Economics and the ecology of the rainforest
I.
Framing certain ecological and economic issues

It is amazing that the world's rainforests maintain some of the richest collections of biodiversity upon some of its poorest soils.  Such an equation presents inherent tension.  Humankind deforests regions to gain land area for utilizations deemed economically more productive.  The location of fragile rainforest environmental assets within less developed nations attempting to which are attempting to improve their collective standard of living significantly challenges efforts at rainforest preservation.  Yet the continued mining of the world's rainforests cannot forever be sustained.  Past experience with rainforests has rightly led humankind to expect great economic benefit from them, as well as rightly to fear their disappearance and the associated disappearance of the extraordinary number of species they host. 

As discussed below, the rainforest has repeatedly produced items of phenomenal economic value.  The immense potential values of unknown products, especially in the shadow of the possible extinction of their living producers, imbues any economic analysis of rainforest environments with a certain poignancy.  Seeking to harvest economically valuable products from the word's rainforests on a sustainable basis, in lieu of unsustainable practices, is a more sensible long-term approach to economic treatment of the world's rainforests in the context of beneficial human uses and long-term capital gains.

II.  Economic goods available from rainforest ecosystems

A cornucopia of economic goods derive from the world's rainforest resources.  Plant defenses alone offer an amazing richness of substances.  The famous example of rubber derives from the latex defense of an Amazonian tree (Hevea brasiliensis) against herbivores.
  Resin and hardwood  constitute additional plant defenses which have proven economically valuable.   The ability of a plant to dissuade an herbivore from consuming its tissues is a trait especially important among plants growing, as for example in the Amazon region, in poor soils.
  It is an especial irony that such defenses may make certain plants commercially desirable by humankind, and thereby enhance the likelihood of their own destruction due to unsustainable harvesting practices. 

Another example of economically valuable material include certain fruits.  Interestingly, fruits are intended by the host plant to get the seeds in the right place and to keep them out of the wrong place.
  "Since the entire herbivore array is a potential threat to immature fruits, it is the chemistry of [a given] defense that is responsible for many of the different flavors (and other traits) that we enjoy in fruits."
  Fruit chemists can isolate these associated compounds, including flavors, repellents, fungicides, antibiotics, odors, ripeners, hormones, colors, seed germination inhibitors, digestible structural agents, vitamins, minerals, proteins, fats and carbohydrates.
  meat tenderizer is a pineapple compound.
  Further defenses can be found elsewhere in a plant, for example in its leaves and bark.  These secondary compounds are produced by a plant as defense mechanisms against herbivoires,
 and there is little in the appearance of plants that would lead us to suspect their atounding chemical diversity.
   "The caffeine, tannin and myriad of as yet chemically undefinable chemicals that give a Brazilian cup of coffee it value on the London market are there because of what African rainforest animals did to Coffea arabica seeds and fruits for millions of years."
  Certian comeically available insecticides derive their active ingredient for insect "knock-down" capability from the daisy Chrysanthemum coccineum.  In the context of the species richness, it appears that humankind has hardly scratched the surface of deriving valuable economic products from the global rainforest inventory.

Other compounds which occur in rainforest environments readily seem to offer economic applications.  These range from arrow poison muscle relaxants deriving from Chondodendron, Strychnos or Malouetia , to hallucinogens from the toasted and powdered seeds of Anadenanthera peregrina, and to poisons from Ichtyothere terminalis discovered by certain indigenous tribes.
  The Tabebuia species produces lapachol, patented by Pfizer as an anticancer drug.  Simes has patented glaziovine from Ocotea glaziovii as an ansiolytic.
  Examples of plants utilized by traditional healers include Cephaelis ipecacuanha for the expectorant emitine, Chenopodium ambrosiodes with the vermifungal ascaridole, Dialyanthera otoba with the fungicidal otobain, Maytenus illicifolia with the antitumoral pristimerin, Quassia amara against stomach disorders, Carpotroche brasiliensis against leprosy, Stachytarpheta australis as an antithermic and Calea pinnatifida as an amoebicide.
  Rainforest stimulants and spices include caffeine, cocaine, pepper, and the sweetener stevioside, 
 as well as cinnamon and industrially significant sources of odors for the perfume industry.
  The nation of Brazil can trace the derivation of its name to the sodium salt of brazilein, an oxidation product from the wood of the tree Caesalpinia echinata (Caesalpiniaceae) which was widely used as purple pigment at the time of the colonization of Brazil.
  As recently as a few years ago, only about 1% of the estimated 50,000 angiosperm species native to Brazil had been examined for the existence of pure chemical compounds, and the progress of work may not even keep abreast of the rate of extinctions.
  

If the social impact of the relatively few compounds of Amazon plants already in use is representative . . . one is entitled to speculate how many more wonder drugs lie hidden in the wilderness, waiting to be discovered and used for the benefit of humanity.  Already, drugs derived from higher plants represent a [multibillion] dollar annual market in the United States alone and are by far the most widely used remedies by the massive population of China.
       

Another example is the Madagascar periwinkle, formerly utilized in folk medicine.  Treatment with products derived from this plant allow about a 99% rate of remission in cases of lymphocytic leukemia, which principally affects children.
  The drug, vincristine, has a multimillion dollar market.  Another rainforest derived drug, ipecac, once cured the Frech king Louis XIV from amoebic dysentery, and wild yams from Guatemala produced certain steroid hormonal medicines.
  Over seven thousand  modern medical compounds derive from rainforest sources, and roughly one quarter of all prescription drugs sold in the United States contain one or more of these compounds.
  For the industrialized world, one estimate is that, as early as 1980, the commercial value of such pharmacological compounds exceeded $40 billion.
  In contrast to these discoveries, rainforest species extinctions preclude their examination for materials of similar beneficial use to humankind. 

Economic considerations eclipse sustainable ones under unexpected circumstances.  For example certain primates, which are routinely used for animal testing of compounds considered for human use, can be raised in captivity, seemingly freeing wild populations from the threat of overharvesting.
  Yet because they are cheaper to acquire, wild primates are preferred by some medical sources, with the result that as late as 1980 fewer than ten percent of such primates imported into the United States originated from captive breeding centers.

III.  Past approaches to producing economic goods from rainforest resources

As noted, wild plants and organisms often provide goods of significant importance to humankind.  In just the last few years, for example, economically important discoveries have included a wild Mexican perennial relative of the corn family which resists multiple major corn diseases, as well as certain antiviral compounds produced from marine sponges drawn from coral reefs.
  Biodiversity also provides one resource for the developing biotechnology industry.  However, unsustainable harvesting practices and habitat destruction endanger the continued existence of such resources.

In the harsh light of economics, extinctions of species pose considerable risk of prospective harm.  Moreover, human economic activity which operates to eliminate the only known life forms in the universe is intuitively macroeconomically counterproductive.  Harvard Ecologist E. O. Wilson, when asked at the conclusion of twentieth century which likely event our heirs would most regret, is reported to have remarked that:

The worst thing that can happen . . . is not energy depletion, economic collapse, limited nuclear war, or conquest by totalitarian [regimes].  As terrible as these catastrophes would be for us, they can be repaired within a few generations.  The one process ongoing  . . . that will take millions of years to correct is the loss of genetic and species diversity by the destruction of natural habitats.  This is the folly our descendants are least likely to forgive us.
   

One significant permutation of the problem of extinction of species is what I will refer to as an extinction cascade scenario.
  Given direct interdependence among certain species, where one species may depend upon another for its continued existence, extinction of the first species may produce extinction of another (absent, of course, certain lively evolution).  An extinction cascade may result, which seems inherent in the concept of "keystone species."  For example a certain tree named  Calvaria major, like the now-extinct dodo bird, was once abundant on Mauritius, and the plant itself had almost become extinct by about 1973 when all 13 individuals were reported to be over 300 years old.
  When a certain scientist deduced that Calvaria depended upon abrasion of its seed coat in the dodo's gizzard, he simulated this abrasion by force feeding seeds to turkeys and germinated the first Calvaria in 300 years.
  Even regional extirpations can deprive a collective genetic pool of valuable diversity among individuals.  Given the known interdependence of species in rainforest environments, it is foreseeable that the extinction cascade scenario may be replayed throughout fragile rainforest ecosystems with concomitant catastrophic results on economic scales both minor and major.  More broadly, burning to disposeof deforested materrial contributres to CO2, a greenhouse gas.
 

A broader perturbation of the extinction cascade scenario may occur in the context of wholesale ecosystem destruction, as when large tracts of land are adapted to agricultural use or are inundated in hydroelectric dam projects.  Not only may populations of species be lost, but the local climate may change, further eroding the local ecosystem.  For example, cutting old-growth rainforest to allow utilization of the land for large scale monoculture plantings can remove a great deal of moisture from the environment, affecting the remaining rainforest.  In addition to adjusting the collective ecosystem water balance, no recycling of nutrients occurs and opportunities for soil erosion are sharply enhanced.  Such economic activity too frequently occurs without properly assigning (or even considering) economic value to the biomass which is lost.    

Unsustainable economic practices contribute to significant environmental problems in ways which are not always obvious, yet no less significant.  For example, timber clearcutting or overharvesting produces threats to even surviving rainforest environments, among them climate change, soil erosion, genetic impoverishment and nutrient loss.  Due to the interrelationship of climate and certain significant human economic activities, such as agriculture, climate change affecting a rainforest can have unforeseen economic results.  Since a drier environment may not support a selected domesticated cultivated monoculture, the land area once supporting the intricate web of life in exhilarating abundance may ultimately need to be abandoned due to its inability to support any economic activity or any ecosystem.  Since agriculture, in effect, constitutes mining nutrients out of the soil, it is imperative that the "big picture" remain in view in the context of human economic systems analysis.  Another example is clearing rainforest to allow development of pasture, often for beef cattle.  For example, the United States buys up to three quarters of all Central American beef exports, accounting for barely 2 % of the nation's beef consumption.  Yet producing this relatively minor contribution can devastate Central American forests.
  In this regard, fast food companies have been among the largest purchasers of beef from such sources.  Effectively, this arrangement means that the world destroys rainforest ecosystem assets to produce and sell a larger number of cheaper Big Macs.  Once the forest has been cleared, cultivated for a year or two, followed by about five years of pastureland, it is no longer commercially usable.  But since it is too impoverished to support regrowth of the forest, it is simply abandoned and the process repeated elsewhere.  This hardly seems to be an optimal use of irreplaceable rainforest assets. While agriculture is obviously of central importance to humankind, producing climate change and eradicating species in order to temporarily facilitate hamburger production is an abhorrent distortion of humankind's priorities.

In addition to soil, climate and water considerations, other factors may affect agricultural economics.  Among these are acid rain deposition and ozone pollution,
 which may erode relative agricultural productivity.  Diminishment in productivity, however, can have the related effect of raising prices for scarcer goods, encouraging additional production with land clearing, use and commercial practices, including fossil fuel use, entailed thereby, effectively producing a vicious cycle.  Moreover, agriculture is not only a victim, but is a major producer of environmental stresses.
 For example, methane from livestock and rice paddies, carbon dioxide from fossil fuel use and deforestation, nitrous oxide from fertilizer use land conversion, chloroflourocarbons used in food storage and handling
 all contribute to global atmospheric change, impacting rainforests as well as other ecosystems.  Further negative impacts from agriculture arise from non-point source pollution, including groundwater contamination, lake eutrophication, estuarine pollution, and sedimentation.
   Other impacts include nutrient-loss and -shifting, use of pesticides and herbicides and increased soil salinity from certain irrigation efforts
 which can bring toxic trace elements to the surface.

International trade in certain commercial agricultural goods also impacts environmental damage.  For example,  use of chemicals, like DDT, banned in the United States may continue in other world markets.  Even research and development efforts, viewed with such hope as humankind struggles with poverty and starvation, significantly impact not only economic activity but factors ranging from resource utilization, land allocation and climate change.  To the extent that on-going R & D efforts continue to emphasize chemically intensive agricultural methodologies, they will continue to enslave, in lieu of free, ecosystems to significant threatening stresses.  Even the economic structure of R&D and agricultural production have unseen shaping influences.  As Daniel Dudek noted:

Until very recently, one of the arguments used to justify resource-development investments with very long-term benefits involved the use of below-market interest rates . . . [which were] justified on the grounds that the projects involved were sufficiently meritorious in building long-lived capital that they should be undertaken to improve the quality of bequest to future generations.  Only recently have we recognized [that this] argument is only valid when resource supplies are vast and easily substitutable and when the climate is not changing.
   

In addition to agriculture and development of economically valuable products, such as drugs and pesticides, from rainforest sources, other competing economic interests vie for rainforest assets.  One of these is hydroelectric production of electricity.  This is an especial concern among developing nations, such as Brazil, which must make hard currency purchases to supplement their own energy production as they seek to emulate the industrialized nations.  For example, the energy potential of the rivers of the Amazonian basin has been reported to approximate 100,000 megawatts, making the Amazon Basin the equivalent of roughly five million barrels of oil per day.
  This creates an enormous economic incentive to develop hydroelectric source of energy.  Yet the reservoirs demanded by this electric production vehicle inundated vast tracts of land, including incalculable numbers of non-mobile or poorly mobile species.  Moreover, the history of hydroelectric dams in tropical rainforests has not been a happy one:  the first, completed in 1964, created Lake Brokopondo in Surinam by flooding five hundred and seventy square miles of dense virgin rainforest.
  As the trees decomposed, they produced hydrogen sulfide, which corroded the dam's expensive cooling system.  The cost of extra maintenance and of repairs was estimated by 1977 to total roughly $4 million, or an extra seven percent of the project's total cost.
  Hydroelectric reservoirs also facilitate conditions leading to serious human diseases, such as malaria and schistosomiasis, as well as skewer local ecosystems with opportunistic organisms, such as water lilies which choke out a range of other life forms.
   Even clearing the land to take advantage of the economic value of the trees and plants as timber may not be done.  One spokesman for Eletronorte, Brazil's electric company, has reportedly stated that "[t]here never was a plan [to clear the Tucuui region prior to inundation for a hydroelectric project].  It would be absolutely uneconomic.  If it was a question of a great ecological disaster if the trees were not cleared, then we would have to abandon the dam, because there was not time to clear it.  . . . We know there will be problems in environmental terms, many serious . . . but it is a matter of economics.  There won't be an complete disaster, and what we cannot solve, well, that is the price we have to pay."
 

Moreover, soils in rainforest environments may not be readily adaptive to the economic uses for which they are sought.  For example, soils of the Amazon rainforest reportedly have a low potential for supplying to plants certain nutrients such as potassium and calcium, and have a low capacity for retaining any nutrients which leach down.
  Despite the inability of the soil to retain nutrients, the forest has adapted and is not endangered.
  However, the economic calculus of agricultural use is clearly impacted, due to the cost of supplementary operations such as fertilizer applications.

IV.  Sustainable economic practices

In contrast to an extinction cascade, sustainable economic practices allow preservation of biodiversity to afford humankind with an opportunity to examine its constituents for adaptive economic uses.

For example, forest regeneration is a forest management technique employed by certain indigenous native populations in rainforest environments,
 a technique also known as Swidden agriculture.
  Deforestation of small areas preserves the forest's genetic library and nutrient bank in the surrounding areas, allowing reforestation to occur despite a localized catastrophe.  In contrast, deforestation of large areas may exceed the resilience of the rainforest to recover and eliminate the genetic library on a relatively large scale.

Refuge conservation areas provide an example of structural ecosystem sustainibility.  However, choosing refuges which cover all habitats may simply be impractical.  Unknown hosts of rainforest microenvironments  have yet to be discovered and mapped, if ever, and therefore cannot be considered when mapping possible areas for conservation.  It may therefore be impossible to conserve all habitats, ensuring biodiversity losses in a context of continued rainforest reduction
 and reliance upon the vehicle of conservation reserves.  Moreover, climate modification as, for example, by deforestation can affect even areas designated as preserved.  While an important component of conservation, refuges are not the only answer.
  


By reducing a short-term economic imperative to deforest environments, sustainable agricultural practices offer one source of hope for the future of rainforest preservation.  For example, in lieu of consumption of the land for beef cattle production, dairy cattle production is not nearly as intensive and allows greater conservation opportunities.  One example is the case of certain American Quakers in Costa Rica during the 1950s, who founded a dairy farm.
  After clearing the undergrowth and seeding certain grasses, the trees were cut down and left to rot, recycling their nutrients to the soil. They then adopted a practice of rotating pastures which are divided into thirty equal parts, allowing cattle to spend one day per month in each part.
  The remaining parts have an opportunity to recuperate because each area is only grazed twelve days per year.   These farmers became major sources of cheese in Central America.  In another example, after defoliating water lilies with a product similar to Agent Orange, with the associated health threat to native populations, Surinamian scientists are looking at importing manatees to control water weeds.
 

Agriculture, the environment and economic activity are tightly intertwined.  Land development and pollution/contamination arising from commercial agricultural operations typify these interrelationships.
  Negative environmental impacts from agriculture range from water contamination to increased atmospheric CO2 production to increased temperature stresses, to changes in soil moisture  and seasonal precipitation patterns and altered pest conditions.
  Responses by farmers include substitution of crop varieties, substitute crop enterprises, additional systemic inputs, and change of location.
  Of course, each option may significantly change income derived from operations.  

V.
Conclusion

Public policy development needs to embrace the totality of circumstances and the web of interrelationships among natural and agricultural processes to protect the remaining assets and optimize their use for the greatest beneficial use for humankind.  It also must incorporate a long-term perspective concerning development of rainforest products.  Given the impressive track record of the rainforest inventory of resources to date, such a perspective can only produce the result of enhanced conservation of irreplaceable environmental assets.  If only a very few people, like traditional forest dwellers, can survive in the rainforest without damaging it, it is to be hoped that the urbanized Western democracies can nevertheless see the immensity of their irreplaceable value as repositories of vast quantities of economically important material of beneficial use for humankind.  From quinine to coffee to rubber to the Madagascar periwinkle and far more, the history of humankind in the last hundred years would be quite different without rainforest products.  Their preservation, not merely within the confines of refuges subject to impoverishment by climate change, but in the robust health they have enjoyed for aeons, is of central import to the human race.  
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