
ECOLOGICAL ADAPTATIONS

Ecology as a discipline is focused on studying the 
interactions between an organism of some kind and 
its environment. In ecology, ‘niche’ refers to the role 
an organism or species play in its ecosystem. An 
organisms niches includes everything affected by the 
organism denying its lifetime.. Ecology has been 
variously defined by other investigators as 
“Scientific natural history”, “the study of biotic 
communities, or “the science of community 
population”, probably the most comprehensive 
definition is the simple one most offers given’ a study 
of animal and plants in their relations to eachother 
and to their environment. 
Ecology may be studied with particular reference to 
animals or to plants, hence animal ecology an plant 
ecology. Animal ecology, however, cannot be 
adequately understood except against a considerable 
background of plant ecology.Ecology is basically 
concerned with four levels of biological organisation 
– organisms, populations, communities and biomes.
Ecology at the organismic level is essentially 
physiological ecology which tries to understand how 
different organisms are adapted to their 
environments in terms of not only survival but also 
reproduction. The key elements that lead to much 
variation in the physical and chemical conditions of 
different habitats  are temperature, water, light and 
soil(abiotic) and also – pathogens, parasites, 
predators and competitors – of the organism with 
which they interacts constantly(biotic components)
Major Abiotic Factors
Light

Sunlight is one of the principal nonliving factors 
in an ecosystem because green plants use sunlight to 
produce organic material. This process is called 
photosynthesis.  In addition to sunlight,  
photosynthesis requires water and carbon dioxide. 
The organic products of photosynthesis include a 
variety of sugars. Carbon dioxide is a chemical 
compound that can be described as ‘low energy’, 
while sugars have a great deal of energy stored in 
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their chemical bonds. Thus, in the process of 
photosynthesis, the energy from sunlight is turned 
into, or stored as, chemical energy.

In addition to organic materials, oxygen is 
produced during photosynthesis. Plants themselves 
use some of this oxygen, but they generally produce 
more than they need. All animal life, including 
human life, depends on this excess oxygen for 
respiration. We also depend on the sugars produced 
during photosynthesis for food, whether we eat the 
plants directly or whether we eat animals that eat 
plants.

In most ecosystems, sunlight is present in 
sufficient amounts. Only in the depths of the ocean or 
of inland lakes or in caves does the lack of sunlight 
limit growth in an ecosystem.   
Moisture

The amount of moisture in environment varies 
widely, from desert areas to lakes and oceans. All 
forms of life on earth require water to live, and the 
abundance and quality of water are major factors in 
determining what kinds of communities will develop 
in a given environment. In land environments, the 
amount of available moisture is a function of 
precipitation, humidity, and the evaporation rate. In 
water environments, the types of communities may 
also depend on the availability of water; however, in 
this case the availability of water means changes in 
water levels – that is, changes with the tides. 
Availability of water can also refer to differences in 
salt content, which affects the rate at which water 
enters or leaves organisms. 
Water and Temperature – Water is unusual in that a 
relatively large amount of heat is needed to change its 
temperature or to change solid water (ice) to a liquid 
or liquid water to a gas (water vapour). For these 
reasons, temperature changes in water tend to occur 
slowly, and changes in water temperature occur more 
slowly than changes in air temperature. This is 
important for organisms living in water, since it gives 
them more time to adjust to temperature changes. 

Water reaches its greatest density at 3.94° C. That 
is, a given volume of water (for example, a 1-cm 
cube) weighs more at 3.94° C than at any other 
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temperature. Its density decreases as the temperature 
decreases below this point. If you keep in mind that 
ice forms at 0° C, you can see that a given volume of 
ice at 0° C is lighter than the same volume of water at 
3.94° C. This is why ice floats on cold water. This is 
an important property because it prevents lakes from 
freezing solid. The ice layer floats on top of the lake 
and insulates the water beneath it, allowing many 
aquatic creatures to survive during winter in the 
water below the ice.

Warm water, being less dense than cold water, 
also floats on cold water. This is important in 
managing reservoirs and also in determining the 
effects of pollutants on lakes, such as the phosphorus 
in detergents.
Water as a Solvent – Water is the most common 
solvent in nature. The amount and kinds of nutrients 
dissolved in water affect the growth of organisms. In 
a similar way, pollutants dissolved in water, even 
those that are only slightly soluble, affect organisms 
in land or water environments. For instance, acid rain 
is formed when sulphur oxides, produced by burning 
fossil fuels, dissolve in rain. Acid rain has reduced 
forest growth in Scandinavian countries and has 
caused entire populations of sport fish to disappear 
from some lakes in the Adirondack Mountains of 
New York State.
Salinity

Salt waters, such as the oceans, generally contain 
about 3.5% salt, or 35 parts of salt for every 1,000 
parts of water. Some inland lakes and seas can have 
even higher salt concentrations, for example, Great 
Salt Lake in Utah or Lake Nakuru in Kenya. In 
contrast, fresh waters average 0.05% salt, or 0.5 parts 
per thousand. Most of the salt in the oceans is sodium 
chloride, but many other salts are present.

The salt content of water is one of the major 
factors determining what organisms will be found 
there. Freshwater organisms, both plant and animals, 
have a salt concentration in their body fluids and 
inside their cells higher than that of the water in 
which they live. Because substances tend to move 
from areas of higher concentration to areas of lower 

concentration, salts tend to leave these organisms. 
Freshwater organisms have developed mechanisms 
or structural parts to cope with this situation. In 
addition, freshwater organisms have evolved so that 
they contain lower salt concentrations in their bodies 
than organisms found in salt water.

Some saltwater organisms (for example, marine 
algae and many marine invertebrates) have a salt 
concentration in their bodies or cells almost identical 
to that of ocean water. However, many marine 
organisms have body fluids with a lower salt 
concentration than the water in which they live. For 
these organisms, water tends to leave their cells or 
bodies and salts tend to enter. Their regulatory 
mechanisms must solve a different problem from 
that of freshwater organisms. Bony fish, for instance, 
have developed ways of excreting salt and retaining 
water. The main point is that the two environments, 
salt water and fresh water, provide different 
conditions for organisms to adapt to and thus are 
inhabited by different kinds of organisms.

In addition to salt and fresh waters, there are 
brackish waters ,  with intermediate sal t  
concentrations. Such waters occur wherever salt and 
fresh waters meet – in estuaries, for instance, or 
where salt water intrudes on fresh groundwaters. 
Certain organisms are adapted, for all or part of their 
life cycles, to various intermediate salt 
concentrations. 

Land-dwelling animals and plants tend to lose 
water to the atmosphere. In this respect, they 
resemble many marine species because during their 
evolution they have also had to develop mechanisms 
to conserve water. 
Temperature
Temperature has a profound effect on the growth and 
well-being or organisms. The biochemical reactions 
necessary for life are dependent on temperature. In 
general, chemical reactions speed up two to four 
times for a 10° C rise in temperature. Nonetheless, it 
is not possible to make sweeping generalizations 
about the effects of environmental temperature on 
the distribution of organisms because organisms 
have developed so many and varied mechanisms to 
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deal with temperature changes.
Warm-blooded organisms, such as humans, are able 
to maintain a constant body temperature independent 
of the temperature of their environment. They are 
called endothermic or homeothermic organisms. 
Body warmth is a by-product of internal biochemical 
reactions that produce energy for the organism. In a 
cold environment, warm-blooded animals can retain 
this body warmth by insulation (blubber, feathers, 
fur, clothing). In a warm environment, the heat is lost 
by processes usually involving the evaporation of 
water (humans sweating from the skin, dogs panting 
and allowing their tongues to hand out). During very 
cold weather, when animals have difficulty finding 
enough food to burn to keep their body temperatures 
at a high level, some of them hibernate. During this 
time, their rate of energy use falls, so their body 
temperature falls as well.

The temperature of so-called cold-blooded 
(ecotothermic) animals, as well as of plants and 
micro-organisms, varies with that of the 
environment. However, even in this group of 
organisms there are a variety of mechanisms to adjust 
body temperature. Most of these mechanisms would 
be classified as behavioural methods of regulation. 
For example, bees can warm their hive by beating 
their wings. This is such an effective method that 
been can live and reproduce in arctic regions. Many 
insects, snakes, and lizards warm themselves in the 
sun, taking up a position broadside to the sun’s rays 
during the cool morning hours. Mosquito larvae 
develop quickly in the uppermost layers of ponds, 
where the sun’s rays warm the water. When 
temperatures rise, many organisms take refuge in 
holes or burrows or under rocks. This helps them 
escape a lethal rise in body temperature or, in the case 
of desert organisms, prevents excessive use of 
precious water for cooling. During freezing weather, 
extothermic animals and plants may produce anti-
freze substances in their cells to prevent them from 
freezing. Many animals produce glycerol, while 
plants produce sugars such as hamamelose. 

Photosynthesis does not depend on temperature 

as strongly as other reactions do because it is not just 
a biochemical reaction but also involves 
photochemical (light-driven) reactions. Thus, 
photosynthesis is almost as effective in producing 
organic material in cold as in warm climates.

Most of the observations we can make about 
temperature and its effects on organisms are on a 
large scale. For instance, fewer types of organisms 
seem able to adapt to conditions in the Arctic where 
temperatures are far below the biological optimum. 
Even this seemingly obvious principle is 
complicated by the observation that besides the 
severity of temperature, the variability of conditions 
is also important. That is, fewer types of organisms 
are found where temperatures vary widely from day 
to night or season to season than where temperature 
are more constant. However, one thing we can say 
with confidence is that organisms, during the course 
of their evolution, have developed mechanisms to 
deal with temperature as it is found in their 
environment, whether that is warm or cold, constant 
or fluctuating. Human actions that change these 
temperatures can have devastating effects on 
ecosystems. For example, in Denmark the brown 
weevil (Hylobius abieties) normally takes three 
years to develop. When the forest is clear cut (all 
trees cut, regardless of size or species), the sun 
warms the ground more than before and the weevil 
matures in two years. For this reason, the weevil does 
much greater damage to forests where clear cutting is 
allowed. 
Oxygen Supply – Both plants and animals use 
oxygen in the process of respiration, whereby they 
obtain energy for growth and metabolism. 
Respiration consists of a series of biochemical 
reactions in which an energy-containing organic 
material, such as the sugar glucose, is broken down 
by biological catalysts called enzymes. The energy 
released is used to drive other reactions in the cell. If 
oxygen is available, the material is fully broken 
down to carbon dioxide, water, and energy. 

In land environments, oxygen is rarely in short 
supply. (Exceptions would be in some soils or on 
high mountaintops). In water, on the other hand, the 
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supply of oxygen may easily be a problem. The 
concentration of oxygen in water depends on the rate 
at which the gas diffuses into water, as well as on the 
rates at which it is produced by the plants living there 
and used by the plants and animals in the water. 

In some lakes, the supply of plant nutrients 
allows the growth of masses of algae, which die, sink 
to the bottom, and are decomposed by bacteria. This 
last process can use up all the oxygen in the water. 
Other desirable organisms cannot live in this oxygen-
poor water. The addition of sewage to natural water 
environments results in the loss of much of the 
oxygen present. 
Fire

Fire can also be considered an abiotic factor that 
influences the types of communities in an ecosystem. 
Some environments are subject to regular natural 
cycles of fire. In southeastern pine forests of the 
United States, in the grassy savannahs of Africa, and 
the steppe regions of the USSR, periodic fires are a 
natural event.

In grasslands, periodic fires kill tree seedlings, 
while grasses, whose major energy stores and growth 
centers are underground, quickly sprout up after the 
fire. In this way, fire prevents the transition of 
grasslands to forests in certain areas.

Trees in forests where fires are regular may have 
thick bark that enables them to survive fires. The 
cones of some pines, such as the Jack pine (Pinus 
banksiana), release seeds best when heated to a 
certain temperature. In this way, the seeds are sown at 
times when other plants that might compete for living 
space have been eliminated from the area. In fact, in 
the pine-spruce forests in northern Europe, fire 
actually allows pines to grow. There are certain areas 
in these forests where the spruce have grown up in 
dense stands, crowding out the pines, which do not 
compete well for living space. Although the spruce 
are easily damaged by fire, once they form a dense 
stand it is difficult for fire to spread because the short 
spruce needles pack tightly on the ground and are 
resistant to fire. However, where pine and spruce are 
mixed, the forest floor accumulates loose piles of 

litter shed by the pines. Periodic fires in the mixed 
pine-spruce forest injure the spruce and allow pines 
to flourish.

In several cases, it has been shown that the 
vegetation growing up after a fire has more nutrients, 
such as phosphorus, potassium, calcium, and 
magnesium. Animals feeding on this vegetation may 
be better nourished. When humans prevent these 
natural fires, they are really causing changes in 
ecosystems that have come to depend on fire for 
periodic renewal. 

Fire has now become an accepted part of forest 
management, although the public has been slow to 
accept this idea.
Soils

The type of soil found in an area is very important 
to humans because soils vary widely in their ability to 
support crops. The most useful soils from this point 
of view are the grassland and temperate forest soils. 
Other types, such as desert soil or the soil in tropical 
rain forests, are not as generally suited for raising 
crops. However, scientists looking at the effect of soil 
type on the kinds and distribution of organisms in an 
area have concluded that while soil type can have 
some effects on communities, the communities 
themselves have a profound effect on the type of soil 
in an area. To understand this, it is necessary to 
realize that soil is not an entirely abiotic component 
of ecosystems but rather is a mixture of living and 
non-living materials.

The nonliving part of soil is the finely divided 
particles produced by the action of weathering on the 
parent material of the earth’s surface. Combined with 
this is organic material: organisms and their 
products, which grow, die, and become mixed in.

If we dig a trench vertically down into a particular 
kind of soil, along the sides of the trench we can see 
several layers, or horizons. The arrangement of these 
horizons is called the soil profile. This profile differs 
for soils found in various biomes.

The top layer, or A horizon, varies in depth from 
less than an inch (2.5 cm) in tropical rain forests to 
several feet in some grasslands. This layer, often 
called topsoil, contains plant roots, fungi, 
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microorganisms, and a wide variety of soil insects 
and other burrowing animals. Also found here are 
dead and decaying parts of plants and animals. In 
land ecosystems, this is where the chief turnover of 
organic matter occurs. Here all the unused organic 
materials are recycled and broken down, first to 
humus and eventually to inorganic materials. Humus 
is an organic substance that is broken down relatively 
slowly. It is not a plant food: however, it helps retain 
water in soil and to keep soil loose, or friable. These 
are important qualities for soil fertility.

I n o rg a n i c  s u b s t a n c e s ,  f o r m e d  f r o m  
decomposition in the topsoil, filter down into the 
second soil layer, or subsoil. Finally, we come to the 
third layer, or parent material, on which the process 
of soil formation began.
Soil Formation – Many soil scientists believe that 
the type of soil that eventually forms in an area is 
dependent only on the climate of the region. 
Although plant and animal materials and the parent 
rock contribute the substances from which soil is 
formed, climate determines the process of soil 
development. In strong support of this theory is the 
fact that world climate maps closely match maps of 
world soil types. According to this theory, the rock 
from which the soil is originally derived is not 
important except in early stages of soil formation, 
when it has an effect on the type of vegetation that 
arises.

Exceptions do occur where climatic conditions 
are extreme, such as in the desert. Here, small 
differences in the mineral composition of soils can 
make a large difference in the type of community that 
develops.
Soil types – Temperature and precipitation are the 
two climatic factors of greatest importance in soil 
formation. As an example of how climate affects soil 
type, consider hot, humid climates. The warm 
temperatures and moisture speed the processes of 
decay. Organic material rapidly decomposes to 
inorganic materials and is absorbed by a mat of plant 
roots on or close to the surface. Heavy rainfall causes 
soluble materials to leach rapidly out of the topsoil 

layers. You would expect the result to be a topsoil 
having little organic material and not much in the 
way of soluble plant nutrients either. This is exactly 
what is found in hot, humid tropical rain forests. 
Some of these soils are so poor in humus and 
minerals that they are almost white. Materials such as 
silica are rapidly leached out of tropical soils by the 
heavy rains, leaving high concentrations of 
aluminium, magnesium and iron oxides in the soil. In 
some areas, when tropical rain forests are cut down 
and the soil is laid bare, the iron enrichment of certain 
soil layers can cause the formation of laterite. The 
result is a soil so hard that it has been cut up for use as 
building blocks. Some of these blocks have lasted for 
400 to 500 years in Southeast Asian temples. 
Obviously such soils can no longer be cultivated.

Desert soils, in contrast, tend to be coarse and 
high in salts or lime, since little water is available to 
leach them out. Further, evaporation draws salts up to 
the surface where they can form a crust, called 
hardpan or caliche.

Grassland soil is typically black and rich in finely 
divided, organic humus. Plant nutrients such as 
calcium, magnesium, and potassium are abundant. 
Such soils are valuable for agriculture. Temperate-
soil forests have less humus, and nutrients tend to 
leach out more easily, but these soils, too, can be 
successfully farmed if fertilizers and lime are added.
Abiotic Factors Working Together
Undoubtedly, many other abiotic components of 
ecosystems could be mentioned. However, those 
factors already discussed are generally agreed to be 
the most important ones.
It is important to note that abiotic factors act together. 
Temperature, for instance, almost always acts in 
combination with moisture and wind. To predict how 
particular temperatures will affect the kinds of 
organisms found in a given environment, we need to 
know about these other factors as well. Likewise, the 
development of soil type involves the interaction of 
climate, the organisms that grow up in a given area, 
and the breakdown of parent rock.
Optimum, Zones of Stress, and Limits of 
Tolerance – In any study of ecology, a primary 
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observation is that different species thrive under 
different conditions. This principle applies to all 
living things, both plants and animals. Some survive 
in warmth; others do best in cooler situations. Some 
tolerate freezing; others do not. Some require bright 
sun; others do best in share. Aquatic systems are 
divided into fresh and salt water, each with its 
respective fish and other organisms.

Laboratory experiments clearly bear out the fact 
that different species are best adapted to different 
conditions. Organisms can be grown under 
controlled conditions where one factor is varied 
while other factors are held constant. Such 
experiments demonstrate that for every factor there 
is an optimum, a certain level at which the organisms 
do best. At higher or lower levels the organisms do 
less well, and at further extremes they may not be 
able to survive at all.

The point at which the best response occurs is 
called the optimum, but since this often occurs over a 
range of several degrees, it is common to speak of an 
optimal range. The entire span that allows any 
growth at all is called the range of tolerance. The 
points at the high and low ends of the range of 
tolerance are called the limits of tolerance. Between 
the optimal range and the high or low limit of 
tolerance, there are zones of stress. That, as the factor 
is raised or lowered from the optimal range, the 
organisms experience increasing stress, until, at 
either limit of tolerance, they cannot survive.

Of course, not every species has been tested for 
every factor; however, the consistence of such 
observations leads us to conclude that the following 
is a fundamental biological principle: Every species 
(both plant and animal) has an optimum range, zones 
of stress, and limits of tolerance with respect to every 
abiotic factor.

This line of experimentation also demonstrates 
that different species vary in characteristics with 
respect to the values at which the optimum and limits 
of tolerance occur. For instance, what may be an 
optimal amount of water for one species may stress a 
second and result in the death of a third. Some plants 

cannot tolerate any freezing temperatures, others can 
tolerate slight but not intense freezing, and some 
actually require several weeks of freezing 
temperatures in order to complete their life cycles. 
Also, some species have a very broad range of 
tolerance, whereas others have a much narrower 
range. While optimums and limits of tolerance may 
differ from one species to another, there may be great 
overlap in their ranges of tolerance.

The concept of a range of tolerance does not just 
affect the growth of individuals; in so far as the health 
and vigor of individuals affect reproduction and 
survival of the next generation, the population is also 
influenced. That is, the population density 
(individuals per unit area) of a species will be 
greatest where all conditions are optimal, and 
population density will decrease as any one or more 
conditions depart from the optimum. 
Law of Limiting Factors – There is an optimum and 
limits of tolerance for every single abiotic factor. 
Therefore, it follows that any one factor being 
outside reproduction, or even the survival of the 
population. A factor that limits growth is called the 
limiting factor. The preceding observation is referred 
to as the law of limiting factors. 

Also, keep in mind that the limiting factor may be 
a problem of ‘too much’ as well as a problem of ‘too 
little’. For example, plants may be stressed or killed 
not only by under-watering or over-fertilizing, which 
are common pitfalls for beginning gardeners. Note 
also that the limiting factor may change from one 
time to another. For instance, in a single growing 
season, temperature may be limiting in the early 
spring, nutrients may be limiting later, and then water 
may be limiting if a drought occurs. Also, if one 
limiting factor is corrected, growth will increase only 
until another factor comes into play. Of course, the 
organism’s genetic potential is an ultimate limiting 
factor. A daisy will never grow to be the height of a 
tree, nor a mouse to the bulk of an elephant, 
regardless of optimal environmental factors. 

The law of limiting factors was first presented by 
Justus von Liebig in 1840 in connection with his 
observations regarding the effects of chemical 
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nutrients on plant growth. He observed that 
restricting any one of the many different nutrients at 
any given time had the same effect. It limited growth. 
Thus, this law is also called Liebig’s law of 
minimums.

Observations made since Liebig’s time show that 
his law has a much broader application: Growth may 
be limited not only by abiotic factors, but also by 
biotic factors. Thus, the limiting factor for a 
population may be competition or predation from 
another species. This is certainly the case with our 
agricultural crops, where it is a constant struggle to 
keep them from being limited or even eliminated by 
weeds and ‘pests’.

Finally, while one factor may be determined to be 
limiting at a given time, several factors outside the 
optimum may combine to cause additional stress or 
even death. Particularly, pollutants may act in a way 
that causes organisms to become more vulnerable to 
disease or drought. Such cases are examples of 
synergistic effects, or synergisms, which are defined 
as two or more factors interacting in a way that 
causes an effect much greater than one would 
anticipate from the effects of each of the two acting 
separately.
Responses to Abiotic Factors
The organism,in order to maintain the constancy of 
its internal environment (a process called 
homeos t a s i s )  de sp i t e  va ry ing  ex t e rna l  
environmental conditions that tend to upset its 
homeostasis generates following responses 
Regulate: Some organisms are able to maintain 
homeostasis by physiological (sometimes 
behavioural also) means which ensures constant 
body temperature, constant osmotic concentration, 
etc. All birds and mammals, and a very few lower 
vertebrate and invertebrate species are indeed 
capable of such regulation (thermoregulation and 
osmoregulation). Evolutionary biologists believe 
that the ‘success’ of mammals is largely due to their 
ability to maintain a constant body temperature and 
thrive whether they live in Antarctica or in the Sahara 
desert. Plants, on the other hand, do not have such 
mechanisms to maintain internal temperatures.

Conform: An overwhelming majority (99 per cent) 
of animals and nearly all plants cannot maintain a 
constant internal environment. Their body 
temperature changes with the ambient temperature. 
In aquatic animals, the osmotic concentration of the 
body fluids change with that of the ambient water 
osmotic concentration. These animals and plants are 
simply conformers. 
Thermoregulation is energetically expensive for 
many organisms. This is particularly true for small 
animals like shrews and humming birds. Heat loss or 
heat gain is a function of surface area. Since small 
animals have a larger surface area relative to their 
volume, they tend to lose body heat very fast when it 
is cold outside; then they have to expend much 
energy to generate body heat through metabolism. 
This is the main reason why very small animals are 
rarely found in polar regions. During the course of 
evolution, the costs and benefits of maintaining a 
constant internal environment are taken into 
consideration. Some species have evolved the ability 
to regulate, but only over a limited range of 
environmental conditions, beyond which they 
simply conform.

If the stressful external conditions are localised 
or remain only for a short duration, the organism has 
two other alternatives. Migrate : The organism can 
move away temporarily from the stressful habitat to a 
more hospitable area and return when stressful 
period is over.  Suspend: In bacteria, fungi and lower 
plants, various kinds of thick walled spores are 
formed which help them to survive unfavourable 
conditions – these germinate on availability of 
suitable environment.They do so by reducing their 
metabolic activity and going into a date of 
‘dormancy’. In animals, the organism, if unable to 
migrate, might avoid the stress by escaping in time. 
The familiar case of bears going into hibernation 
during winter is an example of escape in time. Under 
unfavourable conditions many zooplankton species 
in lakes and ponds are known to enter diapause, a 
stage of suspended development.
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Adaptations
While considering the various alternatives available 
to organisms for coping with extremes in their 
environment, we have seen that some are able to 
respond through certain physiological adjustments 
while others do so behaviourally (migrating 
temporarily to a less stressful habitat). These 
responses are also actually, their adaptations. So, we 
can say that adaptation is any attribute of the 
organism (morphological ,  physiological ,  
behavioural) that enables the organism to survive and 
reproduce in its habitat. Many adaptations have 
evolved over a long evolutionary time and are 
genetically fixed.
Mammals from colder climates generally have 
shorter ears and limbs to minimise heat loss. (This is 
called the Allen’s Rule.) In the polar seas aquatic 
mammals like seals have a thick layer of fat (blubber) 
below their skin that acts as an insulator and reduces 
loss of body heat. Some organisms possess 
adaptations that are physiological which allow them 
to respond quickly to a stressful situation. 
In most animals, the metabolic reactions and hence 
all the physiological functions proceed optimally in a 
narrow temperature range (in humans, it is – 370C). 
But there are microbes (archaebacteria) that flourish 
in hot springs and deep sea hydrothermal vents where 
temperatures far exceed 1000C. 
Some organisms show behavioural responses to cope 
with variations in their environment. Desert lizards 
lack the physiological ability that mammals have to 
deal with the high temperatures of their habitat, but 
manage to keep their body temperature fairly 
constant by behavioural means. They bask in the sun 
and absorb heat when their body temperature drops 
below the comfort zone, but move into shade when 
the ambient temperature starts increasing. Some 
species are capable of burrowing into the soil to hide 
and escape from the above-ground heat.

Population Interactions
Non-feeding Relationships: Mutually Supportive 
Relationships – The overall structure of ecosystems 

is dominated by feeding relationships, as we have 
just seen. In any feeding relationship, we generally 
think of one species benefiting and the other being 
harmed to a greater or lesser extent. However, there 
are many relationships that provide a mutual benefit 
to both species. This phenomenon is called 
mutualism. A common example is the relationship 
between flowers and insects: The insects benefit by 
obtaining nectar from the flowers, and the plants 
benefit by being pollinated in the process. Another 
example is observed in tropical seas; Clownfish are 
immune to the toxin in the tentacles of sea anemones, 
which the anemones use to immobilize their prey. 
Thus, these fish are able to feed on detritus around the 
anemones, at the same time receiving protection 
from would-be predators that are not immune. The 
anemones benefit by being cleaned.

In some cases, the mutualistic relationship has 
become so close that the species involved are no 
longer capable of living alone. A classic example is 
the group of plants known as lichens. A lichen 
actually comprises two organisms: a fungus and an 
alga. The fungus provides protection for the alga, 
enabling it to survive in dry habitats where it could 
not live by itself, and the alga, which is a producer, 
provides food for the fungus, which is a heterotroph. 
Two species living together in close union are said to 
have a symbiotic relationship. However, symbiosis 
by itself simply refers to the fact of ‘living together’ 
in close union (sym, together; bio, living); it does not 
specify a mutual benefit or harm. Therefore 
symbiotic relationships may include parasitic 
relationship as well as mutualistic relationships. 

While not categorized as mutualistic, countless 
relationships in an ecosystem may be seen as aiding 
its overall sustainability. For example plant detritus 
provides most of the food for decomposers and soil-
dwelling detritus feeders such as earthworms. Thus, 
these organisms benefit from plants, but the plants 
also benefit because the activity of the organisms is 
instrumental in releasing nutrients from the detritus 
and in re3turning them to the soil where they can be 
reused by the plants. In another example, insect-
eating birds benefit from vegetation by finding 
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nesting materials and places among trees, while the 
plant community benefits because the birds feed on 
and reduce the populations of many herbivorous 
insects. Even in predator-prey relationships, some 
mutual advantage may exist. The killing of 
individual prey that is weak or diseased may benefit 
the population at large by keeping it healthy. 
Predators and parasites may also prevent herbivore 
populations from becoming so abundant that they 
overgraze their environment.

Competitive Relationships – Given the concept 
of food webs, it might seem that species of animals 
would be in a great ‘free-for-all’ competition with 
each other. In fact, fierce competition rarely occurs, 
because each species tends to be specialized and 
adapt3ed to its own habitat and/or niche.

Habitat refers to the kind of place – defined by the 
plant community and the physical environment – 
where a species is biologically adapted to live. For 
example, a deciduous forest, a swamp, and an open 
grassy field denote types of habitats. Types of forests 
(e.g. conifer vs. deciduous) provide markedly 
different habitats and support a variety of wildlife. 

Even when different species occupy the same 
habitat, competition may be slight or nonexistent, for 
the most part, because each species has its own niche. 
An animal’s niche refers to what it feeds on, where it 
feed, when it feeds, where it finds shelter, and where 
it nests. Seeming competitors can coexist in the same 
habitat but have separate niches. For example, 
woodpeckers, which feed on insects in dead wood, 
are not in competition with birds that feed on seeds. 
Many species of songbirds coexist in forests because 
they feed on insects from distinct levels in the trees. 
Bats and swallows both feed on flying insects, but 
they are not in competition, because bats feed at night 
and swallows feed during the day.

There is often interspecies competition where 
different habitats or niches overlap. If two species do 
compete directly in every respect, as sometimes 
occurs when a species is introduced from another 
continent, one of the two generally perishes in the 
competition – this is the competitive exclusion 

principle (Gausse principle).
All green plants require water, nutrients, and 

light, and where they are growing in the same 
location, one species may eliminate others through 
competition. (Hence, maintaining flowers and 
vegetables against the advance of weeds is a constant 
struggle). However different plant species are also 
adapted and specialized to particular conditions. 
Thus, each species is able to hold its own against 
competition where conditions are well suited to it. 
The same concepts hold true for species in aquatic 
and marine ecosystems. 

Each species in an ecosystem exists as a 
population – that is to say, a reproducing group. For 
an ecosystem to remain stable (to retain the same mix 
of populations of different species) over a long 
period of time, the population of each species in the 
ecosystem must remain more or less constant in size 
and geographic distribution. In short, on average 
deaths must equal births; otherwise the population 
would shrink or grow accordingly. We speak of an 
equilibrium between births and deaths as population 
balance. In turn, ecosystems sustainability or balance 
boils down to a problem of how population is 
maintained for all the species that comprise the 
ecosystem. 
Biotic Potential versus Environmental Resistance

First among the factors for increasing population 
size is biotic potential, the number of offspring (live 
births, eggs laid, or seeds or spores set in plants) that 
a species may produce under ideal conditions. 
Looking at different species you can readily see that 
biotic potential varies tremendously, averaging from 
less than one birth per year in certain mammals and 
birds to many millions per year in the case of many 
plants, invertebrates, and fish. However, to have any 
effect on the size of subsequent generations, the 
young must survive and reproduce in turn. Survival 
through the early growth stages to become part of the 
breeding population is called recruitment. 
Recruitment is the second factor in population 
growth.

ECOSYSTEM BALANCE IS POPULATION 
BALANCE
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Considering differences in biotic potential and 
recruitment, you can see two different reproductive 
strategies. The first strategy is to produce massive 
numbers of young, but then leave survival to the 
whims of nature. This strategy results in very low 
recruitment. Thus, despite high biotic potential, 
population increase may be nil because recruitment 
is so low. (Note that ‘low recruitment’ is a 
euphemism for high mortality of the young). The 
second strategy is to have a much lower reproductive 
rate, but then provide care and protection to the 
young so as to enhance recruitment.

Additional factors that influence population 
growth and geographic distribution are the ability of 
animals to migrate, or of seeds to disperse, to similar 
habitats in other regions; the ability to adapt to and 
invade new habitats; defense mechanisms; and 
resistance to adverse conditions and to disease.

Taking all these factors for population growth 
together, we find that every species has the capacity 
to increase its population when conditions are ideal. 
Furthermore, growth of a population under ideal 
conditions will be exponential. For example, a pair of 
rabbits producing 20 offspring, 10 of which are 
female, may grow by a factor of 10 each generation: 
10, 100, 1000, 10,000, (101, 102, 103) and so on. 
Such a series is called an exponential increase. When 
this occurs in a population, it is commonly called a 
population explosion. A basic feature of such an 
exponential increase is that the numbers increase 
faster and faster as the population doubles and 
redoubles, with each doubling occurring in the same 
amount of time. 

Population explosions are seldom seen in natural 
ecosystems, however, because a large number of 
both biotic and abiotic factors tends to decrease 
population. Among the biotic factors are predators, 
parasites, competitors, and lack of food. Among 
abiotic factors are unsuitable temperature, moisture, 
light, salinity, pH, and lack of nutrients. The 
combination of all the abiotic and biotic factors that 
may limit population increase is referred to as 
environmental resistance.

You may already foresee the result of the 
interplay between the factors promoting population 
growth and those leading to population decline. 
Conditions are always changing. When they are 
favourable, populations may increase. When they are 
unfavourable, populations decrease. 

In general, the reproductive rate of a species 
remains fairly constant, because that rate is part of 
the genetic endowment of the species. What varies 
substantially is recruitment. It is in the early stages of 
growth that individuals (plants or animals) are most 
vulnerable to predation, disease, lack of food (or 
nutrients) or water, and other adverse conditions. 
Consequently, environmental resistance effectively 
reduces recruitment. Of course, some adults also 
perish, particularly the old or weak. If recruitment is 
at the replacement level, that is, just enough to 
replace these adults, then the size of the population 
will remain constant. If recruitment is not sufficient 
to replace losses in the breeding population, at that 
point, the size of the population will decline. 

In certain situations, environmental resistance 
may affect reproduction as well as causing mortality 
directly. For example, the loss of suitable habitat 
often prevents animals from breeding. Also, certain 
pollutants adversely affect reproduction. However, 
we can still view these situations as environmental 
resistance that either blocks a population’s growth or 
causes its decline.

In sum, whether a population grows, remains 
stable, or decreases is the result of an interplay 
between its biotic potential and environmental 
resistance. In general, biotic potential remains 
constant; it is shifts in environmental resistance that 
allow populations to increase or cause them to 
decrease. For example, a number of favourable years 
(low environmental resistance) will allow a 
population to increase; then a drought or other 
unfavourable conditions may cause it to die back, 
and the cycle may be repeated.

We emphasize that population balance is a 
dynamic balance, which implies that additions 
(births) and subtractions (deaths) are occurring 
continually and the population may fluctuate around 
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a median. Some fluctuate very little; others fluctuate 
widely, but as long as decreased populations restore 
their numbers, the system may be said to be balanced. 
Still, the questions remain: What maintains the 
balance within a certain range? What prevents a 
population from ‘exploding’ or, conversely, 
becoming extinct? Indeed, as balances are upset, 
these events can and do occur.
Density Dependence and Critical Numbers

In general, the size of a population remains 
within a certain range because most factors of 
environmental resistance are density dependent. 
That is, as population density (the number of 
individuals per unit area) increases, environmental 
resistance becomes more intense and causes such an 
increase in mortality that population growth ceases 
or declines. Conversely, as population density 
decreases, environmental resistance is generally 
mitigated, allowing the population to recover. 

But again, there are no guarantees that a 
population will recover from low numbers. 
Extinctions can and do occur in nature. For example, 
where are the dinosaurs? The survival and recovery 
of a population depends on a certain minimum 
population base, which is referred to as the critical 
number. You can see the idea of critical number at 
work in terms of a herd of deer, a pack of wolves, a 
flock of birds, or a school of fish. Often, the group is 
necessary to provide protection and support for its 
members. In some cases, the critical number is larger 
than a single pack or flock, because interactions 
between groups may be necessary as well. In any 
case, if a population is depleted to below the critical 
number needed to provide such supporting 
interactions, the surviving members actually become 
more vulnerable, breeding fails, and extinction is 
virtually inevitable. Thus, we must recognize that the 
density-dependent decline and recovery of a 
population occurs well above the critical number for 
the population.

Why are human activities causing so many 
extinctions? It is simply that human impacts, such as 
alterating habitats, pollution, hunting, and other 

forms of exploitation are not density dependent; they 
can even intensify as populations decline toward 
extinction.

Environmentalism represents an attempt to 
create a new kind of balance through using acquired 
wisdom and intelligence. Scientists are monitoring 
many populations. Species whose populations are 
declining rapidly because of human impacts are 
classified as threatened. If the population is near 
what scientists believe to be its critical number, the 
species may be classified as endangered. These 
definitions, when officially assigned by the U.S. Fish 
and Wildlife Service, set into motion a number of 
actions aimed at stemming the negative impacts on, 
and providing protection for and even artificial 
b r eed ing  o f ,  t he  spec i e s  i n  ques t i on .  
Nongovernmental organizations, such as the World 
Wildlife Fund, are also playing a great role in 
protecting threatened and endangered species.

With our general understanding of population 
balance as a dynamic interplay between biotic 
potential and environmental resistance, we now turn 
our attention to some specific kinds of population-
balancing interactions. (Keep in mind, however, that 
in the natural world a population is subjected to the 
total array of all the biotic and abiotic environmental 
factors around it. Single factors are seldom totally 
responsible for the regulation of a given population; 
rather, regulation results from many factors acting 
together).
Predator-Prey and Host-Parasite Balances

The best known mechanism of population 
balance is regulation of a population by a predator, 
that is, a predator-prey balance. An example well 
documented in nature is the interaction between 
wolves and moose on Isle Royale, a 45-mile-long 
island in Lake Superior not far from the Canadian 
shore.

During a hard winter early in this century, a small 
group of moose crossed the ice to the island and 
stayed. Their population grew considerably in the 
absence of predators. Then, in 1948, a pair of wolves 

MECHANISMS OF POPULATION BALANCE
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also managed to reach the island. The populations of 
the two species have been carefully tracked by 
wildlife biologists since 1958. The rise in the moose 
population is followed by a rise in the wolf 
population, and the decline in the moose population 
is followed by a decline in the wolf population. The 
data can be interpreted as follows: A paucity of 
wolves represents low environmental resistance for 
the moose, so the moose population increases. Then, 
the abundance of moose representing optimal 
conditions (low environmental resistance) for the 
wolves, the wolf population increases. The growing 
wolf population means higher predation on the 
moose, so the moose population falls. The decline in 
the moose population is followed by a decline in the 
wolf population, because now there are fewer prey. 
We can see how this cycle can be repeated 
indefinitely, providing a dynamic balance between 
the populations of moose and wolves.

The most recent data from Isle Royale show 
another cycle in progress, but the wolf population has 
not increased as much as should be expected. 
Apparently, inbreeding and disease are additional 
factors affecting the viability of the wolf population. 
Also the most recent dramatic fall in the moose 
population cannot be attributed entirely to predation 
by the small number of wolves. Therefore, the 
situation may be less straightforward than implied 
above. Ecologists generally agree that the rise and 
fall of the predator population is in response to the 
availability of prey. But there is debate as to whether 
the predator is the primary or only cause of the 
leveling and decline of the prey population. Other 
factors are generally involved as well. For example, 
the shortage of vegetation that occurs as the 
herbivore population grows may stress the animals, 
especially the old, sick, and young, and make them 
more vulnerable to predation. It has been observed, 
for instance, that wolves are incapable of bringing 
down an adult moose in good physical condition. The 
animals they kill are the young and those weakened 
by another factor – which is not the case when the 
predators are human hunters.

The observation that predators are incapable of 
killing individuals of their prey that are mature and in 
good physical condition is extremely significant. 
This is what puts the brakes on a predator eliminating 
its prey. As the prey population is culled down to 
those healthy individuals that can escape attack, the 
predator population has no choice but to starve back 
to a lower level. Meanwhile, the survivors of the prey 
population are the most healthy of the stock and can 
readily procreate the next generation. 

Much more abundant and ecologically important 
than predators in population control are a huge 
diversity of parasitic organisms. These organisms 
range from tapeworms, which may be a foot or more 
in length, to microscopic disease-causing 
protozoans, fungi, bacteria, and viruses. All species 
of plants and animals, and even microbes 
themselves, may be infected with parasites.

In terms of population balance, parasitic 
organisms act in the same way as large predators do. 
As the population density of the host organism 
increases, parasites and their vectors (agents that 
carry the parasites from one host another), such as 
disease-carrying insects, have little trouble finding 
new hosts, and infection rates increase, causing die-
off. Conversely, when the population density of the 
host is low, transfer of infection is impeded, and there 
is a great reduction in levels of infection, a condition 
that allows the population to recover. 

You can readily see how a parasite can work in 
conjunction with a large predator in the control of a 
give herbivore population. Parasitic infection breaks 
out in a dense population. Individuals weakened by 
infection are readily removed by predators, leaving a 
smaller but healthier population.

In a food web, a population of any given 
organisms is affected by a number of predators and 
parasites simultaneously. Consequently, the balance 
among them can be thought of more broadly as a 
balance between the population of an organism and 
its natural enemies.

Balances between an organism and several 
natural enemies are generally much more stable and 
less prone to wide fluctuations than when only a 
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single natural enemy is involved, because different 
natural enemies come into play at different 
population densities. Also, when the preferred prey is 
at a low density, the population of the natural enemy 
may be supported by its feeding on something else. 
Thus, the lag time between an increase in the prey 
population and that of the natural enemy is 
diminished. These factors have a great damping 
effect on the rise and fall of the prey population. The 
wide swings observed in the populations of moose 
and wolves on Isle Royale are seen to occur in very 
simple ecosystems involving relatively few species. 
Territoriality

In discussing predator-prey balances, we said 
that in lean times the excess carnivore population – 
the wolf, for instance – simply starved. Actually, 
another factor is often involved in the control of 
carnivore and some herbivore populations of a great 
number of species ranging from fish to birds and 
mammals: territoriality. Territoriality refers to 
individuals or groups such as a pack of wolves 
defending a territory against the encroachment of 
others of the same species. For example, the males of 
many species of songbirds claim a territory at the 
time of nesting. Their song has the function of 
warning other males to keep away. The males of 
many carnivorous mammals, including dogs, ‘stake 
out’ a territory by spotting it with urine, the smell of 
which warns others to stay away. If there is 
encroachment, there may be a fight, but in natural 
species a large part of the battle is intimidation – an 
actual fight rarely results in death.

In territoriality what is really being defended, or 
sought after by the ‘invader’ is the claim to an area 
from which adequate food resources can be obtained 
in order to rear a brood successfully. Hence the 
territory is only defended against others that would 
cause a direct competition for those resources. As a 
consequence of territoriality some members of the 
population are able to gain access to sufficient food 
resources to rear a well-fed next generation. Thus, a 
healthy population of the species survives. If, 
instead, there were an even rationing of inadequate 

resources to all the members, all of them trying to 
raise broods, the entire population would become 
malnourished and might perish. By territoriality, 
breeding is restricted to only those individuals that 
are capable of claiming and defending territory, and 
thus population growth is curtailed.

Individuals unable to claim a territory are in large 
part the young of the previous generation(s). Some 
may hang out on the fringes and seize their 
opportunity as they become more mature, and older 
members with territories weaken. Some fall prey to 
one or another factors of environmental resistance as 
they are continually chased out of one territory after 
another. Finally, some may be driven to migrate. Of 
course, it is an open question whether such migration 
will lead them to another region where they can 
successfully breed, or whether it will lead them to 
perish in conditions beyond their limit of tolerance 
along the way. In any case, territoriality may be seen 
as a powerful force behind migration as well as 
population stabilization.
Plant-Herbivore Balance

We observed that herbivore populations are 
commonly held in check by various natural enemies. 
In turn, keeping the herbivore population in check 
prevents it from growing to the extent that 
overgrazing occurs. Let us examine this relationship 
further.

The best way to appreciate the role of natural 
enemies in preventing a herbivore population from 
overgrazing is to observe what occurs when natural 
enemies are not present. A classic example with good 
documentation is the case of reindeer on St. Matthew 
Island, a 128-square-mile island in the Bering Sea 
midway between Alaska and Russia. In 1944, a herd 
of 29 reindeer (5 males and 24 females) was 
introduced onto the island, where they had no 
predators. From these 29 animals, the herd 
multiplied some two-hundred-fold over the next 19 
years. Early in the cycle, the animals were observed 
to be healthy and well nourished, as supporting 
vegetation was abundant. However, by 1963, when 
the size of the herd had reached an estimated 6,000, 
the animals were conspicuously malnourished. 
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Lichens, an important winter food source, had been 
virtually eliminated and replaced by unpalatable 
sedges and grasses. During the winter of 1963-64, 
this factor combined with harsh weather and resulted 
in death by starvation of nearly the entire herd – there 
were only 42 surviving animals in 1966.

The lesson is that no population can escape 
ultimate limitation by environmental resistance. But 
the form of environmental resistance and the 
consequences may differ. If a population is not held 
in a reasonable balance, it may explode, overgraze, 
and then crash as a result of starvation. It is also 
crucial to note that the consequence is not just to the 
herbivore in question. One or more types of 
vegetation may be eliminated and replaced by other 
forms or not replaced at all, leaving a ‘desert’. Other 
herbivores that were dependent on the original 
vegetation, and secondary and higher levels of 
consumers dependent on them, also are eliminated as 
food chains are severed. Innumerable extinctions 
have occurred among the unique flora and fauna of 
islands because goats were introduced by sailors to 
create a convenient food supply for return trips.

Eliminating predators or other natural enemies 
upsets basic plant-herbivore balances in the same 
way as introducing an animal without natural 
enemies does. Examples of this type of folly abound 
as well. For example, in much of the United States, 
deer populations were originally controlled by 
wolves, mountain lions, and black bear, most of 
which have been killed because there were felt to be a 
threat to livestock and even humans. Now, were it not 
for human hunting in place of these natural predators, 
deer populations in most areas would increase to the 
point of overgrazing. Indeed, drastic population 
increases do occur where hunting is prevented. 
Similarly, prairie dogs and other small rodents are 
becoming an increasing problem in the western 
United States as a result of a reduction in the number 
of their predators, such as coyotes. In this case, 
hunting is obviously not practical – who wants to go 
hunting for mice?

A second factor influencing plant-herbivore 

balance is that large herbivores – bison in the 
American West or elephants in Africa, for example – 
were originally able to roam vast regions. As forage 
was reduced in one area, a herd would simply move 
on before overgrazing could occur. Because humans 
have fenced such regions for agriculture and cattle 
ranching, however, wild herbivores are increasingly 
confined to areas such as parks and reserves. 
Overgrazing in such presumably ‘protected’ areas is 
become an increasing danger.
Carrying Capacity

The preceding examples lay open another basic 
concept. There is a definite upper limit to the 
population of any particular animal that an 
ecosystem can support without being upset and 
degraded. This limit is known as the carrying 
capacity. More precisely, carrying capacity is 
defined as the maximum population of an animal that 
a given habitat will support without the habitat being 
degraded over the long term. The concept of carrying 
capacity is being given more and more consideration 
by wildlife managers. Also, many are asking, What is 
the carrying capacity of the biosphere for humans? 
Unfortunately, carrying capacity is subject to many 
variables – especially when the subject is humans – 
and is not easy to determine. 

To this point, our discussion has focused on large 
grazing animals, but such animals are really a small 
fraction of the total biota. It is significant to observe 
that plants are attacked by an incredible variety of 
insects and other arthropods; these, in turn, both 
support and are controlled by a vast variety of 
arthropod-eating organism, including carnivorous 
insects, spiders, birds, amphibians, reptiles, and 
some mammals, such as bats and tree mice. 
Balances among Competing Plants

A natural ecosystem may contain hundreds or 
even thousands of species of green plants, all 
competing for nutrients, water, and light. How is the 
balance among competing plants maintained? What 
prevents one plant species from driving out others in 
competition – again, an event they may occur in the 
case of introduced species?

First, we observed that, because of differences in 
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topography, soil type, and so on, the environment is 
far from uniform. It is actually comprised of 
numerous microclimates or microhabitats. That is to 
say, the specific conditions of moisture, temperature, 
light, and so on differ from location to location. Thus, 
the adaptation of a species to specific conditions 
enables it to thrive and overcome its competitors in 
one location but not in another. An example is the 
distribution of trees along streams and rivers. In the 
Great Plains states, trees only grow along waterways, 
because elsewhere the environment is too dry. This 
creates what are called riparian woodlands. In the 
eastern United States sycamore and/or cedar, which 
can thrive in water-saturated soil, grow along river 
banks. Oaks, which require well-drained soil, 
occupy higher elevations. In the West, white alder, 
willow, and cottonwoods can survive in water 
saturated soils.

A second factor affecting the balance among 
competing plant species is the fact that a single 
species generally cannot utilize all of the resources in 
a given area. Therefore, any resources that remain 
may be gathered by other species having different 
adaptations. For example, grasslands contain both 
grasses, which have a fibrous root system, and plants 
that have tap roots. These different root systems 
enable the plants to coexist because they get their 
water and nutrients from different layers of the soil. 
Also, trees in a forest, while competing with each 
other for light in the canopy (the layer of treetops), 
leave lots of space near the ground, and this space 
may be occupied by plants (ferns and mosses, for 
example) that can tolerate the reduced light intensity. 
Another adaptation is the plethora of spring wild 
flowers that inhabit temperate deciduous forests. 
Sprouting from perennial roots or bulbs in the early 
part of that season, these plants take advantage of the 
light that can reach the forest floor before the trees 
grow leaves. In warm, humid climates, the branches 
of trees are often covered with epiphytes, or air 
plants. Such plants are not parasitic; indeed there 
may be mutualistic symbiosis involved. There is 
some evidence that the epiphytes help to gather the 

minute amounts of nutrients that come with rainfall 
(e.g. nitrogen compounds fixed by lightning) and 
make them accessible to the tree on which the 
epiphytes are located. 

A third and very important factor in multiple-
plant balance is called balanced herbivory. It is 
easiest to understand if we start from the point of 
view of a monoculture – the growth of a single 
species over a wide area, a practice commonly 
followed in agriculture and forestry for economic 
efficiency. 

Experience shows that monocultures are 
exceedingly vulnerable to insects, fungal diseases, or 
other pests, while diverse ecosystems are much more 
resistant to them. To understand why this should be, 
consider the following. First, insects, fungal 
diseases, and other parasites are, for the most part, 
host specific. That is, they will attack only one 
species and, possibly, its close relatives. They are 
unable to attack species unrelated to their specific 
host. Second, such organisms have an enormous 
biotic potential. An individual often produces 
thousands of offspring – even millions in the case of 
fungal spores – and they have a generation time of 
only a few days or weeks.

Now, a monoculture may be seen as a continuous, 
lush food supply for its particular host-specific 
attacker, a situation highly conducive to supporting a 
population explosion. Indeed, the pest population 
may explode so fast that its natural enemies cannot 
keep up with it even if they are present. Only virtual 
elimination of the monoculture halts the 
multiplication of the pest – a scenario not unlike that 
of the reindeer described earlier. (It is for this reason 
that many farmers and forest managers feel obliges to 
use chemical pest controls despite recognizing that 
they may present certain environmental hazards).

On the other hand, in a diverse ecosystem – one 
consisting of a mixture of many different species of 
plants growing together – the host-specific attacker 
has trouble reaching its next host. With this 
limitation, most of the pest’s offspring may perish, 
and the surviving population may be held in check by 
its natural enemies.
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To conclude, visualize a monoculture developing 
in a natural situation. Its being largely wiped out by 
an outbreak of its host-specific pest would leave 
space that might be invaded by another plant species, 
which in turn might be largely wiped out by an 
outbreak of its pest, leaving space that might be 
occupied by a third plant species, and so on. The end 
result of this process would be a diversified plant 
community, with each species held to a low density 
by its specific herbivore(s) and the herbivores held in 
check by their natural enemies. Thus, a balanced 
herbivory may be defined as a balance among 
competing plant populations being maintained by 
herbivores feeding on the respective populations.

A prime example of a balanced herbivory is seen 
in the tropical rain forests of the Amazon River basin 
in Brazil and Peru. A single acre may contain a 
hundred or more species of trees, but often no more 
than a single individual of each. The next individual 
of the same species may be as much as a half as a half 
mile away. Evidence that this diversity is maintained 
by a balanced herbivory is seen in that attempts to 
create plantations of single species – rubber 
plantations, for example – met with failure because 
outbreaks of various pests proved uncontrollable in 
the monoculture situation. (However, rubber 
plantations proved successful in Malaysia, where 
climatic and soil conditions are different enough to 
limit pests while still supporting the rubber trees).

The balance among competing plant species 
may also be upset by the introduction of an herbivore, 
which invariably attacks some plant species but not 
others. For example, millions of acres of pasture and 
range lands are now dominated by inedible weeds 
and shrubs as cattle have eaten back the grass and 
allowed the competing weeds to flourish. 

The grouping or assemblage of plants, animals, 
and microbes we observe when we study a natural 
forest, grassland, pond, coral reef, or other 
undisturbed area is referred to as the area’s biota (bio, 
living) or biotic community. Importantly, the plant 

ECOSYSTEMS: UNITS OF SUSTAINABILITY

portion of the biotic community includes all 
vegetation, from large trees down through 
microscopic algae. Likewise, the animal portion 
includes everything from large mammals, birds, 
reptiles, and amphibians through earthworms, tiny 
insects, and mites. Microbes encompass a large array 
of microscopic bacteria, fungi, and protozoans. 
Thus, one may speak of the biotic community as 
comprising a plant community, an animal 
community and a microbial community. 

The particular kind of biotic community that we 
witness in a given area is, in large part, determined by 
abiotic (meaning non-living chemical and physical) 
factors, such as the amount of water or moisture 
present, temperature, salinity, and soil type. These 
abiotic conditions both support and limit the 
particular community. For example, a relative lack of 
available moisture prevents the growth of most 
species of plants, but supports certain species, such 
as cacti; we recognize such areas as deserts. Land 
with plenty of available moisture and suitable 
temperature supports forests. Obviously, the 
presence of water is the major factor that sustains 
aquatic communities.

The first step in investigating a biotic community 
may be to simply catalogue all the species present. 
Species are the different kinds of plants, animals, and 
microbes. Each species includes all those individuals 
that have a very strong similarity in appearance to 
one another, and which are distinct in appearance 
from other such groups (Robins and Mallard ducks 
for example). The similarity in appearance implies a 
close genetic relationship. Indeed, the biological 
definition of a species is the entirely of a population 
that can interbreed and produce fertile offspring, 
whereas members of different species generally do 
not interbred or, if they do, fertile offspring are not 
produced. Breeding is often impractical or 
impossible to observe, however, so for purposes of 
identification the aspect of appearance suffices.  

In cataloguing the species of a community, one 
will observe that each species is represented by a 
certain population – that is, by a certain number of 
individuals that make up the interbreeding, 
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reproducing group. The distinction between 
population and species is that the term population is 
used to refer only to those individuals of a certain 
species that live within a given area, whereas the term 
species is all inclusive – it refers to all the individuals 
of a certain kind, even though they may exist in 
different populations in widely separated areas.

Continuing our study, along with the incredible 
variety of species and communities, it is impressive 
that the species within a community depend on and 
support one another in many ways. Most evident, 
certain animals will not be present unless particular 
plants that provide their necessary food and shelter 
are also present. Thus, the plant community supports 
(or limits by its absence) the animal community. 
Additionally, every plant and animal species is 
adapted to cope with the abiotic factors of the region. 
For example, every species that lives in temperate 
regions is adapted in one way or another to survive 
the winter season, which includes a period of 
freezing temperatures. We shall explore these 
interactions among organisms and their  
environments later. For now, the point is that the 
populations of different species within a biotic 
community are constantly interacting with each 
other and the abiotic environment.

This brings us to the concept of an ecosystem. An 
ecosystem is both the biotic community and the 
abiotic conditions in which the biotic community 
members l ive.  Addit ionally,  i t  includes 
considerations of the ways populations interact with 
each other and the abiotic environment to reproduce 
and perpetuate the entire grouping. In one sentence, 
an ecosystem is a grouping of plants, animals and 
microbes interacting with each other and with their 
environment in such a way as to perpetuate the 
grouping. For study purposes, an ecosystem may be 
taken to be any more or less distinctive biotic 
community living in a certain environment. Thus, a 
forest, a grassland, a wetland, a marsh, a pond, a 
beach, and a coral reef, each with its respective 
species in a particular environment, can be studied as 
distinct ecosystems.

Since no organism can live apart from its 
environment or from interactions with other species, 
ecosystems are the functional units of sustainable life 
on Earth. The study of ecosystems and the 
interactions that occur among organisms and 
between organisms and their environment are the 
science of ecology, and the investigators who 
conduct such studies are called ecologists.

While it is convenient to divide the living world 
into different ecosystems, any investigation soon 
reveals that there are seldom distinct boundaries 
between ecosystems, and they are never totally 
isolated from one another. Many species will occupy 
(and thus be a part of) two or more ecosystems at the 
same time. Or, they may move from one ecosystem to 
another at different times, as in the case of migrating 
birds. In passing from one ecosystem to another, one 
may observe only a gradual decrease in the 
populations of one biotic community and an increase 
in the populations representing another. Thus, one 
ecosystem may gradate into the next through a 
transitional region known as an ecotone, which 
shares many of the species and characteristics of the 
two adjacent ecosystems. 

The ecotone between adjacent systems may also 
include unique conditions that support distinctive 
plant and animal species. Consider, for example, the 
marshy area that often occurs between the open water 
of a lake and dry land. Ecotones may be studied as 
distinct ecosystems in their own right.

Furthermore, what happens in one ecosystem 
will definitely affect other ecosystems. For example, 
losses and fragmentation of forests have disrupted 
migration lanes and resulted in drastic declines in the 
populations of certain North American songbirds. 
How the loss of all these birds will affect various 
ecosystems is a question we cannot answer at this 
time.

Similar or related ecosystems are often grouped 
together to form major kinds of ecosystems called 
biomes. Tropical rain forests, grasslands, and deserts 
are examples. While more extensive than an 
ecosystem in its breadth and complexity, a biome is 
still basically a certain biotic community supported 
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and limited by certain abiotic environmental factors. 
Again, there are generally no distinct boundaries 
between biomes, but one grades into the next through 
transitional regions. Indeed, there is no general 
agreement among ecologists as to whether certain 
kinds of ecosystems should be lumped within one 
major biomes or considered as separate biomes.  

Likewise, there are a large variety of aquatic and 
wetland ecosystems that are determined primarily by 
the depth, salinity, and permanence of water. Then 
there are various marine (ocean) ecosystems that are 
determined by depth, texture of the bottom (mud vs. 
rock ledges), and nutrient levels, as well as by water 
temperature. Thus, marine ecosystems are 
determined more by specific environmental factors 
at the location than by general climatic factors, as it 
eh case for terrestrial biomes. Therefore, we 
generally speak of marine environments and not 
marine biomes. 

Regardless of how we choose to divide (or group) 
and name different ecosystems, it is important to 
recognize that they all remain interconnected and 
interdependent. Terrestrial biomes are connected by 
the flow of rivers between them and by migrating 
animals. Sediments and nutrients washing from the 
land may nourish or pollute the ocean. Seabirds and 
mammals connect the oceans with the land, and all 
biomes share a common atmosphere and water cycle.

Therefore, all the species on Earth, along with all 
their environments, can be seen as one vast 
ecosystem, which is called the biosphere. Although 
the separate local ecosystems are the individual units 
of sustainability, they are all interconnected to form 
the biosphere. The concept is analogous to the idea 
that the cells of our bodies are the units of living 
systems, but are all interconnected to form the whole 
body. Carrying the analogy further, to what degree 
may individual ecosystems be upset or destroyed 
before the entire biosphere is affected. 
Organization of Elements in Living and Nonliving 
Systems

A molecule refers to any two or more atoms 
bonded together in a specific way. The properties of a 

material are dependent on the specific way in which 
atoms are bonded to form molecules as well as on the 
atoms themselves. Similarly, a compound refers to 
any two or more different kinds of atoms bonded 
together. Note the distinction that a molecule may 
consist of two or more of the same kind, as well as 
different kinds, of atoms bonded together. A 
compound always implies that at least two different 
kinds of atoms are involved. For example, the 
fundamental units of oxygen gas, which consist of 
two oxygen atoms bonded together, are molecules 
but not a compound. Water, on the other hand, can be 
referred to as either molecules or a compound, since 
the fundamental units are two hydrogen atoms 
bonded to an oxygen atom.

The key elements in living systems (and their 
chemical symbols) are carbon (C), hydrogen (H), 
oxygen (O), nitrogen (N), phosphorus (P), and sulfur 
(S). You can remember them by the acronym N. 
CHOPS. These six elements are the building blocks 
of all the organic molecules that make up the tissues 
of plants, animals, and microbes. We have said that 
growth and decay can be seen as a process of atoms 
moving from the environment into living things and 
returning to the environment. By looking at the 
chemical nature of air, water, and minerals, we shall 
see where our six key elements and others occur in 
the environment.  

18

FUNDAMENT OF ECOLOGYFUNDAMENT OF ECOLOGY



The lower atmosphere is a mixture of molecules 
of three important gases – oxygen (O2), nitrogen 
(N2), and carbon dioxide (CO2) – along with trace 
amounts of several other gases that have no 
immediate biological importance. Also generally 
present in air are variable amounts of polluting 
materials and water vapour. Air is a source of carbon, 
oxygen, and nitrogen for all organisms.

Saying that air is a mixture means that there is no 
chemical bonding between the molecules involved. 
Indeed, it is this lack of connection between 
molecules that results in air being gaseous. 
Attraction, or bonding, between molecules results in 
liquid or solid states.

The source of the key element hydrogen is water. 
Each molecule of water consists of two hydrogen 
atoms bonded to an oxygen atom, as indicated by the 
formula for water: H2O. A weak attraction between 
water molecules is known as hydrogen bonding. At 
temperatures below freezing, hydrogen bonding 
holds the molecules in position with respect to one 
another, and the result is a solid (ice or snow). At 
temperatures above freezing, but below vaporization 
(evaporation), hydrogen bonding still holds the 
molecules close, but allows them to move around one 
another, producing the liquid state. Vaporization 
occurs as hydrogen bonds break and water molecules 
move into the air independently. With a lowering of 
temperature all these changes in state go in the 
reverse direction. We reemphasize that, regardless of 
the changes in state, the water molecules themselves 
retain their basic structure of two hydrogen atoms 
bonded to an oxygen atom. It is only the relationship 
between the molecules that changes.

All the other elements required by living 
organisms, as well as the 72 or so elements that are 
not required, are found in various rock and soil 
minerals. A mineral refers to any hard, crystalline, 
inorganic material of a given chemical composition. 
Most rocks are made up of relatively small crystals of 
two or more minerals, and soil generally consists of 
particles of many different minerals. Each mineral is 
made up of dense clusters of two or more kinds of 

atoms bonded together by an attraction between 
positive and negative charges on the atoms.

There are simple but significant interactions 
between air, water, and minerals. Gases from the air 
and ions (charged atoms) from minerals may 
dissolve in water. Therefore, natural water is 
inevitably a solution containing variable amounts of 
dissolved gases and minerals. This solution is 
constantly subject to change, as any dissolved 
substances may be removed from it by various 
processes, or additional materials may dissolve in it. 
Molecules of water enter the air by evaporation and 
leave it by means of condensation and precipitation. 
Thus, the amount of moisture in air is constantly 
fluctuating. Wind may carry a certain amount of dust 
or mineral particles, and this amount is also changing 
constantly, since the particles gradually settle out 
from the air. 

By contrast to the relatively simple molecules 
that occur in the environment (for example, CO2, 
H2O, N2) in living organisms we find the key atoms 
(C, H. O, N, P, S) bonded into very large, complex 
molecules known as proteins, carbohydrates(sugars 
and starches), lipids (fatty substances), and nucleic 
acids. Some of these molecules may contain millions 
of atoms, and their potential diversity is infinite. 
Indeed, the diversity of living things is a reflection of 
the diversity of such molecules.
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The molecules that make up the tissues of living 
things are constructed mainly from carbon atoms 
bonded together into chains with hydrogen atoms 
attached. Oxygen, nitrogen, phosphorus, and sulfur 
may be present also, but the key common 
denominator is carbon-carbon and/or carbon-
hydrogen bonds. Material making up the tissues of 
living organisms is referred to as organic. Hence, 
these carbon-based molecules, which make up the 
tissues of living organisms, are called organic 
molecules. Inorganic, then, refers to molecules or 
compounds with neither carbon-carbon nor carbon-
hydrogen bonds.

Causing some confusion is the fact that all 
plastics and countless other human-made 
compounds are based on carbon-carbon bonding and 
are, chemically speaking, organic compounds – 
although they have nothing to do with living systems. 
Where there is doubt, we resolve this confusion by 
referring to the compounds of living organisms as 
natural organic compounds and the human-made 
ones as synthetic organic compounds.

In conclusion, we can see that the elements 
essential to life (C, H, O, and so on) are present in air, 
water, or minerals in relatively simple molecules. In 
living organisms, on the other hand, they are 
organized into very complex organic molecules. 
These organic compound sin turn make u the various 
parts of cells, which make up the tissues and organs 
of the body. Growth, then, may be seen as using the 
atoms from simple molecules in the environment to 
construct the complex organic molecules of an 
organism. Decomposition and decay may be seen as 
the reverse process. 
Energy Considerations

In addition to the rearrangement of atoms, 
chemical reactions also involve the absorption or 
release of energy. To grasp this context, let us 
examine the distinction between matter and energy.
Matter and Energy – The universe is made up of 
matter and energy. A more technical definition of 
matter is anything that occupies space and has mass – 
that is, can be weighted when gravity is present. This 
definition obviously covers all solids, liquids, and 
gases, and living as well as nonliving things.
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Atoms are made up of protons, neutrons, and 
electrons, which in turn are made of still smaller 
particles. Thus physicists debate what the most basic 
units of matter is. However, since atoms are the basic 
units of all elements and remain unchanged during 
chemical reactions, it is practical to consider them as 
the basic units of matter. 

Light, heat, movement and electricity, on the 
other hand, do not have mass, nor do they occupy 
space. (Note that heat, as used here, refers not to a 
hot object but to the heat energy we can feel radiating 
from the hot object). These are the common forms of 
energy which we experience continually – or 
perhaps their lack is a more significant experience. 
What do forms of energy have in common? They 
affect matter, causing changes in its position or its 
state. For example, the release of energy in an 
explosion causes things to go flying, a change in 
position. Heating water causes it to boil and change 
to steam, a change in state. On a molecular level, 
changes in state may be seen as movements of atoms 
or molecules. For example, the degree of heat energy 
is actually a measure of the relative vibrational 
motion of the atoms and molecules of the substance. 
Therefore, energy is the ability to move matter. 

Energy is commonly divided into two major 
categories: kinetic and potential. Kinetic energy is 
energy in action or motion. Light, heat energy, 
physical motion, and electrical current are all forms 
of kinetic energy. Potential energy is energy in 
storage. A substance or system with potential energy 
has the capacity, or potential, to release one or more 
forms of kinetic energy. A stretched rubber band, for 
example, has potential energy; it can send a paper 
clip flying. Numerous chemicals, such as gasoline 
and other fuels, release kinetic energy – heat energy, 
light, and movement – when ignited. The potential 
energy contained in such chemicals and fuels is 
called chemical energy.

Energy may be changed from one form to 
another in innumerable ways. Besides seeing that 
potential energy may be converted to kinetic energy, 
it is especially important to recognize that kinetic 
energy may be converted to potential energy, as in 
changing a battery or pumping water into a high 
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elevation reservoir. We shall see shortly that 
photosynthesis is another such process. 

Because energy does not have mass or occupy 
space, it cannot be measured in units of weight or 
volume, but it can be measured in other kinds of 
units. One of the most common units is the calorie, 
which is defined as the amount of heat, required to 
raise the temperature of 1 gram (1 milliliter) of water 
1 degree Celsius. Since this is a very small unit, it is 
frequently more convenient to speak in terms of 
kilocalories (1 kilocalorie = 1,000 calories), the 
amount of heat required to raise 1 liter (1000 
milliliters) of water 1 degree Celsius. Kilocalories 
are sometimes denoted as ‘Calories’ with a capital 
‘C’. Food Calories, which are a measure of how 
much energy our bodies can derive from given 
foods, are actually kilocalories. Any form of energy 
can be measured in calories by converting it to heat 
energy and measuring that heat in terms of a rise in 
the temperature of water. Temperature is a 
measurement of the molecular motion in a substance 
caused by the kinetic energy present.

We define energy as the ability to move matter. 
Conversely, no change in the movement of matter 
can occur without the absorption or release of 
energy. Indeed, no change in matter – from a few 
atoms joining together or coming apart in a chemical 
reaction to a major volcanic eruption – can be 
separated from respective changes in energy. 
Energy Laws: Laws of Thermodynamics – Knowing 
that energy can be converted from one form to 
another has led numerous would-be inventors over 
the years to try to build machines or devices that 
would produce more energy than they consumed. A 
common idea that occurs to many students is to use 
the output from a generator to drive a motor that, in 
turn, drives the generator to keep the cycle going and 
yields additional power in the bargain. 
Unfortunately, all such devices have one feature in 
common: They don’t work. When all the inputs and 
outputs of energy are carefully measured, they are 
found to be equal. There is no net gain or loss in total 
energy. This observation is now accepted as a 
fundamental natural, the law of conservation of 
energy, also called the first law of thermodynamics: 

Energy is neither created nor destroyed, but may be 
converted from one form to another. The law is also 
commonly stated as ‘You can’t get something for 
nothing’.

Fanciful ‘energy generators’ fail for two reasons. 
First, in every energy conversion, a portion of the 
energy is converted to heat energy (thermal infrared). 
Second, heat always flows toward cooler surroundings. 
There is no way of trapping and recycling heat energy, 
since it can flow only ‘downhill’ toward a cooler place. 
Consequently, in the absence of energy inputs, any and 
every system will sooner or later come to a stop as the 
energy is converted to heat and lost. This is now 
accepted as another natural law, the second law of 
thermodynamics. Basically, the second law says that, 
in any energy conversion, you will end up with less 
usable energy than you started with. So, not only can 
you not get something for nothing (the first law), you 
can’t even break even. 

A principle that underlies the loss of heat is the 
principle of increasing entropy. Entropy refers to the 
degree of disorder: Increasing entropy means 
increasing disorder. The principle is that, without 
energy inputs, everything goes in one direction only, 
toward increasing entropy. This principle of ever-
increasing entropy is most readily apparent in the fact 
that all human-made things tend to deteriorate. We 
never observe the reverse – a run-down building 
renovating itself, for example. Students often like to 
speak of the increasing disorder of their dormitory 
rooms as the semester wears on as an example of 
entropy.

The conversion of energy and the loss of heat are 
both aspects of increasing entropy. Heat energy is the 
result of the random vibrational motion of atoms and 
molecules. Thus, it is the lowest (most disordered) 
form of energy, and its flow to cooler surroundings is a 
way for that disorder to spread. Therefore, the second 
law of thermodynamics is nowadays more generally 
stated as: Systems will go spontaneously in one 
direction only; toward increasing entropy. The second 
law also says that systems will go spontaneously only 
toward lower potential energy, a direction that releases 
heat from the systems. 
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Very important in the statement of the second law 
is the word spontaneously. It is possible to pump 
water uphill, charge a battery, stretch a rubber band, 
compress air, or otherwise increase the potential 
energy of some system. However, inherent in such 
words as pump, charge, stretch, and compress is the 
fact that energy is being put into the system; in 
contrast, the opposite direction, which releases 
energy, occurs spontaneously. 

The conclusion is that whenever you see 
something gaining potential energy, you should 
realize that energy is being obtained from 
somewhere else (the first law). Moreover, the 
amount of energy lost from that somewhere else is 
greater than the amount gained (the second law). Let 
us now relate these concepts of matter and energy to 
organic molecules, organisms, ecosystems, and the 
biosphere. 
The Structure of Ecosystems

Structure refers to parts and the way they fit 
together to make the whole. There are two key 
aspects to every ecosystem: the biota or biotic 
community and the abiotic environmental factors. 
The way different categories of organisms fit 
together is referred to as the biotic structure.
Biotic Structure

Despite the diversity of ecosystems, all have a 
similar biotic structure, based on feeding 
relationships. That is, all ecosystems have the same 
three basic categories of organisms that interact in 
the same ways.
Categories of Organisms – The major categories of 
organisms are (1) producers, (2) consumers, and (3) 
detritus feeders and decomposers. Together, these 
groups produce food, pass it along food chains and 
return the starting materials to the abiotic parts of the 
environment.

Producers: Producers are mainly green plants, 
which use light energy from the Sun to convert 
carbon dioxide (absorbed from air or water) and 
water to a sugar called glucose and release oxygen as 
a by-product. This chemical conversion, which is 
driven by light energy, is called photosynthesis. 
Plants are able to manufacture all the complex 
molecules that make up their bodies from the 

glucose produced in photosynthesis, plus a few 
additional mineral nutrients such as nitrogen, 
phosphorus, potassium, and sulfur, which they absorb 
from the soil or from water. 

The molecule that plants use to capture light energy 
for photosynthesis is chlorophyll, a green pigment. 
Hence, plants that carry on photosynthesis are easily 
identified by their green colour. (In some cases, the 
green may be overshadowed by additional red or brown 
pigments. Thus, red algae and brown algae also carry on 
photosynthesis.) Producers range in diversity from 
microscopic, single-celled algae through medium-sized 
plants such as grass, daisies, and cacti to gigantic trees. 
Every major ecosystem, both aquatic and terrestrial, has 
its particular producers carrying on photosynthesis.

The term organic is used to refer to all those 
materials that make up the bodies of living organisms – 
molecules such as proteins, fats or lipids, and 
carbohydrates. Likewise, materials that are specific 
products of living organisms, such as dead leaves, 
leather, sugar, and wood, are considered organic. On the 
other hand, materials and chemicals of air, water, rocks 
and minerals, which exist apart from the activity of 
living organisms, are considered inorganic. The key 
feature of organic materials and molecules is that they 
are in large part constructed from bonded carbon and 
hydrogen atoms, a structure that is not found among 
inorganic materials. This carbon-hydrogen structure has 
its origin in the process of photosynthesis. Hydrogen 
atoms taken from water molecules and carbon atoms 
from carbon dioxide are joined together to form organic 
compounds in the process of photosynthesis. Green 
plants use light as the energy source to produce all the 
complex organic molecules their bodies need from the 
simple inorganic chemicals (carbon dioxide, water, 
mineral nutrients) present in the environment. As this 
conversion from inorganic to organic occurs, some of 
the energy from light is stored in the organic 
compounds. 

Now, all organisms in the ecosystem other than 
green plants feed on organic matter as their source of 
both energy and nutrients. These include not only all 
animals, but also fungi (mushrooms, molds, and similar 
organisms), most bacteria, and even a few higher plants, 
such as Indian pipe, that do not have chlorophyll and that 
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therefore cannot carry on photosynthesis.
Thus ,  green plants ,  which carry  on 

photosynthesis, are absolutely essential to every 
ecosystem. Their photosynthesis and growth 
constitute the production of organic matter, which 
sustains all other organisms in the ecosystem.

Indeed, all organisms in the biosphere can be 
divided into two categories, autotrophs and 
heterotrophs, on the basis of whether they do or do 
not produce the organic compounds they need to 
survive and grow. Those organisms such as green 
plants, which produce their own organic material 
from inorganic constituents in the environment using 
an external energy source, are autotrophs (auto, self: 
troph, feeding). As previously mentioned, the most 
important and common autotrophs by far are green 
plants, which use chlorophyll to capture light energy 
for photosynthesis. However, a few bacteria use a 
purple pigment for photosynthesis, and some other 
bacteria acquire their energy from certain high-
energy inorganic chemicals. All other organisms, 
however, which must consume organic material to 
obtain energy and nutrients, are heterotrophs (hetero, 
other). Heterotrophs may be divided into numerous 
subcategories, the two major categories being 
consumers (which eat living prey), and detritus 
feeders and decomposers both of which feed on dead 
organisms or their products.

Consumers – Consumers encompass a wide 
variety of organisms ranging in size from 
microscopic bacteria to blue whales and include such 
diverse groups as protozoans, worms, fish and 
shellfish, insects, reptiles, amphibians, birds, and 
mammals (including humans).

For the purpose of understanding ecosystem 
structure, consumers are divided into various 
subgroups according to their food source. Animals, 
be they as large as elephants or as small as mites, that 
feed directly on producers are called primary 
consumers. They are also called herbivores (herb, 
grass).

Animals that feed on primary consumers are 
called secondary consumers. Thus, elk, which feed 
on vegetation, are primary consumers, whereas 

wolves, because they feed on elk, are secondary 
consumers. There may also be third, fourth, or even 
higher levels of consumers and certain animals may 
occupy more than one position on the consumer 
scale. For instance, humans are primary consumers 
when they eat vegetables, secondary consumers 
when they eat beef and third-level consumers when 
they eat fish that feed on small fish that feed on algae. 
Secondary and higher order consumers are also 
called carnivores (carni, meat). Consumers that feed 
on both plants and animals are called omnivores 
(omni, all).

In a relationship in which one animal attacks, 
kills, and feeds on another, the animal that attacks 
and kills is called the predator; the animal that is 
killed is called the prey. Together, the two animals are 
said to have a predator-prey relationship.

Parasites are another important category of 
consumers. Parasites are organisms – either plants or 
animals – that become intimately associated with 
their ‘prey’ and feed on it over an extended period of 
time, typically without killing it (at least not 
immediately), but often weakening it so that it 
becomes more prone to being killed by other 
predators or by adverse conditions. The plant or 
animal that is fed upon is called the host; thus, we 
speak of a host-parasite relationship.

A tremendous variety of organisms may be 
parasitic. Various worms are well-known examples, 
but certain protozoans, insects, and even certain 
mammals (vampire bats) and plants (dodder) are also 
parasites. Many serious plant diseases and some 
animal diseases (such as athlete’s food) are caused by 
parasitic fungi. Indeed, virtually every major group 
of organisms has at least some members that are 
parasitic. Parasites may live inside or outside their 
host.

In medical circles, a distinction is generally made 
between bacteria and viruses, which cause disease, 
and parasites, which are usually larger organisms. 
Ecologically, however, there is no real distinction. 
Bacteria are foreign organisms and viruses are 
organism-like entities feeding on and multiplying in 
their hosts over a period of time and doing the same 
damage as do other parasites. Therefore, disease-
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causing bacteria and viruses can be considered 
highly specialized parasites. 

Detritus Feeders and Decomposers – Dead plant 
material such as fallen leaves, branches and trunks of 
dead trees, dead grass, the fecal wastes of animals, 
and occasional dead animal bodies is called detritus 
(pronounced di-Tri-tus). Many organisms are 
specialized to feed on detritus, and we refer to such 
consumers as detritus feeders or detritivores. 
Examples include earthworms, millipedes, crayfish, 
termites, ants, and wood beetles. As with regular 
consumers, one can identify primary detritus feeders 
(those that feed directly on detritus), secondary 
detritus feeders (those that feed on primary detritus 
feeders), and so on.

An extremely important group of primary 
detritus feeders is the decomposers, namely, fungi 
and bacteria. Much of the detritus in an ecosystem – 
particularly dead leaves and the wood of dead trees or 
branches – does not appear to be eaten as such, but 
rots away. Rotting is the result of the metabolic 
activity of fungi and bacteria. These organisms 
secrete digestive enzymes that cause the breakdown 
of wood, for example, into simple sugars that the 
fungi or bacteria then absorb for their nourishment. 
Thus, the rotting we observe is really the result of 
material being consumed by fungi and bacteria. Even 
though fungi and bacteria are called decomposers 
because of their unique behaviour, we group them 
with detritus feeders because their function in the 
ecosystem is the same. In turn, decomposers are fed 
upon by such secondary detritus feeders as 
protozoans, mites, insects, and worms. When a 
fungus or other decomposer dies, its body becomes 
part of the detritus and the source of energy and 
nutrients for still more detritus feeders and 
decomposers.

In summary, despite the apparent diversity of 
ecosystems, they all have a similar biotic structure. 
They can all be described in terms of autotrophs, or 
producers, which produce organic matter that 
becomes the source of energy and nutrients for 
heterotrophs, which are various categories of 

consumers and detritus feeders and decomposers.
Feeding Relationships: Food Chains, Food Webs, 
and Trophic Levels – In describing the biotic 
structure of ecosystems, it is evident that major 
interactions among organisms involve feeding 
relationships. We can identify innumerable pathways 
where one organism is eaten by a second, which is 
eaten by a third, and so on. Each such pathway is 
called a food chain.

While it is interesting to trace such pathways, it is 
important to recognize that food chains seldom exist 
as isolated entities. An herbivore population feeds on 
several kinds of plants and is preyed upon by several 
secondary consumers or omnivores. Consequently, 
virtually all food chains are interconnected and form 
a complex web of feeding relationships. Indeed, the 
term food web is used to denote the complex network 
of interconnected food chains. 

Despite the number of theoretical food chains 
and the complexity of food webs, there is a simple 
overall pattern: All food chains basically lead 
through a series of steps or levels – namely, from 
producers to primary consumers (or primary detritus 
feeders) to secondary consumers (or secondary 
detritus feeders), and so on. These feeding levels are 
called trophic levels (trophic, feeding). All producers 
belong to the first trophic level, all primary 
consumers (in other words, all herbivores), whether 
feeding on living or dead producers, belong to the 
second trophic level; organisms feeding on these 
herbivores belong to the third level, and so on. 

Whether we visualize the biotic structure of an 
ecosystem in terms of food chains, food webs, or 
trophic levels, we should see, through each feeding 
step, that there is a fundamental movement of the 
chemical nutrients and stored energy they contain 
from one organism or level to the next. 

Usually, no more than three or four trophic levels 
are there in an ecosystem. The biomass, or total 
combined (net dry) weight, of all the organisms at 
each trophic level can be estimated by collecting (or 
trapping) and weighing suitable samples. In 
terrestrial ecosystems, the biomass is about 90-99 
percent less at each higher trophic level. If the 
biomass of producers in a grassland is 10 tonnes 
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(20,000 lb) per acre, the biomass of herbivores will 
be no more than 2000 pounds and that of carnivores 
no more than 200 pounds. Clearly, you can’t go 
through very many trophic levels before the biomass 
approaches zero. Depicting this graphically gives 
rise to what is commonly called a biomass pyramid.

The biomass decreases so much at each trophic 
level largely because much of the food that is 
consumed by a heterotroph is not converted to the 
body tissues of the heterotroph; rather, it is broken 
down so that the stored energy it contains can be 
released and used by the heterotroph. Hence, there is 
an inevitable loss of biomass with the movement to 
higher trophic levels. It is very significant to observe 
that all heterotrophs depend on the continual input of 
fresh organic matter produced by the autotrophs 
(green plants). Without such input, the heterotrophs 
would all run out of food and starve as the organic 
matter was broken down to release its stored energy.

As this breakdown or organic matter occurs, the 
chemical elements are released back to the 
environment in the inorganic state, where they may 
be reabsorbed by autotrophs (producers). Thus, there 
is a continuous cycle of nutrients from the 
environment through organisms and back to the 
environment. The spent energy, on the other hand, is 
lost as heat is given off from bodies.

In summary, all food chains, food webs, and 
trophic levels must start with producers, and 
producers must suitable environmental conditions to 
support their growth. Populations of all heterotrophs, 
including humans, are ultimately limited by what 
plants produce, in accordance with the concept of the 
biomass pyramid. Should any factor cause the 
productive capacity of green plants to be diminished, 
all other organisms at higher trophic levels will be 
diminished accordingly.
ECOLOGICAL SUCCESSION
Biotic communities are dynamic in nature and 
change over a period of time. The process by which 
communities of plant and animal species in an area 
are replaced or changed into another over a period of 
time is known as ecological succession. Both the 
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biotic and abiotic components are involved in this 
change. This change is brought about both by the 
activities of the communities as well as by the 
physical environment in that particular area.
The physical environment often influences the 
nature, direction, rate and optimal limit of changes. 
During succession both the plant and animal 
communities undergo change. There are two types of 
successions (i) Primary succession and (ii) 
Secondary succession.
Primary succession
Primary succession takes place an over a bare or 
unoccupied areas such as rocks outcrop, newly 
formed deltas and sand dunes, emerging volcano 
islands and lava flows as well as glacial moraines 
(muddy area exposed by a retreating glacier). where 
no community has existed previously. The plants that 
invade first bare land, where soil is initially absent 
are called pioneer species. The assemblage of 
pioneer plants is collectively called pioneer 
community. A pioneer species generally show high 
growth rate but short life span.
Primary succession is much more difficult to observe 
than secondary succession because there are 
relatively very few places on earth that do not already 
have communities of organisms. Furthermore, 
primary succession takes a very long time as 
compared to secondary succession as the soil is to be 
formed during primary succession while secondary 
succession starts in an area where soil is already 
present.
The community that initially inhabits a bare area is 
called pioneer community. The pioneer community 
after some time gets replaced by another community 
with different species combination. This second 
community gets replaced by a third community. This 
process continues sequence-wise in which a 
community replaced previous by another 
community.
Each transitional (temporary) community that is 
formed and replaced during succession is called a 
stage in succession or a seral community. The 
terminal (final) stage of succession forms the 
community which is called as climax community. A 
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climax community is stable, mature, more complex 
and long lasting. The entire sequence of communities 
in a given area, succeeding each other, during the 
course of succession is termed sere.
The animals of such a community also exhibit 
succession which to a great extent is determined
by plant succession. However animals of such 
successional stages are also influenced by the types 
of animals that are able to migrate from neighbouring 
communities. A climax community as long as it is 
undisturbed, remains relatively stable in dynamic 
equilibrium with the prevailing climate and habitat 
factors.
Succession that occurs on land where moisture 
content is low for e.g. on bare rock is known as 
xerarch. Succession that takes place in a water body, 
like ponds or lake is called hydrarch.
Secondary succession
Secondary succession is the development of a 
community which forms after the existing natural 
vegetation that constitutes a community is removed, 
disturbed or destroyed by a natural event like 
hurricane or forest fire or by human related events 
like tilling or harvesting land. A secondary 
succession is relatively fast as, the soil has the 
necessary nutrients as well as a large pool of seeds 
and other dormant stages of organisms.
Principles of Ecosystem Function

The preceding examination of how ecosystems 
function reveals that three common denominators 
underlie them all: (a) recycling of nutrients, (b) using 
sunlight as a basic energy source, and (c) populations 
are such that overgrazing does not occur. In turn, 
these common features reveal basic principles 
underlying the sustainability of ecosystems. 
Nutrient Cycling

Looking at the various inputs and outputs of 
producers, consumers, detritus feeders, and 
decomposers, you should be impressed by how they 
fit together. The products and byproducts of each 
group are the food and/or essential nutrients for the 
other. Specifically, the organic material and oxygen 
produced by green plants are the food and oxygen 

required by consumers and other heterotrophs. In 
turn, the carbon dioxide and other wastes generated 
when heterotrophs break down their food are exactly 
the nutrients needed by green plants. Such recycling 
is fundamental, for two reasons: (a) It prevents 
wastes, which would cause problems, from 
accumulating, (b) It assures that the ecosystem will 
not run out of essential elements. Thus, we uncover 
the first basic principle of ecosystem sustainability: 

For sustainability, ecosystems dispose of wastes 
and replenish nutrients by recycling all 
elements.

If we reconsider the natural law of conservation 
of matter which says that atoms cannot be crated, 
destroyed, nor changes, we can see that recycling is 
the only possible way to maintain a dynamic system, 
and the biosphere has mastered this to a profound 
degree. We can see this even more clearly by 
focusing on the pathways of three key elements: 
carbon, phosphorus and nitrogen. Because these 
pathways all lead in circles, they are known as the 
carbon cycle, the phosphorus cycle, and the nitrogen 
cycle. (Note that energy is not recycled; it must be 
renewably supplied by sunlight.)
The Carbon Cycle – For descriptive purposes, it is 
convenient to start the carbon cycle with the 
‘reservoir’ of carbon dioxide molecules present in 
the air and dissolved in water. Through 
photosynthesis and further metabolism, carbon 
atoms from carbon dioxide become the carbon atoms 
of all the organic molecules making up the plant’s 
body. Through food chains, the carbon atoms then 
move into and become part of the tissues of all the 
other organisms in the ecosystem. However, it is 
unlikely that a particular carbon atom will be passed 
through many organisms in any one cycle, because at 
each step there is a considerable change that the 
consumer will break down the organic molecule in 
cell respiration. As this occurs, the carbon atoms are 
released back to the environment in molecules of 
carbon dioxide, which completes one cycle, but, of 
course, starts another. Likewise, burning organic 
material returns the carbon atoms locked up in the 
material to the air in carbon dioxide molecules. 
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No two successive cycles of a particular carbon 
atom are likely to be the same. Nor are the two cycles 
likely to be within the same ecosystem, because 
carbon in the atmosphere will be carried around the 
globe by wind. By calculating the total amount of 
carbon dioxide in the atmosphere and the amount of 
primary production (photosynthesis) occurring in the 
biosphere, scientists have concluded that about a 
third of the total atmospheric carbon dioxide is taken 
up in photosynthesis in a year, but an equal amount is 
returned to the atmosphere through cell respiration. 
This means that, on the average, a carbon atom 
makes a cycle from the atmosphere through one or 
more living things and back to the atmosphere every 
three years. What does this mean in terms of sharing 
earth’s supply of carbon atoms with every other 
living thing that exists (or has existed) on Planet 
Earth? This fact is not without ethical implications. 
The Phosphorus Cycle – The phosphorus cycle is 
representative of the cycles for all the mineral 
nutrients – those required elements that have their 
origin in rock and soil minerals. We focus on 
phosphorus for both simplicity and because its 
shortage tends to be a limiting factor in a number of 
ecosystems. 

Phosphorus exists in various rock and soil 
minerals as the inorganic ion phosphate (PO3-4). As 
rock gradually breaks down, phosphate and other 
ions are released. Phosphate dissolves in water, but 
does not enter the air. Plants absorb phosphate from 
the soil or from a water solution, and when it is 
bonded into organic compounds by the plant, it is 
referred to as organic phosphate. Moving through 
food chains, organic phosphate is transferred from 
producers to the rest of the ecosystem. As with 
carbon, at each step there is a high likelihood that the 
organic compounds containing phosphate will be 
broken down in cell respiration, releasing inorganic 
phosphate in urine or other waste. The phosphate 
may then be reabsorbed by plants to start another 
cycle. 

There is an important difference between the 
carbon cycle and the phosphorus cycle. No matter 

where carbon dioxide is released, it will mix into and 
maintain the concentration of carbon dioxide in the 
air. Phosphate, however, which does not have a gas 
phase, is recycled only if the wastes containing it are 
deposited on the soil from which it came. The same 
holds true for other mineral nutrients. Of course, in 
natural ecosystems wastes (urine, detritus) are 
deposited in the same area so that recycling occurs 
efficiently. Humans have been extremely prone to 
interrupt this cycle, however. 

A very serious case of humans disrupting the 
phosphorus cycle is the cutting of tropical rain 
forests. This type of ecosystem is supported by a 
virtually 100 percent-efficient recycling of nutrients. 
There are little or no reserves of nutrients in the soil. 
When the forest is cut and burned, the nutrients that 
were stored in the organisms and detritus are readily 
washed away by the heavy rains, and the land is thus 
rendered unproductive. Another human effect on the 
cycle is that much phosphate from agricultural crop 
lands makes its way into waterways – either directly, 
in runoff from the crop lands, or indirectly, in sewage 
effluents. Because there is essentially no return of 
phosphate from water to soil, this addition results in 
over-fertilization of bodies of water, which in turn 
leads to a severe pollution problem known as 
eutrophication. Meanwhile, the lost phosphorus 
must be replaced on the crop lands by mining 
phosphate rock – a process that will ultimately result 
in depletion of the phosphate.

When humans use manure, compost (rotted plant 
wastes), or sewage sludge on crops, lawns, or 
gardens, the foregoing natural cycle is duplicated. 
But in too many cases it is not, and the applied 
chemical fertilizers end up being leached (carried by 
water seepage) into waterways, resulting in 
eutrophication.
The Nitrogen Cycle – The nitrogen cycle is unique; it 
has aspects of both the carbon cycle and the 
phosphorus cycle. The main reservoir of nitrogen is 
the air, which is about 78% nitrogen gas (N2). Plants 
and animals cannot utilize nitrogen gas directly from 
the air. Instead, the nitrogen must be in mineral form, 
such as ammonium ions (NH4+), or nitrate ions 
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(NO3-). A number of bacteria and cyanobacteria 
(bacteria that contain chlorophyll; formerly referred 
to as blue-green algae) can convert nitrogen gas to 
the ammonium form, a process called biological 
nitrogen fixation.  For terrestrial ecosystems, the 
most important among these nitrogen-fixing 
organisms is a bacterium called Rhizogium, which 
lives in nodules on the roots of legumes, the plant 
family that includes peas and beans. This is another 
example of mutualistic symbiosis: The legume 
provides the bacteria with a place to live and with 
food (sugar), and gains a source of nitrogen in return.

From the legumes, nitrogen is passed down 
whatever food chains exist. At each step, as we have 
observed before, the nitrogen-containing 
compounds may be broken down in cell respiration. 
As this occurs, nitrogen-compounds are returned to 
the soil with excrements and may be absorbed by 
other plants. Thus, after it is fixed, nitrogen may be 
recycled in a manner similar to phosphorus and other 
mineral nutrients. However, nitrogen does not 
remain in this ‘mineral phase’ of the cycle 
indefinitely. Other kinds of bacteria in the soil 
gradually change the nitrogen compounds back to 
nitrogen gas. Consequently, nitrogen will not 
accumulate in the soil. Additionally, some nitrogen 
gas may enter the cycle by being converted to the 
ammonium form by discharges of lightning in a 
process known as atmospheric nitrogen fixation and 
by coming down with rainfall. This pathway is 
estimated to be only about 10 percent of the 
biological pathway.

All natural ecosystems, depend on nitrogen-
fixing organisms; legumes, with their symbiotic 
bacteria are, by far, the most important. The legume 
family includes a huge diversity of plants, ranging 
from clovers (common in grasslands) through desert 
shrubs to many trees. Every major terrestrial 
ecosystem, from tropical rain forest to desert and 
tundra, has its representative legume species, and 
legumes are generally the first plants to re-colonize a 
burned –over area. Without them, all production 
would be sharply impaired because of lack of 

available nitrogen – precluding the formation of 
proteins, nucleic acids, and other building blocks of 
life.

The nitrogen cycle in aquatic ecosystems is 
similar. There, cyanobacteria are the most significant 
nitrogen fixers. 

Only humans have been able to bypass the 
necessity for legumes when growing non-legume 
crops such as corn, wheat, and other grains. We do 
this by fixing nitrogen in chemical factories 
(industrial nitrogen fixing). Synthetically produced 
ammonium and nitrate compounds are major 
constituents of fertilizers. However, the intensive use 
of such chemical fertilizer is not without 
disadvantages as regards maintaining a productive 
soil structure. Therefore, some farmers are 
readopting the natural process of enriching the soil 
by alternating legumes with non-legume crops – that 
is, by crop rotation.

While we have focused on the cycles of carbon, 
phosphorus, and nitrogen, it should be evident that 
cycles exist for oxygen, hydrogen, and all the other 
elements that play a role in living things. Also, while 
the routes taken by distinct elements may differ, it 
should be evident that all are going on 
simultaneously and that all come together in the 
tissues of living things.

From studying these cycles it might appear that 
every element is always recycled 100 percent. In fact 
there are some significant losses, so sinks, in the 
cycles. For example, carbon dioxide is removed from 
the cycle we have discussed by clams, oysters, and 
other marine organisms that use it in making their 
shells, which are calcium carbonate (Ca2CO3). 
Deposits of this calcium carbonate later convert to 
limestone, and thus the carbon atoms may remain 
trapped for hundreds of millions of years. 
Additionally, huge amounts of carbon were 
sidetracked millions of years ago in the formation of 
what are now our fossil fuels. 

In the meantime, however, there is venting of 
carbon dioxide, as well as other gases, from 
volcanoes. On the millions-of-years time scale sea 
beds may be uplifted and carbon dioxide released 
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from limestone by acidic leaching. Therefore, the 
cycles we have discussed are tied to much longer-
term geological cycles; but over the millennia 
equilibrium is maintained. Will humans upset this 
equilibrium by burning the fossil fuels releasing the 
carbon dioxide over a relatively short period of time?
Running on Solar Energy

We have seen that no system can run without an 
input of energy, and living systems are no exception. 
For all major ecosystems, both terrestrial and 
aquatic, the initial source of energy is sunlight 
absorbed by green plants through the process of 
photosynthesis. (The only exceptions are ecosystems 
near the ocean floor or in dark caves, where the 
producers are bacteria that derive energy from the 
oxidation of hydrogen sulfide in those locations. 
These bacteria use that energy to make organic 
compounds, in a manner similar to that of higher 
plants. The process is called chemosynthesis, 
because it runs on chemical energy rather than light).

Using sunlight as the basic energy source is 
fundamental to sustainability for two reasons: it is 
both nonpolluting and nondepletable.

Nonpolluting – Light from the Sun is a form of 
pure energy; it contains no substance that can pollute 
the environment. All the matter and pollution 
involved in the production of light energy are 
conveniently left behind on the Sun some 93 million 
miles (150 million kilometers) away in space. 

Nondepletable – The Sun’s energy output is 
constant. How much or how little of this energy is 
used on Earth will not influence, much less deplete, 
the Sun’s output. For all practical purposes, the sun is 
an everlasting source of energy. True, astronomers 
tell us that the Sun will burn out in another 3-5 billion 
years, but we need to put this figure in perspective. 
One thousand is only 0.0001 percent of a billion. 
Thus, even the passing of millennia is hardly 
noticeable on this time scale. 

Hence, we uncover the second basic principle of 
ecosystem sustainability:

For sustainability, ecosystems use sunlight as 
their source of energy.

From the preceding discussion, you should be 
impressed with the importance of chemical nutrients 
and light as the major prerequisites for the 
functioning of every ecosystem. Yet, rainfall and 
temperature (climate) are the primary limiting 
factors determining different terrestrial biomes. 
Basically, this is because every region that is above 
water receives abundant light, and most soils contain 
a modicum of nutrients or retain their nutrients 
through recycling. Therefore, light and nutrients are 
generally not limiting factors on land. But the 
situation is different in aquatic and marine 
environments, where light and nutrients dominate as 
the determining factors. 
Prevention of Overgrazing

We now return to the concept of the food or 
biomass pyramid. We have seen that a consumer 
cannot gain an amount of weight equal to what it eats 
because first, 60-90 percent of what is consumed is 
broken down for energy and second, another portion 
passes through without being digested. These two 
facts by themselves would result in the declining 
biomass at each higher trophic level – the biomass 
pyramid observed. However, there is a third reason 
for the observed decline. It is the following. 

In a grazing situation, it is readily apparent that if 
the animals eat the grass faster than the grass can re-
grow, sooner or later, the grass will be destroyed, and 
all the animals will starve. This situation is known as 
overgrazing. The same holds true in the case of 
carnivores and their prey. Basically, a sustainable 
situation demands that, on average, consumption 
cannot exceed production. It follows, then, that a 
large portion of the producer must remain intact to 
maintain that production. This portion, or 
population, that is not consumed, and which must 
remain intact to assure continued production, is 
called the standing biomass. In natural ecosystems, 
which are sustainable, we observe that consumers eat 
no more than a small proportion of the total biomass 
available; most is left as standing biomass. We can 
readily see that this is another feature that is 
fundamental to sustainability. Hence, here is the third 
basic principle of ecosystem sustainability:

For sustainability, the size of consumer 
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populations is maintained so that overgrazing or 
other overuse does not occur.

For not, it is sufficient to appreciate that such 
regulation is mandatory for sustainability. 
Recognizing principles of ecosystem sustainability, 
many students attempt to make their own artificial 
ecosystems in sealed bottles, with varying degrees of 
success. One artificial ecosystem big enough to 
maintain people, Biosphere 2, has been built in 
Arizona. 

We have said that a major part of our purpose in 
studying natural ecosystems lies in the fact that they 
are models of sustainability. We have said that if we 
can elucidate the principles that underlie their 
sustainability, we may be able to apply those 
principles towards our own efforts to achieve a 
sustainable society. Importantly, discovering and 
applying principles is different from simple copying. 
For example, birds were models for the ability to fly. 
However, human flight was not achieved by copying 
birds; indeed, such efforts failed. Flight was attained 
by studying birds and discovering principles of 
aerodynamic life and guidance. By applying these 
principles to ‘human-built machines’, we not only 
achieved flight, but surpassed the capability of birds 
manyfold. 

The reverse holds true also. Forging ahead in a 
way that is out of keeping with basic principles, 
whether from ignorance, arrogance, or stupidity, 
assuredly leads to problems and perhaps much 
worse. Any number of disasters have resulted from 
people’s failure to give adequate attention to 
principles of engineering, physics, chemistry, and so 
on. 

We have discussed three of four specific 
principles regarding sustainability of living systems. 
Can we see our environmental problems in terms of 
failing to abide by these principles? Even more, can 
we see these principles as providing guideposts for 
achieving sustainable development? The following 

IMPLICATIONS FOR HUMANS

is a synopsis contrasting our human system with 
these first three principles of sustainability.
First Principle of Sustainability – For sustainability, 
ecosystems dispose of wastes and replenish nutrients 
by recycling all elements.

In contrast to the remarkable recycling seen in 
natural ecosystems, we have constructed our human 
system, in large part, on the basis of a one-directional 
flow of elements. We have already noted that the 
fertilizer-nutrient phosphate, which is mined from 
deposits, ends up going into waterways with 
effluents from sewage treatment. The same one-way-
flow can be seen in such metals as aluminum, 
mercury, lead, and cadmium, which are the nutrients 
of our industry. At one end, they are mined from the 
earth; at the other, they end up in dumps and landfills, 
as items containing them are discarded. Is it any 
wonder that there are depletion problems at one end 
and pollution problems at the other. Actually, 
pollution problems are most significant at the present 
time. The earth has vast deposits of most minerals, 
but the capacity of ecosystems (even the whole 
biosphere) to absorb wastes without being disturbed 
is comparatively limited. This limitation is 
aggravated even more by the fact that many of the 
products we use are non-biodegradable. Conversely, 
can you see the rationale for expanding the concept 
of recycling to include, not just paper, bottles, and 
cans, but everything from sewage to industrial 
wastes as well?
Second Principle of Sustainability – For 
sustainability, ecosystems use sunlight as their 
source of energy.

In contrast to running on solar energy, which is 
nonpolluting  and non-depletable, we have 
constructed a human system that is heavily 
dependent on fossil fuels – coal, natural gas, and 
crude oil. Crude oil is the base for refinement of all 
liquid fuels: gasoline, diesel fuel, fuel oil, and so on. 
Even in the production of food, which is 
fundamentally supported by sunlight and 
photosynthesis, it is estimated that we use about 10 
calories of fossil fuel for every calorie of food 
consumed. This additional energy is used in the 
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course of field preparation, fertilizing, controlling 
pests, harvesting, processing, preserving, 
transportation, and finally cooking.

Again, the most pressing problem in connection 
with consuming these fuels is the limited capacity of 
the biosphere to absorb the waste by products 
produced from burning them. Air pollution 
problems, including urban smog, acid rain, and the 
potential for global warming, are the result of these 
byproducts. Also problems stemming from 
depletion, particularly that of crude oil, are on the 
horizon. You see why most people concerned about 
sustainability are also solar-energy advocates. Solar 
energy is extremely abundant. Just as important, we 
do have the technology to obtain most, if not all, of 
our energy needs from sunlight and the forces it 
causes such as wind. 
Third Principle of Sustainability – For sustainability, 
the sizes of consumer populations are maintained so 
that overgrazing or other overuse does not occur.

We have seen that, in natural ecosystems, a 
suitable standing biomass is maintained so that 
future production is assured. Even a slight familiarity 
with such problems as the world’s loss of 
biodiversity, loss of tropical rainforests, overfishing 
of the oceans, overgrazing of range lands, or other 
examples of overuse is enough to show that we are 
wanting with respect to this principle. 

Nor are the causes of this overuse hard to identify 
– the demands of a rapidly growing human 
population and increasing per capita consumption. 
Human population has increased more than six-fold 
in the past 200 years, and it is continuing to increase 
at a rate of nearly 88 million people per year – 10 
times faster than in 1800. Can you see why the 
success or failure of efforts toward stabilizing 
population will have profound implications 
regarding sustainability?

The necessity of stabilizing population takes on 
even more importance when we consider another 
trend – increasing per capita consumption. Given the 
same basic human system, better lives translate into 
more consumption of virtually everything. A 

particular case in point is the human fondness for 
meat. A trend that parallels increasing affluence in 
every country observed is increasing meat 
consumption. Because of the principles involved in 
the biomass pyramid, it takes about 10 pounds of 
grain to grow a pound of meat (more for beef, less for 
chicken). Therefore, for every increment of increase 
in meat consumption, there is a tenfold increase in 
the demand on plant production and on all the land 
use, fertilizer, pesticides, energy, and pollution that 
increase entails. Of course, the reverse is also true. 
Dropping down a trophic level alleviates the demand 
proportionally. The implication of this is profound 
when you consider that half the cultivated acreage in 
the U.S. produces animal feed!

In this brief assessment of our human system in 
relation to the principles of sustainability, we see that 
we are missing the mark by a wide margin, and the 
environment troubles we face can be seen as a 
mounting consequence. We can use an awareness of 
our present circumstance as a guide to show the 
direction to be taken to attain a sustainable future.
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