.  It is the first mass extinction in 65 million years and the only one attributed to humans.  It is estimated that the earth is currently losing species at a rate in excess of thirty thousand per year – more than three species every hour due to human-induced “ecosystem stresses” caused by landscape changes, pollution, overexploitation of species, and introductions of alien species (McEvoy ’04: 19-21).
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According to the 2010 Census, 5.2 million people in the United States identified as American Indian and Alaska Native, either alone or in com​bination with one or more other races. Out of this total, 2.9 million people identified as American Indian and Alaska Native alone.  Indian Affairs (IA) is the oldest bureau of the United States Department of the Interior. Established in 1824, IA currently provides services (directly or through contracts, grants, or compacts) to approximately 1.9 million American Indians and Alaska Natives. There are 566 federally recognized American Indian tribes and Alaska Natives in the United States. Bureau of Indian Affairs (BIA) is responsible for the administration and management of 55 million surface acres and 57 million acres of subsurface minerals estates held in trust by the United States for American Indian, Indian tribes, and Alaska Natives. They may be accouted for as National Resource Lands of the Interior.  Bureau of Indian Education (BIE) provides education services to approximately 42,000 Indian students. Programs administered by either tribes or Indian Affairs through the BIE include an education system consisting of 183 schools and dormitories located in 23 states for approximately 48,000 individual elementary and secondary students with a calculated three year Average Daily Membership of 41,333 students, and 32 tribal colleges, universities, tribal technical colleges, and post-secondary schools. Other programs administered through Indian Affairs include social services, natural resources management, economic development, law enforcement and detention services, administration of tribal courts, implementation of land and water claim settlements, replacement and repair of schools, repair and maintenance of roads and bridges, repair of structural deficiencies on high hazard dams, and land consolidation activities. The United States Census Bureau recently reported that between the years 2007-2011 approximately 27% of the American Indian and Alaska Native (AI/AN) population lived in poverty; a figure that exceeded the national poverty rate (14.3%) by over ten percentage points.

The Congress set the basic framework of Federal Indian policy in enacting the Trade and Intercourse Acts passed between 1790 and 1834. The central policy of the Acts was to subject all interaction between Indians and non-Indians to Federal control. The Acts prohibited non-Indians from acquiring Indian lands, except with the specific approval of the Congress. Trading with Indians was made subject to Federal regulation. The underlying objective of this early Federal policy was to protect Indians againstincursions by non-Indians, since exploitation of Indians was one of the major causes of fighting and conflict between Indians and non-Indians on the western frontier. In fact, the War Department was established in 1784 with its primary mission to “negotiate treaties with the Indians” and with the armed militia at the disposal of Indian commissioners. Over the next 50 years, laws regulating trade between non-Indians and Indians were enacted and a network of Indian agents and subagents was established. When trade restrictions proved ineffective in maintaining peaceful relations between Indians and their neighbors, the Indian Removal Act of 1830 institutionalized the forced removal of Indians. The most notable removal occurred among the Five Civilized Tribes, who were taken from their homes in the southeastern states, and marched along the infamous “Trail of Tears” to what is now Oklahoma.  By 1849, with the creation of the DOI, the BIA passed from military to civilian control, and its primary mission was to train Indian people for farming or trades. The General Allotment Act of 1887 was to assimilate the Indian by giving him/her individual ownership of Indian lands. In the nearly 50 years of the allotment period, Indian land holdings were reduced from more than 136 million acres to less than 50 million acres. As a result, the Congress passed the Indian Reorganization Act of 1934 to halt the allotment policy and create a foundation for tribal self- government. Tribes were urged to adopt elected democratic governments consistent with the concept of self-government.  From 1953 to 1964, the Congress passed several bills terminating the special Federal relationship between several Indian Tribes and the United States to de-emphasize its custodial functions. However, in the mid-1960s the Federal Government abandoned termination in order to focus greater efforts on the development of both human and natural resources on Indian reservations. In 1970, President Nixon called for self-determination of Indian people without the threat of termination of the trust relationship over Indian lands. Since that date, self-determination has been the basis of Federal Indian policy as more operational aspects of Federal programs are transferred to tribal management.  With the passage of ANILCA in 1980, the United States advanced the notion that national parks in North America can protect the homelands and lifestyles of indigenous peoples while conserving ecosystems (Stevens ’97: 154).

Indigenous People around the World
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There estimated to be more than 5,000 indigenous peoples, with a total population of more than 600 million, 10 to 15 percent of the world’s population.  Today they inhabit, and claim as traditional homelands, at least 20 percent of the earth’s surface and perhaps as much as 30 percent, four to six time more territory than is encompassed with the entire global protected area system.  During the first half of the twentieth century, national parks became instruments of colonial rule and it was common for indigenous people to be evicted from their lands by the establishment of parks.  Over the past few decades some of the approaches that have been tried include financial compensation for people who lose lands and access to resources, resettlement programs for families displaced from newly established parks, rural development efforts outside of park to decrease local reliance on park resources, permitting limited access to subsistence resources within parks, the declaration of “traditional use” zones within national parks or protected areas, and inclusion of enclave communities within protected areas rather than dispossessing and evicting residents. Both inhabited and uninhabited wilderness are important.  Establishing protected area status for uninhabited wilderness has been one of the great goals and achievements of the conservation movement over the past century.  There is tragically little uninhabited wilderness left in the world today.  International efforts to restore such wilderness, where this can be done without displacing unwilling peoples form their homelands, should be encouraged, especially when they are undertaken in coordination with local wilderness preservation efforts.  Supporting indigenous peoples in their efforts to preserve and maintain the biodiversity of their homelands and promoting continuing stewardship of inhabited wilderness are equally as vital.  The conservation of indigenous homelands and the continuity of indigenous cultures may prove to be one of the most important global paths to the protection of both kinds of wilderness (Stevens ’97: 19, 31, 34, 35, 37).
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Very few national parks established anywhere in the world before the 1960s recognized continuing indigenous settlement and subsistence practices.  Before the 1980s, the involvement of local inhabitants in protected area establishment and management was rare indeed.  On exception was in New Zealand where Maoris have been involved in national park management since 1887.  In that year, a Maori chief “gifted” the land for Tongarero National Park, New Zealand’s first national park and today a UNESCO-designated World Heritage site.  Taranaki (Mount Egmont) National Park was also gifted by the Maories in 1978, and Whanganui National Park has sixty-eight Maoris holding conservation board seats, more than a third of the total seats in a system of twelve national parks and three maritime parks.  Beginning in the 1960s, indigenous groups in South America have achieved some success in reclaiming rights to their native lands.  Nearly 110 million hectares in the eight member countries of the Amazon Cooperation Treaty have been set aside for indigenous populations.  Other Latin American countries, such as Honduras, Panama, and Argentina, have also taken significant measures to recognize native claims.  Apart from returning forestlands and use rights to local communities, Honduras, Peru, Colombia, and Brazil have also recently privatized many forest-based industries, such as pulp and paper operations.  Among industrial countries, the governments of the United Kingdom and New Zealand have divested ownership of significant forest areas to the corporate sector.  Privatization of wildlife resources is best used as a conservation tool.  In the United States, although wildlife belongs to the state, landowners are increasingly exercising de facto ownership of wildlife by charging trespass fees to those who hunt on their lands.  The 1980s have seen the strengthening of trespass law, the increased formation of private hunting groups, and the commercialization of hunting opportunities   (Freese ’98: 85-87).
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 Brazil’s Xingu National Park in the Amazon basin, established in 1961, had as one of its main goals an attempt to ensure that the resident indigenous Xingu people would be able to maintain their ways of life without their survival or culture being jeopardized by nonindigenous settlement and resource exploitation.  Colombia’s Sierra Nevada de Santa Marta National Park was established in 1964 is home to the Kogi and seventy percent of the park is now also an indigenous reserve, established in 1980, and the entire park was designated a biosphere reserve in 1979.  The Central Kalhari Game Reserve (Botswana), inhabited by San; Manu National Park and Biosphere Reserve (Peru), the home of several Amazonian peoples; Venezuela’s Canaima National Park, where the Pemon Indians carry out traditional resource use, including swidden agriculture; and several Swedish national parks where Sami (Lapps) continue to herd reindeer.  In 1975, the first wildlife management areas were established in Papua New Guinea, with local communities largely in control of defining regulations and their enforcement.  Eighteen indigenous wildlife managements had been established by 1989, encompassing nearly a million ha of land, more than a hundred times the area in national parks.  The Siwi-Utame Wildlife Management Area is inhabited by 6,000 people who live in nineteen villages (Stevens ’97: 47, 48).
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The 1980 Alaska National Interest Lands Claim Act (ANILCA) guarantees that indigenous peoples could continue to hunt, fish, and gather natural resources in Alaskan national parks and created an opportunity for them to join national park authorities in co-managing natural resources through subsistence resource commissions.  In several national parks, indigenous peoples make up the majority of the members of these commissions.  Federal national park directives in 1987 provided Native Americans with rights to harvest and collect plants, fish, animals, and birds for traditional subsistence or religious activities as long as a written determination has been made that the gathering will not adversely affect the reproductive potential of the area’s plants.  La Amistad Biosphere Reserve on the border of Costa Rica and Panama, was designated in 1982 to include the territory of four indigenous peoples with a population of more than 40,000 people.  In Mexico in the 1980s, the Sian Ka’an Biosphere Reserve and World Heritage Site (1986), Sierra de Manantlan Biosphere Reserve (1987), and Calakmus Biosphere Reserve (1989).  In 1987 Dzilbilchaltun National Park was established, the first Mexican national park in which both environmental and cultural conservation of pyramids are management concerns.  Sierra de Manantlan Biosphere Reserve, a 1,400 km2 area in the mountains of Jalisco and Colima states in west central Mexico, is inhabited by 7.000 people in twenty-six indigenous communities, and 33,000 in the region have rights to use the 1and.  The 34,000 km2 Qomolungma (Mount Everest) Nature Reserve, is home to 70,000.  The Fort Chipewyan Cree Band obtained rights in 1986 to hunt, fish, and trap in a 12,000 km2 traditional area zone of the Wood Buffalo National Park.  The Dene and Metis peoples are negotiating for similar rights in the northern part of the park (Stevens ’97: 57, 58). 
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In 1993, operations began in Nepal’s second conservation area, that included villages inhabited by six different peoples with a population of 32,000, many of whom herd livestock in the summer on rangelands within the national park.  The government of China, with the government of the Tibetan Autonomous Region, established another large inhabited protected are in Tibet in 1993, the Chang Tang Reserve, with an area of 280,000 km2 with approximately 3,500 nomadic pastoralists herding 1.5 million head of livestock.  Indonesia established several national parks in Irian Jaya in the 1990s.  Wasur National Park, with an area of more than 4,138 km2 near the Papua New Guinea border, contains thirteen villages, with a population of 2,550.  It is the first national park in Indonesia in which there has been recognition of local land use and protection of sacred places, the establishment of “traditional use” hunting zone, and close consultation with local residents regarding park management.  In 1991 the 83,000 km2 Alto Orinoco Biosphere Reserve, the world’s largest rain forest park, was established by presidential decree in a region of Venezuela inhabited by Yanomami and Ye’kuana peoples (Stevens ’97: 58, 59).  Colonialist conservation persists because many Third World countries are dependent on foreign funds and expertise tied to foreign concepts of conservation and to foreign political policy.  For example in Nicaragua, USAID contributes approximately 40 percent of the country’s budget for natural resources.  Nature Conservancy received 70 percent of its budget from USAID, World Wildlife Fund – USA is seeking to fund its Central American Program principally with USAID funds (Stevens ’97: 217).  Respect for local settlement and natural resource use is the most fundamental issue in the establishment and management of inhabited protected areas.  One of the central challenges in the establishment and management of indigenously inhabited protected areas is how to join effectively with indigenous peoples to achieve the conservation goals that protected areas are established to pursue.  Indigenous peoples should have a decisive voice in the kinds of protected areas that are created on their lands, in the policies, pans, and regulations that affect indigenous settlement, and use, resource management, access to sacred and other cultural sites, and the promotion of their homelands as tourist destinations.(Stevens ’97: 270, 292).

Tourism is the world’s largest industry, directly or indirectly generating more than 200 million jobs, or 8.1 percent of total employment, globally.  The value of travel and tourism exceeds $4.2 trillion annually, or more than 10 percent of global gross domestic product (GDP).  Nature tourism is generally considered to encompass activities that relate to or depend on natural attractions, including outdoor sports, hunting, fishing, canoeing and backpacking.  The International Ecotourism Society defines ecotourism as “responsible travel to natural areas that conserves the environment and sustains the well-being of local people”.  Some claim that as many as 40 to 60 percent of all international tourists are nature tourists, while most estimate the percentage of ecotourists as between 10 to 20 percent.  Much of nature tourism and ecotourism focuses on forests.  From bird-watching to canopy walks, forest treks and wildlife viewing.  Ecotourism is means by which people can use forests and wildlife to generate income without extracting resources or degrading the environment.  The Kenya Wildlife Service estimates that 80 percent of Kenya’s tourists are drawn by the country’s wildlife and that the tourism industrygenerates one-third of the country’s foreign exchange earnings.  Domestic and international travelers make more than 275 million visits a year to the US National Park Service, generating direct and indirect economic benefits for local communities of more than $14 billion annually and supporting almost 300,000 tourist-related jobs.  Prior to the civil war in Rwanda, tourists visiting the country’s mountain gorillas provided more than $1 million in annual revenues, enabling the government to fund anti-poaching patrols and employ local residents.  Tourism is once again on the upswing, with hundreds of foreign visitors a month handing over $250 each to see the gorillas.  More than half of all international visitors to Nepal include a trip to at least one national park.  Before civil strife reduced numbers, more than 80,000 tourists visited Royal Chitwan National Park, and 50,000 trekkers visited Annapurna Conservation Area each year.  The more than 60,000 visitors a year to the Galapagos Islands contribute in excess of $100 million to Ecuador’s economy.  All potential effects of tourism on the ecosystem should be assessed.  Solid baseline data is essential to monitor changes as the industry develops.  Progress has been made in the design, construction and management of eco-friendly lodges, emphasizing local construction materials, solar power and water heaters.  Guides also play a crucial role in protecting the environment by ensuring that tourists do not encroach on sensitive areas, collect threatened or endangered plants or disturb the wildlife.  The World Bank estimates that only 45 percent of tourism’s revenue worldwide stays in the host country and a study of the popular Annapurna region of Nepal found that only 10 percent of tourism expenditures benefited the local economy (McConnel et al ’05: 27-29).
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Europe, including Russia, is the only entire continent to show a positive rate of forest growth, but it is mostly selectively cut temperate hardwood forests of the types that flourish in the eastern United States, except the conifer forests in the Siberian taiga which are clearcut for the Chinese timber market rather than selectively cutting logging roads, with free camping, cabins and commerce for urban refugees, as is recommended to reverse the deforestation in Russia, Eastern Europe, Canada and the United States. There are more productive softwood forests in the Pacific Northwest that reportedly regenerate after clearcutting.  Clearcutting should never be done on a slope, ridge-top or stream-bank, where trees should not be cut, nor brush removed, to prevent erosion and mudslides.  In Asia Chinese demand for raw materials causes high rates of deforestation although China and India are replanting.  
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In Central and South America, much to the consternation of the indigenous, deforestation of the rainforest is driven by mestizo land values that increase as the forest is cut down and fields are dug, that should be reversed, to reflect the environmental desgradation of the land by exploitation, and to promote plantations in already exploited areas to protect virgin tropical rainforests and old growth forests from logging, to prevent the overexploitation of wild species through prudent regulation. For instance, forest dominated by the economically valuable palm (Eurterpe oleracea) cover roughly 10,000 square kilometers in the Amazon estuary.  This area has an estimated carrying capacity of 50 inhabitants per square kilometer who could be engaged in both subsistence and commercial uses of forest products, and therefore it could support as many as 500,000 people.  Thus, although these floodplain forests cover just 0.3 percent of Amazonian Brazil, they could potentially support 12.7 percent of the region’s total rural population.  The biological diversity of rainforests is quite obviously more valuable than its timber.  Man’s slash and burn garden that is depleted of nutrients in a few years cannot hope to compete with the biological diversity provided by massive thousand year old trees.  As a rule of thumb to regenerate stands don’t cut trees greater than 24 inches diameter at breast height (dbh). .  Studies have found a median value of about $50 per hectare per year, with a range of $1 to $22 per hectare per year, for nontimber forest products harvest from tropical forests in Asia, Africa, and Latin America.  Potentially higher economic returns can be obtained from Amazonia.  The estimated market value of fruits was $4,242 per hectare per year for the understory species Grias peruviana and $6,660 per hectare per year for the shrub Myrciaria dubia, both of which form dense stands in alluvial conditions in northern Amazonian.  One study calculated, based on sustainable offtake, a net value of $422 per hectare per year from harvesting fruits and latex and a net value of approximately $15 per hectare per year from harvesting timber in a region of northern Amazonian Peru.  A study of land-use patterns on three islands in the Amazon estuary found that an average of 2 percent of land was devoted to home gardens, 1 percent to swidden agriculture, 1 percent to perennial cash crops and plantations, 55 percent to managed forests (with reduced diversity of tree species compared with unmanaged forest), and 41 percent to unmanaged forest.  The fruit of E. oleracea provides as much as 80 percent of the annual income of rural families in this region.  Further studies found the net present economic value of fruits, medicinal bark, and resins to be higher in upland forests than in floodplain forests in Amazonian Ecuador.  They also found that regardless of forest type (upland or alluvial), collection of these products yielded a greater economic return than did competing land uses (Freese ’98: 202-207).  
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Overall, the United States shows a positive rate of forest growth, with high, 80 percent, rates of forestation in some eastern states, and high rates of softwood growth in the Pacific northwest.  Timber and wood products are not a growth industry, although the rise in hardwood prices, since the time of the devaluation of developing nation currencies in the 1980s, has caused some deforestation in the southern U.S. where overexploitation is coming to a halt and seedlings are struggling to grow.  The most significant issue in American forestry is that the United States is the world’s largest consumer of pulp timber for paper and particle board.  Many times more than China.  Agricultural residues have been used in paper making in Asia for centuries, but recent technological advances in collection and handling have spurred production of non-wood pulp to more than 16 million tonnes, in 2004, of which 14 million are produced in China.  Currently India produces more than 1 million tonnes of paper from bagasse each year and has the world’s’ largest bagasse mill.  In the manufacturing of particle board, 70 percent of Pakistan’s production was made bagasse as early as the 1980s. Reeds, jute abaca (manila hemp) and kenaf (Hibiscus cannabinus) are other non-wood fibres used in making pulp and paper (McConnel et al ’05: 13, 14).  Forestry, worldwide, needs to stop clearcutting to sustain an industry with 1% growth per decade and diversify into roads and trails for public use, non-timber forest products, which appreciate at 5.5% a year and field surveys thereof. The United States has environmentally responsible prices whereby second growth timber is worth more than old growth timber and land value goes down after timber has been removed and goes down more if it is irrigated for agriculture. 
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If the majority of urban replanting is done using native trees, rather than exotics, towns and cities may find it much easier to have their land and culture included in nearby national forests, like indigenous tribes have around the world in recent decades, to improve the quality of life, wildlife habitat and forestation statistics, for everyone.  In New England and older towns in the Pacific Northwest with stately second growth Douglas fir or mixed conifer forests, new housing and subdivision constructions have reduced the cutting of trees to the absolute minimum, for house and driveway, so as to leave a fairly continuous forest canopy of tall old trees, in good health, below which new houses are discretely constructed.  California is especially challenged to require their inhabited hillsides to be secured with a forest of trees capable of supporting houses under the Forest and Rangeland Renewable Resources Planning Act of 1974 and Federal Land Policy and Management Act of 1976.  Clearcutting forests to create subdivisions and parking lots in the Midwest should stop and new constructions should minimize the disturbance to the still standing forests, parking lots should also be constructed to preserve islands of full-grown natural shade trees. The recent mudslide in Oso, Washington reminds us that it is very important to leave the hillsides and ridgetops of an inhabited valley as completely forested as possible, both for aesthetics and to prevent potentially deadly mudslides.  In review of many silvicultural practices in the United States and around the world, forest management is judged by net forest growth. Never camp under a dead tree.  Snags - dead trees - must be cut near human habitation, but a good number should be left as bird and small mammal habitat in the wild.    
I. Economy

1. Forest Ownership
One of the most insidious problems facing forest areas is parcelization of land: the division of larger tracts into smaller ones.  According to one source, about three million acres are converted every couple of years into parcels that are less than 100 acres in size, and during the same time frame about 2.5 million acres of forest are “developed” into other uses.  All states offer programs to owners that tax lands based on “current use” or on actual “yields” from forests that can substantially reduce the property tax burden.  More than 6.2 million acres of farm and forest land have been protected from development since land trusts came on the scene in the United States (McEvoy ’04: 211, 217, 229). The proportion of trees on farms and in forests varies considerably among countries, but two trends seem almost universal in the tropics: the number of trees in forests is declining, and the number on farms is increasing.  In a survey of 64 communities in Uganda, for example, the proportion of land under forest declined from 4 to 2 percent between 1960 and 1995, while that under agriculture increased from 57 to 70 percent.  The proportion of agricultural land under tree cover increased from 23 to 28 percent (McConnel et al ’05: 95).  The International Society of Arboriculture has developed pruning standards for trees.  Trees react to what is being done to them, and each pruning class (deadwooding, crown cleaning, crown thinning, crown reduction, crown restoration, crown raising) describes pruning methods prescribed for different recognized results. For many structural and physiological reasons such as rot and decreased energy production “tree topping” is not an acceptable method of tree pruning.  Planners are of the opinion that 30 acres of open space should be provided per 1,000 people (Elmendorf ’96: 348, 352). 

The world's forests, which once covered forty percent of the earth, have been greatly reduced since human first began cutting them down thousands of years ago.  Only twelve percent of the earth is still covered by intact forest ecosystems. From 1990 to 2000, more than half a million square miles of forest were deforested globally - an average of 53,000 square miles a year.  World consumption of wood for fuel and materials is increasing at a rate that is roughly proportional to the rate of world population growth, and has risen 2.5 times to 3.4 billion cubic meters from 1950 to 1991.  World paper consumption, which was barely twenty-two million metric tons in 1930, grew tenfold between 1930 and 1990 and increased by a third again to 324 million metric tons, just from 1991 to 2001.  Rising demand for lumber and plywood as well as to provide land for ranching and farming, has caused half of the world's tropical rain forests to have been lost within the last half of the twentieth century alone.  Chainsaws are consuming the great northern forests of Siberia at twice the annual rate of deforestation in the Brazilian Amazon.  Some seventy-six nations have lost all of their old-growth forests.  More than fifty percent of the old growth of coastal British Columbia has already been logged.  Nineteen of the twenty primary watersheds on Vancouver Island have already been clearcut.  Government logging plans target much of the country's old growth for extinction.  The destruction of the world's forests is one of the major concerns of our age.  Each year the world loses some 37 million acres of forests.   According to United Nation's estimates, almost 40 percent of Central America's forests were destroyed between 1950 and 1980.  During the same period, Africa lost 23 percent of its forests and the Himalayan watershed 40 percent (Berger '08: 31, 33).

Developing countries, where most tropical forests are found, continue to lose forests at a rate of nearly 1 percent annually.  As Southeast Asia’s forests are depleted, international markets are turning to Latin American and African forests.  Although much, if not most, forest clearing to date in both temperate and tropical regions has been due to agricultural expansion, the major threat to the world’s remaining natural forest ecosystems is unsustainable commercial logging.  Only 10 percent of temperate and boreal forests and 5 percent of tropical worldwide are actively managed.  Many temperate forests, including plantations, are being sustainably managed for offtake, but their ecological sustainability is low.  Of productive tropical forests, as of 1985, only 200,000 hectares out of a total of 828 million hectares, or 0.2 percent, were under sustained-yield management.  This is especially acute for fuelwood, which is widely being cut faster than it is produced in the world’s drier forest and woodland regions (Freese ’98: 21-23). 

World Ecosystems
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Currently, humans directly or indirectly appropriate some 40 percent of the primary production of the earth’s land area.  Forty-six percent of the world’s closed forests have been converted to other uses during the past 8,000 years.  Of the 54 percent that remain less than half represent forest areas that are sufficiently large and undisturbed to be considered natural ecosystems.  Forty-eight percent of these natural forests are boreal, and 44 percent are tropical.  Plantation forests, usually dominated by a single species, account for approximately 3 percent of the world’s total closed forest cover.  Major forest conversions occurred centuries and even millennia ago in regions such as eastern Asia, western Europe, the Middle East and Mesoamerica.  Developed countries, with 90 percent of the world’s temperate forests, went through a period of extensive deforestation in the eighteenth and nineteenth centuries, a conversion fueled by both agricultural expansion, particularly in North America, and timber needs generated by war and the industrial revolution.  The industrial revolution brought about a significant transition from multiple-product forestry to single-use wood production.  Forest cover in Europe, the Nordic countries, and North America has increased, often significantly during the twentieth century.  However much of the forest that has been restored is biotically depauperate compared with earlier forests (Freese ’98: 32).  

Most of the earth’s lands and waters are still in natural and seminatural conditions.   The future disposition of these remaining natural and seminatural ecosystems most of which are outside protected areas, will determine how much of the earth’s biodiversity will be conserved.  As of 1987 cropland occupied roughly 11 percent of the total land area of all the world’s continents combined (excluding Antarctica) and deforestation had affected roughly another 3 percent of the total land area beyond the forest and woodland estate already converted to cropland.  Of the world’s dry rangelands, some 24 million square kilometers, accounting for approximately 18 percent of the earth’s total land area, are at least moderately desertified.  Losses of wetlands have been estimated at 6 percent of the total land area over the past century alone.  Only a small fraction of this loss is due to creation of cropland.  About 38 percent of the world’s terrestrial biomass have been either converted to alternative land uses or altered in such a way as to seriously affect native biodiversity.  Approximately 62 percent of the earth’s land area is still in a natural or seminatural state.  An estimated 48 percent of the world’s land area has been subjected to low human disturbance and 28 percent to medium human disturbance.  In the estimated 62 percent natural or seminatural areas, parks and similar reserves now cover 6 percent of the earth’s land area.  This leaves roughly 56 percent of the earth’s land area still in natural or seminatural ecosystems and open to multiple potential uses.  Coastal areas are vulnerable to human activities.  Mangroves and salt marshes are dredged, filled and channelized, natural shorelines are replaced with jetties, marinas, and resort and industrial developments.  Coral reefs are destroyed by anchoring, cyanide fishing and land-based sources of siltation.  Aquaculture is expanding in both estuarine and nearshore systems and exotic species are introduced both purposefully for aquaculture and accidentally via oceangoing vessels.  An estimated 5 percent of the world’s mangroves have been cleared for aquaculture, with the loss for some countries and islands in Southeast Asia exceeding 50 percent.  Open marine systems are altered by such diverse disturbances as deep-sea mining and noise pollution from boat traffic and other sources (Freese ’98: 18, 8-10).

Although figures vary according to the definition used, degraded forests and secondary forests in tropical Africa, America and Asia covered an estimated 850 million hectares in 2002.  The value of secondary forests (defined her as forests regenerating largely through natural processes after significant disturbance of the original forest vegetation) for their capacity to reduce poverty, enhance food security and provide environmental services.  Forests in small island developing states (SIDS) cover an estimated 75 million hectares, or 63 percent of combined land area; but forest cover differs greatly among states.  Although deforestation appears to have slowed in the past decade, the average annual rate can be high.  The main causes include conversion of forested land for agriculture and for infrastructure such as roads, ports, housing and tourism development.  On the other hand, some states registered an increase in forest cover from 1990 to 2000.  Plantations of rubber, coconut, bamboo and oil-palm as well as agricultural residues are providing new sources of raw material for industries in Asia.  In Malaysia, for example, exports of rubberwood products are valued at about $1.1 billion annually.  Strong demand and high prices for palm oil and palm kernels to make foods soaps, and cosmetics has stimulated a boom in planting of oil-palm in Asia.  Bamboo has always been a reliable building material, and can now be used in reconstituted panel and board products.  Straw, especially wheat and rice straw, is the non-wood fibre used most widely in pulp and paper manufacturing.  The extent of degraded forests and secondary forests in tropical Africa, American and Asia in 2002 was estimated at 245 million, 335 million and 270 million hectares, respectively, for a total 850 million hectares.  According to FAO (2001) the reported loss of natural forests in the tropics during the 1990s was approximately 15.2 million hectares annually, of which 90 percent or more was converted to other land uses (McConnel et al ’05: x, 5).

Many of the world’s forests are privately owned: Japan, 67 percent; Norway, 87 percent; Federal Republic of Germany, 75 percent; Great Britain, 62 percent; France, 71 percent.  The demise of the Soviet Union and free market developments in China are giving rise to even more private landowners.  For example, Hungary has privatized most of its forests since 1989, and today boasts 300,000 private forest landowners.  Likewise, in 1984, China allotted 20 million hectare of barren hills as family timberland to some 50 million households.  Private forest land predominate in the United States, too.  About 8 million private forest owners control almost 60% of the nation’s commercial forest land (nearly 300 million acres), with more than half (162 million) of these are located east of the Mississippi (Finley ’96: 332, 333).  The most common methods to privatize the forest sector in the past three decades have varied by economic type.  Transfer of property rights is completed either through the sale of forest resources to the highest bidder or to a preferred beneficiary with or without a financial transaction.  Restitution involves governments handing back productive assets to former owners through transfer of resource tenure, revenue ownership and management rights to individuals or corporate bodies.  Transfer of use rights to private companies, communities or households maintains government ownership of the forest resource.  It involves either an administrative allocation or resources or a lease through competitive tenders.  Governments may outsource forest management and operational activities such as inventory, harvesting, silviculture and forest protection (McConnel et al ’05: 46).   

Governments have often used privatization measures to improve economic performance, especially since the end of the 1970s.  Between 1985 and 1999, more than 8,000 transactions of this nature were completed around the world, for a total value exceeding $1.1 trillion.  From the sale of state-owned enterprises alone, the Organization for Economic Cooperation and Development (OECD) countries received about $693 billion between 1990 and 20012.  Privatization of the forest sector usually entails the transfer of property rights through the sale of natural forests or planted forests and the devolution of forested land.  Governments also involve the private sector through lease or concession contracts and outsourcing for services.  In the 1970s and 1980s only a limited number of countries privatized forests.  Chile moved in this direction, laying the foundation for a rapidly growing plantation industry.  The Forestry Commission in the United Kingdom sold a small portion of its forest area.  China began to transfer rights associated with use and management in many parts of the country.  In 1999 privatization of primary industries such as petroleum, mining, agriculture and forestry overtook privatization of infrastructures.  Since 1974, the use of government incentives in Chile has resulted in the expansion of private planted forests to more than 2 million hectares.  In New Zealand, privatization started in the late 1980s with the sale of 550,000 ha of state-owned forests, sawmills, nurseries and other assets.  The sell-off of long-term cutting and management rights to domestic and foreign investors followed in the early 1990.  By 2000, 94 percent of planted forests in New Zealand were privately owned, but not the land.  Similarly, South /Africa privatized an estimated 90,000 ha oF planted forests between 2000 and 2002.  Several other countries in Africa are also taking measure to privatize planted forest.  Increasingly, private entities and NGOs are purchasing forest areas and acquiring land through concession contracts for protection and conservation purposes.  For example, 32 percent of the national park area in Lithuania and 50 percent of protected forest areas in the Czech Republic are privately owned.  In Chile, private-sector interest in managing forests for conservation is growing as well.  Governments in several countries including Canada and the United States, are also discussing the possibility of outsourcing the management of protected areas (McConnel et al ’05: 42, 43).

In most African countries the state owns forest resources and allocates use rights through administrative or competitive mechanisms.  In Gabon forest concessions are managing 11.9 million hectares, or 56 percent, of the forest area.  Cameroon has allocated 81 percent of its forest to concessions, of which 37 percent have been granted.  In South Africa the private sector owns and manages 70 percent of plantations.  After 1997, Malaysia guaranteed secure tenure for 100 years to private companies in Sabah through agreements covering more than 2.5 million hectares.  In 2000, some 650 concession of 69 million hectares were reportedly granted in Indonesia.  Since the early 1980s, China has encouraged private investment by devolving use and management rights to households while retaining ownership of forest land.  In India 63,600 communities participate in joint forest management and are protecting and regenerating almost 14 million hectares of more than 19 percent of the forest land.  In most Central and Eastern European countries property expropriated by former regimes is being returned to owners, including forest land.  Institutional restructuring and the rapid development of forest-based industries are also taking place.  Many of the more than 4 million forest owners, holding an average of about 2 ha, are inexperienced in forest management, business or market economies.  In countries that have joined the EU (the Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, Slovakia and Slovenia) or are about to join (Bulgaria and Romania), restitution efforts cover 2.8 million hectares of forests, with the state will owning 63 percent of total forest area.  By June 2003, more than 1.4 million hectares, or 20 percent, of forests in Romania had been returned to former owners, mostly to municipalities and communities.  Individuals received slightly more than 224,000 ha.   In Latin America, the state owns most natural forests and, in many countries, the transfer of land titles is limited to poor farmers.  Some forest areas have been allocated to private land use as a result of pressure from ranchers or private business.  In Peru, following the enactment of legislation pertaining to forests and wildlife in 2002, the government assigned 21 million of 67.5 million hectares of forests for timber production through concessions covering between 5,000 and 40,000 ha for up to 40 years.  In Bolivia in 2003, 5.4 million hectares, or 10.2 percent, of the forest area was managed as regular concessions.  The government wards different types of land leases for long-term contracts (400,000 ha) and scientific research (200,000 ha). In the Russian Federation forest resources are likely to remain under state ownership, but the private sector is becoming involved through concessions or other contractual arrangements supervised by the forest administration (McConnel et al ’05: 43-45).

Tropical forests contain two-thirds of the world's plants on only about twelve percent of its land area.  One forest reserve in Costa Rica has more plant species than the whole of Great Britain; one river in Brazil has more fish species than all the rivers of the United States; one hectare (about 2.5 acres) of Amazonian forest may have forty times the number of species of a typical temperate forest hectare, which usually has only two to twenty tree species.  A hectare of Atlantic coastal forest in eastern Brazil was found to contain 476 tree species, including 104 never seen before in that type of forest and five previously unknown tree species.  Each year, an area about the size of Louisiana (thirty-three million acres) is being lost to deforestation in the tropics.  From 1981 to 1990, about 385 million acres of tropical forest were destroyed - an area three times the size of France.  From 1990-2000, 212 million acres were lost to deforestation.  To date, the world has lost more than half of its tropical rainforest.  The world is now losing more than 130 species a day to extinction.  In Asia and Africa, a significant amount of deforestation is being driven by demand for wood from the People's Republic of China and Japan.  China banned all domestic logging in the mid-1990s in response to severe domestic flooding.  Former Liberian President Charles Taylor, a convicted felon indicted by the United Nations as a war criminal, found that he was able to trade tropical timber cut in Liberian and neighboring countries with Chinese traders for weapons.  He used these arms to fight a ruinous civil war in Liberia and to conduct wars with neighboring countries that produced enormous human suffering and hundreds of thousands of refugees.  Indonesia still has 235 million acres of tropical forest, the third largest tropical forest area in the world (after Brazil and the Democratic Republic of Congo), but half is already degraded by human activity and some of the degradation is severe.  Since 1996, an average of almost five million acres a year of natural forests have been deforested in Indonesia, and that country's accessible natural forest may disappear in less than 12 years.  Illegal logging is rampant accounting for seventy-three to eighty-eight percent of all wood cut in the country.  Globally illegal logging costs developing nations at least $10-15 billion per year of forest resources from public lands (Berger '08: 211, 212, 213, 218).

Temperate-zone forests increased globally by about five million acres between 1980 and 1990, the aggregate estimates of timber acreage obscure local devastation. U.S. wood growth in the aggregate now exceeds wood removals by more than seven billion cubic feet.  However some regions continue to be devastated by irresponsible logging.  During the 1980s, for example, bottomland hardwood forests in the south were converted to agricultural use so rapidly and extensively that, by 1985, only a million of the original twenty-four million acres of bottomland hardwoods remained in the lower Mississippi River Delta.  Similarly hidden in the overall statistics, softwood cutting on commercial timber lands substantially exceeded growth from the late 1950s or early 1960s well into the 1980s.  In Europe, more than a fifth of the trees have moderate to severe defoliation, most probably caused by air pollution, drought, nutrient loss and insect damage.  Today, only about one percent of Western European forests can still be considered old growth.  Similarly, in the lower forty-eight United States, only one percent of the aboriginal forest land remains frontier forest" as defined by the World Resources Institute (Berger '08: 35, 36).  

[image: image59.jpg]West Africa sawnwood, FOB

Ayous

Okoumé

sipo

Padouk

Sapele

Iroko

Knaya
Maobi

Movingui

FAS GMS
Fbied sizes

FAS GMS

Sel. & Bet. GMS Haly
Sel. & Bet.fired sizes
FAS GMS

FAS fixed sizes

FAS scantings

FAS GMS

FAS scantings
Strips

FAS Spanish sizes
FAS scantings

FAS GMS
Scantlings

Stips

FAS GMS

FAS fired

FAS GMS
Scantlings

FAS GMS.

€perm’
3%
421
335
310
540
550
600
630
425
550
580
458
519
304
305
421
630
645
460




The Siberian taiga contains half of the world's remaining evergreen forests and a fifth of the entire world's remaining forests, absorbing carbon dioxide emissions for the industries in Europe and Russia and serving as a global storehouse of carbon.  Yet, the taiga is currently being destroyed at an increasing rate by massive industrial logging operations and by a huge increase in first that, in 2004, burned an area half the size of France and polluted the air as far away as Seattle.  Many forests were deliberately put to the torch by loggers in order to get government logging concession at reduced costs, so the timber can be sold to China.  By some estimates, thirty to fifty percent of these lands may still be untouched by human activities.  Covering an area the size of the continental United States and twice the size of the Brazilian Amazon, taiga play critical roles in global climate as a carbon sink and source of oxygen.  Taiga also provides sustenance to indigenous hunters, trappers and fishermen, as well as to endangered Siberian tigers, giant brown bears, sable, and elk.  Yet, the taiga is being cut at the rate of some ten million acres a year, and the Russian government wants to increase timber production in order to stimulate its struggling, resource-dependent economy.  Siberian soils are often thin and fragile, and growing seasons are short, making recovery from clearcut logging difficult.  In addition, two-thirds of Siberia rests on permafrost, and clearcutting can lead to melting of the permafrost, turning the ground to bog and releasing large quantities of climate-destabilizing methane gas.  Environmentalists have only recently begun using Russia's nascent judicial system to force timber companies to start obeying requirements to conduct environmental impact reviews and enforcement is lax.  Local environmentalists in Russia complain about large amounts of illegal logging (Berger '08: 198-200).

Industrial timber production from forests on highly productive soils reduces pressure for more extensive logging of low-productivity, high-biodiversity forests and may generate revenues for their conservation.  High productivity sites such as flat ground with deep loamy soils and featured species such as pines, firs, oaks, elk, and trout should be managed with state-of-the-art efficiency in certain places to sustain the production of resources needed by people with minimal impacts on more fragile ecosystems. New Zealand has 1.3 million hectares of plantations, based primarily on an exotic species, the Monterey pine (Pinus radiate), and about five times that area, or 6.5 million hectares in natural forest.  Roughly five hectares of native forestland are being conserved in a more or less natural state for every one hectare under plantation.  Because timber production is concentrated in plantation forests, only 4 percent of New Zealands natural forests were open to exploitation in 1991.  State ownership of New Zealand’s forests allowed this countrywide scale of planning to occur.  Nordic forests, on the other hand, are mostly privately owned.  In Sweden, individual noncorporate ownership accounts for more than one-half of al forestland.  Forest dominated by the economically valuable palm (Eurterpe oleracea) cover roughly 10,000 square kilometers in the Amazon estuary.  This area has an estimated carrying capacity of 50 inhabitants per square kilometer who could be engaged in both subsistence and commercial uses of forest products, and therefore it could support as many as 500,000 people.  Thus, although these floodplain forests cover just 0.3 percent of Amazonian Brazil, they could potentially support 12.7 percent of the region’s total rural population.  In response to the recent decline in production of wood from forests in western North America, production is increasing in the southeastern United States and eastern Canada.  In addition, the reduction in log exports from western North American to the Pacific basin is being offset by increased logging in New Zealand, Chile and Russia.  The world’s current consumption of industrial wood could be produced on about 200 million hectares of good forestland, or roughly 5 percent of the world’s current forest area.  

[image: image60.jpg]


Total global coverage of forest plantations around 1990 was estimated at 100 million to 155 million hectares, with approximately 75 percent of this in temperate regions.  About 50 percent of all plantations in developing countries were established during the 1980s.  Thirty developing countries have forestry policies that favor plantation development over natural forest extraction.  Plantations are calculated to provide just 7-10 percent of the world’s industrial wood (Freese ’98:182, 185, 186).  Reforestation provides an alternative use for India’s nearly 175 million hectares of unproductive wastelands.  Two major approaches to reforestation are underway.  One involves largely government-sponsored initiatives to reforest with monoculture plantations that focus on wood production, commonly using exotic species such as eucalyptus.  The other involves community-based initiatives that rely on largely natural forest regeneration and a wide mix of forest products.  In the industrialized and more fertile regions of northern and northwestern India, the tendency has been towards plantation forestry, in part because of strong demand for timber there. In the less fertile and more poverty 0ridden states of eastern Indi, regeneration of natural forests under community-based management is reclaiming large areas of wasteland.  In the state of Bihar, Orissa, and West Bengal, for example, more than 2.76 million hectares of forest are regenerating through community-based management and producing a diversity of timber and nontimber forest products.  India’s forest-dependent populations require an estimated minimum of 0.5 hectare of forestland per capita, but the current average is 0.1 hectare per capita.  Meanwhile, India’s population continues to grow toward one billion, with rapid expansion into poo rural areas.  Revenues from communally managed lands of the Plan Piloto Forestal are based principally on timber and, to a lesser extent chicle.  In 1993, revenues per communal member ranged from $200 to $1,435.  This often represents communal members sole or most important source of cash, as production from their agricultural lands goes largely to meet subsistence needs (Freese ’98: 201). 

Natural forest management must often compete with intensive silviculture and plantation forestry in the coniferous forests of temperate regions.  Natural forest management benefits emerging markets for mushrooms, understory florals and greens, lesser known commercial tree species, medicinals and other special products beginning to yield income that can rival that of timber.  Due largely to Brazilian rubber tappers’ demands that forested lands be protected from colonization by farmers and cattle ranchers, by 1994 Brazil had created nineteen extractive reserves covering 3,090,448 hectares.  The primary economic activity in extractive reserves is based on nontimber plant products and, to a lesser degree, fish and wildlife products, small-scale agriculture is also practiced, mainly to meet subsistence needs.  Further modest interventions are applied to produce key commodities such as rubber, Brazil nuts, and various products from several species of palm.  Studies have found a median value of about $50 per hectare per year, with a range of $1 to $22 per hectare per year, for nontimber forest products harvest from tropical forests in Asia, Africa, and Latin America.  Potentially higher economic returns can be obtained from Amazonia.  The estimated market value of fruits was $4,242 per hectare per year for the understory species Grias peruviana and $6,660 per hectare per year for the shrub Myrciaria dubia, both of which form dense stands in alluvial conditions in northern Amazonian.  One study calculated, based on sustainable offtake, a net value of $422 per hectare per year from harvesting fruits and latex and a net value of approximately $15 per hectare per year from harvesting timber in a region of northern Amazonian Peru.  A study of land-use patterns on three islands in the Amazon estuary found that an average of 2 percent of land was devoted to home gardens, 1 percent to swidden agriculture, 1 percent to perennial cash crops and plantations, 55 percent to managed forests (with reduced diversity of tree species compared with unmanaged forest), and 41 percent to unmanaged forest.  The fruit of E. oleracea provides as much as 80 percent of the annual income of rural families in this region.  Further studies found the net present economic value of fruits, medicinal bark, and resins to be higher in upland forests than in floodplain forests in Amazonian Ecuador.  They also found that regardless of forest type (upland or alluvial), collection of these products yielded a greater economic return than did competing land uses (Freese ’98: 202-207).  I regret this empirical global work on forestry doesn’t attempt to catalogue so much as my neighbor’s wild edibles.  

2. Forest Sector
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The forest sector is defined on the basis of the ILO’s International Standard of Industrial Classification of all Economic Activities (ISIC) including forestry, logging and related service activities, wood industries, manufacture of wood and products of wood and cork (except furniture) and pulp and paper industries.  Forestry includes the production of standing timber as well as the extraction and gathering of wild-growing forest materials except for mushrooms, truffles, berries and nuts.  Globally, in 2000, the gross value of this sector is estimated at about $354 billion, or about 1.2 percent of gross world product (GWP).  Between 1990 and 2000 economic growth in this sector was only 1.4 percent, while the global economy grew about 30 percent.  As a result the share of the forest sector declined from about 1.6 to 1.2 percent of GWP.  Forestry accounts for $78 billion of the gross value, or about 22 percent of the forest sector, wood industries and pulp and paper make up the balance.  The decline is consistent with the primary sector, namely agriculture.  Agriculture covers about 38 percent of the land area and employs 44 percent of the economically active population, accounts for only about 6.2 percent of the global gross value added – ranging from 2.6 percent in developed countries to 11.9 percent in developing countries (McConnel et al ’05: 71 ,72).  

The total economic value of harvested wild species probably exceeds $500 billion annually.  At least twenty times greater than the most reliable estimates for global revenues from nature tourism.  The world’s forests provide diverse timber products, both to the 500 million people who live in or near them and to far-away markets.  The annual value of fuelwood and wood-based products worldwide is estimated at $480 billion, or nearly 2 percent of the world’s gross domestic product.  In the developed world, the single most important commodity from forests is timber for construction and wood products.  A greater diversity of forest products is generally used in developing countries, and their single most important timber product is firewood (including charcoal) for heating and cooking.  In developing countries, 80 percent of wood is consumed as fuel, and fuelwood supplies 20 percent of all energy needs.  Worldwide, an estimated 3 billion people depend on wood for household energy.  From 1961 to 1991 fuelwood consumption nearly doubled and use of industrial roundwood increased by 50 percent.  However, the projected rate of growth in industrial wood consumption over the first decade or two of the twenty-first century (2.5 percent) is great than that for fuelwood, (1.6 percent).  The forestry sector provides annual subsistence wage employment equivalent to 60 million work years worldwide, 80 percent of which is in developing countries (Freese ’98: 2, 21, 22).

Worldwide Annual Value of Fuelwood and Wood-Based Industrial Products
	Economy
	Fuelwood
	Wood-Based Industry
	Total 
	% of GDP

	Developing 
	70
	63
	133
	4.1

	Developed
	26
	259
	285
	1.4

	World
	96
	322
	418
	1.8


Source: FAO 1995
The forest products sector is estimated to contribute about 1.2 percent of world GDP and approximately 3 percent of international merchandise trade.  Industry annual turnover exceeds $200 billion for four product categories: roundwood and sawnwood, panels, pulp and paper.  In 203, global production of industrial roundwood was close to an estimated 1.6 billion cubic metres.  Forests also provide important goods and services, including wood energy, food and other non-wood products, for 1.2 billion people of whom approximately 90 percent live below the poverty line.  Trade in industrial roundwood has doubled in volume over the past 40 years and is expanding rapidly.  In terms of markets for forest products, Europe is experiencing growth, markets in the United States continue to be strong, and China has become one of the world’s largest log and sawnwood importers, particularly of tropical timber.  In developed countries, tariffs on forest and wood-based products are low – less than 5 percent for most.  Significant exceptions for some countries and products apply to wood-based panels and paper products that have tariff rates between 10 and 15 percent.  Tariff rates are more elevated in developing countries, particularly in Asia where they usually range between 10 and 20 percent but can be considerably higher.  In the past, countries exporting tropical timber used export taxes to raise revenue and support domestic industries.  Taxes ranged from 10 to 20 percent on logs, while those for processed products such as veneer and plywood were often negligible because of the need to promote forest-based commercial activities.  Export restrictions, including total bans of logs and sawnwood, have replaced export taxes. Standards related to plant health are generally acknowledged as legitimate as pests and diseases can have devastating effects on domestic forests.  Although regulations governing sanitary and phytosanitary measures can distort trade, controls are not usually seen as unreasonable if they are scientifically based, given the need to protect human, animal or plant life or health (McConnel et al ’05: 108, 109).  

Production, trade and consumption of forest products, 2002
	Area
	Woodfuel (‘000 m3)
	Industrial roundwood (‘000 m3)

	
	Sawnwood (‘000 m3)
	Wood-based panels (‘000 m3)

	
	Pulp for Paper (‘000 tonnes)
	Paper and paperboard (‘000 tonnes)

	
	Prod

uction
	Imports
	Exports
	Consum

ption
	Prod

uction
	Imports
	Exports 
	Consum

ption

	World, total
	1,796,677
	2,524
	3,705
	1,795,496
	1,587,715
	122,996
	115,523
	1,595,188

	
	390,918
	115,924
	118,481
	388,367
	195,359
	65,937
	63,953
	197,343

	
	184,715
	39,067
	38,418
	185,364
	324,649
	95,000
	95,425
	324,224

	Africa, total
	545,915
	1
	1
	545,915
	66,785
	361
	5,481
	61,665

	
	7,761
	4,083
	1,920
	9,924
	2,254
	727
	809
	2,172

	
	2,550
	277
	501
	2,326
	3,277
	1,693
	689
	4,281

	Asia, total
	782,160
	258
	23
	782,395
	222,563
	51,346
	8,034
	265,875

	
	61,157
	24,205
	8,136
	77,226
	58,768
	19,184
	16,147
	61,805

	
	40,325
	12,911
	2,720
	50,516
	97,823
	20,505
	11,225
	107,103

	Europe, total
	106,909
	2,037
	3,276
	112,222
	480,118
	57,053
	71,936
	465,235

	
	127,844
	45,119
	58,928
	114,035
	63,275
	24,634
	27,821
	60,088

	
	47,008
	17,191
	12,289
	51,910
	102,039
	47,163
	58,401
	90,801

	North and Central America, total
	159,041
	0
	0
	159,041
	615,136
	14,180
	15,956
	613,360

	
	152,281
	41,369
	42,242
	151,408
	57,534
	20,580
	14,249
	63,865

	
	78,910
	7,533
	17,156
	69,287
	106,463
	21,757
	22,738
	105,482

	Oceania, total
	12,973
	0
	0
	12,973
	49,644
	12
	11,446
	38,210

	
	8,691
	849
	2,114
	7,420
	3,940
	416
	1,872
	2,484

	
	4,383
	324
	763
	3,944
	3,522
	1,768
	1,128
	4,162

	South America, total
	189,679
	0
	0
	189,679
	153,469
	43
	2,670
	150,842

	
	33,183
	299
	5,142
	28,340
	9,588
	396
	3,045
	6,930

	
	11,539
	830
	4,990
	7,379
	11,524
	2,114
	1,244
	12,394

	United States
	73,086
	0
	0
	73,086
	404,735
	6,618
	11,001
	400,352

	
	89,151
	37,416
	4,520
	122,044
	40,516
	17,635
	2,061
	56,090

	
	52,914
	6,579
	5,477
	54,016
	81,792
	15,941
	8,225
	89,508


Source: FAO 2002

South Africa is the leading producer of industrial roundwood, with 18,616 thousand m3, and although Nigeria produces more sawnwood, 2,000 thousand m3, South Africa is the leading producer of wood-based panels, and produces more than three-quarters of the pulp for paper, paper and paperboard.  India is the leading consumer of fuelwood in Asia.  China however dramatically outperforms India in all other categories.  Europe is pretty proportional to the population.  Papua New Guinea is the leading woodfuel consumer while New Zealand uses none, otherwise Australia and New Zealand are the only nations with industrial capacity.  In South America where wood consumption is pretty much in proportion with population, Brazil is far and away the leading producer and consumer in all categories.  In North America and Central America Mexico is the leading consumer of fuelwood, but pretty competitive with Canada in other respects.  The United States is the leading producer and consumer of roundwood, sawnwood, pulp and paper worldwide (FAO ’05: 153). 

Percentage of total roundwood production used for fuelwood, 1997
	Region
	Proportion of total roundwood 
	Region
	Proportion of total roundwood

	World
	53
	G8
	14

	Rest of World
	69
	Developing countries
	76

	Africa
	89
	Asia
	79

	Europe
	18
	North America
	15

	South and Central America
	59
	
	


Source: FAO, 2004

Wood energy remains the most important source of energy for the more than two billion people in developing countries who have access to few other sources of energy.  A number of developed nations have shown interest in increasing the use of this renewable energy from wood to avoid depleting their non-renewable resources.  Wood energy comprises a number of different types of wood based fuels.  The most prominent of these is fuelwood cut directly from trees and forests.  This may be further refined into other types of energy such as charcoal or wood-derived liquid fuels.  In addition, black liquor, a by-product of pulp and paper making, and wood residues, and recycled wood and paper, are used as fuel and kindling.  Currently wood energy accounts for about 5 percent of the world’s total primary energy supply (TPES), and woodfuel is by far the most important source of wood energy. Because of the large pulp and paper industry and the use of black liquor for energy production, wood energy accounts for 14 and 10 percent of TPES.  Overall, woodfuel (i.e. fuelwood and charcoal) accounts for about 53 percent of total roundwood produced in the world.  However, woodfuel accounts for only 14 percent of total production in G8 countries, compared with 69 percent in the rest of the world.  In the future, the global production of woodfuel is expected to increase moderately, from 1,885 million cubic metres in 2000 to 1,921 million in 2010 and 1,954 million in 2020.  Fuelwood production is expected to increase in Africa and South America but decrease in Asia, while all three regions are expected to increase charcoal production.  The use of black liquor for energy is likely to increase in countries where the pulp and paper industry is expanding.  Currently, woodfuel prices range from around $5 to $25 per cubic metre in developed countries and $1 to $10 per cubic metre in developing countries.  However, in developing countries, a large proportion of woodfuel is produced by individuals for their own consumption rather than for sale.  With total production of around 1,885 million cubic metres, 75% in developing countries and 25 percent in developed countries, the total value of global woodfuel production could be in the range of $4 billion to $26 billion per year, around 0.01 to 0.06 percent of GWP.  Woodfuel production is labour intensive and an important source of income and employment for rural households.  Woodfuel production requires the highest amount of labour inputs per unit of energy produced: 100 to 170 person-days per terrajoule for firewood and 200 to 350 person-days per terrajoule for charcoal (McConnel et al ’05: 100, 101).  Urban reliance upon firewood and charcoal for cooking creates an insatiable demand upon the forests invariably resulting in deforestation, in Kenya, Haiti, everywhere wood is used for heating and cooking, there is demand for the maul.  Plantations and replanted farm woodlots greatly help to reduce deforestation. Urban woodfuel consumption is often prohibited, to keep the valley air clean, when everyone is provided with an affordable, less labor-intensive, energy alternatives such as propane, natural gas, and electricity, ideally from solar energy, for heating and most importantly, cooking.  In terms of production costs, the current cost of electricity production from biomass is about $0.07 to $0.09 per kilowatt-hour, which is slightly higher than the cost of producing electricity from fossil fuels.  However, in favourable situations, it can be reduced to as little as $0.02 to $0.04 per kilowatt-hour (McConnel et al ’05: 105).

In 2002 the United States consumed eighteen billion cubic feet of timber and produced about fifteen billion.  To account for the shortfall, nearly five billion cubic feet was imported in 2002 mostly from Canada.  Meanwhile the nation exported 1.7 billion cubic feet, so net imports were roughly three billion cubic feet, which when added to domestic production, equals total domestic consumption.  In 2003, net annual domestic wood growth (the increase in wood volume minus mortality) was almost twenty-four billion cubic feet per year in the United States.  Saleable wood removals from U.S. forests were only sixteen billion cubic feet, so more than three billion cubic feet of wood was added to the standing stock of U.S. timber after accounting for the removal of logging residues and other unutilized wood.  The volume of growing standard timber in 2003 in the United States (eighty-five billion cubic feet) was twenty-eight percent greater than in 1953 (Berger '08: 42). Many environmentalists believe that timber harvesting must decline, using instead wood substitutes, recycling or reducing consumption.  Most wood substitutes bring with them their own environmental problems.  Steel, aluminum, and concrete use much more energy than wood products in their creation and create many polluting byproducts.  Paper and paper products offer the best opportunities for recycling.  Currently the United States is recycling nearly 40 percent of its paper and paper related products.  It is doubtful that more than 50 percent of the stream of recyclable material can ever be recovered.  The total area harvested and relative amount of aparticular forest type affected, is also a major concern.  Some forest systems are more resilient than others.  The Amazon forests are more susceptible to negative environmental impacts associated with timber production than those of Scandinavia or the United States. To extend reserves of tropical wood, initiative are underway to expand plantation production.  Plantation forest lead to ecosystem simplification and resultant loss in biodiversity.  While Russia’s forests are extensive, they are poorly stocked, so harvest involve huge areas, also regeneration is difficult there, potentially exposing the land to environmental damage.  The United States contains significant forest resources and is capable of sustaining its forest systems.  Retaining the old-growth forest is central to the debate in the Pacific Northwest where most timber is produced.  The oak-pine forests that dominate the Southern region are intensively managed. Conifer plantations provide the feedstock for the pulp and paper industry.  The region also supports a major sawmill industry.  The Northeast is dominated by hardwood forests and contains more than 60 percent of the nation’s commercial forest land.  These forest contain some of the world’s most valuable and productive temperate hardwood forests (Finley ’96: 331).

The forest sector does not fare well in the face of competing demands for scarce funds, given that it contributes a relatively small share of employment and national income in most countries.  Incentives, including subsidies, are common in the forest sector to promote timber production, reforestation and investments in natural and planted forest management where returns are too low to attract private financing.  Incentives have also been used for strategic reasons, for example to build sufficient wood supply to encourage processing ventures.  Agricultural subsidies that make crop production or grazing an attractive land use have often caused adverse effects on forests.  Incentives such as grants, tax concessions and schemes to promote research and sustainable forest practices that linked to environmental and social services of forests are increasingly finding acceptance.  Certification of forest management and labelling of forest products increase access for sustainably produced wood-based products in certain markets.  While certified forests, including planted forests, constitute only 4 percent of total forest area and certified forest products account for only a fraction of overall trade, producers and consumers no longer perceive certification of forest management as a negative non-tariff measure (McConnel et al ’05: 111, 114).

Multinationals engaged in the timber trade wield financial resources comparable to those of entire states and some nations, and they can make huge amounts of capital available for the exploitation of natural resources, even in remote and sparsely developed forest areas of the world.  They exert overwhelming political and economic power on local elected officials, resource agencies, rural communities, and even on national governments, especially in developing nations. Some two billion people in developing nations are still said to depend on wood fuel for cooking, domestic heating and industrial heat.  Some wood for domestic use can be grown in managed plantations on previously deforested land, and villagers should have access to affordable and environmentally safe alternative (nonwood) sources of energy.  Heat and electricity from a solar-based renewable energy source, for example.  To achieve conservation of tropical forest include creation of protected parks; creation of extractive reserves, where some resources are grown or harvested in the forest; "debt-for-nature" swaps, and use of conservation incentive payments in return for direct protection of the forests. In "debt-for-nature" swaps the debtor nation promises to supply funds equal to a percentage of the face value of the foreign debt to fund local tropical forest conservation programs in exchange for the cancellation of their debt (Berger '08: 221, 225, 227).  It would be wise to ban or tax highly the importation and exportation of timber products from states with a net rate of deforestation until such a time that state’s forests are not only growing in area but cover a safisfactory percent of the total land area.    

Wood industries, including pulp and paper, account for a major share of the gross value added to the forestry sector.  Profit-driven corporate ownership and management can often both identify the need for new products and services and develop them more effectively than governments and other owners.  Integrating all aspects of production – from making the raw material to manufacturing the final product – has been an important strategy to increase profitability.  Sustaining primary production, including wood, often depends on direct and indirect subsidies.  Corporations are major players in forestry, including the management of forests, logging and wood processing and are a driving force behind the globalization of the sector.  Investors fall into two categories: those focused on logging and those who integrate forest management with wood industries.  A secure supply of raw material provides a competitive advantage to large wood industries, prompting a number of them to buy extensive tracts of forests or acquire large concession, especially if the cost is low.  Investor-friendly legislation and incentives such as direct or indirect subsidies have contributed to the rapid expansion of industrial plantations.  Governments and other owners of the forest resources must endeavor to capture the full potential arising from wood production.  Creating conditions for the development of efficient markets, including combating illegal logging, is a prerequisite.  With wood supplies increasing, more needs to be done to promote wood as an environmentally friendly and energy-efficient product.  The justification for forests and forestry, as with other human pursuits, needs to progress beyond the narrow domain of economic benefits.  The forestry profession must convince decision-makers to look past national income estimates, recognize the significance of conserving natural resources and look beyond their market price (McConnel et al ’05: 75, 86).  
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The United States is the world’s largest consumer of pulp timber for paper and particle board 89,508 thousand tonnes in 2000.  Many times more than China.  Nearly as much as the 90,800 thousand tonnnes of paper and paperboard consumed in all of Europe, including Russia, and the 107,000 thousand tonnes consumed in all of Asia, including both China and India.  Agricultural residues have been used in paper making in Asia for centuries, but recent technological advances in collection and handling have spurred production of non-wood pulp to more than 16 million tonnes, in 2004, of which 14 million are produced in China.  Currently India produces more than 1 million tonnes of paper from bagasse each year and has the world’s’ largest bagasse mill.  In the manufacturing of particle board, 70 percent of Pakistan’s production was made bagasse as early as the 1980s. Reeds, jute abaca (manila hemp) and kenaf (Hibiscus cannabinus) are other non-wood fibres used in making pulp and paper (McConnel et al ’05: 13, 14).  Currently the United States is recycling nearly 40 percent of its paper and paper related products.  It is doubtful that more than 50 percent of the stream of recyclable material can ever be recovered.  Kenaf futures are bright.

Average annual growth in hardwood lumber production between 1965 and 1986 was less than 1 percent.  In the 1980s, the value of U.S. hardwood lumber exports rose 236% between 1980 and 1990.  As a result hardwood sawtimber inventories increased by 33 percent between 1977 and 1987 (Smith et al ’96: 385).  Hardwood manufacturing establishments in the eastern United States are small, locally and individually owned, single-unit firms.  Over 80 percent are 1-plant, 1-owner firms with fewer than 50 employees.  Only 10 percent of the establishments studied were branch and/or subsidiary operations, the majority of which were owned by out-of-state residents.  60 percent of establishments were located in metropolitan counties, with the furniture and fixtures and kitchen cabinet industries being the most metropolitan oriented, with the highest value added.  Saw and planning mills, and hardwood dimension and flooring industries had a majority of establishments in nonmetropolitan counties, 59 percent and 68 percent, respectively (Jones et al  ’96: 310, 311).  

3. Non-Timber Forest Products
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Forests provide shelter, raw logs, firewood, burls, ferns, mosses, lichens, flowers, wreaths, fruits, nuts, cones, incense wild mushrooms, fish, game, gems, minerals, and clean water.  Natural forests are the source of a wide array of non-wood finished and raw products.  These include lumber for construction materials, veneer, and furniture, paper, adhesives waxes, turpentine, polymers, gunpowder, medicinal herbs, perfumes, sachets, charcoal, much, fertilizer, musical instruments, and medicines (Berger ’08: 11). A forest-dependent industry is any that uses raw materials form the forest including oxygen, water, mushrooms, livestock forage, recreation, fish that migrate or are resident in streams, lakes, estuaries, and the adjacent ocean.  Most human communities rely on forest-dependent industries, the majority of which rely much more on abundant, clean water and other non-timber products than they do on the growing and harvesting of wood fiber.  Of all the forest products, water – which enters and leaves the forest under its own volition – is the most critical, because it is interwoven with everyone’s life (Maser et al ’10: 231).  Between 1992 and 2002, import values of 55 non-wood forest products (NWFP) increased by 50 percent, from $5.5 billion to $8.3 billion, while timber increased 10 percent. Products that saw no real increase in their traded values are shea nuts, gum Arabic balata, gutta-percha, kapok, tanning extracts of quebracho and black wattle, Brazil nuts, sago flour and wickerwork.  Commodities that saw their import values sharply increase are mosses/lichens and foliage for flower bouquets, truffles, other mushrooms, maple syrup, cork, mucilages and thickeners from locust bean (carob), essential oils not elsewhere specified, live animals other than farm animals, natural honey and raw reptile skins.  More and more  of these forest products are being domesticated and cultivated on farms, including important medicinal plants that, until the late 1980s, were obtained exclusively in the wild (McConnel ’05: 14-16).

Global import values of key Non-Wood Forest Products

                        Commodity Description                                                    Global import value











(‘000 US$)










1992                         2002

	Mosses and lichens for bouquets, ornamental purposes
	9,352
	25,476

	Truffles, fresh or chilled
	4,201
	23,656

	Mushrooms other than Agaricus, fresh or chilled
	n.a.
	364,412

	Mushrooms and truffles, dried
	n.a.
	219,458

	Truffles, prepared or preserved, not in vinegar
	3,049
	11,012

	Brazil nuts, fresh or dried
	44,344
	59,848

	Chestnuts, fresh or dried
	109,958
	184,663

	Acorns and horse chestnuts for animal feed
	1,216
	7,380

	Sheanuts (karite nuts)
	5,155
	5,136

	Liquorice roots
	33,455
	24,310

	Ginseng roots
	389,345
	221,435

	Plants and parts, pharmacy, perfume, insecticide use 
	689,92
	777,980

	Locust beans, locust seeds
	22,395
	40,239

	Lac
	25,286
	25,653

	Gum arabic
	101, 312
	105,510

	Natural gum, resin, gum resin, balsam, not gum arabic
	92,755
	96,535

	Balata, gutta-percha, guayule, chicle and similar gums
	26,726
	13,605

	Pyrethrum, roots containing rotenone, extracts
	27,865
	26,173

	Bamboos used primarily for plaiting
	37,562
	50,054

	Rattan used primarily for plaiting
	118,987
	51,327

	Kapok
	11,920
	2,826

	Maple sugar and maple syrup
	43,632
	116,202

	Palm hearts, otherwise prepared or preserved
	16,082
	67,514

	Quebracho tanning extract
	51,938
	45,173

	Wattle tanning extract
	63,877
	34,168

	Oak or chestnut extract
	8,653
	917

	Natural cork, raw or simply prepared
	7,874
	110,702

	Abaca fibre, raw (Musa textilis)
	15,221
	20,374

	Animals, live, except farm animals
	183,922
	404,633

	Ornamental fish, live
	137,886
	240,965

	Honey, natural
	268,184
	657,612

	Edible products of animal origin, not otherwise specified
	80,389
	175,770

	Ambergris, civet, musk, etc. for pharmaceutical use
	134,088
	93,942

	Foliage, branches for bouquest, etc. - fresh
	n.a.
	93,942

	Foliage, branches, for bouquets, etc. – except fresh
	n.a.
	103,998

	Mushrooms and truffles, dried, not further prepared
	134,205
	286,661

	Mushrooms not otherwise specificed, preserved, not pickled
	n.a.
	82,848

	Nuts edible, fresh or dried, not otherwise specified
	222,915
	403,243

	Cinnamon and cinnamon-tree flowers, whole
	95,626
	81,332

	Cinnamon and cinnamon-tree flowers, crushed or ground
	8,531
	18,606

	Flour or meal of sago, starchy roots or tubers
	18,063
	10,060

	Oil seeds and oleaginous fruits, not otherwise specified
	62,297
	161,428

	Mucilages and thickeners, from locust bean, guar seeds
	141,335
	254,683

	Mucilages and thickeners, not otherwise specified
	138,579
	374,674

	Vegetable materials, not otherwise specified, used primarily for plaiting
	39,670
	38,181

	Vegetable materials for stuffing/padding
	n.a.
	3,751

	Raw vegetable material primarily for dyeing and tanning
	31,063
	33,855

	Vegetable products, not otherwise specified
	63,859
	127,767

	Tanning extracts of vegetable origin
	20,515
	50,450

	Colouring matter of vegetable or animal origin
	152,082
	384,133

	Essential oils, not otherwise specified
	312,524
	533,464

	Resinoids
	61,359
	37,282

	Gum, wood or sulphate turpentine oils
	31,232
	35,418

	Rosin and resin acids
	166,133
	224,360

	Reptile skins, raw
	11,252
	78,366

	Raw fur skins of other animals, whole
	44,025
	88,240

	Plaits and products of plaiting materials
	17,198
	38,927

	Mats, matting and screens, vegetable plaiting material
	215,957
	196,784

	Plaited vegetable material articles not mats or screen
	44,732
	120,719

	Basketwork, wickerwork products of vegetable material
	789,991
	968,044

	Walking sticks, seat-sticks, whips, etc.
	10,769
	44,369


Source: McConnel et al ’05: 15, 16 Table 6
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Apart from the use of forests for timber production and of grasslands for livestock grazing, multiple products from wild plants enter local, national and international markets.  Perhaps most prominent among these is the use of wild plants in traditional medicine.  The current world market for medicinal herbs, most of which are apparently harvest from the wild, is estimated at $10 billion annually.  Traditional medicine is the basis of primary health care for approximately 80 percent of the population of developing countries, or some 3 billion people, and about 85 percent of traditional medicine involves the use of plant extracts.  Nontimber plant products also occupy national and international markets for various other uses.  Brazil nuts, with $33 million in sales in 1987, and palm heart (Euterpe spp.), with nearly $300 million in sales in 1993 in the region of the Amazon estuary alone, are two familiar foods harvested from the wild that have global markets.  In 1986 Indonesia earned $134 million from exports of rattan (Calamus spp), resin, essential oils, kapok (Ceiba pentandra), and Indian fever bark (Cinchona spp.) or quinine.  In India, the estimated value of nontimber forest products exceeds $1 billion annually.  In one study of sal (Shora robusta) forests in West Bengal, India, 155 of 214 species record were used by local communities for food, fuel, fiber, fodder, medicine, construction, household articles, religious use, ornamental use, or recreation.  Nontimber forest products accounted for 55 percent of the total income of forest fringe dwellers in West Bengal.  Berries and mushrooms are a staple in the diet of many Nordic countries.  In Finland, sixteen species of wild berries are picked, with more than fifty kilograms per person per year harvested in some regions, and thirty species of wild mushrooms are eaten, with 68 percent of all households engaged in collecting them in one region.  Offtake is apparently sustainable without strong management because demand does not exceed productivity.  However, there is mounting evidence that many nontimber plant products are being overexploited.  Strong international markets and poorly regulated harvesting for palm heart and rattan have led to major declines in their population.  Human use of livestock is one of the least sustainable forms of consumptive use, with widespread impoverishing effects on biodiversity.  The United Nations Environment Programme estimated that 73 percent of the world’s 3.3 billion hectares of dry rangeland is at least moderately desertified.  Overgrazing is estimated to have caused from 35 percent to more than half of the world’s rangeland degradation (Freese ’98: 28, 29).

About 80-90 percent of trade in forestry products is now controlled by transnational corporations, and such corporations increasingly control all stages, from cutting in the forest to selling the end product. Harvesters of wild species commodities commonly receive but a fraction of the price received by intermediaries and retailers.  Harvesters in Amazonian Brazil receive, a best, 1 percent of the retail price and 0.3 percent of the specialty store price of Brazil nuts in the United States.  Poacher of black rhinoceros (Diceros bicornis) horn in Zimbabew receive roughly 2 percent of the priec paid for the horn by consumers of traditional medicine in Asia.  Trappers of psittacines (parrots and other species of the family Psittacidae) receive only 1 percent of what wholesalers receive in the United States.  Management interventions for the production of nontimber plant products from forests, such as mushrooms, berries, fruits, and medicinal plants, are little developed.  Palms are the single most commercially important nontimber plant group on a global scale.  Many palm species are commonly cultivated in garden plots and agroforestry.  Some, such as the coconut palm (Cocos nucifera) and the African oil palm (Elaeis guineensis), have been largely domesticated and introduced throughout the tropics; plantations of oil palms pose the greatest threat in terms of displacing native forests (Freese ’98: 96, 73, 163, 164).
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Agricultural residues have been used in paper making in Asia for centuries, but recent technological advances in collection and handling have spurred production of non-wood pulp to more than 16 million tonnes, in 2004, of which 14 million are produced in China.  Straw, the main by-product of grain harvesting sit he non-wood fibre used most widely in pulp and paper manufacturing in Asia, with wheat and rice straws the most common.  Of the more than 10 million tonnes of straw-pulping capacity in Asia, China alone accounts for 9.7 million tonnes.  Other major producers of straw-based papers are India, Indonesia, Pakistan and Sri Lanka.  Bagasse, the fibrous residue left after extracting juice from sugar cane, is another important fibre source.  In India, the world’s largest sugar producer, an estimated 7.2 million tonnes of bagasse could be used in making pulp and paper.  Currently India produces more than 1 million tonnes of paper from bagasse each year and has the world’s’ largest bagasse mill.  In the manufacturing of particle board, 70 percent of Pakistan’s production was made bagasse as early as the 1980s. Reeds, jute abaca (manila hemp) and kenaf (Hibiscus cannabinus) are other non-wood fibres used in making pulp and paper (McConnel et al ’05: 13, 14).
Non-timber forest products (NTFP) is a new term in the forestry lexicon.  It originated in the late 1980s with the Food and Agriculture Organization of the United Nations, and it is intended to encompass “five broad product categories: food, such as mushrooms, nuts, berries and other fruits; medicinal plants and fungi; floral greenery and horticultural stocks; fiber and dye plants, lichens and fungi; and oils, resins and other chemical extracts from plants, lichens and fungi. Hundreds of organisms are listed as NTFPs in the U.S., most of them green plants or fungi.  For example, in the western forests of North America, researchers have identified at least five hundred plants that were used by aboriginal cultures, many of which are still used today.  Nontimber forest products include all historically useful plants and other organisms.  NTFPs are a significant enterprise in some areas, especially in the case of rare, but highly prized, mushrooms.  Until relatively recently, NTFPs were of interest only to those who learned the oral traditions of indigenous people.  Most gatherers today do not own forest land.  Permits are required to harvest from public lands, and gatherers tend to respect permit systems.  Gatherers are often willing to accept a lease as a way to protect a claim.  An owner may require a performance bond to ensure gatherers follow lease conditions.  It is possible to obtain a reasonable bond from a bonding authority for a percentage of the bond’s face value (McEvoy ’04: 179-183).  
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Until plants were first cultivated and animals were first domesticated a few thousand years ago, human were entirely dependent on wild species for food, fiber, shelter, and medicines.  Hunter-gatherer societies lives for millennia in regions of both low and high biotic diversity, and many continue to do so today.  Human migration into new lands often led to major extinctions of species before some semblance of ecological balance with the remaining biota was reached.  The massive extinctions of large mammals and flightless birds in North America Madagascar, and New Zealand coincided closely with, and was almost certainly caused by, the arrival of human who hunted them.  The spread of Polynesians across the islands of the Pacific beginning some 8,000 years ago led to the extinction of at least half the endemic species they encountered.  A sevenfold expansion of the human population during the past 300 years, coupled with rapid growth in per capita material expectations, technologies for harvesting wild species, and commercial trade in wild species products, produced the modern era of wild species use.  Many wild species resources for which there are significant markets have been overexploited and their ecosystems highly altered and generally simplified.  Overexploitation has occasionally led to extinctions.  Hunting has caused 23 percent of all documented animal extinctions.  Improved management and recovery of populations have followed bad management and overfishing of the halibut (Hippoglossus stenolepis) on the western coast and the striped bass (Morone saxatilis) on the eastern coast of North America.  The oxbow lake fisheries of Amazonian Peru have also recovered.  Crocodilian populations, widely overharvested in the early twentieth century for their hides and danger to human life, have bounced back under improved management in Australia, Zimbabwe,  Several big game species such as the markhor (Capra falconeri) in Pakistan and the elk (Cervus elaphus) in North America have also recovered (Freese ’98: 19-21).    

Wild game is a crucial source of protein and an important factor in local economies of developing countries, although its market value is small compared with those of timber and fishery products.  Game meat provides round 75 percent of the uprotein consumed in Liberia, with an estimated total value of $42 million, and in Equatorial Guinea, it constitutes 50 percent of protein consumed in urban areas.  In Gabon, where the average person consumes 17.2 kilograms of game meat per year, the estimated value of game meat passing through formal markets is $3 million.  The half million residents of the state of Amazonas in Brazil annually hunt and at least 3 million mammals 0.5 million birds, and several hundred thousand reptiles.  In Sweden the total value of meat obtained from hunting wild game in 1987 was estimated at $61 million, mostly moose (Alces alces).  In the 1970s and early 1980s the annual harvest of more than 550,000 ungulates in the former Soviet Union produced meat and hides collectively valued at $409 million.  Game meat, as well as fish, are still of critical importance to the people of northern Canada.  In Canada’s Northwest Territories about 2.5 million kilograms of game meat are harvested annually with an estimated value of $25 million in the mid-1980s.  Of 6.6 million cervids (e.g. deer and elk) harvested in 1985 in Canada, the United States and Europe, no more than 3 percent were taken by subsistence hunters.  In Sweden, two-thirds of the economic value of all game hunting in 1987 was recreational and one-third was for meat.  In Germany in 1985, hunters spent $559 million harvesting game whose meat was valued at $123 million.  In the United States in 1991 hunters spent $12.3 billion.  Revenues from safari hunting in Zimbabwe have risen steadily over recent years, totaling $1.5 million in 1995 and $3.1 million in 1990.  In Pakistan, trophy fees in excess of $25,000 per markhor are generating significant revenues for local people.  Game meat was marketed in cities throughout the United States during the nineteenth century, leading to major declines in many species of birds and mammals and extinction of the passenger pigeon (Ectopistes migratorius).  The most striking declines in wildlife populations due to meat markets during the twentieth century are probably among the large to medium-sized mammals of tropical forest regions.  Recreational hunting of large game, particularly cervids, has been sustainable.  Populations of all cervids except the caribou (Rangifer rarandus) increased since 1900, and barren-ground caribou numbrs are increasing in some areas as well.  Offtake from recreational hunting of big game in some regions of southern Africa is also sustainable (Freese ’98: 26-28).  
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The trade in elephant ivory and rhinoceros horn, mostly illegal, had a combined annual value of more than $50 million during the 1970s and 1980s.  In 2013 Hong Kong, with 8 tons, joins a growing list of governments that have moved to destroy their confiscated ivory: Kenya (12 tons in 1989, 5 tons in 2011), Zambia (9.5 tons in 1992), Gabon (4.8 tons in June 2012), the Philippines (5 tons in June 2013), the United States (6 tons in November 2013), China (6 tons in January 2014), France (3 tons in February 2014), Chad (1.1 tons in February 2014), and Belgium (1.5 tons in April 2014) (Neme ’14)..  Bear gallbaldders and bile are important in traditional oriental medicine and in South Korea the import price of bile was $7,337 per kilogram in 1993.  Also of importance in oriental medicine is tiger bone (as well as other tiger parts) which often wholesale for more than $1,000 a kilogram.  Animal skins are a significant product in international trade.  The annual export of kangaroo skins from Australia, oscillates between approximately 1.0 million and 1.7 million from 1982 to 1992, with the total 1992 value of raw and pickled skins at around $11.9 million. The harvest is from wild populations; offtake is well monitored and regulated.  Seal skins, as well as seal oil, have been an important product in global trade for more than two centuries.  44,810 cat skins and more than 9 million reptile skins were involved in international trade in 1990.  Ornamental animals and plants, both dead and alive, also support major commercial markets.  Imports of marine ornamental fish to the United Kingdom were estimated at $1.3 million and exports of ornamental fish form the Phillippines during the first eight months of 1995 totaled $800,000.  Nearly 1 million birds were involved in international trade in 1990.  From 1982 to 1986 trappers of wild birds in Neotropical countries earned an estimated average of $6.6 million per year from the average annual export of 280,000 parrots, while intermediaries received $22.8 million per year on the sale of the same birds.  The estimated retail value of these birds was $320 million, or more than $1,000 per bird.  In 1986, the declared value ($1.4 million) of bird exports from Guyana to the United States accounted for roughly 0.6 percent of Guyana’s total export revenues.  The declared value of bird imports to the United States from al countries in 1987 totaled about $8.5 million.  In the Middle East, an estimated 3,000 falcons, valued at $15-$30 million, are trade annually.  More than 900,000 cacti and nearly 1.3 million orchids were involved in international trade in 1990 (Freese ’98: 29-31).  
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The largest trade in reptile skins involves species of Tupinambis from Argentina, averaging 1.83 million skins annually from 1983 to 1987, and monitor lizards (Varanus spp.) and several species of snakes from Asia and Africa.  International trade in crocodilian skins, from the American alligator Alligator mississippiensis, and several species of crocodiles (Crocodylus spp.) increased from 65,245 skins in 1984 to 245,082 in 1991.  American alligators accounted for 60 percent of the 1991 trade.  Trade in the less valuable skins of Caiman species was round 800,000 in 1988 and fell to roughly 340,000 skins in 1991.  In the state of Louisiana in the United States, the largest producer of alligator skins, the total value of wild and captively produced skins was $19 million in 1990.  Alligator meat has also grown in popularity with its total value exceeding $5.5 million in 1992 in Louisiana.  Protection efforts beginning in the 1960s led to the recovery of populations of economically important species such as C. porosus in Australia, C. niloticus in southern Africa and A. mississippiensis in the United States (Freese ’98: 30, 31).
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Medicines originally derived from forests account for forty percent of all commercially sold pharmaceutical preparations.  Over 40 percent of the prescription drugs sold in the United States contain substances derived from forty-one species of plants.  Many of the plants in use come from tropical ecosystems, where biological diversity is unmatched.  From the Amazon, for instance, comes the rosy periwinkle, used as standard treatment against leukemia, breast cancer, and Hodgkin’s disease.  Foxglove, imported from Europe, is converted into medications that treat congestive heart failure and circulatory ailments (Zaslowski ’86: 232).  Willow bark contains acetyl salicylic acid, the active ingredient in aspirin, but it is now synthesized.  Other interesting medicines from wild plants include taxol (from the Pacific yew) to treat cancer, quinine (from the Cinchona tree species) to treat malaria, and digitalis (from foxglove) (Berger ’08: 11) the medieval peasant remedy for congestive heart failure abused by hospitals with low patient satisfaction to this day.  It must be added by medical botany to the forestry literature that Hawthorne (Craetagus spp.) is the supreme herb for the heart (Elvin-Lewis ’77:192)(Gladstar ’12)(Sanders ’12).  The Food and Drug Administration (FDA) responded to this discovery to sponsor clinical trials of Hawthorn for the treatment of congestive heart failure, high or low blood pressure, high or low cholesterol, and arrhythmia.  The FDA required warning label for Digitalis and related cardiotonic drugs for human use in oral dosage forms states "Digitalis alone or with other drugs has been used in the treatment of obesity. This use of digoxin or other digitalis glycosides is unwarranted. Moreover, since they may cause potentially fatal arrhythmias or other adverse effects, the use of these drugs in the treatment of obesity is dangerous" 21CFR§201.317 to which should be appended for curative measure, "Hawthorn is the supreme herb for the heart, it is indicated for the treatment of congestive heart failure, including moderation of blood pressure, cholesterol, and arrhythmia.  Fresh fabric and a vegan diet is essential for the treatment of acute heart disease, antibiotics cure endocarditis and an athletic level of cardiovascular exercise is the only cure for the chronic condition" (Sanders ’13).  
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Both willow and hawthorn are found on streambanks which are protected against timber harvesting to prevent erosion and sedimtation of the watershed.  Willow is used for basketry but is highly toxic burned.  Hawthorn is a nice hardwood for burning and woodworking, but its bushy stems don’t achieve much diameter. Hawthorn grows readily from suckers that spring out of the mud.  Wildcrafters harvest and dry tons.  Hawthorn is sold as a tincture and there is demand for a tea; but Hawthorn is prone to a mold, if it is not steeped fresh.  Harvest the hawthorn berries and leaves at first frost when the berries are ripe and the leaves are at maximum potency.  A syrup can be made out of the berries.  To make a tea or preserve the forest product for the tincture industry; dry the berries and leaves in a dehydrator for a day or in trays in a dry shady shed with a fan for a few days to weeks until dry.  When Hawthorn flowers in spring, harvest the flowers, dry them well and add them to the dried berries and leaves to complete the Hawthorn tea.  Keep the product dry; sealed packaging may be necessary to inform anonymous consumers of their right to report their clinical trials of Hawthorn for the treatment of heart disease to druginfo@fda.hhs.gov 

4. Mining
The world mining industry produced more or less 6 billion tons of raw products.  World mining industry is dispersed all over the world. Some major countries, who are dominating the world mining industry include USA, Canada, Australia, South Africa, Chile and India. North America is the leading producer of gold and silver. Some statistical data unveil that in 1998 the raw material production of North America was valued at approximately US$ 70 billion. Approximately one million people are engaged through employment with North America mining industry. Some of the major companies engaged with North America mining industry include Barrick, Newmont and Industrias Penoles. Europe is not normally regarded as the place of mining industry. Mining industry in Europe is normally based on base metal mines and the leading companies involved with this industry include Boliden and Outokumpu.  Asia is the leading producer specifically of base metals, ferrous metals and coal. Most of the producers are governed by state policies. Generally foreign investors are encouraged to invest in their mining industries, specifically in India and China.  South America is considered as the leading producer of base and ferrous metals, particularly copper and iron ore.  Africa is a leading producer of cobalt, gold and diamonds. Some of the leading companies include BHP Billiton, Anglo American, De Beers. Australasia has a major source of iron ore, base metals, and gold. Some of the leading companies engaged with mining industry include Rio Tinto, BHP Billiton, and Normandy Mining.  The patently illegal economic sanctions against Russia by the U.S. regarding anarchy in the Ukraine seems to be the product of plagiarism of borrowing ‘Youngquist, Walter. Mineral Resources and the Destinies of Nations.  National Book Company. Portland, Oregon. 1990’ the most recent mining text at the local college library.  
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As of 2015 the U.S. is expected to be the world’s largest oil exporter, after rising prices led to dramatic and unsung decline in domestic consumption, so great as to rob the Highway Trust Fund, counterfeit appropriations being non-negotiable.  Gas prices are too high already, new gas taxes are not advised.  The Highway Trust Fund needs to capitalize on the United States’ new advantageous position in oil exportation to exploit new oil export tariffs on industrialized nations, with negotiable current rates for developing nations and no export tariff to least developing nations, promising to all nations equal fuel prices.  Least developed nations show high rates of deforestation driven by urban firewood and charcoal consumption.  Gas and propane alternatives for heating and cooking, are many times more expensive in least developed nations than in industrialized nations and should be subsidized to conserve the tropical rainforest.  Until such a day that all the oil is exploited, and the petroleum interests who finance alternative energy research stop suppressing effective solar technology; new U.S. oil export tax revenues shall go to the Highway Trust Fund and oil exporters shall get tax breaks and official development assistance credit for fossil fuel cooking assistance to least developed nations, U.S. and O.P.E.C. nations alike.  Carbon credit can also be given to multinational corporations for native species reforestation programs, in areas with deforestation problems, such as Ukraine or Haiti, in need of nurseries for native tree species and the cooking fuel not to cut them down.
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The industrial mineral industry is the oldest industry of all, as the earliest tools, that haven’t decomposed because they were made of wood, were made of stone.  Pigments were also very early in use, as were salt and edible phosphatic earths.  Clay bricks date to Neolithic times, shaped building stone to Bronze Age.  Non-metallic minerals are used in all branches of industry; they provide constructional materials, chemicals, fluxes, fillers, fertilizers, abrasives, ceramics, cements and plasters.  But of all industrial materials, water is perhaps the most important.  Many bulk construction minerals are common, rocks such as granite, limestone, and slate.  Other useful minerals are less common, and include gypsum anhydrite, salt, and diatomite.  Some, such as fluorite, meerschaum, barite, and mica are also uncommon.  Minerals are inert compounds, to be regarded from which things can be made from them, their values as concentrates or products, how each material is normally sold and what countries produce it.  The Mining Annual Review summarizes world markets for each commodity, including prices, uses, mining and prospective methods.  Ore deposits can be classified into two broad groups.  Syngenetic ores were formed during river development, or beach placers formed along the sea shore.  Placer deposits are formed by the erosion of ore bodies or even merely of rocks containing higher than average amounts of useful minerals.  Placers are often mined by large-scale dredging.  A large hole is dug, the dredger assembled in it, and the pond flooded.  The dredge cuts away the face of the pond in front of it, extracts the valuable minerals from the gravels mined, and then fills in the pond behind it with sand and gravel tailings.  Many countries require dredgers to rehabilitate past mining sites and these old quarries often make fine swimming holes.   Offshore dredging is done in many parts of the world, for tin in Malaysia, Indonesia and Thailand, and for diamonds in south-western Africa (Barnes ’88: 6, 23-27).  Every major mining strike in the history of the West was made on public land – gold in California in 1849, gold in Colorado in 1859, silver in Nevada in 1859, gold in Montana in 1862, silver in Idaho in 1864.  In 1872 the General Mining Law imposed federal law on the extraction of federal treasure from federal land.  A mining patent could be obtained by making a “valid” mineral discovery, paying for a boundary survey, applying to a land office for the land included in such survey, paying $2.50 an acre for placer (surface mining) and five dollars an acre for lode (underground) mining, and investing one hundred dollars a year in improvements for five consecutive years (Zaslowski ’86: 123).  

Gemstones are usually found in unexplored gravel roads, streams and beaches (current or from millions of years ago) by amateur long distance runners and backyard diggers.  Some crystals have a more igneous formation and other stones such as onyx are formed by water dripping in caves, but for the most part, if a gravel road yields gemstones make sure to check the nearby creeks and beaches, the gravel quarries themselves are usually picked clean, as are the gravel roads that have been thoroughly explored.  Stones are very difficult to drill through to make beads, but with a diamond tip drill bit (or twelve) from a lapidary supply store, gemstones can be turned into beads by drilling in water to cool the bit, which is frequently destroyed.  It is much easier to find drill and Dremel tool attachments to grind, cut and polish gems into facets and remove junk rock.  The term gemstone covers both precious and semi-precious stones, which are pleasing to look at when properly cut and polished.  Most gemstones are single crystals, but a few are mineral aggregates, or are cryptocrystalline, such as opal and turquoise.  Fewer still are organic; jet, amber and petrified wood are examples.  Most gemstones are transparent, but not all; opal and moonstone are translucent turquoise and petrified wood are opaque.  Some cuts are complex, with over 80 facets, but many are cut more simply.  Translucent and opaque stones are usually cut as cabochons with a smooth rounded surface to reflect light and colour to the best advantage.  
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Diamonds are found in kimberlite pipes and dykes, and in associated placers, both in rivers and offshore.  Gem quality averages about 30 percent of the stones mined.  Non gem-stones are sold as industrial diamonds, but today 80 percent of industrial stones are synthetic.   Zaire is by far the largest producer of diamonds, with an annual production of 20 million metric carats (cts), of which only two percent are gem quality.  Carat weight derives from the seeds of the carab tree that have a consistent weight and have been used for centuries as jeweller’s weights in the Mediterranean.  The present metric carat is 200 mg.  Beryl is hexagonal.  A good quality emerald, the green variety of beryl, is the most precious of all stones.  Acquamarine is a pale blue beryl, morganite, a pink to red variety, helidor, golden.  Corundum are hexagonal-trigonal.  Ruby ad sapphire are the gem varieties.  Some stones contain fine hair-like needles of rutile which reflect light to cause asterism (a 3 or 6 pointed star of light).  Burma is the traditional source of rubies, but Pakistan, Afghanistan, Kenya and Tanzania also produce excellent stones.  Sapphires come largely from Sri Lanka, Burma and Thailand.  Rubies are red, but sapphires can be any colour, even colourless.  Chrysoberyl or alexandrite, not to be confused with beryl; topaz, a dark yellow stone, and perhaps jades.  Jades are either amphibole nephrite, or pyroxene jadeite.  Opal is also classed as precious and has many varieties, including fire opal, girasols, hyalite, and prasopal.  Many semi-precious stones are merely coloured varieties of quartz cut and polished to bring out their best features.  Examples are purple amethyst, pink rose quartz, yellow citrine, smoky brown cairngorm, or colourless rock crystal.  Cryptocrystalline silica is also important, such as the white-speckled and red-speckled green plasma and heliotrope, green chrysoprse, and the banded agate and onyx.  Even feldspare is used in jewelry as moonstone (orthoclase or albite, sunstone (adularia containing tiny flecks of haematite) and amazonstone of green microcline.  Garnet provides a number of stones from the reddish varieties and also an emerald-green, chrome bearing garnet called tsavoite on the Tsavo river where it is found (Barnes ’88: 147-149).  Agate is found throughout Oregon and turquoise is found in Arizona.  States provide maps for gem hunters.
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Ferric and aluminum oxides are cemented into hard lateric; duricrust.  Economically, the most important laterites are bauxites.  Bauxite is almost the only ore of aluminum.  Australia supplies 30 percent of the world’s bauxite: Jamaica, Guayana, and Surinam 22 percent, Guinea 14 percent Yugoslavia, Greece, Hungary and France another 12 percent, 7 percent from Russia.  Laterites also contain 80 percent of the world’s reserves of nickel at grades better than 1 percent Ni.  However because of technical difficulties in extracting nickel from laterite, more than half of the metal at present s mined from sulphide ores.  Alluvial deposits are small concentrations of minerals surrounding vein outcrops.  The minerals have been shed into the soils by erosion of the ore body, but have so far not been transported more than a few tens of metres from their source.  Alluvials are rich and easily worked and can quickly give funds with which to buy supplies. The bulk of all iron production is from sedimentary ores; only about 10 percent is form other types of deposits, namely those associated with igneous rocks.  Of the sedimentary iron ores, by far the most important are the Lower Proterozoic banded ironstones, taconites, or itabirites.  Banded iron formations can be millimeters to hundreds of metres thick and many kilometers long.  Iron by definition forms 15 percent or more of the rock.  Grades of over 45 percent can be attained. Much of the lead and zinc produced today comes from deposits which occur in carbonate rocks, limestones and dolomites.  The lead-zinc-carbonate mining fields of the USA are surrounded by oil-bearing sedimentary basins, similar relationships occur elsewhere.  The origin of placer deposits is fairly clear; particulate mineral grains are eroded from weathered rocks, carried by streams and rivers, and deposited in suitable places along the drainage where velocity falls.  Brazil is the world’s leading producer of iron ore and a major exporter of aluminum, gold, niobium and tin.  Totaling $66 billion, its mining output constitutes almost a third of Latin America’s mineral-derived revenue.  A large part of these minerals lie under biologically diverse forest in the Amazon region.  Some of these reserves are predicted to last for centuries (Griffith et al ’96: 484).  Alluvial placers are important sources of gold, uranium, tin, diamonds, and some other gemstomes.  Present-day blue-green algae Chlorella can extract gold from solution indicating algal mats were part of gold granulization.  Beach placers sort and concentrate minerals by a mixture of longshore currents and wave action.  They are important sources of titanium minerals, magnetite, garnet, and again diamonds.  Diamonds are formed deep in the mantle as high-pressure polymorphs of carbon.  Even workable diamondiferous rocks and gravels contain only 50 ppb or so of diamonds.  Many sulphide deposits are formed by precipitation onto the sea floor from sea water enriched by rivers draining into a sedimentary basin, or by fluids emanating from the rocks below.  Vulcanism can be important.  Sulphide deposits are formed by precipitation onto the sea floor from sea water enriched by rivers draining into a sedimentary basin, or by fluids emanating from the rocks below.  Carbonate-hosted deposits have been derived by leaching from syngenetic enrichments of metals in organic-rich shales in adjacent sedimentary basins (Barnes ’88: 30-42, 56).
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The basis of all good prospecting is a geological map to guide every stage of the work.  National geological surveys produce maps.  If maps are not adequate for prospecting, one must make their own.  Small scale geological maps can be made from satellite images.  A geological map is first used to eliminate from further examination any areas unlikely to be productive, such as where rocks are too young, or lithologically improbable to have been mineralized.  The second stage is to decide which areas are most likely to be mineralized, to look for lithologies, structures and intrusive rocks which might be ore-bearing.  This is followed by ground investigation to search for any indications or ore, including gossans and rock alteration; but not all ore bodies crop out and sulphide ores are frequently leached close to the surface. In geochemical prospecting, trace amounts of metal are detected in stream sediments, soils or vegetation and used to guide the prospector to ore.  Panning for gold, used for over 6000 years, is an ancient example.  A single tiny colour of gold, left after panning 10 kg of gravel represents less than 1 part per million (1ppm) of the original sample but is detectable.  Geochemical prospecting is based on the principle that when a rock weathers to form soil, anything present in the rock will enter the soil.  If the rock (and ore is merely a rare rock) contains above normal amounts of metal, that will enter the soil too.  Thus metals are spread into soils, enriching them close to ore, are taken up by vegetation in the region of the ore, and migrate downhill and downstream of the ore.  Streams effectively sample the soils of the drainage basin, and so the first obvious choice of prospecting is to sample them.  Fifty grams of active fine sediment are taken every 1 km or so along the streams and analyzed for traces of metal or gemstones (Barnes ’88: 84-87).
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A wide range of geological products are used in construction and building, ranging from raw crushed stone to processed cements and plasters.  Rock, squared off by masons for building blocks, is called dimensional stone.  Today, many buildings which appear to be built of stone are made of steel and concrete faced with stone slabs.  Aggregates are rock fragments graded to specific particle sizes.  Gravel pits are often converted to recreational lakes.  Aggregates must not contain materials which might weaken the concrete or react with it, such as schists, pyrite or organic matter.  Roadstones are aggregates which are mixed with tar for road surfaces.  Cohesive, medium-grained igneous rock such as dolerite is ideal, but different rocks give different surfaces and one aggregate may be used on straight stretches of road and another on the bends.  Volcanic ash often makes the best unsurfaced roads but many tropical countries roads are surfaced with red latritic earths (murram).  Fired bricks are made from a wide-range of iron bearing clays.  Cement is made by mixing crushed limestone clay or shale and calcining them to a clinker.  The clinker is then ground to a usable cement powder.   Not every country has cement making materials.  Plasters are fine-textured, quick-setting cements which have little structural strength.  Most are based on calcined gypsum, i.e. plaster of Paris, which when mixed with water, can be poured into a mould to give a sharp cast owing to a slight expansion on setting.  Parian and Keene’s cements are both based on gypsum, mixed with borax or other mineral substances to give hard almost glazed finishes.  Fillers are inert substance used to bulk out manufactured material, Abrasives are used in industry for shaping, finishing, cleaning and polishing products.  Diamond, corundum and garnet are termed hard industrial abrasives.  Diamond is the hardest of all as No. 10 on Mhs’ scale of hardness.  Fluxes are added to furnace charges during smelting to lower the reduction in temperature, reduce the surface tension of the metal so that it will flow more easily, and to collect impurities into a fluid or crust-like slag which separates from the metal and floats on its surface.  Limestone is a common flux.  Silica fluxes are used in both copper and nickel smelting.  Fluorite removes silicon, sulphur, phosphorus and carbon from iron during steel making.  Borax and borate minerals, occur in evaporate (Barnes ’88: 135-142).  

Mineral pigments are used mainly in paints.  Nowadays many industrial pigments are made from organic dyes, although some, such as ochres (limonite), umbers and siennas (iron-stained clays), titania and zinc carbonate (white paints).  Ceramics consume a wide range of mineral products.  Fire-clays form the seat-earths of coal seams.  Oliving with serpentine, and sub-grade chormite ore are used in metallurgical and other industries.  Saggars i.e. containers for firing ceramics in the pottery industry, are made of fire-clay, or from serpentine and kaoline (synthetic cordierite).  Other containers, such as crucibles for molten metals, are made from graphite or from zircon.  Porcelain insulators were once used as insulators on telephone poles but now glass is more usual, but dielectric porcelain, made from kaolin, ground quartz and feldspar, is still used here heat may be involved.  Ball clay is a mixture of clay minerals, with kaolinite predominant, some fine silica and a little organic matter.  It fires white or nearly so.  Potter clays are not used as mined, they are first mixed with ground silica (often flint) and feldspar to reduce shrinkage during firing.  For the high quality bone china, phosphate is added in the form of bone ash.  Porcelain is fine-trained ceramics incorporating feldspar as a flux.  Glass is a supercooled liquid non-crytalline solid.  Most are made by melting silica with calcium oxide and soda, or sometimes, potash.  Heat-resisting glass has borax added.  Fluorite is used in optical glasses.  High refractive indices can be obtained with lead and even higher with germanium oxide.  Quartz has special electrical properties.  When subjected to an electrical field, quartz expands along one crystallographic axis and contracts on another, the piezo-electric effect.  By cutting a thin plate from a crystal at a specific angle to the c-axis, the plate can be made to vibrate at a determined frequency, and so control emissions for clocks, transmitters, and other instruments which depend on oscillations.  Quartz crystals are a high value commodity and the larger the crystal, the better the prices, in 1986, price ranged from $2.50-$60.00/lb, depending on size and quality.  The crystals occur in coarsely crystalline veins and pipes, or as large pebbles in streams.  Brazil is the principal world supplier.  A number of other mineral products are used in solid state electronic devices.  They include the metalloids silicon, selenium and germanium, and the metals gallium and indium (Barnes ’88: 142-146).

The chemical industry depends largely on mineral products.  One part of it is supplied with by-products from mineral fuels to form the coal-tar and petro-chemical industries which, in turn, provide us with solvents, alcohols, dyes, medical compounds, plastics, and man-made fibers.  Modern agriculture is dependent on phosphate, nitrate and potash fertilizers.  The salts of the alkali metals have wide application in industry.  Sodium chloride is extracted by evaporation of salt water in salt pans, or mined underground from salt beds.  Other salts such as potash are recovered.  Sodium bicarbonate is called trona; natron or soda ash is sodium carbonate; sodium sulphate is soda cake or blauber salt.  Lime or calcium minerals, apart from gypsum, are recovered fromlimestone.  Calcium carbonate has many applications in industry, including use as a cheap and generally available material for neutralizing acid effluents.  It is also the basis of the numerous calcium slats and compounds.  The uses of the alkali metal salts are extensive.  Pyrite, which is separated from iron ore because of its sulphur content is useful to producing sulphuric acid, which must be neutralized, if it cannot be sold, adding 20 percent to copper production costs.  Of all industrial minerals, quartz is perhaps the most outstanding.  Quartz is used as aggregate for concrete, as fine sand, to control the frequency of oscillation of many electrical items, as crystals, and coloured quarts produces a wide range of semi-precious stones.  Quartz-rich materials are also used as fluxes in copper smelting and refractory silica bricks.  Quartz even produces chemicals such as sodium silicate, or water glass, and of course, silicon itself, the basis of the glass industry (Barnes ’88: 150-153).

Far more energy and mineral resources have been used in the world since 1900, than during all previous time.  In the case of oil, the first 200 billion barrels of oil in the world were consumed between 1859 and 1968; but it took only the following 10 years to consume the second 200 billion barrels.  Currently in the United States about 25 percent of energy produced is used to produce other energy, ie, to drill for oil, mine coal, mine uranium, cut wood, make solar energy conversion devices, and so on, and the cost was estimated to rise to 33 percent by 2000.  In industrialized nations petroleum is the major power source.  France gets 70 percent of its electricity from nuclear plants, whereas New Zealand has no atomic power, but, instead chiefly relies on hydropower and geothermal energy to generate its electricity.  In the United States the energy use is: oil 44 percent, coal 22 percent, natural gas 21 percent, nuclear power 5 percent, hydroelectric power 4 percent, and other (wind, solar, geothermal, wood) 4 percent.  In 1984 nuclear power production surpassed hydroelectric power in the United States.  In the industrial world, the chief metals are aluminum, chrome, cobalt, copper, iron, lead, manganese, molybdenum, nickel, platinum, tin, tungsten, vanadium and zinc.  Just since 1950 the use of these materials has increased between 100 and 500 percent.  With somewhat less than 30 percent of the world’s population, the industrialized countries used more than 80 percent of these metals.  De Beers Consolidated mines has controlled about 80 percent of the world’s diamond production for more than 50 years.  Two other minor sources of diamonds are Zaire and Russia.  Nationalizing resource is a strategy used by nations emerging from colonialism.  Kuwait took over Gulf Oil properties of the Arabian American Oil Company.  With the departure of the Shah Iran took over all foreign interests.  Peru nationalized (without compensation) the International Petroleum Company, Ltd., an affiliate of what is now Exxon.  The tin mines of Bolivia were nationalized.  Many of the Southern American copper mines were taken over by the governments.  Creole Petroleum, in Venezuela, also an Exxon affiliate, was nationalized.  In Africa, the nationalization of foreign mineral operations also proceeded.  The two percent (or richer) copper ores derived from the native copper deposits of the Upper Peninsula of Michigan are just a memory.  Only one mine survives.  The ½ of one percent copper ore now available to mine has a hard time competing with the higher grade ores available in Peru, in the giant deposits of Chile and in certain African nations.  The same is true of the rich hematite iron deposits of the once mighty Mesabi Range of northeastern Minnesota, where the 60 percent or better iron content hematite is gone and the taconite with only about 30 percent iron (which must be beneficiated) is what remains (Youngquist ’88: 230, 228, 231,235, 236, 46, 228).

Until 1880, wood was the principal fuel used in the United States.  From 1880 to about 1945, coal was the largest single energy source.  Since that time, petroleum (oil and gas) has been the most important energy source, and now constitutes about 65 percent of US energy.  The amount of coal far exceeds the energy in the world’s oil and gas.  It was the major fuel in the recent industrial past and may be again.  Russia appears to hold the largest coal deposits, but the U.S. may have the most economically recoverable coal.  China is third in amount of coal resources with western Europe fourth.  In China coal is the principle fuel in use.  Nuclear energy can be derived from fission or fusion.  In fission, the source is uranium, or it could be thorium, both of which are moderately abundant in the U.S., Canada, South Africa, Namibia, and Australia.  Weight for weight, uranium has more recoverable energy.  One short ton of uranium-235 produces heat equivalent of 22 billion kilowatt hours, approximately the heat equivalent of three billion tons of coal.  Fusion, as occurs in the sun, involves the fusion of two isotopes from hydrogen, deuterium, or tritium.  Deuterium exists in great quantities in ordinary water, and tritium can be produced in an atomic reactor with lithium, but so far fusion on a commercial scale has eluded scientists.  In the U.S. 17 percent of electric power is nuclear in origin.  Geothermal energy was first used to light a lightbulb in 1905.  Geothermal energy is heat from the Earth, mostly from radioactivity.  These areas tend to occur at plate margins and hot spots usually in regions with active volcanoes.  Volcanoes and petroleum do not co-exist well, so areas with volcanoes tend to have little petroleum.  Geothermal energy can be used in two ways.  It can be used directly for space heating (pipe hot water from wells and run it through radiators and heat exchangers), or it can be converted to electricity.  Only the hotter geothermal reservoirs (above 360 degrees Fahrenheit) can be efficiently used to produce electric power, the lower temperature waters can be used in space heating.  60% of Iceland is heated with geothermal space heating.  The world’s largest geothermal plants are at the Geysers about 70 miles north of San Francisco since 1960, now some 2,000 megawatts is being generated, enough for the energy needs of about two million people.  Klammath Falls, Oregon and Boise, Idaho are largely geothermally heated.  Some 15,000 square miles of solar cells could provide all the United States currently needs.  So far the cost of solar electric power is more than generated by conventional means.  Photovoltaic cells produce electricity directly from sunlight.  The most efficient cells cost much more than less efficient cells.  In 1988 solar cells produce electricity at a cost of from 30 to 40 cents per kilowatt hour, however new generation thin film cells may bring costs down to 15 cents a kilowatt hour (Youngquist ’88: 154, 157, 163, 165, 167, 177).

Peat, coal, oil and natural gas are called fossil fuels because they are formed from what was once 

organic matter.  Oil shales and tar sands are also fossil fuels, but are too expensive to process to be marketable while there are still commercial quantities of oil and gas.  Petroleum is derived largely from the free-floating (vegetable) phytoplankton which thrives in the seas to a depth of about 120 m.  In the organic layer of soil protein and other organic compounds are degraded to form kerogen.  When burial has reached 1 km, temperature has risen to about 65°C and katagenesis occurs with the formation of long-chain hydrocarbons.  Maximum release of oil is when burial reaches between 1 km and 3 km, with temperature of about 175 °C.  Gas is also formed, and as depth increases below 3 km, there is more gas and less liquid oil.  At about 4 km deep, dry gas forms.  At about 5 km metagenesis occurs and all hydrogen is lost and only carbon, in the form of graphite, is left.   To form an oilfield, oil must first be expelled from its impermeable mudstone source rocks and migrate via more permeable rocks to accumulate in reservoirs in recoverable amounts.  Oil is recovered by drilling.  Only a few oil fields are marked by oil or gas seeps.  Most reservoirs lie deep, without surface indications, from depths of 1-2.5 km, some as deep as 3.5 km.  Oil fields are confined to sedimentary basins, and 85 percent of all oil is Mesozoic or younger rocks, less than 230 Ma old; 60 percent in rocks less than 50 Ma old.  To prove oil, wells must be sunk, sometimes as much as 3 km.  Very deep holes may start with a diameter of nearly a metre, reducing in stages to about 18 cm towards the bottom.  AS the well is drilled, cores or chippings of rock penetrated are examined to identify formations and date them from their fossils.  Mudlogging is the monitoring of the amount and consistency of the heavy drilling mud used to lubricate the drill and to contain gas pressures which might cause blow-outs (Barnes ’88: 103, 108, 113, 114).   

Russia has the world’s largest known gas reserves.  As of 1988, the Soviet Union supplied only about three percent of western Europe’s energy, but a survey of total world uncommitted (surplus) natural gas supplies, showed that the rest of the world, not including the USSR, had 598 trillion cubic feet of surplus, whereas the Soviet Union held 763 trillion cubic feet. Russians obtain about 60 percent of their hard currencies through the sale of oil and gas.  OPEC membership grew gradually from its beginning in Venezuela in 1960.  At that time Venezuela, Iran, Iraq, Kuwait, and Saudi Arabia established OPEC.  Qatar joined in 1961, followed by Indonesia and Libya in 1962, the United Arab Emirates in 1967 Nigeria in 1971, Ecuador in 1973, and Gabon in 1975.  Currently, countries which export more than 100,000 barrels of oil per day and which are non-OPEC countries are Canada, Mexico, the United Kingdom, Norway, Angola, Egypt, Oman, the USSR, China, Malaysia, and Brunei. Section 12 of the Defense Production Act of 1950 regards ‘strategic’ and ‘critical’ essentially the same, it states: the term ‘strategic and critical materials’ means materials that (A) would be needed to supply the military industrial and essential civilian needs of the United States during a national emergency, and (B) are not found or produced in the United States in sufficient quantities to meet such a need.  The act goes on to designate energy as a strategic and critical material (Youngquist ’88: 44, 46, 207).
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In 1909, the United States produced 500, barrels of oil a day.  This was more than the rest of the world combined at the time.  The U.S. continued to produce at least one-half of the world’s oil until the early 1950s.  In 1960, the United States was a substantial net exporter of oil.  However, by 1970, the supply of crude oil was just equal to demand; and by 1977, the United States was importing more crude oil that it produced.  During the 1973-74 Arab oil embargo against the United States, the partial cutoff of oil caused the nation’s gross national product to decline $20 billion, and a half million American workers lost their jobs.  The oil crisis of the 1979-1980 briefly raised prices and reduced demand for oil, so the United States (for a short time) produced more oil than it imported; but by 1989, crude oil imports again exceeded domestic production.  From about 1940 to 1970, the price of Middle East crude oil had held between $1.45 and $1.80 a barrel.  But with the discovery that the western world, dominated by the United States, was no longer self-sufficient in oil, the OPEC raised the price (in less than eight years) to more than $35 a barrel.  In 1981 with oil prices more than $30 a barrel New Mexico passed the largest tax cut in its history, North Dakota used its taxes on oil and gas to fund schools reducing property value. Alaska, with Prudhoe Bay, had so much money in 1981 that it repealed its state income tax, with oil income about $10,000 per capita, in 1982 it was decided to send each Alaskan citizen, man, woman and child a check for $1,000. In 1990 the U.S. produced 9 million barrels of oil and gas condensate a day, less than 20 percent of world production.  In terms of energy there are currently 12 states of the USA which are energy self-sufficient and are energy exporters – Alaska, Kansas, Kentucky, Louisiana, Montana, New Mexico, North Dakota, Oklahoma, Texas, West Virginia, and Wyoming. It was estimated that in 1990 for every $1 increase in oil prices, Texas adds 15,000 jobs and New York loses 11,000 jobs, and the nation as a whole loses 78,000 jobs. Montana and Wyoming control 70% of the nation’s low-sulfur coal.  The United States is the most thoroughly oil explored and drilled nation on the planet and of more than 3 million wells drilled in the world, more than two million have been drilled in the United States.  Due to permeability the average production per-well per day in the United States is less than 14 barrels, whereas the average daily production per well in some of the major Arabian oil fields is in excess of 10,000 barrels a day.  It is interesting that the amount of energy recovered compared to the amount of energy expended has risen from a ratio of about 28 to 1 in 1916 to 2 to 1 in 1985 (Youngquist ’88: vi, 15, 19, 53, 56, 137, 139, 141).

The Federal government did not largely regulate natural gas and oil exploration and  development activities in the offshore regions of the United States from the 1880s, when 

offshore oil production first began, through the mid-1900s. Today, there are around 4,000 platforms producing in Federal waters  up to roughly 7,500 feet deep and up to 200 miles from shore.   The offshore has accounted for about one-quarter of total U.S. natural gas production over the past two decades and almost 30 percent of total U.S. oil production in recent 

years.  Hydraulic fracturing is used after the drilled hole is completed.   Fractures are created by pumping large quantities of fluids at high pressure down a wellbore and into the target rock formation. Hydraulic fracturing fluid commonly consists of water, proppant and chemical additives that open and enlarge fractures within the rock formation. These fractures can extend several hundred feet away from the wellbore. The proppants - sand, ceramic pellets or other small incompressible particles - hold open the newly created fractures.  The first use of hydraulic fracturing to stimulate oil and natural gas wells in the United States was in the 1940s.  Coalbed methane production began in the 1980s; shale gas extraction is even more recent. The main enabling technologies, hydraulic fracturing and horizontal drilling, have opened up new areas for oil and gas development, with particular focus on natural gas reservoirs such as shale, coalbed and tight sands.  Hydraulic fracturing combined with horizontal drilling has turned previously unproductive organic-rich shales into the largest natural gas fields in the world. The Marcellus Shale, Barnett Shale and Bakken Formation are examples of previously unproductive rock units that have been converted into fantastic gas or oil fields by hydraulic fracturing. Experts believe 60 to 80 percent of all wells drilled in the United States in the next ten years will require hydraulic fracturing to remain operating. A variety of environmental risks are associated with offshore natural gas and oil  exploration and production, among them such things as discharges or spills of toxic materials whether intentional or accidental, interference with marine life, damage to coastal habitats owing to construction and operations of producing infrastructure, and effects on the economic base of coastal communities  (Mastrangelo '05).
The use of hydraulic fracturing to open underground natural gas formations has a low risk of triggering earthquakes. There's a higher risk of man-made seismic events when wastewater from the fracking process is injected back into the ground, Earthquakes attributable to human activities are called “induced seismic events” or “induced earthquakes.”(1) the process of hydraulic fracturing a well as presently implemented for shale gas recovery does not pose a high risk for inducing felt seismic events; (2) injection for disposal of waste water derived from energy technologies into the subsurface does pose some risk for induced seismicity, and (3) Carbon Capture Storage (CCS), due to the large net volumes of injected fluids, may have potential for inducing larger seismic events. More than 700,000 different wells are currently used for the underground injection of fluids in the United States and its territories.  Underground nuclear tests, controlled explosions in connection with mining or construction, and the impoundment of large reservoirs behind dams can each result in induced seismicity. Energy technologies that involve injection or withdrawal of fluids from the subsurface also have the potential to induce seismic events that can be measured and felt.  Globally there have been 154 reported induced seismic events, in the United States there have been a total of 49 induced seismic events documents ,respectively caused by Waste water injection 11 (9); Oil and gas extraction (withdrawal) 38 (20); Secondary recovery (water flooding) 27 (18); Geothermal energy 25 (3); Hydraulic fracturing (shale gas) 2 (1); Surface water reservoirs: 44 (6)  and Other (e.g. coal and solution mining) 8 (3).  There have probably been other events, including  catastrophic intentionally caused earthquakes such as the one that levelled Port au Prince in Haiti in 2010 and the Japanese tsunami in 2011.

Tar sands represent a huge potential source of energy, equivalent to the total remaining reserves of oil and gas.  Tar sands are capable of producing a syncrude oil from which all the usual oils and petrochemicals can be extracted.  Oil shale is a fine-grained, hard (H=5), dense, dark clay-rock or siltstone which contains better than 10 percent kerogen.  Oil is extracted from shale by retorting it t about 500°C to break down the kerogen, this cannot yet be done at prices competitive with OPEC oil.  Oil can also be retorted from bituminous coals.  Good coals may yield as much as 450 litres/tonne.  Like oil, coal is a product of anaerobic decay of plant material, but this time of land flora.  Humic coals are formed form leaves, stems, bark and wood; sapropelic coals from spores, pollens and algae.  Coalfields form where plant debris accumulated thickly.  Plant debris forms peat in seasonal swamps where acid waters and lack of oxygen prevent normal decay.  Burying crushes the peat and 10 metres of peat become 2 meters of lignite and brown coals, sub-bituminous coals, or one metre of low rank bituminous coals, high rank bituminous coals (coking), high rank bituminous coals (steam) or anthracite (smokeless fuel).  Coal is widely distributed on every continent, including Antarctica.  Those countries that have coal and oil are fortunate, those that have not must look for other sources of power.  Synfuels are not yet popular, uranium is unpopular owing to reactor leaks (Barnes ’88: 132).    

It is predicted that earth’s oil reserves will be exhausted in 70-200 years and alternative energy source must be found.  Older energy source such as coal, hydroelectric and wind will be expanded as will newer source like solar and nuclear.  Nuclear power has many problems.  Most significantly, nuclear accidents of high magnitude have occurred at Windscale in 1957, Kyshtym in 1957, Three Mile Island in 1979, Chernobyl in 1986 and Fukushima in 2011.  The damage to the forests surrounding Chernobyl is extremely obvious.  The first plants to suffer damage are the most radiosensitive like the pine trees which have an LD-50 similar to that of humans (e.g. 400-700 rems [4-7 Sv].  Because of their radiosensitivity coniferous plants (over 7 fold more radiosensitive than woody dicots) in general and especially pine trees provide a reliable monitor of radiation conditions.  Chronically irradiated pine trees exhibit: (1) reduced branch growth and thus a smaller crown, (2) progressively shorter needles to a final minimum length less than one-half of controls, (3) reduction in number of needles per branch, (4) earlier shedding of needles, and finally, (5) browning of remaining needles signaling death of the tree.  The area around Chenobyl was heavily forests (ca. 50%) and about 80% of this was in pine forests ca. 80-120 years old and plantations (35-45 and 10-20 years-old).  On April 26, 1986 there was a core explosion in which the entire reactor and the building containing it were blown apart.  The fuel rods were fragmented and dispersed over the land surface for many kilometers.  It is now estimated that the Chernobyl accident released some 170-185 megacuries.  The daily megacurie releases of radioactive materials continued daily until May6 (only 25 percent being released on day 1).  The pine trees within about 6 km of the Chernobyl and along a narrow strip some 8 km in the western direction were killed within the first day after the accident by the acute radiation dose.  A similar strip of dead trees extended northward for up to 7 km, but these trees were killed by acute emissions in the later part of the nuclear accident.  All of these trees turned bright red and were dubbed the red forests.  Four years after the Chernobyl accident a considerable part of the radionuclides was washed away from the plants by natural processes.  (Goltsova & Berlyn ’96: 287, 296).  After Fukushima people worldwide resolved to phase out nuclear power and switch to a safer energy source (Sanders ’11) Geothermal energy has promise. Hydroelectric power is often reputed to be environmentally safe but at least 6000 people have died from dam failures in the 20th century.  Tidal, wind and solar energy may plug some of the energy gap in the future (Barnes ’88: 133).  
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Solar power is the only source of electricity that isn’t environmental problematic, from either a pollution as in combustible non-renewable fossil fuels and radioactive isotopes, environmental modification from hydroelectric dams, bird hazard from windmills, and is also the only alternative energy source, other than dirty, labor-intensive biofuel, to eliminate the consumer’s vulnerability to extortion and less eloquent corruption due to dependency on the grid.  It is presumed that the mass marketing of effective solar panels is delayed by the oil interests that invest in alternative energy research and currently solar panels don’t seem to be able to power a laptop computer, as they advertise, although they do seem to be able to charge a cell phone, for a several hundred dollar investment in a fragile panel and battery.  It would be nice to be able to charge a cellphone and laptop, with a solar panel built into its flip-top, with a light-bulb, like cheap solar powered calculators.  In the Netherlands all newly built homes are required by legislation to be powered by solar panels.  

The United States, with about six percent of the world’s population, uses about a third of the globe’s annual energy supplies.  The U.S. Bureau of Mines has calculated that each U.S. citizen annually consumes about 1300 pounds of steel and iron, 65 pounds of aluminum, 25 pounds of copper, 15 pounds of manganese, 15 pounds of lead, 15 pounds of zinc, and 35 pounds of other metals, such as cobalt, without which jet airplanes could not fly.  The energy to go along with this use of metals includes 8000 pounds of oil, 4700 pounds of natural gas, 5150 pounds of coal, and 1/10th of a pound of uranium.  Including sand, gravel, cement, dimension stone, and clay, more than four billion tons of new minerals are needed every year in the U.S. economy.  This adds up to more than 20 tons of raw energy mineral and mineral supplies which have to be produced each year for every man, woman and child in the United States.  In the case of iron (and its derivative, steel), 700 million in 18 developed nations use about 680 to 1400 pounds per person per year, compared with some 1.8 billion in developing countries who use less than 55 pounds of steel per person per year.  In addition to the demands on mineral and energy mineral resources caused by increased population, the highly specialized needs of new technologies have also put an emphasis on many minerals, some of which are relatively rare.  Computers make use of beryllium, gallium, germanium, lithium, the platinum group metals, quartz crystals, rare earth minerals, rhenium, selenium, silicon, strontium, tantalum, and yttrium.  The modern jet airplane, besides demanding high quality aluminum for the body and wings, makes use in its jet engines of chromium, titanium, cobalt, manganese, nickel, and tantalum.  Several, such as cobalt, the platinum group metals, and chromium, exist in quantity, as commercial deposits, in a relatively few places, for example South Africa, and this creates special international trade problems.  In the area of energy industries (particularly in petroleum and in nuclear power), some 29 different non-fuel minerals are used.  Telephone systems use 42 different minerals, and the electrical industry overall uses 85 different elements.  In medicine, surgical instruments, chemotherapy, radiation treatments, and the many different diagnostic tests require a great variety of minerals (Youngquist ’88: vii, 15-17).

Mine Safety and Health and Statistics 2007-2013
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	2007
	2008
	2009
	2010
	2011
	2012
	2013*

	Number of Mines
	14,871
	14,907
	14,631
	14,283
	14,176
	14,093
	13,708

	Number of Miners
	378,123
	392,746
	355,720
	361,176
	381,209
	387,878
	374,069

	Fatalities
	67
	53
	35
	71
	37
	36
	42

	Fatal Injury Rate1
	.0199
	.0156
	.0119
	.0234
	.0114
	.0110
	.0132

	All Injury Rate1
	3.43
	3.25
	3.01
	2.81
	2.73
	2.56
	2.46

	Total Mining Area Inspection
	44
	56
	59
	63
	62
	61
	59

	Hours/Mine2
	
	
	
	
	
	
	

	Citations and Orders Issued3
	144,081
	173,555
	173,100
	170,117
	156,521
	139,156
	118,759

	S&S Citations and Orders (%)
	29%
	28%
	30%
	32%
	30%
	27%
	27%

	Dollar Amount Assessed (Millions)4
	130.0
	143.6
	137.4
	163.3
	161.3
	122.5
	---


Mining was historically the most the most dangerous occupation in the United States however since the Mine Safety and Health Act (MSHA) of 1977 mining went down from 275 in 1979 to 42 in 2013.  The Mine Safety and Health Administration (MSHA) reported a total of 42 mining deaths out of 374,069 miners in 2013.  This comes to 11.2 fatal injuries per 100,000 mining workers per year.  The number of deaths of mine contractors dropped to a record low as well, with a total of 4 fatalities, compared to 5 the previous year.  A total of 55,617 employees, or 57,222 full-time equivalent (FTE) employees, were reported as working at underground mining locations in 2007. This is in contrast to 322,506 employees (or 279,541 FTE employees) that were reported as working at surface locations.  Of the 67 occupational mining fatalities reported to MSHA in 2007, 27 occurred at underground work locations, while 40 occurred at surface locations. The fatality rate of 47.2 per 100,000 FTE employees was higher at underground work locations, compared to the rate of 16.1 for surface work locations.  MSHA likes to report fatalities and injuries per 200,000 hours, 90 years of 40+ hour work weeks, rather than the normal fatalities per 100,000.  For all mining, the preliminary 2013 fatal injury rate was 0.132 per 200,000 hours worked, an increase from 2012.  The overall injury rate of 2.46 per 200,000 hours was a record low. The general safety provisions of the Mine Safety and Health Act of 1977 codified at 30USC(22)III§877 et seq.  A 300 foot in diameter barrier must be maintained between coal mines and oil or gas deposits.  Boreholes shall be drilled twenty feet ahead of any working face within fifty feet of any abandoned mine shaft, two hundred feet if the abandoned shaft cannot be inspected.  At least two escape passages shall be provided.  Not more than 20 miners shall be allowed in a shaft with only one opening.  Methane and coal dust accumulation shall be monitored and prevented.  Structures shall be fireproof.  Miners shall be supplied with oxygen, water, and changes of clothing.   
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Both surface and undergournd mining leads to massive ecosystem degradation.  During the process vegetatin is destroye dnad the topo-sequence of the landscape and physico-chemical properties of the soils are rapidly changed as resultof the large scale dumping of mine spoils on the unmined lands.  The mine spoils are inferilte, biologically inert and toxic to plants.  The mine spoil heaps remain barren fro several years due to their unstabled, erodible, and hostile characters.  Mine spoils consist of about 60% gravel (>2mm particles) and 40% soil.  The soil (<2 mm particles) is mostly composed of sand (about 88-94%).  Mine spoils are extremely acidic.  The 2 year mine spoils are as acidic as pH 3.2 which does not change significantly up to 5 years of age, but increases significantly when the mine spoils attain 10 years of age.  Despite this increase, the pH is still much lower than that of hteadjacent soil, and even 20 years is not sufficient for complete recovery of the pH in the mine spoils.  Calcium and magnesium carbonate can potentially neutralize acidity in the mine spoils.  In the two year old mine spil organic matter, N, P, K, Ca and Mg is around one-third that of surrounding grasslands.  By 10 years organic  matter and minerals are more than three-fourths that of surrounding grasslands.  The degraded land may be restored by revegetating [image: image77.jpg]


it with plants.  Successful reclamation on such lands depends on the adaptive ability of the seedling and topsoil replacement, mulching with sawdusts, hays, and other plant residues, applying sewage, sludge and liming and fertilizer amendments.  The coal mine spoils of Dhanpuri coal field in Madhya Pradesh, India, were revegetated by growing plants in the pits aveter leveling the surface of the coal mine dumps.  Pits of 60 cm3 were dugon the slopes and tops and were filled with forest soils and 5 kg of farm yard manure.  Of 30 species studies, 24 were suitable for revegetation, including food crops, at one site (Boral & Lyngdoh ’96: 457-466).  Although it seemed easier to use much-studied exotics such as grease grass (Melinis minutiflora) and Brachiaria decumbens for achieving rapid ground cover or pine and eucalyptus for reforestation, researchers in Brazil considered native species important.  Between 1977-1991 46% of publications concerned natives, 8% exotics and 46% used both native and exotic species for mine replantings (Griffith et al ’96: 485-487).

5. Fishing

Fisheries yield the second most important wild species commodity in the world, with global revenues from marine food fisheries exceeding $70 billion per year.  Like timber harvesting, fisheries are highly subsidized enterprises.  The total annual operating cost of the global fishing fleet was $92.2 billion in 1989, resulting in an operating deficit of $22 billion without accounting for the cost of capital and a deficit of $54 billion including the cost of capital. Approximately half of the total fishing revenues come from exports, with the global value of fish and fish product exports increasing sixty-three-fold from $571 million in 1950 to more than $36 billion in 1990.  Exports from developing countries is nearly equal exports from developed countries in total economic value.  Globally, food fisheries employ 15-21 million fishers, of whom more than 90 percent are small-scale operators who use traditional equipment and small boats.  In the United States there are an estimated 80,000 fishing boats of less than 10 meters in length, and among the Pacific Islands there are over 40,000 small-scale fishermen at work.  Ninety percent of fishery landings in tropical developing countries come from shallow coastal waters, providing 40-95 percent of national animal protein consumption.  Worldwide, fish account for 19 percent of the total human consumption of animal protein.  In the United States recreational fishers spent $24 billion on their sport in 1991.  The harvest of marine fish increased from roughly 3 million metric tons at the turn of the twentieth century to a peak of 86 million metric tons in 1989.  Developing nation portion reached nearly 60 percent in 1991 (Freese ’98: 24-26). 

The value of marine fisheries has played a key role in the development of marine treaties that aim to prevent the degradation of ocean ecosystems and living resources.  The Ministerial Declaration of the Second International Conference on the Protection of the North Sea states that the parties “accept the principle of safeguarding the marine ecosystem of the North Sea by reducing polluting emissions of substanes that are persistent, toxic and liable to bioaccumulate… especially when there is reason to assume that certain damage or harmful effects on the living resources of the sea are likely to be uasd by such substances.  Similar calls for control and reduction of marine pollutants and other potential causes of marine ecosystem degradation, such as mineral mining, introduction of exotic species, and overfishing, an be found in several other international agreements, such as the Agremeent on the Prevention of Marine Pollution from Land Based Sources, the International Convention for the Prevention fo Pollution from Ships, and the Antarctic Treaty System (Freese ’98: 212). The development in 1982 of the 200 mile exclusive economic zone (EEZ) under the Law of the Sea Convention officially made extensive areas of coastal waters the property of the states.  Controlling open access is the major problem facing fisheries managements within each nation’s EEZ.  International agreements such as the United Nations Convention on the Law of the Sea (UNCLOS), the Convention on the Conservation of Antarctic Marine Living Resources (CCAMLR), the International Convention for the Regulation of Whaling (ICRW), and the International Convention for the Conservation of Atlantic Tunas (ICCAT) exhibit varied degrees of success or failure (Freese ’98: 212, 88, 99-101).
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From 1989 to 1994 the world catch declined by 5 percent, probably due in part to the fact that an estimated 70 percent of the world’s fish stocks are overfished.  The decline in some whale stocks due to commercial fishing preceded the trends in marine fish.  Whalers had nearly exterminated Atalntic populations of the northern right whale (Eubalaena glacialis), bowhead whale (Balaena mysticetus), and Atlantic gray whale (Eschrichtius robustus) by 1800, with the latter now extinct.  Populations of all species of marine turtles have declined due to excessive exploitation of meat, eggs, leather and ornamental turtle shells.  Fisheries operating in coastal marine waters have caused wide-ranging losses and alterations of biodiversity.  Globally, rehabilitation of overexploited stocks could raise sustainable yields by perhaps 20 million metric tons annually above the current world catch. The harvest for food from inland fisheries has also increased during the twentieth century, reaching more than 14.4 million metric tons in 1990, or approximately 17 percent of the marine take.  Habitat degradation from pollution, dams, dredging, and other factors has caused decline in many inland fisheries, most notably on streams and populations of Atlantic salmon (Salmo salar) and purely fresh water species, during the twentieth century (Freese ’88). 

There are four basic population patterns among stocks in marine fisheries: steady, cyclical, irregular, and spasmodic.  Steady populations show little fluctuation, with variations generally within 20-30 percent of the long-term average.  Examples of such stocks include the Greenland halibut (Reinhardtius hippoglossoides) and the Georges Bank haddock (Melanogrammus aeglefinus) prior to 1965.  Cyclical stocks show periods of high and low catches repeatedly at regular intervals, similar to the cycles of northern furbearers.  Examples include the Bay of Fundy scallop (Placopecten magellanicus) and saffron cod (Eleginus gracilis) in the Sea of Japan.  Irregular stocks show wide fluctuations in numbers often from year to year, without any clear pattern.  Examples include the Norwegian juvenile herring (Clupea harengus) and the Georges Bank scallop.  Pacific salmon stocks illustrate a combination of cyclical and irregular fluctuations, as exemplified by the sockeye salmon (Oncorhynchus nerka).  The sockeye displays both regular five-year population cycles caused by the return of different stocks each year, with one strong stock reappearing every five years, and longer-term, largely unpredictable fluctuations caused by climate induced changes in the ocean ecosystem.  Spasmodic stocks are characterized by periods of abundance alternating with collapse or rarity of the resource, often lasting years of decades.  During periods of abundance, these stocks represent some of the largest individual wild species resources in the world.  Examples include the Japanese sardine (Sardinops melanosticta), the Pacific sardine (Sardinops sagax), and the Peruvian anchovies (Engraulis ringens).  These species have short life cycles (life spans of four to eight years), and may collapse to virtual extinction for decades or centuries without any apparent regularity.  Estimates led to overexploitation in the decline in the catch of Atlantic menhaden (Brevoortia tyrannus) from 785,000 tons in 1956 to 178,000 tons in 1969 and that of North Atlantic haddock from 155,000 metric tons in 1965 to 12,000 tons in the early 1970s (Freese ’98: 107-109, 121).
The incidental harvest, or bycatch, of nontarget species is massive in some marine fisheries, with an estimated 27 million metric tons of marine species discarded annually during 1988-1990.  Most discards die from the physiological stress of being brought to the surface.  Shrinp fisheries are the most problematic, with 5.2 metric tons of discard for every 1 metric ton of shrimp caught, accounting for 35 percent of the global marine fisheries discards.  The annual discard of 30,000 metric tons by shrimp trawlers in the northern Australian prawn fishery includes more than 240 species, including seventy-five families of fish, eleven of sharks, and several of crustaceans and mollusks.  Shrimp fisheries in the Gulf of Mexico discarded an estimated 5 billion croakers (Microprogonias undulatus), 19 million red snappers, and 3 million mackerels (Scomberomorus spp.) in 1989. Discards from bottom fisheries in the Bering Sea and Gulf of Alaska total nearly 1 billion animals annually; not including discards from inshore salmon and herring fisheries and offshore crab fisheries.  More than 300 million pollocks (Theragra chalcoramma) were discarded in the Bering Sea fishery in 1992, but this was only 1.6 percent of the estimated harvestable number.  The decline of the once-abundant common skate (Raha bais) in the Irish Sea appears attributable to its incidental catch in groundfish fisheries.  Discards also provide more abundant food for many species, such as birds, sharks, dolphins, and other marine mammals that commonly scavenge discards from fisheries.  Bottim0-fishing equipment can greatly alter benthic habitats and disturb benthic species.  Trawl ground gears can penetrate as far as six centimeters and otter boards as far as thirty centimeters into bottom sediments.  Every square meter of the Dutch continental shelf is dragged by commercial beam trawls, which penetrate to a depth of 4-8 centimeters, an average of once or twice a year.  As a result the slow-growing bivalves are disappearing and replaced by worms.  Trawls used in a new scallop fishery in the Bass Strait of Australia were suspected of crushing or damaging four to five times as many scallops as were caught, and surviving scallops were decimated by infection caused by decomposing remains.  In the United States in 1989 the discard from recreational fisheries totaled 1.035 billion fish, whereas the landed catch was 651.8 million fish, for a ratio of discards to retained fish of 1.5 (Freese ’98: 152-155).

Worldwide Annual Discards of Bycatch from Marine Fisheries (Based on 1988-1990 Harvest Levels, in Metric Tons)

	Species Group
	Mean Discard Weight
	Landed Catch Weight
	Ratio of Discard to Landed Weight

	Shrimps, prawns
	9,511,973
	1,827,568
	5.20

	Redfishes, basses, congers
	3,631,057
	5,739,743
	0.63

	Herrings, sardines, anchovies
	2,789,201
	23,792,608
	0.12

	Crabs
	2,777,848
	1,117,061
	2.49

	Jacks, mullets, sauries
	2,607,748
	1,117,061
	2.49

	Cods, hakes, haddocks
	2,539,068
	12,808,658
	0.20

	Miscellaneous marine fishes
	992,436
	1,257,858
	0.75

	Flounders, halibuts, soles
	946,436
	1,257,858
	0.75

	Tunas, bonitos, billfishes
	739,580
	4,177,653
	0.18

	Squids, cuttlefishes, octopuses
	191,801
	2,073,523
	0.09

	Lobsters, spiny rock lobsters
	113,216
	205,851
	0.55

	Mackerels, snooks, cutlassfishes
	102,377
	3,722,818
	0.03

	Salmons, trouts, smelt
	38,323
	766,462
	0.05

	Shads
	22,755
	227,549
	0.10

	Eels
	8,359
	9,975
	0.84

	Total
	27,012,098
	76,999,942
	0.35


Source: Freese ’98: 153 Table 6-2

The most common management interventions in fisheries involve the release of genetically altered or distinct stocks of native species and the introduction of exotic species.  Releases of hatchery stocks as a tool to augment levels of native populations are particularly common in freshwater fisheries and for anadromous species such as salmon.  Genetic problems posed by the release of hatchery stocks stem from two factors: (1) the hatchery stock may not be the same as the stock that inhabits the river into which it is introduced; (2) regardless of the origin of the stock, because of the small effective breeding populations retained by hatchery managers there is a potential for rapid genetic drift in the hatchery population.  OIn Norway, for example, the artificial reproduction and release into rivers of Atlantic salmon that began around 1850 to enhance recreational fishing has created large declines in native stocks.  Escaped salmon outnumber wild salmon in many Norwegian rivers, and al remaining wild populations are threatened by this trend.  Oysters are one of several marine animal and plant species that are attracting increasing attention for aquacultural production.  Aquaculture grew at a rate of 16 percent annually from 1984 to 1990 in Southeast Asia.   Fish culture techniques range from fully self-contained and isolated land-based rearing tanks to various types of interventions in natural systems.  Coastal marine waters are increasingly popular for aquaculture.  In coastal areas of the Mediterranean Sea, for example, mussels are grown on long tines, oysters on racks or rafts, and fish in submerged and floating cages, with various forms of food and other supplements often provided.  The additional nutrient loads lead to eutrophication of shallow coastal lagoons that are subject to little tidal flushing.  In 1990, the 7,500 hectare lagoon Ѐtang de thau, along the Mediterranean coast of France, had 1,324 hectares devoted to mollusk culture, with 2,816 racks producing 34,000 metric tons of primarily Mediterranean mussel (Mytilus galloprovincialis), and the introduced Pacific oyster.  Another 25 metric tons of sea bass were produced in cages.  Construction of artificial reefs is another physical intervention employed to increase the production of fish in coastal waters.  Spat of clam and oyster may be captured in one place and sown elsewhere in high densities.  Along the coast of the Matang Mangrove Reserve in Malaysia, spat of the blood clam (Anadara granosa) are removed by wire mesh from spatfall grounds and sown on mudflats at the rate of 900-2,160 kilograms per hectare, or roughly 4.5-10.8 million spat per hectare.  In 1993, blood clam farming covered more than 5,040 hectares of mudflats along the western coast of the Malay Peninsula.  Shrimp aquaculture accounted for 25 percent of global shrimp production and 50 percent of international trade by the late 1980s.  More than 600,000 hectares of shrimp aquaculture jeopardize the mangrove ecosystems and shrimp populations (Freese ’98: 165-166).  
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At least 1,354 introductions of 237 species of fish in 140 countries have occurred since the middle of the nineteenth century.  In North America (Canada, the United States and Mexico) at least 140 species of freshwater fish have had their ranges expanded through introductions, with an array of negative effects on native species and ecosystems.  For example, although introduction of the brown trout (Salmo trutta) and rainbow trout (Salmo gairdneri) have benefited recreational fisheries, they have displaced the ecologically similar cutthroat trout (Salmo clarki) throughout much of the Great Basin of western North America.  Global aquacultural production increased in volume by 9 percent annually between 1985 and 1990, when it totaled 11.5 million metric tons (excluding algae), divided roughly equally between freshwater and marine systems.  Between 1984 and 1993, aquaculture’s contribution to the total amoutbn of fish available for human consumption grew from 12 percent to 22 percent.  More than an estimated 450,000 square kilometers of shallow areas in the periphery of the world’s oceans could be used for aquaculture, with potential total production of 40-50 million metric tons of fish and shellfish (equal to roughly half the world’s current marine catch.  Fisheries yield more kilocalories of protein per kilocalories input than farm animal production, and are comparable to some field crops.  (Freese ’98: 166-169).
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About 40 percent of the world’s 6,000 to 8,000 indigenous peoples have homelands, territories, and nations that encompass coastal ocean and island regions.  Within the land and sea territories of coastal ocean peoples are located some of the most biologically diverse, productive, and essential ecosystems, such as coastal wetlands, estuaries, and mangroves, and continental shelf and island edge coral reefs, kelp forests, and seagrass pastures.  Many of these coastal ocean peoples and their ecosystems are threatened by the expansion of continental peoples and their activities.  In tropical seas and oceans, indigenous island and coastal peoples use a wide variety of strategies to manage and protect coral reefs.  Management and protection of indigenous coral reefs and associated fisheries encompass three approaches: (1) regulation of the fishing catch by restrictions on species, sizes, amounts, types of gear permitted, and seasons; (2) regulation of the fishermen by restriction on who can and cannot fish; and (3) regulation of access to fishing areas through customary marine tenure.  These methods predated Western coral reef management techniques, were widely employed, and generally were very successful.  The three mains approached used by central governments to protect and manage coral reefs: (1) create off-limits parks and protected areas, (2) make laws and legislation, and (3) maintain guards and patrols (Stevens ’97: 193, 198).

In 2008, over 8 billion pounds of seafood was harvested in the United States earning over $4.4 billion. Species that contributed the most to this revenue include shrimp, Pacific salmon, pollock and lobster. There are approximately 115,000 harvesters in the United States using a variety of different fishing gear and vessels.  Commercial fishing is one of the most dangerous occupations in the United States. Many commercial fishing operations are characterized by hazardous working conditions, strenuous labor, long work hours and harsh weather. During 2000-2010, an annual average of 46 deaths occurred (124 deaths per 100,000 workers), compared with an average of 5,466 deaths (4 per 100,000 workers) among all U.S. workers.  545 commercial fishermen died while fishing in the U.S.  More than half of all fatalities (279, 51%) occurred after a vessel disaster.  Another 170 (31%) fatalities occurred when a fisherman fell overboard without a lifevest.  Another 56 (10%) fatalities resulted from an injury onboard.  The remaining 40 (7%) fatalities occurred while diving or from onshore injuries. The United States is not party to the 1982 Convention on the Law of the Sea and should be.  The Torremolinos International Convention for the safety of fishing vessels in 1977 of the International Maritine Organization (IMO) established uniform principles and rules regarding design, construction and equipment for fishing vessels 24m (79 feet) in lengthand over. Other IMO codes and guidelines include the Voluntary Guidelines for the Design, Construction and Equipment of Small Fishing Vessels (1980) and the Code of Safety for Fishermen and Vessel Design and Construction (1975).
Fishermen who wear Personal Floatation Devices are far more likely to survive vessel sinkings or capsizings. Vessels that maintain emergency equipment such as life rafts, electronic beacons, and immersion suits in good working order help to ensure the survival of their crew. Since the Commercial Fishing Vessel Industry Safety Act of 1988, safety show a decrease in fatalities and vessels lost.  Technology has been able to help many fishermen in European and North American areas to obtain more accurate weather forecasts and to avoid hazardous fishing areas.  Lifevests are required for everyone onboard and exposure suits are required for every fisherman north of 32 degrees North latitude in the Atlantic Ocean or north of 35 degrees North latitude in all other waters amongst other safety standard set forth in 46USC§4502. An individual may not serve, in a position in which an individual is required by law or regulation to hold a license, certificate of registry, merchant mariner's document, transportation worker identification credential, and/or merchant mariner credential, 46CFR15.401. The United States Coast Guard is the primary agency tasked with the enforcement of vessel and fishery laws.  The amendments to Shipping regulations in Title 46 of the Code of Federal Regulations and United States Code of the Commercial Fishing Vessel Industry Safety Act of 1988 are extensive and scattered and the Proceedings of the International Fishing Industry Safety and Health Conference in Woods Hole, Massachusetts, October 23-25, 2000, is 496 pages long (Lincoln et al ’02). 

The shipping industry has no readily available safety statistics.  Globally, of about 85,000 vessels, excluding fishing vessels, about 25 are lost annually. Although risks for the shipping industry in general are much lower than fishing a Shipping Safety and Health Admiistration (SSHA) should also be created to raise the bar on international maritime safety statistics which count the casualties of vessel loss as one and do not compile any statistics on human fatalities, other than recreational boating.  In the U.S. marine deaths dropped in 2012, from 803 to 706. The vast majority of the fatalities, (651), occurred in recreational boating.  In 2012, the Coast Guard counted 4515 accidents that involved 651 deaths, 3000 injuries and approximately $38 million dollars of damage to property as a result of recreational boating accidents.  The fatality rate was 5.4 deaths per 100,000 registered recreational vessels. This rate represents a 12.9% decrease from last year’s fatality rate of 6.2 deaths per 100,000 registered recreational vessels.The Occupational Safety and Health Administration (OSHA) clearly needs to create a civilian Fishing Safety and Health Administration (FSHA) to produce a concise fishing safety training manuals, civilian vessel inspection regime and consider requiring fishermen to wear lifevests, at least minimal floatation devices, at all times.  
6. Treaties

The Millennium Development Goals and the Plan of Implementation of the World Summit on Sustainable Development (WSSD), recognize that forests are critical to achieving overall sustainable development, reducing poverty, improving the environment, halting the loss of biodiversity and reversing land and resource degradation (McConnel ’05: 49).  It is critical that the United States ratify both (1) the Convention on Biological Diversity (CBD) from the Rio Environmental Conference of 1992 to reduce risks to the mental health of loggers, the second most dangerous profession in the nation, and (2) Convention on the Law of the Sea of 1982, with offices in Germany, for the mental health of commercial fishermen.  Recently both the Brazilian President and German Chancellor came to the White House to complain of the wiretapping of their phones and were recriminated against by impromptu food stamp benefit cuts.  Redress calls for the ratification of the Conventions on Biological Diversity (CBD) and Law of the Sea as well as the abolition of the White House Office of Intellectual Property Enforcement Coordinator whose biologically (genetically) modified patent enforcement is public enemy number one of the Protocol and liable for any transborder crop contamination under Supplemental Protocol to the CBD whether they like it or continue to play dumb.  In 1998, as part of the United Nation's International Year of the Ocean, the Department of Commerce and Department of the Navy cohosted the National Ocean Conference in Monterey, California.  The participants found the United States should, join the 1982 U.N. Convention on the Law of the Sea and the accompanying 1994 Agreement to implement Part IX of the Convention on the Law of the Sea (incorrectly remembered by the U.S. as the Seabed Mining Agreement) to address issues such as military and commercial navigation, fishing, oil and gas development, offshore mining, and scientific research (Preger & Early '00: 282).
Since its establishment in 1945, FAO has incorporated forestry as one of its major programmes to address concerns that have gradually shifted from timber supply in post-war Europe to broader development and conservation issues.  Since the late 1940s, six Regional Forestry Commissions have been created.  The Committee on Forestry (COFO) the most important FAO statutory bodies in forestry – first met in 1972.  Forestry is also discussed every two years at the Conference of FAO.  The FAO Committee on Forest Development in the Tropics (1967-1991) brought worldwide attention to the increasing rate of deforestation in the tropics.  In response the FAO launched the Tropical Forestry Action Plan (TFAP) but TFAP became mired in controversy and was replaced with the National Forestry Action Plan (NFAP), which then evolved into national forest programmes in the 1990s.  Other milestones in the global forest policy dialogue were the adoption of the International Tropical Timber Agreement (ITTA) in 1983 and the establishment of the International Tropical Timber Organization (ITTO) in 1986 to promote international trade in tropical timber, the sustainable management of tropical forests and the development of forest industries.  The Amazon Cooperation Treaty was established in 1978 and the Ministerial Conference on the Protection of Forests in Europe (MCPFR) was established in 1990. The United Nations Conference on Environment and Development (UNCED), held in Rio de Janeiro, Brazil, in 1992, marked a turning point in the international forest policy dialogue when countries affirmed their commitment to sustainable forest management by adopting the Non-Legally Binding Authoritive Statement of Principles for a Global Consensus on the Management, Conservation and Sustainable Development of All Types of Forest (the “Forest Principles”).  To follow-up ECOSOC established the Ad Hoc Intergovernmental Panel on Forests (IPF)(1995-1997) and subsequently the Intergovernmental Forum on Forests (IFF)(1997-2000) ultimately leading to the creation of the United Nations Forum on Forests (UNFF) in 2000 (McConnel ’05: 49, 56, 57). The United Nations Food and Agricultural Organization (FAO) periodically publishes ‘State of the World’s Forests’.  The theme of the 2005 edition is ‘realizing the economic benefits from the forest’.  The United Nations Forum on Forests (UNFF) met in May 2005 to decide on future international arrangements for forests after more than ten years of policy dialogues.  Wood and wood products will remain important sources of income for the immediate future.  Evidence is mounting that certain segments of society are able and willing to pay to protect watersheds.  The economic viability of the forest sector is a prerequisite to safeguarding the environmental, social and cultural functions of the resource.  

The Convention on the International Trade in Endangered Species (CITES) is the single most important international treaty affecting global commerce in wild species.  The Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES) was adopted in 1973 to address unsustainable international trade of wild animal and plant species, of which more than 33,000 are listed in the treaty’s three appendixes.  Appendix I the list of endangered species.  Appendix II the list of species at risk whose import and export are controlled through a permit system.  Plants discussed include Asia’s agarwood trees (Aquilaria spp.) which contain valuable oil for making incense, perfumes and medicines; ramin (Gonystylus spp.), one of Southeast Asia’s major export timbers; and yew trees (Taxus spp.) whose leaves are used to produce paclitaxel – a key ingredient in one of the biggest-selling cancer drugs (McConnel et al ’05: 68, 95).  The UN Non-Legally Binding Authoritive Statement of Principles for a Global Consensus on the Management, Conservation and Sustainable Development of All Types of Forests (the Forest Principles) of 1992 state that “forest resources and forest lands should be sustainably managed to meet the social, economic, ecological, cultural and spiritual needs of present and future generations”, that “these needs are for forest products and services, such as wood and wood products, water, food, fodder, medicine, fuel, shelter, employment, recreation, habitats for wildlife, landscape diversity, carbon sinks and reservoirs, and for other forest products” and that “appropriate measures should be taken to protect forests against harmful effects of pollution, including airborne pollution, fires, pests and diseases, in order to maintain their full multiple value”.  The Convention on Biological Diversity (CBD) of 1993 agreed that “the ecosystem approach should be the primary framework of action.  A strategy for the integrated management of land, water and living resources that promotes conservation and sustainable use in an equitable way.  An ecosystem approach is based on the application of appropriate scientific methodologies focused on levels of biological organization which encompass the essential structure, processes, functions and interactions among organisms and their environment.  It recognized that humans, with their cultural diversity, are an integra component of many ecosystem.  The term ecosystem can refer to any functioning unit at any scale.  It could, for example be a grain of soil, a pond, a forest, a biome or the entire biosphere” (McConnel et al ’05: 20, 21). 

The Convention on Biological Diversity (CBD) provides (1) conservation of diversity, (2) sustainable use of biodiversity, and (3) fair and equitable sharing of the benefits arising from its use (Freese ’98: 100).  The Convention on Biological Diversity was finalized in Nairobi in May 1992 and opened for signature at the United Nations Conference on Environment and Development (UNCED) in Rio de Janeiro on 5 June1992.  It entered into force on 29 December 1993. Today, the Convention is the main international instrument for addressing biodiversity issues. The Convention establishes three main goals: the conservation of biological diversity, the sustainable use of its components, and the fair and equitable sharing of the benefits from the use of genetic resources.  After several years of negotiations, the Protocol, known as the Cartagena Protocol on Biosafety to the Convention on Biological Diversity, was finalized and adopted in Montreal on 29 January 2000, focusing on transboundary movement of any living modified organism resulting from modern biotechnology that may have adverse effect on the conservation and sustainable use of biological diversity. After several years of negotiations, an international agreement, known as the Nagoya – Kuala Lumpur Supplementary Protocol on Liability and Redress to the Cartagena Protocol on Biosafety, was finalized and adopted in Nagoya, Japan, on 15 October 2010, to addressing response measures in the event of damage or sufficient likelihood of damage to the conservation and sustainable use of biological diversity resultingi from living modified organisms that find their origin in transboundary movements (FAO ’05: 153).  The United States is not party to the Convention on Biological Diversity, and should be. As of 2014 the United States is not party to the Convention on Biological Diversity (CBD), Cartagena Protocol on Biosafety, nor Supplemental Protocol. 

[image: image81.jpg]


Ballot Measure 15-119 of May 20, 2014 provides for a County Ordinance to Ban Growing of Some “Genetically Engineers” (defined) plants.  The three counties that already enacted such a ban report almost no enforcement costs. It requires affected persons to harvest, destroy or remove all genetically engineered plants within 12 months of the enactment of the ordinance.  Genetically engineered crops, patented by out-of-state corporations, threaten private property and can contaminate the crops of farmers who do not want them.  The heavy herbicide use that comes with genetically engineered crops puts human drinking water and children’s health at risk.  Seed and pollen from genetically engineered crops can contaminate a farmer’s field in one windy afternoon and destroy a season of hard work.  Major global and local buyers have a zero tolerance policy when it comes to genetically engineered crops.  Genetically engineered crops also put every farmer at risk of federal patent lawsuits.  The American Medical Association does not support the ban.  The Oregon Governor, an emergency physician, prohibited the state from enacting any further such GMO bans, while the county has a moratorium on marijuana dispensaries, until the governor has convened a scientific inquiry into the subject of genetically modified organisms.  The FDA found no basis for “concluding that foods developed by bioengineering techniques present different or greater safety concerns than foods developed by traditional plant breeding”.  GM crops are only grown in the United States and Canada but the Cartagena Protocol on Biosafety has singled out the fact that living modified organism resulting from modern biotechnology may have adverse effect on the conservation and sustainable use of biological diversity for which redress could be sought from the transboundary movement of modified organisms by the Kuala Lumpur Supplementary Protocol on Liability and Redress to the Cartagena Protocol on Biosafety, that was finalized and adopted in Nagoya, Japan, on 15 October 2010.  North American GM patent enforcement clearly offends the Convention on Biological Diversity, consumers and plant breeders worldwide and its transboundary transport, and therefore international market value, is prohibited by law.  

Since 1998, when “Roundup Ready” GMO seeds were first introduced 91 percent of all soybeans, 85 percent of all corn, and 88 percent of all cotton in the United States are grown from GMO seeds.  These plants are exposed to heavy applications of the herbicide and survive.  Before Roundup Ready soybeans were on the market the tolerance for Roundup was 3 ppm.  Soybean seeds were meeting that requirement.  By the time Roundup Ready soybeans showed up at the marketplace, they had concentrations up to 20 ppm, indicating that farmers upped the application rate since it wouldn’t kill the plants.  So Monsanto went to the EPA and asked to have the tolerance raised.  The tolerance was raised not only in the US but in Australia and other countries where substantial amounts of Roundup Ready soybeans were being grown, but not in the European Union, which has still banned GMOs.  GMO products do not need to be labeled as containing GMOs and should be assumed to be in everything not labeled organic or non-GMO. In 2000 insect resistant crops made up roughly a quarter of the nearly 100 million acres planted in transgenic worldwide.  (The other three-quarters of worldwide acreage were planted in herbicide resistant, mostly Roundup Ready varieties.  Insect resistant crops contain a gene from a naturally occurring soil organism, Bacillus thuringiensis (commonly known as Bt). The American Academy of Environmental Medicine has called for an immediate “moratorium on genetically modified food” citing serious health risks associated with GM food consumption including infertility, immune dysregulation, accelerated aging, dysregulation of genes associated with cholesterol synthesis, insulin regulation, cell signaling, and protein formation, and changes in the liver (Rodale ’10: 33, 35, 18, 124, 34).

To date no insurance company has been willing to insure the biotech industry.  In our society insurance is the litmus test for safety.  If the insurance industry isn’t willing to bet its money on the safety of a product or technology, the risks are too high for them to take the gamble.  There is today no insurance whatsoever against the kinds of catastrophic losses and tragedies that could ensure form introducing transgenic organisms into the environment and into the human food chain.  In 1999 the EU announced its governments had drawn up a five-point Emergency Response Plan to cope if GM plants result in widespread illness or the death of wildlife. In France a band of 120 farmers broke into a storage facility of the biotech company Novartis and destroyed 30 tons of GM corn.  In the US, Germany and the Netherlands GM crops have been destroyed by angry citizens.  In 1999 the seven largest grocery chains in six European countries, Tesco, Safeway, Sainsbury’s Iceland, Marks & Spencer, the Co-op and Waitrose,  made a public commitment to go GMO free.  In December 1999 a statement was posted to the cafeteria of the Monsanto Corporations United Kingdom headquarters in High Wycombe, England – In response to concerns raised by our customers…we have decided to remove, as far as is practicable, genetically modified soy and maize from all food products served in our restaurant.  We will continue to work with our suppliers to replace GM (genetically modified) soy and maize with non-GM ingredients… We have taken the above steps to ensure that you, the consumer, can feel confident in the food we serve (Robbins ’01: 324, 373, 345, 346).
The value of marine fisheries has played a key role in the development of marine treaties that aim to prevent the degradation of ocean ecosystems and living resources.  The Ministerial Declaration of the Second International Conference on the Protection of the North Sea states that the parties “accept the principle of safeguarding the marine ecosystem of the North Sea by reducing polluting emissions of substanes that are persistent, toxic and liable to bioaccumulate… especially when there is reason to assume that certain damage or harmful effects on the living resources of the sea are likely to be uasd by such substances.  Similar calls for control and reduction of marine pollutants and other potential causes of marine ecosystem degradation, such as mineral mining, introduction of exotic species, and overfishing, an be found in several other international agreements, such as the Agremeent on the Prevention of Marine Pollution from Land Based Sources, the International Convention for the Prevention fo Pollution from Ships, and the Antarctic Treaty System (Freese ’98: 212). The development in 1982 of the 200 mile exclusive economic zone (EEZ) under the Law of the Sea Convention officially made extensive areas of coastal waters the property of the states.  Controlling open access is the major problem facing fisheries managements within each nation’s EEZ.  International agreements such as the United Nations Convention on the Law of the Sea (UNCLOS), the Convention on the Conservation of Antarctic Marine Living Resources (CCAMLR), the International Convention for the Regulation of Whaling (ICRW), and the International Convention for the Conservation of Atlantic Tunas (ICCAT) exhibit varied degrees of success or failure (Freese ’98: 212, 88, 99-101).  The Ramsar Convention on the Wetlands, signed in Ramsar, Islamic Republic of Iran, in 1971, is an intergovernmental treaty that provides the framework for national action and international cooperation for the conservation and wise use of wetlands and their resources.  As of August 2004, 1,374 sites totaling more than 121.4 million hectares were designated for inclusion in the List of Wetlands of International Importance (McConnel et al ’05: 68). 

The United States is not party to the U.N. Convention on the Law of the Sea.  Three autonomous international organization were established by the United Nations Division on Ocean Affairs the Law of the Sea when the 1982 United Nations Convention on the Law of the Sea entered into force with the 1994 Agreement relating to the Implementation of Part XI. (1) The International Seabed Authority, which has its headquarters in Kingston, Jamaica, came into existence on 16 November 1994, upon the entry into force of the 1982 Convention.   (2) The Tribunal of the Law of the Sea came into existence following the entry into force of the Convention on 16 November 1994. After the election of the first judges on 1 August 1996, the Tribunal took up its work in Hamburg on 1 October 1996. The official inauguration of the Tribunal was held on 18 October 1996.  (3) The Commission on the Limits of the Continental Shelf established a subsidiary body - the Standing Committee on provision of scientific and technical advice to coastal States, in June 1997, at its first session.  In 1998, as part of the United Nation's International Year of the Ocean, the Department of Commerce and Department of the Navy cohosted the National Ocean Conference in Monterey, California.  The participants found the United States should, join the 1982 U.N. Convention on the Law of the Sea and the accompanying 1994 Agreement to implement Part IX of the Convention on the Law of the Sea (incorrectly remembered by the U.S. as the Seabed Mining Agreement) to address issues such as military and commercial navigation, fishing, oil and gas development, offshore mining, and scientific research (Preger & Early '00: 282).  Art. 1 (4) of the United Nations Convention on the Law of the Sea of 1982 provides "pollution of the marine environment" means the introduction by man, directly or indirectly, of substances or energy into the marine environment, including estuaries, which results or is likely to result in such deleterious effects as harm to living resources and marine life, hazards to human health, hindrance to marine activities, including fishing and other legitimate uses of the sea, impairment of quality for use of sea water and reduction of amenities.  The USA was brought to task on greenhouse gas emissions by the Earth Summit in Rio in 1992, but when the Law of the Sea came up again for ratification, in 1994, the USA did not immediately join, and when it did sign in 1995 the Agreement Relating to the Conservation and Management of Straddling Fish Stocks and Highly Migratory Fish Stocks, did so under the duress of an extremely expensive hurricane season. Under Art. 145 of the United Nations Convention on the Law of the Sea of 1982 Necessary measures shall be taken to ensure effective protection for the marine environment. To this end the Authority shall adopt appropriate rules, regulations and procedures for inter alia: (a) the prevention, reduction and control of pollution and other hazards to the marine environment, including the coastline, and of interference with the ecological balance of the marine environment, particular attention being paid to the need for protection from harmful effects of such activities as drilling, dredging, excavation, disposal of waste, construction and operation or maintenance of installations, pipelines and other devices related to such activities; (b) the protection and conservation of the natural resources of the Area and the prevention of damage to the flora and fauna of the marine environment.  

Drivers of Climate Change
	Drive
	Principal Influence
	Impact
	Comments

	Sun’s heat and magnetic variation
	Amount of sun’s heat and solar shielding variations over time
	Strongest
	Amount retained modified by other drivers

	Orbital eccentricity
	Determines distance from the sun at any given time
	Strong
	Distance variations mean heat variation

	Earth’s tilt
	Determines Earth’s seasons and heat received at high latitudes
	Strong
	Additional tilt can affect polar ice melting

	Earth’s wobble (precession)
	Determines season closest to or farthest from the sun
	Strong
	Can be a positive or negative feedback

	Green House Gas (GHG) water vapor
	Strongest GHG, Affects cloudiness, albedo, vegetation and precipitation volumes
	Strongest of GHGs
	Net effect the least understood (predictable ) of the GHGs

	GHG methane CH 4
	Captures infrared heat radiated form Earth’s surface, reradiates some heat
	Moderate (low volume in atmosphere)
	Generated in wetlands, by industries and some animals

	Ocean currents
	Distributes heat around Earth. Can change patterns quickly or very slowly
	Very strong 
	Largest reservoir of surface heat.  Affects precipitation

	Plate tectonics (seafloor spreading)
	Causes volcanism, CO2 and sulfate particle input, subduction and mountain building
	Strong long-term
	Affects ocean currents, sea levels, and CO2 volume

	Location of continents
	Affects major ocean currents and heat and moisture to poles
	Strong to weak
	Land over poles promotes more glaciation

	Elevation of land masses
	High elevations increase chemical weathering (CO2 removal and carbon sequestration
	Moderate long term
	Little short-term effect on climate

	Chemical weathering
	Affects CO2 removal and carbon sequestration
	Moderate long-term
	Little short-term effect on climate

	Volcanism
	Constant source of CO2 sulphate particles, and short-term soot
	Moderate to strong short-term
	Provides great lava and ash layers for age dating

	Extraterrestrial impacts
	Immediate fires, then cold for 1 to 5 years
	Strong very short-term
	Can create ocean and atmospheric toxicity

	Albedo
	Determines how much solar heat is reflected or retained
	Moderate to strong
	Affected by many drivers constantly changing

	Fauna & Flora (animal life and vegetation)
	Affects albedo and oxygen, CO2 and methane content of atmosphere
	Moderate 
	Abundance of type of flora track temperature CO2 and moisture changes

	Atmospheric circulation
	Distributes heat and moisture and affects upper ocean current patterns
	Moderate
	Distributes nutrients to oceans, affecting sea life abundance and carbon sequestration

	Cosmic rays
	Suggested they create particulates that seed low level clouds (cooling)
	To be determined
	More research needed to verify impact magnitude


Source: Steward ’10: Fig. 7 pg. 14
While any hydrocarbon may been used to cause heating and cooling of bodies of water using modern heat pump technology, its dual use in fracking, drilling with expansive Styrofoam that further cracks the earth, styrene can cause earthquakes, and requires extra consideration in a national hazardous substance report on all hydrocarbons that could be diverted into oceanic heating and cooling under 42USC(103)I§9605.   Other chemicals that can undergo self-polymerization releasing heat are: Hydrogen cyanide, UN1051, Vinyl acetate, UN1301, Furural or furfuraldehydes, UN1199, Propyleneimine, UN1921, and Ethyleneimine, UN1185, Ethylene oxide, UN1040, and Butadienes, UN1010 (Aristatek '08).  Heat pumps need a source of heat to transfer from, either the outside air, the ground, or a large body of water. Systems that transfer heat from the ground or water are called “geothermal heat pumps” and systems that transfer from the outside air are called “air-source heat pumps”. The vast majority of heat pumps installed today are air-source, as geothermal heat pumps require deep drilling, large land lots, or permitted access to a body of water.  Hydrocarbon refrigerants include a number of products including R290 (propane), R600a (isobutane), R1150 (ethene/ethylene),  R1270 (propene/propylene), R170 (ethane) and various blends of  these products.  Hydrocarbon refrigerants have a wide range of applications. This includes commercial refrigeration, chill cabinets and vending machines, cold storage and food processing, industrial refrigeration, transport  refrigeration, small air conditioning systems, large air conditioning and chiller systems, heat pumps and water heaters.  Hydrocarbon refrigerants have some different chemical properties than fluorocarbon refrigerants; the primary difference are their classification as extremely flammable.  A.S. Trust & Holdings has been awarded a U.S. patent for the formula of a blend of pure hydrocarbons that has been designated R441A by the American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE).R441A has been certified by independent testing laboratory Intertek (an) as having a very low Global Warming Potential (GWP) as well as a zero Ozone Depletion Potential (ODP).  Illicitly placed in the ocean in large quantities these industrial hydrocarbon fueled heating and cooling units do pose a serious threat to global warming.  The new cooling function also presents an opportunity to prevent global warming and potentially dissipate hurricanes by cooling the water below 80°F, but is currently only suspected of hostile use off the Coast of California, Gulf of Mexico and Sargasso Sea in the middle of the North Atlantic.  Not to discredit the great progress that has been done to reduce greenhouse gases and air pollution under the Framework Convention on Climate Change the Framework Convention fails to identify ocean currents as the must vulnerable “very strong” factor in global heating and cooling.  The Conventions on the Law of the Sea and Biological Diversity are better written treaties and there is no reason for the United States to not be party to these valid scientific treaties while giving undue weight to the hollow greenhouse gas propaganda (hot air) of the Framework Convention on Climate Change. 
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Parties to the United Nations Framework Convention on Climate Change (UNFCCC) must estimate and report carbon stock changes in their forests; the Kyoto Protocol establishes additional rules to monitor and account for carbon stocks; and that, under special provisions for sequestration projects of the Joint Implementation or the Clean Development Mechanism (CDM) of the protocol, carbon in forestry projects must be monitored in order to realize credits (McConnel et al ’05: x).  The United States is Party to the Framework Convention on Climate Change but not to the Kyoto Protocol.  The Intergovernmental Panel on Climate Change and Forestry (GPG) 2004 defined inventory and calculation methods that reduce uncertainties in estimating carbon stock changes.  The GPG combines two basic methods for estimating stock changes in the carbon pools of forest ecosystems and uses a progressively sophisticated three-tier system for calculations.  Tier 1 uses aggregated figures and rough default values such as the average carbon sequestration rate per hectare of forests.  Tier 3 uses country-specific data and less aggregated activities and may use computer modeling.  Tier 2 is a combination of Tiers 1 and 2.  All carbon pools – living biomass above and below ground, dead wood, litter and soil organic matter – must be assessed.  Under stricter rules for carbon monitoring in the Kyoto Protocol, developed countries may omit a certain carbon pool from national accounting after providing verifiable information that it is not a source of carbon emissions.  The GPG prescribes two basic methods for assessing carbon stock changes – the default method and the stock change method – each requiring more effort, resources and data and increasing in reliability the higher the tier chosen.  The default method estimates carbon change based on the difference between periodic carbon gains and periodic carbon losses. Gain is defined as the product of growing stock increment, wood density, biomass expansion factor, root-shoot ratio and biomass carbon fraction.  Loss represent the sum of felings, fuelwood gathering and natural calamities all expressed as biomass and carbon via appropriate expansion factors.  The stock change method estimates carbon change based on the difference in biomass stocks between two periodic inventories where biomass, at each point in time, is the product of growing stock, wood density, biomass expansion, root-shoot ratio and biomass carbon fraction.  In Africa, land use change – essentially deforestation – contributes approximately 70 percent to emissions (McConnel et al ’05: 4, 5).

Carbon credit schemes are characterized by an annual carbon sequestration of less than 8,000 tonnes of CO2 and benefit from simpler rules and lower fixed costs.  Contrary to projects in the energy sector, those in forestry may last up to 60 years.  Carbon credits must either be renewed every five years or replaced when forests re-emit carbon into the atmosphere. By 2005, average global concentrations of carbon dioxide (CO2), the main greenhouse gas, will have reached 380 parts per million –an increase of 36 percent since industrialization and an accumulation of 25 percent in excess of the peak concentration during the past 400,000 years.  In Europe, the summer of 2003 was warmer than any of the past five centuries, and precipitation decreased by between 5 and 20 percent in the Mediterranean region and northern Africa.  Global emissions amounted to approximately 26.5 billion tonnes of CO2 per year in 2004.  Aggregate emissions of all greenhouse gases since 1990 in all industrial countries has declined by 6.6 percent, making an actual increase of 7.5 percent in developed nations other than those with economies in transition, where emissions declined by 40 percent as a result of the collapse of many industries.  The carbon market has been growing steadily form about 13 millon tonnes CO2 equivalent in 2001 to about 29 million tonnes CO2 equivalent in 2002 and more than 70 million during the first three quarters of 2003.  While developed countries are the main buyers, the share of emission reductions contracted in transition economies and in developing countries rose from 38 percent in 2001 to 60 percent in 2002 and 91 percent during the first three quarters of 2003.  Much of this increase comes from Asia and Latin America (McConnel et al ’05: 67, 68, 78).

Ireland’s industrial emissions will probably exceed Kyoto commitments, which entail annual emission reductions of approximately 15.4 million tonnes of CO2 or 4.2 million tonnes of carbon.  Forests established since 1990 will fix 0.3 million tonnes of carbon per annum, offsetting about 6.5 percent of Ireland’s projected excess emissions and reducing carbon credits to be acquired in international markets by this amount.  At a market value of 30 per tonne of carbon in international emission trading, these young Irish forests alone would save the country an expense o fabout 9 million annually or 45 million over the commitment period.  The average rate of carbon gain in these young forests is estimated at 3.4 tonnes of carbon per hectare per year.  They would thus accumulate a carbon value of approximately 100 per hectare annually.  Credits for forest management in Ireland are capped at 50,000 tonnes of carbon per year.  If the country chooses forest management as an eligible activity under the Kyoto Protocol, an additional value of 1.5 million could accrue annually in the form of carbon revenue.  Carbon sequestration projects in California were subject to at least 16 federal and state regulations (McConnel et al ’05; 53).
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Many violent conflicts occur in forested regions.  Violent conflict is more frequent in areas that are remote and inaccessible; have valuable natural resources in areas where property rights are uncertain or disputed; have a high proportion of poor households; have been poorly integrated into national democratic institutions; receive few public services; have several ethnic groups and religions.  Areas within countries that are most likely to experience armed conflict tend to be those that provide the means or motives for war.  They include secluded places where insurgents can hide and exploit valuable natural resources to finance military activities.  Inaccessibility and vegetative cover can also facilitate lucrative illegal activities such as cultivating illicit crops and smuggling.  People may resort to violence to gain control over natural resources or because they feel neglected or mistreated.  Often, motives are multiple and shift over time, combining political religious or ethnic dimensions with personal incentives such as desire for income, wealthy, status, revenge or security or loyalty to specific individuals (Goodhand ’03: 629-646).  In 2000, 17 countries experienced armed conflict – defined as ongoing violence between two or more armies in which more than a thousand people die in combat – and another 12 countries were in post-conflict situations.  Numerous countries experienced other forms of violence such as banditry, killings linked to land disputes and hostilities with fewer than a thousand fatalities.   The number of armed conflicts around the world rose steadily between 1965 and 1990, but has declined slightly since them.  Violent conflicts create huge economic and social costs, as well as a significant impact on the environment.  At the end of a civil, which on average lasts seven years, a country can expect its per capita income to be 15 percent lower and to have 30 percent more people living in poverty.  In the past decade millions of people, mostly civilians, have died in conflicts, and many more have been maimed or have had to flee.  In 2001, the Office of the United Nations High Commissioner for Refugees (UNHC) assisted 12 million refugees and 5.3 million internally displaced people.  In addition, most opium and cocaine production occurs in countries in conflict or post-conflict situations (McConnel et al ’05: 116). 

Forests can provide refuge, funds and food for combatants.  In several cases, government ignored insurgents as long as they stayed in remote forest areas.  Selling timber to fund armed activities is difficult because logs are easy to detect and operations require secure control over the territory.  Nonetheless, cases have been documented in Cambodia, the Democratic Republic of the Congo, Myanmar and Liberia.  Insurgents mostly extract natural resources found in forests to raise funds.  For example, high-value metals such as columbo-tantalite (coltan) and cassiterite have been exploited in the Democratic Republic of the Congo in much the same way as diamonds and alluvial gold have in Angola, Liberia and Sierra Leone.  These commodities, like ivory, do not require much capital and are easy to transport and conceal.  Rebel groups have also been known to extort money from oil and mining companies and large farmers in remote areas.  Similarly, armed groups or their supporters cultivate, sell and tax illicit crops grown in inaccessible forested mountain regions in Southeast and Central Asia and the foothills of the Andes.  Many governments use timber revenues to finance their armed forces, particularly in Central Africa and Southeast Asia.  Post-conflict situations also post challenges. 44 percent of countries affected by conflict return to war within five years of a cease-fire.  After conflict, farmers, ranchers and loggers return to resume their activities in rural areas.  In addition, heavily armed unemployed, young men, with few choices besides logging, commercial hunting and banditry, often join them.  Efforts to promote peace in forested regions must start with removing the motives for conflict.  Governments need to integrate forest-dependent people into the wider economy and national political life without marginalizing them or forcing them to abandon their homes and cultures.  Small-scale agricultural forestry, fishing and handicraft projects can open up new livelihood options and reduce the vulnerability of people living in forested regions  (McConnel et al ’05: 117, 119, 210).

III. Ecology

7. Water
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Surface water is usually safe to drink in mountin springs and streams less than 1m wide, before it is contaminated by large animals, but should be boiled. Groundwater must be tested as not all is fit for human consumption.  The hydrologic cycle is the manner in which water from the sea, lakes, streams, rivers and moisture transpiring from the ground and plants, evaporates to be reprecipitated as rain, snow, or dew. Precipitation on land runs off in streams and rivers, and most eventually returns to the sea.  Some, however, soaks into the ground, to seep downwards into the rocks as groundwater.  The water-table represents the generalized theoretical upper surface of water-saturated rocks.  Rocks above the water-table are in the zone of aeration (vadose zone), because air is also present.  Rocks below the water-table are saturated with water, so no air is present; this is the zone of saturation (phreatic zone).  This zone passes downwards to great depths and, as it gets deeper, so the groundwater becomes more brine-like.  Some is water squeezed out of compacting rocks, some is meteoric (rain and surface) water from above.  Not all wells sunk to beneath the water-table will strike water.  However, if a well is sunk through an impermeable stratum to permeable rocks beneath, water confined in those lower rocks will rise up the well to its rest level, the piezometric surface.  Water-tables are not static, they fluctuate with changing seasons, rising in wet weather, falling in dry.  In very dry weather, a water-table may fall so low that it falls below river level and water from the river leaks down to the water-table.  Aquifer are rocks which are water-permeable; aquicludes are those which are not.  Aquifers may be granular rocks of many types, particularly those sandstones and conglomerates which are sufficiently uncemented to remain permeable.  Well-jointed quartzites can also be excellent water-bearing rocks, and their water is very pure.  
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Dug wells are cheap and easy to dig provided the water-table is not too deep.  Drilled wells, or boreholes, provide purer and more reliable sources of water.  The bore is cased by iron pipe to prevent its walls from collapsing and to exclude water from the aerated zone and the upper part of the saturated zone.  Most water boreholes are only a few hundred metres deep often much less than 200m, with a diameter of 200 mm or more.  Many are drilled through an impervious stratum to reach water confined in an aquifer beneath.  Water ten rises up the bore to reach its rest level at the piezometric surface.  Artesian conditions exist when the rest-level is above the ground surface, and the water will then flow or gush from the borehole without need of pumping.  Usually, water must be pumped form the well either by hand pump, wind pump or motorized pump.  Underground water is found in small openings and voids in aquifers and moves very slowly.  Water is most difficult to find in areas of mica schists and phyllites where rocks are impervious and unjointed.  Water occurs in the sapropelic aquifer zone, between the unaltered rock below and the completely clay-altered material above.  Boreholes dug as far downslope and as far away from unweathered granitoid exposures as possible enjoy over 90 percent success at discovering an aquifer.  The main principle in finding water is to known the geology of the area and its structure, to know what the aquifers are and where they occur.  The problem is to find it exactly where it is wanted, at a convenient depth and in sufficient quantity to satisfy clients (Barnes ’88: 154-162).

Potable water is perhaps the most important commodity that all forests provide to humankind.  Every forest captures, stores, purifies, and then releases water in aboveground and belowground streams and rivers, whereby it becomes available for human use.  Healthy forests are becoming evermore important due to shrinking supplies of water.  The ability of forest to capture, store and gradually release water is rapidly becoming a critical issue, as glaciers disappear at record rates.  Forests are the main source of water for most people, and the value of the water they produce, purify and store over time greatly exceeds the value of whatever wood fiber humans may glean from them. Ecosystems are repeatedly subjected to catastrophic disturbances such as fires, floods, landslides, and tornadoes.  Volcanoes are independent of these and have drastically influenced topography and the formation of new soils.  These perturbations determined and influenced such things as macroclimate in conjunction with the topography, hydrological cycles, and microclimate of a given area.  A hydrological cycle has four apparently discrete parts: (1) the way water falls as rain and/or snow, (2) the way precipitation sinks into the soil and is either stored or flows below ground, (3) the way it runs over the surface of the soil in streams and rivers on their way to the sea, and (4) the way it evaporates into the atmosphere to be cycled again as rain and/or snow.  Microclimate is the climate near the ground of an immediate area as determined by topography and vegetation, which exert a local influence on microclimate, the prevailing climate of the times.  The soil combines the living and nonliving components of the landscape.  It is further enriched by the animals that feed on the plants, void their bodily wastes, and eventually die, decay, and return to the soil as organic matter.  And then there are the individual living organisms, which collectively form the species, which in turn, collectively form the communities that spread over the land (Maser et al ’10: 11, 160).
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About 97.2 percent of all the world’s water is located in the oceans.  Of the other 2.8 percent, all but less than one-half of one percent is tied up in ice caps and glaciers.  The total amount of usable water is only about 0.003 percent of the total water supply on Earth.  The obvious water is that which we see on the surface in the form of lakes and streams, but groundwater makes up 97 percent of all fresh water in the United States.  The United States has been blessed with some exceptional underground water supplies.  The famous Dakota Sandstone, of South Dakota, at one time sustained flowing wells all the way east to the Minnesota border; but as more and more wells were drilled, this aquifer has had its pressure reduced substantially and many once flowing wells flow no more.  The extensive Ogallala Formation, a huge underground lake lying beneath parts of northern Texas, Oklahoma, New Mexico, Kansas, Colorado, Nebraska, Wyoming, and South Dakota is the principal geological unit in the High Plains aquifer, which underlies 174,000 square miles. This aquifer has a maximum saturated thickness of about 1,000 feet, an average thickness of about 200 feet and contains about 3.25 billion acre-feet of drainable water.  Recent count shows that more than 170,000 wells have been drilled into this aquifer for the irrigation of about 13 million acres of land that produces about 15 percent of the nation’s total production of corn, wheat, cotton, and sorghum and about 38 percent of the livestock.  Estimates are that about 24 million acre-feet (an acre-foot equals one foot of water, over one acre, which is 325,851 gallons) are being taken out each year.  The recharge is only about three million acre feet.  In places, the water in the Ogallala aquifer has dropped more than 120 feet.  The U.S. Geological Survey estimates that the volume of water in storage has decreased about 166 million acre-feet up to 1980 and computer models predict a continuing loss in water.  Each year it is estimated that Arizona uses 2 ½ million acre feet more of groundwater than is replenished by natural means (Youngquist ’88: 190, 191).

It is estimated that it takes about 40 gallons of water to put one egg on the table, 3600 gallons of water to grow a bushel of corn, 150 gallons to produce a loaf of bread, 375 gallons for five pounds of flour, about 2,500 gallons to make one pound of beef and 100,000 gallons to make an automobile.  According to the U.S. Geological Survey, the United States uses about 89 billion gallons of water a day, and of this, 20 percent is groundwater.  Over one-third of the irrigated land in the United States is watered by groundwater.  More than 90 percent of people in rural America use groundwater for their domestic purposes.  About 20 of the larger cities get most of their water from wells, and in twelve states, groundwater provides more than half of the total public water supplies.  Nearly 100 percent of the groundwater is rainwater or melting snow, which seeps into the ground and is stored for a time, and then may emerge as springs or, seeps or be taken out of the ground by artificial means, through wells (Youngquist ’88: 188, 189).

Through photosynthesis, forests both contribute oxygen to the atmosphere and remove carbon dioxide from it by storing carbon in the form of plant tissue.  Forests purify water by filtering it through litter and soil.  Much of the water we drink, either from surface or underground sources, comes from forested watersheds.  Forests also increase the amount of water reaching groundwater reservoirs by slowing the rate of surface runoff (which helps prevent floods) and thus increasing the percolation of runoff into the soil.  This helps recharge deep groundwater, raises the water table, and makes for more persistent stream-flow during dry seasons, benefiting vegetation and wildlife.  More than half of the water supplies in the western United States flow from national forests.  Water from healthy forested watersheds can be used with minimal treatment by cities.  When damaged forests no longer perform their hydrological functions, expensive advanced treatment plants may be needed, raising monthly domestic water bills. Forests build and protect the soil.  Trees shelter soil and soil-building organisms from the effects of direct sun, wind and precipitation.  Forests are important contributors to the health of aquatic ecosystems, providing food for insects by contributing leaves and other detritus to the water.  This material serves as food for microorganisms, insects and other life-forms in the aquatic food web.  The effect of temperature on stream ecosystems is profound.  Cooler water contains more oxygen than warm water, and oxygen is necessary for survival, growth and reproduction of aquatic organisms (Berger '08: 14).

Forest hydrology is part of the science of hydrology that is concerned with the role of the forest vegetation and the hydrologic effects of land management in a forest setting.  Forests play a protective role concerning water and soil.  The hydrologic effects of deforestation and the importance of forest cover in maintaining water flow in streams and rivers is of public concern.  Forests influence the hydrologic response of a watershed (a topographically delineated land area that is drained by stream system) by affecting the physical and biological characteristics of soils the microclimate and the fate of precipitation.  Forest influence in the hydrologic cycle can be examined by considering the water budget of a watershed for some time period, defined as :

Q = P – ET – dS +/- L

Where:


Q = water yield


P = Precipitation

ET = Evapotranspiration, including interception evaporation from soil and water bodies, and transpiration

dS = change in storage = S2 – S1 or the difference in storage at the end of the period minus the storage at the beginning of the period, and 

L = leakage out of or into the watershed (deep groundwater) (Brooks & Ffolliott ’96: 26, 27).

The water budget provides the basis for understanding the hydrological role of forests.  Forests generally occur where there is an abundance of precipitation.  Although not truly precipitation, the interception of fog by forests can increase moisture inputs to a watershed. Forests that occur where there is a high incidence of fog or low clouds (e.g. coastal regions and high elevations in the humid tropics) can intercept atmospheric moisture and add water that would not otherwise occur as precipitation.  For example, fog drip from Douglas fir forests on the windward side of the Cascade Mountains in Oregon can add up to 880 mm of water per year.  In such instances, the removal of forest does not affect annual precipitation, but can reduce moisture input to a watershed.  Although forests do not strongly influence gross precipitation, they do affect the net amount of precipitation that reaches the soil surface.  Forest overstory and understory canopies and forest litter have the capacity to intercept precipitation that, in turn, is evaporated to the atmosphere before reaching the soil surface.  Each type and age class of forest vegetation has its unique interception storage characteristics.  The total interception loss for any particular storm, however, is also a function of the wind velocity, rainfall intensity, and other storm characteristics.  In terms of an annual water budget, interception represents a loss of water from a watershed.  Interception also plays a different hydrologic role – that of protecting the mineral soil surface form the energy of falling raindrops.  The litter layer covering the soil surface is critical to providing this protection (Brooks & Ffolliot ’96: 27).

Interception of rainfall by broad-leaved trees in the eastern United States averages about 10% of the annual rainfall.  Interception of rainfall in the coniferous forests of the southern United States averages about 15% of total rainfall. Interception storage of rainfall in the coniferous forests of the northern United States is between 5 and 15% for rainfall events less than 25 mm, and between 15 and 30% for rainfall events over 25 mm.  Depending upon forest density, between 10 and 25% of rainfall is intercepted by coniferous forests of the Rocky Mountain region.  Interception in the coniferous forests of the Pacific Northwest varies with the size of the rain storm, ranging from 100% in storms less than 1.5 mm to 10 to 15% in storms greater than 75 mm.  Coniferous forests in Canada intercept 15 to 40% of annual precipitation, depending upon the type of precipitation event and density of the forest cover.  Deciduous forest stands in Hungary intercept about 25% of the annual precipitation, varying between 30 and 40% of the growing season and 20 and 30% in the dormant season.  Interception by forests in the humid tropics appears to be more variable than in temperate regions.  In India, conifer and broad leafed plantations were reported to intercept 20 to 25% and 20 and 40% of annual rainfall, respectively.  Natural teak forests in Thailand intercepted about 65% of the total rainfall compared to less than 5% in the dry-evergreen forests.  In the lowland rain forests of Peninsular Malaysia, the interception of rainfall is 20 to 25% of total rainfall.  On the average, rainfall interception in the humid tropical forests of the Philippines is between 60 and 70% of total rainfall.  Interception from a secondary lowland tropical rainforest in West Java, Indonesia, amounted to 21% of rainfall.  In dryland forests, annual interception losses are generally lower because of lower canopy densities.  However, the percentage of annual precipitation that is lost via interception can be significant.  Between 5 and 10% of annual rainfall is intercepted in conifer woodlands of the semi-arid southwestern United States.  Up to 70% of the late summer rainfall is intercepted by trees in oak woodland communities of the southwestern United States and northern Mexico.  Snowfall interception is more difficult to quantify than rainfall, because neither the initial amount of snowfall nor the water content of the accumulated snow on foliage can be measured accurately.  Studies indicate that snowpack water equivalents are greater in clearings than in the trees.  Snow accumulates rapidly on the foliage of forest overstories, especially in conifers, but it subsequently can be blown off by wind, dislodged by falling snow from other branches washed off by rainfall, melted as snow or vaporized directly into the atmosphere.  Studies from around the world indicate that interception varies considerably (Brooks & Folliott ’96: 28, 29).  The sum of evaporation from soils, plant surfaces (interception), and water bodies, together with transpiration, is collectively called evapotranspiration (ET).  On forested sites, ET usually represents a high percentage of the annual precipitation, approaching 100% in some cases.  Changes in vegetative cover that reduce ET frequently result in increased streamflow and groundwater recharge.  Increases in ET generally have the opposite effect (Brooks and Folliott ’96: 29-31).
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Natural, undisturbed forests generally have the highest rates of infiltration compared to any other type of vegetation.  In humid temperate regions, litter cover, the high organic content of forest soils, and the large number of macropore (e.g., worm and burrowing animal activity) in forest soils create a porous soil with a surface that is open and receptive to rainfall.  When forest cover is removed, and in some cases, replaced with crops or other vegetative cover, the hydrologic properties of soils can be changed dramatically.  Such changes in soil characteristics can reduce infiltration, thereby increasing surface runoff and the potential for soil erosion.  Infiltration measurements in northern Minnesota indicate that final infiltration rates in sandy loam soils with forest cover commonly exceed 200 mm/hr; in contrast, adjacent logging trails and landing areas can be less than 10 mm/hr.  When undisturbed, forests rarely experience overland flow.  Because forest soils tend to have high infiltration rates, subsurface flow is more common than overland flow in most situations.  Subsurface flow of water through forested hillslopes is the dominant pathway by which streamflow is generated form most forested watershed.  Soil horizon development determines depth and location of major pathways of flow and that water can quickly move through soils and reach channels at the base of hillslopes.  In most forested watersheds, water yield increases up to 25 to 40% can results when: (1) Forest cover is removed either by clearcutting or thinning; (2) Forest species with high interception storage are replaced by species with lower interception storage; (3) Deep rooted trees (vegetation) are replaced by shallow rooted trees (vegetation); (4) Forests are replaced by agricultural crops or urban areas, and; (5) Species with a higher annual transpiration amount are replaced by species with lower annual transpiration; e.g. evergreens vs. deciduous species (Brooks & Ffolliott ’96: 31-34).

Changes in flow patterns and sources of sediment can alter the dynamics of watershed systems.  Hillslope processes, stream stability, and the physical and biological nature of aquatic ecosystems can all be affected.  Forest vegetation generally provides the greatest protection against surface and gully erosion than other types of vegetative cover.  The lowest rates of surface erosion are commonly associated with forested areas.  Likewise deep-rooted tree species provide the greatest slope stability in areas susceptible to soil mass movement.  It follows that streams within forested watersheds characteristically carry low sediment loads.  As a result, streams in forested watersheds evolve under more stable flow regimes with lower sediment loads, and usually lower nutrient loads than other types of vegetative cover and land use.  Land-use activities that change vegetative cover, alter water flow regimes, and affect soil erosion, can ultimately affect scour and deposition relationships in stream channels.  As a result, changes in the dynamic equilibrium of water flow – sedimentation relationships can ultimately alter the physical characteristics of the stream channel itself.  Streamflow-flooding relationships can then change which, in turn, lead to costly and often ineffective human interventions aimed at “fixing” channel problems.  Changes in streamflow-sedimentation relationships, particularly by engineering diversions, can have an impact on riparian areas and aquatic stream ecosystems (Brooks & Ffolliott ’96: 34, 35).
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Forests are also at risk from air pollution.  Air pollution created by heavy industry, fossil-fueled power plants, and internal combustion engines produce oxides of sulfur and nitrogen that form nitric and sulfuric acid in the atmosphere.  Carbon dioxide from natural and human sources also combines with atmospheric moisture to produce carbonic acid.  All of these acids naturally tend to acidify precipitation falling on forests and other ecosystems.  Airborne acids eventually fall out of the atmosphere in the form of acid rain, sleet, snow or small solid particles.  They also hover in the atmosphere as acid fog, corroding high-elevation forests.  Acid precipitation harms forests through direct contact with trees and other plants and through indirect effects of the acids on soils.  The effect on forests differ from one forest community to another. Not only are some of the effects of hyperacidity on soil cumulative, but they also are exacerbated by other potent pollutants, especially zone, that affect leave and by environmental stresses that can weaken a tree's resistance to pests and disease.  The overall result may be to reduce tree growth and productivity, physically damage leaves, cause premature leaf fall, inhibit reproduction, alter species composition, increase susceptibility to disease or insects or climatic stress and increase mortality.  Whereas, at high concentrations, acid rain can damage plant leaves, shoots, cuticle (a protective waxy coating), and stomata (leaf pores through which plants breath), the most serious threat from acid rain appears to be the long-term cumulative effects on soil and aquatic ecosystems, particularly lakes, where the acid may accumulate, eventually killing aquatic life.  Aquatic life is also killed by mercury, a long-lasting and toxic heavy metal released from coal-burning power-plants, that have contaminated thousands of forest lakes and streams.  While some forest soils have a natural ability to neutralize acids, other soils are highly susceptible.  In the susceptible forest, acid precipitation increases soil acidity, and toxic sulfate and nitrate ions build up.  Soil changes then result in the mobilization of toxic aluminum and iron ions in soluble form from the soil.  These heavy metals are then thought to be preferentially taken up by tree roots, inhibiting the uptake of the calcium and magnesium essential for growth.  The latter two elements are also made soluble by acids but are then leached for the soil at an accelerated rate.  These processes could be responsible for slowing tree growth (Berger '08: 23, 24).

Four chemical components of deposition must be considered when assessing the potential influence of acidic deposition on forest systems – pH and hydrogen ion (H+) content, the concentrations and flux of acid anions [primarily sulfate, (SO42-), and nitrate, (NO3-)], the concentrations and flux of the cations ammonium (NH4+), calcium (Ca2+), magnesium (Mg2+), and potassium (K+), and the presence of phytotoxic metals such as aluminum (Al, manganese (Mn), and mercury (Hg).  Deposition may contain a wide range of additional elements, including (zinc (Zn), copper (Cu), nickel (Ni, cadmium (Cd), antimony (Sb), lead (Pb), arsenic (As), selenium (Se), iron (Fe) and titanium (Ti).  Atmospheric deposition of acidic compounds can occur in a variety of forms.  Dry deposition refers to the transfer of gases and particulate matter directly from the atmosphere to surfaces such as leaves, tree canopies or soils.  Acidic gases and particular matter can also be incorporated into precipitation and then be deposited to the earth via wet deposition (acid rain).  Occult deposition involves the transfer of gases and particulate matter to leaf or soil surfaces via fog/cloud droplets.  Most deposition reaches the forest floor as either throughfall or stemflow.  Throughfall refers to deposition which passes through the forest canopy, and stemflow refers to deposition which runs down the trunks and stems of trees.  Soil acidification can be simply defined as a decrease in pH and/or a decrease in the aid neutralizing capacity (buffer capacity) of a soil (Lyon & Sharpe ’96: 243, 244).

Emissions to the air of heavy metals can cause large-scale contamination of the environment.  Analyses of sediments from lakes in Sweden have shown an increased atmospheric deposition of lead above background levels from 2,600 years ago. Moss surveys have shown an overall steep gradient of deposition of lead, cadmium, mercury and vanadium in Sweden.  However, during the last 20 years the deposition of most metals has decreased significantly due to better emission control legislation, improved industrial cleaning techniques, decreased use of mercury and cadmium, and reduction of the lead content of petrol.  Concentration of zinc, copper and chromium are traced to iron and steel works and the engineering industries, as well as from mining.  In southern Sweden, lake sedimentation reveals that input of metals has increased by factors in the order or 50 for lead, 5-10 for cadmium, 5 for mercury and zinc, 2 for copper and lthan 2 for vanadium and nickel compared with background concentrations.  Further to the north these levels decrease.  Heavy metal content has a significant influence on soil-biological process.  Soil respiration is harmed by high concentrations of lead and mercury.  Concentrations of lead in young of the pied flycatcher (Ficedula h. hypoleuca) and young starlings (Sturnus v. vulgaris) are extremely high.  Increased concentrations of cadmium in moose (Alces alces) kidney have been recorded in regions with acidified soils where the concentration of cadmium is high.  Musle tissue from pike (Esox Lucius) caught in forest lakes, with n direct discharge from point sources, displays a general and clear five fold increase in mercury levels.  Pregnant women must be cautious about consuming fish containing high levels of Hg. About 50 percent of Swedish lakes (40,000 lakes) are estimated to contain pike in which mercury levels exceed the health-related enviorment goal of 0.5 mg/kg fresh weight.  Elevated mercury contnt in fish implies an environmental threat to fish-eating birds and mammals. The concentration of merciuryu in the red-throated diver (Gavia stellate) and black-throated diver (G. arctica) is extremely high.  The breeding population of red-throated divers has been reduced by 50 percent since the 10930s.  Also osprey (Pandion haliaetus), show risks for reproductive disturbances.  Soils with a surface layer rich in organic matter are sensitive to heavy metal deposition.  Although atmospheric deposition of most metals has decreased significantly during the last decades, the accumulation of mercury and lead in Swedish forests continues to rise, but at a slower rate.  To stop further accumulation, the deposition has to be reduced by about 80% for mercury and 50% for lead (Johansson & Annerberg ’96: 469-482).
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Riparian ecosystems consist of streams and rivers, along with the surrounding vegetation, which includes trees, shrubs, and other vegetation, growing along the stream channel.  Streams are more cohesive because of vegetation.  Forests reduce the total volume of run-off because they increase the surface area for evaporation, transpiration and slows the passage of run-off considerably.  Any alteration, such as clearance of forest in a narrow riparian strop of permanent stream, inevitably alters the pattern of stream discharge.  Removal of vegetation from banks results in less cover and possible soil erosion, thereby increasing sediment load.  After a stream has been channelized it will go through a series of stages until the vegetation recovers and stream flow stabilizes.  As the water flows through the channelized reach, it erods the stream bed causing degradation of the channel.  As the channel widens over the next 5 to 15 years, the banks become unstable, resulting in bank-slope failure, adversely impacting both woody and herbaceous vegetation.  Then over approximately a 50 year period, aggradation occurs with bank accretion and revegetation, which significantly stabilizes the channel.  Nutrient enrichment can alter the algal community.  For example, Gomphonema, Nitzchia, and Stigeoclonium replace Cocconeis, Ulvella, and Chamaesiphon, which generally occur below sewage outfalls.  In addition, Chlorophyceae, also thrive below sewage outfalls. Fish populations, including young salmon, often increase below farms due to increased algal growth as a result of fertilizers.  Deep plowing and first-time plowing changes the soil structure and releases soluble nutrients (nitrates and phosphates) into streams.  Fertilizers, sediment from soil erosion, herbicides and biocides are other forms of pollution occurring in farm run-offs.  The clearing of forest increases the calcium, magnesium and potassium in soils which augments the base cation levels and promotes higher concentrations of these ions in receiving streams.  In addition, there is an increase in nitrate concentration in the soil and nearby streams.  Riparian vegetation increases bank stability, decreases the rate of run-off, and reduces the amount of non-point source pollution and sediment reaching the stream.  Riparian vegetation is important to stream ecosystems and is necessary for maintaining water quality (Lyon & Sharpe ’96: 275, 280-283).  

8. Soil and Mycorrhizae
Forest soil is composed of varying proportions of minerals, organic matter, and air, and it is home to an almost immeasurably diverse population of bacteria, fungi, and other organisms, many of which are essential to healthy forests.  In addition to anchoring trees to the earth, soils provide virtually all of the essential nutrients and water used by trees.  The one characteristic of forest soils that distinguish them from agricultural soils is the vast complement of organisms – flora, fauna, vertebrates, and invertebrates – residing in upper soil layers, rich with organic matter.  Fungi and single-celled bacteria predominate in topsoil and are organized into microscopic communities representing hundreds, if not thousands of species only a small fraction of which science has isolated and identified.  Some bacteria are capable of fixing atmospheric nitrogen and converting it into forms trees can use.  Others are capable of unlocking essential nutrients bound in minerals.  Some of the most important functions of bacteria and fungi involve recycling nutrients from leaves and other debris.  They obtain energy from cellulose shed form trees but passed down from larger organisms like earthworms, newts, and others.  In the process of consuming complex carbohydrates, fungi and bacteria release nutrients in forms roots can use.  Nutrient cycling is a primary function of soil flora and fauna, and without the actions of these ecosystems would fail (McEvoy ’04: 57, 58).  
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The visible part of the forest may occupy a vertical space of up to 300 feet, or even more in some types of forests, where overstory trees may be huge.  In contrast, the unseen part of the soil is compressed into a few vertical feet or yards (meters).  Soil is important for at least seven reasons: (1) Soil is the repository of life; (2) soil plays a central role in the decomposition of dead organic matter, and in so doing not only renders harmless many potential pathogens, including those of humans, but also adds them to its store of potential nutrients; (3) soil stores elements that, in the proper proportions and availability, can act as nutrients for the plants growing in it; (4) soil shelters seeds and provides physical; (5) soil acts as the nursery for microbes, as well as mycorrhizal and decomposer fungi, arthropods, and other animals that nourish the forest; (6) soil both purifies and stores water, from which plants and animals derive their water and humankind draws it potable supply; and (7) soils of various kinds, acting in concert, are a critical factor in regulating the major elemental cycles of the Earth – those of carbon, nitrogen and sulfur.  Derived from the physical and chemical breakdown of rock and organic material, soil is enriched by organisms (bacteria, fungi, animals and plants) that live and die in it.  It is further enriched by animals that fed on plants or plant debris, evacuate their bodily wastes, and eventually die, decay, and return to the soil of their origin as organic material. Soil is the most biologically diverse part of a terrestrial ecosystem, including that of forests (Maser et al ’10: 35).

The processes whereby soil develops are divided into two categories of weathering, physical and chemical, both of which depend on (1) the properties of the “parent” material, such as its physical and chemical composition; (2) patterns of regional and local climate, and (3) the kinds of organisms that are available and capable of becoming established in the newly forming soil.   A single gram of soil (equivalent to four one-hundredths of an ounce) may contain between 10 million and 100 million bacteria and actinomycetes, one thousand to one hundred thousand fungal propagules, and a miles (1.6 kilometers) or more of fungal hyphae.  The tope 6 inches (15 centimeters) of soil may include as much as 1,000 pounds/acre (1,100 kilograms/hectare) of bacteria, 1,000 pounds/acre of actinomycetes, and 2,000 pounds of fungi.  The soil of an old Douglas-fir stand in Oregon has been estimated to contain about 3,700 pounds/acre (5,400 kilograms/hectare) of fungal mycelium, 4,800 pounds/acre (5,400 kilogram/hectare) of mycorrhizal rootlets, and 36,000 pounds/acre (40,300 kilograms/hectare) of woody roots.  The biomass of the belowground parts, including both coarse and fine foots, made up only 25 percent of the total biomass but consumed 40 percent of the annual, assimilated carbon.  Only 3 percent of the total biomass was in fine roots, but that 3 percent accounted for the most intense physiological activity.  Soil organisms such as bacteria, fungi, one-celled animals called protozoa, worms, mites, spiders, centipedes and insects of all kinds are critical to the cycling of nutrients required for growth of green plants because they (1) fix atmospheric nitrogen; (2) decompose (recycle) plant material; (3) improve the structure of the soil – organisms such as certain mycorrhizal fungi produce a substance called glomalin, a sugar-protein molecule that holds soil particles together, thereby increasing the aggregation so important to good soil structure; (4) mediate the soil’s pH, a determinant of what plants and animals can live where, and what chemical reactions can take place where; and (5) control disease causing organisms through chemical suppression or competition for resource and space.  Without the organisms plant communities would not exist (Maser et al ’10: 39, 40).

There are four other important characteristics that affect tree growth and productivity: soil depth, texture and structure, soil reaction and natural fertility.  Forest trees do not require a tremendous volume of soil to grow, so long as there is enough to meet basic needs, especially anchoring.  But shallow soil generally do not support productive forests.  Trees growing on bedrock, also known as ledge, or above an impervious layer caused by clay, or by a hardened soil layer found in glacially derived soil known as hardpan, or even on top of a high-water table, are incapable of reaching full potential.  In some circumstances where shallow soils cause roots to grow in the form of flattened mat, trees are susceptible to windthrow.  Where these conditions occur, periodic thinning of trees to promote diameter growth can open the canopy sufficiently to cause blowdown.  The texture of a soil refers to the relative proportions of sand, silt and clay, while soil structure is defined by the aggregation of particles.  Generally, fine-textured soils have a higher level of natural fertility than coarse soils, which tend to be nutrient poor.  The most productive forest soils are those characterized as loams.  A loam is an almost perfect combination of sand, silt, and clay.  It is a soil that drains well but is not droughty, allowing roots to develop without restrictions, yet it is strong enough to provide solid anchoring and is capable of holding high levels of essential nutrients in forms that trees can readily use.  Particles of sand, silt, and clay form aggregations with organic compounds in soils, which arise from byproducts, or wastes, of soil organisms.  The aggregation of particles is essential to a healthy forest because the more aggregated a soil, the more air space it has and the more water it can hold.  Well-aerated soils also supply oxygen to soil organisms and to tree roots (McEvoy ’04: 57-59).
Soil reaction is an indicator of soil chemistry and the availability of essential nutrients.  Sixteen elements are considered essential for plant growth, which means they have a functional role in plant nutrition.  Of these, thirteen are considered mineral nutrients obtained mostly from the organic or mineral components of soil.  The other three-carbon, hydrogen and oxygen – are building blocks of carbohydrates, the primary products of photosynthesis.  Trees obtain carbon from carbon dioxide in the atmosphere, and oxygen and hydrogen are obtained from soil water.  Seven of the remaining thirteen essential nutrients are called micronutrients because adequate levels of these elements are on the order of ounces per acre, not pounds or tons.  Micronutrients are almost never lacking in healthy forest soils.  The final six nutrients, used in relatively large quantities, are called macronutrients.  They are further categorized as primary and secondary according to relative needs.  The three primary macronutrients are nitrogen, phosphorus, and potassium; the secondary nutrients are calcium, magnesium, and sulfur.  Although trees are capable of taking up some of these nutrients from atmospheric inputs most are obtained by roots from the organic and mineral components of soil.  Soil reaction, also known as pH (potential hydrogen), is an indicator or a soil’s ability to hold ions of essential nutrients so that roots can take them up.  Most forest soils have a slightly low pH, primarily because of the biological actions of micro-organisms and secretions from tree roots  When pH is too low, essential mineral nutrient ions with positive charges are incapable of being held by soil particles, while those nutrient ions with negative charges are held so tenaciously that they are effectively locked up and unavailable to roots  When pH is too high the tables are turned but the effect is the same: nutrients are either locked up or washed through the soil.  Buffer capacity, is the degree to which a soil will resist a change in pH.  Fine-textured soils have more nutrient exchange sites and thus are more highly buffered than coarse soils (McEvoy ’04: 59, 60).

Soils vary widely in fertility, from almost inert sands in glacial outwash plains to deep, loamy soils derived from limestone and other mineral-rich bedrock.  Natural fertility is a function of all the factors – soil depth, texture, structure, and pH.  Over time, the nutrient pool of any forest soil will build, primarily in organic layers.  Most essential nutrients, and tree roots reside in the organically rich top layers of soil.  The actions of forest floor and soil-dwelling organisms – from newts and earthworms to fungi and bacteria – incorporate leaves and other organic debris into the mineral components of the soil.  They use carbon from the debris as a source of energy, and they recycle mineral nutrients tied up in these tissues.  They also produce chemical compounds (mostly as by-products) that help break down mineral particles, releasing essential nutrients while at the same time promoting the formation of aggregations of organic and mineral particles.  The more aggregated a soil, the better its ability to supply oxygen and water.  The proportion of organic to mineral compounds decreases with depth from the surface.  Depending on forest type, climate, and other factors, a single inch of well-aggregated topsoil consisting of equal parts organic particles, minerals, and air requires from a few years to many hundreds of years to form.  The thickness of topsoil layers varies from a few to many inches.  A well-developed organic horizon is an indicator of old forest.  Old-growth forests that have not had any major soil-related disturbances for two hundred years or more develop organic layers that are deep and spongy.  Regardless of site, most roots reside in the top few inches of soil, below the leaf litter.  The top layer of soil is mostly humus, an organic salad of leaves, twigs, and other woody debris in various stages of decay.  High carbon content in these layers provides energy for many different species of bacteria, fungi, and other organisms.  Just below the humus layer is a very high concentration of fine roots, also known as feeder roots, tapping into mineral nutrients that are by-products of decomposition.  When the leaf litter and humus layer in a relatively undisturbed forest soil are carefully pulled back, a mat of roots appear (McEvoy ’04: 61, 62, 64).
 
The surface of the floor in an old forest that has not been disturbed by human endeavors is not a smooth slope.  The forest floor is roughened by scattered stumps, pieces of collapsed snags, and whole fallen trees, their up-rooted butts, and the pits and mounds left by their uprooting.  Living trees make the forest floor uneven by sending roots outward along slopes, often near the surface.  And tree trunks distort the surface by sloughing bark and arresting creeping soil at their bases.   The sponge-like quality of healthy forest soil is derived from the air that normally constitutes half or more of its total volume.  Although soil appears to be a solid substance it has spaces filled with air among the particles and chunks that comprise its matrix.  These pockets of air are inhabited by all the organisms living in the soil – from microbes to larger organisms, as well as the roots of plants.  These organisms require air to breathe, and most require a steady supply of water flowing through the soil matrix.  Compaction of forest soil through the use of heavy equipment can increase soil’s density, reducing its air content, and ability to absorb and store water, causing drought, particularly in fine-textured clays and silts.  When this happens, growth of plants is slowed and the mortality of the soil’s microflora, microfauna and mycorrhizal fungi, as well as trees, is increased.  A tree may die standing as a snag, to crumble and fall piecemeal to the forest floor over decades.  Or it may fall directly to the floor of the forest as a whole tree.  Decomposing trees nourish the forest soils according to their chemical composition.  The large snags and fallen trees, become part of the forest floor and are eventually incorporated into the soil, where myriad organisms and processes make the nutrients stored in the decomposing wood available to the living trees. While harvesting live trees based on silviculture prescriptions is designed to make money, it does so within at least some planned ecological constraints; salvage logging, on the other hand, is reactive to keep one from losing potential monetary gains.  As such, salvage logging amounts to the unplanned, opportunistic extraction of trees largely without ecological constraints (Maser et al ’10: 148, 5, 6, 8, 9). After birds have pecked cavities in trees a fungi produces a heart rot in tree stems initiated by nitrogen-fixing bacteria.  Once the heart rot is well developed, it often becomes colonized by carpenter ants or termites.  Termites actually eat the wood but can digest it only by the action of microorganisms in their gut, whereas carpenter ants, which cannot digest the wood under any circumstances, spit it out rather than eat it.  It was estimated that the time required for the fungus Phellinus pini to produce a decay column attractive to the woodpeckers, from initial infection of the tree by spores to cavity excavation, was fifteen or more years.  The greatest diameter of the decay column typically occurred where the fungus produced fruit-bodies on the surface of the trunk, and the woodpeckers typically excavated a cavity just below the fruit-bodies (Maser et al ’10: 44). 

[image: image89.jpg]


Soil nourishes forest plants, supports microorganisms, provides habitat for animals, and catches, retains, and filters water, which flows through it to feed the plants or percolate into underground flows known as aquifers.  These underground reservoirs may discharge water to the surface in springs or flow directly into streams, lakes, and rivers.  When dead or dying plant tissue, such as bark and tree trunks, fall to the ground, they are broken down by organisms whose specialty in life is decomposition.  Mushrooms, other fungi, bacteria, termites, and beetle larvae feed on the decaying wood.  Billions of organisms - from years and fungi to moles, voles, shrews, salamanders, worms, beetles, spiders, mites, centipedes, millipedes, snails and slugs - are all busy underfoot in the leaf litter and the organic layer of soil.  All actively process nutrients and make them available to higher plants and other organisms.  Subterranean life helps to create the soil and exude compounds that bind soil particles together into useful little clumps called aggregates, which retain nutrients against leaching by rainfall.  The roots of many tree species are coated and interpenetrated with fungi known as mycorrhizae.  These intimate associates are fed by the roots and in return offer the roots some protection against root disease, stimulate root tip growth, and greatly facilitate nutrient uptake.  About ninety percent of all plants are thought to have mycorrhizae.  Mycorrhizae send fungal filaments called hyphae into the surrounding soil, from which they transport nutrients to the roots, which provide the fungi with sugars in return.  Exudates from roots and hyphae, along with sloughed organic matter, support a complex community of soil organisms that include bacteria, protozoa, and invertebrates.  Some trees, such as pines, grow on nutrient-poor soil and require mycorrhizae.  Plant roots hold forest soil in place and in turn build more soil when they die and decomposed, opening channels for water and air to enter soil. Masses of interwoven hyphal filaments known as mycelium are pervasive in the soil.  Without their presence and activity, soil would eventually become a dusty or sandy mass of unconsolidated particles that could be easily blown away by wind and swept away by water.  Trees shelter soil from the pounding of falling rain droplets and the harsh drying of wind and full sunlight. Fallen leaves, branches, and trunks further slow the overground passage of water, increasing the seepage (infiltration) of water into the ground (Berger '08: 18, 19).

Of all the essential elements, nitrogen is the one most commonly deficient in forests around the world.  Gaseous nitrogen cannot be used by more of Earth’s organisms so it must be converted into water-soluble compounds in which it is combined with oxygen to form nitrates and nitrites or with hydrogen to form ammoniuim.  Lightning causes nitrogen transformation but is too rare for Earth’s organisms’ nitrogen needs.  The free-living nitrogen fixers are bacteria and related, simple forms of life.  Cyanobacteria (also termed “blue-green algae”) occur all over the Earth because they are well adapted to hostile environments – such as the brackish water in Death Valley, California; the top of Pike’s Peak in Colorado; in near-boiling water at hot springs; and in water covered by permanent ice 15 feet (5 metres) thick in Antarctica.  These free-living nitrogen fixers are estimated to contribute annually up to a billion metric tons (just over one billion, one hundred million U.S. tons) of fixed nitrogen worldwide.  In the Pacific Northwest nitrogen is fixed in canopy-dwelling lichens, such as Lobaria, that fertilize the soil when storms blow down pieces to the forest floor where there is too much shade for many nitrogen-fixing orgnaisms.  Several groups of true bacteria are also free-living nitrogen fixers.  Azospirillum, lives in constant association with mycorrhizal fungi in Douglas-fir forests.  It’s found in the fungal mantle of Douglas-fir ectomycorrhizae formed with the truffle fungus Rhizopogon viniolor and both are spread by truffle consuming animals.  Annual contributions of nitrogen fixed by legumes worldwide in all types of ecosystems have been estimated at150 to 200 million metric tons.  Actinomycetes are moldlike bacteria, which form nodules on various trees and shrubs in forests.  These nodules tend to be larger than those of legumes and branch repeatedly in a coral-like configuration.  In western North America, alders are important hosts to nitrogen-fixing actinomycetes in moist habitats.  Growth of Douglas-fir can be strikinglyiproved if alders are interplanted among the firs.  Actinomycete-nodulated shrubs, such as snowbush r bitterbrush, may abound in dry forests of the region.  The trees provide sugars and other photosynthetic products needed by fungus and bacterium, or, with lichens, the cyanobacteria perform the dual roles of photosynthesis and nitrogen fixation.  The fungi provide nutrients and water to both host and nitrogen-fixing microorganisms (Maser et al ’10: 40-43).  With the mediation of nitrogen-fixing organisms trees are able to derive nourishment, sometimes nearly exclusively, from their own decaying detritus, although no species can tolerate detritus of their own species.

Mycorrhiza is a universal phenomenon in the plant kingdom.  Most of the land plants depend on mycorrhizas for the uptake of nutrients and other soil derived substances.  The fungal symbiont also benefits from the derivation of carbohydrates, vitamins and amino acids from the host as energy source.  Mycorrhizal habit evolved as a survival mechanism for both partners in association allowing each to survive in environment of low soil fertility, drought, disease and temperature extremes where alone they could not survive.  In nature several types of mycorrhiza occur – Ectomycorrhiza (ECM), Vesicular Arbuscular Mcorrhiza (VAM), Ericoid Mycorrhiza and Orchidaceous Mycorrhizas. Ectomycorrhizas occur in about 10% of the world flora.  Trees belonging to Pinaceae, Fagaceae, Betulaceae, Salicaceae, Juglandceae, Myrtaceae, Ericaceae and the Gymnosperms are ectomycorrhizal.  Ectomycorrhizas are formed by fungi belonging to Ascomycotina and Basidiomycotina.  ECM fungi fail to form fruiting body in the absence of the autotrophs.  Sterile fungi like Coenococcum also form ectomycorrhiza.  Roots with ECM show restricted growth and dicotomous brnching.   Endomyorrhizas, also known as Vesicular Arbuscular Mycorrhiza (VAM), are formed by fungi belonging to Glomales of Zygomycotina.  The fungi form association with members of Bryophyta, Pteridophyta, a few Gymnosperms and majority of Angiosperms.  The infection of hyphae form bush like arbuscules with a life span of 4-15 days.  Vesicles are terminal swelling on inter or intra cellular hyphae. Ericoid Mycorrhia are associations from members of families belonging to Ericales.  Mycorrhiza of Ericales are divided into ericoid and arbutoid forms.  Ericoid mycorrhizae are formed on very fine root systems of most speices of Ericaceae, Epacridaceae, and Empetraceae.  Hyphal development around root is copious and forms a loose weft within the cells.  Very extensive hyphal coils develop in th epidermal cells so that large quantities of fungal tissue are associated with the roots. Later both fungal and host cells degenerate.  Host plants in this case are fully autotrophic shrubs and small trees growing in acid or peaty soils.  Arbutoid mycorrhiza of Ericales is characteristic of Arbutoideae and Pyrolaceae e.g. Arbutus unedo, Acrostaphylos and Pyrola.  Short roots of these plants are encased in pseudoparnchumatous sheath or mantle and also hae well development Hartigs net between epidermal and cortical cells.  Epidermal cells get penetrated by simple hyphalpegs which may later form the coils.  Orchidaceous mycorrhizas result from the demand of all orchids, whether chlorophyllous or achlorophyllouis, that pass through prolonged seedling phase during which they are unable to photosynthesize and an exogenous supply of carbohydrates, vitamins and growth factors, which is supplied by (pseudomycosymbiont) Rhyzoctonia sp.  Apart grom fungi, vtinomyete like Frania has apacity to form symbiotic association.  Such association is given the name ‘Actinorrhiza’.  This is generally reported from a few Angiosperms and Gymnosperm e.g. Alnus and Betula.  Frankia is capable of fixing atmospheric nitrogen hence, help host plant in colonizing infertile lands (Mukerji & Sharma ’96: 95-100).

Both abiotic and biotic factors affect distribution and mycorrhizal association in the ecosystem.  Temperature is a factor.  Increased VAM colonization and chlamydospore production was observed with increase in soil temperature.  Maximum arbuscule development and root colonization take place between 30-34°C.  High air temperature was found to favor mycorrhiza formation by A. scrobiculata and G. clarum in nursery and Eucalyptus spp. forests.  Extreme low temperatures are also tolerated by mycorrhizal plants compared to non-mycorrhizal plants.  At 10°C mycorrhizal plants had greater biomass, carbohydrate and protein content than non-mycorrhizal plants.  Most ectomycorrhizal fungi grow between 8° and 27°C.  Strains of Rhizopogon luteolus showed maximum colonization at 25C, S. granulatus at 20-25C and S. luteus at 20C.  Low temperature strains of Suillus plorans are chosen for inoculation of Pinus cembra at higher level planting in the Alps.  Light strongly affects the development of mycorrhiza which is related to the rate of photosynthesis in host plants.  Mycorrhizal fungi are known to improve plant growth under water stress conditions.  Water is transported rapidly at the rate of 27 cm/ha along fungal strands to ECM roots of Pinus sylvestris.  Non-mycorrhizal root tips of Pinus strobus and P. taeda became dormant after a period of severe stress and showed no renewed growth.  Root systems with abundant Pisolithus tinctorius are capable of extracting water and nutrients from large soil volume during periods of severe stress than other root systems.  Drought may suppress less tolerant fungi and prevent them from replacing P. tinctorius on root systems.  Many survey shave suggested the higher occurrence of mycorrhizal fungi between pH 6-7.  Near neutral pH facilitates germination.  pH of 4.5-7 favor colonization of roots by Acaulospora scrobiculata and G. carum.  As pH increases from 4-7, colinzation by G. etunicatum and G. intraradices increase, but with another isolate of G intraradices colonization remained unchanged.  Ectomycorrhizal fungi show wide range of pH tolerance.  They usually grow at pH 3-7.  Hyphal mats of Hysterangium crissum have higher oxalate crystal concetrations compared to uncolonized litter soil material.  With dissolution of phosphates in soil, oxalic acid forms insoluble precipitates with Ca, Fe and Al, providing tolerance of some mycorrhizal trees to alkaline soils.  Phosphorus uptake is indirectly related to acid and alkaline phosphatase activity of the mycorrhizal roots.  Low nutrient level factor ectomycorrhizal development in Pines.  In Beech mycorrhizae 90% of phosphate taken up accumulates initially in the fungal sheath and then moves slowly into host tissue by the processes which are sensitive to metabolic inhibitors.  Nitrogen in soil both as NH4 and NO3 form are known to reduce mycorrhizal development.  Mycorrhizal fungi are known to help plants withstand stress due to salinity.  VA mycorrhorizal colonization of roots of salt tolerant grasses such as Festuca and Distichlis were inversely highly correlated with sodium concentration of soils.  Plants exert a selective effect on mycorrhizal species.  Species of Gigaspora are favored by soybean as compared to cotton and peanut favoring species of Glomus (Mukerji & Sharma ’96: 104-108). 

Mycorrhizal fungi are commonly present in all types of soil habitats and forms association with almost all types of plants.  Mycorrhiza help in improving survival and growth of transplanted seedlings.  When soil becomes infertile and unfit for cultivation as the result of a lack of vegetation, mycorrhizal fungi can be effectively used for aforestry practices.  Apart from usin gmycorrhizal fungi use of fast growing leguminous trees are also helpful as they fix atmospheric nitrogen and improve soil fertility, making land habitable for other plants.  Mycorrhizae are important for nitrogen fixation.  Humid tropics are low in Phosphorus, and mycorrhizae play an important role establishing and growing trees in reforestation by better uptake of nutrients.  Since 1966, USDA Forest Service Institute for Mycorrhizal Research and Development (IMRD), began cooperation to develop commercial methods for producing inoculum of Pisolithus tinctorius.  It was shown that P. tinctorius reduced seedling losses by 25% and increased fresh weight of seedlings by 20%.  In 33 different tree nurseries in 25 states on 14 tree species research showed that inoculum of P. tinctorius was effective in both bare roots and containerized seedlings.  Ability of P. tinctorius inoculated plants to grow in adverse and disturbed sites in eastern America increased.  Bare root loblolly pines with P. tinctorius had 400% greater plot volume than control seedling with Thelephora terrestris, seedling with P. tinctorius had more foliar N and less S, Fe, Mn & Al than control  Similar results were found when inoculated loblolly and pitch Pine (P. rigida) with P. tinctorius or Thelephor terrestris on acid spoils in Tennessee and Alabama.  Largest gains were in most adverse coal spoils.  Production of fruit bodies of P. tinctorius were prolific on coal spoils, where inoculated plants of loblolly, shortleaf and Virginia Pine grew.  More field studies are needed to overcome limitations on commercial exploitation of mycorrhizae (Mukerji & Sharma ’96: 111-114)

The fungi have evolved two major nutritional groups: (1) the saprotrophs or decomposers, which produce enzymes that enable them to utilize the carbon in dead organic matters as their energy source and (2) symbionts in which two or more organisms live together to mutual benefit.  Lichens, for example are a symbiosis between certain algae and fungi.  Another type of symbiosis is termed “biotrophic parasitism” in which one organism takes its nourishment from another and gives nothing in return, but does not kill its host.  Necrotrophic parasitism is when one organism not only extracts its nourishment form its host but also kills the host in the process.  Nutrient exchange between a tree and mycorrhizal fungus is symbiotic; the tree provides the fungus with carbohydrates form photosynthesis.  Fungal hyphae, extending from the mycorrhizae into the soil act as extensions of the tree root system, thereby assisting in uptake of water and nutrients such as nitrogen and phosphorus.  Fungal filaments of the mycorrhizae produce exudates used by free living bacteria, which convert atmospheric nitrogen into a usable form that moves through the fungus into the tree.  In a highly magnified cross section of an ectomycorrhiza (about half a millimeter in diameter) the large, rounded cells are those of the rootlet, with the fungus growing between them to form a network, referred to as the “Hartig net”.  
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Wood decomposers are crucial to forest health and nutrient cycling.  Without decomposition the accumulation of woody material would impede development of much of the plant and animal life on the forest floor and create an unimaginable fire hazard.  In combination with bacteria arthropods, and mollusks these fungi slowly break down wood into spongy organic material that retains large amounts of rainwater into the dry season, that captures nutrients from precipitation and litterfall.  Insects, amphibians, and small mammals can tunnel through the softened wood in search of food and shelter.  Bears can tear it apart.  Moreover, the decomposing wood is gradually incorporated into the soil, where it imparts a healthy, spongy structure that not only invites roots to proliferate but also increase the soil’s water-holding capacity.  Dung specializing fungus are also important to nutrient cycling, they bind feces into organic compounds in the fungal tissues and the nutrients thus captured are slowly released through the aid of insects and bacteria either by exudation form the fungi or by decomposition of the fungal filaments and fruit-bodies.  Even more specialized are the “proteiphilous” or “protein-loving” fungi also termed the “corpse fungi” because they live and fruit as mushrooms on dead animal parts.  Lethal diseases of trees are good examples of necrotophic fungi, such as Dutch elm disease, chestnut blight, white pine blister rust, and the recently emerging “sudden oak death” discovered in California and spreading to many places in the world.  All these diseases were introduced into North America from abroad.  Some fungi that rot tree roots can live by parasitism.  The honey mushroom for example can nibble away at the root system of a tree for many years without killing it, because the tree can produce new roots about as fast as the infected ones die.  Chlorophyll-lacking plants (e.g., coral-rots of the orchid family, as well as pine drops and Indian pipe in the heath family) appear to be parasites.  They form mycorrhizae with fungi that are extracting sugars form the tree rootlets and forwarding them to the chlorophyll-lacking plant.  Because there are so many trillions of spores dispered in the soil by wind, and so few of them grow immediately, although they stay active, large-scale commercial picking of wild chanterelles and white matsutakes, as is now common in the Pacific northwestern United States, does not harm the mycelium if the harvesting is properly done (Maser et al ’10: 50-56, 66).  Commercial mushroom harvesting license are sold for around $100 by region.

Animals large and small are attracted to truffles.  Each species of truffle produces its own aromatic profile.  The aroma safeguards the fungus from being eaten before spores are fully formed because immature specimens initially produce little odor, but as spores mature, the fruit-body begins to produce its aroma.  Truffle odors vary remarkably from one species to another.  Some begin as a fruity essence that, by maturity, takes on the aroma of a hearty, red wine.  [image: image91.jpg]


Others start out as a mild cheese, which later intensifies to the odor of strong Limburger.  Still others progresses from a mild onion to reek of garlic.  Dried specimens of Leucophleps spinispora have an aroma resembling aniseed.  The Perigord and Italian white truffles, perhaps the most expensive of all foods, have distinctive but perplexing odors.  Bismethyl thiomethane is the main chemical responsible for odor in the Italian white truffle, Tuber magnatum.  A number of compounds, including a mixture of alcohols, other oxygen containing compounds, and dimethyl sulphide are accountable for the scent in fruit-bodies of Tuber melanosporum.  Dimethyl sulphide is also the primary ingredient in odors of Tuber aestivum fruit-bodies, along with a mixture of oxygen-containing compounds.  The aroma of fruit-bodies from a variety of Tuber spp. has been mainly attributed to thiobismethane, although oxygen-containing compounds have also been identified.  During the peak of the season, at least in good years, the truffles fruit in such abundance that the animals cannot harvest them all.  Pigs were initially used to hunt for high priced Perigord black truffles and Italian white truffles, but now dogs are used (Maser et al ’10: 67-74).  

Successful truffle gatherers dig where they find squirrel and animal digs.  Many truffle species are not very tasty and some are toxic.  All organisms require adequate nutrition and energy in order to thrive and reproduce.  In a forest environment, these essentials for life can be derived from a variety of sources. For instance, carnivorous mammals (e.g., wolves, foxes and quolls) acquire nutrients and energy primarily from eating the flesh of other animals.  In contrast, herbivorous mammals (e.g. deer, kangaroos, marmots, and wombats) acquire nutrients primarily from eating plants, be they vegetative materials (e.g. leaves and stems), reproductive parts (e.g., flowers, fruits, and seeds) or combination thereof.  Omnivorous mammals, such as bears and bandicoots, on the other hand, eat a variety of food groups, including invertebrates, vertebrates (in the case of bears), plant materials, and fungi.  A mammal that eats fungi in significant amounts may be described as fungivorous or, more commonly, as mycophagous.  They may be obligate, preferential, or opportunistic when it comes to eating fungi.  Should fungi occur only seldom in a mammal’s diet, the species in question is more likely to be an accidental fungus feeder.  California red-backed vole depend almost entirely on truffles as a food resource, 85 percent of stomach contents.  The only other dietary item of note was the hairlike fruticose lichens in the winter, but still in small amounts.  These two food items accounted for more than 98 percent of their diet.  The northern flying squirrel is also a preferential mycophagist from the tree line in the Arctic across the northern coniferous forests of Alaska and Canada south through the Cascade Range of Washington and Oregon and the Sierra Nevadas almost to Mexico, and south through the Rocky Mountains to Utah and along the Appalachian Mountains to Tennessee. Deer mice, chipmunks, mule deer, North American elk, black bears and mountain goats are all avid consumers of truffles in season.  Even some carnivores may be opportunistic mycophagist, such as the fisher.  Water content in mushrooms is so high, 80 to 90 percent, that a study showed that small mammals fed fungus did not need to drink any water in their cage.  Fungus make a good claim as a meat substitute for bone and tooth apatite production although they require some iron supplementation as from steamed stinging nettles.  Macroelements include nitrogen, phosphorus, calcium, potassium, magnesium, sodium and sulfur.  The crude-protein content of fruit-bodies, like fats, depends on species and ranges from 6 to 42 percent of dry weight.  Total nitrogen-free carbohydrates range [image: image92.jpg]


from about 28 to 85 percent of fleshy fungi on a dry weight basis.  However, much of the carbohydrate is poorly digestible compounds, such as cellulose.  At least ten sugars and eight sugar alcohols have been reported in fleshy fungi (Maser et al ’10: 75, 76, 79, 86, 94, 95).   Dung beetles and other creatures that feed on animal feces harvest fresh dung on the soil surface by rolling it into a ball much larger than themselves.  They dig a burrow, tumble the dung ball into it, and then bury themselves in the ball, and after mating the female lays eggs in it (Maser et al ’10: 44, 45) 

9. Disturbances 
Spatial patterns on landscapes result from complex interactions among physical, biological and social forces.  Most landscapes have been influenced by human cultural patterns such as farm fields intermixed with woodlots, town and county parks, and suburbia that surround a town.  In turn, the town may have a larger backdrop of managed forests.  The resulting landscape is an ever-changing mosaic of little, unaltered patches mixed with heavily manipulated patches of habitat that vary in size, shape, and arrangement.  A disturbance is any relatively discrete event that disrupts the structure of a community of plants and animals or disrupts the ecosystem as a whole and thereby changes the availability of resources and thereby restructures the physical environment.  Ecosystem altering disturbances range from small grass fires, floods, major storms, earthquakes and tsunamis.  The extent of such ecological perturbations as fires, floods, windstorms, insect outbreaks are important processes in shaping a landscape.  The connectivity of habitats within a landscape is of prime importance to the persistence of plant and animal species in viable numbers, including healthy populations of predators.  These are important in keeping prey species from overexploiting their food sources and consequently degrading the habitat.   Whether populations of plants and animals survive in a particular landscape depends on the rate of local extinctions from a patch of habitat and on the rate that an organisms can move among patches of suitable habitat.  Species that live in patches of habitat isolated from one another as a result of habitat fragmentation are less likely to persist.  Natural disturbances can be long term and chronic, such as huge movements of soil that take place over hundreds of years (termed earth flow)), or acute, such as a big, fast-moving fire in a forest.   Regardless of the type of disturbance, large, interactive systems perpetually organize themselves to a critical state in which a minor event can start a chain reaction that leads to a systemic, and often dramatic, catastrophe, after which the system will begin organizing toward the next critical state (Maser et al ’10: 105-111).  
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Fire exists in almost every part of the world and is the most common disturbance of vegetation (Harris & Ashton ’97: 83). Between 300 and 400 million hectares burn annually wordwide, much of it in Africa.  The Global Fire Monitoring center (GFM) and the Global Observation of Forest Cover Fire Implementation Team have called for international joint efforts to launch an operational space-borne fire monitoring system that will allow real-time and complete coverage of wildland fire events and fire impact around the world.  The total global area burned in 2002 and 2003 – of which about half was in Africa – appears to be comparable to long term averages, in the annual range of 300 to 400 million hectares per year.  According to daily updates of GFMC, wildland fires continue to claim lives, destroy valuable private and public property and emit compounds that affect the composition and functioning of the atmosphere.  Wildland fires and land-use fires consume an estimated average of more than 9 billion tonnes of vegetative biomass globally each year.  On average, nearly 100,000 wildfires burn approximately 7 million acres of land each year. Most of the past century’s wildfire activity has been seasonal in nature. However, recent years have proven otherwise, and we have experienced fire activity in every month of the calendar year. Firefighters are successful in extinguishing 97% of these 100,000 fires and containing them to less than 10 acres in size. No other country comes close to this benchmark of success.  Costs average about $4.7 billion per year for federal (USDA, DOI, DOD and other federal agencies), state and local governments for suppression of these wildland fires that escape initial action.  In the 1960s the U.S. lost on average about 209 structures per year, each subsequent decade shows growing numbers in this escalating trend and between 2000 to 2010 38,601.structures burned.  There are 56,000 wildland firefighters within the federal and state government; this includes all employees utilized for firefighting, even if it is not their primary job. In the Fire Service, there are about 1.1 million structural firefighters, roughly 825,000 volunteer and 275,000-paid career. It is estimated that about 100,000 are involved with wildland firefighting to some degree or another. It is interesting to see that there are estimated to be about 18,590 contract wildland firefighters, helping to fill the gap in personnel needs in very active fire seasons. Between 2001-2012, over 200 on-duty Wildfire Fighter fatalities occurred.  That comes to about 20 deaths per 100,000 workers, or 20 deaths per year.  The 2013 fire season has been one of the most catastrophic seasons on record; as of July 1, at least 24 workers have died while performing wildland fire related duties.  Nineteen of these deaths occurred during the recent Yarnell Hill fire in Arizona (Bailey ’13). Common hazards faced on the fire line can include burnovers/entrapments, heat-related illnesses and injuries, smoke inhalation, vehicle-related injuries (including aircraft), slips, trips, and falls. Wildland firefighters must also be aware of increased risks of heat-related illness and rhabdomyolysis resulting from the breakdown of damaged muscle tissue and can cause permanent disability or death.
During 2002-2003, unprecedented high temperatures and drought in several regions broke records dating back 150 years.  Extreme conditions resulted in severe fires in Australia (around Canberra), Canada (British Columbia), Italy, Portugal and the United States (California) causing the loss of more than 100 lives.  2 million hectares have been burnt on average for the past eight years in the United States.  In Portugal fire area quadrupled compared with average years, and in France the area more than doubled the average.  In South Africa, large stores of industrial roundwood burned in 2003, while in the Russian Federation, 24 million hectares of coniferous forests and other lands were affected by wildfires in the same year.  In tropical Asia and Latin America, land-use fires and associated smoke pollution continued to affect public health and safety.  Human casualties caused by mudslides occurring after fires or flash floods and public health affected by extreme wildland fire smoke pollution.  Forest health is also affected by wildfires, which are often associated with insect infestation, for example of Siberian moth (Dendrolimus superans sibiricus) in Mongolia and the Russian Federation and Southern pine beetle (Dendroctonus frontalis) in most Central American countries (McConnel et al ’05: x, 36, 37).

Satellite photos revealed more than 72,000 fires burning in the Amazon just in the first half of August 1995.  As much as six million square kilometers (2.3 million square miles) were covered with smoke at one time, in Bolivia, Paraguay and Uruguay.  In 2002, more than 9,100 square miles of the Brazilian Amazon were destroyed.  Current estimated annual rates of deforestation are 9,700 to 11,600 square miles per year.  In 2002 the state of Amapa, Brazil created the Tumucamaque Mountains National Park, the world's largest tropical forest park.  In tropical areas, few forests can recover from large-scale logging and burning.  Tropical rainforest soils tend to be infertile, despite the profusion of vegetation.  Most of the nutrients are found in the standing vegetation, from which they circulate rather rapidly to the soil and back to the forest trees and other vegetation.  Irreversible soil changes ensue within a few years of exposing many tropical forest soils to the hot sun and torrential rains.  Rather than experience gradual decline, species-rich tropical forests are reduced to virtual wastelands through logging within a few years time.  The ratio of deforestation to reforestation in the tropics is something like ten acres to one.  A "green seal" label of the Forest Stewardship Council means that timer has been produced in environmentally responsible ways. More than half of the deforestation in the tropics is done by "displaced landless peasants".  The value of sustainable products exported by indigenous communities, such as ecotourism, medicinal plants, spices, scents, nuts, latex (for rubber) and fruits, can, in theory, produce more revenues than either one-time removal of timber or marginal cattle grazing (Berger '08: 218-220).

In 2000 the nation experienced its most severe fire season in decades when some 8.4 million acres burned in 122,000 fires.  In 2001, however, only 3.6 million acres burned - far below the national average for the previous eighty years (about fourteen million acres).  The size of the acreage burned in 2000, while unusually large relative to the average acreage burned during the previous decade (3.8 million acres), was less than the average annual acreages burned in the four decades from 1919-1959 (24.4 million acres).  Similarly, while the 6.9 million acres that burned in 2002 was substantially above the annual average during the preceding ten years (4.2 million acres), it was not unusual: fire seasons in which acreages similar to the 2002 total also burned had occurred as recently as 1996 (6.7 million acres) and 1988 (7.4 million acres).  The number of fires in 2002 was less than the average number of fires occurring in every decade from the 1920s through the 1990s.  These averages ranged from a low average rate of 97,599 fires per year from 1899-1929, to a high average rate of 163,329 fires per year from 1980-1989.  During the 1990s, fewer acres burned annually on average than during the 1920s-1960s, and again through the 1980s (Berger '08: 91, 92). 
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Prescribed burning and programmes to reduce fuel buildup are priorities in Australia, Canada, the United States and elsewhere.  In the United States, the main agencies involved in fire management (the Forest Service of the United States Department of Agriculture and the National Park Service and Bureau of Land Management of the Department of the Interior) conducted prescribed burning on more than 1 million hectares for fuel load reduction and other objectives.  The global fire community met in 2003 at an International Wildland fire Summit in Sydney, Australia, to agree on principles to adapt international wildland fire management projects and exchanges to local ecological and social conditions (McConnnel et al ’05: 38, 39). The uncontrolled accumulation of dead wood increases the probability that a forest will burn.  Once available, the dead wood, to ignite, needs only one or two very dry, hot years with lightning storms.  The ensuing fire kills part of a forest, setting them back to the earliest developmental stage (Maser et al ’10: 4).  In many forests, huge buildups of fuel necessitate expensive remedial control efforts to reduce fuel loads so that controlled burns can be conducted.  In other areas, the excessive removal of brush, downed wood, and snags (standing dead trees)  that provided habitat for beneficial insects, birds, and mammals which keep forest diseases and infestations from reaching epidemic proportion.  Removal of these forest integuments - often accompanied by the application of chemical herbicides - coupled with the decisions by industrial foresters to replace natural multi-aged, multi-species, multi-layered canopies of trees with single-aged, single-species stands of commercial timber, has left woods susceptible to ruinous plagues of bark beetles, budworms and other vectors (organisms that transmit pathogens) which timber managers typically have responded to with massive applications of pesticides.  Over several decades, millions of pounds of toxic chemicals that often endanger both non-target species and water quality have been sprayed over millions of forest acres.  While these treatment temporarily address the symptoms of forest imbalance, they do nothing fundamental to redress it, and so the imbalance generally reappears in another guise, which may be misinterpreted by industrial timber managers as yet another reason for chemical control technology (Berger '08: 21, 22).
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Wild forests periodically and naturally have wildfires, one of nature's ways of cleansing the forest of dead and dying material, opening cones and other seed stores to release seed, removing insects and disease, releasing nutrients, and - through the patchy nature of most periodic burns - introducing additional habitat heterogeneity.  These fires play an important ecological role in forest ecosystems and succession.  Woody debris on the first floor is consumed as flames scorch the ground, preventing fuels from accumulating in sufficient quantities to produce hotter and more damaging blazes.  A species' degree of susceptibility to fire influences its place in a forest's pattern of succession and may determine whether it dominates or relinquishes a site to another species.  The forces needed to repair the damage done by fire will be set in motion by the fire itself.  Ash raises the alkalinity of the soil thereby improving its habitability by nitrogen-fixing bacteria that can restore nitrogen to the ecosystem.  Plants that are able to thrive on bare ground, or in disturbed areas, sprout after fires, and begin the forest repair process.  These pioneer species generally have rhizobium nodules of nitrogen-fixing bacteria on their roots.  The new roots also hold the soil against erosion and break up compaction.  Then, as the pioneer plants shed body parts, they begin building a new supply of organic materials in the soil to replace those consumed by the fire.  When fire is long delayed, fuel accumulates, so that the inevitable fire will be an inferno.  It climbs up tree trunks as if ascending a ladder and burns off tree crowns, killing the trees instead of just singing the bark.  Because of the intense heat, the soil may also be damaged.  It may form a crust that resists water, delays forest recovery and leads to erosion (Berger ’08: 21). 

The importance of fire varies greatly by region and forest type.  Depending on severity, fire can selectively remove fire-sensitive species, e.g. American beech and balsam fir, or can eliminate all vegetation.  Thick-bark conifer species, e.g., eastern white pine, pitch pine (Pinus rigis, longleaf pine (Pinus palustris) and ponderosa pine (Pinus ponderosa) can often survive moderate burns.  Catastrophic fires appear to be important stand initiators in forests dominated by pine (Pinus spp.) and other evergreen tree and shrub species.  The northern hardwood and spruce-fir forest types appear fairly resistant to fire, with natural fire return interval of around 1000 years or more.  Fire became a more important factor in the Northeast following logging in the region in the late 1800s and early 1900s and subsequent transportation of logs by locomotives.  Low intensity fires in interior Pacific Northwest coniferous forests combined with logging practices, have led to overstocking of stands and change in stand composition towards dominance by Douglas-fir (Pseudotsuga menziensii) and grand fir (Abies grandis).  Concomitantly, western pine beetle (Dendroctonus brevicomis) and mountain pine beetle (Dendroctonus ponderosae) outbreaks have become much more severe, as has damage by root pathogens and dwarf mistletoe (Leopold et al ’97: , 70).

Fire, nature’s primary disturbance regime, was historically common in forests and woodlands, most frequently as low-intensity fires, with occasional large fires of high intensity.  Fire patterns represent the natural conditions that created the forests.  As such, they are a healthy part of the landscape-scale diversity when viewed over time.  Unlike forest fires of a century ago, those of today are increasingly and more frequently destructive both to forests and private property.  Such fires are promoted by (1) the long history of fire suppression, (2) the buildup of dead wood that accompanied fire suppression, (3) the unabated growth of shade-tolerant understory trees that accompany fire suppression, and (4) the continuing trend toward homogeneous monocultures of young trees with highly flammable, packed crowns close to the ground.  The energy acquired by forests from the sun is dissipated gradually through decomposition or rapidly through fire.  In most areas, fires burn frequently enough – without human intervention – to control the amount of energy stored in the accumulating woody debris.  Once the stored energy is released, the forest is protected for decades, even centuries, from a fire large enough to begin the forest cycle anew.  Such fires may have burned for weeks in decades past, but as general low intensities because of the limited amount of fuel. These were forest maintenance fires, which protected the forest, rather than stand-replacing conflagrations.  Over time, however, a forest eventually builds up enough dead wood on the ground to fuel a major fire.  Once available, the fuel needs only one or two very dry, hot years with lightning storms to ignite such a conflagration, which alters the forest’s existing composition and structure and sets it back in succession to an earlier stage, such as grasses and herbs.  From this early state, a new forest evolves toward the old-growth stage, again accumulating stores energy in dead wood, again organizing itself toward the next critical state.  Following fire, a forest, through resilience – the ability of the system to retain the integrity of its basic relationships – ay eventually approximate what it had once been (Maser et al ’10: 110, 111).

Fire is a physical process through which nature influences the configuration of forests in the western United States.  Since the advent of fire suppression, both the number of trees and the amount of woody fuels per acre or hectare has generally increased.  Habitat has also shifted from open, savannah-like conditions to dense forest.  The extent of quaking aspen, which often resprouts from roots following fire, has decreased.  Moreover, there has been a corresponding increase in shade-tolerant species of trees under closed canopies.  And, some of these shade-tolerant trees have grown into the forest canopy to form “fire ladders” that enable fire near the ground to burn upward into the tops of large trees.  Many plants have special adaptations to fire, even physiological requirements for fire.  As pines age, for example, they develop thick bark, which insulates their living stem tissue from intense heat; further, as ark reaches a certain temperature, bubbles of resin within it explode, casting tiny, smoldering pieces away from the trunk, an effective mechanism for reducing a dangerous buildup of heat.  Many species of eucalypts have epicormic strands under their bark that produce sprouts along the stem and limbs after fire defoliates the tree.  The influence of fire on a particular ecosystem is strongly historical.  Unusually long periods without fire may lead to the establishment of fire-susceptible species.  The simultaneous occurrence of such fire-free periods and wetter climatic conditions may also be extremely important to such species as ponderosa pine, which have episodic patterns of regeneration as opposed to Douglas-fir whose regeneration patterns are generally more continual.  Although climatic change accounts in part for increased numbers of large “wildfires”, changes in forest structure and composition are likely to be just as significant (Maser et ’10: 111).

[image: image96.jpg]


Intensive study of historical fires has failed to document any cases wherein fire killed a forest by burning through treetops in the ponderosa pine forests of the American Southwest prior to 1900.  In contrast, numerous fires since 1950 exceeding 5,000 acres (2,025 hectares) have burned forests more intensively than earlier fires.  The intensity of these fires is attributed to the amount of woody fuels on the forest floor, especially fine woody fuels, and to dense stands of young trees within the forest – both of which have come about since 1900.  The fire patterns, on the ground and in the air, show that fires are “opportunistic” in their burning and so leave a mosaic of habitats.  This mosaic is created because a given fire may burn intensely in one area, coolly in another, moderately in still another, all of which depends on what kind of fuels it encounters; how large they are; how dry they are; and how they are arranged.  By “arranged” is meant whether they are dead wood lying horizontally on the ground, flammable snags, extending above the canopy of young trees with their closely packed crowns; or small, live trees that form fire ladders of explosive fuel as they reach into the crowns of the large, old trees under which they grow (Maser et al ’10: 111, 113, 114).

A large forest fire burned in the Klamath-Siskiyou region of the southwestern corner of Oregon in the summer of 2002.  Name the “Biscuit Fire” it began on July 28 with a lightning strike, and by August 10 was the largest fire on record in Oregon in more than a century.  With a crew of 6,607 people and a cost of $167 million the Biscuit Fire burned over a half-million acres, it was equivalent to the cost of about eight national forests.  Satellite images revealed that about 20 percent (100,000 acres or 40,500 hectares) of the area within the fire’s perimeter had not been burned, and more than 40 percent (200,000 acres or 80,100 hectares) had burned at low intensity, leaving live, green trees while clearing out the understory of areas overgrown with vegetation due to decades without fire.  About 60 percent of the landscape within the fire perimeter experienced little or no mortality of the overstory trees.  Of the remaining 40 percent of the burn (about 200,000 acres or 8,1000 hectares), about 24 percent (120,000 acres or 48,600 hectares) burned with moderate intensity, clearing the ground of dense understory vegetation; it is thought to have killed most, but not all, of the overstory trees without consuming the needles, which had turned brown.  Although it was one of the largest fires in modern Oregon history, the Biscuit Fire burned only 16 percent of its area (about 80,000 acres or 32,400 hectares) intensely enough to leave behind little more than ashes, charcoal, and dead trees.  This pattern is characteristic of most wildfires.  With respect to global warming, large wildfires increased suddenly and dramatically in the mid-1980s, with a greater frequency of large, longer-burning fires that occurred earlier (Maser et al 10: 114-120).
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Smokey Bear has convinced the public that forest fire is terrible and wasteful.  The new message must be that fires set by careless people can be needlessly destructive, but fires, under specific conditions, can be simultaneously beneficial and necessary to the long-term ecological health of forests.  The use of fire formed the basis of many Aboriginal skills and was used among other purposes, to (1) assist in moving the landscape; (2) drive animals into the open for hunting; (3) encourage the growth of green shoots of fresh grass, (4) sharpen and harden digging sticks; (5) manufacture bark canoes; (6) send smoke signals on the plains; (7) illuminate their camp at night; (8) repel mosquitoes; and (9) keep warm.  A 1910 article in Sunset Magazine recommended to the fledgling Forest Service that it use the indigenous method of setting “cool fires” in the spring and autumn to keep the forests open, consume accumulated fuel and in so doing protect the forest from catastrophic fire.  Ironically, that recommendation came the same year that, in the space of two days fires raced across 3 million acres (1,210,000 hectares) in Idaho and Montana and killed eighty-five firefighters in what is called the “Big Blowup”.  It would be ten years after the Big Blowup before many fires in western forests and grasslands were effectively controlled.   For decades thereafter, the U.S. Forest Service was dedicated to putting all fires out.  By 1926, the objective was to control all fires before they grew to 10 acres in size.  A decade later the policy was to stop all fires by 10 am on the second day.  Multiage forests with closed canopies burn with much lower severity than open forest with shrubby vegetation, especially when the former are on moist north-facing slopes, and the later are on drier, south-facing slopes that retain its moisture to a much greater extent.  A one-hour fuel is a twig small enough to dry out to be combustible within an hour, while a 10-hour fuel is a piece of wood that requires ten hours to become dry enough to burn.  The scale of combustibility then goes to 100-hour fuels, 1,000 hour fuels, and 10,000 hour fuels, which are the trunks of huge fallen trees or cut logs. Dendrochronology, or the science of counting and interpreting tree rings in woody plants, provides insight into past fire history of forested landscapes (Maser et al ’10: 142, 125, 120, 131).  In the woods, if none of the young trees have burn damage, it usually suffices to look at the trunks of the old growth trees to discover if some, to most, or all, of the old growth trees in the stand have suffered significant fire damage.  

Mycorrhizal fungi appear to be all, or nearly all, obligate symbionts and thus die without their host.  Though fungi may survive, death of the host plant is accompanied by profound changes in the habitat.  Heavy shade is replaced by intermittent shade.  The fire also burns some or all of the organic matter on the soil, the leaf litter that forms an insulating blanket and barrier to loss of moisture by evaporation.  The result of all this is a change in soil temperatures and moisture content over the seasons.  In the spring of temperate forest systems, the daytime solar isolation warms the soil of the burned forest earlier in the season than happens under the shade of living trees.   At nighttime, in contrast, the soil loses heat faster.  In areas of low spring temperatures, it becomes more prone to frost and frost heaving.  In summer, the soil becomes progressively warmer, and soil moisture evaporates more rapidly than in spring.  In autumn, the soil may remain warmed later during the day, but also be more prone than in summer to frost overnight.  Some fungi may adapt to or even thrive in the new conditions, whereas others, adapted to the cooler, moister soils under the forest canopy and litter layer, may fail to adapt and will disappear form the burned system.  A new succession begins as soon as new mycorrhizal host seedlings enter the disturbed system, with the early successional fungal species occupying the niches vacated by the fungi that had flourished in the shade of well-established forests with abundant leaf litter.  The successful fungi may have survived on roots of stumps as minor components of the preceding forest, but more likely they will form new colonies from spores in the soil.  Prescribed burning in California pine forest decreased the ectomycorrhiza biomass by almost 90 percent in the upper organic layer of the soil as compared to unburned sites.  In Oregon it was found that an autumn prescribed burn largely removed live root biomass to a depth of 4 inches and significantly reduced species richness for at least two years, whereas a spring burn did not significantly affect either root biomass or species richness.  In another Australian study at two-month sampling, nineteen species of truffles and mushrooms were found on unburned sites and only two on the burned sites.  The ten unburned plots yielded 341 fruit-bodies, whereas the ten burned plots yielded eight fruit-bodies (Maser et al ’10: 137-139). 

When invertebrates, such as earthworms, and small mammals, such as red-backed voles, commence burrowing into the new soil, they not only enrich it nutritionally with their feces and urine but also constantly mix these nutrients in the soil through their burrowing activities.  Belowground autogenic succession after a fire begins with restoration of the nutrient-capturing and nitrogen-fixing soil microorganisms needed to minimize the loss of nutrients through leaching and to replace nitrogen burned off by the fire.  Where overstory and understory plants survive a fire, the restoration process is jump-started by the survival of living roots systems below the zone of heat damage; the latter normally occurs near the surface, except where old stumps and their roots burn down into the soil.  Many of the mycorrhizae, with their attendant webs of filaments in the soil, can continue to capture nutrients in the soil solution and promote nitrogen fixation by their association with free-living bacteria or, in the case of legumes and nodulated shubs and trees, by their symbiotic nodule-forming organisms.  Not all organisms that survive a fire will persist long thereafter.  The increased solar radiation permitted by reduction or loss of the forest canopy arms the soil, which, when coupled with the conversion of organic material to ash, critically alters the temperature, nutrient balance, nutrient storage capacity, and pH of the soil.   Many soil organisms that initially survive the fire will be unfit for this changed milieu and perish.  Those that can adapt will survive and fill the niches vacated by those that cannot, thereby taking over many functions of the departed.  Morels, which commonly fruit in spring as post-fire fungi, are mushrooms characterized by conical caps with large pits separated by ridges.  As plants resprout or seedlings become established on burn sites, hey begin to rebuild a litter layer and gradually form a partial canopy.  The soil spore bank, which likely includes species that are adapted to early successional conditions, provides an inoculum for seedlings and replaces some of the fungi that had occupied the root systems in the pre-fire stand, but which are not adapted to the burned conditions.  The developing litter layer produces humus over time and thus modifies the physical and chemical properties of the soil in ways that permit the reentry of mycorrhizal fungi that thrive better with organic matter than without  (Maser et al ’10: 148, 152).
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Besides the cycles of fire, disturbances come in many scales.  Such things as age, disease, injury, and wind also play significant roles in forests.  Trees that die from disease and fall often seem to be randomly oriented on a slope, whereas those blown over by wind usually fall in a relatively consistent direction.  The fallen trees become mixed with snags that break as they fall and other trees that periodically topple because their roots are weakened by fungal rot.  Regardless of how jumbled the fallen trees are initially they eventually become part of the soil from which the forests of today grow.  The surface of the floor in an old forest that has not been disturbed by human endeavors is not a smooth slope.  The forest floor is roughened by scattered stumps, pieces of collapsed snags, and whole fallen trees, their up-rooted butts, and the pits and mounds left by their uprooting.  Living trees make the forest floor uneven by sending roots outward along slopes, often near the surface.  And tree trunks distort the surface by sloughing bark and arresting creeping soil at their bases.  Large, stable trees lying along a slope help reduce erosion by forming a barrier to creeping and traveling soils that would end up at the bottom of the slope.  Traveling soil with its nutrients deposited on the uphill side of fallen trees reduces nutrient loss form the site and forms excellent places for establishment and growth of vegetation, including seedling trees, such as those of western hemlock.  The interactions of fallen trees with the soil are mediated by steepness of slope and ruggedness of terrain.  A tree fallen on flat ground is much more likely to contact the soil along its entire length than one on steep or rough ground.  The proportion of a fallen tree in contact with the soil determines the water-holding capacity of the wood.  How a tree lies on the forest floor and the duration of sunlight it receives strongly influence its internal processes and biotic community (Maser et al ’10: 148). 

The occurrence of drought can have serious consequences on forest vegetation and drought conditions favor large-scale fires and increase incidence of lightning-caused fires.  Flooding is a natural disturbance to which species have become well adapted.  The magnitude of flooding or period of occurrence may be so long, that the event is destructive.  Silt deposited by extreme flooding events can adversely affect the understory vegetation.  Ice storms selectively remove overstory species and can cause extensive tree uprooting.  Snow avalanches are destructive, stand-leveling disturbance in cold, mountainous regions.  Species that bend when small, e.g, lodgepole pine and Englemann spruce, are broken at larger diameter (>6 cm) by avalanches in the southern Canadian Rockies.  Other species that remain small, e.g. birch (Betula glandulosa) and willow (Salix glauca) generally do not break.  Severe winter temperatures have been proposed as a factor in the decline of red spruce in the Northeast along and in combination with drought, after low temperature (-40° to -46 C°).  Windthrow occurs when tree boles are snapped or the bole is pushed over, resulting in the exposure of much mineral soil adhered to the root system (Leopold et al ’97: 72).  

Aerial View of the Oso, Washington Landslide

[image: image11.jpg]



Heavy cutting in mountainous areas caused flooding downstream in a province of northern China bordering with Russia.  A torrential rain in 1998 that would have been buffered by undisturbed forests quickly exceeded the capacity of rivers, causing widespread flooding of croplands.  Millions died that year of famine in a tragedy that was unreported to the western world, triggered by poor forestry and bad agricultural practices.  After the devastating floods of 1998, forestry officials in China were demoted from the ministry level to that of an agency, and the People’s Republic of China – placed a moratorium on harvesting in natural forests (McEvoy ’04: 144).  The confirmed death toll from the Washington landslide continues to rise, officials have recovered the remains of at least 27 people from the Oso, Washington mudslide, that destroyed 31 houses.  After more than a week of intensive searching by as many as 500 rescuers and workers, a "significantly" smaller contingent has been tasked with continuing to scour the disaster area, where some debris was piled 60 to 75 feet high. Much of the pile is 15 to 25 feet deep, officials said, presenting a challenge to search dogs whose sense of smell might only detect scents up to 10 feet below the ground.  Some of the dogs have indicated that there might be human remains in areas where there is still standing water, leading rescuers to attempt to pump out those areas. Eight or nine large logging machines were being used to clear rubble so people could search for buried bodies.  Daniel Miller, a geologist and author of a 1999 study for the U.S. Army Corps of Engineers warning of the potential for a "large catastrophic failure" in the vicinity of the collapsed hillside, said additional slides in the area were likely.  "I don't think anybody should be living there," he said. "It would be okay to do something like a park, but I don't think there should be houses down there."

Some landslides move slowly and cause damage gradually, whereas others move so rapidly that they can destroy property and take lives suddenly and unexpectedly. Debris flows, sometimes referred to as mudslides, mudflows, lahars, or debris avalanches, are common types of fast-moving landslides.  These flows generally occur during periods of intense rainfall or rapid snowmelt. They usually start on steep hillsides as shallow landslides that liquefy and accelerate to speeds that are typically about 10 mph, but can exceed 35 mph. The consistency of debris flows ranges from watery mud to thick, rocky mud that can carry large items such as boulders, trees, and cars. Fast-moving flows of mud and rock, called debris flows or mudslides, are among the most numerous and dangerous types of landslides in the world. They are particularly dangerous to life and property because of their high speeds andthe sheer destructive force of their flow.  These flows are capable of destroying homes, washing out roads and bridges, sweeping away vehicles, knocking down trees, and obstructing streams and roadways with thick deposits of mud and rocks. Debris flows are typically associated with periods of heavy rainfall or rapid snowmelt and tend to worsen the effects of flooding that often accompanies these events. Finally, in areas that have been logged or burned by forest and brush fires, a lower threshold of precipitation may initiate debris flows.
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Highly destructive debris flows occur in many areas across the United States.  Hilly areas subject to prolonged, intense rainfall are particularly susceptible. Areas throughout southern California are frequently beset by debris-flow problems, and public agencies have expended vast resources on massive debris-protection systems for more than 65 years. The San Francisco Bay region also has experienced damaging debris-flow episodes throughout this century. El Niño, the ocean-warming phenomenon that can produce heavier-than-usual rainfall in certain areas of the United States, was associated with countless debris flows in Utah, when El Niño’s increased rainfall effects were felt during the early 1980’s.  Hilly areas of Hawaii experience much destruction from debris flows, as do areas of extreme northern California, Idaho, Oregon, and Washington. The mountains of Colorado and the Sierra Nevada of California have also experienced debris flows in areas receiving high rates of rainfall, rapid snowmelt, or a combination of these.  Debris flows are not limited to areas of the Western United States. Many debrisflow disasters have also occurred in hilly and mountainous regions of the Central and Eastern United States, particularly in the Appalachian Mountains. Thousands of debris flows in several eastern States were caused by heavy rainfall from hurricane Camille as it moved inland from the Atlantic Ocean in 1969. During an intense storm on June 27, 1995 in Madison County, Virginia, 30 inches of rain fell in 16 hours. Hundreds of debris flows occurred in the mountainous areas of the county amid widespread flooding.  The combined flood and debris-flow devastation prompted a Federal disaster declaration for the county (Highland et al ’97). 

Debris flows start on steep slopes—slopes steep enough to make walking difficult. Once started, however, debris flows can travel even over gently sloping ground.  The most hazardous areas are

canyon bottoms, stream channels, areas near the outlets of canyons, and slopes excavated

for buildings and roads. Wildfires can also lead to destructive debris-flow activity. In July 1994, a severe wildfire swept Storm King Mountain west of Glenwood Springs, Colorado, denuding

the slopes of vegetation. Heavy rains on the mountain in September resulted in numerous

debris flows, one of which blocked Interstate 70 and threatened to dam the Colorado River. Among the most destructive types of debris flows are those that accompany volcanic eruptions. A spectacular example in the United States was a massive debris flow resulting from the 1980 eruptions of Mount St. Helens, Washington. Areas near the bases of many volcanoes in

the Cascade Mountain Range of California, Oregon, and Washington are at risk from the same types of flows during future volcanic eruptions. In areas with vulnerable populations, such as the valleys near Mt. Rainier in Washington, scientists are producing hazard maps that delineate debris-flow dangers.  Buildings should be located away from steep slopes, streams and rivers, intermittent-stream channels, and the mouths of mountain channels (Highland et al ’97).
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Following stand-replacement disturbances, forests change through growth, competition and mortality.  The changes follow a similar pattern in many temperate and tropical forests, which many scientists explain in different ways.  Stand initiation stage is the time when plants become established after a disturbance, also referred to as the aggradation phase, the stand initiation phase, or the establishment phase in Holarctic forests and the gap phase in Neotropical and Paleotropical rain forests.  Stem exclusion stage occurs after several years, new trees do not appear and some of the existing ones die as the forest grows and becomes crowded.  The newly formed structure has been referred to as the transition phase, stem exclusion stage or thinning stage in Holarctic forests and the building phase, small sapling phase, or pole phase in Paleotropical or Neotropical rain forests.  The understory reinitiation and Old growth stages occur as trees grow taller and variations in tree heights and diameters increase.  The new structures have been separated into two phases – the understory reinitiation and old growth stages or the transition and steady state phases.  Similar structures are considered the mature phase in tropical rain forets.  An old growth structure has been referred to as any forest with a specific set of structures which develop after partial (non-stand replacing) disturbances (Oliver ’96: 189, 190).
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When a forest-replacing fire occurs, it seldom kills all trees.  Various numbers of live trees are left standing as individuals, small island-like clumps, or in “rows” commonly termed “stringers”.  Most of the trees killed by the flames and heat remain standing as snags through subsequent decades.  The burned forest then commences what is called “autogenic” or “self-induced” succession.  The stages of autogenic succession are a dynamic web of interrelated events in which no part of the web can exist without most or all of the other parts, because their mutual interrelationships determine the dynamics of the structural whole.  Autogenic succession above ground in the Pacific northwestern United States begins with grasses, other herbaceous plants, and various shrubs in a burned area.  They gradually alter the characteristics of the soil, such as the pH, until it is no longer optimum for their survival and growth. As the offspring succumb to the changes in the soil and the parent plants age, die, and are not replaced, openings appear in the vegetative cover that allow shrubs to become established in an early shrub state.  Alternatively, many fire-adapted shrubs, such as vine maple, may have all their background parts killed by a fire but their roots and stumps survive to send forth new sprouts, establishing a new shrub stage without an initial herbaceous state.  It can take decades before the shrubs give way to tree seedlings.  In turn, the shrub-seedling stage becomes the sapling stage, then a young-forest stage, a mature-forest sage, and finally an old-growth-forest stage.  The six generalized autogenic, successional stages that a western coniferous forest goes through can be characterized: herbaceous → shrub-seedling → young-forest → mature forest → old-growth forest → fire or other disturbance, which starts the cycle over (Maser et al ’10: 146-148). 
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Each forest type has one or more characteristic developmental sequences, or stages, known collectively as succession.  The advance and retreat of glaciers provide an extreme example of successional processes.  As a glacier retreats, soil and plants are removed, often leaving only scraped rock and unconsolidated mineral substrate (such as sand and gravel).  These materials are low in organic matter and lack structural complexity and stability.  Willows and alders might be the first trees to establish on this rugged, difficult terrain.  Pioneer plants, such as alders, lupine and ceanothus, contain nitrogen-fixing bacteria in nodules on their roots.  These bacteria enrich the soil by removing molecular nitrogen from the air and incorporating it in the soil in soluble forms suitable for plant root uptake.  Once the soil has been improved by these pioneers, other plants can become established in their turn.  This process continues until a dynamically stable state has been reached in which no further broad-scale species replacements are likely (Berger '08: 20, 21).

Succession is the orderly and predictable replacement of plant and animal communities as conditions change over time.  Forest succession is fueled by the relative tolerance of trees to competitive conditions.  Complements of species are adapted to changing forest environments, but the growth and maintenance of these species lead to further changes.  Each succeeding complement tends to persist longer than the species it replaced until the site is occupied by a complement of species that will persist.  Trees that are capable of fulfilling their life cycle- reproduction, establishment, growth and maintenance – in extremely competitive circumstances are said to be tolerant.  These species are often found in the understory of older stands where timber has been lightly harvested in the past, or in the overstory as old-growth sentinels – and in the understory – of very mature stands.  Only species that are capable of establishing offspring in their own shade will persist when a successional pattern reaches climax.  Environmental change in an undisturbed climax association is very slow and mostly associated with replacement of old-growth trees that succumb to a combination of stresses, causing them to relinquish their positions in the canopy usually to offspring (or close relatives).  Relative tolerant to low light is a determining factor.  Tolerant species are capable of growing in shaded conditions.  The more shaded conditions the more tolerant the tree, and the more likely it is to persist in a climax forest (McEvoy ’04: 31-33).  

Common Tree Species Associated with Successional Patterns of Growth, by Region
	Region
	Pioneer
	Early-Successional
	Subclimax
	Climax

	Southeast
	Loblolly pine
	sweetgum
	oaks
	Oaks

	Mid-Atlantic
	Tulip poplar
	Black locust/ ash
	Oak/hickory
	Maple/beech

	Mid-southcentral
	Red cedar/black cherry
	Black walnut
	Oak/hickory
	Maple/beech

	Upper Midwest
	Aspen/pine
	Gray/white birch
	Red/black oak
	Maple/beech

	Northeast
	Aspen
	White/sweet birch
	Yellow birch
	Maple/beech

	Southwest
	Aspen/ponderosa pine
	Douglas-fir
	White pine
	Cedar/fir

	Northwest
	Red alder/aspen
	Douglas-fir
	Spruce/hemlock

/cedar
	True firs


Source: McEvoy ’04: 36 Table 2.1

An intolerant species, is intolerant of highly competitive and low-light conditions, and are incapable of reproducing, establishing, growing and maintaining themselves under their own canopies.  The intolerants, or pioneers, since they are the first species to invade disturbed sites.  For example, aspen, reproduces with prolific quantities of light, wind-borne seed that can easily germinate on bare soil, exactly the sort of reproduction strategy one would expect of a species that is incapable of germinating in its own shade.  But this same species will also sprout from dormant buds on the root system that are triggered to develop when the trees detects that the top is missing and soils are warmed by sunlight.  Clearcutting is the only method that will successfully reproduce aspen.  Other examples of intolerant reproduction strategies:  The jack pine of northern Michigan is adapted to fire.  It produces a cone sealed with pitch that must be softened by right, hot sunlight, or fire.  Cones open explosively, ejecting seeds usually onto a recently burned surface where seed will germinate even in extremely harsh conditions.  Jack pine is the principal species of one of a few forest types in the United States that are adapted to fire.  Also known fire-dependent communities, some other examples are chaparral forest of the western United States and lodgepole pine in the intermountain areas of the West, where aspen is also considered a fire-dependent community.  Pin cherry, a noncommercial species of northeastern United States, is attractive to birds and other animals for the pulp of its fruit.  When the seed passes, it is capable of living in the soil for periods in excess of 120 years, waiting for a catastrophe to remove the overstory and allow the warmth of sunlight to trigger germination.  Although not really considered a fire-dependent community, when pin cherry seed is in the soil, a fire will promote conditions that favor germination. 

The Ohia tree, native to the Hawaiian Islands, has a wind-borne seed that germinated on relatively recent, grainy lava flows.  It is a very slow-growing tree, which is uncharacteristic of intolerant species as a whole, but it also develops into pure stands with a very dense canopy.  Although the Ohia is intolerant of shaded conditions, and thus qualifies as a pioneer species, it also forms a climax type on sites where it grows.  This is known as an edaphic climax because soil conditions are the primary controlling factor.  Douglas-fir is considered a midtolerant species of the northwestern forest that is adapted to periodic catastrophic fires, which prepared an ideal seed bed for Douglas-fir seed.  Once established, it is fairly resistant to fire (except when fire gets into tree crowns), and it is a relatively long-lived species.  In the absence of disturbances, Douglas-fir stands are gradually replaced by a more tolerant trees like western hemlock, noble, silver and grand fir, and western red cedar, depending on elevation and latitude.  Generally, as succession progresses from pioneer to climax species, ecosystem complexity tends to increase, as does biodiversity and tolerance.  With each step in succession, stability tends to increase so that each succeeding change will las longer then the preceding stand, but the ability of the stand to recover from disturbances decreases.  For example, if an aspen stand is clearcut or burned or blown down by a hurricane, it comes back as aspen.  But if a climax sugar maple forest is clearcut succession is set back to an earlier stage (McEvoy ’04: 33-36). 

10. Tree biology
Many names, like ‘oak’ and ‘birch’, are old-established English names for European woods, which apply equally, to very similar timbers native to North America.  Others, such as ‘bubinga’ and ‘padouk’, are taken from the native languages of African or Asian people.  Others again, for example ‘primavera’, were given to timbers found in new tropical territories by Spanish explorers.  Several countries, including the United States, Canada and Great Britain, have established standard names for both trees and timbers.  Every known living tree has been given a scientific name in Latin form by botanists who have identified actual specimens of its flowers and foliage.  Each scientific name, if given in full, has three parts.  The first wood, spelt with a capital letter, refers to the genus or group of similar trees.  The second word, nowadays always spelt with a small initial letter, gives the particular species or sort of tree concerned.  Both these words are usually printed in italics.  The third part, which is printed in Roman type with a capital letter, but often abbreviated, is the name of the botanist, or ‘authority’ who have this particular pair of names (genus and species) to the particular kind of tree.  Sometimes, especially with rare tropical timbers, only the genus is definitely known.  The expression ‘sp’, set in roman type, is then used after the generic name, set in Latin.  It means “species uncertain’.  The alternative ‘spp.’, spelt with two ‘p’s’ implies that more than one species is probably involved.  In timber trade practice, scientific names re used only as an ultimate reference to the identity of a particular sample of timber.  Traders like to approach their customers with words familiar to all.  The botanical family name is often of value for further study of related trees and timbers. For example, Aceraceae, the maple family, helps to visualize the actual trees.  Those of the rose family or Rosaceae have flowers resembling wild roses, and their timbers are often sweetly scented.  Those of the sweet-pea family or Leguminoseae have flowers like sweet peas, and their woods are often strongly coloured in unusual hues.  For timbers with a limited natural range, such as Andaman padouk from the Andaman Islands, it is possible to show the source precisely (Edlin ’69: 85-88).

Trees belong to one of two major classifications of species: hardwoods or softwoods.  Hardwoods include all tree species classified by botanists as angiosperms.  They are generally broadleaf and deciduous, except in tropical and subtropical climates.  Their flowers are complex and they produce a seed that is protected by a skin or a husk.  Their growth form is strongly controlled by sunlight.  Too much light and the trees are squat and branchy; too little light and the trees will sacrifice diameter growth for height.  Softwoods, or conifers, include species classified as gymnosperms.  They are usually needle bearing and evergreen, although not always, and they have simple flowers that produce “naked” unprotected seeds, usually in cones.  Softwoods grow opposite the pull of gravity.  The growth form of softwoods is very different from that of hardwoods and much easier to control.  They also tend to utilize site resources more efficiently and grow faster and straighter on a wider range of sites than most hardwoods (McEvoy ’04: 39, 40).

Less than 5 percent of a tree’s weight (in both hardwoods and softwoods) is living tissue; the balance consists of support structures.  Trees grow from meristematic cells –theoretically capable of propagating indefinitely – which surround the entire organism.  As the tips of branches, trees form perennating buds during times of dormancy.  When conditions are right in the spring, buds expand and meristematic cells begin to divide rapidly.  Meristem in roots act the same way.  Between root tips and branch tips, the entire surface area of a tree is lines with two very thin layers of meristematic cells known as cambium.  The first layer, just below the bark, is called the cork cambium.  It is responsible for forming protective layers, the most external of which is known as bark.  Inside the cork cambium is a layer of conductive cells called phloem, whose role is to bring the products of photosynthesis to living cells throughout the tree.  Just inside the phloem is another layer of meristematic cells called the vascular cambium, which is largely responsible for controlling the way trees grow in girth.  Cells that divide outward from the vascular cambium develop into phloem; those that divide inward become conductive and storage tissue known as xylem.  Xylem is mostly nonliving tissue composed of cellulose and lignin that provides physical support to the vessels that transport water and nutrients from roots to leaves.  Surrounding these transport vessels throughout the active xylem are living cells called parenchyma, some of which are designed to store photosynthate but some of which form a specialized transport network known as the symplast.  The symplast connects living cells in the xylem with the phloem (strictly speaking, the phloem is part of the symplast. In xylem, symplast is commonly referred to as ray cells, a type of parenchyma capable of moving photosynthate both around a single growing season’s xylem and across many years of xylem (McEvoy ’04: 40, 41).
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Growth originates from the vascular cambium just under the bark and surrounding the entire tree.  When this sheath is breached or injured, it not only interrupts the pattern of growth, but it also creates an opening for pathogenic organisms, which is far more serious than the injury itself.  Stem injuries later in the life of a tree can negatively affect timber values far more than similar injuries on saplings.  Aboveground parts of trees will form resting buds during periods of dormancy (cold periods in northern climates, or during dry seasons in areas that do not freeze) but roots do not.  Roots slow the formation of new cells until growing conditions are favorable again.  Even through roots are protected by soil, they are very susceptible to injury, which can hurt the tree by decreasing root area and by exposing tissues to disease-causing organisms.  In some ways, root damage is far more injurious to tree health and vigor than stem injuries that lower timber value.  Protecting roots and residual stems when silvicultural practices are applied is important (McEvoy ’04: 42).

A tree is composed of four primary systems: roots, stem, branches, and leaves.  There are also other specialized structures, such as flowers and seeds that develop periodically for reproduction, and buds that contain meristematic tissues.  Twenty percent or more of the mass of a forest-grown tree is made up of roots.  Their role, in addition to anchoring the tree, is to obtain water and nutrients, and – for most hardwoods – to store a portion of the products of photosynthesis, especially during dormancy.  Roots also produce hormones that serve as a form of communication between aboveground and belowground parts.  For example, the root-suckering response of poplar or aspen (also known as popple in some areas) is triggered to break dormancy by the absence of a hormone produced in the tree crown that normally suppresses bud growth on roots.  When a catastrophic even disconnect aboveground from below-ground parts, adventitious buds on roots begin to develop.  Before the end of a growing season, a single stem is replicated by scores of clones.  The hormone system used by trees and other plants is a highly effective mechanism to communicate conditions throughout the organism.  Some trees even produce toxins that prevent other trees from competing for space and resources.  This phenomenon is known as allelopathy and varies widely between species.  For example, black walnut is well known for the toxins it produces (leached from roots and aboveground parts) that prevents other plants from growing near it.  Forest communication is achieved through chemicals, usually within a single tree, but also between individuals (McEvoy ’04: 42, 43) 
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Forest tree roots are usually far more extensive than they may appear.  In most forest stands, roots extend as much as two to five times beyond the crown spread of any given tree, but the more coarse-textured and nutrient-poor soil, the greater the extent of roots.  The pattern of rooting is dendritic, although far more extensively so than branches in the crown, and some species form a central tap root while others develop a more fibrous root system.  Most surface area of roots is composed of fine, hairlike structures also known as feeder roots that reside within a few inches of the soil surface.  These fine roots account for a relatively small proportion of total root mass but most of the total root length and almost all of root surface area.  Virtually all nutrient and water uptake is performed by fine roots.  The roots of forest trees also rely on a symbiotic relationship with a group of soil-dwelling fungi called mycorrhizal fungi (or simply mycorrizae), that form nonpathogenic infections, both within root tissues and surrounding them, that greatly increase their surface area and ability to take up moisture and nutrients, especially phosphorus.  A tree shares a portion of photsynthate with the fungus in exchange for enormous benefits the association provides.  Mycorrhizal associations are common in the plant world, but they are especially important to forests.  Trees that readily form mycorrhizal associations are far more productive than trees that do not, and soil compaction should be avoided.  Forest roots greadily graft into one another, even between species, so resources, toxins, and pathogens are widely shared.  Below ground, roots are everywhere and the fine roots that are most sensitive to damage are also the most susceptible and the most crucial to tree health (McEvoy ’04: 43, 44). 

The main stem of a forest tree, from the root crown (where the stem emerges from the soil) to the first scaffold branches in the crown, comprises about half of a tree’s total mass.  It is primarily composed of cellulose, a carbohydrate that is a major constituent of the cell walls of plants and the most abundant naturally occurring organic substance on earth.  Another important constituent of wood is lignin, a noncarbohydrate polymer that stiffens and binds cells that form the primary vessels in wood.  It was the development of lignin in trees that allowed them to evolve into arborescent forms, which in turn assured they would grow cylindrically (tree stems take the form of a tapering cylinder called a parabola).  A cylinder is far more aerodynamic than any other form and stronger per unit area, since any force perpendicular to the cylinder – from any direction – is resisted by what amounts to the strength of a balanced arch.  A tree’s shape allows it to withstand the forces of wind, except in extreme circumstances.  
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The main stem of most trees is composed of two different types of wood: the outer rings consisting of active conductive tissue (xylem), known as sapwood, and the central core consisting of xylem that has been abandoned, known as heartwood.  The presence or absence of heartwood is often a function of tree age, and vigorous trees of a few species are capable of delaying the formation of heartwood until very old age.  A log defect that commonly forms in the heartwood of sugar maple, known as “mineral stain” is often associated with poor sites.  Mineral stain is caused by injuries, commonly from old logging wounds.  Sapwood is the equivalent of a first-order plumbing system for leaves, and it also serves to store a portion of the complex sugars produced by photosynthesis.  Active xylem in sapwood is infused with living parenchyma cells, including the current yar’s tissue plus those of the past five to twenty years, depending on the physiological activity of the tree, its total leaf area, and its storage needs.  The delineation between sapwood and heartwood is not obvious in all species.  Heartwood is usually darker than sapwood (especially in many hard-wood species, but less so in conifers – spruce and pine species in particular) because of its role as a dump for metabolic byproducts that stain wood.  The more vigorous a tree the more sapwood, but as trees get older and become less vigorous the proportion of heartwood increases.  In some timber species the amount of heartwood in proportion to sapwood increases the value of logs for lumber (black walnut, for example); in other species the opposite is true (e.g, sugar maple).  As a general rule, species that lay down xylem vessels that are coarse and large (such as oaks) tend to form heartwood more readily than species that rely on a finer, smaller, xylem vessels (such as maples).  In temperate regions of the world where trees experience a period of dormancy, the rate of xylem formation is easily read in the annual rings of a tree.  In spring, when physiological activity is at its highest, the conductive vessels in xylem are straw-like, thin walls and relatively large.  But as the growing season progresses, vessels are noticeably smaller, more densely packed, and progressively darker (until growth ceases during dormancy.  These changes triggered by decreasing day length, are a mechanism to help the tree prepare for dormancy.  The pattern of springwood followed by summerwood (or latewood) represents a single growing season, or one year in the life a tree (McEvoy ’04: 44-47).
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A tree’s branches are just like the main stem but the proportion of sapwood to heartwood increases from the main stem to branch tips.  A branch is a second-order plumbing system between the roots and leaves, but branch xylem tissue forms differently from that in the main stem to support a less-than-vertical weight.  Softwood species tend to bolster cells on the same side as gravity, while hardwoods reform the cells under tension.  This same differential in cell walls occurs in the main stem when a tree is leaning and forms what is called reaction wood: in softwoods, it is called compression wood and forms on the side toward the lean; in hardwoods, it is called tension wood and forms on the side opposite the lean.  In both cases, even a slight lean can produce reaction wood, which causes lumber to warp during drying and has a significantly negative effect on lumber values.  Branches and leaves usually represent less than one-quarter of a grown tree’s total mass, but the differences in branching strategies between softwoods and hardwoods is great.  In softwoods, buds are formed in a distinct and regular pattern consisting of a terminal bud at the tip of a branch, or at the top of the tree, surrounded by lateral buds.  Terminal buds produce a hormone that controls the development of lateral buds.  If a terminal bud is injured or killed, the surrounding lateral buds will compete to become the new terminal bud.  If the terminal bud of a softwood and its complement of lateral buds are removed, the branch terminal buds at the first whorl or node below the top will vie for the dominant position until one bud becomes apically dominant.  This mechanism is known as apical dominance.  The apical bud at the top of a conifer (or at the end of a branch) dominates buds below it by producing a hormone that suppresses the tendency of subordinate buds to compete for the terminal position.  In this way, branching is very regular and predictable in softwoods (McEvoy ’04: 47, 48).
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Hardwood trees use the same hormone-signaling system as softwoods, but the mechanism is different.  Softwoods rely on apical dominance primarily because they are more sensitive to the pull of gravity (they are not geotropic).  Hardwoods are more sensitive to the location of light (they are phototropic), so buds tend to develop and grow into areas where light is available.  The communication between buds effected by varying hormone concentrations is the same in hardwoods as softwoods, but it tends to play out more between branches in most hardwoods and this allows crowns to develop so as to take best advantage of light conditions and other environmental factors.  Hardwood trees require relatively crowded stand conditions as saplings and poles (2-10 inches dbh) to favor terminal buds that must develop in a vertical direction to obtain light  Once trees have reached 30-40 percent of mature height, hardwood stands are thinned for the first time, allowing crowns to expand.  With hardwoods, crown shape is always a function of light availability, and height growth is far more plastic than in conifers, where all branches are subordinate to the leader, which is growing opposite gravity regardless of light conditions.  Branch form in hardwoods is very plastic, since they tend to develop to position leaves where there is light.  When the canopy closes in shading lower branches to the point where leaves can no longer produce enough photosynthate to “pay” the energy costs of the branch, lower branches stop producing buds and die.  Cambium in the main stem continues to form layers around the dead branch until it falls away, the cambium covers the branch stub and begins growing again as a uniform layer, just as though the branch had never existed (McEvoy ’04: 48, 49). 

Leaves, through the process of photosynthesis, use water from the soil, carbon dioxide from the atmosphere, and light from the sun to produce sugars, one of which is a complex carbohydrate known as cellulose that represents half the weight of the tree.  Photosynthesis is common to all green plants, it is the conversion and storage of light energy to chemical energy.  In addition to photosynthesis, leaves also serve trees as sites for the exchange of gases, producing oxygen as a by-product of photosynthesis and carbon dioxide as a by-product of respiration at night.  Leaves also transpire moisture vapor, serving both as a kind of wick to help pull water and nutrients to leaves and as a cooling mechanisms to protect leaves from exposure during hot summer days.  One of the most serious threats to leaves is defoliation from a wide variety of insects.  When softwoods are defoliated, it usually leads to mortality.  Fortunately, there are not many defoliators of coniferous trees, since trees defend themselves by exuding a sticky pitch at the point of injury.  In hardwoods, a single-season defoliation is rarely fatal.  Healthy hardwoods can usually withstand a couple of years of complete defoliation, but not without stress.  As a general rule, early-season defoliators are far more harmful than those that tend to attack in mid- to late summer.  Defoliations of any kind are a serious stress to trees, so much so that thinning and other silvicultural practices should be postponed for at least two to three seasons after the most recent defoliation (McEvoy ’04: 49, 50).  
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To survive, a tree must be capable of producing at least as much as it consumes, and it must have adequate control over water.  So long as a tree can maintain a healthy cambium and parenchyma cells, allowing it to continually replace essential tissues, it will persist.  The bristlecone pine in the White Mountains of east central California is capable of living in excess of four thousand years (the oldest specimen, the oldest known tree, is almost 4,800 years old).  Among species that clone, such as aspen, it is quite possible there are individuals that are far older than this because cloning replicates and individual that exists for a period of time as a single stem.  The older and larger a tree, the less capable it is of weathering stresses such as insect or disease, drought, excessive temperatures and sheer size.  Old trees eventually succumb to a combination of small stresses, and the meristem stops dividing.  A tree’s demise is mostly a function of energetics.  It becomes less and less efficient with size, sacrificing crown area as inefficiencies build, increasing susceptibility to stresses, until the tree is no longer capable of resisting (McEvoy ’04: 51. 52).
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The large snags and the large fallen trees are only altered states of what earlier had been live, old trees.  One of three things happens to them in nature’s forest: (1) they are consumed (partially or wholly) in a fire; (2) they become part of the forest floor and are eventually incorporated into the forest soil, where myriad organisms and processes make the nutrients stored in the decomposing wood available to the living trees; or (3) they are partially consumed and incorporated into the soil.  Humankind’s challenge is to moderate the amount of fuel in a way that both protects the forest from a large-scale, intensive fire and leaves enough large wood on the ground as an investment of biological capital in the health and fertility of the soil.   Large wood on the forest floor becomes habitat for myriad organisms and the processes they engender, which make the nutrients stored in the decomposing wood available to the living trees.  The decomposing wood encourages nitrogen fixation to take place by free-living bacteria (nitrogen fixation is the conversion of elemental nitrogen, N2, from the atmosphere to forms readily usable in biological processes).  The infrastructure of a forest can be viewed as having five basic components (1) composition – how its organisms and their habitat combine to form a systemic whole; (2) structure – how its organisms related to one another in species, (3) function – what its organisms do in time; (4) dynamics of developmental stages – how the functions and interactions of organisms change over time; and (5) response to disturbances – how organisms react to events that alter the system. Riparian zones in steep creek bottoms may also produce abrupt changes in stand type.  The stream may be lined with water-demanding shrubs and trees, but only a short distance upslope the soil may be rocky and dry, supporting trees adapted to the more demanding conditions.  Subalpine forests, which can attain great age, are often stunted and misshapen by wind on a ridge-top; but on the lee side of the ridge, the trees may grow straight and tall.  All of them, however, have the same prominent characteristics of live, standing dead, and fallen trees when they reach maturity (Maser et al ’08: 14- 16).

11. Tree Diseases 
Forest pathology is the study of tree diseases.  Forests throughout the world are affected by a myriad of damaging agents, including small and large mammals of which Man is the worst, fire, insects, mites, nematodes, viruses, viroids, mycoplasms, bacteria, fungi, and parasitic seed plants, as well as by many abiotic agents.  Diseases, most of them caused by fungi, seriously affect forest productivity worldwide.  Annual losses in continental USA forests, just in sawtimber, are estimated to be 3.65 billion cubic feet, forty-five percent of which (1.64 billion cubic feet) is caused by diseases.  Annual losses due to diseases in Canadian forests are estimated to be one billion cubic feet of wood (Merrill ’96: 138).  Monocultures are inherently dangerous because of their innate susceptibility to pests and pathogens, as has been demonstrated repeatedly in agronomic and horticultural crops.  One needs only to examine the historical impact of the rusts and smuts of wheat, potato late blight, rice blast, ergot of rye, flax wilt, swollen shoot of cacao, coffee rust, golden nematode of potato, South American leaf blight of rubber, and southern corn leaf blight.  North American eastern white pine (P. storbus) was widely planted throughout Europe in the 18th and early 19th centuries to provide masts for naval and merchant vessels.  About 1850 in the Baltic Sea area the tree encountered the Asian white pine blister rust fungus, Cronartium ribicola, to which it was very susceptible.  Within fifty years this fungus had wipes out most of these plantations.  In the early 1900s extensive rubber plantations established as a branch of the Ford Motor Company in the Amazon River basin were annihilated by South American leaf blight.  Britain’s forests were nearly denuded during WWI.  Following the war, large areas were planted to North American conifers.  Many of these plantings ended in disaster.  Pure stands of a single species with short rotations followed by clear-cutting favors disease.  In East Africa, radiata pine (P. radiata) introduced from California was devastated by Dothistroma needle blight.  Large areas of Australian and New Zealand native forests have been replaced by P. radiata.  In the USA’s southern pine monocultures, annosus root rot and fusiform rust have wreaked have since the early 1950s and still remains the most damaging and limiting diseases in those forest.  The southern pine beetle (Dendroctonus frontalis) is the most destructive insect affecting the southern pines (Merrill ’96: 139, 140).

The introduction of foreign pests and pathogens has created severe problems world-wide, and with rapid and wide-spread commercial movement of peoples and materials poses an ever-increasing threat.  As of 1956 seventy-eight diseases affecting North American tree species planted abroad did not yet occur in North America.  Conversely, there are pathogens in North America that could wreak havoc if introduced abroad, such as the oak wilt fungus versus the cork oaks, fusiform rust versus European hard pines, and the dwarfmistletoes of the spruces and firs.   The forests of North America have been severely assaulted by fungal pathogens native to Asia and Europe.  Cronartium ribicola was repeatedly introduced into North America after 1898 and is now the major, often limiting disease on the five-needled pines.  The chestnut blight fungus (Endothia parasitica) reduced American chestnut (Castanea dentata) from a major, economically important dominant tree species to a common understory shrub.  The elm wilt fungus (Ceratocystis ulmi) has nearly eliminated the American elm (Ulmus americana) as a tree in some areas.  Only the fact that this elm sets massive amounts of seed at a realtively early age allows it to remain in the ecosystem, where eventually it also may be reduced to an understory shrub.  By the year 2020 the root rot fungus, Phytophthora lateralis, introduced into the Pacific Northwest from Asia, will have eliminated Port Orford cedar (Chamaecyparis lawsoniana) as an economic forest tree species.  The combination of introduced scale, Cryptococcus fagisuga, and the introduced canker fungus, Nectria coccinea var. faginata, has spread from the Canadian Maritimes to West Virginia, killing millions of beech (Fagus grandifolia) and continues to spread throughout the natural range of the beech.  A soil-borne root rotting fungus, Phytophthora cinnamomi, introduced into Western Australia, has wreaked havoc on the native eucalyptus forests.  The larch canker fungus, Trichoscyphella willkommi, introduced into Massachusetts in the 1920s and nearly eradicated, was introduced in the 1980s into the Canadian Maritimes and southeastern Maine, apparently at multiple sites.  There is no hope of eradicating the fungus from the stands of native larch, and it appears to be only a matter of time until the fungus spreads across North America into the economically important stands of western larch.  The introduction of insect pests has been even more frequent.  These include (1) hemopterans that cause scale and the balsam woolly adelgid, a major pest of firs; (2) hymenopterans such as the pine and spruce sawflies; (3) dipterans such as the European pine needle-bending midge; (4) lepidopterans such as the European and Asian gypsy moths and a hybrid of the two; and (5) coleopterans such as the major vector of the elm wilt fungus (Merrill ’96: 144, 143).
There are over 20 common tree diseases that contribute to health decline and death of most of the trees in the United States – the American chestnut blight, amillaria root rot, anthracnose and leaf spot disease, annosus root rot, Aspen canker, bacterial wetwood (slime flux), beech bark disease, brown spot in longleaf pine, canker rot, commadra blister rust, cronartium rust, diplodia blight of pines, dogwood antrhacnose, dothistroma needle blight, Dutch elm disease, dwarf mistletoe, elytroderma needle cast, fire blight, fusiform rust, galls on leaf and twig, laminated root rot, littleleaf disease, lucidus root and butt rot, mistletoe (Phoradendron), oak wilt, powdery mildew, sclerodermis canker, sooty mold, sudden oak death, thousand cankers disease, verticillum wilt and white pine blister rust. Perhaps the most famous example of disease-induced change in forest composition is the effect of the chestnut blight in the eastern deciduous forests of North America.  Chestnut blight, caused by Cryphonectria parasitica, eliminated the canopy dominant American chestnut (Castanea dentata) throughout chestnuts range during the early to mid 1900s.  Chestnut blight left many stands at the establishment stage, during which numerous oak, hickory, and other associated species regenerated to replace the American chestnut.  American chestnut once comprised nearly half of the forests east of the Mississippi River, The bight arrived on infected seedlings imported from Europe.  Dutch elm disease, a vascular fungus spread by the relatively minor feeding habits of native bark beetles and by root grafts, causes infected to trees to plug their vascular system, cutting off the delivery of water and nutrients to leaves and killing a tree in a few seasons or less (more vigorous trees succumb more quickly).  It arrived on infected elm logs from the Netherlands, destroying one of the most popular shade trees planted in the United States (McEvy ’04: 48). Leafspot of black cherry (Prunus serotina), caused by the fungus Blumeriella jaapii, causes defoliation and death of seedlings less than 30 cm in height.  The disease is widespread in the black cherry-sugar maple stands on the Allegheny Plateau.  Ash yellows-induced mortality of white ash in the Northeast is much more prevalent during the thinning stage.  Pathogens such as dwarf mistletoe (Arceuthobiu, spp.) and the rot and butt rot fungi (e.g., Armillaria spp. and Phellinus weirii), because of their slow and localized spread, are likely to function primarily as gap makers, and in conjunction with fire and wind, these pathogens may induce widespread mortality, which ultimately leads to stand regeneration.  
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Amillaria root rot attacks hardwoods and softwoods and kills shrubs, vines, and forbs in every state. It is pervasive in North America, commercially destructive, a major cause of oak decline. Armillaria root rot also has been implicated as a contributing factor in declines of many forest tree species including birch (Betula spp.) maple, eastern white pine (Pinus strobus) and oak (Quercus spp.) predisposed by age, drought, or insect defoliation.  
The Armillaria sp. can kill trees that are already weakened by competition, other pests, or climatic factors. The fungi also infect healthy trees, either killing them outright or predisposing them to attacks by other fungi or insects.Many root rotting fungi colonize and survive for extended periods in old stumps, and spread via root contact to the roots of the succeeding forest.  Thus, as the result of timber management, root rots caused by fungi such as Armillaria mellea senu lato, Fomes annosus, and Poria weirii have become major disease problems in cut-over coniferous stands in North America.  Increasing control of wildfire has resulted in the build-up of pathogens and pests. 
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Dwarfmistletoes, the most important pathogen of western conifers, probably were kept in check by fire.  The spike topped trees with dense witches’ brooms are natural lightning rods, and virtually explode when struck by lightning.  The resulting fires often burn out the infection centers, eliminating inoculum.  The burned sites then seed in from surrounding areas.  Because dwarfmistletoe seed has a very short dispersal range, the new stands remain relatively disease-free for some time.  Increasing elimination of fire from the ecosystem since the early 1920s has resulted in an increase in the incidence and severity of dwarfmistletoe.  About eighty percent of Yellowstone Park’s forests were overmature lodgepole pine (P. contorta), senescent, riddle with dwarfmistletoe infestations as well as stem diseases, highly susceptible fodder for bark beetles, and highly inflammable.  The great 1988 wildfires were eliminated much of this diseased, infested, over-mature material.  Controlled burns can be used to destroy all established regeneration and source of inoculum for dwarfmilstletoe.  Controlled burns are also used to control brownspot needle blight (Mycosphaerella dearnessii) infection in longleaf pine (P. palustris), as well as to reduce the population of understory oak species within southern pine plantations to reduce the incidence of fusiform rust.  It is very likely that the elimination of wildfire has increased incidence of comandra rust in the lodgepole pine-sagebrush ecosystem.  The rust fungus requires two unrelated hosts to complete its life cycle, the lodgepole pine which it can deform and kill, and the Comandra sp. which is seldom injured by the rust.  In some high elevation areas that were logged and burned at the beginning of the 20th century, brown felt diseases (Herptrichia sp.) which develop under prolonged snow pack appear to prevent the stands from regenerating.  A similar disease, snow mold (Phacidium infestans), also can drastically reduce regeneration of cut-over stands (Merrill ’96: 145, 146).  

Forest insects are responsible for significant mortality, growth loss and wood product degrade throughout the world’s forests.  While most insects in the forest are beneficial or benign, a small proportion of species damages trees through feeding activities and often in association with microbial pathogens.  Concern with changes in forest insect abundance falls into two categories: ecology, the processes that affect insect numbers and damage, and management, controlling insect populations to reduce damage.  Traditionally, forest insects are grouped according to their feeding habits – defoliators, bark insects, wood borers, seed & cone insects, terminal insects, and sucking insects.  Often damage occurs not as a result of feeding, but through disease transmission.  Feeding habits greatly influence the relationship between the insect and tree.  For instance, aggressive bark beetles generally must kill the tree in order to successfully colonize the inner bark.  Most forest defoliators are moth, butterfly, leaf beetle or sawfly larvae.  Defoliators do not kill their hosts outright.  Trees can tolerate significant levels of defoliation without experiencing significant stress.  The typical result of defoliation is growth loss.  Mortality can occur after repeated defoliations deplete energy reserves and opportunistic insects and pathogens invade the tree.  Typically, broadleaved trees can tolerate repeated defoliation better than conifer.  Some outbreaks are cyclical and other the result of changes in environmental control.  Weather has a significant effect on insect numbers (Teale & Robison ’96: 126-128).  
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Gypsy moth, brought to the Boston area just after the Civil War by a self-described “naturalist” who was also interested in silk production, was allowed to escape and within ten years had developed populations that defoliated almost all trees in the town, spreading throughout New England by the 1930s and throughout the Northeast by the 1960s.  It is especially destructive to oaks, one of the region’s most valuable species, and is still spreading across North American in a fan-shaped infestation to the south and west (McEvoy ’04: 48, 54, 55).  Gypsy moth (Lumantria dispar) defoliation is especially severe on oaks (Quercus spp.) of xeric upper slopes and ridges in the Middle Atlantic States where stands have had a history of repeated fires and other disturbances.  
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Spruce budworm (Choristoneura fumiferana) outbreaks in the boreal forest of North America can be moderate to severe.  In northern Maine at intermediate levels of mortality, regeneration of balsam fir (Abies balsamea), spruce (Picea spp.) and paper birch (Betula papyrifera) was favored, whereas raspberry (Rubus idaeus) and pin cherry (Prunus pensylvanica) were the most abundant regeneration following severe motality.  Spruce beetle (Dendroctonus rufipennis) infestations in the southern Rockies are believed to be as ecologically significant as fire.  Spruce beetle can shift stand dominance from Englemann spruce (Picea engelmannii) to subalpine fir (Abies lasiocarpa) and greatly alter stand structural attributes, accelerating succession.  Eastern white pine in the Northeast is highly susceptible to the white pine weevil, an insect that lays its eggs under the scales of a terminal bud so that larva can tunnel down through the developing bud, killing it, and emerging just above the first set of lateral branches.  Laterally terminal buds just below this injury will begin to grow vertically and will compete with one another until one achieves apical dominance, infestations in succeeding years can quickly turn an arborescent tree into nothing more than a shrub.
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Bark insects, which feed in the phloem/cambium area, fall into two categories: aggressive bark beetles and nonaggressive bark insects.  At low population densities both groups invade weakened or dead trees and branches.  As the first agents of decay in dead and dyeing trees, they accelerate nutrient cycling.  In this group of insects, population size and consequent damage are inversely proportional to tree health.  Primary bark beetles kill healthy trees (conifers) during outbreaks.  Healthy conifers defend themselves from bark beetles by physically expelling the beetles with toxic oleoresin.  As long as the tree maintains good oleoresin pressure, beetles are unable to establish galleries and the tree is successfully defended.  Outbreaks are triggered when a beetle population builds up on trees that are stressed from drought, lightning, overstocking or overmaturity, or on logging debris.  Eventually, the population passes an outbreak threshold where tree defenses are overwhelmed, beetles colonize trees, the trees die, and the beetles increase in number with each new generation.  These outbreaks tend to spread from source points with increasing beetle numbers at the advancing edge and dead and undamaged nonhost trees at the center (Williams ’96: 128, 129).
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Wood boring insects are important agents of decay and nutrient cycling.  The concern for wood boring insects stems more from their effect on wood quality than on tree health.  Wood boring insects often are associated with decay fungi, or at least provide entry ports for decay and disease organisms  A wood wasp, Sirex notilio, in Australia and the Japanese pine sawyer, Monochamus alternatus, in Japan, are notable examples of wood boring insects that introduce pathogens causing serious tree mortality.  Wood borers such as the poplar borer, Saperda calcarata, and the locust borer, Megacylene robiniae, in North American can weaken trees to the extent that they become vulnerable to wind breakage.  Insects that feed on seeds and cones are primarily problems of seed orchards where they can reduce seed crops significantly.  The number of these insects tend to be a function of the amount of food available.  Thus, after years of heavy seed set larger populations of these insects tend to occur.  Terminal insects feed on the meristematic tissues in branch tips and leaders.  The effects of these insects are growth loss, deformity, and possibly the introduction of disease causing organisms.  There are two kinds of insect-tree interactions in this group: in one, the insect responds to increased plant stress and in the other, the insect prefers vigorously growing shoots.  Thus, the western pine shoot borer, Eucosma sonomana, is more numerous under drought conditions that reduce the tree’s ability to defend itself.  The white pine (or sitka spruce) weevil, Pissodes strobe, and the shoot-galling sawfly, Euura exiguae, on the other hand, attack the more vigorous leaders and shoots by their respective hosts.  Damage to the shade intolerant eastern white pine by the white pine weevil can be reduced by reducing tree vigor by maintaining an overstory.  Sucking insects can harm trees by removing nutrients, injecting toxic salivary secretions and introducing pathogens, particularly viruses and mycoplasmas.  The more innocuous sucking insects do little harm by extracting nutrients or causing small necrotic lesions around feeding sites.  Some of the more serious problems exist where sucking insects have been introduced and native tree species are particularly susceptible.  For example, the hemlock woolly adelgid, Adelges tsugae, introduced from Japan to North America, causes extensive mortality of eastern hemlock in the northeastern U.S. but not in the western U.S. on other species of hemlock.  Similarly, the red pine scale, Matsucoccus resonsae, causes essentially complete mortality of red pine in the Hudson River Valley.  On the other hand, the American elm has suffered extensive mortality as a result of leafhoppers transmitting the mycoplasma causing elm yellows (Williams ’96: 129, 130).

Insect pests of humans and domestic animals also occur in forests.  Their impacts include nuisance biting/stinging insects, disease vectors, and insects causing severe allergenic reactions.  For example, black fly populations, Simuliidae, are often suppressed in North America when as a nuisance they interfere with recreation, and in sub-Saharan Africa their populations have been managed to alleviate the spread of human river blindness, onchocerciasis.  The Forest Pest Control Act of 1947 subordinated the rights of individual landowners to societal needs, and applied pest control activities broadly. Forest resistance to pests can be increased by careful management of the genetic makeup of the trees.  In uneven-age management, trees showing signs of pest susceptibility should be preferentially harvested, thus leaving he remaining stand composed of healthier and presumably pest resistant trees to provide seed for future stands.  In naturally regenerated even-aged forests, intermediate thinnings should leave the healthiest trees to provide seed for the next stand.  Similarly, when even-aged stands are regenerated through seed-tree methods, seed-tree selection should include pest resistance criteria.  Finally, when even-age stands are regenerated with artificial seeding or direct planting, the seed, seedlings or cuttings should be from genetically improved stock which includes pest resistance characteristics (Williams ’96: 132, 133). Browsing by white-tailed deer (Odocoileus virginianus) and other large mammals can prevent or regulate the regeneration of many species.  For example, moose (Alces alces) selectively browse hardwoods in the boreal forest, thus favoring coniferous species.  Eastern hemlock (Tsuga canadensis) is being eliminated in some forests of the north-central and northeastern U.S. as canopy individuals die and seedlings and saplings are destroyed by excessive deer browsing.  Deer densities as low as 4 deer/km2 may prevent regeneration of hemlock, Canada yew (Taxus candensis), northern white-cedar (Thuga occidentalis) and several herbaceous species.  Hemlock only regenerated in northern Wisconsin when it was protected by exclosures.  Beaver (Castor canadensis) can cause flooding with the construction of dams that can revert a wetland community in to an aquatic one (Leopold et al ’96: 70).

In the beginning of the twentieth century scientists began to direct their efforts towards the importation and colonization of natural enemy species as a means to control exotic, introduced pest species.  The methods were very successful against several major exotic pests of forest and shade trees in North America.  Most notably, there were successful programs for control of the winter moth (Operophtera brumata) with species of ichneumonid wasps and tachinid flies imported from Europe, control of the larch sawfly (Pristiphora erichsonii) with several species of ichneumonid wasps from Europe; and control of the European spruce sawfly (Gilpinia hercyniae) in North America with a combination of the planned release of several species of ichneumonid wasps along with the accidental introduction of  a nuclear polyhedrosis virus that infected the sawfly.  When the gypsy moth (Lymantria dispar) an exotic tree pest from Europe, was introduce to the United States at Medford, Massachusetts, in 1869, it lead to the first major attempt in the United States to manage a pest in an urban forest setting.  Eradication and management efforts for the gypsy moth during the early years featured the introduction of various natural enemies, application of silvicultural control techniques, and the use of botanical and inorganic insecticides, notably lead arsenate which was developed particularly for control of the gypsy moth.  In the mid-1940s DDT, a chlorinate hydrocarbon insecticide, became available.  During the Insecticide Era, (1945-1962) DDT was widely used in agriculture because it was cheap and effective, and it soon began to be used as a preventive treatment.  Chemical insecticides were not routinely used in forestry, usually only in unsuccessful experiments.  New insecticides caused some insect pests to develop resistance to insecticides.  Natural enemy species were negatively affected by heavy insecticide use, and pests that could resist the effects of the chemicals resurged to high population levels.  Undesirable effects of the chemicals were observed on non-target organisms, including humans and honey bees.  The Era of Integrated Pest Management began around 1976 described as the intelligent selection and use of pest control actions that will insure favorable economic, ecological, and social consequences (Witter & Stoyenoff ’96:151-153).   The use of the biological insecticide Bacillus thuringiensis (Bt) against lepidopteran defoliators is a major step away from broad-spectrum chemical insecticides having recently replaced the use of chemical insecticides in many large forest spray programs.  However, this microbe is active against all lepidopterans and there is concern that Bt may be too nonselective, as it will impact endangered and other non-target lepidopterans wherever it is used (Williams ’96: 134).  

The first step in integrated pest management is to review the available information on the pest(s) and the host plants and ecosystems preferred by them.  Biological information needed on the pest include life cycle data such as insect stage(s) that cause damage, preferred host plants, number of generations/year, overwintering stage, an a basic knowledge of the population dynamics of the pests, including information on their natural enemies.  It is extremely important to have as much local information on pests and ecosystems as possible.  It is necessary to determine pest outbreak frequency, pest outbreak duration, and effects that natural enemies and climate have on outbreak patterns in the specific locality.  Second, determine whether any significant gaps occur in the existing knowledge base.  Normally, monitoring of forest stand conditions and monitoring of pest populations are undertaken as separate surveys.  Sometimes it is most efficient and cheapest for the program develop or his or her organization to conduct the necessary monitoring surveys themselves.  However, at other times the necessary monitoring can be done more efficiently and cheaply by a specialist or consulting firm.  Additionally, many state and federal agencies have forest pest managers that take annual surveys on forest conditions and pests.  Many common techniques used to sample forest pests are direct sampling methods.  The sampler may determine the number of egg masses per unit area or the number of caterpillars per a given foliage sample.  Other direct methods used to estimate insect populations include light traps.  Malaise traps (traps of screening in which insects fly into screen baffles and are guided to killing solutions) or pheromone traps (traps baited with the chemical sex attractant used in reproductive communication by a particular species).   Indirectly, damage cause by specific pests can be observed and measured from the ground or air by inspecting the forest stand.  Data is often gathered for parameters such as amount of defoliation, dieback, tree vigor, crown transparency, or mortality.  Third, review the management objective.  Ownership of forest land is highly varied.  In the United States, approximately 58% of the commercial forest land is owned by non0-industrila private owners, 28% is in public ownership, and 14% is owned by forest industrial concerns.  Objective of these owner groups may be very different.  Major objectives of landowners frequently include on or more of the following: (1) managing for a specific value such as timber or wildlife; (2) managing for multiple resource values simultaneously such as combinations of timber, wildlife, recreation, watershed, and range uses, and (3) managing for ecosystem values such as biodiversity, forest health, old growth or sustainability.  Fourth, methods commonly used to inform and educate the public about pest problems include extension leaflets, handbooks, and manuals (Witter & Stoyenoff ’96: 155-157).

After everyone involved has been educated about the pest and its possible impacts, the program developer must determine the tolerance level, or maximum number of pests per area whose impact does not require treatment, based on resource use, resource value, and the experience that involved persons have had with the pest.  Economic factors are among the most important determinants of pest population numbers requiring treatment.  Economic injury level (EIL) is defined as the lowest pest population level that will cause economic damage to the resource involved.  The economic threshold level (ETL) is the insect population density when management activities should take place to avoid pest populations reaching the EIL.  Six, if tolerance levels are not likely to be exceeded by the pest in the given year, then no treatment actions need to be taken in that year ad reevaluation should occur the following year.  If tolerance levels are likely to be exceeded, the program developer should proceed with a determination of available treatment options.  Seven, treatment options available in forest pest management generally concentrate on either preventive measures, used to forestall pest populations from building up to high levels and thereby preventing heavy damage tolls, or suppression measures, used to control populations of pests that have already reach high levels and knock these populations back down to a less damaging state (Witter & Stoyenoff ’96: 158, 159).

Techniques used to prevent pest outbreaks include silvicultural and arboricultural methods, as well as regulatory methods such as quarantines.  The major technique used to suppress pest populations is application of chemical and microbial insecticides.  The use of physical control techniques, such as trapping insects or hand picking of insects, and the use of natural enemies to control pests can be considered as either prevention or suppression techniques.  There is also the option of not taking any treatment action, instead simply letting the pest population run its course.  In both rural and urban forestry situations techniques such as planting tree species appropriate for the particular site conditions, maintaining a mix of tree species and age classes, and using genetically superior stock that exhibits increased insect or disease resistance.  In rural forests, tree health can be increased through use of proper thinning techniques.  In urban situations, watering and fertilizing are important techniques for maintaining vigorous trees which will be more resilient to insects.  Logging debris or slash, can be managed to prevent buildup of insects such as reproduction weevils and seedling debarking weevils in the debris and thus prevent an outbreak.  Physical control techniques use device to prevent insects from obtaining access to resources or destroy insects directly.  Examples of physical controls that involve destruction or removal of insects occurring at a location include hand-picking of insects from plants (such as picking bagworms off an ornamental shrub), swatting crushing, or shaking insects from ornamental plants, and pruning off infected branches or branches supporting insect nests or shelters.  Natural enemies are very important factors in holding insect populations down to low levels.  For example, approximately 99% of the insect species that are potential forest pests never reach epidemic population densities or cause serious damage.  For instance, scale insect populations frequently increased to epidemic levels after their natural enemies were inadvertently killed by insecticides sprayed to control biting insects.  Once the range of treatment options that are biologically possible for use against the particular pest have been determined, the options must be evaluated in terms of their socio-economic impacts and effectiveness.  After the range of options has been examined and evaluated for biological effectiveness and social, economic and environmental consequences, it is very important to encourage public participation and involvement.  If insufficient levels of effectiveness or unforeseen side-effects of the treatments occur for some reason, it is necessary to cycle back through the process (Witter & Stoyenoff ’96: 161).

Chemical and microbial insecticides have been used for some time.  Before the 1940s, various botanical insecticides, such as pyrethrum, and various inorganic insecticides, such as lead arsenate and Paris green, were used to control pests both in agricultural settings and in urban forestry settings.  Since the mid-1940s, many different types of synthetic organic insecticide have been used in urban and rural forest situations.  There are now both broad spectrum and narrow spectrum insecticides.  Insecticides tend to be relatively cheap to purchase, easy to obtain, and easy to use.  Insecticides are the only option currently available for rescue treatment when there is need to very quickly reduce pest populations that are at high outbreak levels.  There are a number of disadvantages: (1) insects can develop resistance to insecticides, (2) a given insecticide is only a temporary solution because of the buildup of insect resistance, (3) insecticides can kill natural enemies, which can lead to outbreaks of secondary pests and resurgence of main pests, (4) insecticides can have undesirable effects on non-target organisms, including humans, and (5) insecticides can contaminate the environment and become concentrated through the food chain in a process known as biomagnification.  The first way to improve insecticide use is through an effective monitoring program for pests so that insecticides are only used when the economic threshold level has been exceeded and are not simply sprayed on a regular basis as a preventive technique.  Another means of improving insecticide use is to utilize improved application methods that disperse less insecticide into the environment and instead place the insecticide more reliably and directly where it is actually needed.  Timing and application rates can be reduced.  Selective insecticides, such as some of the microbial insecticides, like Bacillus thuringiensis or nuclear polyhedrosis viruses that are more specific in action than most chemical insecticides and often affect only particular orders of insects or relatively few animal species within an ecosystem.  During the last 20 years, pest control programs in forestry have begun to rely much more heavily on microbial insecticides and insect growth regulators as means of suppressing pest populations.  In areas where the economic value of the resource is high (e.g. Christmas tree plantations, tree nurseries, manicured urban landscapes) there is a heavy reliance on the use of chemical insecticides (Witter & Stoyenoff ’96: 160, 161, 164).  

Any insect or disease damage that is not immediately recognizable should be reported to the state forester’s office.  Make detailed notes that describe the insect, injuries or symptoms, and the location.  Any samples of diseased tissue, insects, plants, or any other living tissue should be collected using a ziplock plastic bag and stored in a refrigerated location.  A single specimen of a known invasive plant is eradicated by digging and lifting the entire plant, root and all.  Another way to kill single plants is with a concentrated application of a nitrogenous fertilizer; urea (46-0-0) or ammonium nitrate (34-0-0).  These are not herbicides, but an application of 1-2 ounce over the top of a noxious weed (preferably when the surface is wet) will kill most plants.  Ammonium nitrate is an oxidant commonly used as an explosive and sales are highly investigated.  Reason to use urea.  Large woody trees and shrubs may require the use of a brush saw or chainsaw and an aggressive three- to four-year campaign to remove sprouts until all clones are dead.  Shrubs are easily lifted from the soil using a tool called a weed wrench that grabs the plant at its base and levers the root system out of the ground.  The best tactic is to dry plants, making sure there is no chance seed will mature and disperse in the process, and then burn them (after obtaining a permit to do so).  If burning is infeasible, bury.  Make notes of the locations where invasives have been lifted or treated with nitrogen) so the site can be visited early in the next growing season.  There are systemic herbicides that bind with organic compounds on the forest floor and break down into nontoxic by-products within a few weeks or months.  The Nature Conservancy advocates the use of an easy-to-construct wand with a sponge-tip applicator that allows the use to apply chemical just to a cut surface (McEvoy ’04: 189-191).

12. Invasive Species
The presence of nonnative, aggressive, and often pernicious species is either the first or second most important threat to biological diversity of ecosystems, before or after that of habitat loss, depending on the source.  The impacts of exotic organisms on forests are significant.  The U.S. Congressional Office of Technology Assessment estimates that of the 4,500 plants introduced to North America since colonists first arrived, “675 are considered harmful”.  From around the time forestry arrived in this country until 1991, approximately eighty invasive and pernicious species have been responsible for nearly $100 billion in losses, mostly to agricultural crops.  Of the nearly seven thousand plants recognized as weeds worldwide, about two thousand currently reside in the United States.  This leaves five thousand noxious plants that have yet to cross the border.  A state is considered fortunate if only one in ten plants is invasive.  In states such as California, New York, Pennsylvania, and Hawaii, half or more plants are perniciously invasive.  Noxious plants are not the only threat.  Potentially damaging species can include animals, fungi, insects, bacteria, viruses and viruslike particles.  For example, of the forest insects in the United States are known to damage trees, only a handful are exotics, but these few are responsible for more than half of the damage (McEvoy ’04: 183, 184).  Of the more than 1,100 tree species included in a recent survey, those outside their native range were classified according to their reported degree of invasiveness.  Among those categorized as invasive were 282 species used in forestry.  A further 40 were reported as naturalized by not invasive.  Both angiosperm and gymnosperm invasive species were identified.  In decreasing order, most invasive forest tree species occurred in the families Leguminosae, Pinaceae, Myraceae, Rosaceae and Salicaceae.  According to the study invasive tree species were reported with various intensities in all regions.  The largest number occurred in Africa (87 species) and lowest in Europe (12) and Asia (14).  A study conducted in the fynbos vegetation region of South Africa revealed that introduced invasive trees caused substantial losses in native biodiversity and greatly diminished runoff in water catchments, affecting the water supply, requiring expensive controls (McConnel et al’05: 33, 34). 

An estimated 42 percent of all threatened and endangered species in the United States have experienced declines caused by exotic species.  And at least three of twenty-four known extinctions of species listed under the Endangered Species Act resulted from hybridizations of native species with closely related exotics.  Felling and extracting a single tree in rainforests can take a small crew a week to accomplish. A single tree can host dozens of species of fauna and flora, including dangerous vines (McEvoy ’04: 191, 203). Trees are more susceptible to insect and disease depradations during or immediately following environmental stresses such as excessively dry or wet conditions, or following silvicultural treatments.  If stands are infested with invasive plants, delay all silvicultural disturbances until the invasives have been controlled.  Fire has proven an effective tool in some eastern forests so long as it kills invasives without damaging native species.  However, fire is not a safe tool in western forests due to fire-exclusion policies of the past century that have led to a build-up of fuels in highly flammable coniferous forests.  When fire reaches a coniferous canopy, it is nearly impossible to extinguish without favorable weather (McEvoy ’04: 187).

Alien or nonindigenous plant species are a significant component of the flora in many regions of the world.  In the United States, for example, over one quarter of the plant species known to occur in Illinois, Missouri, New York and Pennsylvania, and nearly 50% of the flora of Hawaii are alien.  Most alien plant species in a given region are innocuous, having little impact on the structure and function of natural systems.  Other species are invasive, possessing the ability to infiltrate, dominate and drastically alter the species composition and dynamics of a system.  Ecological integrity is defined as “the capability of supporting and maintaining a balanced, integrated, adaptive community of organisms having a species composition, diversity and functional organization comparable to that of the natural habitat of the region”.  The consequences of biological invasions in forests and other ecosystems can be considerable, including diminished timber quality and yields, reduced recreational/aesthetic experiences, and (or) loss of species diversity and vital ecosystem functions.  The invasiveness of an alien plant species depends on characteristics of a successful pioneer or weedy species.  Species poor plant communities, like those that occur on oceanic islands, are thought to be more prone to invasion than those rich in species.  The success of the alien shrub, Tatrian honeysuckle (Lonicera tatarica), in invading New England forests may be due to the natural lack of a well-developed shrub stratum in closed-canopy forests of the region.  Mature, closed-canopy forest communities appear to be relatively resistant to invasion by alien plant species.  Alien plant species richness and frequency decline greatly from the forest edge to the interior.  Limited light, however, does not prevent invasion of closed-canopy forests by shade-tolerant species, such as the Norway maple (Acer platanoides), a pest in parts of the eastern United States, that can establish and grow at low light levels (Williams ’96: 169, 170).
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Importations have caused Dutch elm disease, American chestnut blight, white pine blister rust, and the gypsy moth.  In 1906, a nameless person in southern Florida imported a tree, called melaleuca, from the coast of northern Australia for use as a fast-growing landscape plant.  Coincidentally the wet soils of the Everglades was the perfect habitat for this prolific and aggressive species.  Now thousands of acres in south Florida are covered with dense stands of melaleuca, seriously threatening the Everglades ecosystem, and its range is expanding at a phenomenal rate of 50 acres per day.  Kudzu-the infamous “plant that ate the South”, was introduced to the United States by a Japanese delegation to the 1876 Centennial Exposition in Philadelphia.  Fragrant purple blooms and a dense, climbing form made it perfect for arbors.  Soon after the exposition, U.S. Department of Agriculture scientists explored the forage value of kudzu, and soon kudzu had established virtually impenetrable mats of vines on more than 7 million acres.  Forest industry spent millions to reclaim kudzu lands for pine, and in 1978 it was officially declared a weed.  Other noxious invaders include pants like mile-a-minute, which is believed to have arrived from Asia late in the nineteenth century in ballast water expelled from a ship harboring in Portland, Oregon.  It quickly spread in Oregon, mostly along woodland margins.  It has since arrived in eastern states, virtually all of which host international ports.  Another species, zebra mussel, is believed to have arrived in the Great Lakes from ballast water expelled there in the 1980s.  It is a phenomenally prolific freshwater bivalve (a mollusk with a shell that has two halves) that develops into barnacle-like encrustations that plug intake pipes of public water facilities and power plants, costing billions of dollars since it was first discovered in 1988 (McEvoy ’04: 184-187).
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Some invasive species were imported and promoted by the Department of Agriculture.  Autumn olive is a woodland shrub the Department once encouraged eastern forest owners to plant or wildlife until its highly aggressive nature and tendency to interfere with natural regeneration of valuable forest species became apparent.  Multiflora rose, Japanese honeysuckle, barberry, lespedeza, and privet are other examples of invasive plants that forest owners and managers were encouraged to plant by state and federal agencies, usually as food sources for wildlife.  Buckthorn, wisteria, chinaberry, tallowtree, and mimosa are species that escaped from landscape plantings, mostly in tropical climates.  Invasive plants tend to grow fast and mature quickly, producing large quantities of easily dispersed seed.  Some are also allelopathic, which limits competition from native species.  When invasive species with these characteristic become established in forest stands, it is almost impossible to reproduce stands using natural methods without first incurring the expense of eliminating or controlling invasive species (McEvoy ’04: 185-187).

More than two-thirds of non-GM biotechnology research in forestry uses only four genera – Pinus, Eucalyptus, Picea and Populus.  More than two-thirds of activities on genetic diversity and marker-assisted selection are carried out in Europe and North America, while 38 percent are in Asia.  Genetic modification – the transformation of organisms by the insertion of one or more isolated genes – has been the subject of passionate debates over the cultivation of new genotypes.  Some scientists and members of the public are worried about risks associated with gene transfer to native populations (genetic pollution) and about environmental impacts.  Other concerns include consumer health, although these are less apparent than for agricultural crops modified for pesticide resistance.  Populus is the genus of forest tree in which genetic modification has been studied most widely, although some research has been reported for 19 genera of woody plants.  Almost half of all research on genetic modification in forest trees takes place in the United States of America, with most of the remainder in other developed countries.  Many forest trees are still in their wild (unimproved) state or are removed only one or two generations from their ancestors through breeding programs.  Most first-generation traits under examination (e.g. pest resistance and herbicide tolerance), with the exception of wood quality traits, derive from research in agricultural crops and are of interest mainly for potential commercial wood production.  The success of tree improvement programs over the past 50 years suggests that there is scope for enhancing productivity and yields on a sustainable basis using conventional tree breeding.  Some 95 percent of the world’s forest area is natural or semi-natural (McConnel et al ’05: 34-36).  It is always best to replant using native species and the transboundary spread of biologically modified organisms is subject to liability under the Cartagena Protocol and Kuala-Lumpur Supplemental Protocol to the Convention on Biological Diversity of 1994.
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Disturbance is the major factor facilitating alien plant invasions in forests and other plant communities worldwide.  An example of large-scale natural disturbance aiding the spread of an alien tree species in Virginia is that of Paulownia tomentosa, a naturalized species especially common in some riparian forests after intense, large-scale disturbance.  Similarly, the alien tree-of-heaven (Ailanthus altissima) was observed to invade and dominate southern Appalachian cove forests in southwestern Virginia that were disturbed by windthrow from Hurricane Hugo in 1989.  Herbivores may also facilitate the invasion of forests by alien plant species.  Acute forest canopy destruction by larvae of the alien gypsy moth (Lymantria dispar) can create the high light environment necessary for the establishment of new invaders or the rejuvenation and spread of shade-intolerant alien plant species already present but persisting in a suppressed condition.  In the eastern United States, the Asian multiflora rose (Rosa multiflora) can invade defoliated forests aided by frugivorous birds that spread its seeds.  Japanese honeysuckle (Loncera japonica) can initiate explosive vegetative growth and spread in forests after canopy defoliation.  Forests located near urban areas may be more susceptible to alien plant invasions than those in rural landscapes (Williams ’96: 172-174).  Wood thrushes (Hylocichla mustelina), catbirds (Dumetella carolinensis), American robins (Turdus migratorius), northern cardinals (Cardinalis cardinalis) and rose-breasted grosbeaks (Pheucticus ludovicianus) exhibited a strong preference for nesting in both alien bush honeysuckles and the alien common buckthorn (Rhamnus cathartica) over native woody plants.  Range expansion of the northern mockingbird (Mimus polyglottos) into the northeastern United States has been correlated with the spread of multiflora rose, the fruits of which provide the mockingbirds with a dependable and abundant supply of calories to overwinter in cold climates (Williams ’96: 175).

Nitrogen-fixing woody plants highly influence the nutrient cycling in plant communities, whether they are alien or native.  For example, the alien nitrogen-fixing shrub candleberry myrtle (Myrica faya) can alter forest ecosystem development in Hawaii in part by elevating soil nitrogen levels in nitrogen limited sites.  Likewise, in South Africa, Australian species of Acacia enrich nitrogen-poor coastal lowland habitats that they invade and so may alter patterns of community succession.  One consequence of nitrogen-enrichment of low-nutrient sites by alien shrubs is the possible facilitation of further alien plant invasions as substrate modification proceeds.  In the northeastern United States, the nitrogen-fixing black locust (Robinia pseudoacacia), a tree naïve chiefly to the central and southern Appalachian Mountains, has been widely planted and is now freely naturalized in forests of the region.  A pioneer species, black locust substantially elevates soil nitrogen in early to intermediate stages of forest succession.  The alien nitrogen-fixing shrub autumn olive (Elaegnus umbellate) is spreading in portions of the eastern United States.  Displacement of vernal herbs by alien plant species could affect seasonal patterns of nutrient dynamics. The vernal herb trout lily (Erythronium americanum) played a significant role in reducing losses of potassium and nitrogen from a northern hardwood forest ecosystem in New Hampshire.  Vernal herbs are physiologically active at a time when nutrient uptake by other plant species is low and snowmelt is high and through the uptake of mobile nutrients in the spring, and their subsequent slow release by decomposition of nonperenniating organs in the summer enables vernal herbs to function as a “dam” that minimizes losses of key nutrients from the ecosystem.  Invasion of alien plants can lead to stabilization of shifting sands and substrates.  The Eurasian ecotype of reed canary grass (Phalaris arundinacea) invades wetlands and riparian communities in the northern United States, forming large, monospecific clonal stands.  In riparian forests of the Allegheny River in northwestern Pennsylvania, reed canary grass invades, stabilizes and dominates depositional bars, essential open habitat for seedling regeneration of the dominant shade-intolerant tree species, sycamore (Platanus occidentalis) and silver maple (Acer saccharinum) (Williams ’96: 176, 177).

The type and extent of control efforts for alien plant species in forests will be dictated by numerous factors including time, budget, east of control, probability of success, and potential impacts to nontarget organisms, systems or processes.  For a commercial forest, for example, a control objective may simply be the removal of competing vines from a young hardwood plantation to enhance tree growth and quality.  In a natural area, control objective may include alien plant species removal in conjunction with restoration of important system processes such as natural fire or hydrological regimens.  Control efforts for alien plant species must be prioritized in sites or habitats where they pose the greatest threat or can be controlled most easily and in the most cost-effective manner.  Alien invasive plant control treatments must be assessed on a regular basis by monitoring both the status of the alien plant and the response of the forest.  Often, treatment and monitoring over the course of years or decades is necessary to ascertain the success or failure of alien plant control efforts.  Also, post-treatment site restoration may be necessary when disturbance due to control efforts creates conditions favorable to colonization by other alien invasive plants (Williams ’96: 178, 179).  Biological invasions should be viewed as a symptom of a deeper ecological problems rather than just a singular disease.  Alien plant invasions of forests and other ecosystems are chiefly the result of direct ff indirect human alterations of species composition, physiognomy, natural processes or other factors central to the maintenance of ecosystem integrity.  Disturbance management focused on minimizing small and large-scale human disturbance, in conjunction with spot control efforts, is a key approach to managing alien plant invasions in many forests.  Ultimately, educating natural resource decisiomakers, politicians, the nursery industry, the general public and other organization and entities about the costs and benefits of widespread alien introductions may yet be the most effective tool in combating alien invasions (Williams (’96; 179, 180). Urban areas should propagate affordable native species in their nurseries with the intention to regenerate a native tree canopy so the urban community could be included into the local forest, to improve property value, attract tourist revenue and improve quality of life and culture.

14. Wildlife Habitat
The three primary elements of habitat are food, water and cover.  Most forest stands provide one or two elements, but rarely all three.  And, generally, the larger a species, the farther it must travel to obtain all elements.  Bears, for example, have home ranges that can cover many square miles, whereas a ruffled grouse can live its entire life on a 20-acre parcel.  The area over which an animal must travel to locate all the critical elements of habitat is known as its range.  Mammals and avian species tend to have ranges extending over areas that are much wider than a single forest stand, or even a single property.  An important concept of wildlife habitat is that of edge.  This is the transition from one cover type to another, between a hay field and a woodlot, for example.  A hard edge is an abrupt transition, while a soft edge is more gradual.  Soft edges are more valuable for a wider array of species than hard edges because the transition is usually a dense, shrubby cover.  Juxtaposition is the relation of critical habitat elements relative to one another.  A stand that shows bear signs (scat, claw marks on trees and bear “nests” in the canopy, where a bear sat and pulled seed laden branches for feeing) is probably near a travel corridor and the stand should be left alone.  Deer –both white-tailed deer in the East and mule deer in the West – are perfectly suited to forest habitats, but in northern reaches winters are a primary limiting factor for the whitetail.  Low temperatures coupled with excessive snow depths are the second highest cause of mortality behind hunting.  Deer will congregate in dense softwood stands, also known as deer years, for at least a few weeks each winter to take advantage of lower snow depths and the insulating effect of the canopy.  But without nearby opportunities to browse, many animals cannot survive harsh winters.  Deer yards need to be regenerated periodically under the guidance of a local wildlife biologist (McEvoy ’04: 172-174).
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Habitat for any living organisms consists of six things: (1) food, (2) water, (3) shelter, (4) privacy, (5) space, and (6) the connectivity that makes the previous five things readily available to an individual animal, including a person.  Most animals must daily forage or hunt for food.  A few, such as some ants, grow their own, while others store food in times of plenty for use in times of scarcity.  Animals within a forest consume a wide variety of foods, from fresh green plants to decaying pants, fruits, nuts, mushrooms, insects, fresh meat, carrion and so on.  Proximity to adequate water dictates what species can live where – wet forest, dry forest, in the water, next to water or some distance from water.  For example, in areas of high rainfall, frequent fog, or dew on cool nights, some tree-dwelling mammals get much of their required moisture by licking moisture off the leaves of the trees in which they live.  Others get much of their moisture from the succulent foods they eat, such as truffles, which are about 80 percent water when fresh.  And still others, such as birds and bats, fly to water, whereas wide-ranging species, such as coyotes and deer in North America and dingoes and kangaroos in Australia, can travel considerable distance overland to find water.  Shelter protects against the weather and purveys privacy, especially during the season of reproduction.  Some animals make nests in the tops of live trees, others live in holes in snags.  A particularly large snag of good quality is occasionally used simultaneously by different species of birds and/or mammals. Still other animals live in cavities in the trunks of trees; hollows in the bases, where the trunk joins the large roots; or crevices in the bark.  Several animals live in holes in the ground and build tunnels from one belowground chamber to another.  Despite feather, fur, and clothing, shelter is needed to protect animals from the cold of winter and heat of summer.  Privacy or “hiding cover” is an often-overlooked component of shelter.  Hiding cover can be vegetation, topography, a burrow, a nest, a crevice in the face of a cliff, a cavity in a tree, a secluded space within a slope of fractured rock (talus) at the base of a cliff 0 in essence any structure, usually darkened, that allows an animal to choose whether or not it wants to be seen or otherwise disturbed.  This kind of cover serves both to hide an animal from predators and to provide privacy in which to rest, reproduce, and rear young.  An animal must have enough space to meet all of its life requirements.  Space corresponds to the adaptability (versatility) a particular species exhibits with respect to the number of plant communities and developmental stages within a plant community that it can use for feeding and reproduction.  The greater the number of communities and stages a species can use, the more adaptable it is; the fewer the communities and stages a species can use, the less adaptable it is.  The main point about connectivity among habitat components (such as water, food, shelter, and space) is the determination of which species can live where, including humans.  Wide-ranging species living in evermore fragmented habitats require safe-corridors of travel through an increasingly “hostile” terrain from one habitat component to another: food → water → shelter → food (Maser et al ’10: 154-158).  
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A home range is the area of an animal’s habitat in which it ranges freely throughout the course of its normal activity and in which it feels free to mingle with others of its own kind – the shared use of an area.  A territory, in contrast, is a particular, relatively small area within an animal’s home range that it defends against others of his own kind – analogous to private property within a national park.  The developmental stage of a plant community may limit a species’ ability to reproduce.  An example might be a large woodpecker or superb parrot that requires a snag 20 inches (51 cm) in diameter for nesting (such as found in an old forest) and simply cannot fit in a snag that is 11 inches (27 cm) in diameter (such as found in a young stand of trees).  On the other hand, a small woodpecker can nest in an 8-inch diameter snag (20 cm) can also fit quite nicely into a snag that is 20 inches (51 cm) in diameter.  The small cavity nesting bird which can nest in both a young forest and old forest, is more adaptable reproductively than is the large cavity-nesting bird (Maser et al ’10: 158, 159).  

Forests also supply habitat for insects, birds, and bats that pollinate crops, and for birds and bats that eat insects considered harmful to people’s health and economic interests, including the forest trees themselves.  In addition, forests provide animals, plants and fungi that can be sustainably harvested for food and medicines.  Habitats, both forested and nonforested, are worth much more in terms of dollars when purposefully maintained intact to function as healthy, diverse, natural-capital ecosystems over time than when they are dedicated solely to a short-lived, monocultural product such as timber.  If, as a consequence of the economic disregard for the value of nature’s services, the health of the world’ forests declines to such an extent that we lose these services through the compounding tyranny of many seemingly innocuous decisions, humankind as a whole, will pay a terrible price.  To keep the things of value, such as the free ecological services we depend on, we must calculate the full costs of what we do in the patterns we create across the landscape through forest “management”.  The cost can best be ascertained by calculating the potential reversibility of our actions, should they prove environmentally unwise.  The intellectual challenge is that no single factor can be singled out as the cause of anything.  Ecological relationships are far more complex and far less predictable than our statistical models lead us to believe (Maser et al ’10: 11, 12).   

Forests in the United States are used by a number of different migratory species, especially songbirds that come to raise their young.  These species spend most of their lives in the tropical or subtropical areas of Latin America and the Caribbean.  They fly north every year for a few weeks each summer to use U.S. forests as nurseries.  They are known as Neotropical songbirds.  Habitat requirements vary but most prefer mature hardwood forests with closed canopies.  Good nesting cover is essential to the survival of these birds.  One safe guideline is to avoid treatments in mature hardwood stands form the middle of May until the middle of June, or until nesting is completed.  Some other practices that are easily incorporated into timber harvest plans and are generally good for woodland wildlife include: (1) leave at least five to ten snags per acre for cavity-nesting bird species.  Snags are standing dead trees and are fairly common in mature stands.  If the snags are mostly early-successional species, like aspen or birch that rot relatively quickly, leave more.  (2) Specify lopping logging slash only near trails and areas that are aesthetically sensitive in order to exploit its positive benefits.  Logging slash from tree tops is usually lopped as close to the ground as possible, primarily to improve aesthetics.  But slash can provide escape cover for many wildlife species, and it can also protect young saplings from deer browse which is a troublesome regeneration problem in some areas of the country.  (3) Widen skid roads, a practice also known as daylighting, which not only helps road surfaces dry out following wet weather, but also promotes the growth of berries and shrubs, a source of food and cover for many species.  (4) Request that log landings and primary skid trails are seeded with an appropriate mix of local grasses and forbs following the harvest.  This helps to stabilize soils with the proper combinations of local species, and can also supply a source of food and medicinal plants.  Using a hay mulch over the top of seed will greatly increase germination.  But make sure the hay is from local pastures that are free of exotic, invasive plants (McEvoy ’04: 175, 175). When snags are removed from short-rotation stands following liquidation of the preceding old growth, 10 percent of the wildlife species (excluding birds) will be eliminated; 29 percent of the wildlife species will be eliminated when both snags and fallen trees (logs) are removed from intensively “managed” young forests (Maser et al ’10; 161). 
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As pieces are continually removed from the forest with the notion of convenient uniformity that is “intensive timber management” the ultimate simplistic view of modern, exploitive forestry is revealed. An unentered area of forest at least 500 acres (202 hectares) in extent, is large enough to maintain its moist, inner microclimate, provided the area is in compact shape, which precludes the drying winds of summer.  If, however, the area’s shape is more elongated than compact, the wind can penetrate along the margins and being to dry the area out.  As it progressively dries, the organisms, and the functions they represent, begin to change and die, which ultimately leads to a stand of old trees that is vastly different from the original one.  Habitat fragmentation is such a serious problem, the local populations adapted to specific habitats are increasingly endangered.  Urban sprawl and clear-cut logging put wildlife at risk.  Both plants and animals become vulnerable to “secret extinctions” – the loss of entire genotypes altering the habitat (Maser et al ’10: 169).  Spatial patterns on landscapes result from complex interactions among physical, biological and social forces.  Most landscapes have been influenced by human cultural patterns such as farm fields intermixed with woodlots, town and county parks, and suburbia that surround a town.  In turn, the town may have a larger backdrop of managed forests.  The resulting landscape is an ever-changing mosaic of little, unaltered patches mixed with heavily manipulated patches of habitat that vary in size, shape, and arrangement.  

A disturbance is any relatively discrete event that disrupts the structure of a community of plants and animals or disrupts the ecosystem as a whole and thereby changes the availability of resources and thereby restructures the physical environment.  Ecosystem altering disturbances range from small grass fires, floods, major storms, earthquakes and tsunamis.  The extent of such ecological perturbations as fires, floods, windstorms, insect outbreaks are important processes in shaping a landscape.  The connectivity of habitats within a landscape is of prime importance to the persistence of plant and animal species in viable numbers, including healthy populations of predators.  These are important in keeping prey species from overexploiting their food sources and consequently degrading the habitat.   Whether populations of plants and animals survive in a particular landscape depends on the rate of local extinctions from a patch of habitat and on the rate that an organisms can move among patches of suitable habitat.  Species that live in patches of habitat isolated from one another as a result of habitat fragmentation are less likely to persist.  Natural disturbances can be long term and chronic, such as huge movements of sol that take place over hundreds of years (termed earth flow), or acute, such as a big, fast-moving fire in a forest.   Regardless of the type of disturbance, large, interactive systems perpetually organize themselves to a critical state in which a minor event can start a chain reaction that leads to a systemic, and often dramatic, catastrophe, after which the system will begin organizing toward the next critical state.  (Maser et al ’10: 105-111).  
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In the Pacific northwest for example, vast areas of connected, structurally diverse forest which were once part of the National Forest system have been fragmented and rendered homogeneous by clear-cutting small, square blocks of old forest; by converting these blocks into even-aged stands of nursery stock; and by leaving small, uncut, square blocks between clear-cuts.  To reach all the units designated for logging, a spiderweb of logging roads penetrated almost every watershed before half the land area was cut.  With the exception of a few areas that are off-limits to timber management, when half the and was cut most of the National Forest system became a patchwork quilt with few forested areas large enough to support those species of plants, birds, and mammals that require interior forest as their habitat.  For example, the northern spotted owl lives in the deep forest interior.  But if, through logging, an area of forest is reduced beyond a certain point, it becomes so small that it no longer protects the spotted owl from predation by the larger great-horned owl, which lives outside of the deep forest yet hunts in its periphery. (Maser et al ’10: 106, 110). 

Natural ecosystems and the species populations that inhabit them often are not very stable over either the short term (measured in years or decades) or the long term (measured in centuries or millennia).  One year’s, or decade’s abundant and harvestable population may, without warning drop to low an unharvestable levels a year or a decade later.  Short-lived species with high reproductive rates, such as annual plants and many small animal species, and the products of mass reproduction, in particular seeds and fruits, show the greatest year-to-year variation.  Boreal, temperate and tropical trees display considerable variation in the production of commercially important products, from fruits to timber.  The seed crops of forest trees are highly sporadic, with species of the primary forest canopy often pausing several years between crops.  Brazil-nut production from individual trees, for example, is reported to vary greatly from year to year.  Natural stands of trees in commercially important forests often exhibit long-term fluctuations in harvestable quantities of timber because of large-scale forest dynamics.  For example, the most important commercial species of timber in Neotropical forests, mahogany, regenerates after large-sale episodic disturbances such as fires, hurricanes, and hydrologic changes.  Mahogany stands are therefore composed of even-aged trees that have regenerated at the same time.  Mahogany generally requires at least 75 years, and perhaps as long as 125 years to reach harvestable size.  To date, plantation forestry is largely impractical for mahogany in the Neotropics because it leads to massive infestations of the shoot borer (Hysipila grandela), which causes high mortality and deformed growth in mahogany.  The balsa fir (Abies balsamea) and spruce (Picea glauca, P. pubens) forests of northeastern North America offer a similar picture of extreme long-term variation.  In these forests, the spruce budworm (Choristoneura fumiferana) rather than an abiotic factor, is the primary agent driving natural forest development.  Like mahogany forests, these forests never develop into what would conventionally be called a “normal” forest with an uneven age structure because the periodicity of extensive destruction by the budworm results in the presence of only one or two large age classes at any one time. Savannas exhibit some of the greatest annual variation in productivity among all ecosystems because of the extreme periodicity of rainfall.  Savannas, particularly dry savannas, are nonequilibrium systems that may oscillate either regularly or chaotically.  Episodic changes in vegetation, including species composition, often occur in response to extreme or rare events such as drought or alteration in fire regime (Freese ’98:” 104-106).  

Until plants were first cultivated and animals were first domesticated a few thousand years ago, human were entirely dependent on wild species for food, fiber, shelter, and medicines.  Hunter-gatherer societies lives for millennia in regions of both low and high biotic diversity, and many continue to do so today.  Human migration into new lands often led to major extinctions of species before some semblance of ecological balance with the remaining biota was reached.  The massive extinctions of large mammals and flightless birds in North America Madagascar, and New Zealand coincided closely with, and was almost certainly caused by, the arrival of human who hunted them.  The spread of Polynesians across the islands of the Pacific beginning some 8,000 years ago led to the extinction of at least half the endemic species they encountered.  A sevenfold expansion of the human population during the past 300 years, coupled with rapid growth in per capita material expectations, technologies for harvesting wild species, and commercial trade in wild species products, produced the modern era of wild species use.  Many wild species resources for which there are significant markets have been overexploited and their ecosystems highly altered and generally simplified.  Overexploitation has occasionally led to extinctions.  Hunting has caused 23 percent of all documented animal extinctions.  

The selective harvest of particular cohorts from a population through recreational hunting can skew sex and age ratios and reduce genetic variability.  Trophy hunting of moose in Prussia over centuries is reported to have resulted in unpalmated antlers by World War I.  Eugenic culling, through the removal of moose with atypical and unpalmated antlers, restored moose with large, palmated antlers to the population.  Most jurisdiction in which bighorn sheep (Ovis caadesis) are hunted in western North America permit only rams, often with horns that have a minimum of a three—fourths curl, to be killed.  Hunting can also reduce genetic variability in white-tailed deer (Odocoileus virginianus).  Genetic change caused by commercial fisheries taking fish of larger than average size may have been the main reason for a decline in size of some or all of five species of salmon caught in Canadian fisheries between 1950 and 1975.  A six to ten year cycle of lynx (Lynx lynx) and snowshoe hare (Lepus americanus) populations and other carnivores associated\with this fluctuating system are well known.  Large die-offs have been reported for seventy species of large animals, often involving 70-90 percent of the population (Freese ’98: 141-143, 107).

Sustainable offtake is the removal of individuals from a population conducted at a rate and in a manner that can be continued indefinitely.  This includes the harvest of parts or products or organisms, such as tree sap and foliage.  Sustainable offtake is any harvest that does not drive the harvested population toward extinction.  Natural fluctuations in population levels may cause sustainable levels of offtake to vary substantially from year to year or from decade to decade.  Offtake and management that are ecologically sustainable are compatible with biodiversity conservation.  The Convention on Biological Diversity defines sustainable use as: The use of components of biological diversity in a way and at a rate that does not lead to the long-term decline of biological diversity, thereby maintaining its potential to meet the needs and aspirations of present and future generations Animal protectionism influenced the collapse of the European market for seal products as the result of a public awareness campaign employing images of white-coated harp seal (Phoca groenlandica) pups being killed by clubbing, in the early 1980s.  There is a moratorium on commercial whaling by the International Whaling Commission and conservation groups.  Recreational hunting has come under pressure from animal rights organizations although hunting is a major source of revenue for conservation in southern Africa and North America.  The three largest conservation organizations in the world jointly agreed that “people should treat all creatures decently, and protect them from cruelty, avoidable suffering and unnecessary killing (Freese ’98: 12-14, 5). 

A game refuge is defined as an area that is closed to hunting in order that its excess population may flow out and restock surrounding areas”.  Game refuges declined in importance as a management tool in North America when game populations recovered and harvest quotas became widely used.  The development of waterfowl refuges in North America is based on the concept that their primary function is to maintain habitat critical to migratory waterfowl and the large hunting enterprise they support.  Various marine reserves representing a broad geographic range show higher population densities and greater average fish sizes than surrounding fished areas.  Fishing reserves are important in protecting fisheries from stock collapse.  Protection spawning stock within a reserve requires significant dispersal of eggs, seed, or young into the harvest area if harvest refugia are to be a tool for sustainable harvest programs.  Differences in the reproductive cycles of wild species and in the ecosystem they inhabit result in a diversity of approaches to developing sustainable harvest strategies.  For timber production in coniferous forsts and recreational hunting of big game, managers can determine with some confidence sustainable levels of offtake.  In contrast, in marine fisheries, the ability of scientists and managers to predict sustainable harvest levels is weak at best.  Adaptive management, harvest refugia, and tapping of the experience and customs of traditional local resource users are being promoted as supplement to Western science (Freese ’98: 127, 134).

Of the various types of recreational hunting, waterfowl hunting is among the most problematic in terms of incidental mortality and disturbance.  The killing of non-target species in waterfowl hunting approaches that in blind fishing with nets.  Although the hunter’s inability to distinguish species may often be at fault in waterfowl hunting, the high incidence of shot found in protected species suggests that many hunters knowingly shoot protected species.  Despite dramatic species-specific changes in waterfowl hunting regulations in the United States, changes in species-specific harvest rates were largely undetectable.  Lead poisoning caused by birds ingesting lead shot from the bottom sediments of wetlands, is a significant cause of mortality in many waterbirds.  As of 1997, of the twenty-seven countries in which lead shot poisoning in waterfowl has been recorded, only five had instituted nationwide bans on the use of lead shot, and thirteen had taken no action to restrict its use.  Both quarry and nonquarry birds may be as much as ten times less dense in areas subject to recreational shooting, and some species may entirely bypass major staging areas because of shooting disturbances.  The effects of disturbances on waterbirds can be ameliorated by banning hunting not only during nesting and fledging periods but also during the middle of winter.  Many European countries, however, still allow hunting well into or entirely through the middle of winter.

Hunting-induced Mortality and Injury of Protected Waterfowl
	Species
	Location
	Dates
	Results

	Freckled duck
	Australia
	1979
	Estimated 13-25% of population was incidentally killed

	Canvasback
	United States
	1991-1992
	27% of birds encountered within shooting range of hunters were shot at; 20% of shots resulted in killed or crippled birds.

	Barnacle goose
	United Kingdom
	Not given
	21% of live birds had lead shot in tissue.

	Whooper swan 
	Scotland
	1988-1989
	12% of live birds had lead shot in tissue; 10.5% of those found dead had died from gunshots.

	Trumpeter swan
	North America
	1976-1987
	15% of live birds had lead shot in tissue; 12% of those found dead had died from gunshots.


Source: Freese ’98: 155; Table 6-3
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Migratory waterfowl populations exhibit sizable population fluctuations that complicate the setting of annual hunting quotas in North America.  Variability in the spring condition and extent of wetlands in waterfowl breeding grounds is the primary factor affecting year-to-year reproductive success.  For example, populations of the ten principal duck species, such as the mallard (Anas platyrbynchos), pintail (Anas acuta) redhead (Aythya americana), and canvasback (Aythya valisineria), were high in the mid-1950s and then declined in the early 1980s because of drought conditions in the prairie-parkland region of North America (Freese ’98: 106).  Introduction of the mallard into New Zealand has resulted in widespread hybridization with the Pacific black duck (Anas superciliosa) and will probably continue between these two species until Pacific black ducks are either extinct or confined to largely isolated habitats.  In North America, both large-scale introductionsof mallards and their adaptation to an increase in artificial habitats have caused mallard populations to spread to the east, north, and south.  Hybridization with mallards is eroding genetic integrity in the American black duck (Anas ribripes), has caused the extinction of the pure Mexican duck (Anas diazi) genotype in the United States, and threatens the survival of the Florida duck (Anas fulvigula fulvigula) (Freese ’98: 155-157, 174).  It’s a mallard dominated society.
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Management of large herbivores for recreational hunting and venison production involves opening large, unbroken tracts of woody vegetation or forest to create edge and vegetative diversity.  Techniques to create edge and openings in shrublands and woodlands range from heavy mechanical manipulation (e.g. plowing, chaining) to application of herbicides.  Fertilizer has also been recommended as a means to improve forage production on elk winter range.  Control of predators to enhance huntable numbers of ungulates is an issue in North America, particularly in the far northern part of Alaska in the United States and in the Yukon Territory of Canada.  To increase populations of moose and caribou, both major game species in this region, wolf (Canis lupus) populations are subjected to regular and intensive control by wildlife management agencies.  Bear (Ursus arctos and U. americanus) numbers are also occasionally controlled to reduce predation on moose.  One study in Alaska and the Yukon found the sustained yield of moose in areas where wolves and bears were lightly hunted to be 0-18 moose per 1,000 square kilometers, whereas areas of heavy wolf and bear offtake yielded 20-130 moose per 1,000 square kilometers.  In one area, wolves and bears killed 54 moose per 1,000 square kilometers, restricting the sustainable yield for humans to 6 moose per 1,000 square kilometers.  

In Alaska, wolf numbers are controlled with a 9 month hunting and trapping season in most national parks and national wildlife refuges, with no limit on the number of wolves taken under a trapping license, allowed killing of adults with young and of young themselves. In addition, sterilization, relocation and other forms of wolf control are emerging.  Selective harvesting of males in polygynous species is a common management strategy to increase sustainable harvest levels for the hunter.  In Canada, for example, more male than female polar bears are killed because recreational hunters prefer males and because the selective removal of males is favored by management regulations for both recreational and subsistence hunting.  In Hudson Bay the adult polar bear population is 60 percent female.  Examples of game animals have been released into the wild include the European red deer (Cervus elaphus) in New Zealand and Argentina, the white tailed deer in Europe; and the European wild boar (Sus scrofa) in the United States.  In Texas, as of 1994, seventy-one exotic species of ungulates totaling 195,483 animals inhabited 637 ranches there.  The management of grasslands, shrublands, and woodlands for production of of domestic livestock involve almost the same range of management interventions as does silviculture.  The results range from nearly natural ecosystems composed of native plants and animal species to ecosystems dominated by exotics.  In northern Australia, the poor nutritional quality of native grasslands is compensated for by oversowing them with exotic species.  In the steppe grasslands of North America, native plant species have been extensively displaced by introduced Eurasian wheatgrasses and ryegrasses (Freese ’98: 175-179).
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Populations of endangered species such as black rhinoceros, white rhinoceros (Ceratotherium simum), and cheetah (Acinonyx jubatus) have increased on commercial ranches over the past thirty years, no hunting.  Wild populations of the Nile crocodile (Crocodylus niloticus) have also been protected and have increased in recent decades, as they are a source of eggs for the expanding crocodile farming industry.  Game animal ranches are profitable than cattle ranches in southern Africa.  In Botswana, wildlife management areas, in which wildlife use is the designated primary form of land use, represent more than 20 percent of the country’s land area.  The present 3.8 percent growth rate of Botswana’s livestock population, within fifteen years livestock will occupy some 5 million hectares of land presently allocated to wildlife, which will mean conversion of some 68 percent of the current wet-season dispersal range of the elephant. In Pakistan, the recent development of trophy-hunting programs for three species of caprinid – the markhor, the urial (Ovis vignei), and the ibex (Capra ibex) is converting these species into an asset for local people.  The most successful project was initiated in 1986 by local tribal people, based on a primarily European clientele, a conservative level of offtake, and trophy fees of roughly $25,000 for markhor and 411,000 for urial, the project has been self-sufficient since its inception, with a total income of $460,000 as of 1996.  By 1993 thirty-three local game guards, paid entirely by hunting revenues, were protecting approximately 1,000 square kilometers of land and virtually all poaching had been eliminated.  A hunting program initiated in 1985 in the seventy-five-square kilometer Dulan International Hunting Area, in the province of Qinghai, People’s Republic of China improved local incentives for wildlife conservation.  Based on trophy fees as high as $2,400 for the blue sheep (Pseudois nayaur), the primary game species, as well as other ancillary service and license fees, foreign hunters generated gross revenues of $560,000 for the area between 1985 and 1991 (Freese ’98: 195-200).

Improved management and recovery of populations have followed bad management and overfishing of the halibut (Hippoglossus stenolepis) on the western coast and the striped bass (Morone saxatilis) on the eastern coast of North America.  The oxbow lake fisheries of Amazonian Peru have also recovered.  Crocodilian populations, widely overharvested in the early twentieth century for their hides and danger to human life, have bounced back under improved management in Australia, Zimbabwe,  Several big game species such as the markhor (Capra falconeri) in Pakistan and the elk (Cervus elaphus) in North America have also recovered. In the Tamshiyacu-Tahuayo Communal Reserve in Amazonian Peru, several primate species and the tapir (Tapirus terrestris) all with low reproductive rates, exhibited depressed densities due to hunting.  In contrast, hunting of species with higher reproductive rates, such as peccaries (Tayassu spp.), deer (Mazama spp.), and rodents, was apparently sustainable, even though they constituted most of the harvest.  In Kenya’s Arabuko-Sokoke Forest, hunting was unsustainable for populations of large ungulates and two primate species, whereas offtake rates for fast-reproducing elephant shrews (Rhynchocyon spp. and Petrodomus spp.), squirrels (Heliosciurus spp. And Funisciurus spp.), and duikers (Cephalophus spp.) were sustainable (Freese ’98: 19-21, 123).
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In Australia, one of the most striking examples of a species that has “won” at the expense of other forest biota, is the koala.  On Kangaroo Island, off South Australia, the koala was introduced less than a century ago from mainland populations thought to be at risk of extinction.  From an initial source of eighteen animals, released on the island between 1923 and 1925, the local population has since increased in excess of an estimated 27,000 koalas, due to high-quality habitat, an equable climate, and the absence of top-order carnivores such as dingoes.  The impact of the leaf-eating koalas on the island’s forested habitat has been devastating, particularly on the koala’s preferred food – the leaves of the island’s manna gum.  Mass defoliation by koalas has not only killed individual trees and entire stands but also removed habitat for myriad invertebrates, reptiles, birds, and mammals.  Ill-conceived introduction of koalas elsewhere in southeastern Australia have also had devastating effects, leaving conservation and land-management agencies to foster culling programs, the results of which are not yet known (Maser et al ’10: 173, 174).

Wild species have intrinsic worth and nourish human cultural and spiritual values that should balance the influence of economic forces in nature conservation. Guideline 1 of World Wildlife Fund Guidelines for the Commercial Consumptive Use of Wild Species. A unit of land or water may be managed as (1) a fully protected area where there is no or minimal consumptive use of wild species; (2) a multiple-use natural or seminatural ecosystem where management may range from moderate levels of offtake to high offtake and intensive habitat management; or a monoculture or its ecological equivalent, whether a cornfield, single species forest plantation, or shrimp farm. Boidiversity conservation (1) Stop overexploitation and restore depleted popluations and degraded ecosystems. (2) Avoid unnecessary specialization in commodity production from natural ecosystems.  Wisely allocate land and water uses.  (4) Incorporate noncommodity values of biodiversity into decision making.  The precautionary principle has been proposed as a policy tool to limit the degree to which goals of sustainable offtake or ecological sustainability are put risk by harvest and management.  A predecessor to the precautionary principle was the “safe minimum standard” which primarily concerned averting irreversible or difficult-to-reverse consequences of unwise resource management, such as destruction of breeding stock or its habitat or contamination of groundwater (Freese ’98: 225). Open-acccess regimes comined with high prices is the single biggest proximate cause of overexploitation (Freese ’98: 250, 234, 216, 217, 219).

2011 was a global veterinary crisis in the United States.  First, red wing blackbirds (grackles) fell out of the sky on New Year's Eve in Arkansas, Louisiana and Kentucky, it appears that the birds died of blunt force trauma - possibly from being hit by a truck. Blackbirds are certainly behaving strangely; three separate blackbirds swooped low and brushed passed me, as I was walking in the park yesterday.  Within days of the grackle die off, thousands of fish washed up dead in an Arkansas river. Then it was two million fish in the Chesapeake Bay, 150 tons of red tilapia in Vietnam, 40,000 crabs in Britain and other places across the world. In the past eight months, the USGS has logged 95 mass wildlife die-offs in North America. The list includes 900 some turkey vultures that seemed to drown and starve in the Florida Keys, 4,300 ducks killed by parasites in Minnesota, 1,500 salamanders done in by a virus in Idaho, 2,000 bats that died of rabies in Texas, and the still mysterious death of 2,750 sea birds in California.  On average, 163 such 

events are reported to the federal government each year, according to USGS records.  Unusual or not the news reports of deadly epidemics of animal diseases demand a cure.  In May 2011 the U.S. Fish and Wildlife Service (FWS) released a National Plan for Assisting States, Federal Agencies, and Tribes in Managing White-Nose Syndrome (WNS) in Bats caused by the fungus Geomycetes destructans that has taken the lives of over a million hibernating bats in 

affected caves.  

Little brown bats with white-nose syndrome, New York
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Credit: Nancy Heaslip, New York Department of Environmental Conservation

White-nose syndrome was first observed in four caves centered roughly 30 km west of Albany, New York, in the winter of 2006/2007.  Subsequently, over a million hibernating bats have died.  Overall colony losses at the most closely monitored sites have reached 95 percent within 2 to 3 years of initial detection. As of April 2011, WNS has been detected in 6 of the 9 species of hibernating bats that occur in the affected region (Connecticut, Delaware, Indiana, Kentucky, Maryland, Massachusetts, New Hampshire, New Jersey, New York, North Carolina, Ohio, Pennsylvania, Tennessee, Vermont, Virginia, West Virginia, and the Canadian provinces: New Brunswick, Nova Scotia, Ontario, and Quebec). Species known to be susceptible to WNS thus far are the little brown bat (Myotis lucifugus), Indiana bat (M. sodalis), northern long-eared bat (M. septentrionalis), eastern small-footed bat (M. leibii), tricolored bat (Perimyotis subflavus), and big brown bat (Eptesicus fuscus). Three additional bat species were found in 2010 that tested positive for the presence of Geomyces destructans, the fungus associated with WNS, but not with the pathological invasion of the skin that is characteristic of the disease. These bats, the gray bat (M. grisescens), the cave myotis (M. velifer), and the southeastern myotis (M. austroriparius), were found in Missouri, Oklahoma, and Virginia, respectively, and their discovery could portend the spread of WNS into new regions of the southeastern and western U.S., and beyond, in the near future.  White-nose syndrome was named for the visible presence of a white fungus around the muzzles, ears, and wing membranes of affected bats. Scientists recently identified a previously unknown species of cold-loving fungus (G. destructans) as a consistent pathogen causing skin infection in bats at affected sites. This fungus thrives in low temperatures (5-14º C; 40-55º F) and high levels of humidity (>90 %), conditions characteristic of many bat hibernacula. Pathologic findings thus far indicate that such fungal infections can be detected as early as October, and it is hypothesized that bats affected by WNS arouse from hibernation more frequently, and/or for longer periods than normal, and are prematurely expending the fat reserves they rely on for winter survival. 
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Antifungal tests were conducted by the Mycology Laboratory at Wadsworth Center of the New York State Department of Health in Albany, New York identifying many antifungal drugs that work well in the laboratory against Geomycetes destructans at temperature ranges likely to be encountered in bat hibernacula. All five strains of G. destructans had similar antifungal susceptibility profiles. Amphotericin B and four azoles (itraconazole, ketoconazole, posaconazole and voriconazole) were effective at low MICs against G. destructans strains while fluconazole MICs were suggestive of Susceptible-Dose Dependent (S-DD) pattern and flucytosine and all three echinocandins (caspofungin, anidulafungin and micafungin) exhibited relatively high MICs suggestive of resistance.  Although Miconazole Nitrate was not tested, it is an azole, and is likely to be highly effective against G. destructans.  Miconazole nitrate is the standard treatment for athlete's foot in humans and other fungal infections in the skin and ears of cats and dogs.  Miconazole furthermore comes prepared in cans as an antifungal spray that could be easily used to disinfect bat caves.  

Human antifungal products available Over-the-counter and advertised for the treatment of athlete’s foot are Lamisil AT Antifungal Spray, Continuous, 4.2 fl oz (125 ml) that sells for $6.99 online and Desenex Antifungal Spray with 2% Miconazole Nitrate, 4 Oz selling for $6.22. Veterinary antifungal products available by prescription are Antifungal Oral Medications Ketoconazole 200mg Tablets Conofite® Spray 1% (miconazole nitrate) 4 oz. costing $10.45 for the treatment of fungal infections in dogs and cats caused by Microsporum canis, M. gypseum and Trichophyton mentagrophytes in dogs and cats and Miconazole 1% Spray 4 oz. $10.45 is used in the treatment of fungal infections of the skin and ears as well as ringworm.  Any scheme for the treatment of infected bats with antifungal drugs faces a number of challenges. The delivery of drugs that have been proven effective in the animal laboratory to an infected population in the wild.  Any proposal for the decontamination of caves requires a careful balance considering the likely deleterious effects on the environment, such as the development of resistant bacteria and the side-effects the drugs in doses sufficient to disinfect a cave, might have on bats (Chaturvedi ’11).  FWS will disinfect the caves with antifungal spray shortly before winter hibernation begins and trained and decontaminated crews will periodically go to the caves throughout the winter to treat infected bats with bat sized doses of antifungal medicine that tends to be deleterious to kidney function when ingested.  Most antifungal medicine comes in the form of topical spray or ointment and new oral antifungal treatments can be very expensive.  But at 1/100 of 1 mg per bat per day the FWS should be able to afford to put some Ketoconazole in the animal feed.  Ketonazole is taken for 2 weeks for Candiasis, 4 weeks for Dermatophytosis, at least 6 months for Blastomycosis, Coccidioidomycosis, Paracoccidioidomycosis Histoplasmosis and to up to a year for Onychomycosis.  Infected bats that have been captured could be rationed 1 mg over the winter months.  The difficulty of putting antifungals in the food of wild bats intensifies efforts to disinfect bat caves with spray cans of Lamisil AT.
List of compounds from Spectrum Plus Compound Library found highly effective at growth inhibition of Geomyces destructans at 6°C and 15°C
	#
	Compounds
	Abbreviation
	Chemical Description
	Mode of action

	1
	Econazole nitrate
	ECO
	Imidazole class
	Inhibition of 14 <alpha>-sterol demethylase and the subsequent blockage of ergosterol biosynthesis; antifungal drug for Athlete's foot, ringworm, etc.

	2
	Sulconazole nitrate
	SCO
	Imidazole class
	Inhibition of 14 <alpha>-sterol demethylase and the subsequent blockage of ergosterol biosynthesis; antifungal drug for treatment of Athlete's foot, ringworm, etc.

	3
	Phenylmercuric acetate
	PMA
	Organomercury compound
	Fungicide

	4
	Chloroacetoxyquinoline
	CAQ
	Hydroxyquinoline derivative
	Antibacterial, antifungal

	5
	Fluorouracil
	5-FU
	Pyrimidine analog (heterocyclic aromatic compound)
	Noncompetitive inhibition of thymidylate synthase; synthesis of aberrant mRNA and the subsequent inhibition of protein synthesis; cancer drug

	6
	Pyrithione Zinc
	ZnP
	Coordination complex of Zinc
	Antifungal & antibacterial agent

	7
	Ciclopirox olamine
	CPX
	Synthetic compound (6-cyclohexyl-1-hydroxy-4-methylpyridin-2(1H)-one)
	Topical antifungal for superficial mycoses

	8
	Digitonin
	DIG
	Glycoside (from Digitalis purpurea)
	Detergent, Biomembrane disruptor

	9
	Chloroxine
	CHL
	Halogenated hydroxyquinoline
	Antibacterial, Antifungal

	10
	Benzalkonium chloride
	BZCL
	Quaternary ammonium group
	Antiseptic, biocide, surfactant,


Source: Chaturvedi S. et al. Antifungal Testing and High-Throughput Screening of Compound Library against Geomyces destructans, the Etiologic Agent of Geomycosis (WNS) in Bats. PLoS One. 2011
The U.S. Fish and Wildlife Service (FWS) has temporarily blocked public access to many caves and mines as a preventative measure aimed at stopping further spread of the disease by humans and created a White Nose Syndrome (WNS) website to coordinate the federal response to the epidemic under the National Environmental Policy Act, the Endangered Species Act, and the Federal Cave Resources Protection Act.  The National Environmental Policy Act of 1969 declares a national policy which encourages productive and enjoyable harmony between man and environment; promotes efforts which prevent or eliminate damage to the environment and biosphere and stimulate the health and welfare of man, and enriches the understanding of the ecological systems and natural resources important to the Nation under 42USC(55)§4321  The Endangered Species Act of 1973 provides for interagency cooperation in consultation with the Secretary of the Interior regarding agency actions not likely to jeopardize the continued existence of any endangered species or threatened species or result in the destruction or adverse modification of habitat of such species which is determined by the Secretary, to be critical under 16USC(35)§1536.  The Federal Cave Resources Protection Act of 1988 prohibits anyone who without authorization disturbs, defaces, mars, alters, removes or harms any significant cave or alters the free movement of any animal or plant life into or out of any significant cave located on Federal lands under 16USC(63)§4306.  The Secretary of Interior must approve human intervention with antifungal sprays in bat caves before it is tried in federally protected caves by the FWS WNS clinical researchers.  Information on the whereabouts of caves is kept confidential under 16USC(63)§4304. Essentially, because the Interior has monopolized access to the caves utilized by eastern hibernating bats, Secretary Jewell, having already climbed the highest mountain in Antartica is directed, as her next Herculean task, to submit in triplicate, a “Notice of Claimed Investigational Exemption for a New Animal Drug” to Commissioner Hamburg of the U.S. Food and Drug Administration (FDA) under 21CFR§511.1(b)(4) pertaining to her follow up of new animal drugs for investigational use for the treatment of white nose syndrome (WNS) in eastern hibernating bat species namely; Lamasil AT (micanozole nitrate), or safer and more effective antifungal spray, to sterilize bat caves in danger of WNS and/or bat weight specific doses of oral Ketoconazole (Nizoral) 200 mg tablets, around 1/100 of 1 mg, if taken into the animal hospital.  
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In Australia the introduction of the omnivorous red fox for recreational hunting in the nineteenth century cause high rates of extinction among native mammals weighing between 1 ounce and 11 pounds.  The brush-tailed bettong population declined dramatically.  Intensive control of the red fox has allowed the brush-tailed bettong once again to become locally common in some forest and woodland areas of Western Australia and have been successfully introduced into mainland Souther Austalia and western New South Wales.  Aside from its role in dispersing the spores of truffles, the brush-tailed bettong also plays a crucial role in maintaining soil health by way of its foraging habits.  In searching for truffles and other belowground foodstuffs, individual bettongs have been estimated to make between twenty and one hundred forage diggings per night, effectively turning over at least six tons of soil annually.  The breaking up of the soil-litter layer by animals such as bettongs may be particularly important because the soils typically have a hydrophobic or water-repellant quality, improving soil moisture.  Most recently, the red fox has appears in Tasmania, following a series of illegal attempts to introduce it.  The chance of an ongoing presence seems to have been improved by the simultaneous demise of the native Tasmanian devil, a slightly heavier, medium-sized carnivore.  The devil has suffered greatly at the hands of a mysterious, cancerous disease, which not only causes debilitating facial tumors but also has decimated many local populations.  While the cause of the disease remains unknown, it has been speculated that an overuse of human-made pesticides in the surrounding agricultural environment may have played a role.  Previous attempts to introduce the red fox into Tasmania are thought to have failed because young fox cubs are particularly vulnerable to the predatory devil (Maser et al ’10: 46, 47).  Devil facial tumor disease has been dramatically reducing the already threatened species numbers down and now the devil is listed as endangered. With threats coming from this contagious cancer (transmitted to devils because they often bite each other when fighting over food), human influences such as hunting and motor vehicle collisions, and invasive species such as red fox preying upon and competing with them, devils are on their last leg in this state that is no stranger to animal extinctions.  The population is still rapidly declining (80% decline since the mid-1990s) and relatively few devils are estimated to be left in the wild. Tasmanian devils taken into captivity might survive in a zoo benefit with the administration methotrexate and topical fluourouracil and athlete’s foot crème.  Their fighting tendencies are however sure to complicate domestication and breeding in captivity, until such a time they are free of infection and can be allowed to breed and be reintroduced into the wild.  The advisories pertaining lethal dsease epidemics in wild species, worldwide, need to transcend the pathogen and be sure to include information on the best available veterinary medicines and environmental remediation techniques..

III. Practice
14. Logging
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The single most important element of any timber harvest is the forest management plan.  It is a written document that minimally includes the owner’s objectives, descriptions of different stands in the forest, and a chronology of management activities.  Management plans that involve periodic timber sales should also include stand maps with existing and proposed access routes; timber inventory data, including growth estimates; wildlife habitat assessments; and an objective for each stand that is to be treated.   There are four types of forestry professionals who offer services to woodland owners: procurement foresters, public service foresters, consulting foresters and loggers.  Years, before any logging is done on government land specific wildlife, botanical and fungal surveys are commissioned.  According to the Society of American Foresters (SAF), a professional organization representing about seventeen thousand individuals in the United States, a forester is someone who qualifies for regular membership by having completed a four-year undergraduate (or graduate) degree in forestry from an SAF-accredited university.  SAF estimates there are about fifty thousand foresters in the United States.  Procurement foresters purchase timber for a local sawmill.  Public service foresters are public employees whose job is to offer forest-use education programs, information, and some limited services to private woodland owners.  Consulting foresters sell forestry services to private woodland owners, or they represent the woodland owner in forestry-related transactions.  Stumpage commission creates conflicts of interest.  A logger may or may not have forestry credentials.  A successful logger has a good reputation and is highly skilled.  In the early 1990s, increases in timber prices, a growing controversy about harvesting on public lands, parcelization of ownerships, and an increase in public sensitivity to environmental issues were making the logging profession more challenging and a model curriculum called LEAP (Logger Education to Advance Professionalism) was created.  The USDA funded fourteen projects.  Companies that are members of the Sustainable Forest Initiative (SFI) sponsored by the American Forest and Paper Association (AF&PA) are required to purchase wood only from loggers who have completed state-certified logger education programs (McEvoy ’04: 107, 109, 116). The National Timber Harvesting and Transportation Safety Foundation’s Revised Logger's Guide to the New OSHA Logging Safety Standards (FRA 95-A-14) requires awareness of (1) snow chains for timber transportation trucks and (2) altitude sickness awareness that elevation gains of 3,000 feet (1,000 meters) are often disabling for two weeks and people who go to lower elevations for a time must be reacclimitized.  Today most timber is in the mountains and the lowest impact time to log is when the ground is frozen. 
Logging has always been an extremely hazardous occupation, historically, second only to underground mining, but since the Mining Safety and Health Act of 1977 reduced mining and underground mining deaths, and since 1997 saw a reduction in fishing deaths to rates competitive with agriculture and airline pilots, logging has been the second most dangerous industrial occupation in the United States after commercial fishing.  In 2010, the logging industry employed 95,000 workers, and accounted for 70 deaths. This results in a fatality rate of 73.7 deaths per 100,000 workers that year. This rate is over 21 times higher than the overall fatality rate in the US in 2010 (3.4 deaths per 100,000). Loggers comprise one half of one percent of the total workforce in America, yet they account for nearly 2 percent of all fatalities. During 1992-97, loggers suffered, on average, 128 fatalities per 100,000 workers compared to 5 per 100,000 for all occupations.  Over the 6-year period, 1 out of every 780 loggers lost his life to a work injury, which translates into 57 fatal injuries per 1,000 workers over a 45-year lifetime of timber cutting, a 5.7% risk of dying on the job.  The average rate of on the job injury for this same time period was 128.3 per 100,000. In the competitive logging industry, the median weekly earnings for full-time wage and salary earners in the forestry and logging occupations was $443, compared to $490 for all occupations (Sygnatur ’98).

Logging; Employment, Mean Hourly and Annual Wage 2013

	Job
	Employment 2013
	Mean Hourly Wage 2013
	Mean Annual Wage 2013

	Fallers
	5,030
	$19.82
	$41,220

	First-line supervisers/ managers of farming, fishing and forestry workers
	2,420
	$25.70
	$53,460

	Logging equipment operators
	20,600
	$17.01
	$35,380

	Sawing machine setters, operators, and tenders, wood
	610
	$13.70
	$28,500

	Truck drivers, heavy and tractor-trailer
	7,870
	$17.15
	$35,670


Source: Occupational Employment Statistics
The adoption of special safety clothing, hardhats, and other paraphernalia has only slightly reduced the hazards.  Hidden internal defect including invisible root and butt rots that allow a tree to break without warning at any time during felling, dead or damaged branches or “widow makers” that can fall at any time, the effects of wind gusts in partially opened stands hitting and snapping off trees that previously have been shielded from the force of the wind by surrounding trees, just felled, create hazards that no amount of personal safety equipment will ever eliminate.  Heavy equipment is now available where the operator sits in an enclosed armored cab while the tree is grasped by the machine, severed at the base, and tipped back to be hauled away.  Such heavy equipment also renders block clearcutting the only feasible harvesting method, with all of the attendant disease problems in the subsequent stand (Merrill ’96: 147).  

	Fatalities, Injury and Illness in the Forestry and Logging Industry
	2009
	2010
	2011
	2012

	Fatalities
	 

	Number of fatalities
	53
	73
	78
	     62

	Rate of injury and illness cases per 100 full-time workers
	 

	Total recordable cases
	4.3
	3.6
	5.0
	4.3

	Cases involving days away from work, job restriction, or transfer
	1.8
	2.0
	3.3
	2.5

	Cases involving days away from work
	1.6
	1.8
	2.9
	2.2

	Cases involving days of job transfer or restriction
	0.1
	0.2
	0.3
	 


Source: Occupational Employment Statistics

The National Timber Harvesting and Transportation Safety Foundation’s Revised Logger's Guide to the New OSHA Logging Safety Standards (FRA 95-A-14) made available in print by the Forest Resources Association, provides: At every step in the logging process, from felling the tree to transporting it to the mill or yard, workers are subject to a variety of hazards from the environment, type of work, equipment, and physical and emotional strains.  Recent logging injury analyses also point out that: Nearly one-half of the injuries incurred by equipment operators are the result of slipping and falling while mounting or dismounting their machine.  Nearly 50% of all logging injuries are incurred by workers with less than one year's experience on the job.  On mechanized operations, more accidents occur at the landing than in the woods.  On fully-mechanized operations, nearly 25% of the injuries reported are the result of a truck driver, equipment operator, or supervisor using a chainsaw to fell or delimb an "oversize" or "difficult-to-access" tree that cannot be processed by the feller-buncher or delimber. OSHA requires that all employers with 11 or more employees must maintain OSHA's Log and Summary Form 200. It is recommended employers maintain an annual log of all recordable job related injuries and illnesses. A recordable injury is one requiring medical treatment beyond first aid. An employer must report any accident which results in one (1) or more deaths or in hospitalization of 3 or more employees. The report must be made within 8 hours after the accident and can be made orally or in writing to the Area OSHA Director. 
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Source: OHSA ‘95

First-year workers (new employees) incur nearly one-half of the reported logging accidents and injuries each year. A six step first year training program has been developed and is required by OSHA for Logging Operations under 29CFR1910.266.  New employee(s) must be certified in First Aid and may optionally be provided with a specially colored or distinctly marked hard hat and high-visibility vest to serve as a constant reminder to the other workers that he is a high-risk first-year crew member. After a successful 90-day safety “probationary” period, reward the new employee with a “regular” hard hat and vest at a crew-wide safety meeting.  Approved hard hats shall be worn by all persons present on the logging operation including log truck drivers and anyone on or near the woods or landing areas.  Safety glasses, face shields, or goggles shall be worn by all workers involved in activities where wood chips, sawdust, flying particles, foreign objects (twigs, limbs, branches) may injure, puncture, scratch, or damage workers' eyes. Eye protection shall be required for chainsaw operators and also for equipment operators where cab protection or a windshield is not adequate.  Hearing protection shall be worn by all workers operating chainsaws or woods equipment. All workers in the immediate area of any mechanized equipment shall use hearing protection.  Heavy-duty logging boots that are waterproof or water repellant, cover and provide support to the ankle and protect the employee from penetration by chainsaws shall be worn by all workers. Chainsaw operators must wear boots or socks or overboots that will protect them against contact with a running chainsaw. "Slip on" boots are not to be used by workers involved in logging operations due to the lack of adequate ankle support.  Chaps or safetypants shall be worn by all timber fellers, limbers, and buckers, and any other workers using chainsaws. Leg protection of ballistic nylon or other leg protection the employer demonstrates provides equivalent protection shall be used and shall cover the full length of the thigh to the top of the boot on each leg.  Chainsaw cuts to the legs are one of the most frequent injuries reported from logging operations. When leg protection is used by chainsaw operators the chances for saw cuts are greatly reduced. There are many varieties of leg protection available which are light weight, comfortable, and affordable. Leg protection provides a saw operator reaction time to remove the saw from the leg area before a severe injury occurs. Protective chaps or pants have proven to be effective in reducing the frequency and severity of chainsaw cuts to the legs.  Cotton gloves or other suitable gloves providing equivalent protection shall be worn by all workers handling wire rope.  Employees handling cable or wire rope, operating a chainsaw, or performing other work potentially hazardous to hands shall wear hand protection.  Respiratory protection shall be provided and used where workers are exposed to dust, smoke, gas fumes, vapors, sprays, or adverse environmental conditions that may affect breathing.  Workers shall wear respiratory protection where operator cabs are not properly enclosed and where workers are exposed to such conditions as extreme dust, engine fumes, and engine smoke.  Workers shall be trained in the use of respiratory protection.  Woods workers shall wear properly fitted clothes which are appropriate for the job.  Floppy cuffs, dangling shirt tails, loose or frayed material that might catch or snag on equipment controls, moving parts, handles, doors, etc. should not be worn. Cuffless pants should be worn.
The Game of Logging mantra is “safety, safety, safety”.  Since most logging deaths are the result of blunt traumas from above, loggers should always check for overhead hazards.  The “death zone” is within 12 feet of the stump and statistics show that 85 percent of all logging injuries occur within this zone.  The top side of the tip is a danger zone where a chain at working speed will cause the saw to kick back if something comes in contact with this area.  When a kickback occurs with the saw-bar outside of the kerf, the reaction is so explosive, it is impossible to control.  The chainbrake feature on modern saws is intended to stop a moving chain before it hits the operator, usually in the face or upper body.  On the bottom quarter of the bar tip, just after the moving chain leaves the kickback zone, the operator can use chain pull to gradually pivot the saw, plunging it tip first into the stem.  Perfecting the plunge cut is the key to safer felling techniques.  Harvesters must pay attention to tree lean and any unsafe limbs that might jar loos during the felling process.  In an open-face notch, both the top cut and the bottom cut angle into one another.  The top and bottom cuts are exactly perpendicular to the expected line of fall.  The hinge controls the fall of the tree until it hits the ground.  The length of the hinge should be about 80 percent of the tree’s dbh, and the thickness of the hinge is about 10 percent of dbh.  Hinge size and shape is crucial to accurate felling.  Once a tree begins to fall, control resides in the hinge.  Once a tree begins to fall, the logger should be exiting the area via a preplanned escape route, not following the stem by shaping the hinge as the tree falls (McEvoy ’04: 156, 157).    
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Anywhere within 12 feet of the stump is the death zone.  The logger exits the zone as soon as the tree begins to fall.  This feat is accomplished.  Once the face cut is complete, the logger uses a plunge cut that is even with, and the correct distance behind, the throat of the open-face notch (using the 80/10 rule).  If the tree is 30 inches dbh, the plunge cut is 3 inches behind the throat of the notch, leaving a 3-inch hinge.  The feller carefully pivots the bottom tip of the working chain into the stem until the entire tip is safely past the kickback zone.  The bar is then plunged parallel to the throat of the notch completely through the tree or to the extent of the bar.  If stump diameter exceeds bar length, the feller initiates a plunge cut on the other side so that the cuts match.  When the plunge cut is complete, the logger cuts horizontally – in the opposite direction of the face cut – toward the back side of the tree, using felling wedges if necessary to prevent the stem from settling on the bar.  The plunge cut is completed a few inches from the back side of the tree, leaving two points of connection between the trunk and stump: the hinge, and the release wood.  On larger stems, and in situations where the intended falling direction is opposing lean, some of the tree weight is taken up by plastic felling-wedges.  The final felling cut is initiated in traditional fashion. The feller severs the last few inches of fiber, the release wood.  The tree then falls in the direction the hinge allows while the feller is safely back from the falling tree, well outside the death zone.  In species like ash and spruce sapwood that will experience fiber pull in the hinge area it is wise to use wing cuts on either side of the hinge, going no further than the depth of the sapwood.  The wing cuts conserve log value in the butt log, the most valuable part of the tree.  Kinetic energy, such as springpoles, limbing and bucking, must be dealt with in a controlled fashion.  (McEvoy ’04: 155-160).

In addition to the obvious risks to human health and life, there are five primary environmental risks loggers are liable for.  First, the physical effects of heavy equipment on fragile forest soils, both in terms of altering essential patters and processes in the “hidden” forest of soil and in terms of the effects of soil loss where the mineral component is exposed to runoff.  Secondary – but no less important – are the impacts of silt and sedimentation on benthic communities in forest streams and on the reproductive habits of fish that spawn in forest waters.  Second. The physical effects of timber extraction on injuries to residual trees, including (1) decreased soil oxygen and damage to fine-root systems from compression and soil shearing, permitting entry of disease-causing organisms; and (2) main-stem injuries that predispose to disease-causing organisms.  Combined, these effects cause a reduction in productive capacity and in stem strength, and potentially lead to severe degradation of future timber values.  Third, the environmental impacts of pollution from petroleum products such as hydraulic fluids, engine and sawchain lubricants, and fuels used by timber extraction equipment.  Petroleum spills must be protected against.  Petroleum lubricants, fluids and fuel additives can be replaced with nontoxic, biodegradable alternatives.  Fourth, invasive species can prove to be highly aggressive, pernicious and capable of spreading widely in disturbed forests, with displaced habitat for native species and natural forest regeneration.  Fifth, the potential effects of habitat fragmentation unfavorable to wildlife species that are highly sensitive to changes in forest structure and composition (McEvoy ’04: 136-138).
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Low-impact logging methods are intended to protect soils and the communities of flora and fauna they support.  Avoiding injury in tree tops is not as important as protecting the first 16 feet of stem, known as the butt log.  Injuries in the butt log will translate into future grade reductions in mid-successional and climax species.  Stem injuries on pioneer and early-successional species tend to be fatal.  The best way to avoid stem injuries is to use directional felling techniques with well-planned extraction routes that keep heavy equipment on primary skid trails as much as possible.  Some low-impact loggers “pre-bunch” logs at trailheads using a small crawler, tractor, horses, or some other configuration that limits the amount of off-road travel with the heaviest equipment.  Forwarders are another great low impact tool, but they don’t work well where slopes are steep.  Generally, whole-tree harvesting methods are not considered low impact because of the damage inflicted when dragging tree crowns through the residual stand. A new concept in harvest area planning refers to “cooling down a job”.  Low-impact logging protects against the visual impacts of harvest areas by using buffer strips to hide areas that people night find offensive and by making exposed areas look tended rather than hammered.  Cutting tops low near roads, judicious tree felling near popular trails, and maintaining clean, orderly landings are all low-impact activities that reduce visual impact of logging.  Forestry professionals have an obligation to explain the functional beauty of good practices so owners understand the visual impacts of logging (McEvoy ’04: 139, 140). 
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Low-impact methods protect sites from toxic petroleum products such as crankcase and saw-chain lubricants, hydraulic fluids, and fuels.  The presence of benzene in these products, particularly in hydraulic fluids, makes them dangerous.  Toxicity, coupled with the fact that 70 to 80 percent of hydraulic fluids escape from so-called closed systems, via leaks, spills, line splitting, and fitting failures means that logging equipment is a high-risk source of pollution.  Fortunately, there are viable vegetable-based replacements on the market for hydraulic fluids, known as biodegradable hydraulic fluids, manufactured from rapeseed, sunflower, corn canola, and soybean oils.  They have shorter service lives, about half that of petroleum-based products (due to oxidation), which makes them two to three times more expensive, but the environmental and health-related benefits of switching to bio-products is compelling.  Soy-based products and rapeseed oil have also been used with success in engine crankcases.  Petroleum-based bar and sawchain lubricants are known as a total-loss oil.  When trees are felled and bucked into logs, a fine spray of oil (considered toxic by the Occupational Safety and Health Administration (OSHA) on contact with skin and when inhaled).  Is spread over an area of a few square feet per cut.  Nontoxic, biodegradable alternatives are readily available.  Manufactured principally from canola and soy, bar and saw-chain oils are probably the most common biodegradable lubricant used by low-impact contractors.  These products are generally considered more expensive, but cost comparisons are difficult to make since some manufacturers claim their products last longer than petroleum.  Another bio-alternative for chainsaws is a nontoxic, biodgradable, two-cycle engine oil that mixes with gasoline and works as well as petroleum lubricants (McEvoy ’04: 141, 142). 

Other low-impact logging practices include: (1) Establishing protected equipment fueling and servicing areas on landings in the form of plastic-lined revetments (a low soil berm) where fuels, lubricants, and fluids are stored and where all fueling, greasing, and lubricant changes take place.  Heavy plastic is covered with sawdust or some other absorbent material, and when the job is completed the plastic is rolled up and disposed of at a facility that can handle these types of waste.  There are products on the market that use bacteria capable of consuming petroleum hydrocarbons and toxins, but to avoid the risk of introducing exotic bacteria that could prove to be invasive and pernicious in local forest soils, forestry professional should refrain from using these products on oil spills.  (2) Outfitting equipment using traditional hydraulic fluids with emergency absorbent pads to staunch leaks and recover spills.  Also known as spill kits, they are essential anywhere there are risks of petroleum products getting into forest soils.   Managers should develop a written protocol that describes safe and effective procedures for handling fluid leaks.  Hydraulic systems that develop leaks under pressure are extremely dangerous and can cause serious injury.  (3) Avoiding harvesting during the time of year that forests serve as critical habitat for certain wildlife species for example during the few weeks each year that Neotropical migrant songbirds breed in temperate forests.  (4) Avoiding road-building practices that block or attempt to reroute natural drainage patterns.  (5) Encouraging practices that reduce travel over forest soils, especially in stands undergoing thinning. 
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A logger can pull cable from an established trail instead of backing a cable skidder up to each stump.  Pulling cable allows pre-bunching of logs at a trailhead without too much extra effort or damage to residual trees.  Properly done logging with draft horses is low-impact, although multiple passes of a draft horse over some wet forest soils can cause more damage to roots than machines because of the sharp edges on hooves and weight displacement.  The same low-impact rules for machine use apply to horses: stick to the established trails, pre-bunch loads, and – if possible – harvest during frozen ground conditions.  Virtually all forestry-related soil erosion comes from trails and access roads used to extract timber.  Traditional methods of gaining access to forests had involve extraction systems that drag logs on landings can expose 10 to 15 percent of treatment area to the erosive forces of water.  Of the 4 billion tons of sediment that are produced annually through all causes of erosion (mostly from agricultural lands; sedimentation from forests is actually negligible) in the United States nearly half gets into streams ,and half of that makes it to the ocean.  The rest of it fills in ditches, lakes, and harbors, alters the navigable course of riers, and causes the early demise of reservoirs.  Turbid water can severely damage public water supplies forcing municipalities to issue “boil” warnings since chlorine treatment is not very effective in sediment-loaded water.  When soil gets into streams at the wrong time of year, it can kill insects and other organisms and can blanket newly laid fish spawn, causing eggs to suffocate.  A muddy stream that looks “too thick to drink too thin to plow” is a stream in trouble.  On forest access routes, water is the culprit of erosion when seeing a muddy brook in the forest.  Minimizing erosion from trails and roads is a matter of diverting water from exposed mineral soils as quickly as possible (McEvoy ’04: 142-144). 
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Timber harvest is a four-stage process: (1) tree felling, (2) prebunching products from stumps to a primary extraction trail, (3) moving products from trail to landing and (4) futher processing on the landing or sorting and truck loading.  Most tree felling in North America is done by small crews using manual-harvesting methods that employ chainsaws.  The goal of felling is to sever a tree from its stump so that it falls in a direction that facilitates extraction, but without hanging it in the crowns of surrounding trees or causing damage to residual stems.  The only correct method of felling trees with a chainsaw, is the open face and plunge cut techniques.  Stumps should be kept as low as possible to maximize value in the butt log.  Extra inches of stump are so valuable, old-timers used to say: “An inch in the butt is worth a foot in the tip”.  The feller must also ensure that the stem of a harvest tree is not damaged when it falls.  A tree that hits the ground the wrong way can easily split, ruining log values.  Whole-tree systems require no further processing, tree-length systems necessitate the removal of all branches and unmerchantable portions of the stem, and log-length systems process the entire tree into logs before they reach the landing.  Generally, the shorter the product at the stump the easier it is to extract products and the less potential for damage to the residual stand.  Whole-tree harvesting removes excessive nutrients.  Tree-length systems leave foliage nutrients on the site, but extracting products without causing damage to residual stems is next to impossible.  Tree-length systems are only suitable for even-aged, low-density regeneration methods such as clearcutting, or in mountainous terrain where logs are to be extracted via cable-yarding methods.  The potential for residual stand damage when using tree-length systems is too great to warrant their use on most sites.  Cable yarding is commonly employed in stands that are being regenerated using even-aged methods, especially on sites that are to be replanted after harvest.  It is probably the most common method of timber extraction in mountainous regions of western United States, even though the methods of extracting timber via cable were first employed in the cedar swamps of northern Michigan (McEvoy ’04: 164, 165).

Horses and ox-teams were the rule during the early days in the east, supplemented by the floating of logs down rivers, or rafting across lakes.  Then the railroads arrived, with quaint locomotives carrying huge spark-catchers above their chimneys, to lessen the risk of forest fire.  Railroads played a large part in the logging of western forest, but today, huge articulated tricks, travelling over trough roads bulldozed and blasted from the mountainsides, have superseded them.  For the log’s first journey from stump to roadside, horses, oxen and later tractors sufficed to bring the relatively small logs of the eastern forests over the fairly level ground that exists there.  But in the western mountain the land is too rough and steep, and the trees too large, for surface transport to work well.  So the loggers developed cableways and skidding systems, which progressed from simple wires slung between a winch and a distant tree, to elaborate ‘high-lead’ arrangements that are a major feat of engineering.  Their efficiency formerly hung on the use of a spar tree, a tall, selected specimen that carried the main cable.  This tree was climbed ay a rigger who topped it and then fixed guy-ropes and pulleys.  Today the main support of the cables is usually a portable steel tower, or even a captive balloon that gives the necessary ‘lift’ to the haulage system (Edlin ’69: 25).

Large and medium size trees are cut with chainsaws; on plantations of small trees, a mobile logging machine known as a feller - capable of seizing a whole tree trunk and cutting through hit like a giant pruning shear - is sometimes used.  Once trees are cut, they are handled in a variety of ways, depending on whether they are intended for lumber, pulp or fuel, and on other factors, including their types, sizes and quantities.  Modern logging operations are typically highly mechanized.  They use large heavy equipment, including Caterpillar (tracked) logging tractors, mobile yarders (a truck-mounted steel boom equipped with cables for dragging logs), bulldozers, log loaders, logging trucks, support vehicles for mechanical maintenance needs, and fixed cable "yarding" machinery (to drag logs from the timber stand to the loading "yard"). , In a planned single-tree selection cut, certain trees are chosen for removal by a forester according to specific criteria derived from long-term forest management goals . For example, remove defective and diseased trees to allow the remaining trees more room to grow.  Favored trees can be given more room to grow by felling their neighbor.  Another harvest guideline might be to harvest only trees below or above a certain size and commercial value.  Taking the biggest and best trees is known as "high-grading".  Removing the smaller trees according to a plan to favor a later, high-value crop of trees is known as timber stand improvement.  When a young tree reaches a diameter of about six inches, it becomes a pole and can be sold for pulp, firewood, posts or poles.  At ten to sixteen inches in diameter, the tree may be accepted as saw timber, depending on the local mill's criteria.  When it has reached eighteen to twenty0six inches in diameter, it has reached the veneer timber stage.  Perfectly straight, defect-free premium logs of this grade can be worth several dollars per board foot, often 1.5 to 2.5 times what an ordinary grade one saw-log would bring. Another silviculture strategy is to leave some of the largest and best trees standing to seed future generations.  Selective logging tends to be more labor-intensive than clearcutting.  The use of selective cutting versus clearcutting may be especially necessary in hot, dry forests where unshaded seedlings might dry out and die following a clearcut or a series of patch cuts.  Sometimes the selective removal of trees from a timber stand can leave the remaining trees vulnerable to windthrow particularly if soils prevent deep rooting.  Road building that may accompany selective cutting because more roads may be needed to reach and remove the trees that are selectively cut than for other methods of tree removal.  Much logging-related environmental damage to streams, fish and water quality is directly attributed to roads because of the erosion they cause.  In good logging, timber operations are carefully planned to minimize the number, size and erosional impacts of roads.  Temporary bridges may be used to cross streams, and nontoxic, bio-degradable lubricants and fuel additives.  Biofuels and lubricants may be more expensive than toxic petroleum-derived fuels and oils, but they are less hazardous to operators and to the environment into which they are invariably released during normal equipment operation (Berger '08: 105-107).
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One of the most common methods of timber extraction in the United States is by cable or grapple skidder.  Machines come in varying sizes (usually matching local timber types), are fully articulated in the middle to improve maneuverability, and employ four rubber-tire drive wheels.  The operator sits in a protective cage, just behind a diesel power plant.  In back, configurations vary: one has a winch-driven cable spool with a main cable and four to six log chokers; the other has a grapple at the end of an extendable arm.  Both models also come with a small, dozerlike blade on the front that serves many functions but is most commonly used for dislodging hung trees and for pushing logs into piles.  The blade is also capable of constructing waterbars.  Cable skidders are usually driven close to stumps where the operator, or another person called a choker setter, pulls enough of the main cable to allow safe setting of as many choker on logs as possible, but usually not more than five or six at a time.  The choker functions like a noose around the end of log (preferably the butt end).  When the chokers are set, the operator carefully spools in the main cable until log ends are lifted off the ground and are just touching a bumper plate in the back.  When the load is secure, the operator drives off with the far ends of logs dragging behind.  Grapple skidders use a claw to pick up prebunched piles of logs.  It is not usually necessary for the operator to leave the cab of a grapple skidder, and log loading and unloading requires a fraction of the time necessary to set and retrieve chokers.  
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The grapple does, however, require prebunching of logs and this necessitates an extra piece of equipment to bring logs from the stump to a main skid trail, called a feller-buncher.  The feller-buncher employs tracks or rubber tires, a diesel power plant, and an extendable arm with a grapple that holds the tree above a shear or saw that severs the stem from the stump.  Some will accumulate a few trees and then lay them down in a pile along the primary trail for the grapple skidder to pick up; others hnandle only one stem at a time.  Sophisticated tree harvesters will sever a tree and then, by means of electronic sensors controlled by a central processor, employ a cut-off saw to process the stem into logs.  Feller-forwarders have the capability of loading logs into a bunk on the back.  The all-in-one machines are collectively known as mechanical harvesting.  A machine that has become increasing associated with low-impact logging methods in recent years, especially in the Easter United States is the forwarder, and when using frozen soils there are virtually no machine impacts.  Because the load is secured in a bunk, no log ends are dragging behind.  The forwarder requires little or no road building, and that means no exposed soil surfaces, no erosion, and no sedimentation.  Landings are smaller, too, since logs can be transferred directly from the forwarder’s bunk to the log truck (although the forwarder usually piles logs in a convenient location for truck loading).  Mills are always pleased to take products handled by forwarders because logs are clean of mineral particles that dull saws (McEvoy ’04: 165-167).
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The greatest potential for soil and root damage is while moving timber from stump to primary skid trail.  Scheduling logging during frozen-ground conditions can eliminate site risks.  In forests where soils do not freeze, harvests should be scheduled during dry soil conditions, prebunching logs, or with a forwarder capable of moving logs from stump to landing.  The goal is to avoid soil compaction and damage to root systems.  Moving prebunched timber to a landing almost always causes serious soil disturbances, root damage, and stem injuries along primary skid trails, except when soils are frozen, or when a forwarder is used.  Where primary trails curve, a loaded skidder – even when the soils are frozen – will need a bumper on the inside of the curve to turn the logs with the machine.  The bumper is usually a tree the base of which is severely injured after bumping even a few log loads.  These trees should be felled on the way out.  It is possible to protect the stem with an apron of medium-gage galvanized steel, attached with cable or wire, and removed after the harvest and stored until needed again.  Landings are usually located so that skidding distances are a half-a mile or less, close to public roads to minimize the distance trucks must travel over unpaved surfaces but not so close as to risk offending the sensibilities of local people who may object to logging.  Equipment left on landings hidden from public view is far safer from vandalism than on exposed landings.  Landing size is a function of extraction methods, and the size and maneuverability of log trucks.  The more log making taking place near the stump, the small the landing.  A forwarder can get by with a “hot landing” which is nothing more than a roadside pile of logs where the shoulder is wide enough to allow traffic to pass while the trucker loads logs.  Landings that service skidder needs more space, and should be laid out if possible, so equipment moves in a circuit, so a skidder can drop its load and drive right back onto the trail without having to back up.  The same goes for log trucks.  When equipment is always following the same path, landings are much safer and far more efficient (McEvoy ’04: 167-170).
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Salvage logging is the removal of diseased, dying and dead trees.  Patch cuts are an alternative to selective cutting is the division of the forest into sections of equal size known as blocks, and the sequential cutting of the blocks at regular intervals, leaving a patchwork of open spaces surrounded by forest.  As each block reaches the age at which cutting has been prescribed, the patches are cut one after the other and replanted sequentially.  While the timber acreage is eventually evenly apportioned among a range of age groups (classes), the distribution pattern of the trees, segregated by age across the landscape, is highly unnatural.  Still, a patch cut forest is likely to be environmentally preferable to a clearcut, because the patch cut forest contains trees of different ages versus the uniform age of trees regrowing in a clearcut forest. A major disadvantage of patch cutting is the "edge effect" it creates, where forest meets grassland or newly exposed clearcut.  A shelterwood cut removes most of a forest area's trees but leaves a thinned overstory to protect the young seedlings from overexposure to either sun, wind, frost, or some combination of these influences.  The retained overstory improves seedling establishment and growth by modifying their microclimate.  Once the new generation of trees grows large enough not to need extra protection, loggers return to remove the older shelterwood canopy.  This then leaves and even-aged tree plantation, so shelterwood cutting is essentially a clearcut performed in stags.  A seed tree cut resembles a clearcut even more closely than does a shelterwood cut.  All trees are removed except a few mature ones, which are left to provide seed for regeneration of a new tree crop.  The seed trees provide little in the way of shelter, and, once their purpose has been accomplished, loggers typically reenter the site to remove them, leaving an even-aged collection of seedlings or young saplings. Perhaps ten or fifteen years after tree planting or the natural regeneration of a clearcut, loggers return to a site for "pre commercial thinning".  There are several industrial forestry procedures - singe-tree and group-tree selection cutting, shelterwood cutting, seed tree cutting, patch cutting, salvage logging and clearcutting (Berger '08: 115, 108, 109).
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Commercial foresters recommend the use of clearcutting for salvaging logs from forests killed by insects or fire and when extensive root disease or infestation by dwarf mistletoe exists.  Failure to remove the disease of infested material may lead to rapid transmission of insects or diseases to the next generation of trees. Clearcutting may also be necessary for the removal of single-species stands of invasive exotic trees, such as eucalyptus.  Timber managers wanting to grow a species that requires direct sun for establishment or for vigorous growth may also opt for clearcutting.  Clearcutting is totally inappropriate on steep, unstable mountainsides where erosion, landslides, or avalanches are a problem.  Nor should clearcutting be done in very high elevation subalpine forests where the thermal island effect of tree trunks are required for good seedling establishment.  
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In general, forests situated in any harsh climate - very hot and dry, or frost-prone lands - need forest cover for successful regeneration and should not be clearcut.  In general slopes, ridgetops and watersheds should not be clearcut.  Drainages should not be clearcut when dissected by many small streams susceptible to siltation and nutrient overenrichment.  Clearcutting should not be done where it will deprive endangered species of needed continuous forest cover or where the visual impact of the cut would be unacceptable.  There is no valid ecological argument to justify completely removing a forest of large timber stand in a single operation.  In the space of a few hours or days, a clearcut can destroy old-growth ecosystems that may have taken millennia to develop.  Once a site is clearcut and replanted with one or a few species, diversity is greatly reduced.  Habitats and ecological niches for a vast variety of creatures are eliminated.  This monoculture (or near-monoculture) is ultimately more susceptible to attack by disease and pests than in a natural forest.  Heavy logging equipment often used in clearcutting tends to disturb and compact the soil, making it harder for tree roots to penetrate the soil. Once land is stripped of trees and other ground cover, the tree roots no longer hold soil in place.  Sloping clearcut sites are then vulnerable to rapid erosion and slope failure after heavy rains.  Erosion damage also affects streams and rivers, where heavy loads of silt and debris in runoff clog the spaces within spawning gravels and impair or prevent the hatching of fish eggs and the survival of fry.  Eventually, silt in stream beds can raise stream levels, cause floods and undercut banks, that in turn, can cause landslides.  Bereft of trees, a landscape may lose more of its precipitation to runoff.  Snags, dead, broken and misshapen trees should be left standing for cavity nesting birds.  While these snags and logging debris may look untidy, they are ecologically useful.  On national forests, the number of snags left per acre is prescribed in timber harvest plan (Berger '08: 121-125).
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Whereas manual control of brush (by hand labor) eliminates the tops of plants, the roots and shoots survive in the soil to resprout later.  If, instead of using hand labor, brush control is done with heavy mechanized equipment, it may compact soil, harm tree roots, and cause erosion.  Manual brush control does not have these disadvantages, but it is much more labor intensive and likely to require repeat treatments.  In some cases where native brush is thick, it may be ripped out by bulldozer and brush rake.  The ground may then be harrowed with a heavy duty scarification low to open it for planting.  Although manual brush control is invariably less damaging to the land, mechanized or herbicidal brush control is usually adopted, because these methods are cheaper.  Controlled (or prescribed burning is another alternative to herbicides but is can deplete soil nutrients by destroying organic matter (humus) in the soil and by oxidizing nitrogen during combustion.  Grazing is widely used to manage low-growing vegetation, but may have some undesirable ecological effects.  Roads and drainages often require maintenance over long periods of time to prevent uncontrolled erosion, including landslides and damage to natural watercourses (Berger '08: 111, 112).
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The use of herbicides to control brush, herbs and weeds that compete with trees is a controversial topic.  Plant competition can be so severe that it can prevent tree establishment or make growth slow and survival problematic.  Because herbicides are effective control agents and can be cheaply applied to the forest by air, they are economically attractive to forest managers.  Herbicide effects on a particular site depend on the compound's toxicity, persistence, mobility in soil, potential for bioaccumulation, exposure pathways and consequent exposure risks.  Although laws and regulations prohibit the discharge of herbicides into surface water, an unplanned infusion of herbicides into streams and wetlands can easily occur if a heavy rain falls soon after spraying, if an accidental spill takes place, if wind gusts carry spray from aircraft onto water, or if equipment and containers are emptied into waterways during cleaning.  Spraying is usually done during dry weather to prevent contamination of runoff.  No federal license is required for application of herbicides (except 2,4-D) on private land and regulations vary from county to county and state to state.  One phenoxy herbicide in particular, 2, 4, 4-T, was implicated in cancer, blood disorders, rashes, miscarriages, and birth defects, it was frequently contaminated with dioxin.  Since the use of Agent Orange in Vietnam (from 1962-1971) aroused public concern about herbicide effects, some of the more toxic and persistent herbicides have been taken off the market, 2,4,5-T, was banned in the United States in 1979.  The closely related compound 2,4-D is still legal in the United States, but those who apply it must be trained and certified.  Moreover, because of the 2,4,5-T controvery, 2,4-D is no longer used in California.  The U.S. Forest Service (USFS) is a major user of herbicides and, according to the U.S. Department of Agriculture, in 1994 applied about 100,000 pounds of herbicides, algicides, and plant growth regulators for purposes ranging from site preparation and weed control to conifer release.  2,4-D is still the herbicide most heavily used by the USFS, more than 35,000 pounds in 2003.  Other heavily used herbicides in 2003 were glyphosate, Picloram, and Triclopyr.  

Stumpage is the price paid to a woodland owner for the right to feel and harvest designated trees.  The main determinant of a tree’s timber quality is the size and condition of the first 16 feet of stem, also known as the butt log.  As much as 70 percent of total tree value is in the butt log, and the higher the average quality of butt logs on trees offered for sale, the more a buyer is willing to pay.  The highest-value butt log is used for sliced veneer, followed by peeled veneer.  Logs that make it into veneer classes are thick and straight with no outward defects such as seams or branch stubs.  But veneer logs are rare, usually no more than five or ten percent of total sale volume, and many sales yield no veneer-quality logs.  The more it costs to extract timber from steep slopes or nearly inaccessible coves, the less a logger is willing and able to pay for timber regardless of its quality.  The larger a sale, the more a buyer is willing to pay per unit because the cost per unit of production goes down.  Each time equipment is moved to a new site, it costs the contractor in terms of lost production time.  The greater the proportion of high-value species in a lot of timber offered for sale the more the prospective buyer is willing and able to pay for all the timber.  Depending on local markets, trees first become merchantable for sawtimber when diameter at breast height exceeds 12 inches.  Since trees require about the same amount of processing to make logs almost regardless of girth, the larger a tree’s diameter the greater the volume processed per step of production.  Larger trees mean lower costs per thousand board feet processed, and larger logs at the mill mean more efficient lumber production, so everybody is willing to pay more for big trees is they look as though they will yield clear lumber.  Per-acre harvest volume affects logging costs.  The more volume that is scheduled for harvest per acre, the lower a logger’s cost per unit of wood processed.  Another major cost of timber production is transporting logs from woodlands to mill.  A loaded log truck can travel five tiems fast on a pave road than on a woods road.  From the seller’s perspective, the loser the mill, the more a buyer should be willing and able to pay for a timber sale.  Some mills will offer a hauling premium as an incentive to encourage loggers to bring high-value logs greater distances.  Sellers who known more about local timber markets, usually through the assistance of a forestry consultant, consistently obtain higher bids for their timber (McEvoy ’04; 117-121).

A woodland owner in need of cash is usually better off to borrow from a bank than to destroy their forest.  Realistically, residual stem damage should affect no more than 5 percent of the stand, but the goal should be no damage.  Poorly planned and unsupervised sales see injury rates of 20 to 50 percent.  Unless soils are very coarse and well drained, the best time for harvesting is when trees are dormant and the ground is frozen or dry.  Stumpage prices commonly go up in the spring when conditions are muddy. Harvesting during spring should be avoided because the potential for long-term site damage and injury to residual trees is too great.  There are many instances in which harvesting during the growing season is acceptable, but generally speaking, the best time to enter the woods with heavy equipment is when trees are dormant and soils are frozen or dry (McEvoy ’04: 122, 123).

Trees experience a market phenomenon known as ingrowth, which is an abrupt change in value as trees grow from one product category into another.  In most timber markets there are three ingrowth phases.  First, when trees reach pole size at about 6 inches dbh, value goes from essentially zero to whatever someone will pay for fuelwood or pulpwood (or post, poles, etc.).  Second, there is a jump in value at about 10-16 inches dbh, or whenever local markets first recognize trees as sawtimber.  Timber values jump from a few dollars per thousand board feet (converting cords to board feet) to ten or twenty times more.  Third, when diameters exceed 18-26 inches, trees have surpassed the threshold of the highest value the market recognizes – veneer timber.  When stems – especially hardwoods – reach this threshold, and they are perfectly straight with no obvious defects (to a veneer buyer), values can jump to thousands of dollars per thousand board feet.  Prices are even higher for favored local woods (McEvoy ’04: 93, 94).

Income from timber is considered a long-term capital gain if it has been held for the requisite period and the methods of sale demonstrates the conversion of standing trees into logs and other products.  Generally, income from capital gains is taxed at a lower rate than other sources of income, and social-security-related assessments do not apply to sales of capital.  IRS rules allow taxpayers to use capital gains to fully offset capital losses, and up to an additional $3,000 of other income (for married taxpayers).  Excess losses in any particular year can be carried over into subsequent tax years and the same rules apply.  The result: no tax paid on income from timber sales.  In areas undergoing urbanization, it is not uncommon for land values to increase at rates that exceed the return on investment in timber.  Yet, for many forest owners, wildlife habitats, recreation, aesthetics, and spiritual value of forest, are far more important than money.  When comparing timber investments to alternatives, investors need to account for the effect of inflation by subtracting 2.5 percent rate of inflation from the bond or CD (McEvoy ’04: 97, 98). The first step of any economic analyses is to recognize the alternative rate of return of a forest investment.  Most forest economists use very conservative rates, such as the average rate paid on a ten-year Treasury note, or a thirty-year bond over the life of a timber investment.  Forest are not a much better investment.  When the interest rate is 7.2 percent compounded annually, the value of an investment doubles every ten years.  At half this rate (3.6%) an investment doubles every twenty years.  

There are three common ways to mark a timber sale: (1) boundaries of a sale area are marked and the buyer is conveyed rights to harvest some or all of the trees within the boundary; (2) residual trees are marked with the understanding that any unpainted tree fair game – a common method used to thin around crop trees; and (3) designated harvest trees are marked twice, once with a paint spot at about face-height and again – in the same color – below stump height.  The stump mark is to ensure after the sale that only seller-designated trees have been removed.  The last is most common.  Another important element of a timber sale contract is an indemnification clause, to “save and hold harmless” the seller.  Logging is dangerous business and the last thing a seller wants is to be held liable for injury or death of the buyer or an employee of the buyer.  In addition to protection from injury claims, the indemnification clause should also protect the seller from damages the buyer might cause to third parties with the seller’s timber.  The buyer must acknowledge risks and accept liability when and where the buyer is supposed to be in control.  A good contract clearly describes the method of payment, which usually depends on the type of sale, of which there are three: the lump-sum sale, the mill-tally sale, and the sale on the basis of shares.  In a lump-sum sale, the buyer agrees to pay a single sum of money for the right to harvest designated timber.  When the sum is more than a few thousand dollars, it is usually divided into three or more payments.  In a mill-tally sale, the buyer agrees to pay a fixed rate of so many dollars per thousand board feet, or per cord, but based on a final tally that occurs in the mill-yard.  The mill-tally sale is probably the most common method of selling timber in the United States.  A sale on the basis of shares, also known as a ‘consignment sale,’ is the riskiest type of sale for woodland owners and should be avoided.  The buyer agrees to harvest trees, process them into logs, and deliver them to a mill.  After the mill scales, grades, and pays for logs, the buyer shares mill payments with the woodland owner.  One-third of gross mill receipts to the woodland owner is common.  Generally, income from the sale of timber qualifies as a long-term capital gain and is taxed at a lower rate than ordinary income (McEvoy ’04: 126-129).

The easiest way to locate productive soils is with the use of soil maps that are available from the USDA Natural Resources Conservation Services (formerly Soil Conservation Service).  One of the best predictors of site quality is tree height.  A tall stand of young sapling or pole-sized trees is a great indicator of a potentially excellent site.  Once a potentially productive site is identified, the next task is to make sure the site is not susceptible to storm winds.  Look for the telltale pit-and-mound topography that results from the root ball of an upended tree next to a hole where the roots used to be.  Careful examination of the site will reveal hints about storm frequency and even the direction of storm winds.  When storms are funneled down valleys, sites near the mouth of a valley show more evidence of blowdown than sites farther up the valley.  This is caused by venture effects, a sucking turbulence that develops when landforms compress and accelerate wind.  Evidence of pit-and-mound topography on a site is a sign that storm winds may damage or blow down a stand before it reaches full value.  Risk of blowdown is not necessarily a reason to always avoid these sites, especially if soils are highly productive.  Careful tree felling and extraction practices are essential in high-value stands.  Even a minor bark scrap in the butt log of a residual tree can reduce stem value by hundreds – sometimes thousands – of dollars (McEvoy ’04: 88-92).

In areas where soils freeze and there is a reliable snow cover, the best way to protect roots is to schedule timber harvesting in winter.  Where soils don’t freeze, schedule harvests during dormant conditions and when soils are dry as possible, especially on fine-textured soils.  Under guidelines of traditional forestry in the United States, forests require from 30 to 150 years – seedling to sawlog – to grow useable products, depending on a number of factors.  The relationship of height to age is known among foresters as site index.  It is based on the direct measure of total tree height and age (obtained from a count of annual rings at breast height), but is expressed as the predicted height at an index age of 25, 50, or 100 years.  For example, a tree that is 60 feet tall at the index age of fifty years is said to have a site index of 60.  That same tree at 30 years old has the same site index, and one would expect it to be 60 feet tall when the tree is fifty years old.  Site index is more comparable among species that are common associates –sugar maple and yellow birch, for instance, than between species that do not usually grow together.  Site index evolved as a way for managers to quickly identify productive forest sites. Yield is the production of useable wood fiber per unit time the higher a site index, the greater the yield.  
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Site index is typically measured as follows: Total tree height is estimated using a clinometer and principles of basic geometry (similar triangles).  A tool called an increment borer is used to remove a straw-sized piece of wood at diameter at breast height (dbh) that includes growth rings from the current ear back to when the tree was 4.5 feet tall.  Almost all measures in forestry are based on dbh, because it eliminates the effect of flaring where the stem meets the ground (also known as butt swell).  Extracting an increment core damages the wood but if done correctly does not injure the tree.  It is the only way of aging hardwoods, short of cutting the tree down.  Pines in northern climates are easy to age without boring since they produce one whorl of branches each year.  It is a simple matter of counting branch whorls to the top of the tree (a whorl is a group of branches that come out from the stem all at the same height, separated by clear stem for a foot or two until the next year’s whorl).  In addition to aging the tree, an increment core is also used to estimate current growth rate.  By averaging the thickness of rings over the last ten years, a forester can predict growth rate and estimate future yields (McEvoy ’04: 67-69).  Sites located on toe slopes – where the sidehill makes a transition into a valley – are almost always more productive than side slopes.  Deep, relatively fine-textured well-drained soils usually support productive forests, especially if the mineral component is derived from limestone.  Shallow soils, or soils derived from shale, schist, sandstone, or poorly drained, wet soils are usually less productive.  In mountainous terrain, look for more productive sites in places where you would expect soils to accumulate: saddles, benches on sidehills, and valleys are usually more productive than sidehillls and ridgelines.  South and southwest facing slopes also tend to be slightly less productive than north and northeast slopes, because the former experience higher temperatures and are dryer (McEvoy ’04: 69, 70).  

15. Logging Roads
On mountain highways it is important for pedestrians to walk on the opposite side of the road to see oncoming traffic, the left in the United States and most other countries, and they should get completely off the road and come to a complete stop on narrow mountain roads with less than a carwidth of berm, every time a car, truck, trailer or industrial vehicle passes on their side of the road.  Logging roads are not so busy and getting off the road every time a car gets within earshot is sufficient, except when they are in use by timber harvesters and the area is restricted. As long as the road is not too sophisticated, nor too long, most loggers will agree to build it in exchange for a break on current stumpage prices.  A proper road has an adequate bed of gravel, with fabric underlayment in wet areas, good drainage, and properly installed water control features, such as waterbars (McEvoy ’04: 133).  In 1964 Congress passed the National Forest Roads and Trails Systems Act, which put the USFS in the business of building and funding logging roads for timber companies to reduce their logging costs, so far 436,000 miles of permanent and temporary national forest roads have been built.  Between 1950 and 1969 the amount of timber cut from national forests jumped from 5.6 billion to 12.8 billion board feet.  The roadbuilding budget soared, and the employment of civil engineers soared to 3,500.  Today more than 350,000 miles of roads run through the national forests, making it the most extensive road system in the world.  From a fairly constant prewar level of 10 million visitors a year, recreation visits in the national forests leaped to 190 million a year in just three decades.  As early as the 1950s, recreationists were beginning to compete seriously with the timber industry for choice lands (Zaslowski ’05: 89, 90).  In some more rugged areas, such as Alaska’s Tongass National Forest it could cost as much as $250,000 a mile for a logging road.  
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New road construction rates on the National Forest Road System have ranged from nineteen miles in FY 2002 to 101 miles in FY 2004 while an annual average of 468 miles of Forest System Classified Roads have been decommissioned during that time.  Unfortunately, road decommissioning has not been a major priority of the George W. Bush Administration, and the annual road decommissioning rate in 2002 had fallen to 734 miles, about a third of the 2,000 mile of unneeded existing road that had been returned to forest in 1994.  Fewer than 4,800 out of 383,000 miles of permanent USFS roads are open to all passenger cars without restriction, and no more than 80,000 miles of permanent roads can be used by passenger cars under specified conditions, such as negotiating slowly on single land roads.  Nearly 300,000 miles of the classified USFS road system exclude passenger cars and all but high-clearance vehicles.  By contrast, logging trucks and other high-clearance vehicles can travel 220,000 miles of permanent USFS roads.  Many believe that all federal subsidies for construction of logging roads by private companies should be stopped (Berger '08: 69).  Private companies should bid to construct logging roads and their timber harvesting should be limited to the logging road prohibiting clearcutting and precommercial thinning on public land.  
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In June 1984 the General Accounting Office (GAO) published a study on the extent of below-cost sales in more than three thousand timber sales.  In 1981, 27 percent of the sales did not cover Forest Service costs to administer them, and in 1982 below-costs soared to 42 percent of the sales, accounting for a loss of more than $156 million in those two years. Over 88 percent of the sales were below cost in 1981 and over 96 percent were below cost in 1982.  On the basis of sale economics some national forest lands should not be managed for timber production.  The Wilderness Society concluded that “over the last decade, if below-cost timber sales had been eliminated in both good and bad years the federal treasury would have netted at least $2 billion more.  The Forest Industry Council estimated in 1980 that domestic timber demand could be indefinitely supplied by private forests alone, using intensive timber management practices, if landowners could realize a 10 percent annual return on investment (Zaslowski ’86: 97-101).  It is however not enough to protect national forests and condemn private timberowners to demand.  Logging needs to be restricted to the logging road.  Clearcutting and precommerical thinning cause indiscriminate damage to the forest at great cost to the logging company.  Demand for timber should not exceed trees felled in the construction of pre-planned logging roads and mountain trails, where cables are used, for the recreational use of the public, who have a vested interest in a healthy and beautiful landscape.  

The Indians put their feet where the animals had gone, and established a network of trails that laced through the woodlands and mountains of the East for the purposes of hunting and trading.  When the Europeans came, they put the same network to their own purposes, which included not only hunting and trading, but settlement, the footpaths gradually widening into horse trails, then wagon roads, interconnecting with the rivers to forma transportation system that serviced the needs of the loose coalition of colonies between the Atlantic Coast and the banks of the Mississippi.  Into the West, some trails blazed instead of followed.  Lewis and Clark heading over the High Plains t the Rocky Mountains from their camp on the upper Missouri in 1804.  Two decades later, thoe first trading caravans began rumbling southwest from St. Louis to the settlements in a foreign land called New Mexico, along the Santa Fe Trail, and from there north along the Taos Trail.  In the 1830s and 1840s, the promise of rich land and richer opportunity in the Pacific Northwest and California called the wagons west from “jumping-off” points on the Mississippi and Missouri rivers, up the valley of the Platte River to Fort Laramie through South Pass to Fort Bridger, then north up the valley of the Snake River, if you were bound for the Oregon Country, or west by southwest across the Great Basin and the Sierra Nevada if you were bound for California.  It was called the Oregon Tail or the California Trail, and tens of thousands wore a tracery of ruts into both over the course of nearly thirty years.  The Mormons too blazed the Mormon Trail to the Great Salt Lake and then to San Bernardino in Southern California.  In 1876 the Appalachian Mountain Club (AMC) was formed by a professor at the Massachusetts Institute of Technology (MIT).  The AMC is now the oldest mountain club and largest with 35,000 members in the USA).  In 1910 the Green Mountain club set its members to work cutting a 265 mile footpath in the wilderness between the Canadian border and the Massachusetts state line called the Long Trail (Zaslowski ’86: 332).  
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The number of miles of trails in the National Forest System peaked in the 1940s at 144,000 miles.  Between 1932 and 1950, 20 million acres were added to the National Forest System, but the number of trail miles decreased by 3,000 miles.  In the next decade 23,000 miles of trails were lost.  By 1974 the trail system mileage was only two-thirds what it had been forty years earlier, and by 1980 only 101,000 mile remained. (Zaslowski ’86: 311-313, 329). The Railroad Revitalization and Regulatory Reform Act of 1978 gave private citizen groups and local, state and even federal park authorities the right to petition for the public use of any abandoned railroad corridors.  A 1983 amendment to the National Trails Act carried this idea even farther, in what is called a “railbank” system, the ownership of abandoned roadbeds can be retained and the rails and ties themselves sold by railroad companies, until such a time a company can demonstrate a need to reopen the abandoned line to rail service, it also can be managed as a public trail by any private group or government park agency, providing such groups maintain the trail, assume all liability for its use by the public, and pay any applicable taxes.  “Rails-to-trails” conversions have been made successfully in Iowa, Wisconsin, Illinois, Virginia, California, Washington, and elsewhere (Zaslowski ’86: 332).  Although I might have gone lame for the occasion I do suggest a ‘Jogging Road Act’ to regulate logging road contracting by the U.S. Forest Service. 
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Best management practices (BMPs) protect soils and water quality from logging and logging roads.  Total daily maximum loads of sediment (TDMLs) indicate if soil movement from timber extraction exceeds the guideline limits, a state permit is needed.  All states have statutes that govern water quality and – directly or indirectly – logging practices.  During layout, the locations of water-control structures are identified and a preliminary estimate of culvert pipe, gravel, geotextiles and other material such as seed and hay mulch are completed.  In any application where gravel disappears after a few years of service, geofabrics work well to support traffic and conserve gravel without seriously affecting drainage.  Minimizing erosion from trails and roads is simply a matter of diverting water from exposed mineral soils as quickly as possible.  The ability of water to carry sediment increases as the fifth power of velocity, and the maximum particle size water can move (known as competence), increases as the sixth power of velocity.  For example, when the speed of water running down a roadbed doubles, it can carry thirty-two times as much sediment and move particles that are sixty-two times the size of what it could carry before velocity doubled.  Slope gives moving water its energy, and even an angle undetectable to the eye can move soil particles.  Undisturbed forest soils are usually able to absorb even the most torrential rain, except when slopes are steep.  On compacted soils, water absorption rates decrease, especially when the soil texture is clay or silt.  Water that is not absorbed follows the path of least resistance – downhill – gaining speed and energy.  In any circumstance in which the rate of water supply is greater than the rate of absorption, the result is overland flow.  Undisturbed forest soils, even on steep slopes, are protected by the top layers of organic debris.  But when organic layers are removed, mineral particles are easily picked up by overland flow.  Slope incline is usually measured as the percentage of vertical rise over horizontal run.  Under most circumstances, the incline of forest roads and skid trails should not exceed 15 percent.  In other words, a point on a road at eye level uphill form an observer of average height should be at least 40 feet away.  The ideal trail has a slight (3-5 percent) grade to facilitate surface drainage and allows soils to dry as quickly as possible (McEvoy ’04: 145-149).
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Waterbars are probably the most common method of slowing and diverting water from woods roads and trails.  A waterbar looks like a speed bump in a parking lot, but it is angled to the downhill side of the road and its purpose is diversion – getting water off the roadbed before it picks up speed and energy.  Spacing between waterbars is critical: the steeper the road, the closer the spacing.  The recommended distance between waterbars is a function of grade, whereby, at 2% road grade, the distance between waterbars is 250 feet, at 5%, 130 feet, at 109%, 80 feet, at 15%, 60 feet, at 20%, 40 feet, at 30, 30 feet.  Most forestry professionals use plastic flagging to locate the tops of waterbars and the outflows before road construction.  Installation is as simple as carving into the road surface with a dozer blade or the back blade of a skidder, creating a slight downhill angle, and using soil from the gash to create a berm.  On active trails waterbars need to be refreshed daily because travel tends to flatten them out. Before leaving the site at day’s end, all waterbars are checked and reconstructed if necessary.  Heavy downpours can destroy a roadbed in minutes if waterbars fail, depositing tons of soil in streams and rivers.  When sediment-laden water encounters a waterbar it slows, depositing soil on the uphill side.  An expanded variation of the waterbar is known as a broad-based dip.  It is three to four times wider than a waterbar (from front to back) and a little more difficult to construct, but it is easier to maintain and much less susceptible to damage from traffic.  A really wide broad-based dip is also known as reversing grade to slow runoff and keep road surfaces dry (McEvoy ’04: 149-152).View all images
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Brook or stream crossing alternatives include a bridge (temporary or permanent), a culvert pipe, or fording.  State laws vary on stream crossings; some do not allow fording under any circumstances.  Fords should not be used when fish are spawning – in spring and fall – since even slight turbidity can suffocate eggs.  Culverts carry small streams under a roadbed or allow runoff in ditches to drain under the road.  Locating and sizing culverts is an exacting task.  Pipe size for cross-drains under roadbeds is not as crucial as for stream culverts, but they are usually no smaller than 12 inches in diameter.  The size of a culvert depends on the watershed, both its area and permeability of soils.  One of the two most common mistakes in culvert installations is undersizing the pipe; the other is placing it too high relative to the streambed  Undersized culverts eventually wash out, following a severe, short-duration storm that develops flows exceeding pipe capacity by two or three times.  Road engineers prefer to err on the size of oversizing than undersizing.  Culverts placed to high relative to the streambed act as an impediment to fish.  One of the easiest and most environmentally friendly methods of crossing streams is with a temporary bridge.  Filter strips are a very common tool in forestry to filter sediment-laden runoff over undisturbed forest floor before it reaches streams.  Steeper grades require wider strips.  Filter strips along streams help to maintain shade over water surfaces, keeping temperature low and oxygen content high for trout habitat.  When finished, landing skid trails and haul trails are seeded with local cover grasses.  A successful planting will require a minimum of 10-15 pounds of seed per acre of exposed soil (or double this amount if mulch is not used) applied mid- to late spring, or in early fall.  Mulch may be applied at a rate of forty bales per acre (use only local hay that is as free of weed seed as possible).  Mulch retains moisture and protects seed, and its importance increases with slope and exposure.  Fertilization is necessary only on the poorest soils, applied after seed has germinated.  Fertilizer applied at the time of planting is often wasted, and excessive amounts can pollute streams (McEvoy ’04: 153-155).

16. Woodworking
From the earliest time man has used wood for tools and weapons, buildings, furniture, or fuel for his fires.  Valuable qualities were quickly recognized in different timbers.  Elm was hard to split so it made good chair-seats; the heartwood of oak would endure indefinitely, even in contact with damp ground, so it was chosen for fence posts and building timbers; while walnut was very stable and made the best gun-stocks.  The first settlers in New England were quick to make comparisons between the native American trees and those of Europe.  Many woods proved similar, but others were new and strange.  Western red cedar, for example, has no equal anywhere in Europe for lightness combined with strength and durability, and has therefore remained a prized timber, for both home use and export, ever since its discovery.  As travellers explored the tropics they found that there grew many woods with exceptional qualities.  Teak and mahogany were soon exported to northern lands where they could not be matched for great functional strength or attractive appearance and workability (Edlin ’69: 7, 8).
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Woodworking is the art of using wood to form beautiful items for home or commercial use. Woodworkers manufacture a variety of products such as cabinets and furniture, using wood, veneers, and laminates. They often combine and incorporate different materials into wood. Carpenters construct and repair building frameworks and structures—such as stairways, doorframes, partitions, and rafters—made from wood and other materials. They also may install kitchen cabinets, siding, and drywall. Working in a sawmill is one of the most dangerous occupations in the United States, more akin to logging tha woodworking. The equipment poses numerous hazards. Massive weights and falling, rolling, and/or sliding logs can be very dangerous. The woodworking operations of a sawmill can also be hazardous, particularly when machines are used improperly or without proper safeguards. The woodworking industry has one of the highest accident rates in manufacturing, most of which are caused by contact with moving machinery. This accounted for 25% of all major accidents and one of last year’s two deaths in the woodworking industry.  Each year, more than 67,000 workers and do-it-yourselfers are injured by table saws, according to the Consumer Product Safety Commission (PDF), resulting in more than 33,000 emergency room visits and 4,000 amputations. At an average cost of $35,000 each, these accidents lead to more than $2.3 billion in societal costs annually including medical bills, lost wages, and pain and suffering.  A safety device called SawStop that could distinguish between wood and flesh and then stop the blade fast enough to prevent a gruesome injury.  Since it started making table saws in in 2004, SawStop has recorded 2,000 "finger saves"—customer reports of accidents likely to have caused disfiguring injuries with conventional saws, but that resulted in minor cuts or a few stitches at most. SawStop also has acknowledged two reports of amputations (Levin ’13). The major accident rate for woodworking is more than 17% above the manufacturing industry average. Like most industries, handling, (33%) and slips and trips (14%) account for most injuries. However, woodworking has a very high number of accidents caused by contact with moving machinery (19%).  Hit by a falling or moving object (17%).  Hit by something fixed or stationary (5%). Fall from height (6%).  Other (5%).  

Wood is designed to carry sap, and so long as the tree that yields it is standing and alive its cells are full of water.  From the moment that the tree is felled its timber starts to lose moisture, and the process of seasoning and drying begins.  As the wood loses water, air moves in to fill the emptying spaces of its cells and so it becomes lighter in weight.  It also becomes harder and substantially stoner, and shrinks a little.  Seasoning continues slowly under natural conditions until a balance is reached between water remaining in the wood, and the water vapour in the air around it. Normally, wood holds a quantity of water equal to at least 12 percent of its oven-dry weight.  In a damper room, or out of doors, it holds considerably more.  The easiest way to season wood is to stack it, out of doors, or in an open-sided shed, so that air can flow freely around every plank or piece.  But this natural seasoning takes many months; it is usual from prime oak or ash plank to be left a whole year, or even longer, to season fully.  The alternative is kiln-seasoning, in which the planks are stacked on trolleys that are pushed into closed brickwork kilns, where the wood is slowly dried by artificial heat, in ten days or so.  Wood changes shape as it seasons, because it shrinks by different amounts in different directions.  Shrinkage in the longitudinal direction of growth is least, shrinkage along the radius of the log rather greater, and shrinkage round the circumference of the log greatest of all.  Because of the alterations in shape and the general shrinkage of the material, it is essential to use thoroughly seasoned wood, finally seasoned after sawing, for all accurate work indoors.  

Resistance to decay depends entirely on the chemical properties of the timber.  Certain woods hold chemical substances, found in the heartwood, that are poisonous to invading organisms, other timbers do not.  The sapwood of all trees is technically perishable.  Even perishable woods last indefinitely if kept very dry, for the fungi that cause decay all need some moisture for life and growth. Such wood may also last a long time at the bottom of a lake or the sea, because there is insufficient air to decay organisms to thrive.  The test comes when wood is exposed to alternating dry and wet conditions, for example, as building timber or fence post.  Most timber for outdoor use is treated with a preservative chemical.  This gives the most perishable woods, and even sapwood, a service life comparable to that of heartwood of oak, forty years or more.  The effective chemicals stain the wood an unusual color, either the dark brown of creosote oil or the yellowish green of the mixed slats of copper, chrome and arsenic that prove equally effective. Wood for decorative use, in furnitures or as an ornament, is seldom left in its entirely natural state. It is usually treated with a wax, an oil, or possibly a modern plastic seal that will fill its surface pores and give smooth lustrous finish that can be readily polished.  These substances usually contain some staining element that alters, to some degree, the natural colour of the wood.  As a rule its grain is brought out more prominently, because the different tissues that make it up absorbed the stain to various degrees (Edlin ’69: 18- 21).

Weight implies the general density or specific gravity of each piece of wood. When a tree is growing this space is full of sap, and there is very little difference between the specific gravity of one kind of tree and that of another.  The same is true of freshly felled logs and ‘green’ timber generally.  During the process of seasoning nearly all the water disappears, and the density of the timber then depends mainly on two things: the thickness of the cell walls, and the amount of empty space between them.  Some weigh four times as much as others, for the same volume. Two scales of measurement are in use for wood density.  One, called specific gravity (S.G.) represents the ratio of each wood’s density to that of water, which as a specific gravity of 1.0.  Since most seasoned woods are lighter than water, their specific gravity is in a decimal fraction; it also shows the number of grams in one cubic centimeter.  The alternative scale shows the weight of one cubic foot of timber, that is, so many pounds per cubic foot.  One cubic foot of water weighs 61 ½ lb.) (Edlin ’69: 68).

Average densities of forty woods
	Wood
	S.G.
	lb./cu. F.

	Very Light
	
	

	Cedar, Western Red
	0.38
	23

	Aspen Poplar
	0.44
	27

	Antiaris
	0.44
	27

	Cedar of Lebanon
	0.45
	28

	Primavera 
	0.46
	29

	Light
	
	

	Agba
	0.50
	31

	Douglas Fir
	0.50
	31

	Pine, Ponderosa
	0.51
	32

	Elm
	0.51
	32

	Sycamore Maple
	0.6
	35

	Lime 
	0.56
	35

	Lacewood Plane
	0.63
	39

	Cherry
	0.63
	39

	Walnut, Circassian
	0.63
	39

	Heavy
	
	

	Teak
	0.65
	41

	Iroko
	0.65
	41

	Birch
	0.67
	42

	Beech
	0.67
	42

	Sapele
	0.67
	42

	Eucalyptus
	0.67
	42

	Walnut, Black American
	0.66
	42

	Oak, Brown
	0.69
	43

	Pearwood
	0.69
	43

	Ash

	0.69
	43

	Bird’s Eye Maple
	0.69
	43

	Maple
	0.69
	43

	Oak
	0.69
	43

	Afrormosia
	0.74
	46

	Walnut, Australian
	0.77
	48

	Very Heavy
	
	

	Padouk, Andaman
	0.83
	52

	Paldao
	0.83
	52

	Satinwood, East Indian
	0.88
	55

	Purpleheart
	0.86
	54

	Rosewood, Brazilian
	0.88
	55

	Bubinga
	0.91
	57

	Ebony
	1.08
	63


Edlin ‘69” 69, 70

Certain woods hold volatile chemicals, usually ethereal oils, that gradually escape when their cells are cut across, so yielding characteristic odours of great value for identification.  Freshly felled and freshly cut timber has naturally the strongest odour.  As the wood ages its smell decrease, but it can often be revived, even after many years, by exposing  fresh surface to the air.  Sometimes the scent is sealed in by varnish; again exposure will release it.  In most conifers scent is due to resin, which is often contained in special resin canals that run through the wood.  Where these occur, their presence is noted in this key.  Resin often exudes on cut surfaces as a clear yellow, sticky substance with a characteristic ‘turpentine’ smell.  Wester red cedar, sapele, cedar of Lebanon and black American walnut have aromatic smells.  Antiaris, zebrawood, Austalian walnut and willow unpleasant smells (Edin ’69: 70, 71).
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A cord is 128 cubic feet of condensed, stacked firewood measuring 4 feet by 4 feet by 8 feet. It generally costs from $150 to $250 for a cord of firewood depending on species.  All wood, regardless of species, has about the same energy content per pound. The different species vary mainly in density. Traditionally, the favored trees in central North America were oak and maple because they are very dense and produce long-lasting coals.  In the coldest areas of North America the main firewood species are spruce and aspen.  Incense cedar has a particularly aromatic smoke but burns fast and it is best to burn the branches or cut the industrial rounds small with a maul for kindling a well ventilated fire that doesn’t make you sick.  Nearly any other wood produces toxic smoke that is tolerable to lung health for extended periods only in a cast iron stove or completely open campfire that doesn’t require constant blowing.  Willow is so extremely toxic that it can only be burned in large outdoor burnpiles.  It there are any willow in the wood don’t randomly pick up firewood off the forest floor.  Ultimately, it is more important to have wood that is cut and split to the right size and properly dried than it is to get the hardest wood available.  Quality, well-seasoned firewood will burn cleaner and more efficiently, while green or wet wood can cause smoking problems, odor problems, rapid creosote buildup, and possibly even dangerous chimney fires. Freshly cut wood can be up to 45% water, while well-seasoned firewood generally has a 20–25% moisture content.  Firewood should be cut to length for 6 months or more before burning. Wood should be stored off the ground if possible and protected from excess moisture ideally in a wood shed with a roof and no sides.  Traditionally the firewood heat is measured in British Thermal Unit (BTU). One BTU is the amount of energy needed to raise the temperature of 1 pound (0.45 kg) of water by 1° Fahrenheit (0.55° Celsius).  The solar energy released by the combustion of one cord of wood is measured in millions of BTUs.
	
	Firewood Sorted Alphabetically
Common Name

Species Name

Pounds
/Cord

MBTU
/Cord
Alder, Red or White

Alnus rubra or rhombifolia

2,380

14.8
Apple

Malus domestica

3,485

21.6
Ash, Black

Fraxinus nigra

2,890

17.9
Ash, Green

Fraxinus pennsylvanica

3,400

21.1
Ash, Oregon

Fraxinus latifolia 

3,230

20.0
Ash, White

Fraxinus americana 

3,485

21.6
Aspen, American (Poplar)

Populus tremuloides

2,210

13.7
Balsa

Ochroma pyramidale 

935

5.8
Bamboo

Poaceae bambusoideae

1,615

10.0
Basswood (Linden)

Tilia americana

2,210

13.7
Beech, American

Fagus grandifolia

3,655

22.7
Beech, Blue (Ironwood)

Carpinus caroliniana

3,825

23.7
Birch, Black

Betula lenta

3,890

24.2
Birch, Gray

Betula populifolia

3,145

19.5
Birch, Yellow

Betula alleghaniensis

3,570

22.1
Birch, White (Paper)

Betula papyrifera 

3,230

20.0
Boxelder (Maple Ash)

Acer negundo

2,890

17.9
Buckeye, Ohio

Aesculus glabra

1,955

12.1
Butternut (White Walnut)

Juglans cinerea

2,125

13.2
Catalpa (Catawba)

Catalpa speciosa

2,380

14.8
Cedar, Eastern (Redcedar)

Juniperus virginiana

1,955

12.1
Cedar, White (Whitecedar)

Thuja occidentalis

1,870

11.6
Cherry, Black

Prunus serotina

3,145

19.5
Coffeetree, Kentucky

Gymnocladus dioicus

3,060

19.0
Compressed Sawdust Logs *

Presto homofecit stipes

2,000

16.5
Cottonwood (Balsam Poplar)

Populus trichocarpa

2,040

12.6
Dogwood, Pacific

Cornus nuttallii

3,995

24.8
Elm, American

Ulmus americana

2,975

18.4
Elm, Red 

Ulmus rubra 

3,060

19.0
Elm, White (Russian)

Ulmus laevis 

2,890

17.9
Eucalyptus (Red Gum)

Eucalyptus camaldulensis

2,975

18.4
Fir, Balsam

Abies balsamea

2,125

13.2
Fir, Concolor (White)

Abies concolor

2,295

14.2
Fir, Douglas

Pseudotsuga menzies II

2,805

17.4
Hackberry

Celtis occidentalis

3,145

19.5
Hemlock

Pinaceae tsuga

2,465

15.3
Hickory, Bitternut 

Carya cordiformis

3,825

23.7
Hickory, Shagbark

Carya ovata

4,080

25.3
Holly, American

Ilex Opaca

3,995

24.8
Hop Hornbeam (Ironwood)

Ostrya virginiana

4,250

26.4
Juniper, Rocky Mtn

Juniperus scopulorum

3,145

19.5
Locust, Black

Robinia pseudoacacia

3,740

23.2
Locust, Honey

Gleditsia triacanthos

3,825

23.7
Madrone, Pacific (Arbutus)

Arbutus menziesii

3,825

23.7
Maple, Big Leaf

Acer macrophyllum 

2,890

17.9
Maple, Black

Acer nigrum 

3,400

21.1
Maple, Red

Acer rubrum

3,230

20.0
Maple, Sugar

Acer saccharum

3,740

23.2
Maple, Silver

Acer saccharinum

2,805

17.4
Mulberry

Morus rubra

3,740

23.2
Myrtle, Oregon (Pepperwood)

Umbellularia californica

3,485

21.6
Oak, Bur (Mossycup)

Quercus macrocarpa

3,655

22.7
Oak, Oregon (Garry)

Quercus garryana

3,655

22.7
Oak, Post

Quercus stellata

3,825

23.7
Oak, Red

Quercus rubra 

3,570

22.1
Oak, White

Quercus alba

3,910

24.2
Osage Orange (Hedge)

Maclura pomifera

4,845

30.0
Persimmon, American

Diospyros virginiana

4,165

25.8
Pine, Jack (Canadian)

Pinus banksiana

2,380

14.8
Pine, Lodgepole

Pinus contora latifolia

2,465

15.3
Pine, Norway (Red)

Pinus resinosa

2,890

17.9
Pine, Pitch

Pinus rigida

2,635

16.3
Pine, Ponderosa

Pinus ponderosa

2,380

14.8
Pine, White (Eastern)

Pinus strobus

2,125

13.2
Pine, White (Idaho)

Pinus monticola

2,236

14.3
Sorrel (Sourwood)

Oxydendrum arboreum

3,060

19.0
Spruce, Engelmann

Picea engelmannii

1,955

12.1
Spruce, Sitka

Picea sitchensis

2,380

14.8
Spruce, Black

Picea mariana

2,465

15.3
Sycamore, American

Platanus occidentalis

2,890

17.9
Tamarack (Larch)

Larix laricina

3,145

19.5
Walnut, Black

Juglans nigra

3,230

20.0
Willow

Salix

2,295

14.2



[image: image151.png]


An axe can be used in three ways, according to the grain of the timber.  It will cut across the trunk or log, split is radially in the craft of cleaving, or shape it to a square outline in the craft of hewing, or she it to a square outline in the craft of hewing.  Trees were felled using the two traditional strokes, the down stroke that splits out a segment wood at the base of the trunk and the lower, level stroke that cuts it out as a chip.  Small trees were felled with the axe alone.  For larger ones the felling was finished with a saw.  Branches were trimmed away with the axe and the logs were the cross-cut to the desired lengths with the saw.  Then the hewing began.  Using a flat-sided hewing-axe the woodcutter worked down four sides of the round log, each in turn, splitting off the outer layers to give a squared beam.  In this process all bark and most perishable sapwood were cut away to leave a squared baulk of heartwood that made a strong and durable upright post or cross-beam.  Pioneers were not worried about dead-straight edges or dead-flat sides.  Hewing was far faster than sawing.  Clapboard for the sides of houses and barns, and shingles for the roof were made by cleaving.  A log was first struck through the centre with the axe.  This made the first cleft, which was enlarged, if it proved stubborn, with wedge and mallet, until two half-cylinders fell apart.  The axe was then used to cleave out narrow pieces of wood from each segment, working always along the ‘true quarter’ or radius of the log, where the wood splits, where the wood splits easily along the rays of its grain.  Flat, thin sheets of wood were quickly produced this way.  Two special tools derived from the axe were also used.  One of these, called the froe or frow, was employed to split off roofing shingles.  The other, called the adze, was used in hewing to get a smooth surface (Edlin ’69: 8-10).  
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All hand-saws, and most mechanized ones, consist of a metal blade carrying sharp teeth on one edge.  These teeth are carefully designed, and are sharpened so that each removes a fragment of wood in turn.  They are also given a calculated amount of set, which means that successive teeth are bent slightly towards opposite sides.  Hence the saw cuts a gap or kerf that is wider than the main blade, and this prevents it from jamming in the cut.  This design enables the saw to open a narrow gap through the timber, with great accuracy and minimum waste of wood, regardless of the direction of the grain.  Most saws are designed to work either across the grain or with it.  Hand cross-cut saws of various patterns were used, in conjunction with the axe, as the main tree-felling tool until about 1930.  They were also the standard implement for cross-cutting logs to required lengths out in the woods.  During the last forty years they have steadily lost ground to the petrol-driven chain saw, which works on an entirely different principle.  Instead of a flat blad being drawn to and frow to rasp sharp teeth over the surface of the wood, an endless chain is propelled round a fixed guide-blade.  This chain carries large sharp teeth that tear out large chips of wood.  This cut is crude, but it is quickly and cheaply made, with little effort by the operator.  For centuries all lengthwise sawing of planks and beams could only be done by hand-power, using a huge pit-saw.  The log was mounted over a deep brick-lined pit, and two men drew the great blade up- and down for hours on end.  One man stood below it and was showered with sawdust.  The other stood on tope and had the heavier tasks of lifting the heavy blade and guiding its course through the wood.  About 1420 the power of water-mills was applied to the movement of the heavy saw, but its blade still went up and down as before.  Reciprocating saws, working either as single blades or in ‘gangs’ cut out many planks at one time, have now been fully mechanized.  They still operate in many timber-producing countries, using steam, oil or electric power.  About 1781 the circular blade came into use, using the power of a water-wheel.  Within a few years hundreds of circular saw mills were at work wherever there was water power to drive the, and the coming of steam power, diesel engines and electricity have further extended their use.  Practical bandsaws were first made available about 1855.  They can cut larger logs than circular saws, and do it faster and more accurately, but are less suited to the rougher work of small woodland mills (Edlin ’69: 11, 12).
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If a log is cut through lengthwise to give planks of constant width, each cut will expose a different view of the hidden structure of the wood.  Any saw-cut that passes right through the heart of the tree will reveal the ray figure.  Cuts farther out will show ‘slash grain’, because it strikes through the sides of the annual rings to expose them as irregular ellipses.  The great bulk of the world’s lumber is sawn up regardless of these features of surface figure.  It is cut on the through-and-through’ plan, just as it comes to the saw.  Each piece of timber will vary a little in strength and wearing properties, which depend on the lie of the grain.  Sawyers found that if they adjusted the direction of the log before each saw-cut was made, they could produce planks fairly constant patterns and physical properties.  A cut through the centre of an oak log gives two surfaces that expose attractive silver grain; one on each semicircular segment of the log.  So two thin planks can be cut from each log that are ‘quarter-sawn’.  If all the annual rings can be seen ‘on edge’ the lumber is called ‘edge-grained’.  It is consistent in pattern and properties and harder-wearing and more stable than ordinary ‘run-of-the-mill’ timber, but is more costly due to waste.  It is also possible to saw planks that show an attractive ‘slash-grain’ figure, but planks must be narrow and waste occurs.  Wood sawn directionally to give consistent surface patterns can be found in high-quality antique furniture and joinery.  High-class flooring of pine will often be found to show edge-grain, because of its superior stability and wearing properties, as well as improved appearance (Eldin ’69: 12-13) 

Directionally sawn timber has nowadays been supplanted by surface veneers.  Veneers are valuable sheets of wood sliced to eliminate all loss of wood in sawdust and speed up the job.  The log is first sawn into segments convenient to handle  Each segment is then steamed to make it both softer and more supple, so that thin sheets are unlikely to crack when split off the main log.  The segments, or ‘flitches’ are then fixed in a veneer-cutting machine that moves against them a very sharp, strong knife.  This cuts off a thin slice form the wood surface, and the process is repeated, with adjustments of the machine, until the whole flitch has been cut into a series of sliced veneers.  The machine can be set to cut in any direction relative to the grain of the wood.  The commonest direction is radial, which reveals, silver grain in oak and the brightly alternating stripes of sapele and afrormosia.  Crown-cut veneers are sliced from flitches with their length set parallel to the knife’s direction, but arranged to be cut clear of the log’s centres, tangentially  The annual rings cross obliquely with show of curvature, grain and pattern.   Butt veneers often bring in the root-spurs at the very base of the tree-trunk.  Walnut is often cut this way.  Burr veneers are sliced through the burrs or swellings that arise, on the sides of certain trees.  Burr veneers usually disclose a pattern of buried branches or minute knots.  Mass produced veneer is done by a process known as ‘rotary cutting’.  The process is used for the most costly and strikingly coloured woods, such as bubinga, which reveal brilliant patterns when so cut, and also for more homely timbers like birch, Douglas fir, and ponderosa pine.  Rotary cutting is also the basis of the plywood industries.  Plywood is made by gluing sheets of veneer together, with the grain of each sheet running at right angles to that of tis neighbor, so that the resulting plywood, though thin, is strong and stable in all direction, and very hard to split.  Sawn wood inevitably has a rough surface, because of the action of the saw-teeth breaks the fibres of the timber.  The hand plane drives a sharp, flat blade over the surface of sawn wood to make a simple straight cut and leave a smooth surface.  Powerful planning machines with revolving cutters rapidly cut planks with smooth faces on as many sides as required (Edlin ’69: 14-17).

Curved timber is made by an operator who marks a curved outline on a  flat, squared piece of wood and them manipulates it against the narrow, speeding blade of the saw to cut out the bent shape.   Many familiar wooden objects such as bowls and handles have a round cross-section, and these are always made by the process of turning.  A suitably shaped piece of wood is fixed in a lathe, which revolves it rapidly, while a sharp chisel is held against it, so that a thin layer is skimmed off and the wood gradually assumes a perfectly circular outline.  Deeper cutting will change a flat cylinder into a hollow bowl.  If wood is treated with steam, it becomes, for the time being, plastic, and can be bent without breaking.  After it has cooled and dried in its bent form, it ‘sets’ that way, and will never regain its original straight direction.  Bending is often applied to beech in the making of ‘bentwood’ furniture, and also to ash when shaping handles, hockey-sticks or other curved implements.  U-bends are quite common, and if required, wood can be formed into complete circles.  ‘Lamina’ is a layer of substance, and if several layers are built up together you get laminated material.  Plywood is the best-known example, but there are many similar substances such as blockboard and laminboard.  Very large and strong beams and trusses are nowadays constructed by laminating many small length of wood together (Edlin ’69: 17, 18). 
17. Silviculture
Silviculture is described by foresters as the “art and science” of growing and tending forests for the production of human benefits.  The term and concepts were originally proposed by Saxons in northern Europe nearly two hundred years ago.  The world literally means tree culture, and it is a science that developed to deal with dwindling supplies of timber from forests that had been misused.  When the concepts of silvicultural practice, were well established in northern Europe, they were imported to the United States a few years before the twentieth century, almost all of the forest in the eastern half of the country had been harvested at least once, and highly accessible portions of the western forest were being cut hard.  In the East, cutover hardwood forests proved to be highly resilient, regenerating under natural conditions to complements of valuable species almost regardless of the practices used to remove the presettlement forest.  In the West, emphasis was placed on replanting the original softwood forest.  The contemporary goal of silviculture is to tend forests for benefits.  The principal unit of silvicultural practice is the stand, which is commonly defined as an area where the forest is uniform enough in one or more characteristics (such as species, age, structure, site quality, health, etc.) so as to make it distinguishable from surrounding areas.  Managers implement silvicultural practices in stands, and the collective management of all stands in an ownership (defined unit) is forest management.  Nonindustrial private forest owners own and control the majority of forests in the United States (McEvoy ’04: 71, 72). 

Forestry is a science that deals with management and production of human benefits from forests.  It is a relatively new science in North America, having arrived coincidental with the harvest of the last easily accessible timber in the years following the Civil War and up until the turn of the twentieth century.  Before the advent of forestry, timber was relatively cheap because of its abundance.  A new movement known as sustainable forestry, begun in the mid-1980s, emphasizes protecting a forest's ability to conduct its natural ecological processes and functions.  The aim is to maintain indefinitely the forest's capacity to produce a stable yield of timber as well as other goods and services enabling a forest to meet economic and environmental goals simultaneously.  Naturally, sustainable forestry requires providing forest ecosystems with adequate protection during logging so they can recuperate fully afterwards.  All the forest's natural resources must be safeguarded, especially the soil (the basis of the forest), the water, any indigenous human population, and the integrity of the forest gene pool. The survival of the forests diverse wildlife, even small and seemingly insignificant creatures, must be ensured, because every living thing naturally found in the forest has an ecological role that contributes to the functioning of the forest.  Good logging practices that protect soil structure, fertility, canopy and forest creatures are probably sustainable (Berger '08: 134, 135).

A movement known a New Forestry arose primarily in the 1980s out of the frustration some U.S. Forest Service (USFS) personnel experienced with prevailing management practices in the National Forests.  New Forestry theory acknowledges that the entire forest ecosystem is important, that habitats for all species should be maintained, and that the negative effects of industrial forestry must be mitigated.  New Forestry practice is to retain some forest canopy and canopy layers intact and to minimize road construction.  Prescribed numbers of standing dead and downed timber are left for wildlife habitat (Berger '08: 143, 144, 146).   At the core of sustainable forest management guidelines are certain proscriptions: do not simplify the forest ecologically; do not take more from the forest than the forest can provide and still remain healthy; and do not allow short-term expediency - the desire to minimize management costs and maximize timber production -to reduce the forest's long-term productive capacity.  Too little light will suppress tree growth; too much light will produce a short, bushy tree with many knots.  Trees with nests of birds such as owls, ospreys, and eagles should be left standing.  Logging on fragile soils or in landslide - or erosion - prone areas must also be avoided.  A tree can never be uncut, and removing the wrong one cause enduring ecological damage to the site (Berger '08: 135-142).
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In equatorial forests, low-impact usually means harvesting single trees or small groups so as to maintain ecosystem structure and composition.  But felling single trees in excess of 120 feet tall with highly fluted trunks of enormous diameter is not easy.  One tree can host more than a dozen vines with basal diameters that rival most hardwoods in the United States.  When rainforest trees fall with vines attached, they almost never land where the logger had intended, and vines rake the ground like anchor chains.  Felling just one tree can wreak havoc over large areas.  Careless logging in tropical rainforests is not only dangerous, it can also have enormous, mostly negative impacts on sites and soils.  The common practice in tropical forests before low-impact ideas evolved was to cut over an entire area.  Unfortunately, clearcutting is not a practical tool in the tropics.  Soils there are very highly weathered and virtually all of the mineral nutrient capital is tied up in the vegetation.  Leaf litter is recycled immediately and organic compounds from leaves and other debris help maintain a favorable soil structure.  When the source of litter is removed, not only is the site mined of its essential nutrient capital, but the lack of organic compounds causes iron-rich, lateritic clays to harden into a surface that is only slightly more permeable than cured cement.  In the tropics, the purpose of low-impact methods is to keep rainforest crowns intact, maintain soil productivity, and affect species diversity as little as possible (McEvoy ’04: 11, 12).

Among temperate forests, selective removal of trees in commercial forestry is more common in hardwood forests than in coniferous forests because the former tend to be less homogeneous in commercially valuable species.  Selective logging in a primary forest in the southern Appalachian Mountain of the United States reduced the diversity of vernal hers (herbaceous forest floor species that appear in spring before canopy closure), though less so than did clear-cutting.  Where clear-cutting is practiced, as in many managed coniferous forests of the world, the range of effects on forest diversity is much greater.  Compared with selective cutting, clear-cutting represents a much more novel disturbance and, when combine with suppression of natural disturbances such as fires, commonly reduces both structural complexity and species diversity of the forest.  However, where the sale of clear-cutting is small relative to the total area of forest, diversity of some organisms may increase because of the increased diversity of habitats created.  Bird diversity was more than 50 percent greater in the managed forests than in the reserve forests, in the hardwood forests of northeastern United States.  One of the few relatively sustainable tropical forest management sites is the Plan Piloto Forestal on Mexico’s Yucatan Peninsula, where forests are frequently damaged by hurricanes.  Selective logging focuses on mahogany, Spanish cedar (Cedrela odorata), found no difference in the numbers or species composition of migratory birds between selectively logged sites and unlogged sites.   In fact, more pioneer plant species regenerate in logging gaps than in natural forest gaps.  In Belize no significant effects on the bird community were reported in a forest being selectively logged for mahogany and Spanish cedar (Freese ’98: 148, 147). 
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Old coniferous forests in the Pacific Northwest developed over long periods that were essentially free from such catastrophic disturbances as wildfires.  The elimination of these forests began because they represented both a valuable resources (large volumes of virtually free, high-quality wood) and a hindrance to agricultural development.  Today, little old-growth forest exits outside of public lands, and liquidation continues.  For example, the first record of logging in what is now the Willamette National Forest of western Oregon occurred in 1875.  Ninety percent of the timber cut during the first three decades of the twentieth century occurred below 4,000 feet elevation.  From 1935 through 1980, the volume cut doubled every fifteen years.  By the 1970s, 65 percent of the timber was cut above 4,000 feet elevation (Maser et al ’10: 167).  Three years into a drastic curtailment of logging in Federal forests, Oregon, the top timber-producing state, has posted its lowest unemployment rate in a generation, just over 5 percent.  Regardless of the number of board feet cut in the Pacific Northwest, employment per board foot cut there declined by more than a third in the mid-1990s. It is estimated that timber-related jobs in the Douglas-fir region of Oregon and Washington would drop by more than half from 1970 to 2000.  Conservationists had estimated that job losses from automation by 2030 will cost 25,000 jobs in Washington, Oregon and California from the early 1970s to the late 1980s fell by fifty percent.  Following the national forest moratorium on old-growth logging in Oregon in the early 1990s, the Oregon timber industry has shifted to smaller timbers grown on private tree farms, and many displaced workers are being successfully retrained and are finding skilled work a mechanics, cabinetmakers, and health care personnel (Berger '08: 127, 132).
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Silvicultural methodology is based primarily on the forest structure a manager wants to promote and the means by which the existing forest cover is to be reproduced or regenerated.  Under the German system, there are two primary structures – even-aged and uneven-aged – and fire regeneration methods.  An even-aged structure is generally defined as a stand where the difference in age between the oldest trees and the youngest is 20 percent or less of rotational age.  In an even-aged stand, the featured trees all share the canopy.  Managers have developed a system to describe the relative canopy positions of featured trees.  There are four positions: dominant – a canopy position in which the tree crown has never been overtopped and is clearly above its neighbors; codominant – a canopy position in which the tree appears to share canopy space equally with immediate neighbors; intermediate – a canopy position in which only the top of the tree’s crown (or a small portion of it) receive direct sunlight and the balance of the crown is affected by surrounding codominants; and suppressed – a canopy position in which the tree’s crown has developed wholly under a canopy of surrounding trees for most of its life.  Under even-aged structures, virtually the entire real of silvicultural options boils down to two choices: (1) the manager is attempting to improve growing conditions for trees that have yet to reach maturity, or (2) the stand has reached maturity and the manager is applying practices to reproduce or regenerate the stand.  The former are called intermediate treatments, and the latters are referred to as reproduction methods.  Timber stand improvement is an a very common intermediate treatment with the purpose to match species to the site – or to anticipated markets – allocate space to featured trees, or both.  Intermediate treatment early in the life of a stand are said to noncommercial, which means that the practice does not yield salable products.  Older stands usually call for treatments that yield products like pulpwood, firewood, or small sawtimber and are therefore said to be commercial treatments.  A noncommercial treatment represents an expense to the woodland owner, or, rather, an investment since the outcome usually translates into faster-growing, more valuable trees even though treatment costs are an out-of-pocket expense (McEvoy ’04: 72, 73).
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Silvicultural prescriptions are first assessed for their potential impacts on wildlife.  Trees and snags with bird nests are not cut.  Volume growth rate per tree and per acre are controlled by tree density.  Thinning sacrifices volume growth per acre to maximize volume growth per tree.  The goal when growing timber is to maintain stocking so as to maximize volume growth per tree but without wasting space.  If the objective of an even-aged stand is to maximize timber values, intermediate treatments in the form of periodic thinning are essential.  The purpose is to open the canopy, giving crowns of featured trees room to grow, with the goal of maintaining or increasing diameter growth rates on those trees.  But when stands are thinned there are fewer trees available for harvest at a later date.  Thinning is a choice between growing many trees of relatively small diameter or fewer trees of larger diameter.  The trick is to maintain stocking, or stem density, within a range that maximizes values growth on selected trees without sacrificing growth per acre.  Stocking is an indication of the average girth and number of trees in a stand as compared to an optimum.  Stocking is lowered periodically to improve diameter growth rates.  Optimum stocking is difficult to maintain and it changes as stands develop.  For example, in hardwoods, young stands are carried at higher densities (sacrificing volume growth per tree) to “train” stems for the purpose of achieving vertical growth.  Later, stem densities are lowered (sacrificing volume growth per acre) to promote diameter growth.  Adding to the complexity of deciding when to thin and by how much is factoring in the impacts of damage to the residual stand from tree falling and extraction.  Injuries to stems and roots from even one incident of careless and poorly times logging can more than wipe out the benefits of thinning, destroying a stand’s future timber potential (McEvoy ’04: 74-76).  ‘Precommercial thinning’ is a wasteful practice, particularly when it involves large merchantable trees, but it is always a fire hazard and waste of logger’s time to cut a tree the corporation is unable to sell, and leave it there to rot amongst the windthrows.  Thinning may be done on crowded stands of small poles at useful sizes for tipis and other pole structures, fences and staves that are piled up on the trail for removal and marketing leaving the biggest, tallest and healthiest trees to grow big by reducing competition for water, nutrients and sunlight.  No species can tolerate the detritus of their own kind, although wood decomposition and reabsorption is mediated by mycorrhizae, this rule is an unkown but powerful driver of forest succession.  

Once a stand is established, there are in most forests only two things a manager can do to improve growth rates and increase timber volume and value: (1) adjust species composition to favor trees well suited to a particular area, and (2) lower stocking periodically by thinning – removing trees not well suited to the site, or trees that are poorly formed or diseased – to allocate site resources to the best and most productive trees.  In some parts of the country, managers can use applications of soil amendments to correct known nutrient deficiencies. And there are instances, usually in plantations or in areas that have been replanted with seedlings, where fertilizer applications can have an enormous impact on yields.  For most natural forests of the United States, fertilizer applications are the exception rather than the rule, but where amendments are used the effects of treatments generally decrease the interval between thinnings because stem growth is faster.  Too little is known about the impacts of fertilizer salts on forest soil organisms to warrant widespread use.  When stocking is high, wood growth is distributed across many stems; when it is low, almost the same amount of growth is distributed on fewer stems.  More trees mean higher stem densities and slower diameter growth rates.  Total stand volume (by weight or by cubic volume) may not be affected by high stem densities, but usable wood volume – especially when the final product is sawtimber – is almost completely controlled by stem density.  From the time trees are large enough to measure until the final harvest, stocking (and tree volume and value growth) is controlled by periodic thinnings. The idea is to maximize volume and value growth per tree, but without overly sacrificing volume growth per acre (McEvoy ’04: 77, 78).
[image: image158.jpg]



The most commonly used reference to stocking is basal area, which is actually a measure of stem-area density, or the proportion of an acre occupied by tree trunks.  It is the sum of the cross-sectional area of all trees measured at 4.5 feet above the ground, also known as diameter at breast height (dbh).  Taking stem measurements so high eliminates the effect of stems swelling or fluting, where the trunk disappears into the ground.  Also equations used to predict wood volume in trees assume stem shape is parabolic, that it tapers like a bullet from a point 4.5 feet above the ground and up to the limits of merchantability in the crown.  Unless the manager knows something about the age and structure of the stand, basal area by itself is not a very useful measure of stocking.  There is a big difference between 100 square feet of trees averaging 16 inches dbh, and the same stem-area density of trees averaging 6 inches dbh.  For example, seventy-two 16 inch trees have approximately the same basal area per acre as more than five hundred trees averaging 6 inches dbh.  Another common measure of stocking is stem density, or number of trees per acre.  Young stands generally have high stem densities.  As the stand matures, some of the trees, in fact, most of them, succumb to the forces of nature and gradually drop out.  For example, left unmanaged, a young stand of northern hardwoods (sugar maple, American beech, yellow birch, and others will over the course of 200 years, depending on site quality, naturally thin from more than one thousand trees when dbh averages 4 inches, to forty to sixty trees when dbh averages 20 inches.  Periodic thinning can cut this time in half, but not without risk.  An inventory that reports stem densities of two hundred trees per acre could represent an adequately stocked stand of trees averaing 8 inches dbh or a severely understocked stand averaging 4 inches dbh.  The best measure of stocking in even-aged stands is a combination of both numbers of trees per acre and their total basal area (McEvoy ’04: 78 ,79).

A stocking chart allows the manager to take into account stand basal area and numbers of trees per acre to develop guidelines for periodic thinning.  Charts are specific to forest type or to species.  For example, white pine diameter growth is less affected by high stem densities than most hardwoods.  One can grow white pine at higher stem densities without sacrificing volume growth per tree.  Standard stocking charts, used mostly in eastern forest types, identify different levels of stocking, known as the A-line, the B-line and the C-line.  The goal is to maintain stocking during the rotation between the B-line and the A-line.  Stands with stocking above the B-line are candidates for thinning.  When stocking goes above the A-line, the stand is severely overstocked, and the manager is sacrificing volume growth per tree.  When densities drop below the B-line, the stand is slightly understocked, although individual tree growth is maximized.  Below the C-lined, the stand is grossly understocked and, by definition, will take at least ten years to reach B-line stocking.  Managers who thin to the point where residual stocking is below the B-line are wasting space.  Periodic thinnings, most often scheduled at 10-20 year intervals (depending on species, site quality, and current stocking) can have a dramatic effect on merchantable volume growth.  When trees exceed 16 inches dbh, increases in value are disproportionately higher than increases in volume.  It is tempting to cash in on timber when it reaches this size, but the return on investment in trees from 16 to 22 inches dbh will, on many sites exceed the return on even the most impressive portfolio of stocks and bonds (McEvoy ’04: 80, 81).

In silviculture ther are two broad classes of treatments: regeneration treatments, which remove mature trees to favor the reproduction of seed and seedlings, and intermediate treatments, which include a variety of treatment that improve growth rates and values between the last time a stand was regenerated and the next final harvest.  Intermediate treatments include such practices as thinning (to give trees space to grow) and timber stand improvement (TSI), which is almost the same as thinning but favors trees that are both suitable to the site and capable of increasing in value during the rotation.  When implementing regeneration treatments, foresters are concerned with ensuring successful flowering and seed crop production of favored species, adequate sunlight availability, and favorable soil conditions.  But after intermediate treatment, foresters are more concerned with the growth and vigor of residual trees.  Following regeneration treatment, a forester’s attention is focused on the ground to assess the composition and health of the forest stand.  After an intermediate treatment, attention is focused on the crowns of residual trees to assess their future prospects and to gauge competition from neighbors.  A good rule of thumb for thinning is to release – or open – a tree’s crown on at least two sides, providing enough space so that it will take ten to fifteen years for crowns to grow together again.  During the next thinning cycle, the process is repeated, always leaving the best trees and giving them room to grow.  Intermediate treatments are popular on private lands partly because most second-growth forest are not fully mature and because people are reluctant to convert nearly mature forest into seedling and sapling stands.  Intermediate treatments are gradual and regular, yielding periodic income from cordwood and sawlogs.  Any practice that removes 40 percent or more of the overstory is probably best characterized as a regeneration treatment; when less of the overstory is removed, it is probably an intermediate treatment (McEvoy ’04: 98, 99). In Costa Rica, forestry authorities use diameter limits to enforce harvesting statutes.  Only trees less than a diameter limit in designated areas are harvested (McEvoy ’04: 104).  In Oregon, as a rule of thumb, trees with a dbh exceeding 24 inches are not cut.
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Silviculture in the Teutonic tradition consists of five reproduction methods that result in one or the other of two stand structures: even-aged and uneven-aged.  Arranged from the most disturbance to the least: (a) clearcut, (b) seed tree, (c) shelterwood, (d) group selection, and (e) single-tree selection. Severe treatments are intended to mimic catastrophic conditions and thus tend to favor pioneer and early-successional species, while the single-tree methods favor mid-to late-successional species that are capable of idling in the understory for years, waiting for their moment in the sun.  Clearcutting is much maligned, but is an invaluable silvicultural method intended to mimic the conditions of a severe disturbance.  Unfortunately, it is also the easiest and cheapest method of extracting timber, which tends to justify its use more for the sake of efficiency and expedience than for silvicultural merit.  By definition, a clearcut removes all trees within a designated boundary of sufficient size so that at least two-thirds of the treated area has the light and temperature regimes of an open field.  It is the only way to reproduce early-successional species like aspen whose buds and bark are a preferred food for important wildlife species such as deer, ruffed grouse, and others.  Clearcutting methods are used to create one of the following three conditions: (1) an open environment that favors establishment of pioneer species which will develop under exposed conditions (by root-suckering or by natural seeding), (2) an open environment favoring further development of small saplings already on the site (also known as advanced regeneration), or (3) a cleared area to be planted (or artificially regenerated).  Commercial clearcutting, also known liquidation cutting, is less concerned with silvicultural outcomes than simply converting trees into cash.  On small holdings of 100 acres or less, reasonable scale for clearcutting is defined as patches of from 0.5 to 5 acres in size; the larger the holding, the more expansive “reasonable” can become, up to a maximum of 40 acres (or more if the manager has good reasons).  As a rule, silvicultural prescription of any kind should attempt to fulfill two or more objectives simultaneously (McEvoy ’04: 83, 84).  The seed tree reproduction method is a slight variation of the clearcut, leaving widely scattered mature trees as a source of seed from species the manager wants to reproduce.  Timing to coincide with a good seed year, and creating the proper conditions for seed germination and establishment.  Seed tree is used in the southeastern United States to regenerate pine.  In most circumstances natural seeding fails and the manager ends up replanting with seedlings.  
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Shelterwood is the last of the reproduction methods intended to regenerate even-aged forests leaving a sheltering overstory to provide a degree of protection to seedlings and saplings.  The method tends to favor mid-to late-successional species depending on the amount of overstory left in place.  The traditional shelterwood is implemented in two phases: the first phase is a seed cut that opens the canopy and secures regeneration; the seed cut is followed by a second phase called the removal cut, which completes the overstory harvest but is implemented only after sufficient regeneration has been achieved.  This popular regeneration method can be implemented in three phases.  The first treatment is called a preparatory cut, with the objective of removing species that are not wanted in the future stand while stimulating favored species to reproduce.  The next two phases are implemented as usual.  Another shelterwood variation delays overstory removal to coincide with the first thinning of the new stand coming in underneath, or later.  Known as deferred shelterwood, it is intended to favor more late-successional species in a “two-aged” stand.  When a widely spaced overstory is carried on a very long rotation with an understory composed of species capable of asexual reproduction via sprouting – usually from stumps – it is possible to harvest two or more rotations of understory while the rest of the stand is left to grow.  This variation, used more frequently in Europe and traditionally described as a separate reproduction method, is called coppice with standards.  The objective is to identify trees of seed origin, called standards, and cultivate them over long rotations in very low densities, leaving space for an understory of sprouts, which are managed on much shorter rotation usually for fence posts, poles, and firewood.  The shelterwood variations re favored for two reasons: their flexibility and the fact that the overstory is never completely removed until through the next rotation, which makes it more aesthetically pleasing.  The one fatal flaw of the shelterwood method is the tendency to remove the overstory before regeneration is well establishd, leaving seedlings to succumb to overexposure form sun, high temperatures, and wind (McEvoy ’04: 85, 86).

In the mid-1980s, a group of U.S. Forest Service scientists in the Allegheny region discovered that hardwood trees thinned by conventional means (opening the crown of a residual tree on at least two sides) resulted in half the growth rate improvement of trees thinned more heavily (opening the crown all around) using crop tree management.  One of the advantages of crop tree management is that it forces managers to look for potential early in the life of a tree.  When a tree is designated a crop tree, it is given special treatment for the rest of its life and never again will it have to compete for space.  Thinnings are scheduled when competing crowns touch, and only those trees that interfere with crop trees are removed.  The underlying philosophy is to “select the best and ignore the rest”.  A risk is that the crowns of crop trees without the protection of neighboring crowns, are more susceptible to breakage from storm winds and ice.  Not to lost crop trees to insect, disease or storm, crop tree management is best employed on highly productive deep soils in young healthy stands of valuable timber species that are both wind-0firm and not especially susceptible to ice damage.  In crop tree management, it is the residual trees – not cut trees – that are marked either with flagging tape or with a nontoxic, permanent paint. Crop trees are the “best of the best”, valuable species that are apt to increase in value at an acceptable rate until the time of final harvest; long, straight, clear stems with few or no defects at any point along the stem; and balanced, healthy crowns that are at least one-third of total tree height.  A balanced crown is one in which the weight of branches and leaves are evenly distributed on all sides of the tree. Although there are circumstances where valid silvicultural prescriptions can improve aesthetics, most good silviculture does not always look good.  This is especially true immediately following a harvest and for the next few years.  Regeneration treatments – especially using even-aged methods – look worse than intermediate treatments, especially where deer populations are high and tops have been left to protect vegetation.  Good, well-timed silviculture can increase productivity of stands for lumber production, but productivity overall is gradually lowered as a result of repeated harvests (McEvoy ’04: 99-101, 105, 106).    

An uneven-aged stand is composed of trees that range in age from seedlings to fully mature, a structure believed to closely mimic old-growth forest that have escaped catastrophic disturbances.  The goal of both group and single-tree selection is to duplicate the processes that lead to a gradual replacement of old-growth trees as they fall out of the canopy.  These methods are intended to reproduce the same complement of species currently in the overstory by encouraging reproduction in small gaps.  The two methods are often combined in the same stand; small groups of usually two to five trees are harvested in some areas while in others only single trees are removed.  Group and single-tree selection is difficult to implement successfully.  It requires frequent stand entries – usually every five to ten years – and extremely careful logging methods.  For, example, it is almost impossible to fall a mature tree without damaging nearby saplings and poles even for loggers trained in the newest directional tree-falling practices.  The potential for excessive damage from tree falling, coupled with the need to protect residual stems and roots systems, means that effective selection reproduction methods require frozen ground conditions, or dry soils (McEvoy ’04: 86, 87).

There are two choices available to a manager who decides a particular stand or area is suitable for growing timber: manage for volume production or manage for value.  Paper companies are mostly concerned with volume production from their lands.  Tree size and form is less important than growth rate.  Although paper manufacturers are concerned with wood quality – especially as it affects the pulping process – a crooked tree is just as valuable as a straight one.  The value manager, on the other hand, is concerned not so much with wood volumes but, rather, tree form and how much the marketplace will pay for wood when it is ready for harvest.  The value manager is concerned with timber appreciation for end uses like veneer or high-quality, defect-free lumber.  In parts of Europe where stands have been managed for much longer periods than anywhere in North America, a single-two hundred year old tree is worth more than an entire acre’s worth of trees in some parts of the United States.  The value manager grows straight, defect-free trees on good sites using long rotations: 50-100 percent longer than current guidelines, depending on the species, sites, and prospective markets.  Although trees will grow nearly anywhere, only the best soils are capable of growing valuable timber.  These sites are located in coves and valleys, on the toe slops of hills (the transition between the sidehill and the valley), and especially in areas where soils are derived from limestone or other nutrient-rich bedrock.  Only about 20 percent of forest land meets these criteria.  Sites that are not suitable for growing high-value timber are ridge-tops, side slopes and sandy, excessively drained soils that are usually also nutrient poor.  Wet soils, or soils that are poorly drained, are also not suitable for long-rotation timber production.  

In his book Seeing the Forest Among the Trees, Herb Hammong describes 60 years at 132 acre Wildwood forest near Ladysmith on Vancouver Island, British Columbia.  Wildwood had 1.5 million board feet of timber in 1935, and forester Merv Wilkinson began managing the property in 1938.  He made his first cut in 1945 and, over the next sixty years, removed a total of 1.5 million board feet during twelve environmentally sensitive selective loggings that protected old growth, fallen trees soil, snags, and wildlife.  Today the forest contains 1.65 million board feet of timber, more standing timber than it had in 1935.  The Menominee tribe's 234,000-acre forest near Neopit, Wisconsin is managed to sustain a diversity of species and to improve the forest by removing the worst trees and saving the best.  Slow-growing crowded, old and disased trees are preferentially selected for removal, gradually improving the quality of the standing timber.  Approximately one percent of the forest has been cut annually for the past 140 years,. Lumber is of consistently high quality and quantitiy, forest inventory is high and nondeclining and associated plant, wildlife and natural systems are flourishing and healthy (and snags don't fall on campers).  In the shelterwood process the forest canopy is thinned so that light can reach the forest floor, and the soil is scarified by tractors dragging heavy chains to expose mineral soil for the arrival of new seed from the remaining overstory trees.Some protection from sun, wind and heat is provided by the remnant canopy.  

In Working Your Woods, Craig Blencowe of Fort Bragg, California documents his carefully managed forest over a twenty-five-year period, timber volumes tripled, important forest values were protected, a sustained yield of trees was achieved, and more timber was harvested over that time than stood on the land when management began in 1972.  Collins Pine Company's 94,000 acre Almanor Forest, in Northern California, after generations of management, the company still has 1.5 billion board feet of high-quality timber, as it did in 1941.  Although Collins Pine has never clearcut the forest, it has harvested more than two billion board feet of softwood lumber and veneers - enough for more than 200,000 average size homes.  The company uses a home-grown forest inventory system in which every tree on some 580 one-acre plots has been marked, measured, and tracked for decades.  Every decade, the company takes a timber inventory and determines how much the timber has grown.  The forest managers are careful not to cut more timber than has grown in the previous ten years.  A company forester observes the condition of the trees and culls those infected with disease, those whose growth has slowed for these reasons (as indicated by a flattening of their tops) or those that are being shaded (as revealed by the sparseness of their crowns).  Many trees that an ordinary commercial forestry operation would cut are left to die in place to benefit wildlife that require snags for dens or perches, and a generous supply of woody debris is left on the forest floor to enrich the soil and benefit the mice, moles, and voles that feed larger predators.  Each year, the forest yields a dependable thirty million board feet of timber.  The multi-species, multi-aged, mixed conifer forest includes Ponderosa pine, white pine, sugar pine, incense cedar and Douglas-fir interspersed with healthy natural meadows, rivers, streams and a lake.  The whole ecosystem remains healthy enough to support great blue heron rookeries and populations of black bear, bobcat, cougar, spotted owl, osprey, pileated woodpecker, beaver and even wolverine.  The property has some 640 miles of logging roads and the aesthetically pleasing result demonstrates that forests can provide jobs from generation to generation while offering people recreational opportunities and simultaneously protecting wildlife, natural habitat, soil, streams and trees.  Collins Pine Company became the first privately held forest-products company to be certified for its environmentally and socially responsible management by Scientific Certification Systems under accreditation from the Forest Stewardship Council.  
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Burning of slash has historically been used as a common waste disposal technique, often without considering the ecological needs of the forest or the ecological impacts of the fire.  Slash burning, however is not desirable unless it is consistent with a program of controlled burns schedules under conditions beneficial to the forest ecosystem.  For controlling live vegetation in a sustainable forest management system, manual brush control and mulching are preferable to the use of heavy machinery or herbicides.  Pinpoint applications of short-lived herbicides by hand-painting particular stems is generally considered acceptable.  To reduce fire hazards from accumulated ladder fuel, the EBC Company of Willits, California, has pioneered the development inexpensive systems for removing brush, limbs and trees under nine inches in diameter and converting them to useful products, such as kindling and firewood - brush bundlers, electric shear, electric and gasoline powered wheelbarrows, wheel-mounted solar panels, and a solar wood drier so that woodlot owners, ranchers, arborists and homeowners can efficiently cut, bundle, haul, and dry "smallwood" for sale or domestic use, using solar-powered electric chainsaws, small electric tractors, and other quiet equipment (Berger '08: 142).

Forest conservation and stewardship means a woodland owner should consider long-term investment over short-term gain.  The essence of Positive Impact Forestry is rooted in a commitment to filling society’s needs for forest benefits without disrupting the mechanisms by which ecosystems are sustained. The United States is rich with forests, and due to fantastic resiliency, these areas will probably remain in forest even with climatic changes and exploitive practices.  Much of the forest, however, is within an easy driving distance for an enormous urban population in the United States and Canada.  More and more forests are devoted to homesteads.  Forest science is reasonably sure we can extract continuous flows of wood from most forests, assuming long-term ecosystem function and health is always held to a higher level of importance than timber yields.  Through the process of parcelization, the continual division of land into smaller and smaller parcels as families pass wealth to heirs, converts a working landscape into a backyard.  There many methods to pass forest lands and management legacies intact, such as intergenerational planning for forests, and the advantages and disadvantages of different methods, form the formation of limited liability companies to land trusts.  The goal of positive impact forestry is to keep lands intact, maintaining long rotations that promote healthy ecosystems and valuable products (McEvoy ’04: xiv, xv, 22, 28).

Stocking as a management tool ranges from the planting of a few seeds of native stock in gaps left after selective cutting to systematic planting of young trees of exotic species in plantations following clearcutting.  The former technique may have unnoticeable or positive effects on biodiversity, whereas the latter, if practiced on a large scale as is often the case in temperate and boreal forests, generally greatly diminishes biodiversity compared with that in the native forest.  Although the world’s temperate and boreal forest coverage has remained stable in recent decades, natural and artificial regeneration of clear-cut stands results in more even-aged, less diverse forest cover.  Though forest cover is increasing in Sweden, all but a small proportion of Sweden’s forests are intensively managed.  This included replacement of mixed forest with single species of conifers, including an exotic from North America, the lodgepole pine (Pinus contorta), with site preparation by scarification, thinning to remove other tree species, and application of nitrogen fertilizers.  Natural old-growth forest there was reduced by half during the 1980s and several indicators show a decline in forest biodiversity.  The emphasis on wood production led management to focus on a limited number of economically valuable species and cutting at specific ages.  Broadleaved trees, formerly the dominant vegetation type on the Swiss Plateau, have been reduced to less than 40 percent of their natural potential due to extensive planting of conifers.  The deliberate removal of most mangrove species and exclusive replanting with Rhizophora apiculata in much of Matang Mangrove Forest Reserve in Malaysia, has simplified the structure of the forest, leaving virtually no areas of old primary forest.  The forest cover in many European countries now consists of mainly exotic species and some politics promote this trend, for example, the European Union now requires that seeds from only certain oaks be planted in order to produce straight trunks, promoting nonlocal oak.  Silvicultural attempts to develop a spruce monoculture free of spruce budworm infestations, by interfering with the natural cycling between fir and aspen (Populus spp.) stand dominance, led to reduced productivity and biodiversity (Freese’98: 159-163).
18. Replanting
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Forest landscape restoration aims to regain ecological integrity and enhance human well-being in deforested or degraded forest landscapes.  Forest landscape restoration is carried out under the assumption that improving the flow of forest goods and services requires a balance between livelihoods and nature protection, and that this is best achieved within dynamic, multifunctional landscapes.  A restored landscape might consists of areas that are protected for watershed management and nature conservation, linked by regenerated native forests along rivers and streams.  The landscape may also include well-managed natural or planted forests for production of wood, fruit and non-wood forest products for industrial purposes.  Hardwoods can be grown from rooted cuttings, as is done with willows (Salix sp.) and poplars (Populus sp.), or they can be grown from seed, as is done for black walnut (Juglans nigra).  The fastest growing sprouts usually develop high on the larger stump or buttress roots (Merrill ’96: 140). Natural regeneration, if occurring, is generally preferable to artificial planting of either seeds of seedlings.  Naturally regenerated trees tend to be more disease-resistant than artificially planted seeds.  When natural regeneration for some reason is unreliable, then seeding with locally adapted native seed is preferable to nonlocal seed, and it is especially preferable to the seeds of genetically engineered "supertrees".  These supertrees may grow quickly but they are likely to be genetically homogenous and, therefore, probably lack sufficient genetic variability to respond to future climatic and other stresses.  Seeding versus planting seedlings or other container-grown plants allows for more natural microsite selection and natural root development.  Nursery stock may suffer root deformity or damage if improperly grown or handled, and, even under the best of circumstances container-grown specimens will experience transplantation shock, which retards development.  A tree that has been transplanted needs eight to ten years to be completely clear of shock (Berger '08: 143, 144, 146).
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When natural methods fail, or when the complement of species desired in the new stand is not already present, clearcutting is usually followed by planting.  The result is an even-aged stand managed to optimize stocking and growth rates.  Artificial reproduction is the most commo method of reproducing coniferous stands, especially when the new stand will feature early – and mid-successional species.  This method can involve the application of seed, but most often two- to four year old seedlings are planted, usually by hand or – if the terrain is not too steep- by machine.  Although hardwood stands almost never require replanting if natural methods are employed correctly (timing of treatments is always crucial), a growing number of woodland owners in the eastern United States have been experimenting with the establishment of small plantations of valuable hardwoods.  The most serious risk to these plantings is browse damage from deer, but a seedlings can be grow in protective, opaque plastic tubes to protect buds from browsing and prolong the growing season.  Planting ensures a new crop as soon after cutting as feasible and also allows the opportunity to improve growth rates and timber values by using genetically improved seedlings.  In the years following World War II, the forest industry and the U.S. Forest Service invested heavily in tree-breeding programs that relied mostly on artificial methods in the coniferous forests of the West.  Planting is also the predominant regeneration method on the pine lands of the Southeast.  Although the artificial methods work well to quickly replace forest cover, the stands that result from these methods are dangerously uniform – in structure, species composition and DNA (McEvoy ’04: 87, 88).

More than 2.2 billion acres of forest have been cut or otherwise degraded globally within a decade.  The destruction of the natural environment is proceeding at a pace that outstrips nature's ability to restore itself.  not only in the clearcutting, high-grading, and conversion of natural forests to tree farms, but also in the erosion of topsoil; the desertification of land; the acidification of rain and, hence, of soils, lakes and streams; the diversion and damning of rivers; the filling of wetlands; the plowing of native grasslands; the spread of noxious invasive species; and even the collapse of vast ocean fisheries.  Over the past 400 years in the United States alone, more than 500 species of the nation's plants and animals have become extinct.  Thousands more are now rare, threatened, or endangered.  Healthy forest tend to regenerate naturally after disturbances such as fire, windstorms, ice storms, avalanches, insect attacks, disease and grazing or browsing.  The restorationist may need to reintroduce selectively missing, threatened, or under-represented species, particularly animals that have been regionally exterminated or plant species whose seed tends to disperse slowly.  The restorationist's overarching goal is the recreation of a fully functioning ecosystem that contains a species composition and diversity comparable to similar local ecosystems.  If forest damage has been severe and sources of seed are depleted (both on living plants and in the soil seed bank) and no adjacent intact forest exists, then restoration may require some reseeding or replanting of trees as well as other ecosystem components, such as shrubs and other understory plants.  The reintroduction of absent wildlife and the control of exotic species may also be necessary (Berger '08: 156-159).
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The term “assisted natural regeneration” was first coined in the Philippines, where the approach has been sued to restore forest cover to Imperata cylindrica grasslands by working with and building on the principles of natural plant succession.  Imperata cylindrica is an aggressive grass that covers more than 50 million hectares of land in Asia and the Pacific – land that was mostly covered by forests originally.  Imperata cylindrica is highly flammable, and frequent fires prevent further succession and the natural return of forest cover.  However if the grassland does not burn, it will naturally and gradually return to forest as pioneer trees and shrubs that grow above I. cylindrical and outcompete it for light and water.  There are a variety of techniques for assisted natural regeneration, depending on reforestation objectives.  In general it involves protecting against fire and grazing; suppressing I. cylindrica and other fire-prone grasses, weeding, mulching and applying fertilizer, if needed, to rootstock and young tree seedlings that sprout from seeds carried by natural dispersal agents. Wood planks or bamboo poles are used to press I. cylindrica to the ground to slow its growth and reduce its regenerative capacity.  Covered grasses in the lower layers quickly die, allowing tree seedlings and saplings to grow and shade the grasses.  Flammability is also reduced, as air does not circulate well in the compacted grass.  In the United Republic of Tanzania, the Sukuma people in shinyanga has a strong pastoralist tradition and relied on Acacia woodland enclosures, or ngitili, to provide dry-season fodder.  However, as a result of tsetse fly eradication schemes, the conversion of land for cash crops and state-sponsored collective farming, by 1985 only about 1,000 ha of ngitili remained, and land degradation had become a serious issue.  A government sponsored soil conservation project set out to work with traditional land-use systems and to build on institutional structures.  By 2000, the area of ngitili had increased to more than 250,000 ha.  Although restored patches range between 10 to 200 ha, their cumulative effect has dramatically transformed the Shinyanga landscape (McConnel et al ’05: 30, 31, 25).

In the early 1800s the Pacific Northwest began harvesting a seemingly endless supply of timber.  The first recorded reforestation operation in Oregon did not occur until 1893, when two timber companies planted cottonwoods on an island in the Willamette River.  In 1919 the U.S. Forest Service planted 2,500 acres of Douglas-fir.  About 2,000 additional acres were planted each year thereafter.  By 1926 private organizations began reforesting cutover lands.  Cutting, however, continued to outstrip the reforestation effort.  In 1931 the Forest Service estimated that more than 10 million acres of non-productive forest land (with less than 40 percent stocking) existed in the Pacific coast states.  A 20 year plan was proposed whereby an additional 260,000 acres would be planted by 1950. The Oregon Forest Conservation Act of 1941 required certain harvesting and reforestation practices deemed adequate to “preserve the forest and conserve its resources for the equal and guaranteed use of future generations”.  After a thorough review, the Oregon Forest Practices Act of 1971 recognized that the forest makes a “vital contribution to Oregon by providing jobs, products, tax base, and other social and economic benefits, by helping maintain forest tree species, soil, air, and water resources and by providing a habitat for wildlife and aquatic life” and made “successful reforestation of cutover lands a legal obligation, not an option.  The Act defined “operation” as “any commercial activity relating to the growing, harvesting, or processing of forest tree species.  “Forest land” means land for which a primary use is the growing and harvesting of forest tree species.  The Oregon State Board of Forestry (OSBF) has established three Forest Regions – Northwest, Southwest, and Eastern – and has appointed a 9 member Forest Practices Committee for each region to act in an advisory capacity in recommending rules relating to (1) reforestation of forest lands economically suitable therefore, (2) road construction and maintenance, (3) application of chemicals, and (4) disposal of slash.  Reforestation success is influenced by the type of reproduction system chosen and the timing and intensity of the cut.  Traditionally the regeneration forester has been called upon to come into the planning phase after the harvest operation was completed.  Reforestation and harvesting must be coordinated in time and effect.  The increasing demand for wood and paper products from a finite forest resource makes reforestation essential (Cleary et al ’78; 3, 4, 222).
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In Oregon, clearcutting is the most common of all reproduction methods and probably will remain so because of the economic advantages it offer.  The seed-tree method is seldom recommended because it combines most of the disadvantages of the clearcut and shelterwood methods.  Experience in shelterwood cutting is limited, but it shows promise for establishing new stands on sites where regeneration by clearcutting is likely to fail, particularly in the dry southwest, region of the state.  Selection cutting has been practiced with varying degrees of success in the ponderosa pine region of Oregon, but the extremely limited experience with it in other forest types in Oregon has been poor.  Selection cutting may have an application under special circumstance when maintenance of a continuous forest canopy is desirable or necessary.  Clearcutting can lead to reforestation failures in the mixed conifer type of southwestern Oregon, where the climate is somewhat dryer and the shelterwood cut is necessary for natural regeneration to succeed with gopher protected ponderosa pine plantings showing best growth in the full-sun.  Sites poorly suited for clearcutting are steep slopes with southerly exposures, shallow soils, or both.  Plantations can be established following clearcutting on more favorable sites, but ultimate reforestation success often will depend on maintaining a careful program to control both brush and animals (Cleary et al ’78: 28, 30).  Sites that have been high-graded by selective logging to remove one (or more) commercially valuable species (unless the species can regenerate naturally from the seed bank - for instance, seeds and propagules already in the soil).  Decisions regarding whether to use seed, seedlings, or older plants need to be made on site-specific basis, with consideration given to the requirements of the species desired as well as soil, climate and other conditions. 

Eroding areas, such as stream banks and active landslides, may fires need to be stabilized mechanically or protected before other treatment.  Stream and stream bank stabilization may be done with logs, root wads, wattling, erosion-control fabric, boulders and other types of bank armor.  Local species found on stream banks before disturbance may need to be planted to ensure quicker regeneration under the threat of erosion or because successful natural regeneration by desired species is unlikely.  Whereas fast-growing, short-lived species, such as alder, may provide a quick response to eroding stream banks (and will provide streams with needed inputs of leaf litter), in coniferous forests long-lived species that grow along waterways may also need to be interplanted along the bank is so that, over the long term, the waterways will benefit ecologically from large fallen trees that create pools for fish habitat. Unneeded roads should be closed, ripped with heavy machinery if necessary, and then planted.  Other hardened and impermeable compacted soils may also need to be broken up.  Trees and other species may need to be reseeded, and, where soils are lacking gin natural microorganisms, the inoculation f some [image: image166.png]


seed species or seedlings with nitrogen-fixing bacteria and mycorhizzal fungi may be advisable to improve rates of plant establishment.  Shrub and tree seedlings may need to be planted there is an urgent need for erosion-prevention.  Although, in general, plantations are vastly inferior to natural forests in their biodiversity and in their resistance to disease and pests (because of their uniformity) plantations are typically quite productive and efficient at producing desired tree species (Berger '08: 161-163).
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Regeneration foresters stress minimizing cost per established seedling to provide an incentive for stand establishment rather than merely for a cheap reforestation effort.  Natural regeneration has one primary advantage over artificial regeneration – little or no initial dollar outlay is required.  One hundred percent survival is an attainable goal.  It is common to compensate for mortality by planting more than the desired number of trees.  Higher planting densities reduce the likelihood for replanting and replanting may be extremely costly.  High planting densities, however, can result in overstocked plantations, reducing merchantable yields and values.  Under the Oregon Forest Practices Act reforestation of clearcuts is mandatory unless land use is changed from forestry to some other enterprise.  Successful artificial reforestation is influenced by the origin and condition of seed.  Seed from similar, local sites has the best general adaptation to a site.  Non-local seed may result in reduced yields and partial or complete failure of the plantation anytime during the rotation.  Damaged seed or seed from cones collected at the wrong time have reduced vigor and viability.  Cone storage conditions that are too warm and moist favor harmful molds.  Seeds of some species have stratification requirements that must be met for rapid and vigorous germination.  Seed viability can be prolonged under careful seed storage conditions.  Seeds size is not a reliable indicator of resultant seedling size or vigor. Reforestation in the Pacific Northwest depends primarily on seeds –either for direct seeding or for planting nursery-grown seedlings.  Insects, other animals, and certain chemicals may affect the quantity of viable seed.  Proper identification of mature seed and cones is important because ones often open and shed seed just a few days after seeds are mature.  Cone maturity may vary by more than a month between low and high elevations, and as much as 3 weeks between adjacent trees.  Cone collection period in any one location should not be more than 2 to 3 weeks, but there are reports of top-quality seed collected more than a month after maturity.  The intensity of cone harvest by squirrels indicates seed maturity.  The cone collection period can be lengthened by collecting cones one to two weeks before anticipated seed maturity.  Cones should be stored in a cool, moist environment until seed maturity.  There is a reduction in seed germination with up to 3 months of storage in cones if storage conditions are carefully monitored and fungal growth prevented.  Carefully handled mature seed is bright, compared to the dull and often dusty appearance of seed damaged by mechanical processing (Cleary ’78: 41,43, 48, 225).
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If planting is necessary, try to use locally grown and, therefore, locally adapted seed or plant stock.  Even trees of the same species grown elsewhere in another region may not do as well as trees whose ancestors have been adapted to local conditions for hundreds, if not thousands, of years.  While seeds are less expensive than seedlings, their survival is less certain.  The smaller and younger the sprout, the more vulnerable it is to drought, shading and physical damage.  Seeds are also susceptible to wildlife predation.  Extra seed is normally planted in expectation of inevitable losses.  To improve plant survival on inhospitable sites or where livestock or wildlife predation is expected, seedlings may benefit from extra help, including bud capping and caging (to protect against browsing), screening and shading to protect against full sun, mulching to help deter competing weedy vegetation, fertilization to compensate for soil deficiencies and watering or irrigation to aid plant establishment.  Successful planting beings with the selection of healthy, undamaged, and pest-free stock.  If using container stock, make sure the roots are neither circling nor kinked.  When planting make sure the trees won't interfere with each other over time.  Most trees should be six or eight feet apart.  Allow for average seedling mortality, which is usually twenty-five percent or more (some experts put it as high as forty percent).  Trees that have spreading foliage need to be planted farther apart than those that are more upright in form.  Try to include some of the native understory plants, if these are missing from the ecosystem, particularly species with edible seedpods, fruits and nuts to support wildlife.  If planting on a hill, insider whether the slope has a southern or northern exposure.  Some trees are more shade-tolerant, but do poorly in full sun.  Some trees will flourish in poorly drained soils while other drought-tolerant trees require the substrate to be well-drained (sandy).  To maximize the chances of seedling or seed survival, competing brush, grasses and weeds need to be removed around the new plantings.  Generally, planting should be done in late fall or early spring.  Planting a small seedling from a tube with its plug of earth generally requires only a few deft strokes of a short hoe, planting bar, or shovel.  A hole is dug and the seedling is inserted perpendicular to the horizontal plane of the soil, regardless of the grounds' slope.  For proper tree growth, roots must have enough to hand straight down in the hole and must not be either jammed together, bent into a "J" or forced to circle the hole.  The roots of a bare root seedling should be pruned to remove dead or damaged roots and then soaked overnight in water before planting.  Avoid exposing roots to air, because tiny roots will dry out immediately and the tree will be harmed (Berger '08: 234, 235).

If planting a conifer, the tree should be buried just below the starts of the needles.  Deciduous trees should be planted so that, when the soil settles, the top of the root crown will be flush with the soil level.  Planting lower leads to root crown rot, and planting higher causes drying.  A timed release fertilizer tab may be inserted in the bottom of the hole to aid the re in getting established.  If the terrain is rocky, trees can be planted amongst rocks, provided that the hole is filled with soil and that water can drain through the rocks.  If soil is very compacted, it may be necessary to auger or dig it out and then backfill soil into the hole, so that the tree's roots can penetrate the soil more easily.  Once the tree is planted, soil is scraped back in to fill the hole, and the soil is tamped down around the seedling with the heel of one' boot to eliminate air pockets.  If planting a well developed tree with soil from a pot or in a rootball, the hole needs to be correctly sized, and care must be taken to insure adequate contact between the rootball with its soil and the surrounding ground, so that the roots do not dry out.  Container grown trees should have a temporary watering basin - a circular rim of earth built around the tree well beyond the circle formed by its outermost branches - to increase water percolation to the roots.  Exposing the roots to air can dry and damage them, whereas piling soil against the trunk can lead to rot.  In a hot, arid area, however, with sandy soil and occasional wet winters, it may be preferable to plant the tree slightly lower in the ground to collect moisture and avoid drying of the root collar.  In some climates, natural rainfall may be sufficient to establish new trees with a high probability of success.  Otherwise, the trees may require irrigation or individual watering deeply in the dry season, until their roots reach the damp soil of the water table or become hardy enough to depend on the vagaries of natural rainfall.  After planting, stands of trees will benefit from weeding, brush control, thinning, improvement cutting (to remove defective trees, and pruning.  Protection from uncontrolled and unwanted fire, insects, damage and disease may also be necessary (Berger '08: 235, 236).

If planting is a regular activity, owners may want to plant locally purchased seedlings in a transplant bed on the property, allowing them to grow for a season or two before outplanting.  If the stock is infected or infested with invasive organisms, it is far easier to control in a transplant bed than in the field.  To establish a transplant bed on a nonforest soil, cultivate the area in the same fashion as a garden (using a 6-by-6 inch spacing for seedlings) and apply at least one shovelful of soil from the forest area that is to be outplanted per 100 square feet of bed.  The soil inoculates the transplant bed with favorable fungi and bacteria [image: image169.jpg]


that the seedlings will encounter when outplanted. Nonnative species should never be introduced to natural forests.  Homeowners should be educated about the dangers of planting nonnative species.  When reseeding skid trails and landings, use only native grasses and forbs, preferably from local sources to reduce the chances of introducing exotics that are mixed in with seed.  Mulch seeded areas with mulch hay should be from local sources that are known to be free of exotic species.  If manure is used it must be from clean pastures.  Horse manure is more likely to have noxious seeds (McEvoy ’04: 188-189).

19. Medical Botany
Plants relating to human health fall into three categories: those which injure, those which heal and nourish, and those which alter the conscious mind (Elvin-Lewis ’77: 2).  Four cups a day of of herbal tea, typically a concoction of every herb available with the necessary medicinal qualities, either as a substitute or complement to pharmaceutical medicine, seems to be the best way to ensure the drinking water is boiled and nourishing.  One out of every three adult Americans uses complementary/alternative medical care.  Sales of botanicals have increased more than 300 percent since the 1990s and currently are an $8 billion industry (Gladstar ’12: 8). Medicines originally derived from forests account for forty percent of all commercially sold pharmaceutical preparations.  Over 40 percent of the prescription drugs sold in the United States contain substances derived from forty-one species of plants.  Many of the plants in use come from tropical ecosystems, where biological diversity is unmatched.  From the Amazon, for instance, comes the rosy periwinkle, used as standard treatment against leukemia, breast cancer, and Hodgkin’s disease.  Foxglove, imported from Europe, is converted into medications that treat congestive heart failure and circulatory ailments (Zaslowski ’86: 232).  Willow bark contains acetyl salicylic acid, the active ingredient in aspirin, but it is now synthesized.  Other interesting medicines from wild plants include taxol (from the Pacific yew) to treat cancer, quinine (from the Cinchona tree species) to treat malaria, and digitalis (from foxglove) (Berger ’08: 11) the medieval peasant remedy for congestive heart failure abused by hospitals with low patient satisfaction to this day.  It must be added by medical botany to the forestry literature that Hawthorne (Craetagus spp.) is the supreme herb for the heart (Elvin-Lewis ’77:192)(Gladstar ’12)(Sanders ’12).  The Food and Drug Administration (FDA) responded to this discovery to invite sponsors clinical trials of Hawthorn for the treatment of congestive heart failure, high or low blood pressure, high or low cholesterol, and arrhythmia to email druginfo@fda.hhs.gov  
For centuries Native Americans have perpetuated an empirical science of herbology in relation to health which has been essentially ignored during these days of great advances in biomedicine.  Apprentices of Navajo medicine men, for example, learn to use medicinally nearly 200 plants.  There exist herbal cures for blood poisoning, rattlesnake bites, etc. Many Navajo consider that white doctors take care of certain physical needs such as infections and surgery, while their medicine men minister to the major problems of the mind and spirit. The widespread and long-standing practice of using plants in medicine in Eurasia, especially around the Mediterranean, the subcontinent, and China, has been transcribed to us through the pictographs of the Egyptians, the clay tablet ideographs of the Babylonians, and the Vedic Sanskrit.  Following the contributions to medicine of Hippocrates (460-377 BC), Dioscorides (first century AD), and Galen (AD 131-200), together with the early Arabian physicians, there was essentially a period of 1000 years during which little if any progress was achieved either in the medicinal sciences or in botany.  Before the edict of Frederick II of 1240 pharmacy and medicine were not separate occupations.  The edict contained three regulations: (1) separation of the pharmaceutical profession from the medical profession; (2) official supervision of pharmaceutical practice; and (3) obligation by oath to prepare drugs reliably, according to skilled are, and in a uniform, suitable quality.  Two other principles of the edict greatly affected the future practice of pharmacy in many European countries, (1) the limitation of the number of pharmacies within a designated geographic and political entity and (2) the fixing of the prices of drugs by the government. The first regulation defining the functions of the physician and the apothecary was issued by Henry VIII in 1511.  After the formation of the College of Physicians, later known as the Royal College of Physicians, in 1540, the apothecaries were placed under the more direct regulation of the College.  This did not last long, and by 1543, an act was passed giving the right of “every person being the King’s subject having knowledge and experience of the nature of herbs, roots and waters to use and minister, according to their cunning, experience and knowledge” (Smith ’75: 2, 4, 2, 3).
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 In 1948 Dr. Nikolai Lazarev and his protégé Dr. Israel Brekhman, along with a team of researchers from the Siberian Academy of Sciences, tested 158 herbal folk remedies from the Soviet Union, Europe and Asia.  They determined that some of the remedies contained extracts from plants with exceptional abilities to promote what they described as “a state of nonspecific increased resistance.”  Certain herbs support the healthy function of every system in the body and protect it from biological, chemical, environmental and psychological stressors.  The term adaptogen, from the Latin adaptare, to describe this special class of herbs that are identified by three fundamental criteria (1) Nonspecific resistance – the herb must increase the body’s resistance to a broad range of agents, including physical (heat, cold and exertion), chemical (toxins and heavy metals, and biological (bacteria and viruses); (2) Normalizing action – the herb should normalize whatever pathological changes or reactions have occurred.  For example, regardless of whether the thyroid gland is under – or overactive, a true adaptogen will help steer it toward normal function; and (3) Innocuous effect – the herb must cause minimal, if any, physiological disturbance or side effects and be very low in toxicity.  In 1968, Dr. Brekhman published the results of these studies.  Of all the herbs selected for testing, only four met the criteria of true adaptogen: Eleutherococcus senticosus (sometimes called Siberian ginseng or eleuthero); Panax ginseng (Asian ginseng or Korean ginseng); Rhaponticum carthamoides (rhaponticum or luzea); and Rhodiola rosea (golden root, roseroot, or Arctic root).  Subsequent research added Schizandra chinesis (schizandra) and Withania somnifera (ashwagandha) to the list (Brown ’04: 56, 57, 58).  

The herbs of most interest to western medicine are Hawthorn for the treatment of congestive heart failure, arrhythmia, high or low blood pressure and high or low cholesterol, St. John’s wort, for the treatment of mild depression and anxiety and Valerian as a more serious nervine for insomnia and muscle relaxation.  The conventional treatments for these conditions; digitalis for congestive heart failure, adrenergenic blockers for arrhythmia, and psychiatric drugs are unpleasant and dangerous; the second (cardiac drugs) and leading (antipsychotic and sleep aid) cause of fatal drug overdose reported to the Poison Control Center, year after year, respectively.  These herbal medicine are non-toxic, safe and effective whereas the conventional prescription medicines cause life-threateningly toxic side-effects (Sanders ’13).  The FDA wrote the remind antipsychotic and childhood stimulant consumers that the instant cure for Parkinsonian extra-pyramidal and Tourette’s side-effects is no longer Cogentin (benzotropine), which has been remove from the market; the new drug prescribed for this condition is the flu antiviral Amantadine (Symmetrel). The FDA required warning label for Digitalis and related cardiotonic drugs for human use in oral dosage forms states "Digitalis alone or with other drugs has been used in the treatment of obesity. This use of digoxin or other digitalis glycosides is unwarranted. Moreover, since they may cause potentially fatal arrhythmias or other adverse effects, the use of these drugs in the treatment of obesity is dangerous" 21CFR§201.317 to which should be appended for curative measure, "Hawthorn is the supreme herb for the heart, it is indicated for the treatment of congestive heart failure, including moderation of blood pressure, cholesterol, and arrhythmia.  Fresh fabric and a vegan diet is essential for the treatment of acute heart disease, antibiotics cure endocarditis and an athletic level of cardiovascular exercise is the only cure for the chronic condition" (Sanders ’13).  
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Hawthorn comes from the Rose family (Rosaceae).  Deciduous thorny bushes to small trees.  Native to Europe.  All temperate zones.  Hawthorn berries or the leaf and flower are the most effective, broadcale and gentle heart medicine known to herbalist.  Slow very hardy seeds in the spring, summer or fall for germ in the following spring.  May take 2 vernal cycles to germinate.  Use gallon post and label well.  Plant prefers sun to part shade and moist soil.  English Hawthorn Crataegus laevigata (synonym Crataegus oxycantha) also known as Midland Hawthorn, Mayflower or Thornapple is native to the Midlands of Britain, although the tree enjoys a wide distribution throughout western and central Europe.  The flower color is variable, from pink to red.  Fruits are plump and meaty, each with 2 seeds.  Does well as a yard tree, roadside or lined up close in a row and kept trimmed back as a tea hedge.  English Hawthorn is sold 10 seeds/pkt $3.95.  Wild Hawthorn, Crataegus monogyna is a tough landrace frmot eh West Coast with white flowers and large, single-stoned fruits that does well in the yard or naturalized along woodlands, pastures, roads or shoreside  It is sold organic certified 20 seeds/pkt $3.95 and $10.00/tree, $27.00/3 trees.  Whole dry organic hawthorn berries sell 100 g (3.5 oz) bag $7.90 (Cech '13).  Hawthorn is a nice hardwood for burning and woodworking, but its bushy stems don’t achieve much diameter. Hawthorn grows readily from suckers that spring out of the mud.  Wildcrafters harvest and dry tons.  Hawthorn is sold as a tincture and there is demand for a tea; but Hawthorn is prone to a mold, if it is not steeped fresh.  Harvest the hawthorn berries and leaves at first frost when the berries are ripe and the leaves are at maximum potency.  A syrup can be made out of the berries.  To make a tea or preserve the forest product for the tincture industry; dry the berries and leaves in a dehydrator for a day or in trays in a dry shady shed with a fan for a few days to weeks until dry.  When Hawthorn flowers in spring, harvest the flowers, dry them well and add them to the dried berries and leaves to complete the Hawthorn tea.  
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 Identification of Crataegus laevigata involves the corymbose flowers that are complete and showy, calyx with short, disc-lined, free hypan above ovary, with 5 lobs, 5 petals, white or pink with 10-25 stamens and one pistil with 2-5 carpellary.  The pome is yellow to red or black, with one 2-5 seeded stone surrounded by a fleshy floral tube.  The shrubs or small trees have thorny briars, and deciduous toothed to lobed leaves.  Greek kratos, strength, refers to notably strong wood.  C. oxycantha L. has leaves that are subentire to shallowly lobed <1/2 width; with two stones.  C. monogyna is an ornamental shrub or small tree escaped from cultivation in the western Cascades through bird dissemination that has 3-7 deep lobes in the leaves and the fruit is red or yellow mostly with only 1 or 2 stones.  C. douglasii is found from Alaska to California inland to Wyoming and Ontario with two 10 stamen variations, with +/- hairy ovaries, leaves generally broadest above the middle, and +/- lobed, in the eastern Cascades C. brevispina and C. rivularis.  C. suksdorfii is a 20 stamen variety grows in the western Cascades, from BC to California with the leaves broadest near the middle, serrate or biserrate.  Both C. columbiana that grows in the eastern Cascades, southern BC to northern Oregon, east to Montana and Idaho and C. piperi (C. williamsii) that grows in southeast Wisconsin, Idaho and northeast Oregon, have 10 stamen flowers that are dark red, with two 4-7 cm thorns (Hitchcock, Cronquist & Janish '73: 209, 210).
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Black Hawthorn (Crataegus douglasii) are large shrubs or small trees up to 10 meters tall, with thorns up to 3 centimeters long, and grey, rough and scaly bark.  The leaves alternate, deciduous quite thick and leathery, dark-green above, paler below, oval (but broadest towards the tip), 36 cm long, the top end with 5-9 lobes, margins saw-toothed.  The flowers are white, stinky, about 1 cm across, with 5 petals, 10-20 stamens, in clusters borne terminaly or in leaf axils.  The fruits are blackish-purple little apples about 1 cm long, they are edible but have large seeds.  They prefer moist, open places, forest edges, thickets, shorelines, streamside areas, roadsides, coastal bluffs, at low to middle elevations (Pojar & MacKinnon '94: 73).  Common hawthorn (C. monogyna) is a cultivated European species that often naturalizes.  The leaves of C. monogyna are deeply lobed (somewhat like an oak leaf) with showy, creamy-white flowers and clumps of scarlet fruits that stay on the trees over winter.  It ranges from southern Vancouver Island south, at low elevations.  The thorns of black hawthorn had many practical uses, including prongs on rakes used for catching herring, lances for probing skin blisters and boils, or for piercing ears, fish hooks and playing pieces for games.  Black-hawthorn wood is very hard and was fashioned into tool handles and weapons.  A winter-dance face paint was made from grease and hawthorn charcoal.  The bark of black hawthorn was used to treat venereal disease, thin the blood, strengthen the heart, or reduce swellings, and it was used in steam baths.  The genus name comes from the Greek kratos, 'strength', because the wood is noted or its great strength and fine grain (Pojar & McKinnon '94: 73).
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The leaves, berries and blossoms of this plant contain many biologically active flavonoids, particularly anthocyanidins and proanthocyanidins (polymers of anthocyanidins also known as bioflavans or procyanidins).  These flavonoids provide the red and blue colour of hawthorn berries.  The flowers are particularly rich in the flavonoids (quercetin, quercetin-3-galactoside, vitexin, vitexin-4-rhamnside) and proanthocyanidins.  Also found are cardiotonic amines (e.g. phenylethylamine, O-methoxyphenylethylamine, tyramine, isobutylamine), choline and acetylcholine, purine derivatives (e.g. adenosine, adenine, guanine and caffeic acid), amygdalin, pectin and triterpene acids (ursolic, oleonolic and crategolic acid).  Proanthocyanidins in hawthorn berries and flowers seem to underly the botanical's effect on the human cardiovascular system.  The flavonoids of hawthorn berry are very strong "vitamin P" factors and also increase intracellular vitamin C levels.  They have been shown to cause significant stabilizing of collagen by preventing crosslinking destruction.  They act as free radical scavengers, inhibit enzyme cleavage during inflammation, inhibit inflammation factors like histamine, serine proteases prostaglandins and leukotrienes.  By increasing blood supply to the coronary vessels, improving heart muscle contraction, eliminating rhythm disturbances and inhibiting angiotensin converting enzyme (ACE), hawthorn is effective in reducing blood pressure, angina attacks and serum cholesterol while preventing deposits of cholesterol.  Dosage is 3-5 gm of dried herb, 30 drops in a cup of water 4-5 mil of tincture (1:5), 1-2 mil of fluid extract (1:1), standardized concentrate (1.8% vitexin-4-rhamnoside) 100-250 mg.  Hawthorn dissolves food, conducts stagnation, transforms congealed blood, dissipates masses and expels phlegm (Willard '92: 137, 138). Consumers may report their clinical trials of Hawthorn for the treatment of heart disease to druginfo@fda.hhs.gov 
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Herbs are so potent and flavorful that they do not need much space, many are wayside weeds and invasive plants, which is good for beginning gardeners (Elvin-Lewis ’77: 2).  The different parts of plants should be harvested at different times.  Buds and flowers are best harvested just as they are opening.  Don’t wait for them to open fully, by that point, they will have lost much of their medicinal potency.  Leaves usually are best harvested before a plant is in full bloom.  For some plants, like many of the mints the leaves are often more potent when the plants are in flower.  Do they seem alive, vital and healthy? Then harvest.  Roots are best dug in the fall or spring when the energy of the plant is still stored in the root or bulb.  Roots should also be planted in the fall.  As spring and summer unfold, the plant’s energy moves upward to provide nourishment for the leaves, flowers and seed or fruit, leaving the root less potent. Once you’ve harvested your medicinal herbs, you may want to dry some to preserve them for future use.  The best drying conditions for herbs are: (1) a steady warm temperature of around 90° to 110° F. (2) minimal humidity: the less, the better (3) good airflow, and (4) protection from direct sunlight. When you are making salves and oils it is better to use dried herbs because the water content in fresh plants can spoil the oil. Generally, small dosages given frequently are more effective than large dosages taken over longer periods of time.  As a guideline these dosages are ¼ cup of herbal tea every half hour for a total of up to 4 cups a day; ½ to 1 teaspoon of herbal syrup every 2 hours, for a total of up to 10 teaspoons daily; ¼ to ½ teaspoon of herbal tincture every hour, for a total of up to 6 teaspoons daily.  1 or two herbal capsules or pills every 2 hours, for a total of up to 8 capsules daily. For every year you’ve had a chronic problem, you’ll need a month of treatment to heal it.  For example, if you’ve had allergies for 6 years, plan on following an herbal program for 6 months. There is an old adage, sometimes attributed to Hippocrates “Let food by your medicine and medicine be your food” (Gladstar ’12: 18, 19, 46, 52).
Crude botanicals are natural substances that have undergone no human processing other than collection and drying.  The term "natural substance" refers to those substances found in nature comprised of the following; whole plants and herbs, the anatomical parts thereof, vegetable saps, extracts, secretions and other constituents thereof.  The term "crude" used in reference to natural products, means any product that has not been advanced in value or improved in condition by shredding, grinding, chipping, crushing, distilling, evaporating, extracting, artificial mixing with other substances or any other process or treatment beyond that which is essential to its proper packaging and the [image: image176.jpg]Growth ring
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prevention of decay or deterioration pending manufacturing.  The term "advanced", used in relation to natural products, means any product which has been advanced in value or improved in condition from its crude state by any mechanical or physical process whatsoever, beyond that which is essential to its proper packaging.  Crude botanicals are rarely used as therapeutic agents.  Most often the chief principals (the principal active components) are separated by various means.  Often the crude botanical is put through a grinding process and encapsulated, either as a single herb or as a herbal formula.  The chief principals are often separated and are known as derivatives or extractions.  Extractions will remove only those substances that can be dissolved in liquid or a liquid mixture refrred to as the solvent or specifically, as the menstruum.  Alcohol would be the menstruum in a tincture.  The undissolved portion of the drug that remains after extraction is completed is called the marc (Willard '92: 9).
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To make infusions and decoctions leaves and flowers are prepared differently from roots and bark.  Leaves and flowers are generally steeped (infused) in hot water so as not to overcook and destroy the enzymes, vitamins and precious essential oils.  Roots and bark are generally simmered (in a decoction) to draw forth the more tenacious plant constituents.  For medicinal purposes, teas need to be fairly strong, and so you’ll use a relatively large amount of herbs in making them.  For an infusion put 4 to 6 tablespoons of dried herb (or 6 to 8 tablespoons of fresh herb) into a glass quarter jar; pour boiling water over the herbs, filling the jar; let steep for 30 to 45 minutes; strain and drink. For a decoction place 4 to 6 tablespoons of dried herb (or 6 to 8 tablespoons of fresh herb) in a small saucepan; add 1 quart of cold water; with the heat on low, bring the mixture to a slow simmer, cover and let simmer for 25 to 45 minutes; for a stronger decoction, simmer the herbs for 20 to 30 minutes, then pour the mixture into a quart jar and seet it aside to infuse overnight; strain and drink. Infusions can also be made with cold water in sunlight or moonlight. Syrups begin with a concentrated decoction simmered to half its volume.  Strain the herbs.  Measure the volume of liquid and pour it back in the pot.  For each pint of liquid add 1 cup of honey or other sweetener, such as maple syrup, vegetable glycerin, or brown sugar.  Most recipes call for 2 cups but this is too sweet.  Warm the mixture over low heat, stirring well.  Remove from heat.  Pour the syrup into bottles. Store in the refrigerator, where it will last for several weeks (Gladstar ’12: 28, 29, 30, 31, 33, 35, 36). 

Medicinal herbs may also be preserved in cooking oil.  Oil must be kept at the right temperature, between 95° and 110° F.  Chop the herbs and put them in the top part of a double boiler.  Cover the herbs with an inch or two of high-quality cooking oil (i.e. olive oil).  Simmer gently for 30 to 60 minutes.  Strain out the herbs.  Solar infused oils steep for 2 weeks after which time the herbs are strained ouSalves are made by combining medicinal oil and beeswax.  For each cup of finished herbal oil add ¼ cup of beeswax.  Heat the oil and beeswax together over very low heat, stirring occasionally, until the beeswax is melted.  Do a consistency test to ensure the salve is the desired consistency.  Place 1 tablespoon of the mixture on a plate, then let sit in the freezer for a minute or two.  Then check the firmness of the salve.  For a harder salve, add more beeswax to the blend.  For a softer salve, add more oil.  Once the mixture is the consistency you want, remove from heat and pour immediately into small glass jars or tins.  Store the slave in a cook, dark place, where it will keep for at least several months.  
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Tinctures are concentrated liquid extracts or herbs.  Most tinctures are made with 80 to 100 proof alcohol as a solvent.  Chop your herbs fine and place in a clean, dry glass jar.  Pour enough alcohol over the herbs to completely cover them by 2 to 3 inches, and then seal the jar with a tight-fitting lid.  It’s not unusual for the herbs to float to the top.  If thi happens, let them settle for a day or two, and then check to see if you need to add more alcohol to reach that 2 to 3 inch margin.  Place the jar in a warm, sunny spot and the herbs soak for 4 to 6 weeks, shaking daily.  Strain the herbs for the liquid and pour into a clean glass jar.  An alcohol based tincture will keep for many years whereas a glycerin tincture will keep for 2 to 3 years and a vinegar based one at least 1 year. To make herbal pills place powdered herbs in a bowl and mix with enough water and honey (or maple syrup) to make a sticky paste.  Thicken the mixture with enough carob or unsweetened cocoa powder to form a thick, smooth paste.  Knead until the dough is as smooth as bread dough.  Break of small bits of dough and roll them into small balls, the size of pills.  Dry the pills in a dehydrator, or place them on a cookie sheet and dry them in the oven at a very low temperature (around 150 degrees F, or with just the oven light on).  Once dried, these pills will keep indefinitely. Store in glass jars in a cool, dark location (Gladstar ’12: 38, 40, 41, 43).
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Cinnamon (Cinnamomum verum) native to Sri Lanka and India. Cinnamomum cassia) native to China warmer, more fragrant and stronger tasting. Cinnamon is the bark of a fast-growing tree, member of the laurel family.  The inner bark is harvested from young shoots that sprout from the stumps of the trees, which are cut back every couple of years.  Ground into powder or sold as whole sticks.  Prefers warm, moist conditions and sandy soil.  Large tree or shrub requires space. Sweet, warming flavor, cinnamon is used to improve flavor. Warming and stimulating properties are used to boost vitality, improve circulation, and clear congestion.  Respected digestive aid, particularly in cases of overeating, bloating and sluggish digestion.  One of the best herbs around for stabilizing blood sugar levels.  Powerful antiseptic, with antiviral and antifungal properties.  Often indicated in cases of viral infections, fungal infections, and colds and flus.  Mild emmenagogue, useful in sluggish and painful menstruation. Essential oils, tannins, iron, magnesium, mucilage, zinc and coumarins.
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Sage (Salvia officinalis), 750 salvias. around the world, loves full sunshine warm to hot conditions, and well-drained soil.  It doesn’t do well in wet or soggy soil and soon tires of cool, wet weather.  It’s difficult to start from seed, so get your plants from a nursery or propagate them from root cuttings.  Older plants get leggy and woody, so cut back old growth in the early spring, before new growth starts. Where rosemary thrives in the garden the woman rules the house, but where sage thrives, the man rules. Sage is a superb aid in the digestion of rich, fatty meat.  It also lowers cholesterol levels and is a bitter tonic for the liver.  It rebuilds vitality and strength during long-term illness.  Sage tea is a warming, bracing drink, nice mixed with mint or rosemary and lemon balm.  Sage is a mild hormonal stimulant and can promote regular menstruation, offering relief from hot flashes and night sweats for menopausal women, and premature ejaculation or “night emissions” for men.  Sage works in part, by “drying” and regulating fluids in the body.  It reduces sweating and is often used in deodorants.  1 cup of tea “dries” mother’s milk, should not be used by nursing mother.  It mitigates excessive salivation in Parkinson’s disease.  Sage is useful for cold and flus.  Its astringent, antiseptic and relaxing action on the mucous membranes, sage is the classic remedy for inflammation of the mouth, throat, tonsils and laryngitis.  It can be used as a mouthwash or swab to treat infected or sore gums and canker sores. Active ingredients: Camphor, thujone (active ingredient in ansinthe, can be toxic), cineole, flavonoids, phenolic acids (including rosemarinic acid, tannins, bitters.

[image: image181.jpg]


Aloe Vera (Aloe barbadensis) is a native of warm, dry regions. Will grow for many seasons with little care indoors in a sunlit window.   Aloe prefers full sun, sandy and well-drained soil, and moderate watering.  Very easy to grow.  Should yield healing leaves.  For internal use scoop the aloe gel directly from fresh aloe leaves, avoid the skin and outermost layer of the leaves, to avoid the laxative properties.  Healing agent for burns and blisters, that prevents scarring.  Applied topically, the thick gel that oozes from the cut leaves is soothing and pain relieving, and it contains rich concentrations of anthraquinones, which promote rapid healing and tissue repair.  Popularized for skin care by Cleopatra.  Taken internally, aloe vera is a widely used and safe laxative, due to the aloin, bitter constituents, found in the outer sheath of the leaf blades, which is used in commercial laxatives.  Effective to soothe digestive irritation and inflammation, such as stomach ulcers and colitis.  Well known for arthritic pain and bursitis.  Not for pregnant or nursing mothers due to laxative properties.  Not recommended as a topical treatment for staph or impetigo, creating a perfect culture for them to grow. Actie ingredients: Fiber, B vitamins, vitamin E, selenium. Silicon, enzymes, aloin, anthraquinones, polysaccharides and tannins.    
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Burdock (Arctium lappa) grows wild and is free for the picking, in a wide range of conditions.  Round, prickly seedpods attach to passing animals, effectively dispersing seeds.  If you don’t want a garden or pets full of burdock clip the seeds in the fall before they ripen.  The parts used are primarily the root, although the seeds and leaves are used externally as poultices and salves.  Most effective detoxifying and cleansing herb in Western and traditional Chinese medicine.  Burdock is one of the best herbs for skin problems and can be used internally and externally to eczema, psoriasis, and other skin-related imbalances, such as teen acne.   Burdock is effective decocted, and used to wash or bathe, for dry, itchy, irritated skin.  Burdock is a specific remedy for the liver, like dandelion. The root is part of a very well-known Native American anticancer formula called Essiac.  Burdock root has a beneficial effect on the lymphatic system, when there is lymph stagnation or congestion, indicated by swollen lymph nodes.  3 to 4 cups of burdock tea a day and after a day or two the swollen lymph nodes should be gone. Active ingredients: Calcium, magnesium, phosphorus, iron and chromium, inulin, sesphiterpenes, bitter glycosides, flavonoids and volatile oils.

[image: image183.jpg]


Chickweed (Stellaria media) is a frequent weed growing in moist cultivated soil preferring a sunny but cool location, but tolerant of partial shade.  Direct sow the seeds in full sun or partial shade, water well, and watch for the tiny seedlings to sprout.  Shallow rooted green mulch good in salads and medicine, can be invasive.  Eat regularly, juice and use abundantly in herbal remedies. Mild-tasting plant that disguises strength in sweetness.  Highly esteemed for emollient, demulcent healing properties.  A major herb for addressing skin irritation, eye inflammation and kidney and liver disorders.  Excellent poultice for treating hot, irritated rashes and skin problems.  In a salve, chickweed has soothing, healing effects on the skin and is among the most effective remedies for relieving itchiness.  It’s often used to treat rashes, eczema, and nettle stings, and it’s gentle enough to use on diaper rash and other skin irritations on infants and children.  Chickweed doesn’t dry or store well, to preserve fresh leaves it is best to tincture them, freeze, or convert them into a salve.  Perfectly safe, with no known toxicity.  Active ingredients: Vitamin C, calcium, potassium, phosphorus, iron, zinc coumarins, and saponins.
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Dandelion (Taraxacum officinale), tooth of the lion, prefers rich, somewhat moist soil and full sun.  Direct-sow seeds in the fall for early spring greens.  Greens can be harvested throughout the season, whether or not the plant is in flower.  The younger greens are fresher, less bitter and more tender.  The roots can be harvested in late fall.  Don’t wait too long, as older roots get bitter and woody.  Bees and other pollinators love dandelion. Let your lawn go unmowed and within a few weeks you’ll have a fresh crop of dandelion greens.  The entire plant is useful as both medicine and food.  The root is a classic liver tonic or “blood purifier”, with a stimulating and decongesting effect on the liver.  Encourages optimal digestion, with a rich supply of bitter compounds that, having stimulated receptor sites on the tongue, signal the digestive tract.  The root also stimulates the production of bile, which in turn helps break down cholesterol and fat.  Strong effect is not appropriate for all cases of liver disease. Some people are allergic to the milky latex of dandelion flowers and stems.  If a rash should develop discontinue treatment.  Active ingredients: Vitamins A, B, C and D, iron, potassium, calcium, inulin, sesquiterpenes and carotenoids. 
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Echinacea (Echinacea angustifolia) Coneflower, (E. purpurea) purple coneflower; Native to Appalachia, the prairies, and Midwest.  Top immune enhancing herb in 20th century Western medicine which was rescued from obscurity in no small part by European research on Echinacea.  It works, in part, by increasing macrophage and T-cell activity.  It is also rich in polysaccharides, which help protect cells against invasion by viruses and bacteria.  It has antifungal and antibacterial properties.  Most effective if taken at the early signs of illness.  Echinacea is particularly effective against bronchial and respiratory infections, sore throat, and oral infections.  As a tea or tincture, Echinacea can be taken at the first sign of a cold or flu to boost immune system function.  Take in frequent small doses.  Incredibly effective it has few if any side effects or residual buildup in the body.  Some people have allergic reactions to Echinacea.  If you get itchy eyes or ears, a runny nose, a scratchy throat, or other sings of allergy, discontinue use.  Active ingredients: Polysaccharides, caffeic acid, echinacoside, sesquiterpenes, tannins, linoleic acid, beta-carotene and vitamin C.
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Elder (Sambucus nigra) grows wild and is traditionally planted at the edge of the herb garden as the “protector” of the garden.  A large perennial shrub that can reach upwards of 30 feet, elder grows easily and quickly given the right conditions.  It prefers moist, rich soil and partial shade to full sun.  In the wild it often grows along stream banks and at the edges of farm fields, where there’s water runoff and rich soil.  It can be grown from seed but a cutting is an easier route for propagation.  Elder flowers and berries are some of the best medicine and food found growing in gardens and wild throughout most of temperate North America.  Share with deer, moose, other grazing animals and more than 35 native birds in the summer. Elderberry and elder flower are among Europe’s most esteemed remedies for cold and flus, where they line pharmacy shelves.  Elder’s beautiful lacy flowers are diaphoretic, meaning they induce sweating, thereby helping to lower fevers.  Elder’s berries have immune-enhancing properties and are often combined with Echinacea in immune-stimulating remedies for colds.  The berries also have powerful antiviral properties and are helpful in treating viral infections including flus, herpes and shingles.  Also used for treating upper respiratory infections.  Elderberries make some of the best syrup and wine you’ll ever taste.  They also make tasty jams, jellies and pies, but is toxic consumed as a staple.  The flowers are also edible and delicious.  Making nice fritters, dipping the large, flat flower tops in a light batter, frying and serving with elderberry jam.  Do not eat the raw uncooked berries in any great quantity as they can cause digestive upset and diarrhea in some people. Active ingredients: Vitamins A, C, bioflavonoids, flavonoids, phenolic compounds, beta-carotene, iron, potassium and phytosterols.
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Goldenseal (Hydrastis canadensis), native to North America, until recently little supply existed outside of wild populations but goldenseal is now cultivated in fairly large quantities.   Goldenseal is a slow growing perennial.  It grows naturally only in the shady hardwood forests of the eastern United States and Canada.  Goldenseal loves humus-rich soil, a pH of 6 to 7 and at least 70 percent shade.  Plant under large old maple, birch or beech, it will not do well under evergreens or oaks, which will throw off the pH.  Goldenseal is difficult to grow from seed, it can be done, but it requires stratification for up to 3 months.  It is very easy to start from rhizomes.  Divide a rhizome into smaller pieces, make sure each piece has an “eye” or growing node.  Plant in the fall 6 to 8 inches apart and about ½ inch deep.  The root will be ready to harvest after 3 years of growth. One of North America’s greatest contributions to world medicine.  Infection-fighting alkaloids and bitters, goldenseal is powerful medicine.  Useful to treat a wide range of ailments from skin infections to bronchial congestion and digestive complaints.  Goldenseal is considered a natural antiobiotic and is often paired with Echinacea to help fight off infections, colds and flus.  It is particularly effective in treating infections of the mucous membranes, found in the respiratory, digestive, skin and reproductive systems.  It is a common ingredient in disinfectant washes for eye infections such as conjunctivitis, douches for vaginal infections, mouth washes for sore mouths and gums, and topical treatments for eczema and psoriasis.  The root is often powdered for use in poultices for skin infections, abscesses and wounds.  Because of its rich bitter compounds, goldenseal is also helpful in treating, liver, gallbladder and digestive problems.  The root makes a very bitter tea, people generally prefer it in tincture or capsule form.  Active ingredients: Hydrastine, berberine, resins, volatile oil, flavonoids and chlorogenic acid.
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Hawthorne (Crataegus laevigata) trees are hardy and can live 200 years.  Some species are short and scraggly, some grow as thick hedgerows in the Irish, English and Italian countryside.  Does well in full-sun or partial shade at the edge of a forest or wooded area.  Prefers rich, alkaline soil.  Several varieties can be found at nurseries but hawthorn self-sows readily, and it’s easy to dig up the young saplings usually found in abundance beneath the mother tree to transplant to a new location. The berries are tasty and often enjoyed in syrups, jams and jellies.  They also make good medicine, as do the flower and leaf.  Hawthorn is considered the ‘supreme herb for the heart’.  The berries, leaves and flowers are rich in bioflavonoids, antioxidants, and procanidins, which feed and tone the heart.  Hawthorn works in part by dilating the arteries and veins, enabling blood to flow more freely and releasing cardiovascular constrictions and blockages.  It strengthens the heart muscle while helping to normalize and regulate blood pressure.  It also helps maintain healthy cholesterol levels.  Hawthorn is outstanding both to prevent heart problems and to treat high or low blood pressure, heart disease, edema, angina and heart arrhythmia. Hawthorn doesn’t store in the body and isn’t accumulative in action, it’s important to take on a regular basis if using as a heart tonic.  Hawthorn also helps to stabilize collagen and support the health and repair of ligaments, tendons and muscles.  Hawthorn strengthens capillaries, useful for bruises.  Combine with lemon balm, the milky tops of oats and St. John’s wort for a wonderful tea that helps alleviate grief.  Powder dried hawthorne berries with cinnamon, ginger and cardamom powder and sprinkle on boiled or steamed vegetables to boost flavor and treat heartache. Active ingredients: Flavonoids, vitamin, C, choline, acetylcholine, quercitin, triterpenoids, cratetegin, rutin and procyanidin.
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Lavender (Lavandula officinalis, L. angusfolia) most medicinal species. Native to southern France and the Mediterranean, is a. beautiful, fragrant and hardy plant with lovely lavender spikes and familiar aroma loved by bees and butterflies.  Easy to grow in Zones 5 through 8.  Needs a sunny, warm location and well-drained soil.  Difficult to germinate from seed, less than 50% germination rate.  Begin with three or four plants from a local nursery.  Once plants are well established, take root divisions and cuttings to enlarge your lavender bed.  Lavenders can grow large, depending on the species.  Space plants at least 12 to 24 inches apart.  The soil must be well drained and slightly sandy.  A pH between 6.4 and 8 is ideal.  Though lavender likes a good soaking occasionally, don’t overwater it.  If temperatures drop below 20°F mulch lavender plants to keep them alive through the winter.  Harvest lavender flowers when the buds are just starting to open.  If you harvest the flowers when the buds are fully open, the medicinal properties won’t be as strong and won’t last as long.  Lavender is profoundly relaxing, calming and uplifting.  Buy lavender essential oil.  It is a mild antidepressant.  Combine with feverfew, it helps alleviate migraines and headaches.  It is one of the best herbs to use in the bath to relieve tension, stress and insomnia.  Try a bath with a few drops of lavender essential oil or a handful of lavender blossoms tied in a muslin bag, added to warm water.  Use as massage oil.  Lavender is generally considered safe, though it’s recommended that pregnant women avoid using it internally in large amounts.  Traditionally used to imbue courage and strength, lavender is a favorite herb for strengthening the heart and mind in a stressful situation.  Many women use it during childbirth.  A drop or two of lavender essential oil rubbed directly on the feet and/or back can bring gentle relief.  Lavender is also one of the herbs traditionally used to bathe the new baby.  Lavender is an antibacterial, antifungal and antiseptic agent.  It is useful in treating a host of infections, including staph, strep, colds and flus.  Alone or combined with tea tree oil, it can be applied directly to the skin to treat fungal infections such as ringworm and nail fungus, or as a douche to treat vaginal yeast infections.  It is an herbal antiseptic and is used to disinfectant and heal scrapes, wounds and burns.  A popular antispasmodic, lavender is used in digestive formulas to relieve indigestion and is especially helpful for calming stomach muscle spasms, which are sometimes caused by irritable bowel syndrome and Crohn’s disease.  Lavender is generally considered safe, though it’s recommended that pregnant women avoid using it internally in large amounts.  Active ingredients: Citral, citronellal, tannins, bitters, polyphenols, vitamins C, calcium, magnesium, catechin, resins and flavonoids.

[image: image190.jpg]


Licorice (Glycyrrhiza glabra), native to Mediterannean, is a tender perennial hardy in Zones 7 to 10.  Prefers hot weather and full sun or partial shade, sandy soil, with a pH between 6 and 8.  Like all members of the Leguminosae family, licorice fixes nitrogen in the soil.  Seeds germinate well and quickly and plants grow to be quite large and handsome.  Space plants 1 ½ to 2 feet apart in a sunny spot in the garden.  Keep the soil moist until the seeds have germinated and young plants are well established.  Licorice needs a few years of growth to develop its full medicinal potential.  Harvest roots in the fall of the third or fourth year (after the fourth year the roots get tough).  Slice of chop the fresh roots, dry them and store in an airtight glass jar. Licorice is 50 times sweeter than table sugar, but its glycyrrhizic acid, not sugar.  When broken down by the stomach glycyrrhizic acid yields anti-inflammatory and antiarthritic properties that act similarly to hydrocortisone and corticosteroids in the body.  Licorice is employed as a demulcent, antiviral, and anti-inflammatory.  It is the herb of choice for soothing irritated and inflamed tissue such as in cases of sore throat, bronchial inflammation and stomach and bowel irritation and ulcertion.  It is very helpful for both gastric and peptic ulcers.  Licorice tea and tinctures tone and strengthen the endocrine gland system and are a specific remedy for adrenal exhaustion (useful in menopause).  Licorice gently supports the adrenal glands ability to produce hormones and aids in the breakdown and elimination of excess or “worn-out” hormones via the liver and kidneys.  Licorice is often considered to be estrogen stimulating.  Licorice has a long history of use relieving throat inflammation and for strengthening the vocal cords.  It has a thick, sweet flavor, which makes it a nice addition to tea in small amounts.  The root can be almost too sweet, and some people find its flavor rather offensive when brewed by itself.  To increase its palatability blend it with other herbs in syrups, teas and tinctures.  You can also eat the licorice root dried or fresh whole root.  Children particularly enjoy chewing on licorice sticks.  Glycyrrhizic acid can cause sodium retention and potassium loss, causing stress to the heart and kidney, which often results in high blood pressure.  Individuals with a history of high blood pressure, water retention, heart palpitations, and other signs of heart and/or kidney stress should use licorice only under the guidance of a qualified health-care practitioner. Glycyrrhizic acid (also known glycyrrhic acid), phytoestrogens, coumarins, flavonoids, essential oil, polysaccharides
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Mullein (Verbascum thapsus) is a wayside weed with long history of effective use in medicine.  Mullein is a biennial, the first year it forms a woolly rosette, and the second year it sends up tis tall (up to 7 feet) flowering stalk, sets seed, and then withers and dies.  Mullein will grow in just about any soil and in any condition but does marvelously planted in full sun in well-drained, nutrient-rich soil with a pH ranging from 5 to 7.5.  Mullein is easy to start from seed, and once established in the garden will self-sow easily.  Give plenty of room to grow and plant it towards the back of your garden or as a centerpiece.  Will thrive in Zones 3 to 8.  The leaf, flower and root are used. Mullein leaf is both an antispasmodic and an expectorant.  It is renowned as a remedy for deep-seated or spastic coughs, bronchial congestion, chest colds, allergies and other ailments that involve respiratory stress.  The leaf can be rolled and smoked alone in severe cases, or with other healing herbs, such as marijuana, but not tobacco, as a treatment for asthma.  The leaf is also a favorite remedy for glandular imbalances and is often combined with Echinacea root and cleavers in tonics for glandular health.  Mullein leaf also makes an effective poultice for boils, glandular swelling, bruises and insect bites and it can be added to the bath for relieving rheumatic pain.  The small yellow flowers that creep up the stalk, slowly opening to the sun, are effective anodynes (they relieve pain) with antiseptic and infection-fighting properties.  Mullein flower oil has long been famous as an effective treatment for ear infection caused by upper respiratory congestion.  Just a few drops of warm oil down each ear will relieve the pain in minutes and reverse the infection in a few days. When used externally the tiny hairs on the underside of the leaves can be irritating to the skin, in which case simply wrap the leaf in cheesecloth or muslin before applying. Active ingredients: Polysaccharides, flavonoids, sterols, mucilage and saponins.
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Nettle (Urtica dioica, U. urens) were once one of most important plants in the manufacture of cloth finer than cotton or linen. The ancient Greeks and Romans cultivated more acres of nettle than any other crop. Nettles Incredibly benevolent (except for its sting) and incredibly beneficial.  Nettle grows wild throughout the United States and Canada and is easily propagated from runners, which you can gather in the spring or fall from an established stand of plants.  The plants prefer fertile, rich soil and the semi-shaded, moist environments of stream banks.  The gives a nasty sting.  The sting comes from needle-like protrusions on the stems and undersides of the leaves that contain formic acid, the same chemical that causes the pain in bee stings and ant bites.  The formic acid is destroyed by heating, drying or mashing the leaves.  Wear gloves to harvest it.  Pick the nettle tops while still young.  Steam thoroughly, being certain there are no little stingers left unsteamed.  Sprinkle generously with olive oil and fresh lemon juice, serve with crumbled feta cheese.   Used as a remedy for gout, rheumatism, anemia, exhaustion, menstrual difficulties, skin problems and hay fever, to mention a few.  Nettle is rich in a full spectrum of vitamins and minerals, especially iron and calcium, nettle is an excellent tonic herb and is useful for “growing pains” in young children, when their bones and joints ache, as well as for older folks with “creaky” joints.  Its antihistamine properties make it an excellent remedy for allergies and hay fever.  Because of its nutritive properties and positive effects on the liver, nettle is also an excellent tonic for the reproductive system of both men and women.  It is frequently included in formulas for PMS and other menstrual difficulties, fertility issues, and menopausal issues, and nettle seeds are used as both a preventative and a curative for prostate issues.  Despite its “sting” which can most definitely leave large, sore welts, nettle is generally considered a wonderfully safe, edible medicinal plant.  Active ingredients:  Calcium, iron, protein, potassium, formic acid, acetylcholine, sulfur, beta-carotene, vitamin K and flavonoids.
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Plantain (Plantago major, P. lanceolata, P. psyllium) is the second most common useful weed after dandelion. It grows everywhere, in lawns and empty lots, in cracks in the sidewalks, on roads and paths.  If you don’t have a ready stock of plantain already growing, just till up a little soil, preferably in full sun, water it infrequently and wait.  Plantain will show up.  If you get impatient collect some ripe seeds from your neighbor’s patch and sprinkle them in your freshly tilled soil.  Next year you’ll have your own patch. Plantain is nutrient dense and although it can be bitter and stingy as it gets older, it’s a tasty ingredient in many wild-food dishes.  The plantain seeds, which grow at the top of a long slender stalk, are rich in mucilage and mildly laxative.  A cultivated variety of plantain, P. psyllium is grown for its large, abundant seeds, which are used as bulk laxatives.  Psyllium seed is the main ingredient in Metamucil.  Perfectly safe, no known reactions or harmful side effects. Plantain draws toxicity from the body.  It has a long history of use as a remedy for blood poisoning and is considered an “alternative” (blood purifier), its rich nutrients stimulate the liver and enrich or “cleanse” the blood.  It is used for all manner of liver problems, including poor digestion and assimilation, hepatitis, jaundice, skin eruptions and eruptive personalities (too much heat in the body).  Plantain makes a great poultice.  The leaves can be chopped, mashed and placed directly over the problem area.  Or the leaves can be made into a strong tea and a cloth soaked in the tea is placed directly over the area.  As a poultice plantain is a highly effective remedy for the bites and stings of insects, boils and other eruptive skin disorders and any deep-seated infection.  Plantain has such excellent drawing properties that it can be used to remove sliver that are too deep to pull out.  Soak the area of the sliver in a very hot plantain tea for 20 to 30 minutes.  You can increase the effectiveness by adding a tablespoon or two of sea salt.  Then apply mashed plantain leaves and wrap in place.  Change the poultice two or three times during the day and repeat until the sliver is close enough to the surface of the skin to pull out.  Plantain also has styptic and hemostatic properties, meaning that it can help check bleeding.  Place the mashed herbs directly on the wound until the blood flow slows or stops.  As a tea or tincture, plantain can also be used to stanch heavy menstrual bleeding, it is more effective mixed with yarrow and nettle (or shepherd’s purse).  It is also an excellent wound healer and shortens recovery time.  Actibe ingredients: Mucilage, fatty acids, protein, starch, vitamins B, C and K, allantoin and bitters.
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Red Clover (Trifolium pretense) is both an effective nitrogen fixing cover crop and a reliable and effective medicine. A hardy perennial red clover is easy to sow and quick to grow.  It does well in Zones 4 to 9 and prefers loamy, well-drained soil and full sun.  It is a legume and like all members of the Leguminosae family, red clover sends roots deep into the earth and fixes nitrogen in the soil.  Red clover’s pretty pink blossoms bloom throughout the summer and can be harvested just as soon as they open.  Use fresh or dry. Though the leaves are used medicinally it is the flowers that are prized.  They are at their prime when a bright pink or red.  Don’t harvest flowers that are turning brown, and when buying dried herbs, be wary of brownish blossoms.  Red clover offers a rich bounty of nutrients that support the entire body.  High in beta-carotene, calcium, vitamin C, a whole spectrum of B vitamins, and essential trace minerals such as magnesium, manganese, zinc, copper, and selenium.  This wildflower is one of nature’s best vitamin and mineral supplements.  Red clover has a long history of use as a blood and lymphatic cleanser.  It is often included in formulas for skin problems such as eczema and psoriasis, whether taken internally or externally as a wash, and it is a favorite herb for lymphatic congestion and childhood respiratory problems, effectively restoring vitality and health following a respiratory infection.  Red clover is a favorite of many menopausal women, and both the flowers and the leaves contain phytoestrogens (plant hormones) and isoflavones that have a beneficial effect on menopausal symptoms such as hot flashes, mood swings and night sweats, with sage and motherwort.  Red clover might be useful in maintaining healthy bone density.  Though the FDA states “there is not sufficient reason to suspect it of any medicinal value” studies conducted by the National Cancer Institute suggest that red clover should be considered, as a preventative agent and perhaps incorporated in a health-promoting tea for people at risk for cancer.  And red clover tea is delicious by itself or with peppermint, spearmint, violet leaf.  It’s a marvelous food too, the fresh blossoms taste like little honey cups added to salads, blender drinks and garden-fresh soups.  Red clover has blood thinning properties and should not be used by those who are taking heart medication or who have any type of blood-thinning problem.  Discontinue red clover for 2 weeks before and after surgery. Active ingredients: olysaccharides, isoflavones, salicylates, coumarins, cyanogenic glycosides, protein, beta-carotene, B vitamins, vitamin C, iron, and silicon.
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St. John’s Wort (Hypericum perforatum) St. John’s Wort is a hardy weed.  It is a sun-loving, hardy perennial, preferring somewhat dry soil but will do almost as well in partial shade and some drenching.  It thrives in Zones 3 to 9 and prefers soil with a pH of 6 to 7.  It’s rather rangy, growing to 3 or 4 feet on long, spare stalks.  When in full bloom St. John’s wort is a beauty. It germinates easily from seed, though seeds need to be stratified (treated to a winterlike chill) for best germination.  Once established in your garden, it will readily self-sow.  You can purchase a plant or two at a nursery, but make sure you’re getting H. perforatum, for medicinal purposes.  St. John’s wort has naturalized in many parts of the globe and can e found growing wild in sunny meadows, on dry hillsides, and even in open fields along roadways.  H. perforatum is distinctive because of the tiny oil glands in the leaf, when held to the light, they look like tiny pinpricks covering the surface of the leaf.  Gathering St. John’s wort is best done in the afternoon on a sunny day when the flowers will be dry.  The flowers are at their best just as the buds begin to open.  To tell if they are ready, press a bud between your finger.  If there’s a spurt of purple or deep red, the buds are ready.  If not, it’s either too early or too late.  Check daily.  The window for optimum harvesting is short. From ancient Greeks to the Middle Ages St. John’s wort has been considered to be imbued with magical powers and was used to ward off evil and protect against illness.  Dioscorides, the famed Greek herbalist, mentioned the use of the herb for sciatica and other nerve problems.  Theophrastus recommended it for external wounds and cuts and both Galen and Paracelsus included it as an important healing herb in their pharmacopoeia.  St. John’s wort can be very effective for treating mild depression, anxiety, stress, tension, nerve damage, and seasonal affective disorder (SAD).  To be effective against stress and depression, St. John’s wort needs to be taken over a 2 to 3 week period, and it is often cycled over several months to treat chronic depression and stress.  Hypericin, one of the herb’s active constituents, increases the metabolism of serotonin and melatonin, which aid the body’s ability to receive and store light.  Hyperforin, another important constituent, contributes to emotional stability by slowing the uptake of those “feel-good” neurotransmitters such as dopamine, serotonin and noradrenaline, allowing them to circulate longer in the body.  Whether taken internally or applied topically St. John’s wort has marked antibacterial, antiviral and anti-inflammatory properties, which make it helpful for treating bacterial and viral infections such as herpes and shingles.  Preliminary studies indicate an ability to inhibit the AIDS virus.  The rich red oil made from the bright yellow flowers is one of the best remedies for trauma to the skin.  It is applied topically to soothe and heal bruises, sprains, burns and injuries of all kinds.  It not only relives pain but also promotes tissue repair and speeds recovery. St. John’s wort can cause photosensitivity to sunlight in some individuals.  If your skin becomes rashy, itchy or red, discontinue use.  If you are taking any antidepressant medications and want to substitute for them or complement them with St. John’s wort, do so only under the guidance of a qualified health care practitioner.  Although there is no history of St. John’s wort being contraindicated during pregnancy, some herbalists suggest that pregnant women not take it internally. Active ingredients: Hypericin, hyperforin, pseudohypericin, procyanidins, tannins, and flavonoids
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Spearmint (Mentha spicata) is second only to peppermint as the most popular of mints and is considered the oldest and the others are the offspring of spearmint.  Spearmint is a quick-growing perennial in Zones 4 to 9.  Like most mints it spreads by runners.  It’s easy to start from root divisions and/or cutting, but you won’t want to start from seed.  The seeds won’t be true to type and often seed-started mints are less potent than the parent plant.  Spearmint especially thrives near water.  Keep spearmint separated from other types of mint. Spearmint is sweeter, milder and less pungent than peppermint and tends to be better for children.  Combined with catnip, it’s an excellent herb for children with a fever.  Or blend it in equal proportions with lemon balm to calm hyperactivity and anxiety in children.  Spearmint is a mild digestive aid and is lovely as a before-dinner aperitif or after-dinner digestif.  Simply make a strong tea and mix with sparkling water, and perhaps a handful of fresh rasberries or blueberries.  Spearmint has amphoteric properties that moves in the direction the body needs.  It’s a mild stimulant but also has relaxing properties that serve to strengthen the nervous system, both calming and energizing at the same time.  It has both warming and cooling properties.  As the menthol evaporates, it imparts a cooling sensation to the skin and digestive system, but as the herb penetrates it stimulates blood flow, causing a warm sensation.  Spearmint’s refreshing flavor is used in everything from toothpaste and mouthwash to soda and tea.  It is delicious in salads, grain dishes, cold soups, fresh fruit compotes and sliced fruit dishes.  Spearmint helps to sweeten the mouth after sickness such vomiting. Safe. Active ingredients include: Essential oils, B vitamins, vitamin C, potassium, flavonoids and tannins.
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Valerian (Valeriana officinalis) was brought to the United States from European herb gardens by colonists.  Valerian is an easy to grow perennial that does well in a variety of soil conditions and temperatures, but it prefers partial shade to full sun and moist, rich soil.  It is rather tall (3 to 5 feet) graceful plant with lacy white flower clusters that bloom through much of the summer.  It’s hardy to Zone 4 or 3 with winter protection.  The seeds are so easy to germinate that even beginning gardeners should have no problem with them.  Keep the soil well watered, valerian loves moist soil.  Once established, this hardy perennial will self-sow easily and generously. Fresh valerian root has an earthy odor that has been likened to that of wet soil or violets.  The dried root’s odor is more akin to that of dirty socks.  Depending on the individual the smell is either relished or deemed offensive.  The taste is better when the root is fresh. Valerian root is one the safest and most powerful herbal nervines, used for all manner of stress, insomnia and anxiety.  It is also excellent for relieving muscle pain.  Many people prefer to take valerian in tincture or capsule form, rather than as a tea.  Its name derives from the Latin word valere, meaning “to be well” or “to be strong”. Valerian is a remedy primarily for stress, tension, insomnia and nervous system disorders.  Studies show that it works by depressing activity in the central nervous system and relaxing the smooth muscles of the uterus, colon and bronchial passages.  Two compounds, valerenic acid and valerenal, have ben found to induce sleep and indirectly raise levels of gamma-aminobutyric acid, a neurotransmitter that decreases central nervous-system activity and acts as a muscle relaxant. Valerian is effective both as a long-term nerve tonic and as a remedy for acute nerve problems such as headaches and pain.  Valerian also has a tonic effect on the heart and is especially recommended in cases of irregular heartbeat and anxiety that affects the heart.  It is often combined with hawthorn berry to treat high blood pressure and irregular heartbeat. For those people for whom valerian works, it works well.  Some people find it irritating and stimulating, rather than relaxing.  The root is rich in isovalerenic and valerenic acids, which give it powerful nervine properties.  Because of the volatile nature of its aromatic oils, valerian root is generally infused rather than decocted.  Generally considered safe.  However, valerian doesn’t agree with everyone and for some people it can be irritating and stimulating, rather than calming and sedating.  If you take too much valerian you’ll begin to have rubbery-like feeling in your muscles, like they are too relaxed, or a feeling of heaviness.  Cut back the dosage so that you feel relaxed but alert.  Avoid taking large doses of valerian for an extended period of time, instead, use modest doses for just 2 to 3 weeks, with a week’s break before you begin taking the doses again.  Active ingredients include Isovalerenic acid, valerenic acid, caffeic acid, tannins, sesquiterpenes, glycosides, essential oils, calcium, magnesium, B vitamins.
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Yarrow (Achillea millefolium) is a common wayside plant found in most temperate climates of the world.  It may be the most commonly used medicinal plant in the world.   Yarrow grows freely and joyfully in the wild and, when invited, in the garden.  A perennial, it germinates easily from seed and, once established, will self-sow readily.  Yarrow will thrive in most types of well-drained soil with a pH of 4 to 7 and prefers full sun, but happily adapts to partial shade, cold or hot weather, wet or dry conditions.  For medicinal purposes, look for the white yarrow (Achillea millefolium) or native pink varieties.  The colorful hybrids are bred for aesthetics, rather than medicinal properties.  Though it can be harvested throughout the growing season, yarrow has the richest concentration of medicinal oils when it is in flower. Yarrow has antiseptic, anti-inflammatory, and astringent properties and is highly regarded for healing wounds, bruises and sprains.  Like spearmint, yarrow is amphoteric, meaning it moves in the direction it’s needed in the body.  It is both stimulating and sedative.  It is used to stimulate delayed or absent menstrual cycle and helps ease and relax uterine tension and menstrual cramps.  It is also effective at reducing heavy bleeding during menstruation.  As a uterine relaxant and styptic, it’s also a useful during childbirth, many midwives carry yarrow tincture when attending a birth.  Yarrow is a styptic, meaning that it stops bleeding.  It’s often mixed with shepherd’s purse, another powerful styptic, as first aid to stanch excessive bleeding, whether from a cut, a deep wound, or a simple nosebleed.  Just take several leaves mash them up and apply a thick poultice to the wound. Yarrow is rich in volatile oils, specifically chamazulene, camphor and linalool, which stimulate blood flow to the surface of the skin and aid in elimination via the pores.  This helps explain its long-standing reputation as a diaphoretic, an herb that promotes sweating and thus can help reduce fevers by “driving out” the heat and naturally cooling the body, used in a bath.  Yarrow also has antispasmodic properties and is used to relieve both menstrual and stomach cramps.  It is often combined with ginger for this purpose, whether taken internally or applied topically as a poultice.  Yarrow is bitter and bitter herbs stimulate liver function and aid in digestion by stimulating the secretion of digestive enzymes.  Once nicknamed “cure-all” yarrow is one of the most versatile and healing plants we can grow in our gardens.  Generally yarrow is considered safe and nontoxic.  But because of its stimulating action on the uterine muscles, it should be avoided during pregnancy, especially in the early stages, though it is used at childbirth to facilitate labor and stop excessive bleeding.  Also, yarrow can cause an allergic reaction in some people.  Discontinue use if you develop itchy eyes and/or a rash.  Active constituents: linalool, pinene, thujone, camphor, azulene, chamazulene, proazulene, beta-carotene, vitamin C and E and flavonoids.

20. Permaculture
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Permaculture provides practical tools for the care and restoration of communities, including natural ecosystems and human neighborhoods.  Permaculture uses the energies of wind, sun, water, soil and the myriad biological processes of the world’s living organisms.  These powerful energies, appropriately used, can reverse desertification.  Soils are reclaimed.  Forests, prairies, and river systems regenerate.  Waste products are minimized and reused.  Human communities provide for their own needs in small, efficient farms and gardens, allowing the broad landscape to return to health.  Ecological productivity differs from more conventionally defined agricultural productivity.  Contemporary agriculture, as practiced in most industrial societies, is characterized by monoculture farms.  Monocultures, the intensive planting of a single crop, are designed for machine planting, cultivating, and harvesting.  Monocultures are high consumers of energy, affordable only where energy costs are artificially low and the cost of cleanup is not borne by the energy user.  When In contrast, polycultures are plantings of diverse species.  Varied polycultures are plantings of diverse species.  Varied polycultures of tree, perennial, and annual crops produce more food in less space and consume less energy than monocultures.  The diversity of polycultures serves as a hedge against crop failure, biological insurance for risk averse farmers.  But polycultures do not readily lend themselves to machine-based management.  A culture must adopt an ethical basis if it is to be sustainable and humane.  Permaculture provides an ethical and holistic foundation for sustainable culture.  As a design system, permaculture is unusual. In its adoption of an ethical screen for all decisions.  Permaculture principles are all derives from three basic ethics – care for the earth, care for people, limit needs and reinvest in the future (Haggard ’93: 6, 15, 21, 29).

Care for the earth.  The earth and all of its inhabitants have inherent value.  This value exists independent of a species’ utility, uselessness, or even destructiveness to human purposes.  Humanity has a responsibility to respect and care for the world’s living and non-living systems, taking what is needed to live but doing so responsibly and respectfully.  The ethic of earth care acknowledges that all things have the same right to exist as humankind. Through this acknowledgment, people reenter the intricate and global web of life as a species among species: no longer dominant, perhaps, but no longer separate and isolated either.  A non-exploitive relationship with nature may offer the only hope for physical survival on the planet.  Such a relationship is also a critical element in reclaiming a vital spiritual heritage.

Care for people.  People have an inherent value and right to exist.  Humans are a part of the whole, a natural element in the natural world.  They are also a destructive force, a source of potential imbalance that nature must ultimately strive to correct.  This imbalance becomes more extreme where people are in greatest duress; in war, plague, debilitating poverty.  Imbalance is also extreme where people are in denial: the industrialized world’s energy addiction is far more destructive to the global ecosystem than the deforestation practices of starving third world peasants.  Addressing the needs of the world’s people is an aspect of resolving global environmental problems.  A decent but voluntarily limited quality of life for all the world’s people is a prerequisite to converting crisis conditions to long term sustainability.

Limit needs and reinvest in the future.  Natural systems have limits.  Humanity must learn to live within its means, from an ecological perspective.  We are entirely interdependent.  No one can survive cut off from the life support systems of earth, so collectively we must care for them.  Money, food, time, experience, and information surplus to a reasonable standard of living for the world's people must be extensively invested in land and sea repair. These investments imply hope for the future (Haggard ’93: 29-31).

As a movement, permaculture is committed to the free exchange of information.  All permaculture students are encourage dot share what they know, whatever their level of proficiency.   Teaching is the best way to learn a subject.  Permaculture students are trained to find local solutions to local problems, within the constraints of local culture and local resources.  The permaculture movement has a general strategy, arranged in three courses of action to halt and reverse ecological destruction – preservation, restoration and sustainable community.

1. Preservation: Preserve all remaining functional natural assemblies.  Wilderness initiatives, rainforest protection groups, and societies for the protection of endangers habitats all advance this general objective.  Small assemblies, such as the healthy juniper guild deserve protection as well.  Preservation of cultures and traditions that achieve benign coexistence with ecosystems is of vital importance.  These mostly indigenous cultures may be the only people left with the sklss to maintain a sustainable approach to living in the world.

2. Restoration: Restore what has been damaged.  Reclaim the desertified and eroded landscapes of the world, the ruined watersheds, the toxic dumps, the lost forests and prairies, the overpopulated cities and agricultural wastelands.  Reclaim the refugee populations, the abandoned and hopeless children, the starving, the displaced, the emotionally abused, and the spiritually damaged.  Restore and protect the seas, the sky, the Earth’s delicate living mantle.  Repair the torn fabric of culture and meaning.  The opportunities to do meaningful work are everywhere.  Money or a round trip ticket to Ethiopia or the Amazon are not required.  Virtually every place on Earth has been touched by environmental and social disruption.  What we require is generosity of spirit and the willingness to look directly at the suffering that surrounds us all the time,    

3. Sustainable community: Create complex living environments that will support us.  In many, accomplishment of preservation and restoration depends upon self-reliant human settlements.  Without coming up with better, more efficient ways to provide a reasonable standard of living for all the world’s people, there is little hope of protecting and restoring the natural world.  Permaculture attempts to address this problem directly, by teaching people how to feed, house, and provide energy for themselves on minimal land, using few resources, while creating a better quality of life in the process.  Isolationist and survivalist attitudes are not promoted.  If the world’s life support systems collapse, no one will be immune.  Rather, interdependence, tolerance and mutual support are taught as foundations of community self-reliance.  Each individual and community must be responsible for its needs, it actions and the consequences of its choices.  
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Providing for basic human needs in the immediate vicinity of households and communities relieves pressure on the larger ecosystem.  Those surviving ecosystems provide the necessary genetic resources for repair of damaged landscapes.  The health of the larger ecosystem is necessary for communities to achieve local self-reliance.  Ultimately, all aspects of this earth repair agenda must be advances simultaneously (Haggard ’93: 32-34).  A landscape can be understood as an interacting web of flows.  Storm systems spiral across the sky water soaks the ground.  Leaves catch the wind, absorb the energy of falling raindrops.  Plants grow or die, depending on the water that reaches them.  Animals roam and burrow, tilling the soil, fertilizing the trees.  Large forces move across the world: wind, fire, rain, armies in conquest of nations.  Permaculture gardens serve as nets in the flow.  Forests sieve the wind for dust particles, nutrients, and moisture.  Healthy soils capture the rain, releasing it to the trees and streams.  Sewage is harvested.  Waving masses of cattails and bulrushes feed birds and insects and clean water is returned to the ground.  Surrendering to natural processes requires humility, understanding and flexibility.  If the river wants to flood, it must be allowed to flood.  Otherwise, it will either overpower us, or be destroyed by us.  In either case we will be poorer.  Landscapes are alive and mobile, not static.  In a desert, drought-tolerant and native plants are preferable to poorly adapted exotics.  Even among native desert species, great variation occurs between species with respect to preferred habitat.  Some plants grow naturally under trees, others prefer open space and full sun.  Succession is a necessary and healthy process in disrupted areas.  Wave after wave of changing species colonize a damaged landscape, preparing the way of the plants and animals that will follow.  Trees, shrubs, and tall grasslands mature, crowding out the early pioneers.  Fighting succession makes work for the farmer or gardener.  As an alternative, perennial agriculture mimics natural forests and prairies, substituting a diversity of species people perceive as valuable for native varieties with no direct social or economic use.  In gardens, static aesthetic effects derive form a world view that values order and symmetry.  Gardens that are visually organized by defined edges, hard lines, and carefully maintained shaped (topiary or parterres) require ongoing and costly maintenance.  Surfaces are soft and deeply mulched with rotting straw and other organic material.  In communities, the same cheerful untidiness and rich variety produces social health and flexibility (Haggard ’93: 37, 38-41).
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In areas that have been converted from lawn, mulch is laid down direlty over the sod.  In the fall, a trench separating the lawn from the new bed is first cut.  Then heavy layers of unprinted corrugated cardboard are laid over the area of sod to be converted to planting bed.  This is soaked with a hose.  About four inches of horse manure are laid, followed by 12 inches of loose straw.  All of this is thoroughly soaked and then allowed to decompose over winter.  In the spring, the layers of sod, cardboard, and other organic material have broken down to form a dark rich soil with good moisture retention.  In conventional bed preparation, the sod is laboriously removed.  With a sheet mulch, the sod is composted.  Few roots, if any, ever resprout.  Sheet mulching requires a minimum of effort and follow-up maintenance. Deep mulching imitates the natural accretion of organic material on the forest floor in prairies.  As it decomposes, mulch begins to resemble these rich and productive native soils.  Mulch holds moisture and insulates against baking sun in the summer and bitter cold in the winter.  When sheet mulching is used successfully, the soil becomes biologically active, eating its way upward through the layers of organic material.  To maintain soil health, mulches must be regularly supplemented.  All organic material, including leaves, twigs, and kitchen garbage are composted.  Mulching make digging unnecessary.  Digging disrupts the many layers of soil organisms, exposing them to light and air. Exposed earth is an invitation to weeds.  Most weed species are actually annuals whose function in an ecosystem is to rapidly cover and stabilize disrupted soils.  Digging encourages weeds.  Gardens under a permanent mulch tend to be weed free.  Soil in a garden that has been well mulched for several years is sot, crumbly, and easy to plant.  There is also increased earthworm activity (Haggard ’93: 92-94).
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Chickens need plenty of space to run and scratch for seeds, insects, and other tidbits.  They will go to their coup at sunset to sleep protected from predators.  Chicken tractors are a series of pens or runs opening onto a central pen which contains the chicken house.  The chickens are allowed into one pen at a time.  Kitchen scraps are scattered at the farthest end of the run to encourage them to roam through the entire space.  They scratch, weed, eat all insects, and manure the pen, leaving a soft, rich garden soil.  Then they are moved into the next pen and shut out of the first, which is planted with vegetable crops. After the flock has made its way through all of the pens, the first pen is harvested and the chickens allowed back in to clean up.  The same method can be used for pigs and other livestock (Haggard ’93: 125).  In conifer ecosystems, squirrels and rodents often play an important role in maintaining the health of the forests.  They eat the growing tips of the trees, where sugars are concentrated, and then forage for fungi on the forest floor.  After chewing things over for a while, they deposit a nutrient bundle (scat) containing sugars and activated fungal spores at the base of the trees.  The fungi act as translators, making soil nutrients available to tree roots.  The squirrels make sugars available to the fungi (Haggard ‘934: 43).  Insects are an excellent but socially unacceptable food.  Grasshoppers are considered a plague animal, responsible for devastating crop losses.  But grasshoppers are also a source of high quality protein.  They convert indigestible cellulose into food.  Birds know this.  Snakes know this.  So do cats, and cows and coyotes. In Africa, locusts were a popular and widely anticipated source of food.  Adoption of Eurocentric prejudices against their native foods has had devastating consequences for indigenous people.  The loss of insects as food one of the primary drought time sources of protein, contributes to widespread famine (Haggard ’93: 46).  
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Microclimates can be harnessed to save labor and energy.  Microclimates are small variations in climatic factors such as wind, frost, and moisture.  Topographical features such as hills, canyons, and depressions in the ground create variations in climate.  Shade, protection, and moist soils are microclimates resulting from trees, windbreaks, springs, etc.  Placing a cold-sensitive plant in a warm and protect microclimate is easier than building protective structures.  The cool north sides of existing trees often provide a better place for a moisture-loving plant than a hot open field.  Correct placement saves effort, especially in long-term maintenance.  Small plants are often superior to large specimens.  Seedlings or rooted cuttings are inexpensive and easy to plant.  Small plants develop healthier root systems and are better adapted to specific site conditions than larger nursery grown or field dug stock (Haggard ’93: 44, 45).  By definition, a dry climate is one where a pan of water left outside for a year will evaporate more rapidly than it is replenished by precipitation.  No so long ago, New Mexico and Arizona were forested.  The famous stands of saguaro cactus, ubiquitous symbol of the American desert, grew up under the protective canopy of a forest.  Originally, their tops peeked out form the top of the trees.  But the trees were cut to produce charcoal, building material, and open rangeland.  Without this protection, the saguaro cannot reproduce itself.  If the Sonoran desert is not reforested, we are seeing the last generation of this beautiful cactus.  
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When forests are cut, the landscape begins to dry.  The soil is no longer shaded.   The mulch layer washes or blows away, and there is nothing to replenish it.  Living stores of water, the trees and undergrowth, are gone.  Rainfall runs rapidly off the surface.  As less moisture becomes available, the ability of the forest to regenerate is lost.  In desertifying landscapes, water, when it eventually does come, is just one more destructive force.  Intervention in the form of broadscale water harvesting and erosion control is required to reverse desertification in fragile drylands.  In Santa Fe, the simplest and most effective water harvesting approach is swaling.  Swales are depressions in the ground that allow water to collect and soak in.  Most swales are perfectly level trenches cut along the contours.  Excavated soil is piled up in a berm along the downhill side of the trench.  Runoff is trapped, pools up, and soaks in, usually within a few hours.  Swales also trap deposits of organic material.  In the spring, rains collect a thick yellow blanket of pollen, indicating where the water has pooled and infiltrated.  A plume of fresh water develops, moving slowly down into the ground.  This water supports tree planting, and becomes the basis for reforestation.  As trees and shrubs grow, they stabilize the soil.  Eventually swales are no longer necessary and can be allowed to melt slowly away.  Water stored in drainages allows riparian woodland to replace rapidly eroding gullies.  Moisture sets in motion a chain of events.  The biological community returns to health.  Ultimately, springs and streams emerge. The availability of clean water determines how much life a landscape can support. The best water quality is typically surface water from springs and streams (Haggard ’93: 101, 102, 106). 

[image: image205.jpg]


Cultivating trees in combination with crops and livestock is an ancient practice.  Several factors contributed to a rising interest in agroforestry since the 1970s: the deteriorating economic situation in many parts of the developing world; increased tropical deforestation; degradation and scarcity of land because of population pressures; and growing interest in farming systems, intercropping and the environment.  Main agroforestry practices include improved fallows, taungya (growing annual agricultural crops during the establishment of a forestry plantation, home gardens, alley cropping, growing multipurpose trees and shrubs on farmland, boundary planting, farm woodlots, orchards or tree gardens, plantation/crop combinations, shelterbeds, windbreaks, conservation hedges, fodder banks, live fences, trees on pasture and apiculture with trees.  Farmers and pastoralists have long used fodder trees and shrubs to feed their livestock.  In the highlands of central Kenya farmers plant fodder shrubs, especially Calliandra calothyrsus and Leucaena trichandra, to use as feed for their stall-fed dairy cows.  The farm-grown fodder increases milk producoin and can substitute for relatively expensive purchased diary meal.  Fodder shrubs also conserve the soil, supply fuelwood and provide bee forage for honey production.  In Malawi and Zambia they plant the shrubs Tephrosia vogelii, Sesbania sesban, Gliricidia sepium or Cajanus cajan in fallows for two years cutting them back, then following them with two to three years of maize cultivation increased maize yields compared with planting continuous unfertilized maize, and was beneficial to farmers who could not afford fertilizer.  
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Intercropping of trees and crops is practiced on 3 million hectares in China.  Farmers intercrop Paulownia spp. (primarily P. elongata) with cereals over a wide expanse of the North China Plain.  The tree is deep rooted, interferes little with crops and produces high-quality timber.  In Minquan County (Henan Province), 30 years after the introduction of agroforestry, two-thirds of the 46,000 ha of farmland were intercropped with this genus of tree. In one commune, Paulownia spp. Accounted for 37 percent of farm income.  In addition to timber, these species provide excellent fuelwood, leaves for fodder and compost fertilizer and protection against wind erosion and evapotranspiration.  In Tabora District, United Republic of Tanzania, about 1,000 tobacco farmers have started Acacia crassicarpa woodlots to produce fuelwood for tobacco curing, intercropping the trees with maize during the first two years.  In Uttar Pradesh, India, 30,000 farmers grow poplar (Populus deltoides) to sell to the match industry on woodlots that average 1.3 ha.  Intercropping is common, especially in the first two to three years.  In the United Kingdom, a range of timber/cereal and timber/pasture systems has been profitable to farmers.  Ash trees intercropped with ryegrass pastures were found not to influence the pasture yields for the first 10 years of the 40 year rotation.  Windbreaks are one of the oldest agroforestry systems in North America.  In the Canadian prairies, more than 4300 km of windbreaks have been planted since 1937, protecting 700,000 ha.  In 1987, approximately 858,000 windbreaks in the United States, mostly in the north central and Great Plains areas, spanned 281,000 km and protected 546,000 ha.  It was estimated that yield increase of crops sheltered form wind to be 8 percent for spring wheat, 12 percent for maize, 23 percent for winter wheat and 25 percent for barley.  In addition, windbreaks improve crop water use and protect livestock and homesteads (McConnel et al ’05: 88-90).

IV. Regulation

21. Conservation 
The International Union for the Conservation of Nature and Natural Resources (IUCN) also known as the World Conservation Union (IUCN) ratified the first IUCN classification scheme in 1978, and amended Categories of Protected Areas in 1994

1. Strict Nature Reserve/ Wilderness Area.  Protected area managed mainly for science or wilderness protection.

1a. Strict Nature Reserve.  Area of land and/or sea possessing some outstanding or representative ecosystems, geological or physical features and/or species, protected primarily for scientific research and/or environmental monitoring.  

1b. Wilderness Area.  Large area of unmodified or slightly modified land and/or sea, retaining its natural character and influence, without permanent or significant habitation, which is protected and managed so as to preserve its natural condition. 

2. National Park.  Protected area managed mainly for ecosystem protection and recreation.  Natural area of land and/or sea, designated to (a) protect the ecological integrity of one or more ecosystems for present and future generations, (b) exclude exploitation or occupation inimical to the purposes of designation of the area, and (c) provide a foundation for spiritual, scientific, educational, recreational, and visitor opportunities, all of which must be environmentally and culturally compatible.

3. National Monument.  Protected area managed mainly for conservation of specific natural features.  Area containing one, or more specific natural/cultural features of outstanding or unique value because of its inherent rarity, representative, or aesthetic qualities or cultural significance.

4 Habitat/Species Management Area.  Protected area managed mainly for conservation through management intervention.  Area of land and/or sea subject to active intervention for management purposes to ensure the maintenance of habitats and/or to meet the requirements of specific species.   

5. Protected Landscape/Seascape.  Protected area managed mainly for landscape/seascape conservation and recreation.  Area of land, with coast and sea as appropriate, where the interaction of people and nature over time has produced an area of distinct character with significant aesthetic, ecological, and/or cultural value, and often with high biological diversity.  Safeguarding the integrity of this traditional interaction is vital to the protection, maintenance, and evolution of such an area. 

6. Managed Resource Protected Area.  Protected area managed mainly for the sustainable use of natural ecosystems.  Area containing predominately unmodified natural systems, managed to ensure long-term protection and maintenance of biological diversity while providing sustainable flow of natural products and services to meet community needs. (Stevens ’97: 14, 15, 17).
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Forest certification is an international movement begun about 1990, dedicated to furthering sustainable forestry by labeling wood and other forest products produced on well-managed forested in ways that are both environmentally and socially acceptable.  As of 2004, about 100 million acres of land worldwide had been certified under the accreditation of just one organization, the Forest Stewardship Council (FSC), headquartered in Germany.  In Canada, the Canadian Standards Association has accredited seventy million acres under its guidelines, and the Programme for the Endorsement of Forest Certification, a European organization headquartered in Luxembourg, has accredited another 136 million acres.  In the United States, the timber industry has self-certified seventy-five million additional acres.  These certifications account for less than one percent of wood sales in 2001.  Metafore of Portland, Oregon (formerly known as The Certified Forest Products Council), acts as an information clearinghouse for customers seeking wholesalers and retailers of certified wood products.  Major corporations, such as Home Depot, Lowe's Home Improvement Center, FedEx, Kinko's and IKEA participate in the certification movement.  So does an eighty-nine-member United Kingdom buyers group that uses $4.8 billion worth of wood products every year and accounts for more than a quarter of all wood demand in Britain.  Some timber wholesalers, such as EcoTimber of Berkeley, California, buy their wood mostly from certified timber producers.  The display of certification label can be an advertising asset and may eventually translate into higher price for participating companies.  To obtain certification, participating forest owners and managers pay a fee and submit to inspections and audits by an independent certifier.  They also agree to follow the forest-management practices consistent with the principles, criteria, and standards prescribed by the certifying organization (Berger '08: 146, 147).
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There is only one worldwide forest and forest product certification organization, the Forest Stewardship Council (FSC).  Based in Bonn, Germany, FSC has ten principles to which a woodland owner or manufacturer must adhere to receive and maintain certification.  The FSC contracts with third-party “auditors” to visit candidate woodlands and wood-products businesses to determine if it practices meet FSC standards.  Since its establishment, the Forest Stewardship Council has certified more than twenty million acres in the United States and nearly five times this amount worldwide.  “Green Tag Forestry” is touted by its sponsors, the National Woodland Owner’s Association and the National Forestry Association, as a moderate-cost alternative to owners of smaller woodlands who are seeking third-party certification in all 50 states and parts of Canada (McEvoy ’04: 204).  The Forest Stewardship Council (FSC) is an international consortium of regional nonprofit forestry groups founded in 1999 by diverse stakeholder groups from twenty-five countries.  The international headquarters is in Bonn, Germany, and the U.S. headquarters in Washington D.C.  Three independent certification organizations are currently accredited by the FSC -Scientific Certification Systems (SCS) of of Emeryville, California; SGS Systems and Services Certification, Inc., of Rangely, Maine and Rutherford, New Jersey; and the Rainforest Alliance's Smart Wood Program of Richmond, Vermont.  Smart Wood certification is conducted in California by the Institute for Sustainable Forestry, a nonprofit group based in Redway, California.  SCS is a for-profit entity that has working partnerships with forestry consulting firms around the word.  The FSC has developed a set of principles and criteria for forest management that is applicable to al FSC-certified forests throughout the world.  The rules consist of ten principles and fifty-seven criteria that address legal issues, indigenous rights, labor rights, multiple benefits of forests, and environmental impacts surrounding forest management.

Principle 1: Compliance with laws and FSC principles

Forest management shall respect all applicable laws of the country I which they occur, and all international treaties and agreements to which the country is a signatory, and comply with all FSC Principles and Criteria.

Principle 2: Tenure and use rights and responsibilities

Long-term tenure and use rights to the land and forest resources shall be clearly defined, documented and legally established.

Principle 3: Indigenous people's rights

The legal and customary rights of indigenous peoples to own, use and manage their lands, territories, and resources shall be recognized and respected.

Principle 4: Community relations and workers' rights

Forest-management operations shall maintain or enhance the long-term social and economic well being of forest workers and local communities.

Principle 5: Benefits from the forest    

Forest-management operations shall encourage the efficient use of the forest's multiple products and services to ensure economic viability and a wide range of environmental and social benefits.

Principle 6: Environmental impact

Forest management shall conserve biological diversity and its associated values, water resources, soils and unique and fragile ecosystems and landscapes and, by so doing, maintain the ecological functions and integrity of the forest.

Principle 7: Management plan

A management plan - appropriate in the scale and intensity of the operations - shall be written, implemented, and kept current.  The long-term objective of management, and the means of achieving them, shall be clearly stated.

Principle 8: Monitoring and assessment

Monitoring shall be conducted - appropriate to the scale and intensity of forest management - to assess the condition of the forest, yields of forest products, chain of custody, and management activities and their social and environmental impacts.

Principle 9: Maintenance of high-conservation value forests

Management activities in high-conservation-value forests shall maintain to enhance the attributes which define such forests.  Decisions regarding high-conservation value forests shall always be considered in the context of a precautionary approach.

Principle 10: Plantations

Plantations shall be planned and managed in accordance with Principles and Criteria 1-9 and Principle 10 and its Criteria.  While plantations can provide an array f social and economic benefits and contribute to satisfying the world's needs for forest products, they should complement the management of, reduce pressures on, and promote the restoration and conservation of natural forests (Berger '08: 149, 150).

The timber industry created an organization with much laxer standards known as the Sustainable Forestry Initiative (SFI), established by the American Forest & Paper Association (AF7PA).  The SFI has granted certification to almost all of its timber industry members, despite their pervasive acceptance of clearcutting, herbicides, and pesticides.  The Sustainable Forestry Principles and Guidelines of the American Forest & Paper Association (AF&PA) states:

Preamble:  The forest products industry has a strong record of stewardship of the land it owns and manages.  Forest industry lands include some of the most productive forests in the world.  Innovative programs to create habitats and landscapes, and to enhance the diversity of flora and fauna, offer excellent examples of how industry foresters employ modern forest science in the protection of locations that are unique in their geological, ecologic, or historic value. At the same time, these forests are meeting the needs of society for homebuilding and other building products, as well as for printing, packaging, and sanitary products.  Many companies have effective programs to extend their technology and stewardship knowledge to nonindustrial private landowners, who own most of the forestland in the United States.

These Sustainable Forestry (SF) Principles , including Implementation Guidelines, constitute the AF&PA members' commitment to sustainable forestry and the measures by which the public can benchmark this commitment.  AF&PA members are actively implementing these principles and practices.  Their objective is to achieve a much broader practice of sustainable forestry throughout the United States.  In this way, they will perceptibly improve the performance of member companies and will set new standards for the entire forest industry as well as for other forest landowners.  

Sustainable forestry is a dynamic concept that will evolve with experience and new knowledge provide through research. AF%PA views it Principles and its Implementation guidelines as the latest of many steps in a progressive evolution of U.S. industrial forestry practices.  Through this step, AF&P members seek to meet the needs of humanity for essential wood and paper products while protecting and enhancing other forest resource values. 

Principles for Sustainable Forestry:  America's managed forests make a vital contribution to the nation and to the world by providing economic, consumer, environmental and aesthetic benefits indispensable to the nation's quality of life.  A vital forest-based economy provides wood and paper products, employment, and a viable tax base.  Accomplishing sustainable forestry on private land requires a partnership among landowners, contractors and the companies that purchase wood.  AF&PA members, therefore, support on the forestland they manage - and will promote on other lands - sustainable forestry practices.  Moreover, AF&PA members will support efforts to protect private property rights and the ability of all private landowners to manage sustainably their forestland.  This support stems from the AF&PA membership's belief that forest landowners have an important stewardship responsibility and commitment to society.  In keeping with this responsibility, the member so the AF&PA support the following SF principles.

1: Sustainable forestry

To practice sustainable forestry to meet the needs of the present without compromising the ability of future generations to meet their own needs by practicing a land stewardship ethic which integrates the reforestation, managing, growing, nurturing, and harvesting of trees for useful products with the conservation of soil, air and water quality, wildlife and fish habitat, and aesthetics.  

2: Responsible practices

To use in its own forests, and promote among other forest landowners, sustainable forestry practices that are economically and environmentally responsible.

3: Forest health and productivity

To protect forests from wildfire, pests, diseases, and other damaging agents in order to maintain and improve long-term forest health and productivity.

4: Protecting special sites

To manage its forest and lands of special significance (that is, biologically, geologically, or historically significant) in a manner that takes into account their unique qualities.

5: Continuous improvement

To continuously improve the practice of forest management and also to monitor, measure, and report the performance of our members in achieving our commitment to sustainable forestry (Berger '08: 153-155).
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Forests tend to be more secure if the land is recognized to have economic value either as a sustainable resource, such as watershed, or for nondestructive cropping of local flora and fauna (medicinal herbs, butterflies, iguanas ,etc.).  If the land is established as an "extractive resource" on which native people have recognized rights to live and pursue sustainable harvesting of forest products.  If the forests are officially designated as parks, nature reserves, world heritage sites, or ecotourism destinations.  If the property rights of native peoples are recognized, and the peoples are made custodians of the land for purposes of sustainable use (minus rights to alienate [sell] the land for development).  If the forests are clearly demarcated to prevent incursions by poachers and timber thieves.  If the forests are culturally regards as sacred sites.  If the forests are remote from roads and developed areas.  If a professionally trains and properly remunerated cadre of forestry workers safeguards the forest.  If the development rights have been locked up through the use of conservation easements or other legal means.  If an enforceable legal framework exists for severely punishing abuses of forest regulations.  Thus, forest-saving programs must be responsive to a whole range of cultural, ecological, economic, historical, social, and spiritual realities.  One basic forest-saving strategy is to ensure that forest protection pays those who safeguard the forests more than forest destruction does (Berger '089: 200-202).
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The environmental movement in the United States, led by the Sierra Club, is mostly the creation of John Muir.  As a boy John Muir (1838-1914) helped his family clear wild forests in Wisconsin to farm; but, as a man, speaking from personal knowledge gained in long, solitary journeys on foot through the forests for their beauty, wildlife, and natural power to heal and uplift the human spirit.  By the 1870s, Muir and other conservationists, such as forester Dr. Franklin B. Hough and U.S. Secretary of the Interior Carl Shurz, were calling for federal action to protect forests.  Several states also awakened to the need for forest conservation in the 1860s and 1870s, but they usually became active only after timber companies had already ravaged their lands.  By advocating government control of forests, conservationists sought to protect the public domain from the thrall of the timber magnates and robber barons.  George Bird Grinnel, a hunter-conservationist appalled by the slaughter of birds for the plume trade, founded the National Audubon Society in 1886, which, in time, led the society to work for the protection of diverse bird habitats, including forests, in 2007, the organization had 600,000 members. In 1887 the Boone and Crockett Club was founded by Theodore Roosevelt and a number of big game hunters, including Grinnell.  While promoting rifle hunting, the Club lobbied for the enactment of the first game laws, such as those protecting migratory birds, and for the establishment of national forests, wildlife refuges, and national parks.  John Muir helped draw the boundaries creating Yosemite in 1890 and in 1892 founded the Sierra Club in 1892 to convert people to conservation.  In 1903, President Theodore Roosevelt invited Muir to camp with him in Yosemite.  During his presidency, Roosevelt created or enlarged thirty-two forest reserves totaling seventy-five million acres, in addition to numerous wildlife reserves, parks and national monuments.  Today the Sierra Club has more than 750,000 members in fifty-seven chapters and 370 groups with a staff of 400.  The Wilderness society, founded in 1935 by forester and plant pathologist Robert Marshall, was dedicated to "fighting off invasion of the wilderness" and promoting an appreciation of its values.  The National Wildlife Federation, founded in 1937, and Defenders of Wildlife, the organization stressed the protection of wildlife and related issues.  The Nature Conservancy and the Trust for Public Land concentrated on the acquisition of ecologically important and threatened lands, especially those critical to preservation of endangered species and biodiversity.  The Natural Resources Defense Council has functioned as a public interest environmental law firm, as has the Sierra Club Legal Defense Fund, now Earthjustice (Berger ’08: 42-49).  
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The Chipko ("hug the tree") Movement, is one of the world's most famous grassroots ecological campaigns.  The movement began in 1973 among the peasants of the Himalayan foothill country of Uttarakhand in Uttar Pradesh, India, situated between Nepal and Kashmir.  The women of Uttarakhand hugged trees in nonviolent resistance to the state and private logging contractors who tried to cut down their local forests.  Chipko's successful direct actions not only led to a moratorium on the felling of live trees in Uttarakhand, but also inspired other forest defenders in India and around the world, including the grassroots direct action forest protection movement in the United States, epitomized by Earth First!  (Berger '08: 209).  The National Forest Management Act of 1976 (NFMA) reaffirmed the principles of multiple use and sustained yield, however it allowed the USFS to abandon sustained-yield selective management and to permit clear-cutting.  In 1976, during the administration of President Jimmy Carter, the USFS formally addressed the question of how much wilderness to save form the chainsaw in its first Roadless Area Review and Evaluation (RARE I), which inventoried road-less areas and made recommendations for their management.  RARE I proposed that only twelve million of the USFS's fifty-six million road-less acres should be protected as wilderness.  After a legal challenge from environmentalists, the RARE I study was invalidated in federal court for failing to assess adequately the plan's environmental impacts.  In 1978, a second USFS plan known as RARE II proposed wilderness protection for sixteen million acres, but it also increased the acreasge designated for possibility of multiple uses. RARE II became mired in additional litigation and eventually was found to be in violation of the National Environmental Policy Act for failing to consider wilderness adequately as a use for some of the roadless lands, and RARE II was never implemented.  President Carter did signed the Alaska National Interest Lands Conservation Act of 1980, which gave federal protection to millions of acres of forested (and other) wilderness lands.  

The Humboldt Headwater struggle, to protect redwoods as habitat for the marbled murrelet, with MAXXAM buyout of Pacific lumber in 1985, made front-gage news in 1990.  Under Pacific Lumber's 135-years of forest ownership in Humboldt County the land had been lightly logged at less tha a percent of the standing imber per year, but after MAXXAM took over, the company's overall logging rates there quadrupled.  Earth First! activist Judi Bari, a community organizer with a passion for labor, feminist, and environmental issues, and fellow-activist Darryl Cherney were organizing a "Redwood Summer" campaign of public education on clearcutting in the redwood region when a bomb filled with nails detonated in their car under Bari's car seat, causing horrific injuries to Bari and wounding Cherney.  Instead of investigating the bombing, the FBI accused the nonviolent Earth First! activists of accidentally blowing themselves up with their own bomb and promptly arrested them.  They were eventually exonerated and filed a successful lawsuit against the FBI and the Oakland Police in which a jury awarded the two $4.4 million. They collected $4 million in a post-trial settlement.  Also in 1990, activists tried but narrowly failed to pass a $741 million California bond measure known as Forests Forever that would have provided funds for acquisition of roughly 3,000 acres of the Headwaters and ancient forest throughout the state.  Each year from 1985 through 1997 as the marbled murrelet nesting season would end, thousands of people would rally legally and peacefully against Pacific lumber's logging.  Near the lumber mill at the gate to the road to the Headwaters, protestors led [image: image210.jpg]Poison Sumac
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by Earth First! chained themselves to heavy equipment or barricaded logging roads to halt the logging.  in the largest mass arrest in the forest protection movement's history, more than 7,000 people demonstrated and1,033 were arrested in a single action at the Pacific Lumber sawmill in Carlota, California, on September 15, 1996.  The protests continued for two more months, and another 350 people were arrested.  In 1996 and 19097, protestors shut down logging roads leading to the forest and occupied the six main groves within it.  The California Department of Forestry (CDF) suspended the company's annual timber license in 1998 and 1999.  March 1, 1999 a deal known as the Headwaters Agreement was signed, between MAXXAM, federal wildlife and fisheries agencies and the CDF and California Department of Fish and Game (CDFG).  MAXAAM succeeded in selling a small portion of the Headquarters Complex to the federal and state government for relinquishing less than 5 percent of their land, more than $95,000 an acre worth more than half a billion dollars, while MAXXAM remained in charge of more than 210,000 acres (Berger '08: 166-176). 

The Sierra Club has publicly opposed any further commercial logging on national forests or other public lands. Public lands produce only about twelve percent of the nation's timber supply - an amount easily replaced by more intensive recycling of used wood and waste paper, more efficient wood utilization, and use of wood fiber substitutes for paper production.  According to the Worldwatch Institute, one of every two trees cut is wasted through failure to recycle and inefficient wood utilization.  Globally, more than half of all the wood used, is consumed as fuel, but, as countries urbanize and industrialize, they can increase the efficiency of wood processing and combustion and can also substitute other fuels for wood.  Nonwood fibers can be incorporated today into pressed board products for which solid board was once needed. In the late 1990s the United States imported about $4 billion worth of newsprint made from Canadian forests.  Kenaf and hemp are two practical and renewable alternative to wood fiber for making paper and paper products.  Kenaf (Hibiscus cannabinus), a tall, hardy grass that originated in Africa, can produce a smooth, soft, acid-free, chlorine-free paper that is delightful to the touch.  The plant can reach heights of twelve to fourteen feet in just four to five months.  It also is stronger, whiter and yields higher-resolution photo reproductions than newsprint.  The USDA has found that kenaf can yield six to eight tons of dry fiber per acre.  That is up to five times the pulp per acre produced by an acre of fast-growing trees, such as Southern pine.  Kenaf pulp is also cheaper to process than wood pulp and requires less chemicals and fifteen to twenty-five percent less energy to pulp than pine.  Hemp fibers are the longer, strongest and possibly the most durable alternatives to wood pulp. Hemp can be recycled more often than wood because its fibers are longer.  The plant's seed can also be processed into a useful oil, while the fibers can be pressed into particle board, and other valuable construction products.  To products soft paper, hemp may need to be blended with softer fibers, such as kenaf.  Although hemp crops may deplete soil nitrogen and require fertilization or rotation with nitrogen-fixing crops, these are far from insurmountable obstacles.  Industrial hemp, contains very little THC (tetra-hydrocannabinol) and is very unpleasant smoked.  The International Kenaf Association 101 Depot Street, Ladonia, TX 75449) is a clearinghouse for information on kenaf (Berger '08: 204-207).  The United States is the largest consumer of wood pulp and paper.

22. National Resource Lands of the Interior 
The Secretary of the Interior, leads an agency with more than 70,000 employees. Interior serves as steward for approximately 20 percent of the nation’s lands, including national parks, national wildlife refuges, and other public lands; oversees the responsible development of conventional and renewable energy supplies on public lands and waters; is the largest supplier and manager of water in the 17 Western states; and upholds trust responsibilities to the 566 federally recognized American Indian tribes and Alaska Natives.  Some 341 million acres in the United States and Alaska have been designated the National Resource Lands and placed under the administration of the Bureau of Land Management.  More than 174 million acres outside Alaska are contained in the eleven Western states – more than 48 million in Nevada alone (60 percent of the state’s total acreage) – but odd lots crop up in a number of Eastern states: 589 acres in Wisconsin, 12 in Illinois, 3,962 in Louisiana, for example.  
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The Bureau of Land Management (BLM) is the chief administrator of public grazing lands on which some 21,000 ranchers graze 7 million cattle, sheep, and goats.  It controls the leasing program for oil, gas, coal, oil shale, and geothermal sites and the administration of claims for gold, silver, iron, copper, lead, molybdenum, and uranium mining on its own lands as well as those on another 370 million acres of national forests and other federal land units.  It manages 7.9 million acres of commercial forest, from which it produces about 1.22 million board feet of timber each year, most of it from a 2.1 million acre parcel in western Oregon once given to the Oregon and California Railroad and later taken back.  Its domain includes 35 million acres of wetlands, 85,935 miles of fishable streams, and thousands of archaeological sites, petroglyphs, pictographs, and fossil remains.  Finally, the BLM administers some 25 million acres of land that potential additions to the National Wilderness Preservation System (Zaslowski ’86: 113, 114). The Department of the Interior funding for FY2014 is $11.6 billion, $275 million or 2.3 percent below the funding level requested and $653 million or 5.9 percent over the 2013 enacted level. The Department of Interior supports over 1.3 million jobs and over $370 billion in economic activity. Parks, refuges, and monuments generate over $24 billion in recreation and tourism. Conventional and renewable energy produced on Interior lands and waters results in $292 billion in economic benefits and the water managed by Interior supports over $25 billion in agriculture.  The estimate for revenue collections by the Department in 2011 is $14.0 billion, more than offsetting the budget request for current appropriations of $12.18 billion in 2011 (Sanders ’10: Table 17).  
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Indian Affairs (IA) is the oldest bureau of the United States Department of the Interior. Established in 1824, IA currently provides services (directly or through contracts, grants, or compacts) to approximately 1.9 million American Indians and Alaska Natives. There are 566 federally recognized American Indian tribes and Alaska Natives in the United States. Bureau of Indian Affairs (BIA) is responsible for the administration and management of 55 million surface acres and 57 million acres of subsurface minerals estates held in trust by the United States for American Indian, Indian tribes, and Alaska Natives. Bureau of Indian Education (BIE) provides education services to approximately 42,000 Indian students. Programs administered by either tribes or Indian Affairs through the BIE include an education system consisting of 183 schools and dormitories located in 23 states for approximately 48,000 individual elementary and secondary students with a calculated three year Average Daily Membership of 41,333 students, and 32 tribal colleges, universities, tribal technical colleges, and post-secondary schools. Other programs administered through Indian Affairs include social services, natural resources management, economic development, law enforcement and detention services, administration of tribal courts, implementation of land and water claim settlements, replacement and repair of schools, repair and maintenance of roads and bridges, repair of structural deficiencies on high hazard dams, and land consolidation activities. The United States Census Bureau recently reported that between the years 2007-2011 approximately 27% of the American Indian and Alaska Native (AI/AN) population lived in poverty; a figure that exceeded the national poverty rate (14.3%) by over ten percentage points.  But at least they get welfare benefits and aren’t compelled to overexploit the land.  According to the 2010 Census, 5.2 million people in the United States identified as American Indian and Alaska Native, either alone or in com​bination with one or more other races. Out of this total, 2.9 million people identified as American Indian and Alaska Native alone.
The Congress set the basic framework of Federal Indian policy in enacting the Trade and Intercourse Acts passed between 1790 and 1834. The central policy of the Acts was to subject all interaction between Indians and non-Indians to Federal control. The Acts prohibited non-Indians from acquiring Indian lands, except with the specific approval of the Congress. Trading with Indians was made subject to Federal regulation. The underlying objective of this early Federal policy was to protect Indians againstincursions by non-Indians, since exploitation of Indians was one of the major causes of fighting and conflict between Indians and non-Indians on the western frontier. In fact, the War Department was established in 1784 with its primary mission to “negotiate treaties with the Indians” and with the armed militia at the disposal of Indian commissioners. Over the next 50 years, laws regulating trade between non-Indians and Indians were enacted and a network of Indian agents and subagents was established. When trade restrictions proved ineffective in maintaining peaceful relations between Indians and their

neighbors, the Indian Removal Act of 1830 institutionalized the forced removal of Indians. The most notable removal occurred among the Five Civilized Tribes, who were taken from their homes in the southeastern states, and marched along the infamous “Trail of Tears” to what is now Oklahoma.  By 1849, with the creation of the DOI, the BIA passed from military to civilian control, and its primary mission was to train Indian people for farming or trades. The General Allotment Act of 1887 was to assimilate the Indian by giving him/her individual ownership of Indian lands. In the nearly 50 years of the allotment period, Indian land holdings were reduced from more than 136 million acres to less than 50 million acres. As a result, the Congress passed the Indian Reorganization Act of 1934 to halt the allotment policy and create a foundation for tribal self- government. Tribes were urged to adopt elected democratic governments consistent with the concept of self-government.  From 1953 to 1964, the Congress passed several bills terminating the special Federal relationship between several Indian Tribes and the United States to de-emphasize its custodial functions. However, in the mid-1960s the Federal Government abandoned termination in order to focus greater efforts on the development of both human and natural resources on Indian reservations. In 1970, President Nixon called for self-determination of Indian people without the threat of termination of the trust relationship over Indian lands. Since that date, self-determination has been the basis of Federal Indian policy as more operational aspects of Federal programs are transferred to tribal management.  With the passage of ANILCA in 1980, the United States advanced the notion that national parks in North America can protect the homelands and lifestyles of indigenous peoples while conserving ecosystems (Stevens ’97: 154).

Under the royal charter that the colonies went to war to revoke, Virginia, for example, had been granted ownership to all the territory west to the Mississippi River and north into the Upper Peninsula of what would become Michigan, and still claimed this territory after the war.  Massachusetts claimed enormous sections that now run through Michigan and Wisconsin.  Maryland, not as blessed as such other states, threatened that it would not sign the Articles of Confederation until the landed states surrendered their claims to the newly formed central government.  All lands should be common owned.  On October 10, 1780, the Continental Congress agreed, and formally made the donation of these claims to the government a condition of equal membership in the federal union.  In 1802 these transfers amounted to more than 233 million acres.  The following year the nation doubled its size when President Thomas Jefferson agreed to pay France $27 million for its Louisiana Territory, and over the next fifty-one years diplomacy, war, and purchase spread the sovereignty of the federal government to more than 1.4 billion acres.  The Northwest Ordinance of 1785 spelled out the method by which lands were to be surveyed and prepared for sale by auction to citizens moving westward.  They would be divided up into townships six miles to a side.  These, in turn, would be subdivided into thirty-six numbered sections of one square mile each (640 acres).  Whole townships would be offered for sale, at a minimum bid of one dollar an acre.  Congress reserved to the federal government sections 8, 11, 26, and 29 in each township, and section 16 was to be set aside for the support of public schools.  Later in 1812 the General Land Office was established in the Treasury Department to handle all land sales.  As Jefferson predicted the landless poor would settle the lan in spite of everybody. By 1828, two-thirds of the residents of Illinois lived on land that still belonged to the federal government.  Land sales never accounted for more than 10 percent of the government’s operating revenue (Zaslowski ’86: 115, 116).
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The Preemption act of 1841 allowed squatters to go out into the unsurveyed domain and stake a claim to a piece of it, at $1.25 an acre.  The government also started giving land away to promote settlement and progress through a succession of gifts to wagon-road companies (3 million acres), land grant colleges (77 million acres), swamp-reclamation projects (65 million acres), and railroads (94 million acres).  The Homestead act of 1862 granted any citizen twenty-one years old or the head of a household the right to lay claim to 160 acres of government land; he could live on it for six months, then buy it for $1.25 an acre, or live on it for five continuous years and cultivate it, after which he would receive the title for nothing more than the small filing fee.  Between 1862 and 1882, 552,112 homestead entries were filed.  Only 35 percent of these claims proved up to full ownership.  80 million acres of public land had been privatized by 1900.  Fraud, usually through the medium of dummy entries, enabled already outsized ranching and farming operations to grow even larger with the gift of government land.  The Timber Culture Act of 1873, granted an additional 160 acres to homesteaders who promised to plant forty acres of the grant in trees, and the Desert Land Act of 1877, which made 640 acre tracts available at $1.25 an acre, providing the claimant could prove that he had brought water to his claim in an effort to irrigate it.  Millions of acres of public land were joined to private monopolies (Zaslowski ’86: 117, 119).

In 1880 the U.S. Geological Survey and a Public Lands Commission were created.  The Public Lands Commission issued its report in 1880.  It included the first codification of the nearly three thousand land laws and regulations that had been applied to the public domain since 1785.  The Carey Act of 1879 authorized the transfer of as much as one million acres of the public land domain to individual states, providing these states then turned around and sold it cheaply to irrigation companies, who would sell it to individual farmers, with attached water rights, in order to finance irrigation works.  The Reclamation (or Newlands) Act of 1902 create the Reclamation Service (later renamed the Bureau of Reclamation), whose function it would be to build federal dams and irrigation works in the West.  Water derived from federal irrigation works would be made available only to farm units of 160 acres (or 320 acres, in the case of a man and wife) and only to those who would live on and work the land (Zaslowski ’86: 120-122).

Every major mining strike in the history of the West was made on public land – gold in California in 1849, gold in Colorado in 1859, silver in Nevada in 1859, gold in Montana in 1862, silver in Idaho in 1864.  In 1872 the General Mining Law imposed federal law on the extraction of federal treasure from federal land.  A mining patent could be obtained by making a “valid” mineral discovery, paying for a boundary survey, applying to a land office for the land included in such survey, paying $2.50 an acre for placer (surface mining) and five dollars an acre for lode (underground) mining, and investing one hundred dollars a year in improvements for five consecutive years (Zaslowski ’86: 123).  The American stock industry grew out of Texas after the Civil War, when the demand for beef in the North and East encouraged the raising of larger and larger herds.  It was suggested that livestock homesteads of 2,560 acres be established to graze cattle.  The animals were driven straight north to railheads like Abilene, Kansas, for shipment to Chicago, or even farther north to fatten on the sweet grass of the High Plains.  It might cost four dollars to buy a single calf.  To feed the calf costs nothing.  In a year the animal would bring forty dollars in the northern markets.  In less than fifteen years the northern range was stocked to capacity.  Drought in spring and summer of 1886 reduced forage, leaving hundreds of thousands of cattle undernourished. About three-fourths of all the herds in the West were killed in the winter snow drifts.  In 1902, Theodore Roosevelt’s Secretary of the Interior, Ethan Allen Hitchcock, launched an investigation of land frauds that returned more than one million acres to the public domain.  In 1904, Congress passed the Kincaid Homestead Act which allowed entries of 640 acres in the Sand Hills region of Nebraska.  In 1905 an executive order put a moratorium on entries under the provisions of the Timber and Stone Act of 1878 that allowed the negotiated sale of public lands unfit for cultivation. Coal lands got special attention during the Roosevelt years.  In 1873 an act modeled after the General Mining Law of 1872 allowed claims to be filed on 160 acres of coal-bearing lands, at a sale price of ten dollars an acre; the law stipulated that no more than four such claims could be owned by a single individual or corporation.  In 1906 Roosevelt withdrew 66 million acres of coal land, including a million in Alaska, where hundreds of mining claims were pending (Zaslowski ‘8: 123-126).

An Enlarged Homestead Act of 1909 increased the size of a homestead claim to 320 acres, but only on those lands not suitable for irrigation.  The Pickett Act of 1910 authorized the President to make withdrawals for “any public purpose”, but lands so withdrawn were still open to mining for metalliferous minerals under the General Mining Law.  The Stock-Raising Homestead Act of 1916 made 640 acres obtainable enabling huge ranch operations to get bigger in support of the war demand for beef.  The Mineral Leasing Act of 1920 allowed oil companies access to petroleum reserves on the public domain, national forests, and wildlife refuges by a leasing system.  The leases were awarded through a competitive bidding process, and the government would receive a royalty on all oil extracted.  Coal land were also folded into this law.  Later, the states in which the extraction took place would get a cut of the royalties.  Shortly before taking office in 1929, President Herbert Hoover announced no federal oil lands would be leased unless requested by Congress.  The ban remained in force until 1932 by which time vast deposits of oil had been struck in east Texas and Oklahoma. (Zaslowski ’86: 126, 127, 129).  The Taylor Grazing Act became law on June 28, 1934.  More than 80 million acres, later increased to 142 million, were closed to entry under any of the land laws.  The Taylor Act created grazing districts local ranchers would be issued grazing permits every year for an allotted number of animals. The Interior Secretary was authorized to set grazing fees, of which 25 percent was earmarked for range management and improvement.  The act also established the Division of Grazing.  The first grazing fee set in 1935 was five cents per cow per month, a fraction of what private grazing lands cost to lease (Zaslowski ’86: 131-133).

The Classification and Multiple Use Act and the Public Land Law Review Commission Acts were both passed in 1964.  The Classification and Multiple Use Act instructed the BLM to classify the public lands according to those that were suitable for disposal and those that were suitable for retention and management by the federal government under the principles of multiple use and sustained yield.  By 1969 the BLM had classified 180 million acres, and recommended that almost 150 million be retained and managed another six parcels, amounting to 146,694 acres, were recommended for inclusion the new National Wilderness Preservation System; less than 5 million acres were recommended for disposal.  The Public Land Law Review Commission (PLLRC) was established to study all existing statutes and regulations governing the retention, management and disposition of public lands to review politics and practices of federal agencies administering these laws, and to determine present and future demands on public lands.  The commission’s report, entitled one Third of the Nation’s Land, was published in 1970, and listed 137 recommendations for improved federal management, but satisfied no one.  By 1975 the BLM reported under the Taylor Act that only 17 percent of the federal range was in good condition, 50 percent in fair condition, and the remaining 33 percent in poor condition.  The BLM needed an Organic Act.  The Federal Land Policy and Management Act (FLPMA) placed the BLM on equal footing with the National Park Service and Forest Service.  Among other things the act repealed all public land laws (except the everlasting General Mining Law of 1872) and stated that the lands were to be retained for the long-term use of the American people unless “it is determined that the disposal of a particular parcel will serve the national interest”.  The lands were henceforth to be identified as the National Resource Lands and the BLM was directed to pursue multiple use, sustained yield goals, with land use planning as the cornerstone for management.  The act also stipulated that the United States receive fair market value of the use of the public lands and their resources and that areas of critical environmental concern be designated to protect historic, cultural and natural values.  In 1984 some 300,000 acres of BLM land were added to the National Preservation System.  In 1985 the BLM received $2.14 per acre to manage its 340 million acres, while the Forest Service received $9.85 for each of its 191 million acres; the BLM had one field person for every 30,500 acres, the Forest Service one person for every 4,800 acres (Zaslowski ’86: 138, 139, 144).

The National Wildlife Refuge System Act of 1966 set the Fish and Wildlife Service (FWS) to provide, preserve, restore and manage a national network of lands and waters sufficient in size, diversity and location to meet society’s needs for areas where the widest spectrum of benefits associated with wildlife and wildlands is enhanced and made available.  The National Wildlife Refuge System is 90 million acres, exceeding the size of the national park system, although all but 13 million of its acres lie in Alaska.  Of the 408 refuges outside of Alaska, 65 percent are west of the Mississippi River.  Over 90 percent of their lands were withdrawn from the public domain.  The system operates in seven different biomes, characterized by distinct communities of soil types, vegetation, and animals.  Refuges were described as islands of habitat once widespread within each biome.  The system is composed of 424 wildlife and waterfowl refuges, plus an assortment of related sites for waterfowl production.  On these lands dwell at least 220 species of mammals and 260 species of amphibians and reptiles, 63 of which are endangered.  More than 600 of the 813 bird species found in the United States spend at least one season within the refuge system.  Many of the bird refuges are along the four major north-south migratory routes, the Atlantic, Mississippi, Central and Pacific flyways.  Other refuges have been established to preserve the habitat primarily for an individual species, such as the elk at the National Elk Refuge in Jackson, Wyoming, or to reintroduce a species to an ancestral or otherwise suitable territory (Zaslowski ’86: 157, 155, 156). 
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Habitat disappeared under the implacable assault of the westward-moving pioneers, and it went the wildlife.  The Eastern beavers vanished, as did Eastern wolves when predation of domestic livestock brought eradication down upon their packs.  Salmon runs were blocked by dams for gristmills and sawmills.  The million-winged flocks of passenger pigeons dwindled, then disappeared.  The heath hen, the Labrador duck, the great auk, the Carolina paraquet, the eastern cougar, grasses, plants, wildflowers, trees…gone or so depleted as to border on extinction.   In 1867, Buffalo Bill Cody was hired by the Kansas Pacific Railway to provide fresh meat for the gandy dancers.  In eighteen months he killed more than 4,280 American buffalo (Bison bison).    State made some progress toward establishing a framework of game management by restricting certain hunting practices.  When the Revolutionary War began, twelve colonies had closed hunting seasons.  In 1850 Massachusetts and New Hampshire appointed the first game wardens.  In that same year Connecticut and New Jersey passed laws protecting nongame birds such as songbirds, and Iowa introduced the first bag limit of twenty-five prairie chickens per person per day.  Arkansas, in 1875, was the first state to outlaw commercial hunting.   By 1880 all states had game laws of one sort of another.  States had the right to control and regulate the common property in game, a right to be exercised as a trust for the benefit of the people.  In 1871 the Bureau of Fisheries was organized in the Department of Commerce to regulate ocean-based fishing operations (Zaslowski ’86: 160, 163, 164).

The Yellowstone Park Protection Act of 1894 made it a crime to kill wildlife or remove it from the park.  The act banned not only hunting, but any human activity that might upset the existence of wildlife.  In 1900 the Lacey Act prohibited the transportation of any wild animals or birds killed in violation of state law and authorized the Secretary of Agriculture to preserve, distribute, introduce, and restore game birds, subject to state law.  In 1906 Congress declared it illegal to disturb birds on any federal lands set aside as breeding grounds for birds (or other animal) by law.  Roosevelt created fifty-one refuges before leaving office in 1909.  In Misssouri v. Holland Justice Oliver Wendell Holmes wrote, but for the treaty and the statute, there soon might be no birds for any powers to deal with.  The Bureau of Biological Survey and its Canadian counterpart wrote regulations that restricted most of the destructive uses of migratory birds.  The sale of game birds covered by the treaty was prohibited, spring shooting and night shooting were outlawed, and bag limits were reduced.  Certain species, such as wood ducks and trumpeter swans, were off limits to all hunters, and the use of weapons of mass destruction was abolished.  As more was learned about flight patterns and nesting preferences of birds, treaties protecting other species were drawn between the United States and Mexico, Japan and the Soviet Union (Zaslowski ’86: 171, 172).
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The Migratory Bird Conservation Act of 1929 established a commission to review and approve acquisitions of additional refuge lands.  These refuges were to be managed as inviolate sanctuaries.  No refuges were bought as the result of the Depression and the waterfowl situation deteriorated until the number of ducks in the fall migration sank to about 30 million from a previous population of 120 million.  Under the Duck Stamp Act of 1934 in exchange for the right to hunt on non-refuge lands, hunters would pay one dollar for the stamp.  Proceeds would be used to purchase new refuge lands.  In 1934 the Fish and Wildlife Coordination Act required public works administrators to assess the impact on wildlife of such projects as dam-building and reclamation.  The Pittman-Robertson act of 1937 gave the states funds to establish their own refuges, and perpetuated the two-tiered approach to wildlife management.  Matters improved still more with the Reorganization Act, when the Bureau of Fisheries in the Department of Commerce and the Bureau of Biological Survey in the Department of Agriculture were consolidated into a single agency and transferred to the Department of the Interior.  The new agency was called the U.S. Fish and Wildlife Service (FWS).  In 1949 FWS officials lobbied to raise the price of the Duck Stamp from one dollar to two, promising to open 25 percent of each refuge to hunting and later, in exchange for a three-dollar stamp, to open 40 percent to hunting.  In 1956 the Bureau of Sport Fisheries and Wildlife, and responsibility for commercial fishing was vested in the Bureau of Commercial Fishing.  The two agencies were given equal billing within a third entity called the Fish and Wildlife Service (FWS) (Zaslowski ’86: 174, 176 177,).
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Since the development of modern wildlife management in the 1930s, no American wildlife has been exterminated by sport hunting.  Refuges record more than 30 million visits a year.  Nearly 80 percent of visitation takes place on only forty of the existing 424 refuges.  Chincoteague National Wildlife Refuge in Maryland and Virginia for example, receives about one million visitors a year.  FY 1984 the nation spent $90 million for on-site care of the whole Wildlife Refuge System.  The Fish and Wildlife Service (FWS) employed 5,200 people, 1,500 of whom work on refuges, although only about 960 people were actually stationed on the refuges.  FWS runs the national fish hatcheries, conducts law-enforcement programs, administers the Endangered Species Act (ESA) along with more than 150 other acts of Congress (or portions of them), oversees animal damage control, conducts wildlife research, manages migratory birds in association with international treaties, evaluates the impacts of public works projects on wildlife, administers grant programs for state wildlife agencies and provides technical assistance on wildlife matters to nearly anyone who asks for it.  Habitats for many species are under great pressures from urban, industrial, and agricultural expansion, recreational use, and economic development (Zaslowski ’86: 184-189).  300,000 acres of wetland habitat is lost every year.  Between 1955 and 1975 more than 15,000 acres of estuarine subtidal habitats were lost in the Atlantic Flyway because of urban development; 1.5 million acres of forested wetland habitat were lost in the Mississippi Flyway, 10,000 acres of estuarine habitat were lost from the coats of Texas and hundreds of thousands of acres of prairie wetlands were lost in the interior states (Zaslowski ’86: 190).  652,000 acres, or 5 percent of total refuge acreage in the lower forty-eight states have been designated wilderness, but 3.4 million more additional acres remain undesignated although FWS recommended.  The Alaska National Interest Lands Conservation Act (ANILCA) of 1980 created sixteen Alaskan refuges that total 76 million acres (Zaslowski ’86: 192).

The Republican dominated 104th Congress put in effect a one-year moratorium in 1995, prohibiting the listing of additional species under the federal Endangered Species Act (ESA) of The moratorium created a 243 species backlog for the U.S. Fish and Wildlife Service (FWS).  In 2003 FWS estimated it would cost the agency $153 million to comply with the ESA, however the Bush Administration requested Congress to appropriate only $12 million FY 2004.  The Bush Administration has made no secret of its dislike for the Endangered Species Act (ESA), because of the way that its protection of threatened and endangered species interferes with logging mining, and oil and gas drilling on public land.  The FY 2003 budget provided no contingency funding to implement new court orders that were about to result from citizen suits enforcing the ESA.  Predictably, the U.S. Fish and Wildlife Service (USFWS) found that, for the summer of 2003, it did not have enough money to meet court-ordered deadlines for protecting endangered species and their habitat.  While the USFS said in 2003 that it need $153 million to address the existing backlog of species to be listed and critical habitats to be designated, the Bush Administration requested only $12 million for FY 2004.  Forty-four percent of U.S. Fish and Wildlife Service (FWS) scientists who responded to the survey said they have been led by their superiors to avoid making findings that would require greater protection of endangered species.  One in five agency scientists reported being directed to alter or withhold technical information from scientific documents.  And more than half of the respondents - 56 percent - said agency officials have reversed or withdrawn scientific conclusions under pressure from industry groups.  Forty-seven of sixty-five employees were cut in 2004, the work is now done by private contractors (Berger '08: 17, 88, 83, 97). The director of the U.S. Fish and Wildlife Service Daniel M. Ashe, of Maryland, succeeded Samuel D. Hamilton, who died of a heart attack while skiing in Colorado on February 20, 2010. The FWS estimates staffing will equal 9,386 full time equivalents (FTE) in 2015, an increase of 179 FTE from the 2014 level.  The President’s Fish and Wildlife Service (FWS) 2015 budget request totals $2.8 billion (Sanders ’10: Table 17).  
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The Wilderness Act was signed into law by President Lyndon Johnson on September 3, 1964.  At its signing, the Wilderness Act immediately designated as wilderness 9.1 million acres of national forest, national park, and wildlife refuge land.  In the lower forty-eight states, the great bulk of land that might qualify for addition to the embryonic National Wilderness Preservation System lay under the administration of the Forest Service.  By agency standards, few places were pristine or “untrammeled” enough to be classified as wilderness.  If the ground showed any evidence of any past alteration, such as an overgrown road or an abandoned mine shaft, chances were the entire tract would be eliminated for its lack of purity.  The Forest Service declared it next to impossible to find wilderness areas east of the Front Range of the Rockies.  Land in the East had been too long and too thoroughly disturbed by man and his commerce.  Of 256 areas surveyed in the East, the Forest Service identified only three as potential wilderness.  To remedy this situation, Congress the Eastern Wilderness Act in 1973.  The new law added sixteen parcels in thirteen states for a total of 207,000 acres, and made it clear that if an area had recovered significantly from prior abuse, as was often the case in the fast-growing forests of the humid East, it was on its way back to a pristine condition and could be included in the National Wilderness Preservation System.  In 1972 the Forest Service Roadless Area Review and Evaluation (RARE) studied 56 million acres and recommended 12.3 million acres, or 19 percent of the roadless areas for wilderness protection.  The second review in 1977, called RAREII identified almost three thousand potential wilderness areas in thirty-eight states, for a total of 62 million acres, but only 15 million acres of national forestlands were to be set aside as wilderness.  In 1984, Congress designated 8.6 million acres of new wilderness in twenty-one states.  As of 1986 the wilderness system was nearly 90 million acres in size, 32.1 million acres are in the lower-forty-eight states (Zaslowski ’86: 220, 221, 223, 224, 233).
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Alaska’s 35,000 miles of convoluted coastline is half that of the whole United States.  In summer, temperatures can hit one hundred degrees.  In winter, readings plunge to seventy-five below zero, with temperatures remaining at about forty below zero for weeks of darkness.  North of the Arctic Circle, the Kobuk sand dunes shift in the wind; farther south, glaciers, one bigger than the state of Rhode Island, calve into deep bays and inlets.  Alaska’s Mount McKinley is the highest mountain in North America.  Thousands of miles of rivers course through Alaska, and its lakes number in the tens of thousands, though much of the state is arid, receiving less than twenty inches of precipitation a year, except in the southeast panhandle, where precipitation is heavy enough to produce rain forests of giant Sitka spruce and hemlock.  The public lands of Alaska are managed: 31.8 million acres by the National Park System; 22.9 million acres by the National Forest System; 106.6 million acres by the BLM as National Resource Lands; 77 million acres in the Wildlife Refuge System; 56 million acres in the Wilderness Preservation System; 3,352 miles of Wild and Scenic Rivers; and 2,037 miles of National Trails (Zaslowski ’86: 247, 249). The Japanese invasion of the Aleutian Islands in 1942, was the only time in the war that American soil in the Western Hemisphere was invaded and occupied by enemy troops.  During the spring of that year, 2,500 American soldiers died in combat on the islands of Attu and Kiska.  The 300,000 American soldiers created the territory’s first airfields, radio stations, sewers, and schools.  Alaska became a state in 1958 and in 1960 the 9 million acre Arctic Wildlife Refuge was established. Alaska was given 104.6 million acres of BLM land.  Alaska could retain 90 percent of the royalties generated from oil and mineral leases on the remaining public domain.  In all other states, income from subsurface federal leases could not exceed 25 percent of the royalties earned (Zaslowski ’86: 262-264).

On October 2, 1968, President Lyndon B. Johnson signed into law two bills, one creating the National Wild and Scenic Rivers System, the other the National Trails System.  The Wild and Scenic Rivers System was intended to preserve to varying degrees free-flowing waterways.  It began with eight river segments totaling 789 miles.  20 years later there are only sixty0six designated rivers and river segments or about one-fifth of one percent of America’s total for a sum of 7,225 miles of water.  These river segments are to be kept forever free of development – they are not to be canalized, dredged, filled, or dammed along their designated lengths.  The National Trail System was begun with the immediate designation of the Appalachian Trail, running 2,000 miles through 12 states, from Springer Mountain in Georgia to Mount Katahdin in Maine, and the Pacific Crest Trail, running 2,350 miles from the Mexican border to the Canadian border through the states of California, Oregon and Washington, as the first scenic trail.  The act also named an additional fourteen trails as worthy of study.  As of 198 more than 23,650 miles of scenic and historic trails have been designated.  Another 752 recreation trails comprise more than 8,000 miles.  Of the 752 National Recreation Trails, 499 are under federal management, 12 are jointly administered by federal, state, and local governments, 78 are administered by the states, 138 are administered by local governments, and 26 are managed by private organizations (Zaslowski ’86: 291-293).  

The Indians put their feet where the animals had gone, and established a network of trails that laced through the woodlands and mountains of the East for the purposes of hunting and trading.  When the Europeans came, they put the same network to their own purposes, which included not only hunting and trading, but settlement, the footpaths gradually widening into horse trails, then wagon roads, interconnecting with the rivers to forma transportation system that serviced the needs of the loose coalition of colonies between the Atlantic Coast and the banks of the Mississippi.  Into the West, some trails blazed instead of followed.  Lewis and Clark heading over the High Plains t the Rocky Mountains from their camp on the upper Missouri in 1804.  Two decades later, thoe first trading caravans began rumbling southwest from St. Louis to the settlements in a foreign land called New Mexico, along the Santa Fe Trail, and from there north along the Taos Trail.  In the 1830s and 1840s, the promise of rich land and richer opportunity in the Pacific Northwest and California called the wagons west from “jumping-off” points on the Mississippi and Missouri rivers, up the valley of the Platte River to Fort Laramie through South Pass to Fort Bridger, then north up the valley of the Snake River, if you were bound for the Oregon Country, or west by southwest across the Great Basin and the Sierra Nevada if you were bound for California.  It was called the Oregon Tail or the California Trail, and tens of thousands wore a tracery of ruts into both over the course of nearly thirty years.  The Mormons too blazed the Mormon Trail to the Great Salt Lake and then to San Bernardino in Southern California.  In 1876 the Appalachian Mountain Club (AMC) was formed by a professor at the Massachusetts Institute of Technology (MIT).  The AMC is now the oldest mountain club and largest with 35,000 members in the USA).  In 1910 the Green Mountain club set its members to work cutting a 265 mile footpath in the wilderness between the Canadian border and the Massachusetts state line called the Long Trail (Zaslowski ’86: 332).  
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The number of miles of trails in the National Forest System peaked in the 1940s at 144,000 miles.  Between 1932 and 1950, 20 million acres were added to the National Forest System, but the number of trail miles decreased by 3,000 miles.  In the next decade 23,000 miles of trails were lost.  By 1974 the trail system mileage was only two-thirds what it had been forty years earlier, and by 1980 only 101,000 mile remained. (Zaslowski ’86: 311-313, 329). The Railroad Revitalization and Regulatory Reform Act of 1978 gave private citizen groups and local, state and even federal park authorities the right to petition for the public use of any abandoned railroad corridors.  A 1983 amendment to the National Trails Act carried this idea even farther, in what is called a “railbank” system, the ownership of abandoned roadbeds can be retained and the rails and ties themselves sold by railroad companies, until such a time a company can demonstrate a need to reopen the abandoned line to rail service, it also can be managed as a public trail by any private group or government park agency, providing such groups maintain the trail, assume all liability for its use by the public, and pay any applicable taxes.  “Rails-to-trails” conversions have been made successfully in Iowa, Wisconsin, Illinois, Virginia, California, Washington, and elsewhere (Zaslowski ’86: 332).  

23. Park Service
The success of the United States’ venture in parks has encouraged the establishment of more than 1,200 national parks in over one hundred countries.  The 334 units of the U.S. national park system, encompass 89 million acres.  The forty-eight national parks cover about 47 million acres (Zaslowsky ’86: 9, 10).  
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Between 1804 and 1870 there were 110 scientific explorations west of the Mississippi River.  The national park system began in 1832 when Congress withdrew the region of Hot Springs, Arkansas, from appropriation by the various land laws and declared it the first natural federal preserve for the medicinal value of its hydrotherapy.  On March 1, 1872 Congress created Yellowstone National Park as “a public park or pleasuring ground for the benefit and enjoyment of the people” without appropriating money for its protection.  For the first five years Superintendant Nathaniel Landford donated his time and services, without the authority to detain or discipline vandals and poachers who were evicted, for twenty-two years.  Poaching reduced the buffalo herd from 541 to twenty-two before Congress appropriated funds to buy domesticated specimens to breed with the remaining wild ones.  Machinac Island National Park in Michigan was established in 1875, and twenty years later turned over to Michigan.  In 1882 Congress decided, no longer could park forests be logged arbitrarily, or could construction take place within one-quarter of a mile of the park’s most important wonders.  On August 17, 1886, Troop M of the United States Calvary rode into Yellowstone and relived the civilian superintendent of his duties.  For thirty-two years, the military, by all accounts, did an excellent job.  Army supervision was later established in Yosemite, Sequoia, and General Grant parks as well, and in the performance of their duties the military park rangers even earned the praise of John Muir, who died in 1914, at the first outbreak of WWI draft dodgers, who said, “In pleasing contrast to the noisy, ever-changing management or mismanagement of blustering, blundering, plundering, moneymaking vote sellers…the soldiers do their duty so quietly that the traveler is scarcely aware of their presence”.  In 1890 Yosemite, Sequoia and General Grant (later incorporated into Sequoia) national parks were established within days of one another.  Sequoia and General Grant were known primarily as “tree parks” to stop the vandalism of the world’s largest tree Sequoiadendron giganteum (Zaslowski ’86: 17, 18). 
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Slowly in a piecemeal fashion, the system grew: Mount Rainier, 1899; Crater Lake, 1902 (Judge William Gladstone Steel funded the park himself and served as its superintendant without pay); Mesa Verde, 1906; Petrified Forest, 1906; Grand Canyon, 1908; Zion, 1909; Olympic, 1909; Glacier, 1910; Rocky Mountain, 19156; Hawaii Volcanoes, 1916.  By 1916, twenty national monuments had been declared by Presidents Roosevelt, Taft, and Wilson, by executive order.  In 1914 Interior Secretary Lane hired an old classmate of his named Stephen Tyng Mather, a forty-seven-year-old millionaire who traced his ancestry to Cotton Mather, who had spent twenty-two years in the borax business, to be his assistant in charge of the parks.  The first order of business was to get a National Park Service bill through Congress.  Mather wined and dined Congress members in the parks and published an elegant book, the National Parks Portfolio, which was distributed free of charge to 250,000 people by the General Federation of Women’s Clubs.  In 1916 Congress passed and President Woodrow Wilson signed the Act to create the National Park Service “to conserve the scenery and the natural and historic objects and the wildlife therein, and to provide for the enjoyment of the same in such manner and by such means as will leave them unimpaired for the enjoyment of future generations.  Before illness forced his retirement in 1929 (he died in 1930), he doubled the size of the park domain from 7,500 to 15,846 square miles by adding seven new parks and thirteen new monuments to the system, with increasingly larger budget appropriations (Zaslowski ’86: 21, 22).  Even without adequate roads, automobiles in great numbers were soon rumbling through most of the parks – only some ten thousand vehicles a year at first, but by 1919 the number had soared to 98,000.  Those who arrived by car outnumbered by four to one those who arrived by train (Zaslowski ’86:23, 24).

A search committee scoured the Eastern and Southern regions in the early 1920s and finally came up with two worthy possibilities in the Appalachian Mountains: the Shenandoah Valley in Virginia and the Great Smoky Mountains in Tennessee and North Carolina.  In 1925 Congress stated its intent to establish these two parks in the East, provided that the states involved could raise the money to purchase the necessary private lands.  The Shenandoah, which covers about 195,000 acres along the crest of the Blue Ridge Mountains, was authorized by Congress in 1926 but was not fully established until 1935, by which time the state of Virginia had bought some seven hundred private land holdings in the area  The money for the purchases came from donations large and small.  Schoolchildren gave their allowance to the cause.  Authorization to dedication of Great Smoky Mountains National Park took almost fourteen years, even though its half-million acres of private land were acquired with the help of John D. Rockefeller, Jr. through the Laura Spelman Rockefeller Memorial.  Rockefeller offered $5 million in honor of his mother, and his donation was matched by smaller contributions from the states of North Carolina and Tennessee (Zaslowski ’86: 25, 26).  
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After Mather’s departure in 1929, the directorship fell to his colleague and protégé, Horace Albright, a history buff, for a four year term.  After a brief conversation during an automobile ride with Albright, President Franklin Roosevelt transferred jurisdiction of all memorials, military cemeteries, battlefields, and numerous other sites to the National Park Service, i.e. the Statute of Liberty, and Antietam.  Before 1931, Park Service funds were used for in-park road construction and maintenance only.  After that year, the Park Service was authorized to spend part of its appropriations on “approach roads” outside the parks, to reduce the burden on states.  (Zaslowsi ’86: 28-29).  The legacy of promotion and expansion held strong even during the Depression, when the new Park Service director, Arno Cammerer, was forced to cut his budget to $5 million – half that of previous years. The Civilian Conservation Corps (CCC), did an enormous amount of fix-up work in both the national forest and national parks.  By some estimates the 118 camps operating in the parks did the work of fifty years in only ten.  The CCC built roads, trails, and campgrounds.  It cleared trees and planted them.  The CCC boys performed, hard, clean work under a program considered to one of Roosevelt’s greatest New Deal successes.  CCC road building was offensive to many preservationists, but not to park officials, who stood by their ambitions to have roads constructed to and through as many parks as possible.  In spite of criticism from conservation groups, the Park Service, continued to steer an expansionist course.  Beginning with Lake Meas in 1935, when the reservoir began filling up  behind he newly built Hoover Dam, the Park Service was assignd responsibility for such man-made recreation areas.  The Park Service also became more interested in adding seashores to its domain.  In 1937, Cape Hatteras National Seashore, in North Carolina, was the first to be authorized, with the slow and costly job of private land acquisition left up to the state.  Cammerer retired in 1940, his health broken by six years of work without a day off in the first five, and Newton Drury assumed the directorship  (Zaslowski ’86: 30, 31).

World War II placed severe demands on the parks.  Copper was extracted from the Grand Canyon, manganese from Shenandoah, and Yosemite yielded a meager fifty-five tons of tungsten.  The most serious threat faced was to Olympic National Park’s Sitka spruce.  Timber interests had fought the designation of the park in the 1930s, but with the war effort, loggers claimed the Sitka spruce were essential for building airplanes.  The War production Board agreed, and recommended that the Sitka spruce be cut and used for defense.  Director Drury resisted, however, and Secretary Ickes supported him, with the statement that “the virgin forests in the national parks should not be cut unless the trees are absolutely essential for the prosecution of war, with no alternative, and only as a last resort.  Critical necessity rather than convenience should be the governing reason for sacrifice of an important part of our federal estate.  The Park Service then found healthy stands of spruce in Canada and Alaska, shortly after which aluminum replaced wood in most aircraft construction anyway (Zaslowski ’86: 31, 32).

After the war, the public returned to the parks by the millions – 30 million a year by 1950.  But roads and services had remained at 1940 levels.  Congress approved a major financial commitment, an $800 million to $1 billion appropriation for a program of improvement and expansion, dubbed “Mission 66” in honor of the year it was scheduled to be completed.  However, Mission 66 could not keep up with the numbers; in just four years, visitation jumped to 72 million a year and the projected figure of 80 million visits was reached and passed long before the anniversary year of 1966.  Fifteen new recreation areas were designated in this period, and in 1961, 27,000 acres of the Cape Cod shore were added to the park system, closely followed by significant additions at Point Reyes in California and Padre Island in the Gulf of Mexico, just off the coast of Texas.  Of the 23.8 million acres of national park natural areas in existence in 1964, 22.9 million had been reserved before World War II.  Congress broke with its long-standing tradition of not appropriating funds for land acquisition and, in 1964, passed an act creating the Land and Water Conservation Fund (LWCF) to ensure that money would always be available for such purchases; funding would come from the sale of excess federal property, from park entrance and permit fees, from a tax on motorboat fuel, and, after 1968, from receipts for oil and gas leases on the outer continental shelf, which now amount to about 90 percent of the $900 million in annual income to the fund.  Since 1964 the LWCF has served as the source for nearly all parkland purchases including those necessary for the creation of Redwood National Park in 1968, the largest addition to the system since the Great Smoky Mountains in the 1930s.  Urban parks were also added, among them Delaware Water Gap National Recreation Area, Fire Island National Seashore, Indiana Dunes National Lakeshore, in the 1960s.  In the 1970s Golden Gate National Recreation Area, around San Francisco; Gateway, in the environs of New York City; Cuyahoga Valley, between Cleveland and Akron; Chattahoochie River, near Atlanta; Santa Monica Mountains, near Los Angeles; and Jean Lafitte National Historical Park and Recreation Area, scattered in and around New Orleans (Zaslowski ’86: 35-37).  In the 1970s controversy surrounding the construction of the Trans-Alaskan Pipeline had accelerated concerns over the future of Alaska lands, that was ultimately expressed in passage of the Alaska National Interest Lands Conservation Act (ANILCA) in 1980 after numerous executive actions to create, millions of national monuments.  ANLCA firmly embedded more than 43 million acres in the national park and monument system.  President Carter was the most conservation-minded President since Franklin Roosevelt, while Ronald Reagan is characterized as the least conservation-minded President since Dwight D. Eisenhower (Zaslowski ’86: 38).  

By 1980 visitations to the national parks had increased to more than 300 million a year, with the heaviest use concentrated in such Eastern parks as Shenandoah, which in 1980 received 7.5 million visitors, while Yellowstone and Yosemite each received about 2 million.  In some parks, roads and sewage systems needed repair and many park buildings were declared “hazards”.  It was estimated to cost $1.6 billion to make the necessary capital improvements and acquiring new ands would be irresponsible if the old ones were not repaired first.  The estimate was later reduced by half a billion dollars and Congress refused to permit LWCF money to be used in any way other than for acquisition.  Before the budget crunch of 1985, brought it to a halt, the agency managed to spend $800 million (Zaslowski ’86: 38-39).

From the beginning of the Park Service concession had worked as closely supervised monopolies in the parks.  For example, the Curry Company, was a family-run concession in Yosemite that served the park for three generations.  But in the 1960s and 1970s, concession management began to change, particularly in the major parks, where small family operations such as the Curry’s were bought out by conglomerates.  Music Corporation of America, a subsidiary of Universal Studios, acquired the Curry Company in 1973.  Amfac, a sugar conglomerate, became the concessioner for most of the Grand Canyon National Park, and Trans World Corporation took over operations in Bryce Canyon, Zion and part of Grand Canyon.  Large concessioners gained more control over the parks by the passage of the Concessioners Policy Act of 1965, which permitted operators to have “possessory interest” in all facilities within the parks.  This differed from outright ownership, in that if Park Service administrators were dissatisfied with a concessioner, the agency could not cancel the agreement without simultaneously buying out all concessioner-owned capital improvements at current market value.  The most dramatic example of a forced buyout took place in Yellowstone in 1979.  General Host, a concessioner for eleven years, had let conditions deteriorate because it did not want to spend the $10 million on improvements it had previously promised to make.  Conditions in the park were too deplorable to be ignored and staff morale was so low it could not be missed by park visitors.  The Park Service terminated the contract, paying General Host almost $20 million for that privilege (Zaslowski ’86: 41, 42).

The region known as the Golden Circle of the Southwest encompasses Grand Canyon, Canyonlands, Bryce Canyon, Capitol Reef, and Arches national parks, and Lake Mead and Glen Canyon national recreation areas.  Visibility within the Golden Circle has been reduced from sixty to forty miles, largely because of all the power plants in the area.  The Four Corners power plant at Farmington, New Mexico, has been called the “stacks of death” because it disperses about 80,000 tons of sulfur dioxide a year into the Colorado Plateau area.  Emissions from the Navajo Power Plant near Page, Arizona, has on occasion filled the Grand Canyon with a layer of haze, reducing visibility to less than fifteen miles and obscuring the opposite rim.  Astronauts orbiting the earth in 1965 aboard the Gemini III capsule, reported that the only signs of human life they could detect were plumes of smoke from its towering stacks.  The Everglades, more than two thousand miles from the Golden Circle, was dubbed the most highly threatened national park in the entire system.  The increasing use of Florida’s water for agriculture and urban and industrial development had dramatically altered the park’s water cycle, vital to the maintenance of the Everglades ecosystem.  The populations of some wading birds decreased by 90 percent over fifty years (Zaslowski ’86: 43-45).
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State of the Parks, published by the National Park Service in 1980, at the prompting of a bipartisan Congressional request, identified 4,345 threats to park integrity, more than half of which originated outside the parks.  Threats were divided into seven categories: aesthetic degradation, air pollution, extraction of resources, encroachment of exotic animal and plant species, visitor impacts, water-quality pollution, and park operation, including the use of biocides.  The National Park System Protection and Resources Management Act, also called the Park Protection Act, was subsequently introduced passed in the House in two different Congresses, only to be blocked in the Senate, sought to track conditions of the natural and cultural resources.  Park visitation has risen tenfold since 1950 and by the 1990s the national parks were subjected to as many as 400 million total visits every year.  The Land Water Conservation Fund (LWCF) is authorized a ceiling of $900 million annually for park acquisition.  There are approximately 24,000 privately owned “inholdings” checkerboarding the national park system.  Many thousand of these have already been authorized for purchase, and many thousands more should be acquired.  If outright purchase is impossible alternative such as “life estate” purchases in which the current resident of the property is allowed to live on the land until death; scenic and conservation easements, in which the land is preserved from any sort of development that will degrade the resource in any way, even while under private ownership; and restrictive zoning in cooperation with state and local governments.  Purchase is always preferred and this can be accomplished through a declaration of taking.  There are a number of areas left in the lower forty-eight states that are deserving of park status.  Candidate areas include a Grasslands National Park in Montana, a Tallgrass Prairie National Park in Kansas/Missouri, a Great Basin National Park in Utah/Nevada, a Big Sur National Seashore or National Park in California, and a Bioluminescent Bay National Park in Washington.  Ever since the passage of the Surface Transportation Assistance Act of 1982, there has been an uncommonly extensive amount of road work done in many parks; some roads have been widened, regarded, and otherwise improved to the point that the reconstruction has significantly degraded the park environment and the park experience.  A system-wide moratorium should be put into effect by the Park Service on all such activities, and a thorough review with public involvement, should be conducted.  Of special concern are Olympic, Crater Lake and Shenandoah national parks (Zaslowski ’86: 50-52).

24. Forest Service
The Forest Service, employs more than fifty thousand employees and has responsibility for more than 191 million acres of public land. The National Forest Management Act makes clear, the Forest Service “has both a responsibility and an opportunity to be a leader in assuring that the nation maintains a natural resource conservation posture that will meet the requirements of our people in perpetuity (Zaslowski ’86: 105, 107).  Hiking, backpacking, family camping, fishing, hunting, swimming, boating – Americans annually spend 235 million days of recreational time in national forests compared to 100 million days in national parks, and since World War II visits to national forests roadless areas have increased fifteenfold (Zaslowski ’86: 103).  The high mountain meadows and grasslands of the national forest system support 1.4 million cattle and 1.3 million sheep every year.  The average price charged for permits to graze these animals on the public land is $1.35 per animal-unit-month (AUM – the amount of forage needed to support one cow of five sheep for one month).  In 1982, grazing fees brought in only thirty-eight cents for every dollar spent on grazing management, a reflection of reduced grazing fees and not a reduction in grazing use (Zaslowski ’86: 105).

The U.S. Department of Agriculture (USDA) provides leadership on issues related to food, agriculture, food safety, rural development, and natural resources including the Forest Service.  It was founded in 1862 by President Abraham Lincoln.  The USDA employs 103,000 workers with total budgetary resources, including food stamps, amounting to $208.7 billion for FY 2009.  The U.S. Forest Service (USFS), established in 1905, is now a powerful, complex, far-flung superagency of 33,000 employees that controls hundreds of billions of dollars-worth of timber, land, and other resources.  The USFS is formally committed to using an "ecosystem approach to management that integrates ecological, economic, and social factors to maintain and enhance environmental quality to meet current and future needs", thus pledged to ensure "sustainable ecosystems by restoring and maintaining species diversity and ecological productivity".  The Forest Service spends nearly $2 billion a year on fire-suppression and related aviation activities. An estimated 40 percent of the UDFS's total appropriations are devoted to planning, analysis and resolution of legal and administrative challenges. Overall, the USFS uses its annual net spending ($5.5 billion FY 2066, compared to $4.13 billion FY 2008) to manage 155 national forest in forty-four states, Puerto Rico and the Virgin Islands, including nine million acres of wetlands and riparian areas, along with twenty national grasslands totaling four million acres. 
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The national forest system is 191 million acres in size, comprising about 18 percent of the remaining commercial forestland in the country, with 153 individual national forests and eighteen grassland units in forty states.  The national forests cloak the slopes of nearly every major mountain range: Alaska’s Chugach and Tonbass; the Far West’s Cascades, Coast Range, Sierra Nevada, and Siskiyous; the arid West’s Rockies; the central region’s Black Hills, Ozarks, and Ouachitas; the Northeast’s White Mountains and Green Mountains; the South’s Appalachians.  In the mountains rivers are born of rain and snowmelt, the lifeblood of hundreds of small towns and large cities.  In the Intermontane West, where rainfall is scarce, 85 percent of all water originates on 25 percent of the land, that is located within the boundaries of national forests.  Water and earth, along with trees and grass, are only the most visible resources of national forests.  Additionally, they contain deposits of nonreplenishables such as gold, silver, chromium, molybdenum, nickel, tungsten, copper, and zinc.   Other uses include outdoor recreation, range, timber, watershed, and wildlife and fish habitat.  Fourteen thousand ranchers graze 7 million sheep and cattle on the forest ranges, while more than 70,000 individuals or groups have been granted special-use permits for their television transmission stations, ski slopes, reservoirs, lodges, camps, and even public schools where land in adjacent towns is in short supply.  
The forests include 35.2 million acres of designated wilderness and more than 4,400 miles of national wild and scenic rivers, plus some 23,000 recreational facilities.  These lands contain more than 10,000 plant species, more than 3,000 animal species, more than 400 of the nation's 1,312 (2007) federally listed threatened or endangered plant and animal species, and some 2,900 species designated as "sensitive" because their welfare is in doubt.  The 193 million acres of national forests and grasslands also provide domestic water worth billions of dollars for sixty million people in the continental United States, and they constitute 8.5 percent of the nation's land area.  In addition to timber, these lands also provide grazing for livestock, sport and commercial fishing, sport and subsistence hunting and gathering, as well as valuable energy and mineral deposits.  FS land holds an estimated fifty billion tons of coals, plus oil, gas, geothermal energy, precious metals, and other minerals.  Some six million acres of FS land are leased for energy production and there are 150,000 mining claims on its property.  USFS also permits roads, highways, trails, transmission lines, telecommunication facilities, and ski resorts in the national forests and allows hunting, boating and fishing.  In 2003, more than thirty-seven million Americans used motorized off-highway vehicles, many on FS land.  

This multiple-use sustainable yield orientation is the most distinct characteristic of the national forest system.  In a letter signed by Agriculture Secretary James Wilson on February 1, 1905, the Forest Service’s guiding principle was first elegantly proclaimed: “Where conflicting interests must be reconciled the question will always be decided from the standpoint of the greatest good of the greatest number in the long run” (Zaslowski ’86: 63-65).  Only five laws in the century following the Revolution dealt specifically with forests.  All five, the first of which passed in 1799, affirmed the government’s right to reserve timber on the public domain for shipbuilding by prosecuting those caught taking wood for unauthorized use.  The American attitude toward government reserves was about the same as it had been to colonial reserves established under King George III.  There was even a “Pine Tree Riot” in 1772 during which more than twenty rebellious Down-Easters crossed out, with switches and clubs on the British sheriff’s bare back, “the account against them of al logs, cut, drawn and forfeited, making the sheriff “wish he had never heard of pine trees fit for masting the royal navy.  President Thomas Jefferson asserted that lands to which the government title would be protected from exploitation, however from the moment he left office, his dictate was ignored.  Throughout most of the century following the Revolution a tradition of laissez-faire was fostered, not to defend against trespass or to prosecute those suspected of depredations.  During the mid-1800s eastern forest in the United States were being exploited by an industry that cared little about conservation or the future.  The only value of forests was in timber, and when that was gone it was time to move on to other tracts.  In 1847, George Perkins Marsh a U.S. congressman from Vermont and well-known botanist, called upon Congress to address the “destructive [image: image219.jpg]


impacts of human activities on forests”.  At the time, forest industry had moved on to the vast pine forests of the Lake States.  In less than thirty years, this entire resource had been expended, leaving an enormous volume of “slash” in tops and other waste wood that fueled some of the most severe fires every seen in North America, destroying top soil that had formed over the course of millennia.  

Carl Schurz, Secretary the Interior from 1877 to 1881 took timber depredation seriously.  He had been born and raised in Germany, where the science of forestry was commonly practice and plundering had long since fallen out of favor.  He fired land agents and replaced them with tougher, more independent men.  He also lobbied for the novel idea of selling timber-cutting privileges while retaining the land to prevent mistreatment.  Congress grew uneasy about his burst of enforcement and in 1880 responded by passing a law that excused timber violators on public lands from civil and criminal prosecution, if they paid $1.25 an acre for the land they had unlawfully cleared.  Schurz resigned and a more timber sympathetic secretary apologized.  However the appointment of William Andrew Jackson Sparks to the post of General Land Office commission in 1885 brought another crusader for land reform.  For frauds involving various land laws, particularly the Timber and Stone Act of 1878, Sparks suspended all entries in the regions where the flimflam had been uncovered: in Dakota, Idaho, Utah, Washington, Colorado, and Wyoming, the greater part of the public domain.  Soon after he was dismissed Interior Secretary Lucius Q.C. Lamar revoked his program, although Sparks had reported that before leaving his position in 1887, more than 41 million acres of fraudulently claimed land had been restored to the public domain for honest disposition.  In 1876, Congress has established a Division of Forestry in the Agriculture Department, and had placed Franklin B. Hough, a physician, amateur forester and superintendent of the 1870 U.S. Census, at its head.  His studies revealed that timer-cutting had dropped off entirely in some areas but was accelerating dramatically in others.  Congress appropriated $2,000 to conduct further investigations into the annual amount of consumption, importation, and exportation of timber and other forest products, the probable future supply for future wants, and the means best adapted to their preservation and renewal (Zaslowski ’86: 68-71).  Forest industry moved from the Lake states to the West.  In 1905, with forest industry firmly established in the Pacific Northwest (McEvoy ’04 : 10).
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Congress first responded to pressure for forest conservation in 1872 by creating Yellowstone Park in Wyoming and then by passing the ill-fated Timber Culture Act of 1873 to encourage homesteaders to grow and protect trees.  The act gave homesteaders an additional 160 acres of land if they promised to grow trees on forty acres, but it led to widespread land fraud and was repealed.  The Timber and Stone Act of 1878 followed, allowing settlers to buy 160 acres of forestland for $2.50 an acre.  Upon repeal of the Timber Culture Act, the Forest Reserve Act of 1891 was adopted to change public land policy "from disposal to retention" of the public domain, authorizing the President to set aside (in reserve) millions of acres of land from "public entry", which meant sale to the public, in order to protect watersheds and establish parks.  President Benjamin Harrison used his new authority to promptly designate reserves, and by 1897, during President Grover Cleveland's term, forty million acres had been set aside.  

By 1897, Michigan sawmills had produced more than 160 billion board feet of white pine, leaving only 6 billion board feet in the entire state, in less than fifty years.  160 billion board feet of timber translates into about 10 million six-room houses, or enough planks to build a pine floor over Michigan and Rhode Island together.  Mills that had once peaked at 10 million board feet a year were, by the end of the nineteenth century, cutting 40, 50, even 200 million feet a year.  Big operators has to invest a lot of money and they could not get it back unless they operated at capacity.  Until the latter days of the era, timbermen could afford to take only the best trees, stripping logs of their crowns and branches before hauling them out. The residue was left on the forest floor beneath the remaining “undesirable” trees.  After years of accumulation and drying, such detritus made living tinderboxes out of many forests.  The Peshtigo Fire of Wisconsin in 1871, burned 1,280,000 acres and killed more than 1,500 people.  In Michigan in 1881, fire killed a million acres of trees and 138 people.  In Minnesota in 1894, the Hinckley Fire destroyed 169,000 acres of forest, twelve towns, and 418 people.  After fire, quite often came flood, due to degradation of the watershed ecology.  Denuded hillsides with black snags and soot could not hold the water during seasons of rain.  Rivers swelled with runoff and debris and carried it al into downstream towns with devastating effects (Zaslowski ’86: 72, 73).

Congress passed the General Revision Act of 1891.  Exercising his new authority, President Benjamin Harrison proclaimed the Yellowstone Timberland Reserve next to the park, and the White River Plateau reserve in Colorado.  He soon added four more, encompassing some 13 million acres.  While John Muir supported this new form of national park, other however, felt that it would stifle their economic development.  The uncertainty irritated President Grover Cleveland.  He added another 20 million acres of reserves, but refused to set aside any more until Congress defined their purpose.  On June 4, 1897 Congress passed the Forest Organic Act “to improve and protect the forest within the boundaries for the purpose of securing favorable conditions of water flow, and to furnish a continuous supply of timber for the use and necessities of the citizens of the United States”.  The act also specified what kind of timber could be removed from the forests and required each tree to be “marked and designated” before it was cut and sold.  Administration of the forest reserves handed over to the General Land Office in the Department of the Interior whose Secretary was authorized “to regulate the occupancy and use” of the forests.  At the urging of Gifford Pinchot, a Yale educated forester, who returned to the United States from a study of French tree plantations in 1891, Congress transferred all the reserves to the Department of Agriculture for safekeeping in 1905, the reserves were renamed national forests and the Division of Forestry became the Forest Service.  In 1907 Roosevelt signed into existence twenty-one new national forests totaling 16 million acres.  During the course of his presidency, Roosevelt set aside about 80 million acres of national forests (Zaslowski ’86: 75-81).

Bernard Fernow, an émigré German forester who headed the U.S. Bureau of Forestry, urged Congress as early as 1891 to manage the new forest reserves for continuous (sustained) yield of timber.  He was the principal author of the Organic Act of 1897 (16USC§473-475).  The act established the purposes of the forest reserves: to protect watersheds and provide a timber supply for the nation.  The federal forest reserves were transferred from the Department of the Interior to the Department of Agriculture's Bureau of Forestry in 1905 after a long campaign by then bureau head Gifford Pinchot, an intimate friend of President Theodore Roosevelt and an early protégé of Muir.  The Bureau of Forestry was renamed the U.S. Forest Service (USFS) in 1905, and the reserves were renamed national forests in 1907.  By 1907, Roosevelt, under Pinchot and Muir's influence, set aside 100 million additional acres as national forests, mostly in the West. The Weeks Act of 1911 extended the forest reserves to the East, where most of the timber had already been cut.  The act was passed to accomplish flood and fire control and watershed protection, as well as out of a desire to secure recreational opportunities on public lands.  In 1916 the National Park Service (NPS) was established to manage the nation's thirteen national parklands.  Under the leadership of the service's first director, Stephen Tyne Mather, the NPS began an era of rapid growth (Berger '08: 43, 44, 45).

William Howard Taft retained Pinchot in 1909 but fired him for insubordination in 1910 after triggering a Senate investigation into alleged improprieties regarding the leasing of Alaskan coal lands.  Pinchot returned to Pennsylvania, entered politics, became governor and considered running for President, and remained a potent force for conservation and forestry until his death in 1948.  Henry Solon Graves, dean of the Yale Forestry School, replaced Pinchot.  Not more than 5 percent of the nation’s supply of timber came from the national forests in any year, and all timber sales were restricted to those needed for forest custodial reasons, but Graves hoped the Forest Service could one day be self-sufficient, if the Forest Service stopped all noncustodial timber operations and ignored the importance of watershed protection.  Conflict with Stephen Mather’s new National Park Service occupied forestry officials.  With almost every new national park that came along, some national forestland was transferred from Agriculture’s multiple use department, the Forest Service, to the Interior’s preservation department, the Park Service.  The Forest Service began to promote the national forest’s recreational opportunities and in 1929 the agency began to designate parts of national forests as primitive, which meant they were left alone as much as possible (Zaslowski ’86: 82, 83).

The National Forest System in the West was so successful that Eastern states began to agitate for similar help.  However most lands had passed into private hands almost a century before.  In 1901, Agriculture Secretary Wilson recommended the establishment of a forest reserve in the Southern Appalachians, but there was no federal money for the necessary purchases.  Support for the idea was growing in the East, where the cycle of fire, floods, and erosion, had been particularly severe.  During March 1907, heavy rains brought flood waters down the Monongahela River.  The trees and other healthy vegetation were no longer there to regulate the rainwater’s flow.  It devastated all agricultural land in the basin of the Monongahela River, causing some $100 million in damages, then descended on Pittsburgh, causing additional damages of $8 million, drowning people and ruining homes.  The disaster was enough to make the West Virginia legislature ask Congress to purchase the despoiled lands for reforestation.  In 1911 the passage of the Weeks Act authorized these purchases, as well as those of similar cut-over lands in other Eastern states.  The Weeks Act appropriated $9 million to buy 5 million acres in Southern Appalachians and another million acres in the White Mountains of New Hampshire.  It provided for the acquisition of “forested, cut-over or denuded lands within the watersheds of navigable streams”.  The emphasis on stream protection was necessary (Zaslowski ’86: 83, 84).

The Clarke-McNary Act of 1924 added the production of timber to the navigable stream protection, and introduced the notion of cooperation to inspire voluntary action, offered incentives to private landowners to improve the condition of their forests and manage their land more soundly and required states to put up matching funds with the federal government for fire protection.  The Pisgah National Forest in North Carolina was the first established in the East, in 1916, near the Biltmore estate where Pinchot had done his forestry apprenticeship.  Acquisition of forestlands gained momentum during the 1920s, and again during the 1930s, when twenty-six new forests were established.  The Great Depression was a boom time for Eastern national forests because people were desperate to sell their land and the federal government was the only entity capable of affording it.  Most of the land purchased for Eastern forests cost less than five dollars an acre.  Most lands had been abused, poorly protected or ignored, and federal investment in reforestation, fire protection, and timberstand improvement, mostly through the Civilian Conservation Corps (CCC) returned lands to their original heavily forested condition.  Reforestation everywhere was given a boost by the passage of the Knutsen-Vanderberg Act in 1930, which required that money received from the sale of federal timer be set aside for reseeding and planting, in addition to what Congress could be convinced to appropriate each year (Zaslowski ’86: 83, 84). 
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The Knutson-Vandenberg (KV) Act of 1930 gives the USFS the right to require deposits from timber companies to ensure proper reforestation.  Although the USFS allowed 248,000 acres of forest land to be logged in 2003 they only "reforested" 164,000, of which slightly more than half was performed by allowing "natural regeneration"; two acres out of three.  152,000 acres of land were reforested in FY service's annual acreage of reforested land has declined by seventy percent (from 505,000 acres in 19912004, yet nearly 900,000 surveyed acres were still in need of reforestation.  Since 1991 the) and has also fallen as a proportion of the surveyed acreage found to be in need of reforestation.  Because conifers grow rapidly, they are usually used for reforestation in North American commercial forestry.  But when these softwoods are cut down early in their life-cycle, they have wider growth rings and more sapwood, and so their lumber tends to warp and twist in drying more than lumber from mature, old-growth timber.  Immature softwood is unsuitable for uses such as musical instruments and construction.  In nature willows and alders might be the first trees to establish on this rugged, difficult terrain.  Pioneer plants, such as alders, lupine and ceanothus, contain nitrogen-fixing bacteria in nodules on their roots.  These bacteria enrich the soil by removing molecular nitrogen from the air and incorporating it in the soil in soluble forms suitable for plant root uptake.  Once the soil has been improved by these pioneers, other plants can become established in their turn.  This process continues until a dynamically stable state has been reached in which no further broad-scale species replacements are likely (Berger '08: 71, 26, 20, 21).

The high tide of denuded forestlands reached 81 million acres.  In 1933 the Forest Service’s Copeland Report, urged the federal government to buy a good deal more forestland for the national forest system and exert tighter controls over logging on private lands.  Fear of creeping socialism however forced the Copeland recommendations out of consideration.  In 1928 Chief Forester Greeley quit the service to manage the West Coast Lumberman’s Association, setting in motion what later critics came to call the Service’s “revolving door” tradition of employee exchanges between the government agency and private industry.  President Franklin D. Roosevelt appointed Ferdinand A. Silcox, a forester who had spent most of his time working in labor relations.  Roosevelt had planted more than a half million trees as a cash crop on his Hyde Park estate to reclaim the land and listed his occupation as “tree grower” when he went to vote in 1944.  Following cut backs on overgrazing permitted during World War II a handful of powerful Western ranchers rebellious against grazing fees instituted in 1906 attempted to acquire 80 million acres of national forest range and the 142 million acres of Taylor Act grazing lands, at 9 cents an acre (Zaslowski ’86: 85-87).
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The U.S. Forest Service cut trees for custodial reasons rather than commercial ones, and the annual harvest from national forests remained below 2 percent of the national total annually until World War II.  Lumber industry executives constantly sought assurance that national forest timber would not compete with that taken from their own forests.  Almost 75 percent of the woodlands in the country belonged to private landowners or the lumber industry and they hoped the application of wise forestry, private and commercial forest could meet the needs of the nation indefinitely.  From a fairly constant prewar level of 10 million visitors a year, recreation visits in the national forests leaped to 190 million a year in just three decades.  As early as the 1950s, recreationists were beginning to compete seriously with the timber industry for choice lands (Zaslowski ’05: 89, 90).  The Organic Act codified the idea that the national forests were not to be managed exclusively for any one industry or to yield a single product, but for a variety of benefits.  This multiple use principle was later recodified and elaborated in the Multiple-Use Sustained-Yield Act of 1960, which requires that the renewable resources in the national forests be managed in a balanced and coordinated way so that no single use excludes others and so that the productivity of the land remains unimpaired. The act prescribed that the national forests must be managed so as to make possible a non-declining rate of timber production indefinitely.  Other activities in the forest, such as mining, grazing, recreation and hunting, were also recognized by the act as uses to be sustained through prudent long-term management.  In his 1955 annual report, Chief Forester Richard E. McArdle wrote the “needs for water, timber, and forage, for recreation, wilderness areas, and for hunting and fishing, mount constantly”.  This places our multiple-use principle of management under severe strain and tests our skill in both resource management and human relations.  The National Lumber Manufacturers Association opposed multiple use because its leaders felt it diluted the intent of the 1897 Organic Act specifying the need for national forests for watershed protection and for a continuous supply of timber.  The Sierra Club (the only conservation group to do so) also opposed what finally emerged in 1959 as the Multiple-Use-Sustained Yield Bill.  Sustained yield being the historic operating principle that timber harvesting must ensure a continuous supply of timber into the future; you must not cut more than you grow.  The Multiple-Use-Sustained Yield Act was passed and signed into law by President Dwight D. Eisenhower on June 12, 1960.  The bill listed, five major uses: outdoor recreation, range, timber, watershed, and wildlife and fish habitat.  The basic laws guiding the management of the National Forests are founded on the principle of multiple-use conservation (Zaslowski ’86: 92).  

[image: image223.jpg]ViSUalOT@ioscom e ——




In 1964 Congress passed the National Forest Roads and Trails Systems Act, which put the USFS in the business of building and funding logging roads for timber companies to reduce their logging costs, so far 436,000 miles of permanent and temporary national forest roads have been built.  It was not long before a roads-for-timber-for-roads mentality began to take root, producing ever-greater amounts of both.  Between 1950 and 1969 the amount of timber cut from national forests jumped from 5.6 billion to 12.8 billion board feet.  The roadbuilding budget soared, and the employment of civil engineers soared to 3,500.  Today more than 350,000 miles of roads run through the national forests, making it the most extensive road system in the world.  New road construction rates on the National Forest Road System have ranged from nineteen miles in FY 2002 to 101 miles in FY 2004 while an annual average of 468 miles of Forest System Classified Roads have been decommissioned during that time.  Unfortunately, road decommissioning has not been a major priority of the George W. Bush Administration, and the annual road decommissioning rate in 2002 had fallen to 734 miles, about a third of the 2,000 mile of unneeded existing road that had been returned to forest in 1994.  Fewer than 4,800 out of 383,000 miles of permanent USFS roads are open to all passenger cars without restriction, and no more than 80,000 miles of permanent roads can be used by passenger cars under specified conditions, such as negotiating slowly on single land roads.  Nearly 300,000 miles of the classified USFS road system exclude passenger cars and all but high-clearance vehicles.  By contrast, logging trucks and other high-clearance vehicles can travel 220,000 miles of permanent USFS roads.  Many believe that all federal subsidies for construction of logging roads by private companies should be stopped.  

Also in 1964 the Wilderness Act was approved after sixty-six drafts, it established the National Wilderness Preservation System and protected more than nine million acres of wilderness in more than fifty wilderness areas in more than twelve national forests.  In 2007, the system included more than 700 areas totaling more than 107 million acres, with more than fifty-seven million acres in Alaska.  All of this land by law must remain "forever wild", without roads, unlogged and in as natural a condition as possible. The Forest and Rangeland Renewable Resources Planning Act of 1974 and Federal Land Policy and Management Act of 1976 stressed the use of Forest Plans for managing each national forest that must include a reforestation plan so that cutover lands can be restocked with assurance within five years of the final harvest and prohibiting logging where soil, slope or other watershed conditions will be irreversibly damaged and requires each sale to include a sale area improvement plan outlining mitigation measures required to counter logging impacts.  Forest planning is to be comprehensive and integrated for multiple uses, not exclusively for harvesting timber (Berger '08: 49-52, 68, 69).  Forest management plans must be prepared for each national forest at least every fifteen years and be kept updated.  To date the USFS has prepared or revised such plans more than 150 times.  In 200, some forty forest plan revisions were under way, with another thirty-three plans awaiting revision.  (There are 155 national forests in total).  Each forest plan has been developed in a ten-step process that begins with the identification of salient issues and concerns.  Citizen input is particularly useful in this formative stage of the process.  Other stage of the forest planning process include development of process and decision criteria; data collection (inventorying); resource capability analysis; and formulation of alternatives.  Next, the impacts of each alternative are studied and then evaluated, and a preferred alternative is selected which becomes the basis for the draft forest plan (Berger '08: 241, 242). 

The Secure Rural Schools and Community Self-Determination Act of 2000 gave counties the option of adopting a new funding formula based on "historic" payment levels associated with past high timber sales revenues.  Instead of receiving a percentage of actual receipts, counties can receive a percentage of the state's highest revenues received during any three years between 1986 and 1999, disconnecting local revenues from timber sales receipts and presumably reducing state and county pressure in favor of logging.  The proposed National Forest Protection and Restoration Act of 1999 would have prohibited all commercial logging on the national forest and established a Natural Heritage Restoration Corps to repair ecological damage caused by prior national forest policies.  Alternatively it has been proposed to prohibit the agency from planning, designing and constructing new roads in national forests and to prohibit logging in either road-less areas or old-growth forests (Berger '08: 54, 60, 77, 55, 63, 64, 65, 71, 66, 75, 79).

Only 81 of the nation’s 233 basic ecosystems are adequately represented today in the National Wilderness Preservation System (Zaslowski’86: 102).  For the past two decades Congress has sporadically added wilderness to the National Wilderness Preservation System while opening road-less areas for development.  Logging has been somewhat constrained by the 1973 Endangered Species Act (ESA) that requires that all species at risk of extinction be listed as endangered or threatened, according to their degree of peril, and that their habitat must be protected.  It also requires that a recovery plan be implemented for listed species.  By 1998, private landowners were being allowed by the federal government to adopt voluntary Habitat Conservation Plans that permitted them to proceed with developments that caused some destruction of critical habitat on their property in return for protecting more habitat than required by law elsewhere.  In February 1999 then-Forest Chief Mike Dombeck imposed an eighteen-month moratorium on the building of new roads in inventories road-less areas of the national forests, with some exceptions for forests with recently revised forest management plans  The USFS then began a public rule-making process of unprecedented scale to consider the Roadless Area Conservation Rule (RACR) to protect 58.5 million acre s of road-less national forest land in thirty-nine states from logging and road building to protect the water quality and habitat for 1,600 sensitive, threatened, or endangered species.  The Sierra Club called the RACR "the greatest land-protection victory in a generation". Road-less areas were finally given a nationwide reprieve from logging when, on January 5, 2000, President Bill Clinton signed the Roadless Area Conservation Rule, designed to protect 58.5 million acres of inventories road-less areas in the national forests from road building, commercial logging, mining, and drilling.  The George W. Bush Administration first exempted Tongass National Forest from the rule, however, and then on May 5, 2005, completely reversed the Clinton Roadless Rule.  On September 19, 2006, the Bush Administration's action was overturned by a U.S. District Court, which reinstate the rule in response to lawsuits by twenty conservation groups and the attorney generals of California, New Mexico, and Oregon (Berger '08: 49-52, 84, 85).
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The timber cut in national forests was 1.5 billion board feet per year in the 1940s, and 3.5 billion board feet in 1950.  By 1970, increased timber-industry pressure succeeded in raising the annual cut in the national forests to 13.6 billion board feet - almost four times the 1950 level. The cut remained above ten billion board feet through 1990, a level the service contended was sustainable.  Since then, the cut has declined almost every year (except 1998) to 1.7 billion board feet in 2003, largely due to litigation aimed at halting the abuse of the national forests.  Since 1988, when 283,000 acres were clear-cut, the total acreage clear-cut had fallen to 23,000 acres by 2003. 1.8% of the nation's annual timber supply is produced by logging in the national forests.  The total value of all timber cut and all miscellaneous forest products gathered on national forests in 2002 was a mere $167 million.  Clearcuts are now limited to forty acres in size by the National Forest Management act of 1976 but they are usually no more than ten to fifteen acres.  In 1991, 900,000 acres were cut, by 2003, it had fallen to 224,000 acres (Berger ’08: 259).  Once shunned by the Forest Service, clear-cutting had become a normal procedure.  By 1969, 61 percent of the harvest from the Western national forests was clear-cut, while about 50 percent of the Eastern national forest harvest was obtained this way.  Before clearcutting became so common, foresters had practiced various types of selective cutting, being careful to leave enough trees in a patch to regenerate the stand, with or without artificial reseeding.  The Forest Service maintained that clear-cutting was cheaper and faster and for insect-infested stands, it claimed that this was sometimes the only way to contain the damage.  Mostly, however, foresters expressed a sharp interest in raising trees of commercial value, and believed that many of these species would not regenerate in the shade provided by trees left standing after selective cutting. Douglas fir, for example, needed broad, open light as a seedling, and clear-cutting was the only way to ensure its return.  Clear-cutting prepared the ground for even-aged stands and so maximized the yield of more desirable species.  Clear cutting had significant ecological consequences.  It accelerated the rate of erosion and water runoff, which sapped nutrients from the soil, and allowed too much sediment in too short a time to enter streams, destroying natural stream vegetation and organisms.  Excessive sedimentation buried newly laid fish eggs or smothered hatchlings.  In addition stream temperatures were raised by three or four degrees while flowing through unshaded clear-cut areas, and the higher water temperatures were lethal to salmon and trout.  Dredging of community reservoirs would be needed more frequently if sedimentation were not controlled at the entry point (Zaslowski ’86: 92, 93).

The case against clear-cutting was perhaps made most tellingly in regard to Bitterroot National Forest in Montana where residents close to afflicted areas protested, during the 1960s and 1970s.  In the Monongahela National Forest in West Virginia in 1964 the Forest Service switched from an all-age management program of the hardwood forest to an even-aged management program, which required extensive clear-cutting in a forest largely supported by recreational users.  Local residents and the state legislature protested because clearcutting would undermine the region’s considerable tourism business, which depended almost entirely on good hunting and fishing and the rolling beauty found in the national forest.   The Forest Service held in regard to clear-cutting abuses that no clear-cutting should be undertaken unless it could be proved that the area in question could be restored to full growth within five years.  Congress responded in 1976 with the National Forest Management Act (NFMA) that limited clear-cutting with the Church guidelines.  The sale of timber from each forest had to be limited to a quantity equal to or less than that which the forest could replace on a sustained-yield basis, provided all multiple-use objective were met.  The Forest Service also was instructed to maintain species diversity and not just maximize the growth of trees that were commercially sought, according to a 50 year plan.  (Zaslowski ’86: 95).

The selling of some timber at prices below the cost of administration had been a traditional part of Forest Service policy for years.  But by the 1980s, as much as one-fourth of all the nation’s timber was being taken off national forestland.  In some more rugged areas, such as Alaska’s Tongass National Forest it could cost as much as $250,000 a mile for a logging road.  The Forest Service however builds these roads to encourage bidding on timber.  In June 1984 the General Accounting Office (GAO) publish a study on the extent of below-cost sales in more than three thousand timber sales.  In 1981, 27 percent of the sales did not cover Forest Service costs to administer them, and in 1982 below-costs soared to 42 percent of the sales, accounting for a loss of more than $156 million in those two years. Over 88 percent of the sales were below cost in 1981 and over 96 percent were below cost in 1982.  On the basis of sale economics some national forest lands should not be managed for timber production.  The Wilderness Society concluded that “over the last decade, if below-cost timber sales had been eliminated in both good and bad years the federal treasury would have netted at least $2 billion more.  The Forest Industry Council estimated in 1980 that domestic timber demand could be indefinitely supplied by private forests alone, using intensive timber management practices, if landowners could realize a 10 percent annual return on investment (Zaslowski ’86: 97-101).  

The principal forest service authorizing statutes governing management on the national forests: The Organic Administration Act of 1897 authorizes the Secretary of Agriculture to establish regulations governing the occupancy and use of the national forest and to protect the forests from destruction.  The Knutson-Vandenburg Act of 1930 (16USC§579-576b), as amended by the National Forest Management Act of 1976 (16USC§472a), directs the Secretary of Agriculture to provide for the improvement of the productivity of renewable resources within national forest system timber sale areas. The act also authorizes the collection and use of timber receipts for these purposes.  The Small Business Act of 1953, as amended (15USC§644) provides for agencies to participate in programs with the Small Business Administration.  This is the authority for the Small Business Timber Sale Set-Aside program (FSM2439).  The Multiple-Use, Sustained Yield (MUSYA) of 1960 (16USC§528-531) recognizes timber as one of five major resources for which national forests are to be managed.  This act further directs the Secretary of Agriculture to develop and administer the renewable surface resources of national forests for multiple use and sustained yield of the many products and services obtained from these resources.  The National Forest Roads and Trails Systems act of 1964 (16USC§532-538) directs the Secretary of Agriculture to provide for the existence of an adequate system of roads and trails within and near national forests.  The National Environmental Policy Act (NEPA) of 1969 (16USC§4321) requires agencies to analyze the physical, social and economic effects associated with proposed plans and decisions, to consider alternatives to the action proposed, and to document the results of the analysis.  

The Forest and Rangeland Renewable Resources Planning Act (RPA) of 1974 (16USC§1600-1614) as amended by the National Forest Management Act of 1976, directs the Secretary of Agriculture to assess periodically the forest and rangeland resources of the nation and to submit to Congress at regular intervals recommendations for long-range U.S. Forest Service programs essential to meet future resource needs.  The National Forest Management Act (NFMA) of 1976 (16USC§472a) sets forth the requirements for land and resource management plans for the national forest system.  It also amends several of the basic acts applicable to timber management and specifically addresses most aspects of timber management and how it is related to other resources.  It is the primary authority governing the management and use of timber resources on national forest system lands.  The Forest Resources Conservation and Shortage Relief Act of 1990, as amended in 1997 (16USC§620), sets forth restrictions on export of unprocessed timber originating from federal lands.  It addresses certain exceptions to export restrictions and establishes reporting requirements.  The Healthy Forests Restoration Act (HFRA) of 2003 (Pub.L. 108-148) provides processes for implementing hazardous fuel reduction projects on certain types of "at-risk" national forest system and U.S. Bureau of Land Management lands.  It also provides other authorities with direction to help reduce hazardous fuel and to restore healthy forest and rangeland conditions on lands of all ownerships. Section 323 of Public Law `108-7 (16USC§2104 note) grants the U.S. Forest Service authority, until September 2013, to enter into stewardship contracting projects with private persons or public or private entities, by contract or agreement, to perform services to achieve land management goals for national forests or public lands that meet local and rural community needs (Berger '08: 249, 250).

Bush Administration land management planning dated January 31, 2006 was based in the Federal Managers Financial Integrity Act of 1982 (31 USC 3512) directing Federal agencies to design management structures to help ensure accountability for results and include appropriate cost–effective controls (FSM 1920). The primary authorities related to Environmental Management System (EMS) establishment, implementation, and maintenance.  FSM1926.15 – Resource Integration Requirements When Using Planning Regulations In Effect Before November 9, 2000 are detailed. FSM1926.21 requires land management plans meet the following standards: 1.  Resource information and other data are factual and accurate.  2.  Guidance is adequate to guide formulation of individual resource programs and schedules needed to implement the plan. 3.  Assumptions, analytical approaches, and data are consistently applied within the plan. 4.  Interdisciplinary planning and resource coordination are evident. 5.  A map delineating management areas and displaying future corridors is included.
The objectives of the senior, youth and volunteer program created under the Volunteers in the National Forests Act of 1972 (P.L. 92-300), as amended, 16 U.S.C. 558a-558d are promoted by the Obama administration as of February 8, 2011 in FSM1830 to ensure that no person in the United States, regardless of race, color, national origin, sex, age, or disability is excluded from participating in, denied the benefits of, or otherwise subjected to prohibited discrimination (FSM1770.2) in the recruitment, training, and use of the services of volunteers to complement regular Forest Service staff in interpretive functions, visitor services, conservation and preservation measures, trails and recreation facilities maintenance and other activities in or related to areas administered by the Secretary of Agriculture through the Forest Service. A volunteer is defined A person who gives time and talent to advance the mission of the Forest Service and who receives no salary or wages from the Forest Service for the voluntary service. Volunteers may assist in all Forest Service programs or activities except law enforcement.  The use of volunteers must not affect tour-of-duty or non-overtime hours worked by current employees nor diminish or reduce current contracts.  The Forest Service has authority to reimburse volunteers for expenses that adhere to existing tax code and appropriation law. Volunteer expenses or reimbursements improperly documented can create tax liability for the volunteer and may result in the issuance of a 1099 tax form by the Forest Service (FSM 1833.5).  Volunteers do not have the status of a Federal employee with respect to provisions of law relating to recruitment, employment, compensation, and employee benefits.  However, for the purpose of compensation to Federal employees for wor injuries, volunteers are deemed civil employees of the United States within the meaning of the term "employees," as defined in 5USC§8101. Volunteers shall enjoy the same degree of protection by State and local law enforcement agencies as all members of the general public.  In those circumstances where State or local law enforcement officials are not reasonably available, Forest Service officials may, under 36CFR261.3c, arrest persons interfering with, threatening, or intimidating a volunteer when performing duties assigned by the Forest Service.  Contact Washington Office International Programs for information on hosting an international volunteer (FSM1835.1).    

The Forest Service motto "Caring for the Land and Serving People," in the Forest Service Manual (FMS) The Forest Service mission is to sustain the health, diversity, and productivity of the Nation’s forests and grasslands to meet the needs of present and future generations FSM1313.02.  FMS1021 provides the Forest Service Guiding Principles.  We use an ecological approach to the multiple-use management of the National Forests and Grasslands.  We use the best scientific knowledge in making decisions and select the most appropriate technologies in the management of resources.  We are good neighbors who respect private property rights.  We strive for quality and excellence in everything we do and are sensitive to the effects of our decisions on people and resources.  We strive to meet the needs of our customers in fair, friendly, and open ways.  We form partnerships to achieve shared goals.  We promote grass-roots participation in our decisions and activities.  We value and trust one another and share leadership.  We value a multicultural organization as essential to our success.  We maintain high professional and ethical standards.  We are responsible and accountable for what we do.  We recognize and accept that some conflict is natural and we strive to deal with it professionally.  We follow laws, regulations, executive direction, and congressional intent.  The general prohibitions are enumerated in Title 36, Code of Federal Regulations 261. Violation of these prohibitions is punishable by a fine of not more than $5,000 for an individual or $10,000 for a legal entity other than an individual, or imprisonment for not more than six (6) months, or both.  (16 USC §551).
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Although the USFS allowed 248,000 acres of forest land to be logged in 2003 they only "reforested" 164,000, of which slightly more than half was performed by allowing "natural regeneration"; two acres out of three.  152,000 acres of land were reforested in FY 2004, yet nearly 900,000 surveyed acres were still in need of reforestation.  Since 1991 the service's annual acreage of reforested land has declined by seventy percent (from 505,000 acres in 1991) and has also fallen as a proportion of the surveyed acreage found to be in need of reforestation. The Knutson-Vandenberg (KV) Act of 1930 gives the USFS the right to require deposits from timber companies to ensure proper reforestation (Berger ’08: 26). The Forest and Rangeland Renewable Resources Planning Act of 1974 and Federal Land Policy and Management Act of 1976 stressed the use of Forest Plans for managing each national forest that must include a reforestation plan so that cutover lands can be restocked with assurance within five years of the final harvest and prohibiting logging where soil, slope or other watershed conditions will be irreversibly damaged and requires each sale to include a sale area improvement plan outlining mitigation measures required to counter logging impacts.  Forest planning is to be comprehensive and integrated for multiple uses, not exclusively for harvesting timber (Berger '08: 69).  Fewer than 4,800 out of 383,000 miles of permanent USFS roads are open to all passenger cars without restriction, and no more than 80,000 miles of permanent roads can be used by passenger cars under specified conditions, such as negotiating slowly on single land roads.  Nearly 300,000 miles of the classified USFS road system exclude passenger cars and all but high-clearance vehicles.  By contrast, logging trucks and other high-clearance vehicles can travel 220,000 miles of permanent USFS roads.  Many believe that all federal subsidies for construction of logging roads by private companies should be stopped (Berger '08: 69).  Logging on public land should be limited to logging roads for the reactional use of the public.  A ‘Jogging Road Act’ might be poetic but it is a simple matter of executive efficiency to limit logging on public land, by usually highly subsidized logging companies, to the miimum needed to create a jogging road.   

V. World Woods
25. Forest Types        
International forest area and area change 2000

	Country/area
	Total Land Area

(‘000 ha)
	Total forest (‘000 ha)
	% of land area
	Area per capita
	Forest plantations (‘000 ha)
	Annual rate of change in forest cover (%)

	World, total
	13,063,900
	3,869,455
	29.6
	0.6
	186,733
	-0.2

	Africa, total
	2,978,394
	649,866
	21.8
	0.8
	8,036
	-0.8

	Asia, total
	3,084,746
	547,793
	17.8
	0.2
	115,847
	-0.1

	Europe, total
	2,259,957
	1,039,251
	46.0
	1.4
	32,015
	0.1

	North and Central America, total
	2,136,966
	549,304
	25.7
	1.1
	17,533
	-0.1

	Oceania, total
	849,096
	197,623
	23.3
	6.6
	2,848
	-0.2

	South America, total
	1,754,741
	885,618
	50.5
	2.6
	10,455
	-0.4

	United States
	915,895
	225,993
	24.7
	0.8
	16,238
	0.2


Source: FAO ‘00

Forests and rangelands together cover about 84 percent of the Earth’s land surface and directly or indirectly supply almost all basic human needs.  Closed forest cover 2.8 billion hectares of which 43 percent are located in the tropics (Sharma & Sharma ’96: 345).  A forest is defined by the Society of American Foresters as a “plant community predominantly of trees and other woody vegetation.  The International Union of Forestry Research offers three definitions (1) Generally, an ecosystem is characterized by more or less dense and extensive tree cover; (2) more particularly, a plant community predominantly of trees and other woody vegetation growing more or less closely together, and (3) an area managed for the production of timber and other forest products, or maintained under woody vegetation for such indirect benefits as protection of water catchment areas or recreation (Maser et al ’10: 2-4).  A forest is a totality of interdependent organisms and their interrelationships, along with the places where they exist, the physical structures that support them, and the chemical compounds they use and exchange.  "Forest" connotes both the architecture and structure of the ecosystem as well as the functions and interconnection of organisms within that structure.  Forests are assemblages of interrelated plants and animals on terrain dominated by tall, woody vegetation.  Many scientists consider that a savanna - a grassland with widely spaced trees - becomes a forest when at least twenty-five percent of its surface is covered by tree crowns.  There are a large array of distinct forest types and infinite gradation between them (Berger '08: 11-13). 

Distribution of the World’s Forests
(millions of acres)

	Region
	Total Land Area
	Closed Deciduous
	Coniferous Forest
	Open Forest
	Total Forest Area
	Percent of Land in Forest

	Anglo America
	4,534
	415
	743
	531
	1,690
	37

	Latin America
	1,279
	1,645
	64
	617
	2,327
	46

	Europe
	1,279
	160
	217
	52
	429
	37

	Soviet Union
	5,502
	363
	1,593
	296
	2,273
	41

	Africa
	7,328
	533
	5
	1,235
	1,774
	24

	Asia
	6,357
	1,022
	135
	242
	1,401
	22

	Australia-Pacific
	2,347
	123
	54
	172
	350
	15

	World Total
	32,313
	4,264
	,2814
	3,167
	10,247
	32


Source: Forest Service, USDA 1996

There are about 10,247 million acres in forest, or nearly one-third of the total land area is covered with forests.  Of this total, closed forests consists of 7,078 million acres or which deciduous forests make up 60 percent and coniferous forests 40 percent of the total.  The open forests or savanna consist of 3,167 million acres or about 10 percent of the total.  Of this land area, Latin America has 46 percent of its acres covered with forest of which 70 percent is deciduous.  The Soviet Union has 41 percent of its area in forest of which 70 percent is coniferous (Miller ’96: 1, 2).  The presence of large, old trees is not sufficient to qualify a site as an old-growth forest.  An old growth forest is defined as a structurally complex forest, hundreds of years old, that has not been directly altered by humans.  One need not withhold an "old growth" designation because the forests were profoundly influenced by aboriginal peoples.  For a coniferous forest, the four main distinctive structural characteristics that develop over time an convert it to an old-growth ecosystem are: (1) presence of the multi-level forest canopy, (2) large, old living trees, (3) dead standing trees (snags), and (4) downed trees.  In addition to these four basic attributes, an old-growth forest exhibits wide variation in tree size and age and in irregular breaks in the canopy caused by broken or fallen trees.  These breaks allow light to penetrate to the forest floor and provide growth opportunities for young trees.  Large downed logs decay slowly on the first floor and release their stored nutrients over periods as long as 400 to 500 years.  During that time, they build soil fertility, provide food and shelter to numerous organisms, offer rooting media for new trees and other plants, slow down surface runoff, trap and collect soil and nutrients, and, after being honeycombed by bark beetles and other wood borers, serve as spongy water storage tanks for forest life during seasonal dry spells.  The old-growth forest has an abundance of snags compared to a younger forest, and it also contains a relatively large amount of fallen wood (Berger '08: 28).
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The world contains six distinct groups of plants – floristic realms – with generally angiosperm genera.  One realm, the Holarctic, occupies the northern hemisphere’s temperate and boreal forests.  The Neotropic realm occupies Central and South America.  The Paleotropic realm occupies Africa and southern Asia.  The Australia realm occupies Australia.  The Capensis occupies extreme southwestern Africa.  The Antarctic, occupies the coastal southwest South America and the subantarctic islands. Similar forest development patterns and variations in patterns can be found in all floristic realms despite their differences (Oliver ’97: 186).  Forest ecosystems are defined by the types of trees they support within a hierarchy at the top of which are forest regions or biomes.  A biome is further subdivided into forest types.  A forest type, defines the associations of forest species that are apt to occur together.  Biomes, or forest regions, are mostly determined by broad climatic patterns, while forest types are defined by a local expression of climate and other site-related factors.  In the Northeast the boreal forest region extends southward from the very northern limits of tree growth in Quebec, into northern New England where it occurs as a red-spruce-balsam fir forest type.  This type quickly grades into a northern hardwood forest type (sugar maple, American beech, and yellow birch) at lower elevations in the north, but it extends as far south as northern Georgia only at high elevations.  With all forest species, elevation is a proxy for climate.  In areas where annual rainfall changes over short distances, usually due to the effects of elevation, a closed-canopy forest will open up as conditions become dryer.  The ponderosa pine forest type in the intermountain areas of the western United States is a good example of moisture-dependent type.  At an elevation where precipitation is adequate, ponderosa pine grows in dense stands, but at lower elevations stands grow in open, park-like conditions and eventually as widely scattered single trees on open range lands.  A very local expression of any given forest type is called a stand.  A stand is the primary management unit in forestry and is usually defined as an area that is “sufficiently uniform in species composition and/or structure as to make it distinguishable from surrounding areas”.  Foresters do not manage forest types, but rather they manage stands (McEvoy ’04: 29, 30).

The world's forests can be classified according to their site, vegetation, general location, and other characteristics.  For example, forests are broadly classified into northern (boreal), central, southern, tropical, interior, coast, montane, and subalpine types.  Vegetational composition ranges from pure stands of one tree species to various mixtures, such as oak-gum-cypress or aspen-birch.  Specific understory plants are generally found in association with the different forest types.  The two main forest types are those comprised of the needle-leafed and the broad-leafed trees.  The broad-leafed species are almost all deciduous trees, such as hazel, beech and sycamore, which lose their leaves every autumn.  Some broad-leafed trees are also evergreen (nondeciduous), including the California life oak, Pacific madrone, California bay laurel, and many tropical trees.  The northern evergreens, such as spruce, pine, cedar, juniper and yew, are almost all nondeciduous and needle-leafed.  An exception, the tamarack (American larch), is a needle-leafed deciduous tree.  Evergreens are generally adapted to colder climates with short growing seasons, and the resinous compounds in the stems and leaves protect evergreens against frost, much like antifreeze (Berger '08: 25, 26).
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Particular forest types are found in zones determined largely by climate, as manifested mainly by precipitation and temperature.  Altitude exerts a major influence on local climate, so forest zones correspond to changes in altitude much as they do to influences of latitude.  Cooler mountain regions, even in middle and southern latitudes, are populated by cold-tolerant conifers.  Pure coniferous (cone-bearing) forests of fir, pine, spruce, and larch grow in the high, subpolar northern latitudes.  These are known as taiga forests, and they tend to have poor, shallow soils and short, small-girth trees.  By contrast, the moist-temperate conifer forests, such as those on the Pacific Coast (from Alaska to central California) and inland to the Rocky mountains, produce thick layers of soil, huge trees, and dense understory growth, replete with mosses and ferns.  These ecological characteristics develop in response to the voluminous annual precipitation and milder weather, with a longer growing season.  Trees of the moist, temperate forest include Sitka spruce, western red cedar, western hemlock, Douglas fir, and redwood.  Immediately south of the pure coniferous forests in the northern hemisphere are transitional forests of mixed broad-leafed trees comingled with coniferous species.  In the eastern United States, these forests include sugar maples, yellow birches, American beech, interspersed with two conifers, the white pine and eastern hemlock.  Still farther south in the temperate zone, the conifers become sparser and eventually disappear, giving rise to forests comprised entirely of broad-leafed deciduous trees.  Examples include eastern hardwood forests of beech-maple or maple-basswood and oak-hickory forests with their northern red oaks, scarlet oaks and white oaks, and the bitternut, shagbark, and pignut hickories.  Moving into the warm temperate latitudes, a gradual shift occurs in forest type to broad-leaved evergreens.  These trees are dominant in tropical forests, which are extremely rich in species diversity.  The tropics have very distinctive forest types, including equatorial rain forest, dry tropical forest, monsoon forest, mangrove forest, montane forest, and others, each with unique ecological features and communities of species.  In addition to the widely distributed forest types, there are isolated and rare forest forms.  The pygmy forests of coastal California, for example are created by unique soil conditions.  Swamp forest and palm oases, too, result from unique hydrologic conditions (Berger '0.8: 26, 27).

There are four major forest types in the middle latitudes.  They are the broadleaf evergreen, broadleaf deciduous, middle latitude coniferous, and the sclerophyll forests.  The broadleaf deciduous forests were the virgin forest communities that once covered much of the northeastern United States, western and central Europe, and eastern Asia.  The broadleaf deciduous forests have essentially disappeared.  These forest areas are now some of the most populated regions of the world and most of the land was cleared hundreds if not thousands of years ago.  In Europe, this forest existed during the Ice Age between the continental ice sheet to the north and the area of Alpine glaciation to the south.  The forest had nowhere to migrate, so may species perished.  In the United States and China, the forest areas were able to migrate equatorward during the Ice Age, preserving many species, such as oak, maple, hickory, ash, birch, walnut, elm, and tulip.  The remnants of these forests coincide fairly closely to the humid continental long summer and the marine west coast climates.  There is thus a warm season lasting 4 to 6 months with adequate rainfall and a mild winter lasting for 3 to 4 months.  These climatic regimes are known as the nemoral zones.  The wide distribution of the deciduous forests reflect similar environmental conditions.  There are a number of tree associations in the middle latitude deciduous forests (Miller ’96: 11).  

The boreal coniferous forest is limited to the Northern Hemisphere.  In North America it stretches from western Alaska to Newfoundland in eastern Canada.  In Eurasia it extends from Norway on the west to the northern Japanese Island on the east.  This forest forms a wide band south and parallel to the Arctic tundra.  The northern treeline boundary is quite irregular.  The forest may extend into the tundra for d8stane up to 200 miles in sheltered valleys and the tundra may extend southward considerable distances at high elevations.  The southern boundary of the taiga blends into the middle latitude forest.  In North America the taiga blends with the hemlock-white pine northern hardwood forest, a transitional association of the deciduous eastern forest.  In south central Canada, the boreal forest zone is dominated by deciduous trees that blend into the grassland formation of the Great Plains.  In the west, there is a gradual transition from the boreal forest into the Rocky Mountains and the Northwest Coastal coniferous forest.  The boreal coniferous forest coincides with the subpolar continental climate.  The equatorial boundary of the forest is where the daily average temperature for 120 day is below 50°F and when the cold season exceeds six months.  The polar boundary between the forest and the tundra is where there are not only 20 days with a daily mean temperature above 50°F and where the cold season is over eight months.  Although day light is long during the growing season, the low angle of incidence of solar radiation keeps temperatures cool.  Peak temperature during the summer is usually less than 85°F, but in some areas frost is possible at any time.  Short daylight winter results in temperatures as low as -60°F to -80°F.  Annual precipitation varies greatly from coastal to interior locations. In the interior, the annual precipitation averages 10 to 15 inches.  In the south the tree density is high but the density decreases northward.  The trees vary in height from 12 to 18 feet in the south to less than three feet in the north (Miller ’69: 18, 19).

The boreal forest has the lowest diversity of all forests.  It is generally a spruce-fir forest.  The most common trees are white spruce, black spruce, and balsom fir.  Black spruce and tamarack thrive in bogs in the southern portions of the forest, but in the northern margins of the forest these trees are found in drier areas.  Jack pine, paper birch, and quaken aspen generally appear after a fire.  Quaken aspen appears as a mature forest on the northern border between the forests and grasslands of the interior area.  Most of the low lying shrubs are either willows or heather.  The reindeer lichen penetrates the forest from the tundra on the northern border.  Peat moss is widely distributed in the boreal forests in bog areas.  The leaf in order to survive during the cold drier period has a thick cuticle, a strong epidermis and a similar stomato to prevent desciation when the soil water is frozen.  Deciduous trees such as birch, aspen and larch can survive.  Survival during the winter months is aided by dormancy, where respiration approaches zero.  The hardening process gives plants the ability to survive when temperatures are extremely col.  The root system is shallow due to igneous bedrock and permafrost.  Most of the roots have fungi, mycorrhoizal, that surrounds the root system of the plant and enzymatically break organic matter down, making nutrients more available to the plant (Miller ’96: 19).   
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The middle latitude coniferous forest occur under a number of climate regimes, including the humid subtropical, marine west coast, and humid continental warm and cool summers.  The largest areas occur in Anglo America.  These include the conifers of the west coast area form British Columbia to California, the Rocky Mountains; the pine forests of the southeastern United States, extending on the Coastal Plain from New Hersey to Florida and westward to Texas; the remnants of the great pine-hemlock forests that once extended form Minnesota and southern Ontario to the Atlantic coast.  In Europe, small areas of coniferous forests occupy the Alps, Carpathians, and other highland areas, as well as some sandy soils in coastal areas.  Each region ahs developed a distinctive array of species.  The Middle Latitude Coniferous Forests of Anglo-America reveal these differences.  Northeastern United States – Southern Canada Coniferous Forest extended from Minnesota to the Atlantic coast and was dominated by white pine, red pine, and eastern hemlock.  At its climax, this forest reach a height of about 220 feet.  The canopy provided a dense covering so that ground cover was scanty.  A mat of needles covered the ground retarding runoff.  Because these trees were valuable lumber they were mostly cut by the end of the nineteenth century.  The climax forest remains only as small remnants in protected parks such as Cook Forest in northwestern Pennsylvania.  Deciduous trees are now found in the region and fuel a thriving modern day lumber industry.  Several coniferous species are located in southeastern United States.  The loblolly, shortleaf, pitch, longleaf, and slash pines are most common.  The pine forests have their best development on sandy, poorly developed soils and in low-lying marshy areas.  Only small areas of deciduous trees are found in the southeastern states.  

The Western Anglo American Coniferous Forests are divided into two regions – the Rocky Mountain and the Pacific Coast region.  The Western forest still has vast tracts of virgin timber.  The Rocky Mountains coniferous forest extends from northern Alberta to New Mexico and from the eastern edges of the Rockies to the Sierra-Cascade Mountains.  The forest stands are not continuous and the forest is divisible into a series of altitudinal bands.  The coniferous forest covers the subalpine, upper and lower montane zones, each of which has an elevational range of about 2,000 feet in the southern region, but are lower in the northern areas.  Englemann spruce and subalpine fir are climax trees throughout the rockies.  White pine is well developed nt eh north.  Other important species include the bristlecone pine, douglas fir, and quaking aspen.  Most of the trees have shallow root systems where soils are thin and poorly developed.  Fire is believed to produce a physiological stimulus to root sprouting, but competition quickly reduces their density.  The coniferous forest of the Pacific coast has a much narrower distribution, extending from the Sierra Nevada Mountains of California northward to British Columbia.  Thes forests have developed in the mild Mediterranean and Marine West Coast climates.  Precipitation is largely during the winter season in the south but increases northward.  The most widely distributed trees are hemlock and lodgepole pine.  In the higher mountains, the dominant species are douglas and white fir. The most distinctive tree of the region is the great redwood (sequoia) whose life span is 2,000 to 3,000 years.  The coastal fogs provide sufficient moisture to maintain the trees.    The thick bark provides protection fire.  The redwood trees are in demand as commercial timber so that less than 5 percent of the original forest remains.  About one half of these areas are preserved in national and state parks (Miller ‘69: 14-16).

Tropical forests are much different than temperate forest, where there are relatively few trees and all are marketable for some purpose or another.  The hot, moist jungles of Central and Southern America, Africa, India and South-east Asia hold a bewildering range of tree species – some useful to man, others not.  Poles for building, and palm leaves that provide wall-cladding and roofing material for their simple dwellings, are easily cut from the lower trees or bushes.  A great jungle monarch is used only for some special purpose, such as the construction of a big dug-out canoe.  Yet clearings are often made for cultivation, whereby they clear a patch of jungle, burn its timber and branchwood, grow crops for a few years on land enriched with wood ash, and then move on.  The jungle trees quickly return, by natural seeding, to reclaim the cleared land.  Although the natives were skilled in wood-cutting they had limited use for the wonderful timbers that grew to great sizes in their jungles.  Indian teak was an exception, for it had long been used in shipbuilding, hose-building and as furniture.  Africans, Asiatics, and South Americans were ready to work as tree-fellers and haulers for low wages, as a cash supplement to their subsistence farming.  Ready markets existed for choice woods having unusual colours or attractive figure.  On this sound economic basis world trade in tropical timbers began, and it has prospered ever since.   Where progressive governments exist, the yield from the forest is regulated by law so that it can be maintained far into the future.  Virtually all commercial timbers are hardwoods.  They are used for good furniture, high-grade joinery, veneers and decorative work, seldom for everyday construction.  Because they have to be sought in distant, roadless forests, and carried by sea over thousands of miles, they are never cheap.  Certain trees form enormous buttresses at their base, and even with modern power-tools it is barely possible to fell them at ground-level.  Springboards are therefore driven into the tree, perhaps twelve feet up from the ground, and the fellers stand on these to cut through the great trunk at a still higher level.  Often sheer manpower, is used to haul the logs with ropes over rough rollers towards the nearest waterway.  Buffalo-teams and ox-teams are employed in some countries, while trained elephants are used in India.  Transport to the seaport is usually done by river.  Some tropical hardwoods are so heavy, even after seasoning that they cannot float.  These are supported on rafts of lighter timbers or bamboos, or else loaded into river barges.  Logs can be shipped round or squared.  True mahogany comes only from the Caribbean region, notably from Honduras and Guatemala.  Several African trees were found to yield timber competitive with mahogany.   Today the use of mahogany is somewhat limited to antiques.  But the contrasting tiger stripes of zebrawood, the luscious mauve of purpleheart, and the intricate light and dark veining of sweet-scented rosewood, are pleasing (Edlin ’69: 27-29).
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Broadleaf evergreen forests are located on the equatorial borders of the humid subtropical climate.  Extensive acres of this forest are found along the Gulf Coast of the United States, southern Japan, southern China, southwestern South Africa, eastern Brazil, eastern Papas of Argentina, southeastern Australia and small areas of New Zealand.  These forests resemble the rainforests of the tropic.  They do not have pronounced seasonal leaf fall.  The vegetation is not so luxuriant for the cooler season reduces the vegetation growth.  They do not have lianas, epiphytes, and buttressed tree trunks.  The number of species is quite large, and includes acorn, eucalyptus, cypress, live oak, laurel, and magnolia.  The high tree canopy is sufficiently open to permit sunshine to penetrate the forest floor so that shrub undergrowth develops.  The sclerophyll forest has the largest area of development in the Mediterranean Basin.  Local names applied to the vegetation include maquis, garigue, macchia, phrygana, shibliak, and tomillare.  Other slerophyll forest include southern California, where it is known as chaparral.  In central Chile iti s known as mattaral, in southwestern Australia as mallee scrub and in southwest Africa as fynbosh or karroo.  The vegetation of the sclerophyll forest is dominated by an evergreen, leathery, droughty-resistant foliage that occurs in height form 18 inches to 10 feet.  The woody vegetation varies upon the length of the dry season. In the wettest areas, it consists of small trees such as cork, oak, live oak, pine and olive.  These trees provide an open canopy.  In drier regions, trees end to disappear and shrubs form densely.  In the driest regions the shrub cover is not only discontinuous but also lower in height.  Since the shrubs are hardwood and the vegetation dense, passage across these areas is difficult.  Some vegetation is fire dependent, such as the California chaparral.  Many of the shrubs lose their branches after an age of about 15 years, producing a high surface-area-to-volume litter ratio, which is very flammable.  It is though that chamise stands depend on fire every 15 to 20 years for optimum vigor and stability.  Many shrubs have deep root systems adapted to dry areas.   On the northern margin of the sclerophyll in California, he coniferous trees have been removed by lumbering or mining.  The shrub vegetation has spread into these area.  The control of fire has encouraged the development of old age stands that are fire hazards and provide little forage (Miller ’69: 16-18).
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The tropical rainforest consists of approximately one-sixth of the deciduous forests of the world.  They lie generally from 6 to 10 degrees north and south of the equator in South America, Africa, and Indo-Malaysia.  The vertical structure of the tropical rainforest consists of three levels above ground plus several root layers.  The highest level consists of solitary giant trees that reach levels of 165 to 195 feet, extending far above the rest of the forest.  The middle layer of trees, at 100 to 130 feet in height, provides a massive canopy through which sunlight has difficulty penetrating.  Beneath this middle layer is the bottom portion of the forest.  Visibility is limited horizontally due to the density of the vines, leaves, twigs, and tree trunks, it is limited vertically and the sky can only be seen occasionally, when a huge tree dies.  The tropical rainforest develops in areas where the average monthly temperature exceeds 65° and where there is continually wet conditions.  A major difference between the tropical forest and other forests is the greater predominance of green plant materials (trees, ground plants, and epiphytes).  In the rainforest, they represent 4 to 9 percent of the total biomass, while in subtropical forests the figure is 2.5 percent, and in temperate forests 1 to 2 percent.  When the temperature is between 77° and 86°F the litter supply and the decomposition are equal.  When the temperature rises above 86°, the vegetation decomposes faster than it is produced.  Below 76° litter accumulates.  It was once thought that the tropical rainforest would never disappear because of its vast extent of possibly 15 million square kilometers, its exuberant growth, and its great number of species.  In recent years, however, huge tracts have been cleared, not only to obtain the lumber, but to open areas for agricultural production, with the help of new technology and chemicals.  If a forest area is cleared, recovery depends upon the persistence of the small seedlings on the spot, the regeneration from dormant seeds, or the possible recolonization from outside.  In the temperate forests conditions favor redevelopment and despite mass destruction, the temperate forests continue to thrive. While temperate forests have only a few important species – rarely more than 10 – the tropical forests have from 100 to 150 species.  The life span of the seeds is short, and the successful regeneration occurs only under forest conditions.  Once the tropical rainforest is removed, it will disappear rather than regenerate itself.  The new vegetation is made up of different species, creating a different ecosystem in a process called savannization or desertification of the humid tropical areas.  The destruction of the virgin tropical rainforest is an irreversible process.  One study in the Amazon Basin found that the soil’s capacity to hold moisture declined from 51 percent of the precipitation in the virgin forest to 12 percent on deforested land, but rose after revegetation to 35 percent.(Miller ’96: 2-4, 6, 7). 
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The tropical monsoon forest coincides with the monsoon climate of southeast Asia.  Its distribution corresponds closely to the monsoon climate of northeastern India, Burma, Thailand, Laos, Cambodia, Vietnam, and northern Australia.  These forests are also found on the borders of the tropical rainforest in Africa, Madagascar, Indonesia, South and Central America.  The vegetation is less luxuriant than in the tropical rainforest, but the trees also shed their leaves during the dry season.  As a general rule, the tropical climate is considered to be seasonal if there are fewer than 40 days of rain in the four consecutive driest months.  The three levels of vegetation are not as well developed in the tropical monsoon forest as in the tropical rainforest.  The tropical monsoon forest provides a nearly complete canopy, but the great trees that reach the highest levels in the rainforest are poorly developed. Because intense sunlight does not penetrate through the leaf, canopy, the floor of the tropical monsoon forest has minimal vegetation.  The tropical monsoon forest has nearly as many species of trees as the rainforest.  The lianos and epiphytes are usually well represented.  One of the important trees of the monsoon forest is teak, which if found primarily in Burma, Indonesia, and northern Australia.  The teak region is sometimes referred to as the moist teak forest.  However teak rarely consists of more than 10 percent of the total stand.  The tea forest is largely limited to those areas where rainfall does not reach 80 inches.  Teak is replaced by other species when rainfall is less than 60 inches.  A special feature of the tropical monsoon forest is the flowering of the trees.  The flowers tend to be large and conspicuous, appearing during the dry season when the trees stand leafless.  The flowering is made possible by the moisture retained in the tree and obtained from the growth after the dry season begins.  In places the flowers make the forest a mass of color (Mille ’96: 8, 9).
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The savanna woodlands occur on the equatorial margins of the tropical savanna and the poleward margins of the tropical rainforest.  The savanna woodlands have a distinct dry season, receiving less rainfall than the tropical rainforest.  These forests occupy much of the Brazilian Plateau, large areas of eastern and central Africa, most of the Deccan Plateau of central India, and the margins of the Caribbean area.   North and south of the tropical rainforest are those areas where the intertropical convergence penetrates only during the high-sun period bringing conventional precipitation.  During the low-sun period, the trade winds dominate.  The evapotranspiration rate is nearly equal to its potential on the equatorial side of the tropical savanna climate but far exceeds it on the poleward side.  The water balance in the region thus varies from a perpetual surplus on the equatorial side to a perpetual deficit on the poleward margins.   The density of the forest depends upon the available water supply.  On the equatorial side, the tree covering is dense but gradually as precipitation declines the tree covering is replaced by a savanna landscape.  The trees, usually 40 to 60 feet in height, are rarely more than one foot in diameter.  Biomass output varies tremendously in the wooded savanna.  In the wooded areas the annual output can be as much as 60 to 70 tons per acre while on the grassland it can be as little as 8 to 10 tons per acre.  Biomass production is directly related to the quantity of water.  The decomposition of the material litter is mainly seasonal.  Both humidification and mineralization by soil animals are rapid during the wet season.  Termites also play an important role in litter decomposition (Miller ’96: 9-11).

26. Africa
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Forests and woodlands in Africa occupy an estimated 650 million hectares (ha) or 21.8 percent of the land area of this continent. These account for 16.8 percent of the global forest cover. Many of the forests are severely fragmented due to the encroachment of an expanding human population, leading to demand for firewood and extensive conversion of land to agricultural use. The distribution of forests and woodlands varies from one sub-region to the other, with Northern Africa having the least forest cover while Central Africa has the densest cover. The Congo basin in Central Africa is home to the world’s second largest continuous block of tropical rainforest. Africa’s forests and woodlands can be classified into nine general categories including tropical rain forests, tropical moist forests, tropical dry forests, tropical shrubs, tropical mountain forest, subtropical humid forests, subtropical dry forests, subtropical mountain forests and plantations. Mangrove forests cover 3390,107 ha. Only 32.5 million ha of forests and woodlands, or five percent of the total forest area, are formally protected.  The forest sector in Africa plays an important role in the livelihoods of many communities and in the economic development of many countries. This is particularly so in Western, Central and Eastern Africa where there is considerable forest cover. Africa has a high per capita forest cover at 0.8 ha per person compared to 0.6 ha globally. The forests and woodlands of Africa are home to large numbers of flora and fauna species, many of which are African endemics; moreover, many of these populations have come under threat in the last several decades.  The fragmentation of habitat of woodlands and forests has placed great stress upon populations of fauna that require sizable home ranges, such as the endangered Painted Hunting Dog and Cheetah.
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The increasing demand for nature-based recreation has induced a dynamic private sector involvement in the management of game reserves and parks in Kenya, Namibia, South Africa and Madagascar. A number of corporate institutions in Europe are already benefiting from carbon trading by investing in tree planting in some parts of Africa. Carbon trading also offers opportunities for indigenous companies and in particular SMEs. The market for environmental services from forests is growing rapidly around the world, often facilitated by national and regional policies as well as international conventions and agreements. Certain segments of society that are able and willing to pay for these services are creating opportunities for the forest owners. Markets for carbon sequestration have been adopted in Uganda, Tanzania, Malawi and Madagascar. Governments will also need to undertake comprehensive inventory and valuation of forests and woodlands, and to introduce mechanisms which encourage sustainable utilization of forest and woodland resources, including issuing concessions on standing volumes rather than harvested volumes. It is important that African states implement various aspects of the CBD by developing and implementing national biodiversity strategic action plans, nature reserves and protected areas systems (Hogan ’07).
On average, forests account for 6 percent of gross domestic product (GDP) in Africa, which is the highest in the world. In Central and Western Africa, the forest sector contributes more than 60 percent of gross domestic product (GDP) through export of timber products. Africa’s wood production (including roundwood and fuelwood) increased from 340 million m3 in 1980 to 699 million m3 in 2000. However, trade is characterized by unprocessed products, primarily roundwood and sawn planks. In Eastern, Western and Southern Africa, more than 90 percent of rural households depend on woodfuel, including fuelwood and charcoal, for their energy requirements. Woodfuel supports lucrative local trade. Trade in charcoal is a major source of income for many households. For example, in Zambia, the charcoal industry generated about US$30 million in 1998 alone, and in the same year about 60,000 Zambians directly depended on charcoal production for the bulk of their income.  As charcoal becomes an important tradable commodity, there is an opportunity for governments to recognize and regularize charcoal production by putting in place long-term plans for sustainable production, In addition to the mainstream timber products, like timber and woodfuel, forests and woodlands support other activities including ecotourism, the crafts industry, the traditional medicine sector, the pharmaceutical industry and bushmeat trade. These too are significant in enhancing household incomes. For example, it was estimated that 2.9 million people (530,000 households), lived within 5 km of closed canopy forest in Kenya in 1995, and depended on forests to provide timber and NTFPs. The woodcarving industry in Kenya, for example, supported over 80,000 people with approximately 400,000 dependants, and was worth US$8.21 million (Hogan ’07). 
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African Mahogany (Khaya ivorensis) from the Neem tree family (Meliaceae) found in West Africa.  The botanical genus Khaya, is closely related to the true mahogany genus, Swietenia, found in Honduras.  Several species of Khaya grow in the rain forest belt along the West African coast, from Sierra Leone east to the Congo, and all are marketed as African mahogany.  Khaya ivorensis, is one of the largest jungle trees, often 150 feet tall with a cylindrical bole that may become clear of branches for 90 feet up.  The trunk may be 18 feet round, measured above the great basal buttresses that and run 15 feet up from the ground.  The evergreen, leathery leaves are compound, with about six pairs of oval leaflets.  The flowers, borne in clusters, are yellow.  The fruit is a round pod, about three inches across, which holds about fifty hard winged seeds.  The outer bark is thick and rough and is shed in circular patches; there is a bright red inner bark.  African mahogany is held to be a little less stable, and rarely so beautifully figures, as the related Honduras kind, but has been applied with success to the same range of uses.  

[image: image235.jpg]


Sapele (Entandophragma cylindricum) of the Neem tree family (Meliaceae) that is found in West Africa is also known as ‘sapele mahogany’.  Sapele differs from other mahoganies in that it has clearer annual rings, greater hardness and weight, and a cedar like smell.  In colour it is rather brighter pinkish red; sapwood, where present, is pale pink.  The grain is interlocked, and changes in its general direction occur at frequent, though irregular, intervals.  When the log is cut radially, this grain arragneemtn shows clearly as alternating light and dark stripes’  ‘Striped sapele’ is very popular as a decorative surface veneer for high-grade furniture, particularly book-cases and cabinets for all purposes, from cocktails to radio.  Most sapele is used for veneer; the interlocked grain makes it less suitable than mahogany for solid construction, as it is apt to warp and usually ‘works’ unevenly under cutting tools.  Sapele grows throughout West African rain forests as a tall, sturdy tree with a buttressed base.  It bears compound leaves, small clustered yellowish-green flowers and oblong seed-pods holding winged seeds.  The bark is thick but smooth (Edlin ’69: 128, 149, 150).
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Iroko (Chlorophora excels) of the mulberry family (Moraceae) is found in West Africa.  Iroko is a strong, mid-brown, durable timber that has a close resemblance to teak, indeed it is often marketed as African or Nigerian teak.  Yellow bands of soft tissue form a lively zigzag pattern on all surfaces, and this, too, contrasts with the uniform colour of teak.  Iroko is fairly soft and easy to work, and the Africans use it for carving wooden platters and bowls, spoons and similar household utensils and for sculpturing wooden figures and statues.  Canoes are hollowed out of large trunks, and because of its natural durability it is used for fence posts and building construction.  Supplies are plentiful and much iroko is exported as large logs or baulks.  In America and Europe it is employed for much the same jobs as teak, including benches for workshops and laboratories, counters for shops, sturdy joinery, outdoor seats and tables, and in boat building.  Iroko grows wild as a tall savanna tree right across Africa from Sierra Leone through through Ghana and Nigeria to Tanzania.  Its bark is greyish white, wrinkled and scaly, and holds a sticky latex which oozes out rom any wound and seals it off.  The young twigs, purplish in colour, bear simple oval leaves that end in blunt points.  The flowers are catkin-like, and droop downwards.  Native names include ‘odoum’, ‘mvule’ and ‘kampala (Edline ’69: 123).
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Afrormosia (Afrormosia elata) from the sweet-pea ufamily (Leguminoseae) is obtained from a tall forest tree that thrives on open savannas across Africa, from Ghana, Dahomey and Nigeria on the west coast to chad and the southern Sudan farther east.  Local names include ‘kokrodua’ and ‘bonsamamdua’, while it is also called ‘red-bark’ or ‘devil’s tree’ because its bark is blotched with red or orange.  Its hairy twigs carry large compound leaves, up to a foot in length, made up of seven to nine leaflets.  Numeours greenish-white flowers, each shaped like a little sweet pea, open on short talks in open clusters.  Each blossom ripens into a large flat pod, about four inches long by two inches across, which is oblong and broader towards its tip; this holds from one to three hard seeds.  ‘Afrormosia’ means ‘elm-like tree of Africa’.  
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Agba (Gossweilerodendron balsamiferum) from the Sweet pea family (Leguminoseae) is a magnificent tree of the West African rain forest, which grows 200 feet tall and is often unbranched for 80 feet from the ground.  Its base is round, without marked buttresses, and often reaches 20 feet in girth.  The leaves are compound, about nine inches long, with aobut ight pairs of oval, pointed leaflets.  The flowers, individually very small, open along slender, branched stalks.  The seeds are large, about the size of a pea, with a single papery wing two inches long.  Agba is a leading timber tree in the coastal forests from Liberia eastwards through the Ivory Coast, Ghana, Dahomey and Nigeria to Cameroun.  Local names include ‘noboron’ and ‘achi’, but when exported it is sometimes called ‘white tola’, ‘Nigerian cedar’ or ‘pink mahogany’.  Agba is reddish brown in colour, having a distrinct brick-red or terracotta-pink tinge, without any definition of sapwood.  Agba is light in weight and rather soft, it is mainly used for furniture and high-class joinery, including stairways and window-frames.  
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Antiaris (Antiaris africana) from the Mulberry family (Moraceae) grows as a large, tall, evergreen tree in the rain forests of West Africa, including Ghana and Nigeria.  It often exceeds 100 feet in height, with a girth of 13 feet, measured above the great buttresses that spring out near its base.  There are no annual rings because it grows steadily all year.  The general colour is a uniform pale yellow without distinction of heartwood and sapwood.  Antiaris timber is exeptionaly light, weighing only 27 lb. to the cubic foot, and also remarkably soft.  When freshly worked it has a distinct, unpleasant odour.  Antiaris is shipped in large sizes to Europe for making plywood.  In Africa its light weight, softeness and availability of large logs make it a favourite timber for the carving of dug-out canoes.  Antiaris bears simple oblong leaves set alternately on stout twigs.  Its crown branhes freely to form a broad flattish canopy.  About December it opens clusters of small greenish flowers, which are followed by red fleshy berries, each holding a single seed.  The bark is white in colour, smooth except for warty outgrowths, and holds a pale latex that resembles that of the Para rubber tree, but has no commercial value.  The inner bark or bast is tough and fibrous and was formerly used by West Africans to make bark cloth.  Toxic substances are found in the bark of this tree, and in the related Antiaris toxicaria, and another name, ‘upas’, signifies ‘poisonous’ (Edlin ’69:89-92).
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Avodiré (Turraeanthus africanus) from the Neem-tree (Meliaceae) family in West Africa is a beautiful pale wood belonging to the mahogany family.  Nearly white when freshly cut, it darkens on exposure to a pale golden yellow or biscuit colour, without rings.   It is sometimes called ‘African satinwood’; local names are ‘apaya’ and ‘lusamba’.  Avodiré is a moderate-sized tree, averaging 80 feet tall by 5 feet in girth when mature.  Its evergreen leaves are large, up to two feet long, and compound, with about eight pairs of pointed leaflets.  Flowers are borne all year round, being most plentiful in spring and autumn; they are creamy yellow in colour and are grouped in clusters.  Each blossom ripens, over a period of six months, an orange-yellow fig-shaped pod, about one inch across.  This is fragrant and a soft fleshy pulp holds four or five seeds.  The bole of the tree is often crooked or misshapen; it bears a white bark that is reputed to be poisonous.  
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Bubinga (Guibortia demeusei) from the Sweet pea family (Leguminoseae) is found in West Africa.  A bubinga leaf consists of two leaflets.  In the northern parts of its range it is called ‘bubinga’ and in the southern parts ‘kevazingo’.  In timber-trade practice, the name of kevazingo is reserved for rotary-cut veneers which display its exotic colouring to best advantage, and wood prepared in any other way is called bubinga.  Bubinga is a purplish-brown ground colour, bordering in some specimens a deep crimson.  Bubinga grows as a slender tree scattered through open savanna woodlands amongst many other species.  It rarely exceeds 70 feet in height or 9 feet in girth.  Its white sapwood is of no decorative vale, and logs with enough coloured heartwood for economic harvesting are scarce and valuable.  The bark is grey and rater thick.  Leaves are remarkable in consisting of only two leaflets each, set side by side and having oval, curved and pointed outlines.  Small flowers, resembling sweet peas in structure, are scattered along a slender flower-spike, and develop into a string of seed-pods.  Each separate pod is papery, of a curious triangular-oblong shape, and holds several small hard seeds.  Bubinga, and its rotary-peeled form kevazingo are used as decorative veneer for paneling, shop-fittings and furniture.  Solid wood is used for pianos, cabinet-work and small ornamental articles such as brush-backs, knife-handles or hand-carved woodware (Edlin ’69: 97, 98, 105, 106).
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Ebony (Diospyros celebica) is jet-black wood, but most of the hundred-odd ebonies that grow in the tropical forests have heartwood that is not wholly black.  Instead, they show bold irregular stripes of bright brown, grey or greenish black on a deep black background.  This gives striking decorative effects and leads to their widespread use as surface veneers.  Ebony has long featured in trade form the east Indies to the western world and was used in Roman times for artistic woodware such as bowls and cabinets. The tendency today is to use the darker, wholly black, material as a contrast to other brightly coloured woods.  Large pieces are scarce since it never makes a stout tree, and the pale yellowish-white or pinkish sapwood has to be discarded.  Heartwood is strong, very heavy and extremely hard; it holds a natural gum which gives its dark surface a subdued lustre.  Specialized uses include drawing instruments, xylophones, chessmen, castanets, violin mutes, and pegs, handles for cutlery or brushes, brush-backs, clothes-buttons, beads, bowls and caskets.  Ebony is widely used for making musical instruments including bagpipes.  Ebony is often imitated by other woods, such as hornbeam, which are stained to look black.  Ebony is a relatively small tree growing in the lower storeys of tropical rain forests.  It seldom exceeds 100 feet tall or 6 feet round; the bark is rugged, with squarish plates.  Its leaves are simple, oval and pointed, and have a leathery texture, with distinct veins.  Small white flowers are borne singly in leaf-axils.  Each has a bulbous green calyz and five white petals, which are united below but make a five-pointed star above.  The fruit is a small round or egg-shaped structure.  Ebony trees of various species are found in tropical Africa, India, Ceylon, Malaysia and Indonesia.  
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Zebrawood (Microberlinia brazzavillensis) of the sweet-pea family (Leguminoseae) is found in West Africa.  This timber is known by its bright yellow bands alternating with dull brown to blackish strips, giving a zebra-stripe appearance.  These bands follow the general run of the annual rings, right down the length of each log, but do not coincide with them.  Sapwood is pale yellow in colour and shows no stripes.  Zebrawood grows in Cameroun and neighboring states of west Africa, on and around the Equator.  It is a small tree, rarely taller than 65 feet or stouter than 8 feet round.  The leaf is compound, with about eight pairs of leaflets.  The flower resembles that of a sweet pea, but is larger and orange coloured.  Seed ripens in broad flat pods.  The brilliant coloration of zebrawood presents a challenge to the designer of fine joinery and cabinet-work, for it must be used skilfully to secure an artistic, but not garish effect.  It is popular in both America and on the European continent for shop and restaurant fittings, and large panels in furniture; as a veneer.  Zebrawood is one of several timbers that are called by this or similar names, such as ‘zebrano’, in various parts of the world.  It is also known as ‘zingana’, especially in American and Germany (Edlin ’69: 117, 118, 169, 160). 
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Gum arabic, also known as acacia gum, chaar gund, char goond, or meska, is a natural gum made of hardened sap taken from two species of the acacia tree; Senegalia (Acacia) senegal and Vachellia (Acacia) seyal. The hardened extrusions are collected in the middle of the rainy season (harvesting usually begins in July), and exported at the start of the dry season (November). The gum is harvested commercially from wild trees throughout the Sahel from Senegal to Somalia, although it has been historically cultivated in Arabia and West Asia. Although from the 1950s to the early 1990s, Sudan accounted for roughly 80% of gum arabic production, today, that figure is under 50%. Sudan, Chad, and Nigeria, which in 2007 together produced 95% of world exports, have been in discussions to create a producers' cartel. Total world gum arabic exports are today (2008) estimated at 60,000 tonnes, having recovered from 1987–1989 and 2003–2005 crises caused by the destruction of trees by the desert locust. Gum arabic is a complex mixture of glycoproteins and polysaccharides. It was historically the source of the sugars arabinose and ribose, both of which were first discovered and isolated from it, and are named after it.  Gum arabic is used primarily in the food industry as a stabilizer. Gum arabic is a key ingredient in traditional lithography and is used in printing, paint production, glue, cosmetics and various industrial applications, including viscosity control in inks and in textile industries, although less expensive materials compete with it for many of these roles. It is edible and has E number E414.  Arab populations use the natural gum to make a chilled, sweetened, and flavored gelato-like dessert. Another emerging NTFP export sector is medicinal plants. In 2003, the annual export trade in medicinal plants in South Africa was estimated at about US$60 million, while in Zambia annual exports were valued at about US$4.4 million. Medicinal plants are a growing major foreign exchange earner in Egypt, Morocco and Cameroon, with annual earnings of $12.4, $12.8 and $2.9 million, respectively. Northern Africa has one of the richest, oldest and most diverse uses of medicinal plants in the region. Medicinal plants are also an important commodity in local markets as many people still rely on traditional medicine for their primary health care. In Ethiopia, for instance, 600 plant species are documented as being used in traditional medicine. This important role is underlined by the high ratio of traditional healers to western-trained medical doctors, estimated to be 92:1 in Ghana and 149:1 in Nigeria.
27. Asia and the Pacific
Forests cover 19 percent (592.5 million hectares) of the total land area in Asia and 23 percent

(191.4 million hectares) in the Pacific1 an additional 380 million hectares of land in Asia

and the Pacific is classified as “Other wooded land”, which includes shrublands and sparse savannah type ecosystems with tree canopy cover of 5-10 percent.  Asia and the Pacific region accounts for 18.8 per cent of global forests. Northwest Pacific and East Asia has the largest forest area followed by Southeast Asia, Australia and New Zealand, South Asia, South Pacific and Central Asia. Forest and grasslands cover 57.5 percent of Asia-Pacific’s massive land surface and provide vital ecosystems that support agriculture and livelihoods, which in turn ensure food security and nutrition for billions of people. However, increased pressure from livestock production has led to serious degradation of grasslands in Asia with far-reaching consequences, including desertification and dust storms. More than two million hectares of grasslands are being degraded in Asia every year. There are roughly 400 million hectares of degraded forestlands in the region that are badly in need of restoration.  The Asia-Pacific region has actually increased forest cover over the past decade, thanks mainly to large-scale efforts in China, India and Viet Nam. But a much more comprehensive effort is needed across the region.  Forest loss and degradation remain major problems confronting the Asia-Pacific region which, if not addressed, will leave future generations a legacy of damaged ecosystems and irrecoverable losses of biodiversity. estimates are that between 13 percent and 42 percent of species will be lost in Southeast Asia by 2100, at least half of which could represent global extinctions (FAO ’14).
Forest cover in Southeast Asia is projected to fall from 49 percent in 2010 to 46 percent in 2020 as a result of losses in the majority of countries amounting to 16 million hectares, an area just less than the size of Cambodia. Between 1990 and 2010 the forests of Southeast Asia contracted in size by just under 33 million hectares, an area greater than that of Viet Nam. The measured rate of forest loss in Southeast Asia increased after 2005 and degradation of natural forests, masked by broad definitions of “forest”, continued apace. Unless action is taken to address key drivers of change in forests and forestry, many countries will fall short of forest cover targets and values associated with forests will be lost. Projected reductions in forest area between 2010 and 2020 equate to estimated losses of 8.72 giga tonnes CO2 equivalent – almost 20 percent more than China’s total CO2 emissions for 2005 or, on a mean annual basis, around 85 percent of total European Union (EU15) transport emissions for 2010 (FAO ’14). Modified natural forests comprise approximately 65 percent of the total forest cover in Asia-Pacific, while undisturbed primary forests account for less than 20 percent. Planted forests constitute the remaining 15 percent (FAO 2010). The cycle of tropical deforestation typically begins with excessive logging, which results in forest degradation and reduces the commercial value of the natural forest. Logged-over forests are then converted to agricultural uses, often to replace land that has lost productivity due to unsustainable agricultural practices. This process is accelerated by the presence of logging roads that provide access to previously inaccessible forest areas. Unproductive farmlands are subsequently abandoned as wastelands, which could potentially regenerate into forests, but natural recovery in areas subjected to intensive anthropogenic effects is often very slow because of soil degradation, recurring disturbances (especially fires), and isolation from intact forests. Much of the reforestation implemented to date involves the establishment of industrial tree plantations, predominantly for the production of pulpwood, using a limited number of species.  Indigenous biodiversity is often substituted by monocultures of exotic tree species (FAO ’14). 
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More recently, significant efforts have been made to develop and promote techniques aimed at restoring natural forests on wastelands and rehabilitating heavily degraded forests. In the Philippines, for example, substantive efforts to develop ‘Assisted Natural Regeneration’ techniques to promote natural forest restoration on wastelands, particularly those infested with the invasive grass Imperata cylindrica, offer significant potential. Imperata grasslands are estimated to cover more than 57 million hectares in Asia-Pacific countries. Similarly, ‘Analog forestry’, developed in Sri Lanka in the 1980s is now being used in a number of Asia-Pacific countries to restore and rehabilitate forests by replicating natural forest dynamics in quasi-natural forests. A variety of other forest restoration and rehabilitation approaches and models have been developed in the region including ‘Rainforestation’ techniques in the Philippines, mountain closure principles in China, the tropical forest restoration model employed by the Forest Restoration Research Unit at Chiang Mai University (FORRU-CMU). Various community-based forest management approaches, including Joint Forest Management in India, leasehold forestry in Nepal and Community-Based Forest management in the Philippines, seek to achieve sound forest management and forest restoration through giving increased responsibility to local communities and individuals for forest management and rehabilitation.  In recent years, the landscape restoration approach has gained momentum and offers enormous opportunities. The concept is based on the recognition that trees and forests comprise critical components of rural landscapes and that diversity and diversification at landscape levels can enhance ecological and socio-economic resilience. Key elements in landscape restoration include: (i) restoring balance in social, economic and environmental benefits of forests and trees within a broader pattern of land use; (ii) focus on enhancing the functionality of a landscape and the supply of ecosystem services across the range of land uses; and (iii) involving people as central elements of the landscape in implementing practices that aim to optimize land use. 
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The Global Partnership on Forest and Landscape Restoration (GPFLR) is a proactive network that unites governments, organisations, communities and individuals with the purpose of catalyzing restoration of forests and degraded lands that deliver benefits to local communities and to nature, and fulfilling international commitments on forests. GPFLR research estimates two billion hectares of degraded lands are available for restoration worldwide, including 400 million hectares in Southern and Eastern Asia.  In the Republic of Korea, a government-led reforestation programme has been active for the past 50 years, has doubled the forested area, with more than 60 percent of the country now under forest. In the late-1990s, China initiated its Six Key Forestry Programmes to promote afforestation and greening including a programme on conversion of cropland to forest grass and a programme to combat desertification. Similarly, in Viet Nam, the Five Million Hectare Reforestation Programme was initiated in 1998. In 2011, the Philippines initiated its National Greening Programme aiming to rehabilitate forests on 1.5 million hectares nationwide within a period of six years, as a climate change mitigation strategy as well as a means of reducing poverty and providing alternative livelihood activities for marginalized people.  Asia is home to more than two-thirds of the world’s poor.  Extreme poverty is often found amongst the 450 million poor who live in and from Asia’s forests. During the last two decades, there have been significant moves in Asian countries to decentralize forest ownership and management. More than 22% of forests are under community ownership/management and growing. Across Southeast Asia, roading developments have provided access to markets for many isolated populations and have also increased opportunities for investment and trade. At the same time, forest resources have been depleted as loggers, farmers, agribusinesses and developers have moved in. Road development is having greater impacts on forests in continental Southeast Asia as compared with insular Southeast Asia. Areas particularly affected include the northwest and southern parts of Lao PDR and northeast Cambodia. In Lao PDR, Cambodia and Viet Nam, protected areas adjacent to areas of development are also threatened by biodiversity and resource loss (FAO ’14).

The Himalayas are the highest and youngest of mountain ranges and contain a substantial amount of land area above 3,800 meters elevation.  These areas have little vegetation, steep slopes, and therefore, high natural erosion rates (Orr ’96; 394).  The Himalayan spans the length of Nepal.  More than 80 percent of the country is mountainous, traverse by three parallel west to east ranges that increase in height from south to north.  In southern Nepal, at the foot of the mountains the Tarai lowlands lie scarcely a hundred meters above sea level.  Less than 200 km to the north, the ramparts of the Great Himalaya reach heights of 7,000 and 8,000 m and include eight of the ten highest mountains in the world.  High environmental variation supports considerable biological diversity: more than 6,500 species of flowering plants, 850 species of birds, and 175 species of mammals – including some of Asia’s few remaining populations of rhinoceros, Asiatic elephant, Bengal tiger, snow leopard, musk deer, Himlayan bear, and Himlayan tahr.  Since the National Parks and Wildlife Conservation Act in 1973, eight national parks, two conservation areas, four wildlife refuges, and a hunting reserve have been established encompassing 20,838 km2, 14 percent of the country’s total land area, and protect a third of its total forested land.  Half of the eight national parks and both conservation areas have permanent settlements and farming, herding, and controlled forest use.  Several of the inhabited protected areas have populations of more than 10,000 residents.  Langtang National Park, where nearly 80,000 people in 47 villages in the national park and another 58,000 people in park adjacent communities make use of forests and pastures (Stevens ’97: 65, 66).
[image: image246.jpg]



The high country on the border with Tibet that Sherpas call Kumbu, which since 1976 has also been Sagarmatha National Park, is ringed with high peaks, more than a score of which are more than 6,000 m high.  Among these mountains are three of the ten highest in the world, including Mounted Everest (8,848 m).  More than 95 percent of Kumbu is above 4,000 , and consists of high alpine grassland, rock, and ice, in the south white water-carved gorges that form the headwaters and upper catchment of the Dudh Kosi (Milk River) descend as low as 2,845 m.  Below 4,000 m, the north and east facing slopes of these canyons are cloaked in extensive forests of conifer (mostly fir), birch, and rhododendron.  Wildlife includes the endangered musk deer, Kimalayan tahr, and a wealth of birds – among them the rare Impeyan pheasant (Nepal’s national bird), the high-altitude snow cock, and the immense winged lammergeyer.  These high valleys near Mount Everest are one of at least twenty Sherpa-settled regions in northeastern Nepal and are inhabited by approximately 3,500 Sherpas.  Khumbu Shperas inhabit some of the highest altitude settlements in Nepal, with main villages situated between 3,400 and 4,000 m and some herding settlements located as high as 5,000 m.  More than 14,000 trekkers a year now visit the national park.  The Nepal Ministry of Tourism and Civil Aviation charges a fee of $50,000 per seven-member team (with a surcharge of $10,000 for each additional member).  In 1991 eighty Sherpa volunteers cleaned up the trash near Everest Base Camp in five hundred yak load, and it is now mostly clean. Large numbers of Khumbu Sherpas now work in the trekking industry as guides, sirdars in charge of supervising the camping staff, porters, and packstock, and as camp crew members.  There are more than 125 family owned Sherpa lodges.  All Khumbu Sherpa families grow much of their own food, and many also herd livestock.  High alititude crops revolve around potatoes and buckwheat.  Pastoralism focuses on the keeping of yak (and particularly the female nak) which are especially valued for their milk, manure, and utility as packstock.  Khumbu Sherpas value conservation highly.  In some cases, strict protection was enforced in that no trees were allowed to be felled for any purpose, the branches cannot be lopped but firewood can gathered from the forest floor.  This was the policy in five sacred forests that surround temples.   Musk deer flourish because Sherpas have never hunted or trapped musk deer, which browse undisturbed even at the edge of villages.  A local Khumbu leader even brought a court case to stop further tahr hunting by a Nepalese central government official (Stevens ’97: 74-77, 81, 91).  

As malaria control opened up the Terai to settlement farmers immigrated from both the central valleys of Nepal and the foothills of northern India, converting forest land to farm fields.  Concurrent with the changes in Nepal were dramatic changes in the downstream areas of India and Bangladesh.  The government responded with dams and canals.  The projects have not always produced the desired results and sedimentation has reduce the effective capacity of many reservoirs and canals.  The sediments deposited at the mouths of the Bags have clogged shipping channels and have started to form a new island in the Bay of Bengal. Erosion rates are alarming.  Throughout the 1970s and 1980s India and Bangladesh experienced severe floods along the Ganges and Brahmaputra Rivers.  Flooding during the 1978 monsoon season caused agricultural and property losses estimated at $2 billion and resulted in thousands of deaths.  The damage caused by extremes of flood seasons and dry seasons triggered the development of the Chipko Movement.  The Chipko Movement, a grass-roots forest protection movement throughout India started in the Indian Himalayas to preserve Indian forests and to return the management of forest resources to a system protecting the interests of the local Himalayan population.  Today, the Himalayan forests of Uttar-Pradesh are protected and commercial harvesting is banned (Orr ’96: 393).
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The Indian Forest Act of 1878 allowed local people to use forest resources and form village forests (Alavalapati & Luckert ’96: 419).  In the 1980s, the extent of open forests and woodlands in India was 27,660 thousand hectares and of closed areas 36,540 thousand hectares.  The average annual deforestation rate was 2.3 percent, 17 million hectares cleared annually.  The diversity of forest vegetation in India covers a variety of forest communities from coastal, terrestrial to alpine regions, from the dry and moist deciduous to evergreen types.  The spectrum ranges from the lush green vegetation of Rajasthan to grassland vegetation to mangrove vegetation at the coastal belt.  The deep valleys between the hills of the Western Ghats, termed as sholas, show tremendous richness of flora because of continuous rainfall and monsoon climate.  On the basis of altitudinal succession, the Himalayan forests represent up to 5,000 feet the terai and up to 9,000 the upper temperate rain forest, including the conifer forests.  From 9,000-12,000 feet, Pinus, Rhododendrons and bamboos are seen in subalpine zones.  Beyond 12,000 feet, the meadows occur in subalpine and alpine zones, with rhododendrons as scrub vegetation.  The highest altitude recorded for an angiosperm is 6,300 meters, where a crucifer Christolex himalayensis has been recorded in Mt. Kamet in the Western Himalayas.  Other angiosperms in the sparse forests of high altitude include species of Bentiana, Allardia, Selinum and Delphinium.  The alpine zone, between 10,000 and 16,000 feet, has been defined as the one that limits the end of the tree zone belt.  The vegetation is mostly scrubs, empty patches and some forests including Rhododendrons, Pinus, Juniperus, Lonicera, Berberis, and Myricarla.  The forest vegetation in the temperate zone of the Eastern and Western Himalayas are distinct.  The Western Himalayas show a preponderance of conifers, the east is mostly dominated by Cryptomeria japonica and Rhododendron, Magnolia and Michaelia in the temperate alpine forests of the Eastern forests do not have any parallel in the West.  

Three principal types of temperate forests have been recognized, wet temperate evergreen without conifers, moist temperate evergreens of the Hmalayas, including oaks and conifers, and lastly the Himalayan dry temperate ones, which are mostly open, sparse, and xerophyllous forests.  Some of the Himalayan forest are distributed across the Indian subcontinent.  Some species, like Terminalia tomentosa, T. arguna, Adina cordifolia, Syzginum cumini and species of Acacia and Albizzia occur throughout the country, except in desert areas.  The trees Anogeissus latifolia, Bombax ceiba, Careya arborea and Ougeinia oojeinensis are distributed over large areas of the subcontinent while some East Himalayan species like Lagerstoemia flos-reginae are confined to Assam, Burma and the Eastern and Western Ghats.  Podocarpus neriifolia occurs in Eastern Himalaya and north-east India.  Species of Artocarpus, Calophyllum, Dipterocarpus, and Chickrassia show discontinuous distribution in Assam, Burma, Eastenr and Western Ghats, Andman and Sri Lanka while Caralli rachiata, Billenia pentagyna and Grewia tiliaifolia are found in Western Himalaya, Eastern and Western Ghats, east and central India and Sri Lanka. Mainly western Himalayan trees with some distribution to the east include Acer campbellii, A. oblongum, Betyla alnoids, Dalbergia sissoo, Juglans regia and Ulnus wallichiana.  In the southern part of India families like Combretaceae, Dipterocarpaceae, Anacardiaceae, Leguminoseae, and Sterculiaceae predominate.  But high up in the Nilgiris, the temperate evergreen forests dominate with species of Cinnomomum, Erythroxylon, Beilschidtia, and Szyguim, being the most common.  The principal trees in the tropical deciduous forest of India are Shorea robusta, Tectona grandis, species of Terminalia and Dillenia and member of the familes Meliaceae.  Burseraceae and the sandalwood forests in the South.  The mangrove vegetation is located in certain parts of the coastland and Bay.  It is principally compsed of species of Rhizophora, Bruguiera, Ceriops, Heretiera, Avicennia, and Excoecaria.  Of the palms, Nipa fruiticans and Phoenix paludosa are restricted to those forests.  The only natural formations of one genus covering a wide area are Pinus of the Khasia Hills, Horassus of Gangam District and Coconuts of Malabar coast.  The family Orchidaceae, has approximately 450 species of flowering paltns in the Eastern Himalayas (Sharma & Sharma ’96: 437-440).  
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 Most countries in Asia use at least some wood from fruit-trees as commercial timber.  For instance, in Sri Lanka, where the enforcement of a logging ban in natural forests has necessitated the use of alternative sources of timber, an estimated 500,000 cubic metres of logs (40 percent of the countries supply ( come from home gardens.  In the densely populated Indian State of Kerala, an estimated 83 percent of all timber (12 million cubic metres per year) comes from homesteads.  Several fruit-tree species such as jackfruit (Artocarpus heterophyllus) and tamarind (Tamarindus indica) supply high-value wood for furniture and cabinets in several countries of the region.  More traditional timber species such as mahogany (Swietenia macrophylla) and teak (Tectona grandis).  Other trees such as kapok (Ceiba pentandram), domba (Calophyllum inophyllum) mango (Mangifera indica), durian (Durio zibethinus) and sapu (Michelia champaca) are also grown in home gardens.  Rubberwood (Hevea brasiliensis) has been planted throughout Southeast Asia during the past century for the production of latex.  Plantations now cover an estimated 9 million hectares, making it the most widely planted tree species in Asia.  The viable rubberwood harvest in Southeast Asia is estimated to exceed 6.5 million cubic metres per year.  Most is processed into sawnwood and further into furniture.  As a medium-dense hardwood with light colour, easy machining and good staining properties, rubberwood can be a substitute for many species including ramin (Gonystylus spp.) meranti (Shorea spp.), teak (Tectona grandis), oak (Quercus spp.) and pine (Pinus spp.)  It is increasingly being used in particle board, plywood, cement board and medium-density fibreboard, and trial are being conducted to use in oriented strandboard.  Rubberwood accounts for more than 80 percent of Malaysia’s furniture output and exports of rubberwood products are valued at about US $1.1 billion.  Thailand also has a large rubberwood furniture industry, with exports totaling more than US $300 million annually (McConnel et al ’05: 10-13).

Bamboo is material from the stems of monocotyledonous plants in Asia.  Bamboo culms (stems) have traditionally been substitutes for timber in construction and scaffolding, to this day.  Bamboo furniture and flooring are gaining market share.  China and India have the world’s largest bamboo resources.  China is the world’s largest producer of commercial bamboo, with unprocessed bamboo valued at US $1.5 billion in 1999.  Processing is estimated to have added another US $1.3 billion to this total.  The sector provides part-or full-time employment for more than 5 million people in China.  India’s annual harvest totals approximately 4 million tonnes, with slightly more than half used in rural construction and scaffolding.  Most of the remainder is for making pulp and paper.  Bamboo is also used extensively to make paper in Bangladesh, [image: image249.jpg]


China, the Philippines, Thailand and Viet Nam.  Bamboo is an ancient woody grass, found in tropical, subtropical and often temperate zones, that numbers up to 90 genera and 1,500 species, of which only about 50 species are so far domesticated.  More than 1 billion people live in bamboo houses, and 2.5 billion people depend on this resource for their livelihoods.  Besides traditional use for construction, furniture, handicrafts and food, bamboo is increasing being recognized as an environmentally friendly and cost-effective wood substitute for producing pulp paper, boards, panels, flooring, roofing, composites and charcoal.  Bamboo shoots are rich in fibre and competitive on the international vegetable market.  While only 10 to 20 percent of bamboo consumed reaches international markets, the value of the annual trade is about US$5 to $7 billion.  By comparison trade per year in tropical timber and in bananas is estimated at about $8 billion and $5 billion, respectively.  India reports 9 million hectares of bamboo forest and clumps.  China counts 7 million hectares of bamboo, including 4 million hectares of plantations.  Latin America is presumed to have 11 million hectares of bamboo, excluding the Andes.  Bamboo makes up about 1 percent, or 22 million hectares, of tropical and subtropical forest cover with an annual sustainable harvest of about 20 million tonnes (McConnel et al ’05: 11-13).
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The coconut palm (Cocos nucifera) is an agricultural crop throughout Asia and the South Pacific.  Copra, from which coconut oil is derived, is the primary harvest.  Of the more than 10 million hectares of coconut plantations in Asia, at least 2.1 million hectares are more than 60 years old, the age at which copra yields decline.  Botanically, the coconut palm belong to the monocotyledons, so tis fibres are not classified as wood.  When special processing and grading techniques are applied, parts of the stems of old coconut palms of the tall varieties can be used as a wood substitute.  At present, coconut sawing is mainly on a small scale.  Timber is usually cut to meet local needs, mostly replacing timber from tree species traditionally used in rural houses and bridges.  Commercial processing of coconut wood began in the 1970s in the Philippines for construction, pallets, stairs windows and doorposts, tool handles, flooring and power poles.  Decorative wall paneling, parquet and blockboard find their way to niche markets.  Strong demand and high prices for palm oil and palm kernel have stimulated a boom in planting of.   Oil-palm (Elaeis guineensis) is grown in Asia to make foods, soaps and cosmetics.  Plantations in Asia covered more than 5.3 million hectares in 1999.  At the time of felling, oil-palms produce an average of 235 cubic metres of stem material per hectare.  As much as 100 million tonnes of palm fronds, 20 million tonnes of empty fruit bunches and 5 million tons of palm kernel shells are produce annually as a by-product.  
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Paldao (Dracontomelum dao) Paldao (Dracontomelum dao) Paldao (Dracontomelum dao) from the mango family (Anacardiaceae) is found in the Philippine Islands.  Paldao wood shows a wonderfully variegated pattern with grey as its main colour.  An amazing irregular mottling of greenish-brown, dark brown, dark grey or black streaks runs over a yellowish-grey or pinkish-grey ground.  Lively figures makes paldao a favourite timber for the veneered finish of cabinets, radios and occasionally tables.  It remotely resembles European walnut, and this, together with the suitability of the wood for gun-stocks, has earned it the names of ‘Philippine walnut’, ‘Pacific walnut’ and ‘Guinea walnut’.  Paldao grows in tropical rain forests, where there is no distinction of seasons, so its annual rings are obscure.  The tree that yields the elegant veneer wood grows only in New Guinea and the Philippine Islands, where it is known by the Tagalog name of ‘dao’ (pal being Spanish for wood”.  It grows to a height of 125 feet with girths of up to 10 feet, and is strongly buttressed at the base.  It is commonest in fertile lowlands beside streams.  The bark is smooth and steel-grey, and its surface is regularly shed in scroll-shaped pieces though it is stringy within.  Below the grey surface comes a red layer, then a pale pink one, and then a second red layer.  The sapwood is think and pale pink in colour.  The large leaves are placed alternatively, but bunched together, at the ends of stout twigs.  Each is pinnately compound with about six pairs of glossy, light green, smooth leaflets.  A singe leaf is about one foot long by four inches wide.  Small flowers are borne in short spikes, and are followed by hard round seed-pods.   In the Philippines paldao is used extensively for house-building and furniture.  Large logs are hauled in form the swampy jungles by teams of carabaos or water-buffaloes, or their modern equivalent, the crawler tractor.  The brilliant coloration is found only in the relatively small heartwood, which has a high value for export (Edlin ’69: 140, 141). 
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East Indian Satinwood (Chloroxylon swietenia) from the rue family (Rutaceae) is found in Ceylon.  It is said to reach a height of 80 feet and a girth of 9 feet.  But all the accessible full-sized trees have been felled for their valuable timber and supplies today come from smaller specimens, rarely more than 50 feet tall and 4 feet round.  The compound leaf grows from one to two feet long and consists of from ten to twenty pairs of leaflets, each about one inch long.  One side of each leaflet-blade is wider than the other, there is no terminal leaflet.  Twigs, leaf-stalks and flowers are all clad in short grey hairs.  The small flowers are creamy white in colour and grow in clusters near the tips of the twigs.  Satinwood comes from regions with long, dry seasons and matures slowly.  It is very heavy, weighing 5 lb. to the cubic foot even when seasoned, hard, tough and naturally durable.  Heartwood and sapwood have the same yellowish colour.  The value of satinwood lies in the wonderful surface lustre that gives it its name.  This is combined with beautiful broken stripe and mottle figures due primarily to its irregular grain.  It has long been used in the solid form by Sinhalese, Indian and Western cabinet-makers and wood-turners.  Today most of it is harvested from radially sliced veneers, used on fine furniture, often in contrast with darker-coloured woods (Edlin ’69: 150, 151).
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Teak (Tectona grandis) from the verbena family (Verbenaceae) is found in Burma, Southern India and South-east Asia.  Teak timber had been used for the building of Arab dhows and Chinese junks, and Portuguese, Dutch and British seamen soon applied it to the repair of their oaken craft, damaged by the seas on the long voyage round the Cape of Good Hope.  It was found to be remarkably strong and naturally durable, resistant to both insect attack and fungal decay, and even to termites and marine borers.  A first-class wood for house-building, it is also well adapted to heavy construction such as bridge-works, dock gates, railway engineering and to fittings needing strength and resistance to chemical attack.  For example, for vats and as laboratory benches, since it is not harmed by acids or alkalis.  It makes sturdy long-lasting garden furniture that will endure out of doors in all weathers.  Much is used for ships’ decks, and in boatbuilding generally.  In appearance teak is an even mid-brown in colour, with a hint of olive-green or gold.  The annual rings are clearly marked by the grouping of large pores in circles, following the start of each year’s growth.  Teak holds a natural oil, but benefits from oiling after long exposure to the weather.  This restores its natural colour, which otherwise becomes bleached white by the sun.  Sapwood, where present, is pale yellow, and even the heartwood is yellow rather than brown when freshly cut.  Teak is so hard that ordinary nails cannot be driven into it, and it is therefore pre-bored, or fastened with wooden pegs or screws.  In contrast to oak, it does not corrode iron fitting.  It is exceptionally heavy, and freshly felled logs sink in water.  Teak grows as a magnificent tree in monsoon rain forests with a marked dry season.  It may reach 150 feet tall by 40 feet round, but is seldom found in pure stands and must be sought out in mixed woodlands.  It is often first noted by tis greyish bark, which shreds off in thin strands, and a further clue is that there are no buttresses at its base.  The leaves, which are borne in pairs, are oval, pointed and exceptionally large, often reaching eighteen inches long by nine inches across; they are smooth above and hairy below, and show prominent curving veins.  Small flowers, borne in upright clusters, are followed by large fruits, three-quarters of an inch across, with a wrinkled outer surface.  Each holds four large, hard, kidney-shaped seeds.  Seedlings are easy to raise, and extensive plantations of teak have been made in India and Indonesia, to ensure future supplies more profitably than those from wild trees scattered through remote jungles.  Most teak however, is still harvested from naturally grown trees.  Forests are divided into large sections, each of which his explored in turn to maintain continuous supplies.  When mature trees big enough for felling are found, they are hammer-marked by the timber company to establish ownership, and are then ring-barked.  Ring-barking involves removing a strip of bark and sapwood all-round the tree.  This kills it by denying all nourishment to its roots, since nothing can descend from the trees crown of foliage.  But the tree takes a whole year to die, and meanwhile the leaves transpire all the sap stored in the trunk, before they finally wither.  This makes the log light enough to transport by floating.  Huge logs or baulks of timber are hauled to the nearest waterway by elephants.  When instructed they will lift and stack logs (Edlin ’69: 153-155). 
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Cedar of Lebanon (Cedrus libani) of the pine family (Pinaceae) from the Near East was introduced to England and the USA.  Cedar of Lebanon is well known in the Bible.  Cedar was the wood used by Solomon to build his temple at Jerusalem, about 1000B.C.  The Hebrew name for both tree and timber is erez, with the plural form of arazim.  “Cedar’ comes from Greek kedros, and Latin cedrus, words originally implying a fragrant juniper bush, but later extended to sweet-smelling woods of many kinds.  The true cedars, as trees of the botanical genus Cedrus are now called, are remarkable conifers that survive only on high mountains in the sub-tropics.  The deodar or Indian cedar grows on the Himalayas, the Atlas cedar on the Atlas Mountains of Morocco, the Cyprus cedar on the Troodos Range in Cyprus, and the Lebanon cedar on Mount Lebanon and a few other higher mountains of Lebanon, Syria and Turkey.  It cannot flourish in the warmer lowlands.  Solomon bought his cedar timber from Hiram, King of Tyre, in exchange for wheat and oil.  The logs were hauled to the sea and floated for 200 miles down th Mediterranean coast, then carried inland to Jerusalem.  All the true cedars are evergreen, with two arrangements of needles.  On their slender, terminal shoots the needles are placed singly, while on the ore numerous side shoots they are grouped in rosettes.  Each side shoot produces a fresh rosette every year, but it elongates extremely slowly – a shoot one inch long may be twenty years old.  Male flowers do not open until August, and then appear as conical catkins that shed golden pollen from numerous anthers, and then fall from the twigs.  The female conelets, which are pollinated at this time, are green, erect and oval. They take two years to ripen into curious barrel-shaped woody cones, about four inches long by two inches wide.  These cones stand upright on the twigs.  They have broad scales which slowly fall away, to release the winged seeds gradually during the year that follows.  Seeds are borne two to each scale; each is about the size of a grain of wheat, and has a much larger triangular wing.   In prehistoric times cedars were widely spread over much of the Old World, but climatic changes have isolated the four kinds on high mountains with peculiar climates.  Lebanon, 6,000 feet above the Mediterranean Sea, is snow-clad in winter but baked by fierce sun in the summer months.  The narrow, waxy needle of the cedar enable it to withstand drought in the summer, whilst making use of soil moisture arising from melted snow.  But its young seedlings are vulnerable to grazing goats, cattle, horses, sheep, camels and asses, and where the woods are open to wandering livestock they cannot survive.  In consequence the cedar groves were steadily decreasing until the present century, when they received protection from the Lebanon Government.  Cedars on Mount Lebanon reach 80 feet in height, with trunks over 40 feet found.  Growth is slow at such altitudes, and some may be 2,000 years old.  Lebanon cedar is distinguished form other nearly related kinds by its very flat habit of branching.  Lebanon cedar is popular for landscape planting in England, North America and throughout the temperate lands o0f the world.  The bark of Lebanon cedar is dark grey and rather thin.  The heartwood is a warm brown color.  The timber is soft and light.  The heartwood is durable, thanks to the natural oil and resin that gives it its fragrance resembling incense and perfumes.  Cedar wood is easy to work and strong enough to serve a wide range of uses.  In the Himalayas, where Indian cedar is plentiful, it is use for house-building, railroad ties, furniture, bridge construction and general carpentry (Edlin ’69: 107, 108).
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Papua New Guinea comprises the eastern part of New Guinea and adjacent islands.  It became an independent country in 1975, having previously been administered by Australia.  It is a land of great physical and ethnic diversity, in a population of approximately 4 million, there are 700 different language groups.  Most of the land, 97 percent of the total land area, is held under customary systems of tenure in which ownership of land is vested in the kinship group, lineage, or clan.  Individual rights to use land are derived from birth into the group. Only 127 km2 are designated national parks.  The first wildlife management areas were established in 1975, by 1991, nineteen had been declared, with a total area of 10,529 km2, equivalent to 2.3 percent of the whole country.  Tonda Wildlife Management Area was he first to be declared and remains the largest, with an area of approximately 5,900 km2.  It is located in the extreme southwest of the country, bordered by the Torres Strait to the south and Indonesia to the west.  The region is one of plains and wetlands, inundated by floodwaters during much of the year.  The vegetation is savanna grasslands with isolated pandanus palms, melaleuca, and swamp forest, and a coastal fringe of mangroves.  There is diverse wildlife with large numbers of agile wallaby (Maropus agilis) and rus deer (Cervus timorensis), an exotic species introduced by the Dutch.  The rivers and swamps contain crocodiles, freshwater turtles, and barramundi (Lates calcifer), n there is a spectacular variety of birds, with large flocks of duck, geese, ibis and egrets.  Only about 1,230 people lived in the area in 1980.  Crocodile skins are a valuable product, and there are several small farms in the villages where young crocodiles are kept until they reach maturity.  Cassowaries (Casuarius casuarius) are also reared in captivity for consumption at wedding and ceremonial feasts. The management rules limit hunting by outsiders to deer and duck, and set maximum quotas of five of each.  Licenses are required for hunting and fishing, which are also subject to the payment of fees and royalties.  Other management rules prohibit hunting in certain areas, ban the use of nets for fishing, and forbid shooting from vehicles and boats. Pokili Wildlife Management Area is located in a very different region, the large island of New Britain in the northeast of the country.  Pokili is an area of lowland rain forest that contains spectacular hot springs.  Its main wildlife resource is megapode (Megapodus freycinet), which lays its large eggs in burrows in the soil where their incubation is assisted by warmth generated by the igneous activity.  Nine villages claim traditional rights to collect these eggs, which are a valuable food and source of income and rules prohibited hunting the bird and disturbing their egg burrows and the surrounding vegetation while restricting the collecting of eggs to those with traditional harvesting rights.  The collection of eggs is limited to certain days of the week, and n harvesting is allowed during the month of August, to prevent overexploitation of the resource.  The Ranba Wildlife Management Area occupies the Island, where more than a thousand people live in five villages.  The most valuable wildlife resources are the green (Chelonia mydas), hawksbill (Eretmochelys imbircata), and leatherback (Demrochelys coriacae) turtles that bred on the western and northern beaches of the island.  To protect turtle populations harvesting is limited to those with customary rights, and there is a ban on the killing of turtles in the breeding season, from May to July (Steven ’97: 225-231).
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In Australia the commonwealth government has limited control over protected areas, mainly through budget allocation to the state by the Australian Nature Conservation Agency (ANCA).  In 1990, there were 3,026 protected areas, including 530 national parks, in Australia.  Bush food production accounted for 50 percent or more of the total income in two different communities.  Resource utilization projects being undertaken by the Aboriginal communities of the Bureau of Rural Resources include feral animal (rabbit, buffalo, donkey, camel) production and harvesting, as well as native animal projects. The so-called natural landscapes in Australia have been modified extensively by thousands of years of Aboriginal land management practices, namely burns.  More than thirty Australian national parks, including many of the best known, are owned by their local Aboriginal communities and jointly managed with conservation agencies (Stevens ’97: 155, 173, 174, 186). The Australian Alps occupy an area of around 15,625 square miles (25,000 square kilometers), extending south from the Brindabella Ranges near the Australian Capital Territory, through the majestic Kosciuszlo National Park in New South Wales, to eastern Victoria.  Though occupying less than 0.01 percent of the overall area of the continent, the Alps region is characterized by an almost unparalleled diversity of environments.  As the uplifting that formed the Alps progresses, it exposed a mosaic of rock types, from consolidated marine sediments nearly a half billion years old to metamorphic and volcanic formations.  The number of glacial periods experience by Australia during the Pleistocene epoch was fewer and smaller than North America.  Evidence indicates that continental Australian glaciation occurred entirely within the present borders of Kosciuszko National Park.  The last one, about 20,000 years ago, covered 30 to 40 square miles (48 to 64 square kilometers) at the higher elevations of the park, leaving the glacier-sculptured alpine landscape seen today.  The evolution the flora of the Australian Alps is inescapably linked to the formation of the Australian continent.  Over millions of years of drifting northward, following the breakup of Gondwana during the late Cretaceous Period, the preexisting angiosperm flora is thought to have developed into two separate streams: a northern continental, subtropical flora, and a southern temperate flora, the latter incorporating species of the current alpine flora families Proteaceae and Winteraceae.  As the continent continued to drift northward, the climate became increasingly arid, leading to the evolution of the present day sclerophyllous vegetation dominated by the genus Eucalyptus, which occurs across the Alps from the driest part of the landscape at lower elevations to the tree line at about 7,000 feet (1,800 meters) (Maser et al ’10: 162). 

The flora now inhabiting the Australian Alps arrived in the region after the earlier flora had been displaced by Pliocene-Pleistocene climatic and elevation changes.  Above 7,2000 feet (1,850 meters) in elevation, there exist the true alpine zone dominated by tall alpine herbfields and heathland communities.  Snow accumulates to 3 feet (a meter) or more in depth in winter, much deeper in low-lying area, where it is blown from the ridges.  Tall alpine herbfields are not only the most diverse in terms of numbers of species and noted for their array of flowering species but also have been heavily impacted by the grazing of domestic livestock since the 1800s.  Other vegetation communities occupy a smaller area, where persisting snow, soil moisture, aspect, drainage, or temperature regimes limit the growth of a tall alpine herbfield.  Especially prominent are sod-tussock grassland in frosty valley, undulating open areas, and extensive heathlands in rocky sites with free drainage.  Snow gums dominate the tree line in the Alps, at approximately 6,070 feet (1,850 meters), and the subalpine zone, at roughly 4,600 to 6,070 feet (1,400 to 1,850 meter).  The clumps of twisted and gnarled tree-line snow gums are especially colorful due to yellow, orange, and scarlet streaks on the bark.  Their habitat is generally rocky, providing sheltering passageways and nesting places for small animals, such as the mountain pigmy-possum.  Lower down, in more protected areas, the snow-gum forest produces small trees capable of surviving the cold and snow in winter, as well as heat and drought in summer.  Heathy shrubs often dominate the understory.  At the lower reaches of the subalpine, snow-gum forest and lower into the montane sclerophyll forest, other eucalypts enter the forest composition.  A rain shadow in the steeply dissected southeast corner of Kosciuszko National Park produces dry, exposed sites with open sclerophyll forests forests and woodlands of the white box-white cypress pine association (Maser et al ’10: 163).

The early convict settlements in Australia were developed by prisoner labor, which was heavily subsidized by the British crown.  Their initial attempts to cultivate the infertile soil around Sydney Cove, the first prison colony, met with poor results.  Convicts and freemen alike were constantly on the verge of starvation, scurvy and other diseases of poverty.  Over time, more and more of the surrounding forest had to be cleared for field crops and livestock to sustain the colony.  As it became increasingly self-sufficient, and as sheep and cattle herds gradually built up, pastoralists moved farther and farther to the south and west of Sydney to seemingly unlimited free-land.  Until the mid-nineteenth century, transportation from inland farms to coastal harbors was difficult and expensive.  The roads were often simple bullock tracks over rock and root and became quagmires in the rainy season.  A cash crop, therefore, had to have high value per unit of weight and be nonperishable.  Wool filled that bill, so sheep replaced cattle as a major, inland crop.  As squatters increasingly appropriated huge tracts as their own on which to raise sheep, competition for and intensified.  For lack of fences, the herders moved their flocks of sheep around at will as they sought the scarce water holes and good pasture.  The more productive grassland with good watering places soon became severely overgrazed, whereas pasture around water was pounded into muck during the rainy season and baked into bare, hard soil in the annual dry spell.  Most of eastern New South Wales and northern Victoria was covered with dry eucalypt woodland, which included such species as grey box, white box, yellow box, and mugga ironbark.  These trees suppressed the growth of grasses, and to the graziers the solution was simple: replace the trees with grass.  Vast areas were cleared of all trees.  In the 1880s, many Chinese who had immigrated during gold rushes, subsequently entered the labor pool.  The pastoralists hired them for a shilling a day to girdle the trees.  Dozens of workers were organized in a line, given axes, and instructed to move ahead, girdling every tree in sight.  This was done indiscriminately, not only across low areas with good soil but also up steep slopes and over rocky ridges.  As a result, hug areas were denuded.  Because the steep slopes and rocky ridges were marginal for grazing, the girdled trees were left to resprout and restore the woodland.  The resulting woodlands are structured differently.  They provide the fragmented landscape of wooded ridges intermingled with pasture now seen in much of e box-ironbark zone of southeastern Australia.  Fragmentation of the woodlands reduced or eliminated shrubs needed by many of the native animals for browse and protective cover.  Rocky ridges surrounded by open pasture prevented movement of small animals from one patch of habitat to another for fear of predators.  Bettongs, small marsupial truffle eaters, have become endangered.  Attempts to restore bettongs in sanctuaries enclosed in fox-proof fences have had mixed success because bettongs cannot leave a fenced sanctuary to breed, escape disease, or supplement seasonal scarcity of food or water (Maser et al ’10: 169-172).

Human intervention in the form of agricultural fields and economic plantations of “crop trees” are opposed to the robust complex march, grassland and forest ecosystems.  Fragile ecosystems can go awry in more ways and can break down more suddenly and with less warning. Sustainability flows form the patterns of relationships that have evolved among the various species.  In a forest, biological capital is reinvested before extracting profits by leaving sufficient merchantable materials intact so the habitat will remain in a sustainable condition, able to rebound to a healthy, new forest.  In Australia, with no native pines, early attempts to establish a sustainable plantation industry based on growing exotic pines were thwarted by (1) a lack of understanding about the requirement of pines to be colonized by mycorrhizal fungi: the pine-associated fungi did not occur in Australia; (2) a lack of foresight about the potentially deleterious effects of exotic trees on soil properties; and (3) totally extractive practices of harvesting and post-logging site preparation, which did not provide for the reinvestment of biological capital to maintain a sustainable infrastructure of the forest. Initial plantations failed, the trees suffering from drastic undernourishment due to a lack of mycorrhizal fungi.  Inoculated pines however grew fast.  Not only could they obtain nutrients from the soil but also their insect pests and diseases were absent from Australia.  The rapidly growing first rotation of pines had stripped the soil of important nutrients, such as nitrogen, phosphorus, and sulfur.   At first, fine branches, needles, and cones of the live trees were removed with the cut stem for further processing or to burn them as “fire-hazardous waste”.   With assistance from programs to breed “superior trees” and better management, including more stringent weed-control, fertilization and leaving slash on site, yields of subsequent plantings have been restored, and pine-plantation forestry in Australia has gone through a few rotations (Maser et al ’10: 227-229).
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Australian Walnut (Endiandra palmerstonii) from the laurel family (Lauraceae) is found in Queensland, Australia.  It is not a true walnut botanically, since it belongs to the laurel family and bears irregular, oblong, leathery evergreen leaves, each being about three inches long, rather like a laurel bush.  Its fruit, however, is walnut-like, being a globe about two and a half inches across, bluish black in colour.  The flowers are very small, and are borne in open clusters.  It grows as a tall tree up to 140 feet high, with a clear bole up to 80 feet, and a diameter of 10 feet.  It has a pale brown sapwood, but this is seldom seen in imported timber.  Freshly cut wood has an objectionable smell, which vanishes later.  The heartwood is a beautiful soft brown, suffused with pinkish overtones.  Blackish-brown or even black streaks run lengthwise and mark the out edges of the annual rings.  It is heavier than English walnut.  It is not so easy to work but can serve most of the purposes to which the northern walnuts are applied.  It yields highly decorative veneer, and is popular as a surface finish for pianos, high-class furniture and cabinets. Some is used for joinery and paneling, and it proves a good turnery wood (Edlin ’69: 155).
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Eucalyptus (Eucalyptus regnans) of the myrtle family (Myrtaceae) is found in South-eastern Australia and has been introduced throughout California and the sub-tropics.  Sometimes called ‘eucalypts, these trees are native only to Australia and Tasmania, though several kinds are now widely grown for timber and ornament.  Most of them have similar foliage, flowers and seeds, but wood and bark can vary a great deal, and so can their general vigour.  A typcal eucalypt bears two sorts of leaf: young plants and young stems have rounded ‘juvenile’ leaves in opposite pairs, clasping the stem; older plants and twigs bear solitary ‘adult’ leaves on distinct stalks, and the shape depends on the species of tree.  Each adult leaf adjusts itself on the stalk so that it presents its edge, and not its face, to the sun.  This allows the sun’s rays to strike through the foliage, and there is little shade below a eucalyptus tree.  Eucalypts grow under a ‘Mediterranean’ climate with warm wet winters and hot dry summers.  They are evergreen.  Another device to lessen water loss is the waxy bloom on the surface of the foliage, which gives it a bluish sheen.  Strongly smelling eucalyptus oil forms in glands throughout the leaves.  This is obtained commercially by distilling large quantities of fresh eucalyptus eves with steam.  It is widely used for colds, and in perfumery.  It is both volatile and highly inflammable, and its presence causes eucalyptus trees to blaze with exceptional ferocity in Australian bush fires.  Eucalyptus bark is steely blue in colour, but peels away in irregular strips, exposing yellowish bark below.  The flowers are yellowish white and appear in clusters.  Being pollinated by bees, they bear ample nectar and are a main source of Australian honey.  The seed-pods are conical in shape, being broader towards the tip, and bluish in colour when ripe.  Each pod holds many small, hard, black seeds. Eucalyptus rengans, also known as “Tasmanian oak’ or ‘white mountain ash’ produces a hard, heavy and strong lumber for construction or solid furniture.  The tree that yields it is the tallest in Australia, and may scale 300 feet tall by 30 feet round.  It forms large pure stands in the uplands of New South Wales, Victoria and Tasmania.  Much of the finest timber was felled by settlers to clear land for agriculture.  Other species of eucalypts are planted in sub-tropical lands as sources of fuelwood and pulpwood for paper-making.  When cut back, they sprout again, and so yield perpetual crops. They are however frost-tender, and none succeeds in northern North America nor in Europe north of the Alps (Edlin ’69: 121, 122).
28. Central and South America
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Amazon is the largest rainforest in the world. It covers about 4 million square kilometres and contains one fifth of the world's fresh water and the whole 30% of all flora and fauna in the world. The whole Amazon basin contains about 40,000 plant and 2.5 million insect species, with 7,500 species of butterflies alone. One in five of all the world's birds live in Amazon; and 50 different ant species were once found in one single tree. Typical animals in South American rainforest are jaguars, pumas, deer, howler monkeys, tapirs, peccary, iguanas, opossums, mongooses, otters, squirrels, bats, rats, poison frogs, caymans (deadly crocodiles) and anacondas - the longest snakes in the world. The largest part of Amazon rainforests is in Brazil, but the jungle also stretches in to Bolivia, Ecuador, French Guiana, Guyana, Columbia, Peru, Suriname and Venezuela.  Rainforests of Chile and Argentina are the world's second largest temperate rainforests. Chilean rainforests contain animals like river otters, wild cats, marsupials, owls, frogs and woodpeckers. Plants include the 40m high Chilean redwood (Fitzroya cupressoides) which can be 3000 - 4000 years old. Argentinan rainforests contain about 2000 plant and 400 bird species, including hummingbirds, toucans, condors, parrots, eagles and falcons. Animals include jaguars, pumas, ocelots, cougars, tapirs, squirrels, howler monkeys, capybaras, skunks and otters.  There are also crocodiles and a variety of snakes such as rattlesnakes, pit vipers, cross snakes and the highly venomous coral snakes. Central American population tripled from 75 million in 1940 to 29 million in 1990.  While only 25 to 30 percent of the forest was cut by 1940, only 25 to 30 percent remains today.  The number of reserves increased sharply from 30 in 1970 to 129 in 1980, when they covered 9 percent of the region.  There are probably 300 protected areas today.  The 75 cultural parks accounted for about 85 percent of the total area under protected status in Central America (Stevens ’97: 100).
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Brazil has got the largest parts of Amazonian rainforests, including 56,000 plant, 1700 bird, 578 mammal, 651 reptile and 695 amphibian species. This is the highest number of plant, primate and amphibian species in the world, and number five for birds and reptiles. About a quarter of all the world's plant species are found here, including rubber trees, rosewood, brazilwood, and ceiba. Birds include macaws, toucans, parrots and harpy eagles. Bolivian rainforests, which escaped the bad deforestation that happened in other parts of Amazon, contain more than 2000 species of hardwood, and animals like emperor tamarin and peccaries. But there are also some rainforests in south America outside the Amazon basin. These include the Atlantic rainforests on the eastern coast of Brazil; rainforests in Paraguay and Uruguay; and temperate rainforests in Chile and Argentina. Ecuador contains some dense rainforests with 20,000 plant species, over 1500 species of birds, and over 800 frogs and reptiles. Mammals include howler monkeys, spectacled bears, ocelots, margays, jaguars, two-toed sloths, and woolly mountain tapirs amongst others. Equator's rainforests are also known for the highest number of orchid species in the world - there are 4000 of them.About 90% of French Guiana is covered by rainforests, most of it is thick jungle. There are 5625 species of vascular plants, 1000 different types of trees and 700 bird, 177 mammal, 430 fish and 109 frog species. Animals and birds include, but are not limited to monkeys, peccary, tapirs, agouti, macaws and toucans.  Guyana has got about 6000 species of plants, 700 species of birds and numerous other animal species, including 116 species of poison-arrow frogs (Dendrobatidae family). These brilliantlcolourful frogs don't need to camouflage - they secrete some of the most poisonous toxins in the world. They have got their name from the local rainforest people that spread their venom on their arrows and darts. Guyana Highlands Cloud Forests, which also stretch to Brazil, Venezuela and Colombia, are known for their huge trees and dense canopy. The leaves and bark of simarouba tree (Simarouba amara) are used as natural medicine.  

Parts of Columbia are snowy mountains, but the lowlands in south east are covered by rainforests, which contain plants like quinine and sarsparilla, birds like hummingbirds and toucans, and animals like pumas, jaguars, spectacled bears, caymans, catfish and electric eels - an eel-shaped fish that can grow 2.5 meters long and send 500-600 volts into a prey or an agitator. Poisonous dart frogs (Phyllobates terribilis) that are found here carry enough poison to kill 200 adult humans and only a touch on it's tongue could be deadly.  
[image: image33]Rainforests of Peru contain 15,000 flowering plant, 1000 bird and 200 mammal species, including spider monkeys, yellow tailed woolly monkey, three toed sloths, tapirs, manatees, spectacled bears, otters, jaguars, pumas, caymans and swamp crocodiles.  Suriname (former Dutch Guinea) has got some 4,100 species of plants, 180 species of animals, and 603 bird species, including scarlet ibis (Eudocimus ruber) and cock of the rock (Rubicola sp). Animals include the Giant South American River Turtle (Podocnemis expansa) and the goliath tarantula (Theraphosa blondi) - a venomous nocturnal hunter and one of the largest spiders in the world.  Almost half of Venezuela is covered by rainforests. There are deep jungles, lowland rainforests and beautiful cloud forests. The country contains 21,000 plant, 1346 bird, 353 mammal, 323 reptile and 288 frog species. The fragmented rainforests of Paraguay contain animals like jaguars, pumas, monkeys, capybara, armadillos, otters and giant anteaters. The 600 species of birds include the largest parrot in the world - the 1m long hyacinth macaw (Anodorhyncus hyacinthinus).  

Central America’s natural environments and indigenous cultures have survived into the twentieth century.  The Maya are the best known of these peoples, and are the most diverse, speaking more than twenty languages, and numerous, with a population of three to five million over inthe upland forests of Chiapas and Guatemala.  Nearly all other surviving indigenous people inhabit the tropical forests in the Caribbean lowlands and Darien.  Central American population tripled from 75 million in 1940 to 29 million in 1990.  While only 25 to 30 percent of the forest was cut by 1940, only 25 to 30 percent remains today.  The number of reserves increased sharply from 30 in 1970 to 129 in 1980, when they covered 9 percent of the region.  There are probably 300 protected areas today.  The 75 cultural parks accounted for about 85 percent of the total area under protected status in Central America.  The Embera/Wounaan Comarca homeland covering 4,180 km2 of Darien (overlapping partially with the biosphere reserve), had 35 villages with more than 8,000 inhabitants in 1987.  While one of the region’s more densely settled rain forests, only half of the comarca was exploited 11 percent for agriculture and 40 percent for hunting, fishing, and collecting. Mosquitia is a historic term referring to an isolated region of eastern Honduras and Nicaraua.  The well-known eastern part is a broad coastal lowland covered with pine savannas and marshes.  The lesser-known western segment has river valleys and hilly uplands covered with the largest expanse of tropical forest in Central America.  Landforms of the Honduran Mosquitia Corridor fall into three broad categories: coastal plains (under 150 m), hilly uplands (150 to 600 m), and mountainous interiors (over 600 m).  The Montana de Balitmore Range reaches higher than 1,000 me atop Pico Dama.  The Mosquitia Corridor falls broadly within the Holdridge life zone category of very humid tropical forest. Yearly rainfall ranges from 2,000 to 4,000 mm.  A drier season occurs between December and March when the northeast trade winds influence the area.  The average annual temperature is about 26°C with a December minimum of 25°C and April maximum of 28°C.  Tropical rain forest overes the corridor with dominant overstory trees 35 m high.  Mahogany, tropical cedar, and other valuable hardwoods are dispersed throughout.  The forest supports a diversity of life-forms.  Hardwood galley forests occur along river margins away from human settlement.  Swamp forests are on low-lying floodplains near the coast.  The Mosquitia pine savannas reach Ibans Lagoon, where Caribbean pine grows amid grasses, with occasional stands of low fire-tolerant palms and trees.  Marshes cover the northeast coastal plains, and pockets of mangrove are along the brackish margins of Brush and Ibans Lagoons and other coastal waterways.  Upland pine forests still cover parts of the southewest Culmi area.  The corridor maintains a rich assemblage of neotropical wildlife.  Many animal endangered or removed elsewhere in Central America still live there.  Important indicator species are the harpy eagle, jaguar, and white-lipped peccary (Stevens ’97: 100-103).
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The Mosquitia Corridor is inhabited today by four indigenous peoples: the Miskito, the Pech, the Tawahka, and the Garifuna.  The Miskito are the most numerous.  In Honduras, 140 Miskito villages include more than 35,000 people, about 40 of these, with 15,000 inhabitants, are along the north coast and inland rivers of the corridor.  The Miskito are believed to have developed from intermarriage between Amerindians and Blacks, beginning during the seventeenth century when Africans mixed with natives around Cape Gracias a Dios.  Their language, apparently related to the Macro Chibchan Family of northern Soutgher America, is classified as Misumalpan language, which also include the Sumu and Metagalpa languages.  Honduran Miskito speak Mam, a dialect different from the Nicaraguan segment, which contains a large number of English and Spanish words.  Most Miskito are bilingual and children learn Spanish in village schools.  The Tawahka, a Sumu people, hae historically inhabited a large part of the Mosquitia Corridor, including the Coco, Patuca, and Wmpu basins.  Their population has been severely reduced since Spanish contact.  Today, there are fewer than a thousand Tawahka in Honduras.  There are 13,000 to 15,000 Sumu, who speak Tawahka, Panamaka, and Ulwa, all Sumu languages.  Children learn Spanish in schools and speak Miskito in villages, and use their native tongue mostly in their homes.  The Pech (formerly known as Paya) occupied an extensive zone at contact time.  Today, one group inhabits only three small villages up the Rio Platano.  The Pech no longer commonly speak their language, which is of Chibchgabn oirigina. Culmi families speak Spanish more than their own tongue, while Platano Pech speak more Muskito.  The Garifuna settled in Mosquitia during the early 1800s from the Caribbean Island of St. Vincent, after intermarriage between African slaves and Carib Indians.  In 1798 British authorities exiled over two thousand of them to the Bay Island of Roatan from where they crossed to the Honduran mainland.  Garifuna speak and Arawaan language, different from the other native languages and maintain a strong culture with visible Afro-Caribbean influences.  Their black physical features separate them from their indigenous neighbors.  Most speak Garifuna in villages but learn Spanish in schools.  Fifty-four Garifuna villages dot the Caribbean coast from Belize to eastern Honduras Paplaya, with two separate villages in Nicaragua, total Garifuna population is estimated to be 200,000-300,000.  Native populations of the Mosquitia Corridor have grown during the twentieth century (Stevens ’97: 103, 105, 106).

The Miskito are slash-and-burn horticulturalists who grow yucca, bananas, plantains, rice, beans and corn.  They have a rotational system whereby fields are returned to production after a number of years or are managed as agroforestry plots.  Small dooryard gardens are around some coastal house sites.  Hunting and fishing provide much of the fresh meat, and some families raise small numbers of cattle around Brus, Ibans, and along the Platano and Tinto rivers.  The seashores and rain forest provide the Miskito with food and cash.  They live in the breezy coastal village during the wet season, but spend much of their time in in riverine agricultural camps during the dry season.  The coast is the hub of Miskito life, where stores, churches, graveyards, schools health services, traditional healers, and transportation and communication networks are located.  Miskito commercial activities include cutting hardwood and extracting sarsaparilla, rubber and animal skins from the forests for cash.  The Garifuna are fisherfolk who use nets, hooks and traps from dugouts in near coastal waters.  They tend coconut and bitter yucca groves near the coast and prepare fields along interior streams for rice, beans, and corn, often for cash sale.  The fish and hunt in the many rivers and forests used by the Miskito.  Some Garifuna men work on commercial fishing boats from the Bay Islands.  Most Twahka are horticulturalists who grow root and grain crops for food and sale.  Plantains and bananas are staples grown along the levees.  Fruit trees, palms, and useful plants are grown in dooryard and outfield agroforestry plots.  They hunt and fish, and some raise chickens, ducks, turkeys, pigs, or cattle.  They collect foods, materials, and medicines from tall forest and regrowth plots.  
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With a population of 250,000 and territory the size of Costa Rica, the Miskito people have the most land and sea of any indigenous people in Central America or the Caribbean.  Referring to themselves as Auyha Uplika (the Beach People), approximately 100,000 coastal Miskito live in sixty-five communities and two towns occupying 1,000 km of western Caribbean coastline, from Cabo Camaron in the north to Pearl Lagoon in the south.  There some 30,000 km2 of tenured sea and reefs represents one of the most extensive indigenous sea territories in the world, and is the Caribbean’s major center of coastal ocean biodiversity. The lagoons contain abundant fishes, oysters, and two species of marine animals. The West Indian manatee (Trichechus manatus) and a small coastal-marine dolphin (Sotalia fluviatilis).  They also host the largest population of green sea turtles (Chelonia mydas) in the Americas. The Miskito communities of the North Atlantic Autonomous Region of Nicaragua are protecting their sea territory and coral reefs against foreign fisheries piracy, destructive industrial fishing, and foreign colonialist conservation organization. The Miskito reefs came to international attention during the 1970s as a result of controversy over foreign commercial fishing of green sea turtles that threatened both this endangered species and Miskito subsistence.  Mounting international concern forced Nicaraguan President Somoza in 1977 to close the turtle processing factories and to end commercial export turtling.  Shortly afterward, the Miskito Reefs became part of the war zone during the 1981-1990 Sandinista vs. Miskito armed conflict.   During the war, commercial and subsistence fishing in the Miskito Reefs and along the coast halted because of the hijacking of commercial fishing boats by civilians fleeing to other countries, Miskito resistance forces sinking Sandinista government fishing boats, and Sandinista helicopters and patrol boats strafing Miskito sailing canoes and coastal communities. Today the coastal Miskito are the indigenous owners of the largest and least disturbed tract of coral reefs in the nearshore Caribbean.  The Miskito’s lagoon and sea environments contain: (1) six of the world’s most productive ecosystems (coral reef, seagrass, mangrove, wetlands, estuaries, and tropical forest); (2) these ecosystems are spaced closely together and benefit from downstream nutrient enrichment; and (3) the Miskito have defended and managed the area for hundreds of years, preventing it from being strip mined.  The Miskito have fought and won eleven major wars since the first invasion attempts began in the 1700s (Stevens ’97: 194, 199, 200).

The Miskito formed the country’s first indigenous federation, Unity of the Mosquitia (MASTA) in 1976 to conserve their culture and gain international support and are actively engaged in by the Honduran nongovernmental organization Development of Mosquitia (MOPAWI).  Garifuna leaders began to organize for land, education, and other rights in 1977, forming the Fraternal Negro Organization of Honduras (OFRANEH).  The Pech formed the Federation of Indigenous Pech Tribes (FETRIPH) in 1985 to gain territorial control and to initiate development and educational programs.  The Indigenous Federation of Honduran Tawahka (FITH) was created in 1987 to establish land and other social rights, and the Tahahka now propose their own protected biosphere reserve homeland.  There is little riverine land that is not cultivated.  Hunters prefer .22 caliber rifles, shotguns, and fishing nets over traditional weapons and fish, game and pant resources, especially for cash sale overexploit resources. Without regulation, the relentless exploitation of game and plant resources will lead forests standing but sterile, of little use to the indigenous economy or nature conservationists.  The Ladino Honduran land valuation system favors deforestation, and a parcel of forested land is with twice as much cleared and three times as much planted to grasses (Steven ’97: 108-110).
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Primavera (Tabebuia donnellsmithii) is from the bignonia family (Bignoniaceae) found in Central America.  Primavera bears palmately compound leaves and large, yellow trumpet-shaped blossoms.  The name means ‘spring-time’ in Spanish and the lovely timber has also been called ‘sunray’ in English-speaking lands.  It is cut from a tall tree that grows along the western slopes of the Central American ranges, in southern Mexico, Guatemala, Salvador and Honduras.  This tree has a white bark and large leaves compounded of several leaflets spreading out like the fingers of a hand.  During the dry season the tree stands leafless, and soon after it bears magnificent clusters of large-yellow, trumpet-shaped flowers, standing out against the sky.  These are followed by pod-like fruits, holding several seeds.  Primavera timber is used locally for everyday work, including the siding of houses, planking for boatbuilding, furniture and plywood.  Selected logs showing a lustrous ribbon figure on cut surfaces are exported to North America and Europe for ornamental veneering, or for use in the finest cabinet-work.  

Purpleheart (Peltogyne phorphyrocardia) is from the sweet pea family (Leguminoseae) and is found in Central and South America.  Its whole surface is bright, clear, purple colour due to a remarkable natural pigment, found only in the heartwood; the sapwood is whitish, with purple streaks, and remains so.  When the heartwood is first exposed by cutting, it is horn-coloured.  Exposure to the air causes it to turn, within a few days, bright purple on the surface.  But this colour is only about a twentieth of an inch deep, and further cutting will expose pale surfaces, which become purple in their turn.  Long exposure to sun and rain renders the surface black, but it is constant enough when used indoors.  Purpleheart is remarkably heavy, strong and tough, weighing 54 lb. to the cubic foot.  It grows in Central American rain forests and shows no marked features of annual rings, rays, pores or grain.  Figured wood is rare and correspondingly valuable.  Local uses for material not found good enough for export include wheel spokes, house-framing and heavy constructional jobs.  In America and Europe small quantities of purpleheart are used for fine turning and cabinet-work, but the main demand is for veneers and inlays.  It is also known as ‘amaranth’ or ‘purplewood’.  Purpleheart is cut from several species of tall trees that belong to the genus Peltgune, the commonest being P. porphrocardia.  They grow along riverbanks and lake-shores in Central and South America, from Panama to Venezuela, Trinidad, Surinam, Guyana and northern Brazil.  Some achieve heights of 125 feet and girths of 12 feet, with tall boles, clear of branches, 40 feet long.  The leaves are leathery in texture and each consists of only one pair of pointed, oval leaflets.  The small white blossoms borne in clusters, are followed by one-seeded fruit-pods.  The bark is smooth and grey, and the trunk is round, without buttresses (Edlin ’69: 145-147).   
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Brazilian Rosewood (Dalbergia nigra) is from the sweet pea family (Leguminoseae) and is found in Brazil.  This beautiful and costly wood, also called ‘Rio rosewood’, ‘Bahia rosewood’, and ‘palisander’, is cut from a slender tree that grows in eastern Brazil, around Rio de Janeiro.  Though it occasionally reaches 125 feet high, large examples are now scarce, and the diameter of the logs available in commerce is limited further by the removal of the greyish sapwood.  Rosewood has a compound leaf, built up of about seven oddly shaped leaflets.  Its yellow flowers resemble those of a sweet pea, and it bears hard seeds a few at a time, in flat pods.  Rosewood draws its name from a fragrant oil that pervades it, with the scent of rose blossom.  Its value rests in several properties of exceptional weight, smoothness, strength and hardness, united with attractive appearance.  The ground colour is a warm reddish brown, enlivened with irregular patches of paler golden brown and others of a violet-brown hue.  A network of black streaks or veins runs throughout all these colours.  Rosewood is difficult to work, but can be brought to a fine polish in the construction of pianos, billiard tables, cabinets, dressing-tables, and fine chairs.  Scarcity and cost limit the regular use of rosewood to small objects such as cutlery handles, brush-backs, trays, artistic turned goods, wood sculptures, and the choicest of furniture.  As veneer it is widely employed for radio cabinets, cocktail cabinets and coffee-tables.  It is also used in marquetry andinlaid-work.  In Brazil this timber is known as ‘cabiuna’, ‘jacaranda’, ‘pau rosa’ or ‘pau preto’.  It is one of several species of Dalbergia found in South America, Central American and India, all of them yielding ornamental rosewoods.  A characteristic feature of rosewoods is a gum that fills the rather coarse pores.  When these are seen as vessel lines on longitudinal surfaces, by diffuse light, this gum appears black in this species, though reddish, yellow white in others.  But in all cases it reflects direct light, giving the surface a fascinating silvery sparkle revealed by tilting the specimen (Edlin ‘9: 148, 149).
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Honduras Mahogany (Swietenia macrophylla) of the Neem tree family (Meliaceae) is found in Central America.  As early as 1514, it was being used in the island of Santo Domingo.  Cortes, used it for shipbuilding.  By 1584 Philip II of Spain used it to decorate the Escorial Palace in Madrid.  In England, the first recorded use was at Nottingham Castle in 1680.  From 1715 onwards regular shipments took place and was widely adopted for high-class tables, chairs, chests, bedsteads and furniture.  At that time it was easy to get the large planks the cabinet-makers preferred from Cuba, Jamaica and other West Indian islands.  As large trees were cut out, the loggers turned to Honduras, on the Central American mainland, which now gives its name to all mahogany cut in this region.  During the present century shortages in Central America have made exporters look to Columbia, Venezuela and the upper reaches of the Amazon River in Peru, Bolivia and Brazil.  Plantations have been established in Trinidad, India and British Honduras.  It frequently exceeds 100 feet in height and its stout bole may measure 40 feet round, above the large basal buttresses.  It is usually felled from platforms built 6 feet above the ground, so that the timbermen can clear these swellings.  It is an evergreen with curious compound leaves, about nine inches long, composed o three to four pairs of leaflets.  Each leaflet is an extended oval with a long point, and sickle-shaped curved outline, the main vein being set in off-centre.  The flowers, which open in the rainy season, form loose clusters in the angles of the twigs; they’re greenish white in colour, on the true Honduras mahogany tree, but reddish yellow on related kinds.  Each flower ripens, by the dry season, into a large oval fruit, from two to six inches long.  This has a woody outer coat and leathery inner pulp.  The fruit-pod splits into five leaves, revealing below each of them two rows of large seeds.  The seed is about one inch long, slender and square in cross-section with ribs at the angles, and bears and oblong wing.  When freshly felled the heartwood of mahogany is bright pink, with a thin zone of colourless sapwood.  On exposure to the sunlight, the heartwood rapidly darkens to the rich coppery-red shade that we know so well.  Mahogany is rather a light timber and also quite soft.  Its great virtues are ease of working and stability; once shaped it does not shrink or warp.  It is naturally durable and has long been favoured by shipbuilders and the furniture trade.  In Mexico mahogany is commonly called ‘zopilote’ or ‘chiculte’ only rarely is it given its full name of ‘zopilozontecomacuahitl’ (Edlin ’69: 129-131). 

29. Europe

Europe was once covered by forest, from the Arctic Ocean to the Mediterranean Sea. The original forest covered probably 80-90% of the continent. The Gulf Stream and the North Atlantic Stream warm the continent. The mountain chains lie mainly in east-west orientation, so they let the westerly wind carry the rain from the ocean to the East. The southern part of Europe has Mediterranean climate. There are more or less severe summer droughts in this region. Over half of Europe's original forest cover has disappeared. On average, the forest cover is 1/3 of the total land area.  Ireland has the smallest forest area (8%), Finland the largest (72%).  During recent times, deforestation has been stopped and in a sense Europe became greener through plantation of trees. The problem is, that in many cases conifers have been preferred over original deciduous trees. The plantations and monocultures, which now cover vast tracks of land usually, offer very poor habitats for European forest dwelling species.  The amount of pristine forests in Western Europe is just 2-3%.In the European part of Russia 5-10% of the forests can be classified as pristine or near-pristine natural forests. "Of these areas, perhaps less than 50% of pristine forests is considered to be effectively protected. Most of these pristine forests are located in the North, in the taiga (Komi Republic, between the White Sea and the Urals). There are patches across the Russian-Finnish border and between Norway and Sweden.
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The Siberian taiga contains half of the world's remaining evergreen forests and a fifth of the entire world's remaining forests, absorbing carbon dioxide emissions for the industries in Europe and Russia and serving as a global storehouse of carbon.  Yet, the taiga is currently being destroyed at an increasing rate by massive industrial logging operations and by a huge increase in first that, in 2004, burned an area half the size of France and polluted the air as far away as Seattle.  Many forests were deliberately put to the torch by loggers in order to get government logging concession at reduced costs, so the timber can be sold to China.  By some estimates, thirty to fifty percent of these lands may still be untouched by human activities.  Covering an area the size of the continental United States and twice the size of the Brazilian Amazon, taiga play critical roles in global climate as a carbon sink and source of oxygen.  Taiga also provides sustenance to indigenous hunters, trappers and fishermen, as well as to endangered Siberian tigers, giant brown bears, sable, and elk.  Yet, the taiga is being cut at the rate of some ten million acres a year, and the Russian government wants to increase timber production in order to stimulate its struggling, resource-dependent economy.  Siberian soils are often thin and fragile, and growing seasons are short, making recovery from clearcut logging difficult.  In addition, two-thirds of Siberia rests on permafrost, and clearcutting can lead to melting of the permafrost, turning the ground to bog and releasing large quantities of climate-destabilizing methane gas.  Environmentalists have only recently begun using Russia's nascent judicial system to force timber companies to start obeying requirements to conduct environmental impact reviews and enforcement is lax.  Local environmentalists in Russia complain about large amounts of illegal logging (Berger '08: 198-200). The taiga zone occupies the main part of the Siberian plain.  Precipitation is 520 to 630 mm per year.  Swamp overs about 50% of the taiga zone and in the northern regions, extends to 75% of the area.  Permafrost is formed on the higher plains between rivers and the northern part of the taiga, above 63°N. In the taiga zone of western Siberia the largest stock of forest reserves are concentrated in the lower valleys and floodplains of rivers.  The floodplains cover about 6% of the taiga zone.  The higher elevation watershed plains are low productivity swamp and permafrost.  From south to north, the composition of subclimax dark coniferous floodplain forests changes from fir (Abies siberica) to Pinus siberica and spruce (Picea obovata), and in the light forests, the dominant pine (Pinus sylvestris) is replaced by larch (Larix sibirica). The subclimax state of vegetation is represented by birch, birch mixed with spruce, and birch-larch forests (Titov ’96: 405).
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Birch (Betula alleghanensis) from the birch family (Betulaceae) can be found in Eastern USA, Canada, Northern Europe, and Northern Asia.  Birch is a lovely white-barked tree with slender branches and fine twigs that carry myriads of dangling bright green diamond-shaped leaves.  The world’s hardiest tree, it grows right round the polar regions, with dwarf races struggling for life in the arctic tundra, on the perma-frost soils that are frozen over most of the year, and never, even in summer, thaw out for more than a few feet below the surface.  Farther south, birch is the tree of the high mountains and waste lands, quick to colonize abandoned farmland or newly exposed streambanks or avalanche track by means of its light wind-borne seeds.  Foresters rarely plant birch because there is always more than enough springing up of its own accord.  Birch bark is full of natural waxes that make it waterproof.  It is also tough and durable, and persists in the soil long after the wood within it has rotted away.  The Lapps use pieces of birch bark as roofing shingles for their huts, or as plates, and shape them into circular boxes.  The Swiss use birch bark to make their hug, but light, musical alphorns.  Similar crafts were developed by the North American Indians, who have available the tough bark of the paper birch.  After felling a selected straight tree, they peel off its bark in large sheets, and fasten it over a light wooden frame to make light birch-bark canoes. Originally, the sheets of bark were sewn with spruce roots and caulked with resin form a silver fir.  Wigwams were also built of birch bark, by securing plates of it to light poles.  
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Male catkins of birch are conspicuous in spring, when they hang down as yellowish-brown ‘lamb’s tails’ among the opening leaves.  At this time the female catkins, which are much smaller, green and erect, are seldom noticed.  By autumn, when the leaves are fading to gold, ripening fruit catkins attract the eye as rather plump ‘lamb’s tails’.  These soon break up completely, each catkin releasing hundreds of bracts that fall to the ground, and hundreds of tiny winged seeds that are carried away on the lightest breeze.  Millions of birch seedlings sprout each spring, but the tree is a short-lived one.  It rarely exceeds 80 years of age, 80 feet in height or a girth of 4 feet.  At all times it must have full sunlight.  Birch can tolerate poor soil, but never shade.  The bulk of the world’s birch is still used for firewood.  Birch gives far more lasting and intense heat, both for cooking and heating, than conifers.  Birch is also a first-class charcoal wood.  The trunks of large birch trees yield a valuable supply of veneer for cheap plywood, manufactured on a large scale in America and Scandinavia.  In typical three-ply wood the centre layer is made of spruce veneer, set with its grain at right angles to the two outer layers of birch.  The characteristic birch of Canada and the northern states is the paper birch, Betula paprifera, which has a tremendous range from Labrador and Newfoundland east to Alaska.  Sweet birch, B. lenta, is frequent in New England, and its range extends southwest down the Appalachians to Alabama.  Yellow birch, B. alleghanensis, which draws its name from a yellowish tint in its silver-grey bark, is found in the St. Lawrence Basin, in the Lake states, and on the upper, cooler slopes of the Alleghenies and Appalachians.  In Europe and northern Asia there are two birches, the silver birch, B. pendula, with smooth purplish twigs studded with little warts, and the hairy birch, B. pubescens, which has downy twigs.  A very beautiful form with pendulous branches and irregularly lobed, long-pointed leaves, B. pendula variety dalecarlica, originates in the Swedish province of Dalecarlia and is often cultivated in gardens (Edlin ’69: 101-104).
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Birch forests occur in almost all forest zones of Russia, from the Kola Peninsula in the north to the forest-steppe in the south and from the westervin frontier of Russia to the Kamchatka Peninsula and the Primorje in the east.  In the forest zones of European Russia and parts of Siberia, birch forests are dominated by two birch species, common birch (Betula pendula) and white birch (Betula pubescens).  The total area of secondary birch forests has increased during the last century as a result of intense logging in coniferous forests (pine and spruce) of the boreal zone and broad-leaved forests of the nemoral zone.  In many regions, birch forests now occupy 35-50% of the forested area.  To the west of the Kola Peninsula, birch woodlands, border on the mountain birch woodlands of northern Scandinavia.  The tree layer of the woodland consists of tortuous birch (Betula czerepanovii = B. tortuosa).  These woodlands are found in areas with moist maritime subarctic climate and shallow stony soils.  To the east, ar the White Sea, the birch of the forest-tundra are supplanted by spruce and brich woodland in small patches.  In the Ural Mountains subalpine woodland occur from 67°N southward.  Tree canopy closure in birch woodlands I 20-60%.  Tree height at tree line is 3- meters and increases to 15 meters at lower elevations.  The standing crop of wood is low and these woodlands have no commercial value.  On the opposite edge of Russia, in the moist maritime region adjacent to the Pacific Ocean, primary birch woodlands occupy extensive areas.  Betula ermanii avoids wet soils and soils with permafrost.  The heights of trees in these woodlands is 10-12 meters and canopy closure rarely exceeds 50 percent.  

Compared to other forest types, much light penetrates a birch canopy.  Many meadow species (Agrostic tenuis, Anthoxanthum odoratum, Galium lollugo, and Calamgrostis epigeios) and forest fringe species (Melampyrum nemorosum and Fragaria vesca) are abundant under a birch canopy. In coniferous forests the majority of litterfall is needles.  This type of litter layer allows for extensive moss growth.  The moss cover of Pleurozium schreberi, Hylocomium splendens, Rhytidiadelphus triquertus, Dicranum scoparium, and D. polysetum may be conintuous under a spruce canopy.  If climax spruce forests are to recover after logging or fire, advance regeneration of spruce is necessary.  Spruce saplings are found under a mature spruce forest canopy.  The saplings grow on fallen logs, old tree stumps and on bar mineral soil.  They are suppressed and exist under a closed spruce canopy for no more than 25 to 25 years.  When the size of the gap is over 500-600 square meters, saplings of pioneer deciduous trees and understory spruce can grow successfully.  In large gaps, deciduous saplings grow faster than spruce spalings and the spruce forest in recovery must pass through a birch stage. The process of spruce forest regeneration lasts about 100 years.  Birch forests are a very important component of the vegetative cover in Russia.  As a result of clearcutting, their significant has only increased.  In birch forests there are abundant spruce saplings and climax spruce forest can return during one generation of birch overstory.  Clearing birch forests can hasten this process if advanced spruce regeneration is protected during harvesting.  Secondary birch forests contain 250 to 300 cubic meters of merchantable timber per hectare at age 50 on optimal sites.  Spruce forests require 90 years to reach the same stocking level. Birch forests are a significant source of wood for the Russian forest industries (Vasilevich ’96: 444-455).  In deciduous forests the litter is primarily of broad-bladedleaves.  During the winter, snow compresses the fallen leaves, killing any moss present.  In a deciduous forest the moss layer is poorly developed and does not exceed 10-20% of the forest floor.  Consequently birch forest grows in seven different associations with various forms of moss, sphaghum and understory, including spruce (Vasilevich ’96: 444-455).
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Ash (Fraxinux excelsior) from the olive family (Oleaceae) easily recognized by its very large pinnately compound leaf, often nine inches long and bearing, on average, nine pairs of leaflets with a solitary leaflet at the tip.  It attracts notice in spring because it is among the last of all trees to open its leaves, often waiting until late May.  Its winter buds are also distinctive, being hard, black and set in pairs, on opposite sides of the twigs, with one terminal bud at each twig-tip.  Ash trees have remarkably open crowns that cast little shadow and give little shelter.  The bark on thing twigs is ash-grey; o0n older branches and the main trunk it develops a shallow meshwork of ribs and furrows.  Records for height are 120 feet for American white ash and 148 feet for common ash in England.  The record girth of 19 feet was reached in England. Ash is not considered a really long-lived tree, 200 years is probably its maximum.  Ash needs really fertile soil to support its fast rate of growth, ad pure woods of ash are rarely found.  It spreads readily by means of winged seeds which rest for eighteen months in the soil before sprouting.  Then they send up oblong seed-leaves, followed by simple leaves, then leaves with only three leafelets.  True compound leaves do not appear until the second spring.  Ash trees thrive only in full sunlight.  Several species of ash trees grow in different northern countries.  America has three common species, black ash, Fraxinus nigra, found in the north-eastern States and southern Canada, the green ash, F. pensylvanica, and the white ash, F. Americana.  The two latter kinds grow in most eastern and mid-western States.  Europe has its common ash, F. excelsior, and Japan the Japanese ash, F. mandschurica.  Their timbers are so alike they are used for the same purposes reliant on the hardness of the wood – furniture, ladder rungs, cart-shafts, sports equipment, tool and weapon handles.  The general colour of its wood is whitish, without colour distinction between sapwood and heartwood.  Despite its strength, ash wood rapidly decays if exposed to damp out of doors.  To retain the strength of each piece of ash to the full, it is frequently hand-cleft, not sawn.  A selected log is split into segments, using an exe and wedges.  Each segment is then shaped with hand tools, or turned on a lathe, to its final form.  Ash can be readily bent into curved outlines, without breaking or losing strength.  It is first steams, then bent round a ‘former’ and held in place by a clamp, then left to dry (Edlin ’69: 93-95).
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Aspen Poplar (Populus tremula) from the willow family (Salicaceae) is found in Scandinavia, Northern Europe and Asia, Canada, and the Northern USA.  The aspen poplar tree is easily known by the incessant trembling motion of its leaves, which quiver in the slightest breeze.  Poplars transpire water faster than all other trees, through open leaf-pores, and ‘gas exchange’ is easiest when leaf faces are at right angles to wind direction.  Aspen is one of the world’s hardiest trees, growing in the tundras of all arctic regions.  During its growing season it needs ample moisture, and gains from the thawing of ice.  Farther south it is always a streamside or lake-side tree, or grows in bogs.  Suckers readily spring up from its roots, and it forms thickets rather than groves of trees.  Aspen belongs to the great poplar genus, Poplars are found in all the cool zones of North America, Europe and Asia.  A constant feature of all poplars is an irregular pattern of branches, buds, and veins within the leaf blades.  All poplars are either male or female, never both.  Male poplars open long ‘lamb’s tail’ catkins before their leaves appear; these dull red catkins scatter golden pollen and then fall.  Female poplars bear thinner catkins made up of many separate flowers, scattered along a thin stalk like beads on a string.  After fertilization in early spring these grow rapidly into green seed-pods.  Those seeds that alight on bare damp earth or mud within a few days of release sprout and strike root; the rest perish.  Most poplars, though not the aspen, take root easily from cuttings.  Aspen is increased by seed or by root suckers.  Aspen grow fast but rarely form a large tree, 80 feet being the greatest height.  The wood is very distinct, white or very pale yellow, without obvious distinction between heartwood or sapwood.  When freshly felled, even in winter, poplar is sodden with sap.  It will scarcely float and cannot be made to burn.  After seasoning, it becomes one of the lightest timbers, but is a poor firewood because it blazes away too fast.  The main use of poplar is matchsticks, and aspen is considered best of all kinds (Edlin ’69: 96, 97).
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Beech (Fagus sylvatica) from the Beech family (Fagaceae) is found in England, Europe, USA and Japan.  American beech, Fagus grandifolia, has a natural range from Nova scotia and Ontario southwards through all the eastern States to Louisiana and parts of Texas; but to the west of the Mississippi is rarely found except as a planted shade tree.  In the wilds it forms dense woods and grows 120 feet tall.  Europe has a single species, F. sylvatica, which grows on the foothills of the higher mountain ranges of the Alps, Pyrenes, Apennines, Sudeten Mountains and the Carpathians.  Beech also grows in Turkey and o9n the causcasus Range of south-east Russia, while Japan has its distinct species, F. crenata.  Beech trees have smooth bark, no matter how old the tree, and metallic grey in colour.  Winter buds are long, slender, clad in brown papery scales and always set singly, usually at bends on the twigs.  The leaf is a perfect oval with an almost smooth edge.  The flowers, greenish yellow, are grouped in catkins of male or female sex, and the latter ripen to small triangular brown nuts, set in green spiny husks.  Beechwoods provide dense shade in the summer months.  Few flowering plants can grow in a beech tree’s shadow.  The forest floor is carpeted with drifts of decaying beech leaves.  Beech usually forms pure woods.  The general ground colour is pinkish or reddish brown, with two-coloured rays, without clear distinction between heartwood and sapwood.  Beech wood is hard, strong and heavy, but not as tough as ash and cannot be used for handles because it is too brittle.  Beech is easily bent to new shapes after stream treatment.  It is very suitable for laminating, and plywood.  Branchwood and waste make great firewood. Supplies are good and large wood-working factories in America, Britain, Europe, and Japan depend on beech as their raw material.  Traditional uses for beech include wooden plates, bowls and platters, turned by hand on simple lathes worked by foot power (Edlin ’69: 99-101).  
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Elm (Ulmus procera) of the elm family (Ulmaceae) is found in England, Europe, U.S.A. Eastern Canada, and temperate Asia.  Elm is a tall, fast-growing tree of the rich valleys and bottomlands, which demands good soil, with ample moving moisture, and prospers in full sunlight.  In the spring the elm cambium forms a ring of large pores, to carry the first rush of sap, but this thirsty tree’s demands for water continue during the summer and are met by adding many smaller pores scattered through the wood.  These are not set in straight lines, but are ranked in little sideways steps.  The pattern resembles the feathering of a ‘partridge-breast’.  The wood fibres follow this stepped pattern and there are no clear long rays to provide planes.  This makes the elm nearly impossible to cleave or split.  It can only be worked with saws or sharp-edged chisels that cut right across its interlocked grain.  There are many traditional uses; the seat of a chair, the hub or nave of a wooden wheel was elm and the staves were oak.  The heads of heavy wooden mauls, sledge-hammers and post-drivers are made of elm because it does not shatter on impact.  Elm trees grow to large sizes and yield broad planks.  This makes it handy for the wetherboarding of farm sheds, and for rustic furniture, such as garden seats and tables.  But it has little natural durability at ground-level, so it does not serve for fencing.  It is a traditional wood for coffins.  Elm is most frequently seen as a furniture timber.  It is strong, firm and stable, promising a century or more of service.  Elm is a favourite wood for carvers and turners.  An interesting historic use for elm was as water-pipes and water-pumps, before the days of metal.  Great trunks were hollowed out by hand with boring augers, and underground pipe systems were constructed, in London and other large cities, by driving such trunks together.  Shut away from air, these pipes last indefinitely, and some are still dug up today, after 250 years below ground.  Elm sapwood, is white in color, thin and rarely seen in lumber.  Heartwood has a warm brown colour.  Freshly worked elm has a distinctive earthy smell like that of rich garden mould.  

Four kinds of elm, and several local varieties, are native to the eastern and mid-western States.  Three of these, the American elm, Ulmus Americana, the rock elm, U. thomassii, and the slippery elm, U. rubru, thrive as far north as Ontario.  Winged elm, U. alata, grows only in the south-east.  Europe likewise has many species, the most distinctive being the wych or mountain elm, also called the Scots elm, U. glabra.  This is a northerly or mountainside tree, which yields a tough timber but rarely forms a large undivided trunk; it is apt to branch tool low to suit the timber merchant.  In many European and Asiatic countries elm leaves are valued as fodder for sheep, goats, horses and cattle, and trees are regularly lopped to secure this.  In England few natural elmwoods remain, for the good land they occupied was cleared for ploughing centuries ago.  But for the past 300 years landowners have planted and maintained elms along hedgerows, where they thrive in the good soil and full sunlight.  There are several regional kinds, the finest is the English field elm, U. procera, that grows rapidly to a height exceeding 140 feet, with a trunk up to 31 feet round.  Its foliage forms huge billowing masses.  The finest elms grow in Suffolk and neighboring East Midland counties.  During the 20th century elms in Holland, neighbouring European countries and parts of eastern North America have suffered very severely from an elm disease that was first noticed in Holland about 1925.  This is caused by a fungus but is carried form tree to tree by small bark-boring beetles.  Luckily some species and strains of elm are immune, and new planting is now done with these.  Elm leaves are simple in shape and oval in outline, with a pointed tip and a toothed edge.  A remarkable feature is that the base of every leaf is always uneven or oblique, the two sides never match.  Elm flowers open late in the winter, about February, well ahead of the leaves.  They form purplish-red, catkin-like clusters on bare twigs   Each flower develops a single small seed, set in the centre of a large, yellowish-green wing.  This seed ripens rapidly, and is dispersed by the wind soon after the leaves open in spring.  Much seed in infertile, but sound seeds quickly sprout after reaching moist soil (Edlin ’69: 118-121).    
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Cherry (Prunus avium) of the rose family (Rosaceae) of many kinds are found in forests, gardens and orchards around Europe, USA, Canada and Japan.  They reach their peak of spring beauty in Japan, which has provided a wealth of ornamental flowering varieties for parks and gardens throughout the temperate lands of the world.  Both these and the cherries grown for fruit are usually hybrids bred by skilful gardeners and propagated by grafting.  Few grow stout enough to yield useful timber, and most cherry wood in commerce comes from a single European species, Prunus avium.  In the woods of northern Europe, including Britain, wild cherry grows singly or in small groups, often associated with beech.  Though never very stout – the record is 12 feet round – it may grow tall, sometimes attaining 100 feet in height.  Ornamentals require constant pruning to keep them a reasonable size.  Cherry trees are known at once by their smooth lustrous red-brown bark, which is broke at frequent intervals by raised patches of cork.  On old trees the bark breaks away in thin horizontal strips.  The winter buds, placed alternately on brown twigs, have many visible scales.  The leaves, which open in late April or early May, are long-stalked, simple and oval in outline, with toothed edges and a distinct point.  They turn to vivid shades of orange and scarlet in the autumn, and at that time a cherry tree stands out amid darker beeches like a burning bush.  If spring is late and cold the white blossom bursts out while the tree is still leafless, decking the whole crown of the tall trees with white petals over a dark tracery of twigs, like a mantle of snowflakes.  In a warmer, earlier spring, white blossom harmonizes with the delicate brownish-green of opening leaves.  Cherry flowers open in bunches on long stalks, which spring only from short shoots or spurs along the small branches.  Each flower has five green sepals, five white petals, a multitude of golden stamens and a once-celled ovary that develops a single fruit.  This fruit, the familiar cherry, change from green through white and red to black as it ripens.  By late June it is fully ripe and it then attracts birds, although its flesh is too thin to attract humans.  Thrushes swallow the cherry, digest the seed, and void the hard stone, which sprouts next spring.  But seed that falls normally has to lie on the forest floor for eighteen months before it will start to grow.  Cherry wood is readily told apart from other brownish woods by its golden sheen, carrying a hint of green.  There is a sweet smelling gum all through the wood and this pervades any room where cherry logs are burnt as firewood.  Sapwood, if present, has a pinkish hue.  Cherry is a hard though fairly light timber, with good working properties.  Solid timber is sued for high-class furniture, picture frames, decorative turned wood-ware such as fruit-bowls, ornamental boxes, clothes-buttons, furniture knobs, shop-fittings, and similar high-grade joinery.  Very attractive veneers are made by slicing cherry logs radially.  Cherry enjoys high prices and a keen demand (Edlin ’69: 112-114).
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Sycamore Maple (Acer pseudoplatanus) of the maple family (Aceraceae) is found in England, Europe and was introduced into the USA as a shade tree.  Sycamore maple grows on all the mountains of Central and Southern Europe, including the Alps and the Apennines.  It is not truly native to England, but was introduced in eh Middle Ages and has long been naturalized.  It springs up in woods and waste places everywhere from its plentiful winged seed.  The sycamore maple tree is best known by its leaves, which have rounded lobes, lacking sharp points.  Its bark is a distinctive metallic grey, with pinkish tints in the under layers, and on old trunks it repeatedly breaks away in shallow circular platelets or discs.  The flowers open late, about June, and hand gown form the branches in loose clusters of greenish yellow flowers.  Sycamore maple yields little sugar sap, so it is never tapped.  Sycamore maple timber resembles white maple but is softer and shows a greyer shade of white, rather than a brownish one.  Many of its uses are the same, but it is seldom used for flooring because it is less hard, and is conversely used more often for carving.  Because of its clean white appearance and smooth finish, sycamore is widely used in Europe for turned bowls, platters and tableware.  It is also made into rollers for textile machinery because it never stains the cloth.  Much good modern furniture is also made of sycamore maple wood. Certain parts of violins, fiddles, guitars and similar stringed instruments are always made from sycamore maple.  These are the sides, the bak and the stock, along which the strings are stretched.  But the front, or belly, must never be made of sycamore because it lacks natural resonance. The timber used for the belly is always a kind of spruce called ‘Norway spruce’ though most of it comes from the Alps.  The number of rings in each inch of width governs the timbre of the instrument, and slow-grown trees suitable fro violin bellies are rare exept at high altitudes.  Many violins show on their underside a handsome dappled effect of rippling light and shade.  This is known as fiddle-back figure, and the sycamore maples that yield it are very valuable.  Sycamore maples that are believed to hold wavy grain or fiddle-back figure are usually reserved for slicing into veneer.  Very high prices have been paid for large, old, pen-grown trees in Yorkshire.  The base of an old sycamore maple is usually fluted or buttressed to some degree, and this brings in another element of variation in grain that is used to good effect by skilful veneer-cutters.  The pattern can also be enhanced by ‘weathering’ to make the faint coloration darker, which can be speeded with chemicals.  The whiteness of sycamore makes it very suitable for staining, and it is frequently coloured grey to make ‘harewood’ (Edlin ’69: 151, 152).  
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Oak (Quercus robur) of the beech family (Fagaceae) is found in England, Europe, USA, Eastern Canada and Japan.  Features common to them include the characteristic acorn, a hard round seed carried on a round cup, and the grouping of numerous winter buds close to the tip of each twig.  This is a useful point, since it aids identification in winter.  Leaf shape varies a great deal, but the leaves are always placed separately on the twigs, never in opposite pairs.  In most oaks the outline is irregular, with a series of lobes and bays breaking the oblong shape.  Oak flowers rarely attract notice, since they are greenish yellow and appear after the leaves.  Male catkins are bunches of long stalks hat bear separate small flowers at intervals; the anthers scatter pollen, and then the whole catkin falls.  Feale catkins are even smaller, mere groups of tiny flask-shaped green flowers.  After pollination they ripen rapidly, usually producing the acorn in four months, though in a few species it needs sixteen months to ripen.  The woody cup is formed from numerous little leaves, or bracts, that become fused together and hard.  Oak bark, though smooth on young stems, soon becomes thick and rugged; it is mid-grey in colour.  The acorn crop – like the apple harvest – varies from one year to another.  In a good, or ‘mast’ year, it is so abundant that many acorns escape being eaten and survive through the winter to sprout next spring as seedlings.  Acorns have many enemies, including squirrels, wood mice, game birds, pigeons and crows.  Though humans cannot digest them, they make excellent food for pigs.  

When William the Conqueror made the “Domesday Book’ a taxation roll for English villages, in 1086, he valued he woodlands according to the number of swine they could support.  Most parts of an oak tree are full of tannins or tannic acids, powerful chemicals that make skins and hides resistant to decay.  Tannins in the wood make the heartwood exceptionally durable out of doors, even without treatment, though the sapwood proves perishable.  But they react with iron to cause inkstains, which have in fact the same chemical composition as writing-ink.  These stains are ignored in rough outdoor work; for ornamental construction indoor, however, oak must always be secured with wooden pegs, brass screws or other metals holding no iron.  It is so hard ordinary nails cannot be driven into it.  Oak timber is ring-porous, and the circles of large pores make the softer, less dense springwood of each annual ring stand out clearly from the harder and denser summerwood.  The rays are well developed.  On the end-grain they can be seen as clear straight lines, and they are also visible on a slash-sawn or tangential surface.  Sawing or slicing an oak log radially, from the centre to the circumference, reveals the rays as broad plates, up to one or two inches deep and almost equally wide.  These rays make the famous ‘silver grain’ of oak, and much oak is quarter-sawn to display it.  Except for this ray figure, most oak is yellowish -brown when freshly cut.  It is, however, readily stained and may be found in use in a variety of shades and finishes, such as the artificially whitened imed oak or bleached oak.  

White oak, Quercus aba, is the leading North American species.  Europe has two good timber oaks, distinct in the textbooks but not so in the forests, since they interbreed.  Pedunculate oak, Q. robur, has stalked acorns, while sessile oak, Q. petraea, has stalkless acorns carried directly on the twigs.  Japanese oak, occasionally exported to Europe and America, is cut from Q. Mongolia variet grosseserrata.  In appearance and working properties all these woods are alike and used for similar purposes.  Coopers use oak for making wooden barrels, and though these are now seldom used for beer they are essential for the proper maturing of wines, sherry, port, brandy and Scotch whisky.  Barrel-staves for spirits must always be radially sawn or hand-cleft, since it is only the ray tissues that stop the alcohol from seeping through the wood.  Other uses of this sturdy, versatile timber are in mining, bridge-building, wagon construction, dock and harbor work, and every engineering use that demands exceptionally strong timber.  Minor uses include paper-pulp, hardboard and other forms of man-made board.  Branchwood is used on a large scale for firewood and also, even today, to make charcoal.  Oak charcoal was once the main fuel for iron-smelting, before coke came into use, and is nowadays applied instead to variety of chemical reactions in industry.  It holds the structure of the wood so well that charcoal recovered from Roman sites in Kent has been conclusively identified as originating in a primeval English oak forest (Edlin ’69: 134-137).
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Brown Oak (Quercus robur) of the beech family (Fagaceae) is found in England and Europe.  Also called ‘pollard oak’ because it is usually cut, as a sliced veneer, from an open-grown tree that has been lopped or pollarded.  Pllarding was once a common practice in Europe, where peasant farmers depended on trees growing in pastures for a steady supply of firewood and small poles.  It they lopped a tree at 6 feet up from the ground, the sprouts that grew out from the pollarded trunk were safe from attack by browsing cattle, sheep, horses and goats.  Therefore they were able to come back about ten years later and harvest another crop of poles.  It is the natural staining that gives the brown oak its unique appearance, and this is caused by a fungus known as Fistulina hepatica, also called the ‘beef’steak fungus’ because its large sporophore is quite good to eat and has a flavor recalling beef.  The fungus gains entry to the wood through an open wound that cuts through both bark and sapwood, so exposing its heartwood.  Te beef-steak fungus simply extracts enough nourishment for itself; it also stains the wood owing to chemical changes that occur.  After growing for several years it produces its spore-bearing brackets on the side of the trunk, often a foot across, and many weighing as much as 30 lb.  They grow rapidly in autumn, but wither away within a month.  Their smooth upper surface is liver coloured, purplish-red, blood-red or chocolate.  The undersurface is made up of countless pale pink pores or tubes which release millions of spores to the air.  If the flesh of the bracket is cut across, it is seen to be reddish in colour, while a red juice oozes out.  Gourmets gather this odd fungus just as it ripens and becomes tender, losing its earlier sharpish taste; they cook it and eat it like a mushroom.  The wood very valuable when skilfully converted into decorative veneer, and high prices can be asked.  Brown oak resembles ordinary oak, but the natural staining gives attractively varied colours that cannot be matched by an artificial process.  ‘Bog oak’ is timber that has lain for centuries in a peat-bog, usually in Ireland, is preserved in the acids of the peat, but is stained a uniform dull black, that is an interesting curiosity but has little ornamental value (Edlin ’69: 138, 139).
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Pearwood (Pyrus communis) of the rose family (Rosaceae) is found in Europe and the USA and is also called ‘fruitwood’.  It is obtained from either the orchard pear or the wild pear tree.  It is a lovely rich red in colour, remarkably even in grain, and without any apparent figure.  Sapwood, where present, is pale yellowish-white, and where heartwood is formed there is an abrupt change to the deep red hue.  Pearwood was formerly widely used for mathematical instruments and similar devices where a smooth, hard, reasonably strong and very stable substance was required.  Set-squares, T-squares, drawing-boards and rulers were usually constructed by the accurate machining of pearwood.  Pearwood is still used for decorative veneers, because of its attractive and unusual colour.  Wood-sculptors like it.  The wild pear is usually a small and slender tree, and large pieces of wood are hard to find.  It grows sparingly in European woodlands, and may reach a height of 50 feet, with girths up to 8 feet round, though such trees are exceptional.  On the wild form, though not in the orchard varieties, the twigs bear long brown spines.  Bark is grey and broken into shallow, squarish plates.  The leaves are oval in shape, with a pointed tip and a glossy upper surface, and are remarkable for their long stalks.  The flowers are always white, never pinkish as on an apple tree.  They open early May, ahead of the apple blossom, as a lovely shower of white flakes amid the pale green unfolding leaves.  The fruit is of course pear-shaped, and has a rounded base, unlike the hollowed-out base of an apple.  Wild pears are hard and woody, with an acid taste.  As a rule they only attract the birds, but there is a time, after winter frosts, when it is just possible to nibble them raw.  Despite its unpalatable fruit the wild tree is the ancestor of all the garden pears used for cooking, as delicious dessert, for canning in syrup, or for making the strong alcoholic drink known as perry (Edlin ’69: 142, 143).
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Circassian Walnut (Juglans regia) of the walnut family (Juglandaceae) is found in Turkey, Southeast Europe and was introduced to the USA and England.  Circassian walnut, also called ‘Persian’, ‘European’, or ‘English’ walnut, originates in Turkey and neighbouring regions of Asia Minor.  The finest colored and figured wood is obtained from the province of Circassia, near the Black Sea, south of the Caucasus mountain range.  The tree yields a deliciously flavoured and nutritious nut, as well as a strong and attractive timber.  Walnut comes into leaf very late, about mid-May, and the leaves have a characteristic coppery-brown shade as they slowly unfold.  Each leaf is about four inches long and compound, made up of some nine oval leaflets with rounded ends.  When crushed, they have a rich aroma.  Their juice stains the fingers brown.  Circassian walnut bark is grey but has a bolder less regular pattern of ribs than ash with a silery-grey metallic sheen.  Male and female catkins open at the same time as the leaves, all on the same tree.  Male catkins look like fat greenish caterpillars, and fall as soon as pollen has been scattered on the winds from their numerous blossoms.  Female catkins, in group-s of two or three, are each shaped like an Italian wine-flask, with two horns or stigmas at the tip.  They develop rapidly into green plum-like fruit, which is often picked at the half-ripe stage for pickling in vinegar.  The green outer pulp soon withers and the hard-shelled, crinkly nut inside it is revealed.  The tasty and nutritious kernel within it is divided into curious lobes, and an odd papery membrane runs across the heart of the shell, almost but not quite, splitting the kernel.  This kernel is really a pair of seed-leaves modified to make storage organs.  A sown walnut will send out a sturdy root and a shoot that bears typical compound leaves.  Walnuts are widely grown for their nut crop in California, South Australia, France, Italy, Turkey and Greece.  Selected strains, which bear heavy crops of large nuts, are propagated by grafting in orchards.  Circassian walnut is never a very tall tree – 80 feet is the maximum, but it can attain great girth and age, and stems are known that are 22 feet round and 400 years old.  A curious feature of its twigs is that their stout pith is hollow except for small membranes that cross it at intervals.  The Circassian walnut tree has a thin outer zone of pale yellow sapwood, rarely used commercially  Within this lies the magnificent heartwood, hear, strong, heavy and naturally durable.  Its general colour is a warm, greyish-brown, with a hint of chocolate that is suffused with a pinkish hue, more apparent in some places than others.  High prices are occasionally paid in England for large trees.  Walnut veneer is applied to every kind of decorative surface, particularly wardrobes, dressing-tables, television cabinets, and automobile fascias.  Walnut used in solid form usually comes from branches or trunks too small for slicing into veneer.  Once stock has been carved to the user’s needs, it will never shrink or warp despite years of tough use.  The dense nature of walnut also enables it to take the recoil of the shot without distortion (Edlin ’69: 157-159).
30. North America

In North America, the broadest biomes are tundra, boreal, deciduous, desert, prairie, mixed evergreen and deciduous, tropical, montane, temperate and tropical rain forest and Mediterranean scrub.  Tundra means "rolling treeless plains". Normal weather is frigid winters, cold summers; dry winters, moist summers. Alternate names for boreal forest are Subalpine and Taiga. Normal weather is frigid winters, cool summers; moist winters, moist summers.  Rocky Mountain Evergreen Forest is also called Rocky Mountain Steppe and Montane Forest. Montane is a term for a forest on mid-level elevations on mountains. Normal weather is cold winters, mild summers; moist winters, moist summers.  Pacific Evergreen Forest is also called Temperate Rain Forest. Normal weather is mild winters, mild summers; very moist winters, moist summers.  Alternate names for the Northern mixed forest are Northern Hardwood-hemlock and Transitional Mixed Forest. Normal weather is cold winters, mild summers; moist winters, moist summers.  Alternate names for the East Coast Deciduous Forest are Transitional Mixed Forest or Temperate Hardwood. Normal weather is cool/cold winters, warm summers; moist winters, moist summers.  Coastal Plain Mixed Evergreen Forest is alternately named Southeastern Mixed Evergreen Forest. Normal weather is cool/mild winters, hot summers; moist winters, moist summers. Mexican Montane Forest is also called Tropical Montane Forest or Cloud Forest. Normal weather is mild winters, mild summers; dry winters, moist summers.  Central American Rainforest is also called Tropical Rain Forest or Selva, in Spanish. Normal weather is warm winters, hot summers; very moist winters, very moist summers.  Great Plains Grasslands are also called Prairie or Steppe. Normal weather is cool/frigid winters, hot summers; dry winters, moist summers. Tropical Savannah are also called West Indian Savanna, Tropical Thorn Scrub, Tropical Dry Forests, or Florida Everglades. Normal weather is warm winters, hot summers; very dry winters, moist summers.  Cool desert esists in the Great Basin Desert and High Plain. Normal weather is cold winters, warm summers; dry winters, very dry summers. Hot deserts exists in the Sonoran, Mojave and Chihuahua Deserts. Normal weather is mild winters, hot summers; very dry winters, very dry summers.  Mediterranean Shrub exists as Californian Chaparral. Normal weather is mild winters, warm summers; moist winters, very dry summers.
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Canada’s 402 million ha of forest and other wooded land account for about 10% of the world’s forest cover. Canada's boreal forest comprises about one third of the circumpolar boreal forest that rings the northern hemisphere, mostly north of the 50th parallel.  In 2005, an estimated 56 000 ha were deforested in Canada.  Over the past 30 years, except for large hydroelectric projects in the late 1970s and early 1980s, annual deforestation rates have been decreasing. Overall, deforestation affected less than 0.02% of Canada’s forests in 2005. Deforestation in Canada represents only approximately 0.4% of global deforestation, far less than Canada’s 10% share of the world’s forests. deforestation is the permanent removal of forest cover from an area, and the conversion of this previously forested land to other uses. In Canada, clearcutting or other harvesting practices are used as part of sustainable forest management to provide timber for producing paper or wood products. This is not considered deforestation because the area is replanted or allowed to regenerate naturally, renewing the forest cover.  The agriculture sector accounted for just over half of the deforestation in 2005, the result of forests having been cleared for pasture or crops. The remainder was caused by urban development, transportation corridors, and recreation (19%); hydroelectric development (10%); the forest sector (10%); and other natural resource extraction industries (8%). About two thirds of this deforestation occurred in Canada’s boreal forest, mainly in areas in Alberta, Saskatchewan, and Manitoba where the forest borders the Prairie (Tudor ’08). Stretching from Alaska to Newfoundland, the boreal forest – the circumpolar woods that circle the upper Northern Hemisphere – provides habitat for up to 3 billion nesting and migratory birds.  Canada warblers and evening grosbeaks have both recently experienced close to 80 percent declines in numbers.
Forests in Mexico cover 64 million ha, 33.7% of total land area, only half of which is considered primary foret cover.  Mexico is one of world's five most biodiverse countries, home to at least 26,071 species of vascular plants, of which 48 percent are endemic, and to 2,765 known species of amphibians, birds, mammals, and reptiles, 34 percent of which are endemic. Further, Mexico has a number of cultural and archeological attractions for visitors.  In southern Mexico, the forests are a mix of low jungles and tall deciduous forests, combined with mangroves, marshes, and savannas.  Central Mexico is covered with pine and oak forests, along with a diverse undergrowth and strands of liquidambar, the genus of sweetgum, found throughout the Americas.  Northern Mexico is dominated by desert terrain. Some of the most impressive forests are however located in the north, particularly in the state of Chihuahua. Rapid industrialization of Mexico and uncontrolled population growth over the last few decades have had a substantial impact on the country's environment and left less than 10 percent of its original tropical rainforests standing. Today Mexico's rainforests are limited to southeastern Mexico along the Gulf of Mexico and the state of Chiapas. These forests are most threatened by subsistence activities—especially fuelwood collection and land clearing for agriculture, using fire. In dry years these agricultural fires can spread into virgin forests. Although 5,925,000 hectares of primary forest disappeared between 1990 and 2005, deforestation rates of primary forest have decreased 15.3 percent since the close of the 1990s. Mexico announced its first-ever national environmental plan in 1996.  Between 2000 and 2005 Mexico lost -260,000 ha of forests annually, -0.4%.  Total forest loss since 1990 is 4.8 million ha, -6.1%. The loss of old-growth was 395,000 ha annually, -1.1%.  Loss of old-growth since 1990 is 1.9 million ha, -15.3%. 

The value of the Industrial roundwood produced in Mexico in 2005 was $545,479,000, Wood fuel: $19,216,000, Non-wood forest products (NWFPs): $32,134,000; Total Value: $596,829,000.  Most of the country's forest production occurs in the temperate-cold coniferous and broad-leafed forests in the states of Chihuahua, Durango, Jalisco, Michoacán, Oaxaca, Chiapas, and Guerrero. The tropical and subtropical forests are comparable in size, but they account for only 10 percent of Mexican forest production. Tropical forests are located in the states of Chiapas, Quintana Roo, Yucatan, Campeche, Tabasco, and Oaxaca. Commercial forestry has encountered numerous obstacles, including the fact that wood production costs are currently 35 to 40 percent higher than the world average. Importation of cheaper softwoods from the United States is expected to further reduce Mexico's lumber production. Mexico's lumber output in 1994 was 5.9 million cubic meters, its lowest production in 22 years. Many communities that have depended on forestry are diversifying their income with tourism.  There are a number of positive actions aimed at slowing deforestion and improving reforestation. Key will be linking forestry to environmental services (including ecotourism). Other "non-timber" products include botanicals, artesania, mushrooms, and bottle-spring water.  
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Before the Spanish conquest, about two-thirds of the country was forested. Cattle ranching has destroyed more than three-quarters of the high forests that covered Mexico at the turn of the century. Along with the trees, numerous animal and plant species have perished due to the loss of their native habitats. Today, less than one-fifth of the country remains verdant, mainly in the south and east. Deforestation remains a large problem, because it is often viewed as a sign of progress. It is also a means for the poorest segment of Mexico's rural population to gain unclaimed land. Fifty percent of Mexican farmers now live at subsistence levels, meaning they simply do not grow enough food to support their families. Either they move further into the forests, thereby increasing deforestation, or migrate to the cities. In Chiapas' Lacandón rain forest, home of the Zapatista National Liberation Army, some 70,000 acres are cut down each year. The forest which originally occupied 15 million hectares (37 million acres) and 90 percent has been converted to grazing pastures. Environmentalists predict it could disappear within the next two decades. Another case of deforestation lies in the Monarch Butterfly Reserve. Profepa, the federal agency charged with protecting Mexico's natural resources, estimates that the country loses about 1.3 million acres of forests each year, the fifth worst deforestation rate in the world. 
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Forests in the Caribbean have gone through many changes since the islands were first inhabited more than four thousand years ago. Until the 1500s, the islands remained predominantly forested, most with over ninety percent forest cover. However, with the colonization of the New World came significant changes to most Caribbean islands. By the early 1900s, many islands were heavily deforested and some, such as Puerto Rico, had less than 10% forest cover. Prior to the mid-1900s, much of the deforestation was attributed to commercial agriculture including sugar cane, bananas, and coffee. Since then, forests have been cleared for commercial and urban development, timber, mining, fuelwood and subsistence agriculture. Forest loss in the U.S. Virgin Islands is principally due to development. In Haiti, where forests once covered the entire island of Hispaniola, today approximately 3.8% of its land base is classified as forest. Much of the recent decline in forest area in Haiti is due to fuelwood collection and the subsequent burning and conversion of this land to agriculture and grazing land. In contrast to Haiti, Dominica is one of the most densely forested islands in the Caribbean (61.3%). Deforestation in Dominica is principally due to timber and fuelwood harvest and subsequent conversion to traditional and subsistence agricultural land. In Dominica, deforestation has also been attributed to development, though to a much lesser extent.
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Today, forests in the Caribbean are an increasingly valuable resource for water protection, erosion control, biodiversity conservation, recreation, and cultural appreciation.  More than 99% of forests in the Caribbean are classified as tropical forests, while less than 1% are described as subtropical.  Elevations in the Caribbean Islands range from forty meters below sea level to over 3,000 meters. The windward sides of the islands tend to be the wettest, while the leeward sides are typically drier. Throughout the Caribbean, the Northern Antilles have the lowest percentage of forest cover (1.5%), followed by Aruba (2.2%), Haiti (3.8%) and Barbados (4.0%). The Bahamas have the highest forest area per capita at 1.64 hectares per person, followed by the Turks and Caicos Islands (1.61 ha/capita), Montserrat (0.58 ha/capita), and Trinidad and Tobago (0.44 ha/capita). The islands with the least forest area per capita are the Netherlands Antilles (0.005ha/capita), Barbados (0.007ha/capita), Bermuda (0.012ha/capita) and Haiti (0.013ha/capita). Compared to the extensive deforestation throughout the region in the first half of the 20th century, forest cover has increased in the Caribbean in the last half century as agricultural lands are gradually abandoned and left to naturally regenerate or are replanted with tree species for timber production and environmental services. Between 1990 and 2000, the Caribbean averaged an increase in forest cover of 36,000 ha per year, which is an annual increase on approximately 0.65% of the total regional land base. Regional – level forest area continued to increase at a greater rate between 2000 and 2005 (54,000 ha/yr; 0.92% annually). In terms of timber, of the islands that report industrial roundwood production Martinique produces 2.30 million m3/yr, followed by Cuba (0.83 million m3/yr), Haiti (0.28 million m3/yr), Trinidad and Tobago (.08 million m3/yr), and the Bahamas (0.02 million m3/yr). Dominican Republic, Barbados and Jamaica each report less than 10,000 m3/yr of industrial roundwood production. Though less than half of the Caribbean islands have an active or semi-active timber industry, reforestation and plantation projects are found on almost every island (McGinley ’07)
The Wisconsin Glaciation (70,000 to 10,000 years ago), reached its maximum development and then receded into history.  While the glacier was at its maximum, temperatures lowered on the North American continent, and subarctic plants grew as far south as Virginia, Oklahoma, and Texas.  Conifers, such as pine and spruce, grew in what is now the Great Plains, along with some deciduous trees.  As the last glacier receded and the climate warmed the deciduous forest began to replace the conifers, and as the center of the continent continued to be warm and dry, fire became increasingly important in shaping the vegetation.  Although the coniferous forest became confined to the cooler climates of the Rocky Mountains and westward, the grassland in the center of the continent expanded and contracted as temperatures waxed and waned.  During times of warmer temperatures, the deciduous forest retreated eastward and grassland filled the area – and vice versa when the climate cooled.  Because the overall climate continued to be warm and dry, the frequency of wind-driven grass fires increased and helped the grassland eventually take over from the trees and shrubs to form the Great Plains of today.  The vastness, flatness, and windiness of the Great Plains were ideal for fire to burn through the flash fuel of dry grass in summer and autumn.  The contemporary northern flora and fauna of eastern North America are composed largely of post-Wisconsin glacial-stage plants and animals that migrated to a ground that had earlier been stripped of life by glacial ice.  Groups of animals composed of species from northern and temperate habitats lived on the southern edge of the glacier.  Unadaptable, temperate species continued to inhabit isolated, local areas of relatively unaltered climate, while those that could adapt to some degree survived more broadly where the glaciers had not encroached.  As the glaciers receded, most mammals followed habitats northward, migrated to higher latitudes, underwent physiological adjustments, or became extinct.  The varied habitats and the adaptability of other mammals allowed them to survive by moving southward ahead of the advancing Wisconsin Glaciation and then northward again as the glacier melted.  Only the less adaptable larger species were particularly prone to extinction (Maser et al ’10: 161, 162).
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The main landmass of the United States, situated in mid-North America, has a central plain with hills and low mountains to the east and rugged mountains and wide valleys to the west. Alaska, on Canada’s western border, is dominated by Pacific and Arctic mountains, central plateau, and Arctic slope. Hawaii, comprised of tops of a chain of submerged volcanic mountains, lies 1,600 miles west of the mainland in the north Pacific. Original forests were abundant throughout the Eastern U.S., mountainous regions of the interior and coastal west, Hawaii, and non-polar regions of Alaska. Today, the forests of the United States cover 749 million acres, are split almost evenly east and west of the central plain, and contain over 800 species of trees of which 82 are non-native. About one-third of the pre-European settlement forest has been cleared, primarily for agriculture during the 19th century. Although there have been significant regional changes, the total area of forest land has been fairly stable for nearly 100 years.  Forest land area increased from 747 to 749 million acres (0.3 percent) between 1997 and 2002, continuing a slight upward trend in area beginning in the late 1980s.  About 33 percent of the 2.3 billion acres of land area in the U.S. is forest today as compared to about one-half in 1630 (1.0 billion acres). Some 300 million acres of forest land have been converted to other uses since 1630, predominantly agricultural uses in the East.  Nearly two-thirds of the net loss of forests to other uses occurred between 1850 and 1900. By 1920, the clearing of forests for agriculture had largely subsided.  By clearing the forests of oak, birch, maple and hickory, the early economy of New England won good land for plough and pasture.  At the same time they gained building timber, fencing timber, firewood and charcoal for iron-smelting.  Ash from the burnt branchwood was rich in potash, a valuable fertilizer for the farm soil.  Once the northeastern woods had been overcut, the larger concerns migrated to the south-eastern states.  By the turn of the century, America’s leading lumber producing region was the land of the southern pines, marketed collectively as ‘pitch pine’ and their hard, strong, resinous and brightly patterned timber was used throughout the growing cities and shipped on a great scale to Europe.  After this was over, the loggers moved over the Pacific seaboard.  Here they found great mountain wilderness woods of Sitka spruce and Dougas fir, western hemlock, western red cedar, and lodgepole pine, along with the grand and noble firs, Port Orford cedar, ponderosa pine and the giant Californian redwoods.  The Pacific Northwest is still the leading timber-producing region in America, indeed in the whole world.  The plentiful rainfall regenerates valuable stands of Douglas fir indefinitely (Edlin ’69: 25).

Of the 749 million forested acres in the United States in 2003, about two thirds were productive timberlands; the remainder were unproductive or off-limits to logging because of park, wilderness, or protected watershed designations.  Although they are 192.4 million acres in size, the national forests contain only ninety-seven million acres of timberland - eighteen percent of the country's total.  Commercial timberland is forest that is producing or capable of producing at least twenty cubic meters of industrial wood per year.  Another sixteen percent of U.S. timberland is in other federal, state, county, and municipal ownership.  Thus the public owns thirty-four percent of the nation's commercially productive forest land.  Timber companies hold only twelve percent of the nation's commercial timberlands.  Roughly fifty-four percent of the commercial forests remains in the hands of farmers, other citizens, and Native American tribes.   Despite the small share of timberland that is owned by the forest industry, these industrial lands produce about a third of the nation's timber harvest - more than twice the output of the national forests.  This is largely because industry in the West managed to acquire the nation's most productive timberlands before the national forests were established (Berger '08: 40, 41).

During the colonization of North America forests were cleared for settlements and fields and pastures.  In Virginia land bearing the largest oaks was known to be good for yielding fine tobacco.  In Geogia, hickory land was cleared for corn.  Soft maple and birch grew in places considered too cold and wet for proper cultivation.  Oak and hickory were hard to split and so made the sturdiest wagon parts.  Oak, along with maple and walnut, was turned into furniture that lasted generations.  Supple ash made the best bows and arrows.  Birch, maple and cherry burned very hot, and the small, tight fires kindled from them were ideal for cooking. Chestnut, with its long, ropy grain, could be split the length of an eight-foot log for split-rail fences.  Life in the broadleaf interior of the East was different from life amid the evergreens farther north and west.  In the deciduous forest a settler as associated with “the ax, the cornpatch, the split rail fence, a dog, a cow, a woman in the cabin and children” in the conifer forest the symbols were the canoe, snowshoes, fur-bearing animal traps, the spoor of bear and moose, a trading post and lonely campsite” (Zaslowski ’86: 66, 67). Nearly all forest in the eastern United States was cut on a massive scale by the 1920s.  Clearing for agriculture, timbering for wood products, and charcoal burning for iron smelters all greatly depleted forest holdings.  Society’s attitudes were strictly utilitarian: “the state should not own and keep mature forests, but grow new ones, and when mature, dispose of them for the benefit of the people”.  Today, old-growth exists only in isolated remnants, and the once-dominant white pine and hemlock forests of pre-settlement times have been replaced by even-aged stands of deciduous species, mostly maples, oaks, and black cherry (Haney ’96: 42).  

Nearly all forest in the eastern United States was cut on a massive scale by the 1920s.  Clearing for agriculture, timbering for wood products, and charcoal burning for iron smelters all greatly depleted forest holdings.  Society’s attitudes were strictly utilitarian: “the state should not own and keep mature forests, but grow new ones, and when mature, dispose of them for the benefit of the people”.  Today, old-growth exists only in isolated remnants, and the once-dominant white pine and hemlock forests of pre-settlement times have been replaced by even-aged stands of deciduous species, mostly maples, oaks, and black cherry (Haney ’96: 42).  Of the 850 million acres of original native forest in the lower continental United States at the time of the first European settlements in the late sixteenth and early seventeenth centuries, little ancient or virgin forest survives.  At best, only a few percent of the original forest has escaped the ax and saw, and only ten million acres of old growth are protected from cutting nationwide.  Most of the old growth now in harm's way, however, is in the Pacific Northwest and Alaska.  Well over ninety percent has been logged, and for some desirable species the loss of old growth has been much greater.  At the logging rates of the mid-to-late 1990s, all remaining unprotected Pacific Coast old growth will be gone by about 2025.  Throughout the eastern United States, less than one percent of the aboriginal old growth has been saved from logging - probably less than a million acres - and it is found mostly in the Great Smoky Mountains, the Adirondacks, and a few relatively small sits in the East.  Some of these parcels are twenty-five acres, others fifty acres, and occasionally larger, such as a stand of 1,700 year old bald cypress on the Black River of Cape Fear, North Carolina.  When people speak of old growth in the East or Southeast they are probably referring to second-growth forests that may be 200 years old and have acquired some, if not many, old growth characteristics.  Usually it is possible to replant trees after a forest has been clear-cut.  And, in due time, some of these trees will grow large.  Seldom, however, do logging companies really make an effort to recreate the ecosystems they cut.  Nor have they demonstrated the ability to recreate old-growth forest conditions (Berger '08: 29). 

From the billion or so forested acres found in what is now the United States, including Alaska, a low point in forest area of 567 million acres was reached sometime about 1900.  Since then, the area of land in forest has increased to 749 million acres in 2003, due to the reconversion of marginal agricultural land to forest.  Thus comparing the original expanse of American forest and in 1600 across what is now the fifty states to U.S. forest area in 2003, we find that the United States has about 300 million acres of forest less than in 1600.  Forest removal began relatively slowly at first in what is now the United States, constrained by early settlers' small numbers and technological limitations.  Thus, it took setters a full two-and-a-half centuries, from 1600 to 1850, to accomplish the first forty percent of the deforestation they eventually inflicted.  But the rate of deforestation increased so quickly after 1850 that, in the next fifty years, far more land - 150 million acres - was deforested than in the previous 250 years.  Although more than 700 million acres of land may still have trees standing on them, they are rarely if ever equal in ecological function, species richness, and abundance to the primeval forest that the first settlers found.  New England forests had oaks measuring up to thirty feet in circumference, white pines of similar girth standing 250 feet high, and sugar maples fifteen feet around the base, in addition to their hickories, elms, chestnuts, and other species.  Such forests were replete with an almost mythic abundance of wildlife.  According to one estimate, a typical forest area of ten square miles supported as many as five black bears, two to three pumas and an equal number of gray wolves, 200 turkeys, 400 white-tailed deer, and up to 20,000 gray squirrels. Whereas losses in forest cover stabilized nationwide around 1900, some regions continues to lose net forest cover until 1920 or later.  Even today, certain regional forest types, such as California's oak woodlands, are declining in acreage.  If one considers native forest rather than forest area per se, then forest losses in some regions are continuing to the present, since timber companies often reforest with different species than a site originally had.  Nationwide, however, U.S. forest acreage in the 1990s was about the same as in 1920, although much of what passes for forest is a faint shadow of its former grandeur.  The 749 million acres of U.S. forest acreage in 2003 represented a recovery in area of about 180 million acres over the nadir of forest acreage that occurred around 1900 (Berger ’08: 34, 35). 
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From the days of earliest settlement until 1880, by far most of the wood cut was used for fuel, while the rest went for building materials or was cleared to create farms.  By the 1860s a commercial timber industry has come into being.  From the onset of the logging in the Great Lakes region after the Civil War, it took only a few decades to remove three-quarters of the areas standing timber.  The new timber industry next moved south to log the pine forests that stretched from Virginia through Texas.  By the 1920s, timber companies had reduced forests there, too, and then they were off to the Pacific Northwest.  Under the influence of abundant rainfall, the region's ancient Douglas-fir, spruce, and hemlock grew two to three times as tall as the trees of the eastern hardwood forests.  Luckily at this time forests began to be protected.  Net losses of U.S. forest land ceased around 1900 and U.S. forest area increased slightly to 1920, at which point the amount of land in forest cover stabilized.  This was caused by the gradual abandonment of farmland in the East and South, beginning in the 1880s, and by tapering off in forest-to-farm conversions.  Man of these abandoned farms naturally reverted to forest, and the forest-to-farm conversions largely ended in the 1930s.  Thus, U.S. forests increased by forty million acres from 1920 to 1930.  Net forest losses nationwide also stopped because of technological changes.  Coal and oil replaced wood as fuel, and vehicles replaced draft animals.  Consequently much less farm land was required for pasturing stock and raising forage.  Improvements in agricultural technology also led to large increases in agricultural productivity, which meant less farmland was needed.  Improvements in lumber mill efficiency made it possible to get more usable wood from each tree as lumber mills acquired smaller, more exact saws and, in the late twentieth century obtained automated cutting equipment (Berger '08: 37, 38).

The trend toward the progressive deforestation of the United States came to a halt through a combination of technological change and economic forces albeit bolstered by conservation sentiment and forest conservation legislation.  Although the nation was still converting about 500,000 acres of forest every year to farms and urban uses in 1992, the conversion of forests to other uses between 1992 and 2002 was more than counterbalanced by an overall increase in land converted to forest from other uses.  Thus, U.S. forest acreage in 2003 - 749 million acres - was twelve million acres larger than in 1992.  In addition to tree plantations and reforestation efforts, many small, marginal farms in the Northeast have been abandoned during the past fifty to 100 years and have reverted from field to forest or brush.  The percent of land in forests in the Northeast has, therefore, increased in many areas, reaching close to sixty percent for Connecticut, New York, and Pennsylvania.  In the 1930s, a cooperative forest-fire control program launched by the U.S. Forest Service involving state agencies and private timber owners also began reducing forest losses.  As recently as the 1940s timber was still so cheap that it cost less to buy a stand and cut it than to plant an equivalent acreage in seedling and raise them to commercial size.  Only when lumber prices rose in the 1960s in response to diminished supply, did reforestation begin to be widely practiced on commercial timber lands.  Whereas trees planted by timber companies and private landowners helped to defray forest losses from lumbering, the second, third and fourth growth forests produced in the United States have tended to be vastly inferior in native biodiversity, volume and size to the original old-growth forests that stood on the lands just eighty to 100 years earlier.  Much of the replacement forests today in the East and South are simplified and crowded bushy stands of small, narrow-girth trees.  Many wildlife species can thrive in these forests and have rebounded from low population levels at the turn of the twentieth century.  Populations of beaver, elk, pronghorn antelope, wild turkey, and whitetail deer have all boomed as hunting has been regulated more scientifically, based on game population surveys, and forest habitats have also increased and been protected in national and state wildlife refuges and on certain well-managed private lands.  Unfortunately, other nongame species, such as the red-cockaded woodpecker, have not thrived and still others have gone extinct.  Forest protection in the future must be constantly vigilant to safeguard old-growth forest from logging, and restore populations of sensitive, threatened and endangered species and the control of invasive species (Berger '08: 38, 39, 40). 

Today, more than half of the land area of the United States is capable of supporting forest vegetation, but less than one-third is now forested.  The balance is used for agriculture or has been developed.  Great natural forests of birch and oak, pine and spruce, extend across North America, Europe and northern Asia.  Only one wild tree in a thousand survives to maturity, the rest being crowded out or killed by disease, drought, insect attack, browsing deer or any of a score of hazards.  Some ponderosa pine forests in northern Arizona had around 23 large trees per acre (58 trees per hectare) prior to European settlement.  This resettlement density is in stark contrast to the current density of approximately 850 relatively small trees per acre (2,100 trees per hectare) (Maser et al ’10: 113).  By skillfully harvesting the maturing trees of the natural forests, before they age too far and start to decay, the forester can win a perpetual crop of timber from the woods without the need for replanting, through natural regeneration and selection felling, so as not to clear the mountainside forests for fear of avalanches.  In most of the world’ forests, however, wide clearings are made when lumber is harvest, because modern machines can only operate efficiently and cheaply in this way.  This means the crop must be renewed artificially, sometimes by sowing seed, but more usually by planting out young trees that they have raised in nurseries.  By replanting the soil is saved from erosion by wind and weather, water supplies are maintained, wildlife is safeguarded and the wood retain their unique scenic attraction for tourists (Edlin ’69: 22, 23). The success of the United States’ venture in parks has encouraged the establishment of more than 1,200 national parks on over one hundred countries.  The 334 units of the U.S. national park system, encompass 89 million acres.  The forty-eight national parks cover about 47 million acres (Zaslowsky ’86: 9, 10).
In the United States in 2002 there were 748,922 thousand acres of forests under all ownership types.  The public owned a total of 319,161 thousand acres.  The federal total was 246,425 thousand acres.  The national forest owned 148,456 thousand acres. The Bureau of Land Management owned 44,074 thousand acres.  Other federal agencies owned 53,895 thousand acres.  The State owned 63,140 thousand acres.  The county and municipal governments owned 9,597 thousand acres.  The private sector owned a total of 429,761 thousand acres.  Private industry owned 66,380 thousand acres.  Non-industrial private owned 363,381 thousand acres. Seventy-one percent of timberland is privately owned (including forest industry), but these lands accounted for 92 percent of growingstock removals in 2001.  Non-industrial private ownerships made up 58 percent (291 million acres) of U.S. timberland and accounted for 63 percent of the volume of growing-stock. Industrial private forests accounted for 13 percent of U.S. timberland (66 million acres). Although these forests contain only 12 percent of the growing-stock volume, in 2001 they accounted for 29 percent of the volume of growing stock harvested. Public forests comprise 29 percent (148 million acres) of U.S. timberland. National forests are the largest Federal ownership, making up 19 percent of U.S. timberland but accounting for only 2 percent of timber harvest in 2001. National forest timber harvest levels declined by 84 percent between 1986 and 2001, after rising by 92 percent between 1952 and 1986. Other public forests made up 10 percent of U.S. timberland and accounted for 6 percent of growing-stock removals in 2001 as harvesting on public forests continued to decline. Harvest on other public forest lands declined by 14 percent between 1986 and 2001 (Smith et al ’02: 33, 6-10).  

Fifty-seven percent of all forest land is privately owned. Public forest land is dominant in the western U.S. and private forest land is dominant in the East.  Land transfers deriving from the Alaska Native Claims Settlement Act of 1971 and updating of forestland survey data continue. This assessment includes updated estimates for approximately 185 million acres in Alaska. Current FIA plots indicate that private land owners control a minimum of 18.887 million acres of forestland in Alaska. Actual ownership of non-industrial private forestland in Alaska is believed to be as much as 35 million acres. About 77 million acres of forest land (10 percent of all U.S. forest land) is reserved from commercial timber harvest in wilderness, parks, and other legally reserved classifications. This is more than double the area of reserved forest in 1953 with major increases occurring in the West. The sharp increase in the Pacific Coast region since 1997 is due to reclassification of lands in Alaska transferred from the Bureau of Land Management to the Park Service and Fish and Wildlife Service (Smith et al ’02: 2-3).

Forestation by State 
	State
	Land

Area

(‘000 acres)
	Forest 

Land

(‘000 acres)
	% Forest
	Acres Per Capita
	Timber

Land

(‘000 acres)
	Annual Change
	Timber

Volume Million 

Cu. Ft.

	United States
	2,263,230
	748,923
	33.1
	7.9
	503,542
	0.2
	932,566

	Alabama
	32,481
	22,987
	71.1
	7.3
	22,922
	0.9
	31,150

	Alaska
	365,041
	126,869
	34.8
	567.7
	11,865
	-0.9
	34,268

	Arizona
	72,732
	19,427
	26.7
	13.3
	3,527
	-2.7
	7,243

	Arkansas
	33,328
	18,771
	56.1
	12.3
	18,373
	-0.002
	23,988

	California
	99,824
	40,233
	40.3
	2.9
	17,781
	-0.2
	59,521

	Colorado
	66,387
	21,637
	32.6
	14.7
	11,607
	0.09
	23,050

	Connecticut
	3,101
	1,859
	59.9
	0.9
	1,696
	-1.3
	3,403

	Delaware
	1,251
	383
	30.6
	1.6
	376
	0
	738

	Florida
	34,520
	16,285
	47.2
	2.1
	14,636
	0.04
	17,026

	Georgia
	37,068
	24,405
	65.8
	4.3
	23,802
	0.005
	33,663

	Hawaii
	4,111
	1,748
	42.5
	3.4
	700
	0
	333

	Idaho
	52,960
	21,646
	40.9
	40.1
	16,824
	-0.4
	44,070

	Illinois
	35,580
	4,331
	12.2
	2.8
	4,087
	0.1
	6,771

	Indiana
	22,957
	4,501
	19.6
	3.7
	4,342
	0
	7,866

	Iowa
	35,760
	2,050
	5.7
	12.2
	1,944
	0
	2,577

	Kansas
	52,367
	1,545
	3.0
	19.3
	1,491
	0
	1,998

	Kentucky
	25,428
	12,684
	49.9
	6.2
	12,347
	0
	16,621

	Louisiana
	27,883
	13,812
	49.5
	6.2
	13,722
	0.004
	20,768

	Maine
	19,753
	17,699
	89.6
	15.3
	16,952
	0
	22,307

	Maryland
	6,295
	2,566
	40.8
	1.2
	2,372
	-0.4
	5,254

	Massachusetts
	5,016
	3,126
	62.3
	0.8
	2,631
	-2.3
	6,140

	Michigan
	36,359
	19,281
	53.0
	3.6
	18,616
	-0.05
	29,540

	Minnesota
	50,955
	16,680
	32.7
	10.2
	14,723
	-0.1
	17,307

	Mississippi
	30,025
	18,580
	61.9
	10.5
	18,572
	-0.02
	22,753

	Missouri
	44,095
	13,992
	31.7
	7.8
	13,365
	-0.07
	13,880

	Montana
	93,157
	23,293
	25.0
	102.4
	19,185
	0.02
	38,682

	Nebraska
	49,201
	947
	1.9
	28.5
	898
	0
	1,329

	Nevada
	70,276
	10,204
	14.5
	32.5
	363
	22.9
	595

	New Hampshire
	5,740
	4,818
	83.9
	4.5
	4,503
	-0.2
	9,652

	New Jersey
	4,748
	2,132
	44.9
	0.6
	1,876
	0.1
	2,967

	New Mexico
	77,674
	16,682
	21.5
	42.0
	4,359
	-2.0
	8,023

	New York
	30,223
	18,432
	60.9
	1.6
	15,389
	-0.02
	23,035

	North Carolina
	31,180
	19,302
	61.9
	3.7
	18,664
	0.003
	34,752

	North Dakota
	44,156
	672
	1.5
	69.6
	441
	-0.05
	504

	Ohio
	26,210
	7,855
	30.0
	2.3
	7,568
	0
	10,568

	Oklahoma
	43,955
	7,665
	17.4
	12.6
	43,955
	0
	4,893

	Oregon
	61,442
	29,651
	48.3
	17.5
	23,831
	0.07
	87,682

	Pennsylvania
	28,685
	16,905
	58.9
	2.3
	15,853
	0
	25,771

	Rhode Island
	668
	385
	57.6
	0.6
	340
	-0.9
	536

	South Carolina
	19,272
	12,495
	64.8
	4.7
	12,301
	-0.2
	19,418

	South Dakota
	48,574
	1,619
	3.3
	63.7
	1,511
	0.3
	2,043

	Tennessee
	26,381
	14,396
	54.6
	4.5
	26,381
	1.0
	26,308

	Texas
	167,626
	17,149
	10.2
	7.7
	167,626
	0.01
	14,289

	Utah
	52,587
	15,676
	29.8
	22.5
	4,683
	-0.07
	8,701

	Vermont
	5,920
	4,618
	78.0
	9.6
	4,482
	0.09
	9,494

	Virginia
	25,343
	16,074
	63.4
	3.5
	15,371
	0.003
	28,653

	Washington
	42,612
	21,790
	51.1
	7.0
	17,347
	-0.08
	67,557

	West Virginia
	15,415
	12,108
	78.5
	8.6
	11,900
	0
	21,195

	Wisconsin
	34,761
	15,963
	45.9
	6.4
	15,701
	0
	21,304

	Wyoming
	62,147
	10,995
	17.7
	125.0
	5,739
	2.8
	12,380


Source: Forest Service 2002, U.S. Census 2002

About 504 million acres of forest land (two-thirds of all forest land) is classed as timberland— forest land capable of producing in excess of 20 cubic feet per acre per year and not legally withdrawn from timber production— 94 percent of eastern forests are classed as timberland, 80 percent of the Pacific Northwest, about 50 percent of the interior West and Southwest, and 10 percent of Alaska. withdrawals of public timberland as wilderness or other reserved forests that do not permit timber harvest, and conversion of timberland to nonforest land use. Most increases have come from reclassification of marginally productive forests and reversion of abandoned lands.  Growing-stock volume on U.S. timberland increased from 616 to 856 billion cubic feet (39 percent) between 1953 and 2002 (fig. 7). Between those years, average growing-stock volume rose by 96 percent in the North, 80 percent in the South, and 42 percent in the Rocky Mountain region. Volume declined in the Pacific Coast region. The loss of timberland in the Pacific Coast region is the result of harvesting in older, higher volume stands since 1953 and set asides of large areas of older stands in reserved forests (which reclassifies trees in these areas as non-growing stock). The rate of loss has subsided in recent years as harvesting has been sharply curtailed and total volume for the region has begun to stabilize.  Some 57 percent of the volume of growing stock is softwoods, with the remaining 43 percent is in hardwoods. However, 90 percent of the hardwood timber is in the Eastern United States.  About 68 percent of the softwood timber is in the Western United States and 22 percent is in the South.  The net growing-stock volume of U.S. hardwoods increased by 37 percent between 1977 and 2002 and by 98 percent between 1953 and 2002.  The net volume of U.S. softwoods increased from 432 billion to 492 billion cubic feet (14 percent) between 1953 and 2002 (Smith et al ’02: 3-4). 
Timber mortality increased between 1976 and 2001 in all regions of the country, on all ownerships, and for both hardwoods and softwoods.  Nationally, the volume of mortality was up 54 percent from 1976 to 2001, from 4.1 billion cubic feet to 6.3 billion cubic feet—0.74 percent of the growing-stock inventory in 2001 compared to 0.56 percent in 1976. Softwood mortality rose by 46 percent between 1976 and 2001 and hardwood mortality rose by 66 percent. Timber mortality rates in the South increased between 1976 and 2001—36 percent for hardwoods and 37 percent for softwoods.  Recent insect outbreaks in the South and West as well as hurricane impacts in the South were significant factors in sharply rising mortality rates.   Timber harvests have remained stable since 1986 but have risen by 13 percent since 1976. In 2001, growing-stock removals totaled 16 billion cubic feet.  In 2001, about 64 percent of the volume of timber removals was softwoods and 36 percent was hardwoods, compared with 69 and 31 percent, respectively, in 1986. This reflects a trend toward rising hardwood removals in response to new product technologies using hardwoods. The South accounted for 63 percent of growing-stock removals in 2001, up from 51 percent in 1986. The predominant use of growing stock continues to be for lumber and plywood manufactured predominantly from saw logs and veneer logs. Saw logs accounted for 49 percent of growing-stock volume harvested in 2001, veneer logs—9 percent, and pulpwood—35 percent. The remaining 7 percent was used for fuelwood and other products. Pulp and composite product demand continues to rise, increasing by 25 percent since 1986 (Smith et al ’02: 4-5).
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The eastern United States is home to such ecosystems as temperate beech-maple forest, oak-hickory forest, pine-oak forest, white-cedar swamp forest, bald-cypress swamp forest, and Jack pine forest, as well as northern flood-plain forest and southern riverine forest, and more.  Before the virtual extinction of the native chestnut tree, the Northeast was also home to magnificent old-growth forests.  Western forests range from the spruce-hemlock temperate rain forests of the Northwest to the Douglas-fir and redwood forests of coastal and mountainous California, the mixed conifer pine-fir Sierra Montane forest, the aspens of the Rockies, and the Engleman spruce and bristlecone pines of the subalpine zones.  Oak woodlands and the drier pinyon-juniper forests of New Mexico and Utah are some of the forest types that populate the interior West.  In the north are forests of white spruce, balsam fir, and pine, among others. Along the Pacific Coast of North America, the remaining uncut but rapidly vanishing old-growth forest is found distributed from northern California to Alaska.  Redwood and Douglas-fir old growth grows as far north as Oregon.  Douglas-fir ranged into Washington, and Sitka spruce-western hemlock old growth can growth from northern Oregon to British Columbia and southeastern Alaska.  The ancient forest in this region contains other large and impressive trees, such as the Pacific silver firs.  Inland old-growth and native forest are also found in Montana, Idaho, Colorado, Wyoming, Arizona and New Mexico. Despite its value and scarcity, approximately two to three billion board feet of old-growth timber - 60,000 to 100,000 acres - was still being cut annually in the Northwest, Southwest, northern Rockies and Tongass National Forest of Alaska in the late 1990s (Bergher ’08: 11, 12, 29).
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Within eastern United States, seven association can be identified – hemlock-white pine/Northern mixed forest, oak-hickory/central interior broadleaf forest, birch-maple/mesophytic eastern broadleaf forest, maple-beech-basswood/Midwest bradleaf forest, Outer coastal plain mixed forest and lower Mississippi Alluvial Valley.  Birch-maple association occurs on the glaciated lands of Ohio, Indiana, and Michigan on well-drained sites.  The birch tree provides the highest density.  Other important trees include the ash and American elm.  The trees grade gradually into the prairie country to the west.  Maple-Basswood association covers the Driftless area (unglaciated) of Minnesota, southwest Wisconsin, and northeast Iowa.  No dominant species has developed on the unglaciated soil.  This small area is a refuge for a variety of species not found in the larger forest areas of northcentral United States.  Hemlock-White Pine – Northern Hardwoods association appears to be a transitional area lying between the true deciduous and the boreal coniferous forests to the north.  The boreal area lies from western Ontario to Minnesota.  Much of the association consists of a mosaic of stands-some areas dominated by deciduous, other by coniferous tracts.  Besides hemlock and white pine, other trees in the region include paper birch, quaking aspen, Jack pine, red and black spruce and larch.  In most areas, deciduous trees dominate presently.  Lumbering began in this area as early as 1623 and reached its preak in the late nineteenth century.  Extensive slash fires following logging destroyed the white pine 

regeneration.  Without sufficient pine seeds the hardwoods spread rapidly.  Today vast areas of hardwood exist where white pines once dominated.  Oak-chestnut association no longer exists, it once included all but the northern hardwoods and coniferous forest zone of the Appalachian Mountains and adjacent area.  The climax species was the American chestnut.  Chestnut blight was introduced into the United States form china at the turn of the century.  The blight destroyed chestnut trees by killing the phloem (food conducting) layer in the trunk.  The chestnut essentially disappeared in the 1930s.  The root systems were not destroyed so that sprouts have continued to grow, but before the tree reaches maturity, the blight continues and the new tree dies.  Today this area should be renamed the oak association.  Oak-Hickory association occupies the largest area in eastern United States.  Its distribution is U-shaped, extending from New Jersey southward to the Gulf coast states and westward to central Texas, and then northward to Minnesota.  The trees have greater density and size in the east where precipitation is greater.  On the west, the oak-hickory association grades into the grasslands of the Great Plains.  In the mature areas, the oak trees normally dominate.  
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In the south, the deciduous trees have been cleared and the infertile soils are well suited for pines. With reforestation the loblolly pine and shortleaf pine dominate in the south and the pitch pine and Virginia pine in the north.  Without fire, succession leads to replacement by hardwood species.  Southern Mixed Hardwoods association occurs in the Gulf coastal plane from North Carolina to Texas.  The association is transitional between the mixed mesophytes and tropical forests. There are a wide variety of species including American beech, white oak, live oak, laurel oak, and even green magnolia.  In the many wet areas, bogs have evergreen shrubs and small trees.  A common plant found on the limbs of trees is Spanish moss.  The pine forests are dependent upon fire for regeneration.  In the regeneration of an area after fire, the seeds sprout over a period of years so that while successive fires will kill some of the pine some of the young pines will survive.  Under similar fire conditions, the deciduous trees will be killed.  Mixed Mesophytic association forests occur on moist but well-drained sites in eastern Tennessee, Kentucky, southwest Ohio, and much of West Virginia.  This forest type blends in with other regions.  It is largely diversified including American birch, tulip tree, sweet buckeye, basswood, hemlock, white and red oak plus others.  Of all the species the best indicators of the association are sweet buckeye and white basswood.  The greatest diversity occurs in the Cumberland Mountains of eastern Tennessee and Kentucky.  The leaves of deciduous trees turn color in autumn when a hormone stimulates the weakening of cell walls at the base of the leaves, resulting in the formation of a protective bark where the leaves are attached.  As a result, the entire tree is protected against rapid transpiration in the winter when low soil temperature retards or prevents root absorption of water.  Early successional species have multilayered leaf arrangements and climax species have monolayered leaf arrangements.  The multilayered leaves are adapted to conditions of high light intensities.  The low lighted leaves are beneath the canopy.  The deciduous trees also are adapted to low winter temperatures.  Resistance to frost damage is achieved by a dormancy of the live cells of the tree.  This resistance is related to a great increase in the sugar content of sap (Miller ’96: 11-13).
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Maple (Acer saccharum) of the maple family (Aceraceae) is found in New England and Eastern Canada.  Maples of many kinds grow in temperate forests right across North America, Europe and Asia.  Best known is the sugar maple, also called ‘white-maple’, ‘hard maple’ or ‘rock maple’, which is native to the north-eastern United States and south-east Canada.  All the maples bear their leaves in opposite pairs, which means that their winter buds are also paired and opposite, except for the terminal bud that prolongs the growth of each shoot.  In most sorts of maple the eaves are lobed, and each lobe ends in a distinct point.  This gives the outline that is so familiar on the maple leaf flag of Canada.  Maples are renowned for the brilliant tints of orange, scarlet and gold that their leaves assume in the autumn of the year.  Maple flowers are borne in early spring, in clusters, and though flowers of both sexes are found in each bunch, individual blossoms are of the wholly male or wholly female.  A perfect flower holds five sepals, five petals, five stamens, an ovary and nectaries to reward honey-bees.  The fruit is most distinctive, for each fertile female flower produces two hard round seeds, facing one another.  Each seed has an oval wing, and when they fall, either singly or united, they spin round in the air like the blades of a helicopter.  Maples seed abundantly every fall, and numerous seedlings sprout on the forest floor next spring.  Each seedling has two oblong seed-leaves, which are followed by oval, singly pointed juvenile leaves before the adult lobed leaves appear.  The largest recorded sugar maple, growing near Bethany, West Virginia, is 110 feet tall and 20 feet round.  Maple timber is pale cream or biscuit-brown to yellowish-white in colour, without distinction of heartwood and sapwood.  Sugar maple is one of the hardest.  Maple is first-class firewood.  Strength, good working properties and an attractive clear pale-coloured surface make maple a valued timber for high-grade furniture, and it has been so used sine colonial days.  Dance-halls are always floored with maple because it wears slowly, smoothly and evenly, without splintering.  A good deal is used for paper pulp. To add strength and solidity resulting in an excellent writing or printing paper.  
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Sugar maple is the source of maple syrup and maple sugar, obtained by concentrating its sweet sap.  This can be secured only in the spring, during a spell of about three weeks, just as the snow is thawing.  ‘Sugar bushes’ are traditionally tapped by hammering a small metal spout into each tree, and a cup is hung beneath it.  Every day each tree is visited, and a cupful of sap is poured into a bucket, producing at length a heavy load that is carried on a sledge over soft thawing soil to the boiling shed.  There the sap is concentrated in a large iron pan over an open fire fed with waste maple branchwood.  Sugar bushes stand up to repeated tapping year after year, provided they are properly maintained by thinning out unwanted trees and encouraging the growth of saplings as the older trees lose vigour.  In the Bird’s-eye Maple (Acer saccharum) from the maple family (Aceraceae) is found in Eastern Canada and Eastern USA.  It is a remarkable form of white or sugar maple, which shows a particularly attractive bud initials in its wood.  Main branches start from small twigs, and as they get buried when the trunk grows stouter they appear as knots when it is eventually sawn up.  The second kind of branch is called an ‘epicormic’ shoot or sprout, and it starts well out in the stem.  Sprouts seldom develop unless the main trunk is damaged.  It is these secondary branch-buds initials that make the ‘bird’s-eyes’.  It is no easy to detect it until the log is cut, but experts usually suspect its presence from surface irregularities or the actual appearance of small branchlets.  Similar figure is found, rarely, in other broad-leaved timbers, such as birch. (Edlin ’69: 131-134, 104, 105).

[image: image290.jpg]


Black American Walnut (Juglans nigra) of the walnut family (Juglandaceae) is found in the eastern United States.  It grows wild as a tall tree of the rich bottomlands in natural woodlands right across the central eastern and mid-western States.  Cultivated strains are grown for fruit or ornament throughout North America, and also, occasionally, in Europe.  It can form a very tall tree, up to 150 feet high by 20 feet round, and stand for over 250 years.  The bark is dark grey to black in American walnut, rugged and split into squares – contrasting to the pale grey, ribbed pattern of English walnut.  American walnut has the larger leaf, often over a foot long, made up of about ten pairs of leaflets, against about five pairs in the English tree; these leaflets are more slender ovals, ad end in long points.  In the wild tree, the nuts have thicker, rougher shell and are less pleasantly flavoured than those of English walnut; but in cultivated strains, increased by grafting, the American nut-kernels are of excellent form and flavor.  Black American walnut has a very distinctive timber.  The thin sapwood is pale yellow, and the heartwood within it is a rich deep chocolate-brown.  In some examples it is dark, or even deep purplish-brown to black; any paler wood shows black streaks.  It is easily distinguished from the much paler, ‘milk chocolate’ brown of English or Circassian walnut.  American walnut has a curious odour and even a taste ‘gumwood’.  Early colonists used American walnut for furniture, gun-stocks and other exacting work needing strength and stability.  The texture is coarse but uniform, and the heartwood naturally durable.  The colour of this wood has ensured its continued use in fine cabinet-work and also as decorative veneer.  Its grain is usually straight, but wavy or curly examples prove highly decorative.  Selected pieces show luxurious blends of deep violet-brown colours (Edlin ’69: 157-159).  

Forests of the Pacific northwestern United States vary widely because of the influence of the Pacific Ocean, the coastal mountains, and the Cascade Mountains.  The coastal forest have mild climates with fog drip in clear weather and much rainfall during storms.  The coastal mountains intercept much of the precipitation from storms off the Pacific Ocean, thereby producing wet areas on the western slopes and a rain shadow on those to the east.  When the storm clouds meet the high Cascade Mountains farther toward the east, they precipitate much winter rain on the lower western slopes and deep accumulations of snow at the higher elevations of montane forests upward through the alpine communities.  A more severe rain shadow occurs on the eastern slopes, with an eastward gradation into dry forest and ultimately into high-desert steppe. The forest of the Coast Mountains of western Oregon is coniferous and has a canopy of three primary trees: Douglas-fir, western hemlock, and western redcedar.  Along the coast itself, which constitutes the western edge of the forest, one must add lodgepole pine and Sitka spruce to the mix.  In addition, Oregon white oak is found along the eastern edge of this forest, and bigleaf maple and red alder occupy the stream margins throughout the forest (Maser et al ’10: 17, 175).  The gigantic redwods and sequoias are found in northern California along the Coast and along the Sierra Nevada Mountain Range through eastern California to the southern desert.
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Douglas Fir (Pseudotsuga menziesii) of the pine family (Pinaceae) is found in British Columbia, Alaska, Western U.S.A. and was introduced to Europe, Australia and New Zealand.  Douglas fir grows as a native tree southwards form British Columbia through all the western States to the Mexican sierras.  Its range extends inland to Alberta, Montana, Wyoming, Colorado, and New Mexico, following the Rocky Mountains, but the largest exploitable stands are in British Columbia, Oregon and Washington.  It has been introduced as a promising timber tree to many countries oversees, and is widely planted in Great Britain and Ireland, France, Germany, Belgium, New Zealand, and Australia.  The tallest tree in Britain is a Douglas fir, 182 feet tall.  The exploitation of the coastal Douglas fir forests, begun in the mid-nineteenth century is still going on.  Modern state and federal controls ensure the replacements of felled stands, either by supervised natural seeding or by artificial planting.  Douglas fir is one of the most magnificent trees in the world, and once held the height record.  In 1895 loggers felled a tree 417 feet.  But its equal has never been encountered since, and today the record is held by a California redwood, Sequoia sempervirent, in Redwood Creek Grove, Humboldt county, at 368 feet.  The greatest girth recorded, at Clatsop County, Oregon, is 49 feet.  Many large Douglas first have been found, by ring counts, to exceed 1,000 years of age.  
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Douglas fir is easily known by several pointers.  On young stems the bark is smooth and bear prominent resin blisters, which exude sticky, clear-yellow, fragrantly scented resin when broken.  On older stems the bark becomes exceptionally thick and rugged, with deep fissues and long irregular ribs between them.  Minor corrugations show a curious cinnamon-red shade, distinctive to this tree.  The needles are borne all the way around the twigs.  This differentiates from other true firs which have only a pair of needles.  If the needles are pulled away leave a neat circular scar, distinguishing Douglas fir from spruces, which carry their needles on woody pegs.  The buds are slender, pointed and non-resinous, with brownish scales rather like those seen on beech; this marks them out from most other firs, which bear blunt, resinous buds.  Male flowers, opening in June, have the typical conifer design of short-lives clusters of yellow anthers.  But the female conelets, which ripen in six months to woody cones, show from the outset the unique Douglas fir symbol.  This is a three-pointed bract, rather like a trident, which peeps out about three inches long by one and a half inches wide.  They open in autumn to release winged seeds, two per scale.  Young first spring up very freely in the forests of the West, even though wood mice and birds eat many seeds. 
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In the Pacific northwest, Douglas-fir, ranges from sea level to mid-elevations in the mountains; it occupies a great diversity of habitats and has a maximum lifespan of about twelve hundred years.  It grows to a maximum height of about 30 feet (91 meters) and has a straight, woody stem with a maximum diameter of about 175 inches (4.4 meters); rough craggy bark; and relatively stiff branches well clothe din moderately stiff needles.  If it dies while standing, it may persist many decades or even centuries as a snag.  If it falls directly to the forest floor without becoming a snag, it might lie another five hundred years as it decomposes and is incorporated into the forest soil.  The rough, craggy bark offers numerous crevices in which small bats sleep during the day, whereas its stiff, well-clothed branches offer excellent sites for a variety of birds to nest.  In mature and old forests, the branches support diverse lichens, some of which are nitrogen fixers.  As well, crowns of old trees can accommodate hundreds of generations of the unique red tree vole, which dines primarily on the tree’s needles, from which it splits off the two, lateral resin ducts.  The vole uses the resin ducts to line its nest, thereby giving both the rodent and its nest a most wonderful aroma; it also obtains moisture by licking dew off the needles.   The fan-like branches that often form close to the trunk (50 to 60 feet, or 15 to 18 meters, above the ground) collect falling materials from the crown of the tree.  These materials decompose to form “perched soils,” which can support terrestrial ferns and provide habitat for slugs, salamanders, and various invertebrates, which find their way to the forest floor.  Fallen Douglas-firs form protected runways for myriad animals over a span of two, three, or four centuries as the wood slowly decays (Maser et al ’10: 17-22).

[image: image294.jpg]


These magnificent forests are a resource of great economic value to Canada and the United States, and will continue to be so in the future.  The large size and high value of their timber call for the use of the world’s most powerful and costly logging equipment, including enormous sky-lines, loading cranes, trucks and rafts, for coastwise floating.  Douglas fir timber, like all softwoods, lack pores and vessel lines.  It is resinous, with the characteristic smell of turpentine.  Resin exudes from any cut on the living tree, and after the turpentine has evaporated, leaves a coating of yellow rosin as a protection against insect or fungal attack.  Douglas fir lumber shows a remarkably clean-cut division between the hard, red-brown summerwood bands and the paler, softer, pinkish-yellow springwood.  Another feature is the even thickness of the summerwood bank, relative to the neighbouring springwood of the same annual ring.  Douglas fir is a dependable timber for heavy constructional work.  Douglas fir is, overall, soft and easy to work.  It is light yet reasonably strong and firm, but no durable out of doors unless treated with preservatives.  The sapwood layer is almost white, but being thin is seldom seen on processed lumber.  It is used for railroad ties, mine props, telegraph poles, transmission poles for electric power, packing cases, indoor joinery, general carpentry and farm fencing.  Vats, water conduits, ladders, barrels, and ships masts are also made from it.  The clear knot-free lumber cut form the base of large old trees is particularly strong and valuable.  Large Douglas fir logs are particularly well suited for rotary veneers for making plywood in large sheets, and of high strength, for structural use.  Such veneers display the strong grain to advantage, often in flame-shaped outlines.  Strong decorative doors and paneling are made on a large scale from Douglas fir plywood.  Other uses include pulpwood for paper-making, hardboard, chipboard, insulation board, and laminated wood of several kinds  The fragrant bark resin is used in perfumery (Edlin ’69: 114-117).       
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At least fourteen species of mammals that feed on fruits, berries, truffles and pine nuts are associated with forests in the Pacific Northwest: the Trowbridge shrew, Townsend chipmunk, Western gray squirrel, Douglas squirrel, Northern flying squirrel, Mazam pocket gopher, Deer mouse, Bushy-tailed woodrat, California red-backed vole, Creeping vole, Pacific jumping mouse, Mule deer, Roosevelt elk, and Black bear.  In the High Cascade Mountains there are also the Mantled ground squirrel and Yellowpine chipmunk.  The Mazama pocket gopher, a major threat to tree replantings in the dry southwest part of Oregon, primarily inhabit grassy areas, such as meadows, but also moves into areas of forest that have either been clear-cut or burned.  They dig two kinds of tunnels: shallow ones for gathering food, such as roots, tubers, and truffles, and deep ones that include chambers for nesting, food storage and “toilets”.  Burrow systems are marked by a series of earthen mounds on the surface of the ground, where the gophers expel the excess earth through inclined lateral shafts that result in fan-shaped mounds.  As the forest encroaches, the gophers decline in number and eventually disappear altogether.  Although gophers are active above ground primarily from evening through the night and into the early morning, they are active at any time on warm, overcast days.  Underground activity seems to be almost continuous, and is often heralded by muffled gnawing or scratching.  The sound ceases, and the stem of a lupine or other favored food plant begins to wiggle as a small, brown nose appears.  The hole is quickly enlarged to allow the gopher’s head to emerge in the plant.  A stem is cut off and drawn below ground.  A good meal is gathered within minutes, and the hole is securely plugged with soil.  Although a gopher can withdraw food at will form its belowground pantry, much of the stored food is not eaten and decomposes, fertilizing the soil from below.  In mid-July gophers remain outside next to their burrows for long periods.  In winter, gophers leave the meadows and travel through the forest under cover of snow.  On reaching a newly burned area, they spread out and claim unoccupied areas.  Their mounds cover 5 to 10 percent of the surface in some areas, and their burrows – 6 to 12 inches (15 to 30 cm) below ground – are numerous (Maser et al ’10: 175, 176, 181-183).  
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Red alder (Alnus rubra) is a deciduous, broad-leaved tree that dominates riparian zones at low to moderate elevations and develops pure stands on moist slopes following deforestation.  It rarely exceeds sixty years of age; it often grows in mixture with conifers, such as Douglas-fir and western hemlock.  Red alder decays rapidly after death, rarely standing more than a few years before falling to the ground, where it persists for only a decade or so before collapsing into the soil.  It grows up to about 80 feet tall (24 meters); has a straight to curved, wooden stem with a maximum diameter of about 30 inches (almost 1 meter); smooth to shallowly furrowed ray bark; and branches that are upward angled near the stem but pendant toward their tips.  Its deciduous leaves are ovate, toothed, and thin.  Red alder has nitrogen-fixing modules on its roots, consequently its leaves have high nitrogen content and decay quickly after they fall in the autumn.  During spring and summer, however, white-footed voles climb the alders and dine on their leaves  The decaying leaves produce moisture-holding humus, which does not carry a fire, so alder stands form natural breaks to wildfire.  Its bark is amenable to colonization by crustose lichens, which give the bark a patchwork design of different shades of gray and green.  The crowns are relatively open and thus not much preferred as nest sites or birds.  Especially when growing with conifers, red alder’s beneficial effects on soil attract large populations of invertebrates that, in turn, support many insectivorous mammals, such as the Pacific shrew, Trowbride shrew, shrew-mole, and coast mole (Maser et al ’10: 31, 32).
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Pacific silver fir (Abies amabilis) ranges from sea level in northern Washington to montane and subalpine forests on the western slopes of the northern and central Cascade Mountains.  It favors cool, moist sites and has a maximum lifespan of about six hundred years.  As a snag or fallen tree, silver fir decomposes faster than Douglas-fir but still may affect the habitat from one to several centuries.  Pacific silver fir grows to a maximum height of about 180 feet (55 meters) and has a straight, wooden stem with a maximum diameter of about 80 inches (2 meters).  It has smooth bark with bumps containing pitch, and stiff, rather short branches, which give the tree a tapered, spire-like appearance.  Pacific silver fir’s tapered, spire-like shape of stiff, rather short branches is not particularly conducive for nesting by forest birds.  The downward-sloped branches can readily withstand the severe winds of winter storms, as well as easily shed the accompanying snow and ice.  In severe winters, however, the deep snow on the ground and that which slides off the tree can combine around the base of the tree to form a relatively high wall of snow.  Within the wall and under the snow-laden parts of the tree, a snow-free cavern is created near the trunk.  Snowshe hares often use these sheltered areas as protection from winter weather.  The fir’s cones are prized by squirrels, which cut them off in great numbers and cache them under fallen tree stems on the ground.  Being smaller in stature than the other trees in this group, silver fir readily disappears once age has toppled it to the ground (Maser et al ’10: 23).
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Western hemlock (Tsuga heterophylla) accompanies Douglas-fir in relatively cool, moist habitats, has a maximum lifespan of about five hundred years, and may affect the habitat as a snag or fallen tree from one to several centuries.  It grows to a height of roughly 200 feet (61 meters) and has a straight, wood stem with a maximum diameter of about 100 inches (2.5 meters).  The hemlock has rather smooth, finely textured bark, and lacy branches with rather short, sparse needles.  Its seedlings develop well on well-rotted fallen trees and stumps, through and over which it grows its roots.  In time, the rotted-wood substrate sloughs away, leaving the now large hemlocks standing on “stilts” formed by the old, large roots.  Western hemlock’s rather smooth finely textured bark and lacy branches hold little value as wildlife habitat, but the tree’s relatively short lifespan creates a fairly steady supply of large snags for cavity-nesting birds and mammals, which appropriate the abandoned cavities of large woodpeckers.  Heart rot occasionally allows black bears to dig their dens into the base of an old tree.  Western hemlock is perhaps the least conducive as habitat for either vertebrates or invertebrates, although it des form protected runways and occasional hollow logs once on the forest floor, where it decomposes in a century or so (Maser et al ’10: 25, 26). 
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Englemann spruce (Picea englemannii) inhabits montane to subalpine habitats on the western slopes of the High Cascade Mountains and eastward; it has a maximum lifespan of somewhat more than five hundred years; it can persist for one to several centuries as a snag or fallen tree.  It grows to approximately 160 feet fall (49 meters) has a straight, wooden stem with a maximum diameter of about 90 inches (2.3 meter), scaly bark, and relatively droopy branches well clothed in stiff needles.  Some birds can use Engelmann spruce’s relatively droopy branches for nesting, because the crowded, stiff needles keep the nest in place.  In the main, however, its droopy limbs and predominantly open-grown habitat make it relatively ineffectual as habitat for vertebrate wildlife until it dies and becomes a snag or fallen tree.  Although fallen spruce form protective habitat once on the ground, they decompose fairly rapidly.  Some species of trees occupy more restricted habitats, such as timberline in the Cascades, where species such as subalpine fir, subalpine larch, and whitebark pine grow.  Black cottonwoods are common in riparian zones, but aside from red alders, other broad-leaved trees, such as maples and oaks, rarely dominate forests in the Pacific Northwest.  Oak-madrone-manzanita forest, with poison oak understory, tend to grow in distinctly intermediate elevations, above the cottonwoods and below the fir.  Understory shrubs are diverse, with members of the heath family especially abundant.  Herbaceous plants are usually limited once the tree canopy closes to form the dense forest west of the Cascade Mountains, but the more open, drier forests east of these mountains host a large array of grasses and forbs (Maser et al ’10: 34).
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Ponderosa Pine (Pinus ponderosa) of the pine family (Pinaceae) is found in Oregon and neighboring western States.  Also known as ‘western yellow pine’, it flourishes in the western States, rangin from British Columbia southwards through California to Mexico, while inland it is found as far east as Nebraska.  Like all true pine trees, it bears it needles in clusters, and it is one of the few species to have three eedles per cluster.  Most common species, such as lodgepole pine, bear needles in pairs, while a few, including the eastern white pine, have fie needles in every cluster.  Ponderosa pine grows in the drier zones among the Rocky Mountains and nieghbouring ranges, and is able to thrive under lower rainfalls than most conifers.  It has been introduced to several countries overseas, and plantations have been formed in South Africa, Australia and New Zealand.  In Britain it is sometimes seen as an ornamental tree.  Ponderosa pine can attain 232 feet tall and 30 feet round, and 726 years.  Fast growth of a useful timber, on relatively poor soils under difficult climates, including the full-sun of clearcuts makes ponderosa pine a highly valued and replanted timber tree in the West.  It springs up readily from self-sown seed, and is easy to raise in nurseries and establish by planting. 
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Typically, ponderosa pine makes an erect tree with a columnar trunk of good timber form, and a rather light crown.  Its bark is yellowish or dark reddish brown, breaking into irregular scaly plates that become large and thick in old trees.  The needles, in threes, last for three seasons, average six inches, dull green in colour, and tough.  Male flowers, which open in spring, consist of clusters of yellow anthers, which scatter pollen and then wither.  The female flowers or conelets are greenish structures, one inch long, and take eighteen months to ripen into woody cones.  Cones are oval in outline, bright brown in colour, and measure about six inches long by three inches wide.  Each of their numerous scales carries a strong, sharp, reflexed prickle.  Two large seeds develop below each scale, and are released when the cone ripens and its sales expand.  The seed-grain averages a quarter of an inch long with a thin wing about three-quarters of an inch long attached.  Winter buds are three-quarters of an inch long and cylindrical, with closely pressed reddish-brown scales that are often resinous.  Ponderosa pine timber is typical of the conifers or softwoods.  Resin is present, being held in ducts or resin canals that run all through the wood.  It is revealed by a long resin canals that run through the wood, and form blobs of amber rosin if a living tree is injured.  
There is a sharp contrast between the red-brown summerwood and the wider, yellow springwood, hat make up each annual ring.  The timber as a whole is light and fairly soft.  It is easy to work yet strong enough for a wide range of uses.  Sapwood, where present, is creamy white and well defined.  Despite its resinous character ponderosa pine is not naturally durable, and needs treatment for outdoor use.  A constant feature of all true pine timbers of the genus Pinus, is that the knots are always in distinct groups, with knot-free timber between each group, resulting from branching patterns, for in pine the side branches always grow out from set points, called ‘nodes’, and usually only one node is formed each year.  Other conifers also bear some branches separately, between their nodes, so the presence of inter-nodal knots proves that an unknown timber cannot be a pine.  Ponderosa pine is a leading commercial softwood in the West available in large quantities.  Preservative treated pine is used for fencing, telegraph poles and railroad ties, also as pit props in mining.  It can be used for paper-pulp and in the manufacture of particle board, hardboard, and insulation board.  It is also a satisfactory firewood.  Selected logs are frequently cut into decorative veneer to reveal the flamy pattern of the distinct grain, and to expose the grouped knots as clear circles.  Such veneer is clear soft yellow, figured with reddish-brown along the summer-wood bands, and punctuated by the dark rust-red to blackish-red roundels of the knots.  This creates an authentic impression of Western, ranch-style woodwork, since ponderosa pine was the usual constructional softwood throughout the western States during pioneer days, as it is today (Edlin ’69: 143-145). 

[image: image302.jpg]


Pinyon pine (Pinus edulis) is a widely distributed pine that grows in the Intermountain region of western North America. Pinyon is native to the southern Rocky Mountain region, predominantly in the foothills, from Colorado and Utah south to central Arizona and southern New Mexico. Also locally in southwestern Wyoming, extreme northwestern Oklahoma, the Trans-Pecos area of Texas, southeastern California and northwestern Mexico (Chihuahua). It is a major indicator tree in the pinyon-juniper life zone. P. edulis is a short and scrubby tree that rarely reaches heights taller than 35 feet. Growth is very slow and trees with with diameters of 4 to 6 inches can be several hundred years old. It typically grows either in pure stands or with juniper. The chunky little cones produce a well-know and tasty nut that was a staple of the natives.  The wood is very fragrant when burned. Pinyon pine typically grows either in pure stands or with juniper. The chunky little cones produce a well-know and tasty nut. The wood is very fragrant when burned. The stumpy, drought-resistant tree grows on mesas and mountainsides in the Southwest. There are eight species of true piñon (Pinus subsection Cembroides).  The three bristlecone pine species of the high mountains of the southwestern United States, and the lacebark pines of Asia are closely related to the pinyon pines.
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Pinus contorta grows as an evergreen shrub or tree. The shrub form is krummholz and is approximately 1 to 3 m (3.3 to 9.8 ft) high. The thin and narrow-crowned tree is 40 to 50 m (130 to 160 ft) high and can achieve up to 2 m (6.6 ft) diameter at chest height. The murrayana subspecies is the tallest. The crown is rounded and the top of the tree is flattened. In dense forests, the tree's a slim, conical crown. The formation of twin trees is common in some populations in British Columbia. The elastic branches stand upright or overhang and are difficult to break. The branches are covered with short shoots that are easy to remove. The dark and mostly shiny needles are pointed and 4 to 8 cm (1.6 to 3.1 in) long and 0.9 to 2 mm (0.035 to 0.079 in) wide. The needle edge is weak to clearly serrated. The 3–7 cm cones often need exposure to high temperatures (such as from forest fires) in order to open and release their seeds, though in subsp. murrayana they open as soon as they are mature. The cones have prickles on the scales. Tree plantations of Pinus contorta have been planted extensively in Norway and Sweden, for forestry, such as timber uses. Lodgepole pine is named for its common use as structural poles for the Native American tipi shelter. A typical tipi is constructed using 15 to 18 lodgepole pines. Tribes made long journeys across the Great Plains to secure lodgepole pines that only grew in mountainous areas. The trees may be harvested for tipi poles in U.S. National Forests, provided the harvester secured a permit to cut live trees for ceremonial or traditional purposes. The Bighorn Mountains, the Black Hills, and the Medicine Bow Mountains are popular tipi pole harvesting areas for Native Americans living on Plains Indians reservations in North and South Dakota, and immigrant tipi enthusiasts. The indigenous peoples of the Pacific Northwest and of California used different parts of the plant internally and externally as a traditional medicine for various ailments. Pinus contorta is a serious invasive species of wilding conifer in New Zealand, along with several other western North American pine species. It is listed on the National Pest Plant Accord and is prohibited from sale, commercial propagation, and distribution.
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Western Red Cedar (Thjua plicata) belongs the cypress group (Cupressineae) of the pine family (Pinaceae).  It is found in British Columbia, Alaska, Western USA and was introduced to Europe.  Western red cedar belongs to the genus Thuja, first used bythe Greeks for a related tree, nowadays called Tetraclinis artiuclata, or in Spanish alerce, which grows in North Africa and yields a fragrant gum called ‘sandarac’, used to varnishes.  Two of the six species of Thuja grow in America, while the other three are native to China, Japan, Korea and Formosa. This timber exudes a strong aromatic fragrance and shows a bright red-brown surface.  Eventually it weathers to a silvery grey.  The tree that yields it grows only in a limited zone around the Rocky Mountains, and for this reason it is called the western red cedar.  It is found from the Summer Strait in Alaska, south through British Columbia, Washington and Oregon to the northwest corner of California, and inland as far east as Montana and Idaho.  Western red cedar is a conifer, but its flowers and cones are small and rarely attract attention  Its foliage resembles the fronds of a fern, for the leaves hide both twigs and buds; they are bright green and five out a strong, sharp scent when bruised.  Western red cedar and the allied eastern white cedar, which proves hardier in districts with frosty winters, are widely grown as decorative shrubs and hedges in both American and Europe.  Indoors, their cut foliage is popular for flower arrangements and is also widely used for wreaths.  In its native forest the western red cedar forms a magnificent tree with a stout buttressed trunk clad in fibrous reddish-grey bark.  When a great cedar is felled, many seedlings spring up around its stump and replanting is rarely needed in American forests (Edlin ’69:109-112).

Western redcedar ranges widely in the Pacific northwest, but is confined largely to cool, moist to wet habitats at low elevations.  It has a maximum life span of about twelve hundred years.  Once it dies, its wood resists decay and thus can last for many centuries as a snag or fallen tree (for longer than anyone knows).  It grows to a height of more than 195 feet (59 meters) and has astraight, wooden stem with a maximum diameter of about 100 inches (2.5 meters); rathe smooth, stringy bark and droopy branches with small, scale-like leaves.  Western redcedars often have much-enlarged stems at ground level that frequently become hollow in old trees due to butt rot.  These hollows are ideal winter dens for hibernating bears, especially females, which give birth to their cubs during hibernation.  In addition, large trees often become hollow snags when they die because of a long-term infection by heart-rot fungi.  These hollow snags are critical nesting habitat for Vaux’ swift (a small bird) which flies into the hollow snag from the top and fastens its nest to the inside wall of the dead tree.  While the droopy branches have little value for nesting birds, northern flying squirrels use the stringy bark to construct nests.  Once on the ground, fallen cedars form protective runways and hollow dens over multiple centuries, as they slowly incorporate in to the forest soil (Maser et al ’10: 27, 28).
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Cedar wood is the mainstay of a big timber industry in the Western United States.  It is exceptionally light in weight, with a specific gravity of only 0.38 when seasoned, yet at the same time remarkably strong.  It is straight-grained and only moderately hard, easy to work with hand and machine tools.  It is naturally durable, and resists decay out of doors, under most climates, without any kind of preservative treatment.  The British Isles are an exception, since their mild winters favour decay, and an occasional layer of creosote is needed.  Western red cedar commands a higher price than all competing softwoods.  It is the best wood for ladder-poles, where its light weight, strength, straight grain and freedom from knots make it reliable.  It is used for building bungalows, wooden sheds, and greenhouses.  It is useful for window-frames and barrel-staves.  Shingles of cedar wood are the most popular roofing material across America.  Cedar is used for posts and poles, because of its durability and also for fencing and building barns.  Indians of the Pacific coast made their great war canoes by hollowing out selected cedar trunks, and was the only timber used for carving totem-poles.  It endures indefinitely, preserving the brightly coloured features of their tribal ancestors.  The heartwood is warm red-brown, while the thin sapwood zone is creamy yellow (Edlin ’69:109-112). 
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Redwood (Sequoia sempervirens) is the sole living species of the genus Sequoia in the cypress family Cupressaceae (formerly treated in Taxodiaceae). Common names include coast redwood and California redwood. It is an evergreen, long-lived, monoecious tree living 1,200–1,800 years or more. This species includes the tallest trees living now on Earth, reaching up to 379 feet (115.5 m) in height (without the roots) and up to 26 feet (7.9 m) in diameter at breast height. Before commercial logging and clearing began by the 1850s, this massive tree occurred naturally in an estimated 2,100,000 acres (8,500 km2) along much of coastal California (excluding southern California where rainfall is not sufficient) and the southwestern corner of coastal Oregon within the United States. An estimated 95% or more of the original old-growth redwood trees have been cut down due to their excellent properties for use as lumber in construction. The coast redwood has a conical crown, with horizontal to slightly drooping branches. The bark is very thick, up to 12 in (30 cm), and quite soft and fibrous, with a bright red-brown color when freshly exposed (hence the name redwood), weathering darker. The root system is composed of shallow, wide-spreading lateral roots.  The leaves are variable, being 15–25 mm (0.59–0.98 in) long and flat on young trees and shaded shoots in the lower crown of old trees. The species is monoecious, with pollen and seed cones on the same plant. The seed cones are ovoid, 15–32 millimetres (0.59–1.26 in) long, with 15–25 spirally arranged scales; pollination is in late winter with maturation about 8–9 months after. Each cone scale bears three to seven seeds, each seed 3–4 millimetres (0.12–0.16 in) long and 0.5 millimetres (0.020 in) broad, with two wings 1 millimetre (0.039 in) wide. The seeds are released when the cone scales dry out and open at maturity. The pollen cones are ovular and 4–6 millimetres (0.16–0.24 in) long. Coast redwoods occupy a narrow strip of land approximately 470 mi (750 km) in length and 5–47 mi (8–75 km) in width along the Pacific coast of North America; the most southerly grove is in Monterey County, California, and the most northerly groves are in extreme southwestern Oregon. The prevailing elevation range is 98–2,460 feet (30–750 m) above sea level, occasionally down to 0 and up to 3,000 ft (about 920 meters.  The trees above the fog layer, above about 2,296 feet (700 m), are shorter and smaller due to the drier, windier, and colder conditions. In addition, Douglas-fir, pine, and tanoak often crowd out redwoods at these elevations. Few redwoods grow close to the ocean, due to intense salt spray, sand, and wind. Coalescence of coastal fog accounts for a considerable part of the trees' water needs. 
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Redwood has been grown in New Zealand plantations for over 100 years, and those planted in New Zealand have higher growth rates than those in California, mainly due to even rainfall distribution through the year.  Trees over 200 feet (60 m) are common, and many are over 300 feet (90 m). The current tallest tree is the Hyperion tree, measuring 379.3 feet (115.61 m) in Redwood National Park, has road running through the base large enough to drive a car through. The largest known living coast redwood is the "Lost Monarch", with an estimated volume of 42,500 cubic feet (1,200 m3); it is 321 feet (97.8 m) tall, with a diameter of 26 feet (7.9 m) at 4.5 feet above ground level. It is located in the Grove of Titans. Among current living trees, only six known giant sequoias are larger; these are shorter, but have thicker trunks overall, giving the largest giant sequoia, General Sherman, a volume of 52,500 cubic feet (1,490 m3), making it the world's current largest known tree.  
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International Forestation and Plantation Statistics 2000

	Country/area
	Total Land Area

(‘000 ha)
	Total forest (‘000 ha)
	% of land area
	Area per capita
	Forest plantations (‘000 ha)
	Annual rate of change in forest cover (%)

	World, total
	13,063,900
	3,869,455
	29.6
	0.6
	186,733
	-0.2

	Africa, total
	2,978,394
	649,866
	21.8
	0.8
	8,036
	-0.8

	Algeria
	238,174
	2,145
	0.9
	0.1
	718
	1.3

	Angola
	124,670
	69,756
	56.0
	5.6
	141
	-0.2

	Benin
	11,063
	2,650
	24.0
	0.4
	112
	-2.3

	Botswana
	56,673
	12,427
	21.9
	7.8
	1
	-0.9

	Burkina Faso
	27,360
	7,089
	25.9
	0.6
	67
	-0.2

	Burundi
	2,568
	94
	3.7
	n.s.
	73
	-9.0

	Cameroon
	46,540
	23,858
	51.3
	1.6
	80
	-0.9

	Cape Verde
	403
	85
	21.1
	0.2
	85
	9.3

	Central African Republic 
	62,297
	22,907
	36.8
	6.5
	4
	-0.1

	Chad
	125,920
	12,692
	10.1
	1.7
	14
	-0.6

	Comoros
	186
	8
	4.3
	n.s.
	2
	-4.3

	Congo
	34,150
	22,060
	64.6
	7.7
	83
	-0.1

	Cote d’Ivoire
	31,800
	7,117
	22.4
	0.5
	184
	-3.1

	Dem. Rep. of the Congo
	226,705
	135,207
	59.6
	2.7
	97
	-0.4

	Djibouti
	2,317
	6
	0.3
	n.s.
	2
	-4.3

	Egypt
	99,545
	72
	0.1
	n.s.
	72
	3.3

	Equatorial Guinea
	2,805
	1,752
	62.5
	4.0
	-
	-0.6

	Eritrea
	11,759
	1,585
	13.5
	0.4
	22
	-0.3

	Ethiopia
	110,430
	4,593
	4.2
	0.1
	216
	-0.8

	Gabon
	25,767
	21,826
	84.7
	18.2
	36
	n.s.

	Gambia
	1,000
	481
	48.1
	0.4
	22
	-0.3

	Ghana
	22,754
	6,335
	27.8
	0.3
	76
	-1.7

	Guinea
	24,572
	6,929
	28.2
	0.9
	25
	-0.5

	Guinea-Bissau
	3,612
	2,187
	60.5
	1.8
	2
	-0.9

	Kenya
	56,915
	17,096
	30.0
	0.6
	232
	-0.5

	Lesotho
	3,035
	14
	0.5
	n.s.
	14
	n.s.

	Liberia
	11,137
	3,481
	31.3
	1.2
	119
	-2.0

	Libyan Arab Jamahiriya
	175,954
	358
	0.2
	0.1
	168
	1.4

	Madagascar
	58,154
	11,727
	20.2
	0.8
	350
	-0.9

	Malawi
	9,409
	2,562
	27.2
	0.2
	112
	-2.4

	Mali
	122,019
	13,186
	10.8
	1.2
	15
	-0.7

	Mauritania
	102,522
	317
	0.3
	0.1
	25
	-2.7

	Mauritius
	202
	16
	7.9
	n.s.
	13
	-0.6

	Morocco
	44,630
	3,025
	6.8
	0.1
	534
	n.s.

	Mozambique
	78,409
	30,601
	39.0
	1.6
	50
	-0.2

	Namibia
	82,329
	8,040
	9.8
	4.7
	n.s.
	-0.9

	Niger
	126,670
	1,328
	1.0
	0.1
	534
	n.s.

	Nigeria
	91,077
	13,517
	14.8
	0.1
	73
	-3.7

	Réunion
	250
	71
	28.4
	0.1
	3
	-0.8

	Rwanda
	2,466
	307
	12.4
	n.s.
	261
	-3.9

	Saint Helena
	31
	2
	6.5
	0.3
	2
	n.s.

	Sao Tome and Principe
	95
	27
	28.3
	0.2
	-
	-

	Senegal
	19,252
	6,205
	32.2
	0.7
	263
	-0.7

	Seychelles
	45
	30
	66.7
	0.4
	5
	n.s.

	Sierra Leone
	7,162
	1,055
	14.7
	0.2
	6
	-2.9

	Somalia
	62,734
	7,515
	12.0
	0.8
	3
	-1.0

	South Africa
	121,758
	8,917
	7.3
	0.2
	1,554
	-0.1

	Sudan
	237,600
	61,627
	25.9
	2.1
	641
	-1.4

	Swaziland
	1,721
	522
	30.3
	0.5
	161
	1.2

	Togo
	5,439
	510
	9.4
	0.1
	38
	-3.4

	Tunisia
	16,362
	510
	3.1
	0.1
	202
	0.2

	Uganda
	19,964
	4,190
	21.0
	0.2
	43
	-2.0

	United Republic of Tanzania
	88,359
	38,811
	43.9
	1.2
	135
	-0.2

	Western Sahara
	26,600
	152
	0.6
	0.5
	-
	n.s.

	Zambia
	74,339
	31,246
	42.0
	3.5
	75
	-2.4

	Zimbabwe
	38,685
	19,040
	49.2
	1.7
	141
	-1.5


	Country/area
	Total Land Area

(‘000 ha)
	Total forest (‘000 ha)
	% of land area
	Area per capita
	Forest plantations (‘000 ha)
	Annual rate of change in forest cover (%)

	Asia, total
	3,084,746
	547,793
	17.8
	0.2
	115,847
	-0.1

	Afghanistan
	64,958
	1,351
	2.1
	0.1
	-
	n.s.

	Armenia
	2,820
	351
	12.4
	0.1
	13
	1.3

	Azerbaijan
	8,359
	1,094
	13.1
	0.1
	20
	1.3

	Bahrain
	69
	n.s.
	n.s.
	-
	n.s.
	14.9

	Bangladesh
	13,017
	1,334
	10.2
	n.s.
	625
	1.3

	Bhutan
	4,701
	3,016
	64.2
	1.5
	21
	n.s.

	Brunei Darussalam
	527
	442
	83.9
	1.4
	3
	-0.2

	Cambodia
	17,652
	9,335
	52.9
	0.9
	90
	-0.6

	China
	932,743
	163,480
	17.5
	0.1
	45,083
	1.2

	Cyprus
	925
	172
	18.6
	0.2
	0
	3.7

	Dem. People’s Rep. of Korea
	12,041
	8,210
	68.2
	0.3
	-
	n.s.

	Georgia
	6,831
	2,988
	43.7
	0.6
	200
	n.s.

	India
	297,319
	64,113
	21.6
	0.1
	32,578
	0.1

	Indonesia
	181,157
	104,986
	58.0
	0.5
	9,871
	-1.2

	Iran, Islamic Rep. of
	162,201
	7,299
	4.5
	0.1
	2,284
	n.s.

	Iraq
	43,737
	799
	1.8
	n.s.
	10
	n.s.

	Israel
	2,062
	132
	6.4
	n.s.
	91
	4.9

	Japan
	37,652
	24,081
	64.0
	0.2
	10,682
	n.s.

	Jordan
	8,893
	86
	1.0
	n.s.
	45
	n.s.

	Kazakhstan
	267,074
	12,148
	4.5
	0.7
	5
	2.2

	Kuwait
	1,782
	5
	0.3
	n.s.
	5
	3.5

	Kyrgyzstan
	19,180
	1,003
	5.2
	0.2
	57
	2.6

	Lao People’s Dem. Rep.
	23,080
	12,561
	54.4
	2.4
	54
	-0.4

	Lebanon
	1,024
	36
	3.5
	n.s.
	2
	-0.4

	Malaysia
	32,855
	19,292
	58.7
	0.9
	1,750
	-1.2

	Maldives
	309
	1
	3.3
	n.s.
	-
	n.s.

	Mongolia
	156,650
	10,645
	6.8
	4.1
	-
	-1.4

	Myanmar
	65,755
	34,419
	52.3
	0.8
	821
	-1.4

	Nepal
	14,300
	3,900
	27.3
	0.2
	133
	-1.8

	Oman
	21,246
	1
	0.0
	n.s.
	1
	5.3

	Pakistan
	77,087
	2,361
	3.1
	n.s.
	980
	-1.5

	Palestine
	618
	-
	-
	-
	-
	-

	Philippines
	29,817
	5,789
	19.4
	0.1
	753
	-1.4

	Qatar
	1,100
	1
	0.1
	n.s.
	1
	9.6

	Republic of Korea
	9,873
	6,248
	63.363
	0.1
	-
	-0.1

	Saudi Arabia
	214,969
	1,504
	0.7
	0.1
	4
	n.s.

	Singapore
	61
	2
	3.3
	n.s.
	-
	n.s.,

	Sri Lanka
	6,463
	1,940
	30.0
	0.1
	316
	-1.6

	Syrian Arab Republic
	18,377
	461
	2.5
	n.s
	229
	n.s.

	Tajikstan
	14,087
	400
	2.8
	0.1
	10
	0.5

	Thailand
	51,089
	14,762
	28.9
	0.2
	4,920
	-0.7

	Timor-Leste
	1,479
	507
	34.3
	0.6
	-
	-0.6

	Turkey
	76,963
	10,225
	13.3
	0.2
	1,854
	0.2

	Turkmenistan
	46,992
	3,755
	8.0
	0.9
	12
	n.s.

	United Arab Emirates
	8,360
	321
	3.8
	0.1
	314
	0.2

	Uzbekistan
	41,424
	1,969
	4.8
	0.1
	300
	0.2

	Viet Nam
	32,550
	9,819
	30.2
	0.1
	1,711
	0.5

	Yemen
	52,797
	449
	0.9
	n.s.
	-
	-1.9


	Country/area
	Total Land Area

(‘000 ha)
	Total forest (‘000 ha)
	% of land area
	Area per capita
	Forest plantations (‘000 ha)
	Annual rate of change in forest cover (%)

	Oceania, total
	849,096
	197,623
	23.3
	6.6
	2,848
	-0.2

	American Samoa
	20
	12
	60.1
	0.2
	0
	n.s.

	Australia
	768,230
	154,539
	20.1
	8.3
	1,043
	-0.2

	Cook Islands
	23
	22
	95.7
	1.2
	1
	n.s.

	Fiji
	1,827
	815
	44.6
	1.0
	97
	-0.2

	French Polynesia
	366
	105
	28.7
	0.5
	5
	n.s.

	Guam
	55
	21
	38.2
	0.1
	n.s.
	n.s.

	Kiribati
	73
	28
	38.4
	0.3
	0
	n.s.

	Marshall Islands
	18
	n.s.
	-
	-
	-
	n.s.

	Micronesia
	69
	15
	21.7
	0.1
	n.s.
	-4.5

	Nauru
	2
	n.s.
	-
	-
	-
	n.s.

	New Caledonia
	1,828
	372
	20.4
	1.8
	10
	n.s.

	New Zealand
	26,799
	7,946
	29.7
	2.1
	1,542
	0.5

	Niue
	26
	6
	-
	3.0
	n.s.
	n.s.

	Northern Mariana Islands
	46
	14
	30.4
	0.2
	-
	n.s.

	Palau
	46
	35
	76.1
	1.8
	n.s.
	n.s.

	Papua New Guinea
	45,239
	30,601
	67.6
	6.5
	90
	-0.4

	Samoa
	282
	105
	37.2
	0.6
	5
	-2.1

	Solomon Islands
	2,856
	2,536
	88.8
	5.9
	50
	-0.2

	Tonga 
	73
	4
	5.5
	n.s.
	1
	n.s.

	Vanuatu
	1,218
	447
	36.7
	2.4
	3
	0.1


	Country/area
	Total Land Area

(‘000 ha)
	Total forest (‘000 ha)
	% of land area
	Area per capita
	Forest plantations (‘000 ha)
	Annual rate of change in forest cover (%)

	South America, total
	1,754,741
	885,618
	50.5
	2.6
	10,455
	-0.4

	Argentina
	273,669
	34,648
	12.7
	0.9
	926
	-0.8

	Bolivia
	108,438
	53,068
	48.9
	6.5
	46
	-0.3

	Brazil
	845,651
	543,905
	64.3
	3.2
	4,982
	-0.4

	Chile
	74,881
	15,536
	20.7
	1.0
	2,017
	-0.1

	Colombia
	103,871
	49,601
	47.8
	1.2
	141
	-0.4

	Ecuador
	27,684
	10,557
	38.1
	0.9
	167
	-1.2

	Falkland Islands
	1,217
	-
	-
	-
	-
	-

	French Guiana
	8,815
	7,926
	89.9
	45.6
	1
	n.s.

	Guyana
	21,498
	16,879
	78.5
	19.7
	12
	-0.3

	Paraguay
	39,730
	23,372
	58.8
	4.4
	27
	-0.5

	Peru
	128,000
	65,215
	50.9
	2.6
	640
	-0.4

	Suriname
	15,600
	14,113
	90.5
	34.0
	13
	n.s.

	Uruguay
	17,481
	1,292
	7.4
	0.4
	622
	5.0

	Venezuela
	88,206
	49,506
	56.1
	2.1
	863
	-0.4


	Country/area
	Total Land Area

(‘000 ha)
	Total forest (‘000 ha)
	% of land area
	Area per capita
	Forest plantations (‘000 ha)
	Annual rate of change in forest cover (%)

	Europe, total
	2,259,957
	1,039,251
	46.0
	1.4
	32,015
	0.1

	Albania
	2,740
	991
	36.2
	0.3
	102
	-0.8

	Andorra
	45
	-
	-
	-
	-
	-

	Austria
	8,273
	3,886
	47.0
	0.5
	0
	0.2

	Belarus
	20,748
	9,402
	45.3
	0.9
	195
	3.2

	Belgium and Luxembourg
	3,282
	728
	22.2
	0.1
	0
	-0.2

	Bosnia and Herzegovina
	5,100
	2,273
	44.6
	0.6
	57
	n.s.

	Bulgaria
	11,055
	3,690
	33.4
	0.4
	969
	0.6

	Croatia
	5,592
	1,783
	31.9
	0.4
	47
	0.1

	Czech Republic
	7,728
	2,632
	34.1
	0.3
	0
	n.s.

	Denmark
	4,243
	455
	10.7
	0.1
	341
	0.2

	Estonia
	4,227
	2,060
	48.7
	1.5
	305
	0.6

	Finland
	30,459
	21,935
	72.0
	4.2
	0
	n.s.

	France
	55,010
	15,341
	27.9
	0.3
	961
	0.4

	Germany
	34,927
	10,740
	30.7
	0.1
	0
	n.s.

	Greece
	12,890
	3,599
	27.9
	0.3
	120
	0.9

	Hungary
	9,234
	1,840
	19.9
	0.2
	136
	0.4

	Iceland
	10,025
	31
	0.3
	0.1
	12
	2.2

	Italy
	29,406
	10,003
	34.0
	0.2
	133
	0.3

	Latvia
	6,205
	2,923
	47.1
	1.2
	143
	0.4

	Liechtenstein
	15
	7
	46.7
	0.2
	0
	1.2

	Lithuania
	6,258
	1,994
	31.9
	0.5
	284
	0.2

	Malta
	32
	n.s
	n.s
	-
	n.s.
	n.s.

	Netherlands
	3,392
	375
	11.1
	0.06
	100
	0.3

	Norway
	30,683
	8,868
	28.9
	2.0
	300
	0.4

	Poland
	30,442
	9,047
	29.7
	0.2
	39
	0.2

	Portugal
	9,150
	3,666
	40.1
	0.4
	834
	1.7

	Republic of Moldova
	3,296
	325
	9.9
	0.1
	1
	0.2

	Romania
	23,034
	6,448
	28.0
	0.3
	91
	0.2

	Russian Federation
	1,688,851
	851,392
	50.4
	5.8
	17,340
	n.s.

	San Marino
	6
	-
	-
	-
	-
	-

	Serbia and Montenegro
	10,200
	2,887
	28.3
	0.3
	39
	-0.1

	Slovakia
	4,808
	2,177
	45.3
	0.4
	15
	0.9

	Slovenia
	2,012
	1,107
	55.0
	0.6
	1
	0.2

	Spain
	49,945
	14,370
	28.8
	0.4
	1,904
	0.6

	Sweden
	41,162
	27,134
	65.9
	3.1
	569
	n.s.

	Switzerland
	3,955
	1,199
	30.3
	0.2
	4
	0.4

	The FYR of Macedonia
	2,543
	906
	35.6
	0.5
	30
	n.s.

	Ukraine
	57,935
	9,584
	16.5
	0.2
	4,425
	0.3

	United Kingdom
	24,160
	2,794
	11.6
	n.s.
	1,928
	0.6


	Country/area
	Total Land Area

(‘000 ha)
	Total forest (‘000 ha)
	% of land area
	Area per capita
	Forest plantations (‘000 ha)
	Annual rate of change in forest cover (%)

	North and Central America, total
	2,136,966
	549,304
	25.7
	1.1
	17,533
	-0.1

	Antigua and Barbuda
	44
	9
	20.5
	0.1
	0
	n.s.

	Bahamas
	1,001
	842
	84.1
	2.8
	-
	n.s.

	Barbados
	43
	2
	4.7
	n.s.
	0
	n.s.

	Belize
	2,280
	1,348
	59.1
	5.7
	3
	-2.3

	Bermuda
	5
	-
	-
	-
	-
	-

	British Virgin Islands
	15
	3
	20.0
	0.1
	-
	n.s.

	Canada
	922,097
	244,571
	26.5
	7.9
	0
	-0.02

	Cayman Islands
	26
	13
	-
	0.4
	-
	n.s.

	Costa Rica
	5,106
	1,968
	38.5
	0.5
	178
	-0.8

	Cuba
	10,982
	2,348
	21.4
	0.2
	30
	n.s.

	Dominica
	75
	46
	61.3
	0.6
	n.s.
	-0.7

	Dominican Republic
	4,838
	1,376
	28.4
	0.2
	4
	2.1

	El Salvador
	2,072
	121
	5.8
	n.s.
	14
	-4.6

	Greenland
	34,170
	-
	-
	-
	-
	-

	Grenada
	34
	5
	14.7
	0.1
	n.s.
	0.9

	Guadeloupe
	169
	82
	48.5
	0.2
	4
	2.1

	Guatemala
	10,843
	2,850
	26.3
	0.3
	133
	-1.7

	Haiti
	2,756
	88
	3.2
	n.s.
	20
	-5.7

	Honduras
	11,189
	5,383
	48.1
	0.9
	48
	-1.0

	Jamaica
	1,083
	325
	30.0
	0.1
	9
	-1.5

	Martinique
	107
	47
	43.9
	0.1
	2
	n.s.

	Mexico
	190,869
	55,205
	28.9
	0.6
	267
	-1.1

	Monstserrat
	11
	3
	27.3
	0.3
	-
	n.s.

	Netherlands Antilles
	80
	1
	n.s.
	n.s.
	-
	n.s.

	Nicaragua
	12,140
	3,278
	27.0
	0.7
	46
	-3.0

	Panama
	7,443
	2,876
	38.6
	1.0
	40
	-1.6

	Puerto Rico
	887
	229
	25.8
	0.1
	4
	-0.2

	Saint Kitts and Nevis
	36
	4
	11.1
	0.1
	0
	-0.6

	Saint Lucia
	61
	9
	14.8
	0.1
	1
	-4.9

	Saint Pierre and Miquelon
	23
	-
	-
	-
	-
	-

	Saint Vincent and Grenadines
	39
	6
	15.4
	0.1
	0
	-1.4

	Trinidad and Tobago
	513
	259
	50.5
	0.2
	15
	-0.8

	United States
	915,895
	225,993
	24.7
	0.8
	16,238
	0.2

	United States Virgin Islands
	34
	14
	41.2
	0.1
	-
	n.s.


Source: FAO ’00, Her Majestry the Queen in Right of Canada ‘08
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