


69 68 TROPICAL RAIN FOREST AS AN ECOSYSTEM: 

Minerals that are acquired in surplus of the needs of the animals or 
microorganisms are excreted along with other metabolic products to the 
environment. For example, nitrogen is released as ammonia, urea, or phenolic 
substances such as those passing into the soil from decomposing Imperata 
leaves, described by Sajise in Chapter 8. The rest 'of the energy and minerals, 
which are not excreted by animals or microorganisms, are retained for their 
growth (Figure 4.3). 

The same is true for consumers that feed on other consumers. As one 
consumer eats another, there is a "flow" of biological energy (in carbon 
chains) along the food chain, and there is a loss of energy (to respiration) at 
each step in the food chain. The percentage of energy at one step, which 
passes to the succeeding 'step, is the food chain efficiency, typically 10 to 50 
percent. Because an animal or microorganism may feed upon more than one 
kind of plant, animal, etc., the chains are interconnected to form a food web. 

Figure 4.4 shows the pattern of production and consumption in a typical 
undisturbed tropical rain forest. Only a minor fraction of the production 
passes through animals, and only a miniscule fraction passes to humans 
(assumed to be hunters and gatherers). Most of the plant material falls to the 
forest floor to become litter, which is decomposed by soil microorganisms. 
Although the forest contains many kinds of animals, it does not support a 
large biomass of animals, in p~rt because the plants are effective. at making 
'themselves inedible. The woody parts of the plants are indigestable to most 
a'nimals because of their cellulose and lignin content. Leaves, fruits, and seeds 
can be more digestable, but they may also contain chemicals that make them 
poisonous or interfere with the animals' digestive enzymes. To counter this 
strategy, many animals specialize on particular species of plants, upon which 
they can feed successfully despite the toxicity or indigestability. Many plants 
counter with highly synchronized fruiting, which sometimes occurs as 
infrequently as once every ten years, so that most of the time there is very, 
little food to sustain the animal populations that specialize in feeding upon 
them. Not all forest trees follow this strategy, however; many bear fruit 
randomly throughout the year. 

FOREST ECOSYSTEM ORGANIZATION 

An observer of a tropical rain forest is impressed not only by the 
diversity of living organisms but also by the fact that all <?f them appear to fit 
in. Every species is intimately associated with certain other species. Even 
though every species has its natural enemies (predators, parasites, diseases), 
none of the natural enemies is able to eliminate it from the forest. By the 
same token, any organism that is not a natural member, of the forest 
commu nity may have difficulty surviving there. 

The functioning of a forest ecosystem is related to its structure. by the 
fact that its living components (each kind of plant, animal,or microorganism) 
are well adapted to the physical environment and to one another. The plants 
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are highly adapted to growing under the soil and moisture conditions where 
they are found; and the animals are adapted to obtaining the particular 
organisms on which they feed, and they are also adapted to avoiding their 
enemies. In the case of natural ecosystems such as for.ests, the coadaptation 
of the ecosystem's living components to one another is the product of a long 
process of evolution that has generated a highly intricate organization at the 
level of the ecosystem as a whole. 

The organization of a forest ecosystem can be clarified by comparing it 
to another kind of system, a television set. A television set has some 
properties in common with a forest ecosystem - properties that are held in 
common by all systems. There are additional properties that are unique to 
ecosystems because of - their biological organization. One of the most 
conspicuous characteristics of a television set is its design. It consists of many 
components, but each component (a particular transistor, resistor, or 
capacitor) is suited exactly to the components to which it is connected. If 
there were simply a random connection of components, the television set 
would blow up as soon as it was plugged in. An ecosystem has a similar design 
(coadaptation of components), which contributes to its continued per­
sistence. 

The television set and -the forest ecosystem derive their whole·system 
behavior from the fact· that the behavior of each component in the system is 
'constrained by the actions of other components. Although every resistor in 
the television set could theoretically output a wide range of voltages, the 
output of each resistor depends in fact upon inputs from other components. 
These inputs are limited to those that generate an orderly television picture. 
Although all the plants, animals, and microorganisms in a forest- have the. 
reproductive capacity to multiply to enormous numbers, their populations 
are in fact held in check by natural enemies and other natural forces. Because 
uncontrolled populations would exhaust their food supply, possibly destroy· 
ing themselves and the system, the ecosystem ensures its persistence by 
evolving feedback m~chanisms for regulating the biological populations 
within it. Details of population regulation are discussed by Marten in Chapter 
6. 

There are, however, some important differences between ecosystems and 
television sets. Ecosystems have a higher level of redundancy than television 
sets, and this give~ them a greater reliability. Because television sets are 
designed to be constructed as economically as possible, there is only one 
component for every function. (In this regard, many agroecosystems tend to 
be similar to television sets.) If a component is removed, the television set 
ceases to function. In the case of ecosystems, there is a considerable overlap 
of function between different organIsms. If a single species is removed from a 
tropical rain forest, the forest may continue to function almost as though 
nothing has happened. In addition, the biological components of an 
ecosystem are adaptive. A resistor in the television set has the same operating 
characteristics regardless of the rest of the circuit, and once soldered into 
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place it cannot change the connection it has to the rest of the components. In 
contrast, some predators in the forest may switch from one kind of prey to 
another whenever one prey becomes scarce and the other becomes abundant. 

We have seen that a tropical forest is organized in space because of 
vertical stratification of the trees a~d because the community of mutually 
adapted plants, animals, and microorganisms can be different according to 
different environmental conditions at different sites. Forest ecosystems are 
also organized in time to persist despite periodic environmental disturbances 
or pertubations (e.g., fires, typhoons, drought), which might otherwise 
eliminate them. Ecosystems persist by means of change, an orderly 
progression in the species composition and structure of the ecosystem (Le., a 
change in plant and animal communities) known as succession. If a portion of 
the forest is destroyed by fire, or if a patch of forest is opened up by a falling 
tree, a different group of plants and animals replace the old forest. Over the 
years these plants and animals will in turn be replaced by others in a process 
that eventually leads to the same forest as before. The mature forest and the 
successional stages leading up to it constitute a total system that is adapted to 
the fluctuating environmental conditions of the area (Figure 4.5). At anyone 
moment an area may .have a patchwork of communities in various 

successional stages. 
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Figure 4.5. Stages of community succession in a tropical rain forest eco­
system. 'Solid arrows indicate natural changes; dashed arrows 
indicate changes induced by external disturbance. 
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It is important to avoid unproven generalities and stereotypes concernini 
l... 

tropical ecosystems.· A diversity of soil, rainfall, and other environmental 
conditions are found in the tropics; and· there is a similar variation in the 
plants,. anim~s, ~ and resulting ecosystems that have developed in those~ 
environments, as already Jndicated by Hutterer in Chapter 5. Some tropicai1 
forests have soils that are infertile or. easily eroded and others do not. S~~~~ 
will .support 'permanent agriculture; others will not. Some will quic14y" 

.regenerate a forest the same as the one that was cut; others may first' 
experience a succession to some other kind of v~getation (e.g., grassland), ~~'" 
described by Sajise in Chapter 8, and take many years before returning to t~~ 
original forest (Figure 4.5). 

MAN-MADE ECOSYSTEMS ON FOREST LANDS 

The complexity' ~ut1ined in the preceding pages is not unique to' tropical} 
rain forests.' Although 'most ecosystems are considerably less complex than ft1 
rain' forest~ 'even the simplest ecosystem is~ overwhelmingly complex. All of, 
.the processes' - the' invisible movement of gases, minerals, and energy; the'~ 
c'onsumption of 'on~- 'org~nisril by 'another,' etc. - are present in' 'an 
ecosystems, inclu'dirlg agricultural ecosystems. ,tr:;~ 

. , ,', ,:;,t,J 

There are some significant differences between agricultural and forest 
c 

ecosystems~ however. Compared to a forest, most agricultural ecosystems are , 

less complex and intricate in design (Le.; coadaptation of components), ther~~ 
is . less redundancy, arid most agroecosystems are less able to withstand 
external disturbances -l:l:nless sustained by external ',inputs .(e.g.; fertilizers,' 
pesticides, plowing). 'An~agriculturai ecosystem, sil-cli as sugarcane, rice paddy,~ 
o~ pa~ture, may be ey~n more productive than the natural rain 'forest ~~~ 
once'-occupied the same land;--'and it is specifically designed· by mOan ,~t~r 

, I, '	 .,."j~; 

channel a much greater percentage of its production to, h:uman consumption' 
. - ( ,... ... ,'	 '" 

than does a forest,.but.it .is.,'not" self-sustaining.::The.soil may betoo irifertile~ 
, " .	 , '(.i 

for="~continuous crop ~,owth runless it is fortified with fertilizers, or pest may,~ 

,_. __~_~~~!oy-.-~~~srop unless they ·3!~~heI4.~n,cl}~~~ by pesticides." ,, __ .,,~ .._,,_ ,.,.,-J~ 

Ecologists have. used their knowledge of the structure and 'function 0"( 
natural ecosystems to suggest how man-made ecosystems might be designe~'~ 

for -haf:lllony, rather than conflict,' with na'ture. One of the major points of~ 

conflict lies in' human efforts 'to establish and maintain artificial ecosystems! 
that are different from.the natural ecosystems-theyhave replaced. Under such~ 
conditions the~e are strong natural forces to revert to the natural ecosystem 
by means of community succession. An example' is the invasion of tropical': 
slash-bum fields by weeds, which are the; fust stage in a normal succession: 
that occurs when a patch of forest is opened'up·(Figure ·4~.S)~ Allowing the'· 
succession to ...take place (Le.; allowing a falloW that eventually leads" to 
replacem,ent 9f the "field by .a weedless, mature·:'forest) 'is:' in~ acc~rd' with 
natural ecological processe~ -like' those de~rib~d by' Sajise' iri' Chapter 8. It 
may only be··possible to'c'ombat weeds Without 'a fallow by'using external 
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,.	 inputs such as herbicides, which are not only costly but may have undesirable 
~ side effects on the environment. :. 

,r:. A forest fallow can also rebuild soil that has degraded under agricultural 
'\ use. It may be difficult to maintain the fertility of the soil in a slash-burn 
~ field without applying significant 'quantities of' fertilizers; and even with 
~	 fertilizers, changes in soil pH or loss of soil organic matter may ,seriously, 

reduce crop yields. During a forest fallow, the trees, draw mineral nutrients 
from deep in the soil and use those minerals for the growth of their leaves. 
When the leaves fall to the forest floor, they replenish the mineral supply in 
the topsoil as they decompose. The decomposing leaves also replenish, the 
organic matter i.n the topsoil - organic matter that is the basis of the soil's 
capacity to hold mineral nutrients and store water, sustaining cr<?ps through. 

i,' dry periods. 
An ecological strategy for sustainable agriculture in the humid tropics
 

should keep options open, avoiding soil degradation or other undesirable
 
changes in the environment that may be difficult to reverse. One approach to
 

"	 sustainable agriculture is to structure the fann to be as similar as possible to 
the forest it replaced. An overstory of trees can produce litter to'maintain soil 
organic matter and protect the soil surface from erosion, and the less bare soil 
there is, the less erosion there will, be. The erosion in an undisturbed forest-

p' can be as little as one-h~ndredth the erosion with a typical field ·crop. The 
~ complex agricultural systems that are sometimes found in traditional human 
~/ societies may be similar to forests in their structure and function, allowi'ng 
ro"	 . 

~. them to be sustained with fewer external inputs. 

An 'ecological perspective also permits an evaluation of the limits beyond 
which attempts -to. improve on nature are counterproductive. This has been 
demonstrated 'in North American forest management, where attempts to 

.... increase forest production by eliminating fires from "fire-adapted" forests 
have led to less frequent but more severe flfes due to greater accumulati<?n of 

~. litter between, fires. The same thing has happened when pesticides have been 
used to prevent natural forest insect attacks. Pesticides have killed predators 

.; . that naturally regulate insect pests, allowing the' pest populations to increase 
~. to a point ,where they do serious damage unless expensive applications of 

pesticides are continued on a regular basis. Foresters have concluded' it- is 
most practical to allow minor fires and pests outbreaks to take place in a 

.. natural fashion. 

In conclusion, tropical rain forests are complex ecosystems whose 
intticatedesign enables them to persi~t as a system. Ecological prudence 
suggests \this design should be respected when establishing agriculture on" 
tropical forest lantis. There is mounting evidence of a trade-off between the 
amount- of an ecosystem's energy that is channeled to human consumption 
and the sustainability of that ecosystem. If so, it would appear ad~able to 
reassess' the wid~ly held view that the principal aim of agricultural 
development should be to attain the highest possible yields. 


