
Environmental Biology © 2016 by Tom Morris Ch. 2: Food  1 

Food 2 

Its production, consumption and basis for ecological complexity  

What is Food? 

The question, “What is food?” is pretty simple to 
answer. It’s what we eat, right? It tastes good; it fills 
us up when we are hungry… so we stop thinking 
about it for a while. 

Look at this delicious plate of noodles, beef and 
vegetables from Peru. That’s food. 

 

But why not this rock? What distinguishes food 
from other materials in our surrounding 
environment? We usually don’t eat rocks when we 
are hungry. Life would be easier if we could. 
Actually we can eat rocks, but they won’t produce 
any positive outcome for us. 

 

There was a French entertainer, Michel Lotito, who 
ate all kinds of things including bicycles and even a 
Cessna 150 aircraft. But he ate them not because he 
derived nutrition from them. He ate them because 
it was bizarre theater and people paid him. Lotito’s 
diet was about entertainment, not nutrition. 

 

Michel Lotito, French entertainer who ate this 
Cessna 150 over a two-year period from 1978 to 
1980. 

So, although we can eat nearly anything we can 
stuff in our mouths, if we choose to, not all of it is 
necessarily food. 

That is not to say the rock is useless. We can throw 
the rock at a porcupine and stun it, then eat the 
porcupine. Or we could fashion the rock into a 
spear point and throw the spear at a leopard and 
kill it, so we don’t become food for the leopard. Or 
perhaps the rock could be sculpted into an elegant 
bust of Robert Frost and sold on ebay.  

Birds eat small stones that are collected in their 
gizzards. The stones then help grind the food 
consumed by the bird, as birds have no teeth to do 
the grinding. Some aquatic animals like crocodiles 
and sea lions may eat rocks to help them stay 
submerged, rather than floating up all the time. 
Even prehistoric dinosaurs ate rocks for some 
reason. For the most part, the consumption of rocks 
may produce some interesting alternative outcome, 
but the rocks generally do not provide for the 
body’s nutritional needs. And that’s why rocks are 
not food. 

Generally, “food” is any material substance that 
contains nutritional resources for the body. By 
“nutritional resources,” I mean that the food 
contains specific molecules, salts and other 
materials (like fiber) that the body uses to build, 
operate and maintain itself. Most of these food 
substances are not simply lying about the planetary 
surface (like rocks). Instead, food is built by living 
things, using materials lying around the surface, 
and using energy available on the planetary 
surface. 
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Life on Earth can be understood in 
terms of food 

Food is a unifying property of life. Every operation 
that occurs in living things ultimately depends on 
food. As such, many of the interactions between 
living things and their environment are a 
consequence of food. It is the single resource that is 
used to build and power the activities of life. And so 
it has great value and importance. But there is no 
fixed recipe for making it, distributing it or 
consuming it. Life on Earth expresses remarkable 
variety along these lines. Plants and animals have 
interesting and sometimes surprising behaviors in 
the production, consumption and processing of 
food. Amazingly diverse anatomical structures 
accompany. Colorful flowers, dangerous teeth and 
complex digestive systems. Thinking about the 
activities of life in terms of food helps us 
understand life as a functional economy with food 
as a kind of currency. We see complex 
arrangements of this economy and call them 
ecosystems. As such, we come to understand that, 
like our often unstable human economies, 
ecological economies can be vulnerable to 
disturbance. 

The drawing below is a Venn diagram that 
illustrates how food influences so many aspects of 
life. 

 

Making Food 

On the continental surfaces of this planet, food 
production starts with plants. In the oceans, food 
production starts with photosynthetic plankton. 
For now, we are going to focus on food production 
on the continents. 

Food is made up of diverse mixes of complex 
molecules. These molecules are composed of chains 
of carbon atoms, strung together in various lengths 
and in various shapes. The chains of carbon atoms 
represent the basic framework for the molecule, 
upon which other kinds of atoms can be attached. 

For example, the picture below shows a model of a 
molecule made up of a chain of three carbon atoms. 
This is propane, the gas that you use in your 
barbecue. The ‘C’ represents carbon atoms, and the 
‘H’ represents hydrogen atoms. Propane is not a gas 
that the planet produces. It is a gas that life 
produces. The carbon atoms in this molecule 
started out in molecules of carbon dioxide gas. 

 
Propane molecule. 

Carbon dioxide gas is abundant in the Earth’s 
atmosphere. Below, is an image of CO2. 

 
CO2 molecule. 

The ‘C’ represents an atom of carbon. The ‘O’ 
represents atoms of oxygen. All the carbon atoms in 
all the food on the planet originated in molecules of 
CO2. Carbon atoms can be attached to form chains, 
but it usually doesn’t happen spontaneously. It 
requires energy to snap them together. So, the first 
trick in making food, is snapping carbon atoms 
together. THAT trick is what photosynthesis does.  

Photosynthesis is a biochemical operation that 
occurs in the green part of plants (and in certain 
kinds of bacteria and plankton). In plants, 
photosynthesis occurs in tiny green objects called 
chloroplasts.  
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Chloroplasts reside inside certain plant cells that 
are exposed to light; the leaves, for example. The 
overall set of photosynthetic operations is complex, 
but for us we can simplify photosynthesis in the 
following reaction equation: 

𝐶𝑂2 +𝐻2𝑂 + 𝑙𝑖𝑔ℎ𝑡

𝑟𝑒𝑜𝑟𝑔𝑎𝑛𝑖𝑧𝑒
𝑡𝑜 𝑚𝑎𝑘𝑒
→        

𝑓𝑖𝑥𝑒𝑑
𝑐𝑎𝑟𝑏𝑜𝑛

+ 𝑂2 

This equation can be spoken in the following way: 
“Carbon dioxide plus water plus sunlight 
reorganize to make fixed carbon (chains of carbon) 
and molecular oxygen.” Chemical reactions 
reorganize atoms in a group molecules resulting in 
different kinds molecules – like rearranging the 
parts of a Lego™ characters to make different 
characters. 

The drawing below indicates that the source of CO2 
is the atmosphere; the source of water is from the 
soil (taken in by the roots); and the source of 
energy is light from the sun. The carbon chains that 
are produced are held within the cells and used 
internally to make other kinds of molecules in a 
more comprehensive system of molecule building 
called, “biosynthesis.” 

 

Biosynthesis involves selectively feeding 
photosynthesis’s small carbon chains into an array 
of different biosynthetic pipelines. These pipelines 
may snap the carbon chains together to make 
longer carbon chains. For example, several short 
chains can be linked together and folded into a loop 
to make a sugar molecule called “glucose.” 

 
Glucose molecule. 

The above drawing is how organic chemists 
represent the molecule, glucose, a sugar. Each bend 
in this drawing is a carbon atom. Sugars come in 
different forms. Glucose is just one of several kinds 
of sugar molecules. Sugar molecules are very stable, 
with the result that they are good at storing 
chemical energy for moderate amounts of time. 

Starch. When conditions for photosynthesis are 
good, plants produce a surplus of glucose. Then 
biochemical processes link surplus glucose 
molecules together to make chains of glucose, or 
what organic chemists call “polymers.” A polymer is 
a large molecule made up of interconnected smaller 
molecules linked together as a chain. Polyethylene 
is an example – it’s a plastic material made by 
linking ethylene molecules to form a chain. One 
polymer of glucose is starch. We all know about 
starch in the foods we eat. It is the main nutritive 
molecule in bread, rice and potatoes. Like glucose, 
starch is very stable with the result that it can 
reliably store large amounts of chemical energy for 
long spans of time. Despite its stability, starch is 
very easy to digest. Simple enzymes (like amylase 
in your saliva) can quickly break the starch 
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polymer into individual glucose molecules – which 
become rapidly available to any living thing for 
energy extraction. 

Cellulose. Plants also link 
surplus glucose molecules 
to make a different kind of 
polymer – cellulose. 
Cellulose has very robust 
structural properties. 
Plants use cellulose to 
make structurally strong 
cell walls around newly-
synthesized cells. The 
matrix of cell walls in a plant forms a rugged micro 
skeleton. Cellulose-embedded cell walls make up 
the wood in plants. The image above shows the 
microskeleton of a root made from cell walls 
embedded with cellulose. 

 
The hard wood of a tree is a consequence of 
millions of cell walls composed of cellulose. 

The strength of cellulose is what allows a tree to 
grow tall and not flop over. Summarizing here…. So, 
wood is made of cellulose, and cellulose is made of 
glucose, and glucose stores chemical energy. Think 
about it. That is why wood burns – and rocks don’t. 
Fire represents the rapid release of the chemical 
energy that is stored in cellulose. Despite its high 
energy content, cellulose is extremely stable and, 
although it is easy to burn, it is very, very hard to 
digest. Some animals can do it by using interesting 
biochemical tricks. More on this later. 

 

This is an image of a short section of the cellulose 
molecule – composed of linked glucose molecules. 

Biosynthesis also involves attaching different kinds 
of atoms to the simple chains produced by 
photosynthesis. When different kinds of atoms are 

attached to a carbon chain, the chemical properties 
of the chain are transformed. As a result, the 
molecule behaves differently.  

For example, if we replace one carbon atom in 
propane with a nitrogen atom; and then add a 
couple of oxygen atoms, we end up with a new kind 
of molecule, an amino acid. Amino acids are the 
building block molecules for proteins.  

 
Glycine molecule. A simple amino acid. 

In plants that make glycine, the carbon atoms come 
from atmospheric CO2; the hydrogen and oxygen 
atoms come from water from the soil; and the 
nitrogen comes in the form of a dissolved salt from 
the soil. 

Overall, plant biosynthesis exploits three different 
environmental realms on the planetary surface: 1) 
the underground realm; 2) the atmospheric realm; 
and 3) the cosmic realm – the sun 

In glycine, the nitrogen came from a dissolved salt 
in the ground, a nitrate salt, for example.  

Generally, a chemical salt is an organization of 
atoms held together by opposing electrical charges. 
For example, in table salt, sodium atoms (+ 
charged) are attracted to chlorine atoms (- 
charged), to make the salt, sodium chloride. One 
key property of chemical salts is that they dissolve 
in water. So, as the plant draws in water through 
the roots, soil salts are carried along with the water 
and enter the plant as well. 

Plants can use over 20 different kinds of salts in 
their biosynthesis operations. Biologists refer to 
these essential salts as “mineral nutrients.” Below, 
is an image of one of these useful salts, magnesium 
sulfate. 

 
Magnesium sulfate salt. 
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Magnesium sulfate is an important mineral nutrient 
for plants. The magnesium is used in the 
construction of chlorophyll. Sulfates are used in the 
construction of amino acids and proteins. 

The table below list six of the main mineral 
nutrients used in plant biosynthesis. 

 
Table ?? Important Mineral Nutrients 

Mineral Nutrient Biosynthetic Operation 
Nitrogen (nitrates, 
nitrites, ammonium) 

Amino acids, proteins, 
DNA, cell membranes, 
specialty molecules 
like chlorophyll and 
hormones 

Phosphorous 
(phosphates) 

DNA, cell membranes, 
energy molecules 
(ATP) 

Sulfur (sulfates) Amino acids, proteins 
Calcium Structural support in 

cell walls (pectin), 
enzyme regulator 

Magnesium Chlorophyll, enzyme 
regulator 

Potassium Water balance 
regulation, enzyme 
regulator 

 

Recap 

Photosynthesis snaps carbon atoms together to 
make short chains of carbon (chains of fixed 
carbon). 

These short chains of carbon are fed into different 
biosynthesis pipelines. There, the short chains of 
carbon are connected in a variety of patterns to 
make larger molecules. 

Atoms from salts are attached to these molecules. 
As a result, the chemical behavior of these 
molecules is modified. 

Altogether, this system produces many different 
kinds of biological molecules such as sugars, 
starches, proteins, fats and DNA (see flow diagram 
on biosynthesis, below). These are the molecules of 
life and they reside inside all living cells. Their 
chemical interactions ultimately result in the basic 
actions of life. 

 
Diagram of a plant cell. Chemically, a very busy 
place where biological molecules constantly 
interact. 

 

More… 
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Biosynthetic Pathways in Plants 
 
Photosynthesis Initial 

Biosynthetic 
Product 

Ultimate Biosynthetic Product 

CO2 + H2O + sunlight   Fixed carbon + O2 

    (Carbon chains) 
  

  
Sugar 

Starch (energy storage) 
 
Cellulose (structural material) 
 

 
 
 

  

Mineral Nutrients (salts) 
Nitrates 

Phosphates 
Sulfates 

Magnesium 
Many more… 

  

  
Amino acids 

Proteins 
(enzymes – worker molecules) 
(structural proteins) 
 

  
 
Lipids (fats) 

Cell membranes (cellular 
integrity) 
 
Oils and waxes (energy storage) 
 

  
Nucleic acids 

 
DNA and RNA (information 
management) 
 

  
Specialty 
molecules 
 

Pigments (chlorophyll, 
carotenoids) 
 
Vitamins (special cell operations) 
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Biological chemistry consumes energy 

Chemical interactions amongst biological molecules 
consume energy. Inside each cell, there is a system 
that makes chemical energy available for all of the 
cell’s chemical reactions. This energy system is 
called “cellular respiration.” To the extent energy is 
available, the actions of life continue. To the extent 
energy is not available, the actions of life halt. 

Cellular respiration will be discussed in greater 
detail below. 

Using the Energy Extracted from Food 

First, some terms about mass, matter and energy… 

Mass is defined as the property of an object in 
space that resists changes in speed, and is 
influenced by gravitational force. In a gravitational 
field, objects of greater mass have greater weight. 

Matter can be simply defined as a physical object 
that has mass and takes up space. 

Energy can be generally defined as a diverse 
assortment of natural phenomena that make 
objects of matter move. 

Energy is expressed in the following main forms: 

Electromagnetic energy – radiating energy 
expressed in the form of waves that travel through 
space-time at the speed of light. Examples: radio 
waves, infrared, light, ultraviolet, x-rays. 

Mechanical energy – energy expressed by the 
movement of physical objects. Examples: mouse 
trap, moving human skeleton, printing press, sound 
waves, avalanche. 

Electrical energy – energy expressed by the 
movement of electrons in a conducting medium 
(like a wire). Examples: household electricity, 
lightning, sparks from static electricity. 

Chemical energy – energy expressed from 
chemical reactions (involving the electron shells of 
atoms).  

Nuclear energy – energy expressed from nuclear 
reactions (involving the nuclei of atoms). Examples: 
core of the sun, hydrogen bomb, nuclear reactor.  

Heat energy – energy that is transferred from one 
physical system to another that is expressed by the 
motion of atoms and molecules within. Heat can be 
stored within an object in the form of kinetic 
energy within the object’s molecules. The greater 

the amount of heat an object inherits, the more 
active the vibration of the object’s atomic and 
molecular makeup. Temperature is a measure of 
kinetic activity amongst an object’s moving atoms 
and molecules. 

The movements we see in living things often are 
expressions of energy. Energy is used to move the 
components of living things on all scales, from the 
atoms and molecules inside a cell, to the movement 
of the whole individual. 

Chemical energy is the ultimate source of all 
energetic expressions by living things. Many of the 
molecules in food can be used directly as sources of 
chemical energy. Sugars and fats in food are good 
sources of readily useable chemical energy. Other 
than sugars and fats, food has many other kinds of 
molecular components that can be used as sources 
of energy, if necessary – glycogen and proteins, for 
example. 

Cellular respiration and energy 
extraction 

Cellular respiration is a set of biochemical reactions 
that extracts energy from biomolecules – sugars 
mostly. Cellular respiration is a sequence of 
progressing reactions that occur in many steps. 
Depending upon the situation, there are variations 
in the implementation of cellular respiration. For 
the purposes of this chapter, we will consider a 
single, simplified and generalized form of cellular 
respiration. A condensed chemical reaction 
equation for cellular respiration is presented 
below. 

𝑓𝑖𝑥𝑒𝑑
𝑐𝑎𝑟𝑏𝑜𝑛

+ 𝑂2

𝑟𝑒𝑜𝑟𝑔𝑎𝑛𝑖𝑧𝑒 
𝑡𝑜 𝑚𝑎𝑘𝑒
→        𝐶𝑂2 + 𝐻2𝑂 +

𝐴𝑇𝑃
𝑒𝑛𝑒𝑟𝑔𝑦

 

In this reaction, fixed carbon (chains of carbon) 
from the partial disassembly of certain 
biomolecules (including sugars, fats and proteins), 
are completely disassembled. 

At certain steps in the disassembly process, 
chemical energy, possessed by the molecule, 
becomes available. This chemical energy is used to 
make a widely useful energy-carrier molecule 
called, ATP. ATP is a form of chemical energy that 
can travel short distances in the cell and its energy 
“package” can be instantly consumed by other 
energy-needy cell processes. ATP’s energy can be 
used to power all kinds of interesting operations in 
the cell such as, pumping out wastes, assembling 
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proteins, and shortening molecules in muscle cells. 
In humans, for example, the conscious perception 
of this page is a result of vigorous, energy-
consuming activities in your eye and brain cells. 
The act of bending your arm at the elbow is the 
result of muscle cells contracting – an energy-
consuming action. 

The carbon atoms from the disassembled carbon 
chains are released as CO2. But water is released as 
well. Where does the water come from? 

As the reactions proceed, there is an accumulation 
of hydrogen atoms released from the disassembled 
carbon chains. As the quantity of these hydrogen 
atoms increases, they have the potential to halt the 
whole system, by physically clogging it up and by 
acidifying the region of the cell engaged in cellular 
respiration. Note: biochemical reactions are quickly 
altered by changes in acidity. This is where 
molecular oxygen (O2) comes in. O2 rapidly reacts 
with these waste hydrogen atoms to become water 
(H2O).  

4𝐻+ + 𝑂2

𝑟𝑒𝑜𝑟𝑔𝑎𝑛𝑖𝑧𝑒
𝑡𝑜 𝑚𝑎𝑘𝑒
→        2𝐻2𝑂 

So, molecular oxygen acts as a waste collector in 
these reactions, sweeping up waste hydrogen 
atoms to become water, thereby allowing cellular 
respiration to continue extracting energy. 

Starvation: the consequences of 
resource shortages 

The operations of living things are very demanding 
in terms of resource consumption. Energy 
resources are being constantly consumed. Living 
cells and their operational contents have a finite 
lifetime and periodically need to be replaced anew. 
As a result, energy reserves and building material 
stockpiles must be replenished. To the extent that 
individuals are able to replenish reserves, they 
persist. To the extent that individuals are not able 
to replenish reserves, persistence is in jeopardy. 

For plants, the main food-making resources they 
consume from their surroundings are sunlight, 
water, mineral nutrients, and CO2. Shortages of any 
of these food-making resources results in 
reductions in food production.  

For animals, the main food resources are plants and 
other animals. Shortages of plant food material or 

shortages of prey animals will mean that internal 
reserve levels will continue to drop.  

For plants and animals, such shortages can reduce 
the overall vitality of the organisms, making them 
vulnerable to disease, injury, competition, and 
predation. In addition, plants and animals 
operating in an environment of shortages may not 
have enough internal reserves to allocate toward 
reproductive efforts, resulting in fewer offspring. 
For plants, this would mean reduced or halted 
production of flowers, nectar, seeds and fruit. For 
animals, this would translate into reduced egg 
production, and reduced courtship behaviors.  

Plants, animals and other kinds of living things can 
persist in environments of chronic resource 
shortages, if they do so while at reduced 
operational levels. For example, there are 
chemosynthetic bacteria living one mile deep in the 
Earth who live an extremely impoverished life 
feeding on the rare and occasional hydrogen gas 
molecules percolating up through the crust. Lichens 
(a colony of fungus and algae) can persist as a small 
green encrustation on a dry rock in the desert. Fine. 
But plants and animals have a multitude of ways 
that help them avoid resource shortages or 
counteract them… so that they don’t starve to 
death. More about this in the sections below. 

Acquiring and Processing Food 

In terms of food acquisition, biologists categorize 
living things into two major groups: 1) autotrophic 
and; 2) heterotrophic. Autotrophic means “self-
feeding.” These are organisms that create their own 
food by using the physical, non-food resources from 
their surroundings. Autotrophs include plants, 
photosynthetic bacteria and chemosynthetic 
bacteria. 

Heterotrophic means “different-feeding.” These are 
organisms that must consume other living things, 
the products and wastes produced by other living 
things, or the remains of other living things. 
Heterotrophs include all animals, all fungi, and all 
non-photosynthetic and non-chemosynthetic 
bacteria. 

Plants acquire resources that support 
food production (biosynthesis). 

Basic plant anatomy. Plants synthesize their own 
food (photosynthesis / biosynthesis). This general 
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process was discussed in the previous section. So, 
instead of acquiring food, plants need to acquire the 
physical resources used to make their own food, 
namely, CO2, sunlight, water and mineral nutrients. 

Structurally, plants are constructed of two 
branching exchange systems mounted at opposite 
ends of a connecting trunk or stem. One exchange 
system lies below ground – the roots. The other is 
above ground, lifted up by the trunk – the branches. 
These two branching systems collect different sets 
of resources from their surroundings. In addition, 
these two branching systems supply materials to 
each other by a two-way system of tiny transport 
tubes. This process is described in the next 
paragraph. See image below. 

 

The above-ground branching system displays an 
array of leaves. The leaves support photosynthesis 
by collecting carbon dioxide gas from the 
atmosphere and light energy from the sun. The 
products of photosynthesis and other biosynthetic 
operations are basically the “food” that the plant 
depends on. These food molecules are transported 
by leaf cells into a system of tubes (phloem tubes) 
that carry these materials downward towards the 
roots. Along the way, these materials are 
distributed to all other living cells that make up the 
plant, including cells in the stems and the most 
distant roots. The plant’s non-photosynthetic cells 
cannot make their own food and are dependent 
upon food production operations in the leaves. 

Unlike the above-ground environment, which is 
airy, transparent and frequently bright, the below-
ground environment is solid, opaque and always 
dark. No photosynthesis can happen here. The 
below-ground branching system (roots) anchors 
the plant and radiates tendrils of roots that collect 

underground water and mineral nutrients. These 
materials are then transported vertically through a 
system of tubes (xylem tubes) and distributed to 
the living cells that make up the rest of the plant, 
including the food-producing leaves at the top. 

As a result, plants are interesting cooperative 
structures in which operations in each of the two 
branching systems are dependent upon operations 
in the other. To the extent that roots collect water 
and mineral nutrients, photosynthesis proceeds in 
the leaves. To the extent photosynthesis proceeds 
in the leaves, roots collect water and minerals. 

Plants avoid starvation with different 
configurations of resource-collection features. 

Avoiding starvation. I presented the generic plant 
configuration above – branches and leaves above, 
roots below. These features are configured in many 
different ways, and produce different results 
depending on the prevailing environment. 

Tropical rain forest. In environments with 
abundant rain water, warmth and sunshine (like a 
tropical rain forest), there is a great deal of 
crowding. As a result, individual plants must 
contend with soil that is crowded with a mesh-
work of roots from nearby plants. In addition, the 
sky is crowded and blocked by the leaf canopies of 
neighboring plants. To make matters worse, the 
soil of the tropical rain forest generally is poor in 
mineral nutrients. This is because they are either 
washed away by the frequent rains, or quickly 
taken in by the extensive roots of the dense 
vegetation. What to do. What to do… 

Sunlight. One brute force approach is to grow 
rapidly and grow taller. We see this in many trees 
in the tropical rain forest where the tallest trees are 
150 feet high. Tall height sometimes is 
accompanied by an umbrella-like canopy top that 
does two things: 1) it maximizes sunlight collection 
for the individual tree; and 2) it blocks the sky and 
shades out shorter, nearby trees and plants. So the 
tree maximizes its sunlight uptake while reducing 
sunlight uptake by its competitors. The result is 
increased operations in the tall tree and reduced 
operations in shorter competitors. This is a zero 
sum game. 

Nutrients. Plants in the tropical rain forest 
implement roots in interesting ways. As water is 
super abundant in a tropical rain forest, getting 
water is easily done with almost any root 
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configuration. The stress in the ground is not a 
shortage of water, but a shortage of mineral 
nutrients. Many species of trees have large roots 
that run along the surface of the soil. Sometimes 
these large surface roots form buttresses that 
dominate the soil surface surrounding the tree. 

 
Roots at the surface of the soil. Buttress roots. 

The buttresses help reduce soil erosion as rain 
runoff passes by the tree. In addition, the 
buttresses can act like little dams, slowing runoff 
water and causing it to deposit its nutrient-rich 
load of sediment and debris at the buttress. 

Nutrients have a very short residency in the 
tropical rain forest soil, but they do get replenished. 
The main recharge zone for tropical rain forest 
nutrients is at the soil surface. New nutrients come 
from the rapid decomposition of leaves, twigs and 
other organic debris that fall to the ground. Deeper 
roots may produce structural stability for the tree. 
But it’s the shallow roots near the soil surface that 
are best at sucking up new nutrients constantly 
emerging from leaf decay. 

High performance photosynthesis. Plants take in 
CO2 through tiny pores (stomata) located on the 
underside of leaves. 

 

The stomata are somewhat adjustable. When 
conditions for photosynthesis are good, the 
stomata are opened wide. When conditions for 
photosynthesis are bad, the openings are reduced. 
Stomata are a performance feature in plants. When 
open, they increase uptake of CO2 and therefore 
increase photosynthetic operations. But operating 
stomata comes at a price. While open, they expose 

the moist interior of the leaf to the dry atmosphere. 
Water evaporates through the open stomata – a 
process biologists call, “transpiration.” As a result, 
open stomata increase water loss in the plant. 

 
Stomata detail. Open stomata increase CO2 uptake 
and water loss. 

Water loss can be a big problem for plants in arid 
environments. I will get to that topic later. But right 
now, I want you to think about the tropical rain 
forest. How could dumping large amounts of water 
to the atmosphere by transpiration increase 
persistence in a tropical rain forest tree? Think 
about it. When a water molecule leaves the leaf and 
enters the atmosphere in the stomata space, it tugs 
on the water molecules remaining in the leaf and 
pulls them forward. This is because of the sticky, 
hydrogen-bonding properties of water. The tugging 
action ripples all the way down the tree to the 
roots, where water molecules are pulled into the 
root from the surrounding soil. Now think about 
this transpiration happening in a large rain forest 
tree. For large trees, every day several tons of 
water are moving into the roots, through the tree 
and out the leaves. Let’s focus on what is happening 
in the surrounding soil. High transpiration in the 
leaves is causing tons of ground water to move 
toward the tree every day. As the ground water 
moves towards the tree roots, it carries mineral 
nutrients along with it. As a result, the high rate of 
water loss in the leaves causes an increase in the 
uptake of water and nutrients in the roots. 

Asymmetric approach. Big trees in the tropical rain 
forest dominate the skies and they dominate the 
ground. Once established, their territory is pretty 
much owned by them. Which makes it hard for 
smaller plants. A small plant going toe-to-toe 
against a mature tree has no chance. Or does it? 
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Tropical rain forest canopy. Tall trees dominate the 
sky. 

Many plants in the tropical rain forest have 
workaround features that allow them to persist 
(and not starve) while in the presence of 
dominating trees. Let’s talk about nutrients first. So, 
the trees have the nutrients on the ground locked 
up tight with their big roots and all. The nutrients 
are generated by the decomposition of leaves that 
have fallen to the ground. Very nice. What would 
happen if some of those falling leaves didn’t make it 
to the ground? But got intercepted by other plants 
instead? This is what many plants do; they 
intercept falling leaves and use the decomposing 
leaves as a kind of private compost heap. Take the 
bromeliad, for example. Its leaves are positioned in 
a circle of up-stretched blades that trap falling 
leaves. At the center is a pool of rainwater in which 
the leaves decompose. The resulting nutrients are 
used exclusively by the bromeliad.  

 
Bromeliad. 

Two more things. The bromeliad has a shade-
tolerant photosynthetic system that allows it to 
maintain food production despite the shade cast by 
its larger competitors. Finally, the bromeliad is a 
kind of epiphyte (on-top-of plant). It can live while 
perched on the high branches of the biggest rain 
forest trees. Birds eat the bromeilad’s fruit and 
poop out its seeds on tree branches high in the 
canopy. There, new young bromeliad plants attach 

to the branch and feed themselves from the 
decomposing leaves they collect. 

Arid environments. As a contrast to water-rich 
tropical rain forests, let’s consider the dry 
environments of deserts and the chaparral. 
Chaparral is the name for ecosystems in California 
with a Mediterranean climate. Desert and chaparral 
ecosystems have mild winters with some rain, 
followed by hot summers and drought. Deserts are 
drier and often hotter than chaparral or 
Mediterranean ecosystems. But the patterns are 
similar. It’s wettest when it’s cool, and it’s driest 
when it’s hot. Given this climate pattern, the most 
stressful time of the year is at the end of summer 
when it’s hottest and after a prolonged drought 
when it’s driest. 

Chaparral. 

Plants in these arid environments avoid starvation 
and dehydration because of the presence of certain 
interesting features.  

Compared to the tropical rain forest, plants in arid 
environments have very different styles of dealing 
with the sun. In the tropical rain forest, we see 
features that tend to maximize sunlight exposure. 
In arid environments, it’s the opposite. Plants in the 
desert and chaparral have features that tend to 
reduce sunlight exposure. Reduced sunlight 
exposure reduces heat uptake, which reduces the 
plant’s maximum temperature in the sun, which 
reduces water loss by evaporation. These features 
are especially effective during the hottest part of 
the day. Plants reduce sunlight exposure in several 
ways. I’ll just mention two. 

Light colored leaves. Many plants in the chaparral 
and desert have light colored leaves. They appear 
lighter in color because they are reflecting more 
light. By comparison, dark colored leaves, like those 
of the bromeliad in the tropical rain forest, appear 
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dark because they are absorbing more sunlight. In 
the chaparral, white sage and coastal sagebrush are 
good examples of plants that have light-colored 
leaves. 

 
White sage and coastal sagebrush. 

Vertical orientation. Many plants in arid 
environments implement vertical orientation in 
their leaves in a variety of ways. The outcome of 
aligning leaf surfaces vertically is reduced exposure 
to the sun when it is most intense (and directly 
overhead) in the middle of the day. As a result, 
there is less heat uptake during this time, which 
reduces water loss by evaporation. Laurel sumac in 
the chaparral folds its leaves lengthwise to look like 
little taco shells. The folded surfaces are largely 
vertical. 

 
Laurel sumac. 

Animals must acquire food from plants, 
other animals or both. 

There are many differences between animals and 
plants, but this section focuses on food acquisition 
only. Unlike plants, animals cannot create food. 
Instead, they must acquire it, pre-made, from their 
surrounding environments (they are 
heterotrophic). Plants are embedded into a given 
location in the soil and pull in resources from their 
surroundings. Individual plants have no option to 
relocate for improved resource acquisition. If the 
resources aren’t there, then the plant may seek 
them by growing into new territory (extending 
roots or branches). 

Since animals cannot make their own food on-the-
spot, they move from place-to-place and discover it 

in their surrounding environment. But not all 
animals feed on the same kinds of food. 

If we consider feeding styles in animals, we can 
categorize them into three groups: 1) herbivores; 
2) carnivores; and 3) omnivores. An animal’s 
anatomy and behavior are closely linked to the diet 
of the animal. 

Herbivores (plant eaters) 

Herbivores are animals that eat plant material 
exclusively (or nearly exclusively). There is a large 
variety of different feeding styles in a large variety 
of different kinds of animals.  

Easy-to-Digest Plant Parts 

Plants contain many different structures that are 
especially high in nutrition and easy to digest. For 
example, flowers often contain reservoirs of sugary 
nectar. The male parts of flowers (anthers) hold 
particles of protein-rich pollen (microsporangia). 
The flower petals themselves are filled with often-
useful pigment molecules. Since flowers are 
reproductive structures of the plant, many develop 
nutritious objects like fruit (the fleshy ovary of the 
flower) and seeds (fertilized ovules that are food-
packed capsules housing an individual plant 
embryo). We refer to seeds of many different kinds 
of plants as “nuts.” 

Flower anatomy. 
 

 
Apples. 
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The apple fruit is an example of a fleshy ovary wall 
surrounding seeds. Animals eat apples whole, 
including the seeds. During digestion, the animal 
derives nutrition from the bulk of the apple, but not 
from the un-chewed seeds. Later on, the seeds are 
pooped out in a different location. 

Nuts generally are the seeds of plants that house 
dormant embryos of a new generation of plants. 
Seeds are like little space pods packed with starchy, 
fatty, protein-rich food molecules that help the new 
plant get started in its new life and new location. 
The picture below shows the different parts of 
macadamia nuts – the seeds of the macadamia tree. 

 
Macadamia nuts. 

Other especially nutritious parts of plants include 
swollen roots, called tubers. Carrots, potatoes, 
radishes, and beets are good examples. Ordinarily, 
the tubers are structures in which the plant has 
stored large quantities of food reserves – for later 
use by the plant. For example, when growing 
conditions are good (spring and summer), potato 
plants store surplus food in several different tubers 
below ground. When winter comes, the cold 
weather kills the aboveground part of the plant, but 
the tubers remain alive below ground. When the 
ground thaws the following spring, the tubers 
sprout and new growth emerges above the surface. 
The food stored in the tuber is allocated to rapidly 
create a new vegetative structure above ground. 
And the cycle repeats. 

 
Carrots. 

Leaf buds are another source of high nutrition. In 
temperate climates that experience cold winters, 
broadleaf plants lose their leaves in the fall season. 
But the leaf attachment sites are reserved for new 
leaves the following spring. In preparation, the 
plant creates tiny embryonic leaves at these sites 
and covers them in a weather-resistant shroud of 
leathery scales.  

 
Nutritious leaf buds on an over-wintering pear tree. 

Hard-to-Digest Plant Parts 

One feeding style is the consumption of leaves 
(includes blades of grass). The leaves of plants 
contain energy-rich cellulose. Remember, cellulose 
is made up of chains of glucose, a sugar. Although 
cellulose consists of chains of sugar (which is high 
in chemical energy), the sugar molecules cannot be 
used while they are part of the cellulose chain. 
Glucose molecules must first be separated from the 
chain. The problem is that cellulose is very hard to 
break down – very hard to separate the individual 
glucose molecules. 

 
Prairie grasses. These dry blades of grass are rich in 

cellulose. 
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Cellulose polymer composed of chains of glucose. 

 
Glucose, a kind of sugar. 

Your digestive system cannot break cellulose apart 
to liberate individual sugar molecules. But many 
animals have specialized digestive systems that 
CAN break cellulose into individual glucose 
molecules – and then get the energy from those 
sugar molecules. For example, the guts of termites 
contain special flagellated protozoans (Protista) 
that, in turn, contain special cellulose-digesting 
bacteria. Many artiodactyl mammals (including 
deer, cattle, antelope, goats, camels, sheep) have 
complex, compartmentalized guts that digest 
cellulose in a batch process. More on this later. 

Leaves also contain smaller amounts of proteins, 
lipids, nucleic acids and specialty molecules like 
pigments and vitamins. 

The main point is that plants overall represent a 
high diversity of food resources to animals. A 
limited assortment of easy-to-digest nectar, fruit, 
seeds and roots. Plus an abundance of hard-to-
digest leaves and blades of grass. 

Herbivorous Insects (Animalia: Arthropoda: 
Insecta) 

There are many different kinds of herbivorous 
insects that exploit plant productivity in different 
ways. One very popular approach is to consume the 
leaves. Insects have variable capacities to digest the 
cellulose contained in leaves (Martin, 1983). 
Grasshoppers and locusts are mainly leaf eaters. 
Recent studies indicate that many species of these 
insects have the capacity to extract large amounts 
of sugar from the hard-to-digest cellulose 
embedded in the cell walls of leaves, (Oppert, 
Klingeman, Willis, Oppert, & Jurat-Fuentes, 2010), 
(Shi, et al., 2011).  

 
Grasshopper. 

The topic of cellulose digestion is an interesting 
one. Two intensively studied examples include leaf 
cutter ants and termites. 

Leaf-cutter ants also consume cellulose-rich 
leaves… but indirectly. Cellulose is hard to digest. 
Right? These ants have a very interesting process 
that allows them to retrieve the energy stored in 
cellulose. Leaf-cutter ants harvest fragments of 
leaves and return them to their underground 
colony. Once there, they mince the leaves into 
smaller bits and add them to their subterranean 
fungus garden. The fungus garden contains a mix of 
bacteria that produces an enzyme called “cellulase” 
(Suen, et al., 2010). Cellulase breaks the cellulose 
molecule into individual glucose molecules. The 
colony of bacteria and fungi use the sugar for 
growth. As the fungus grows the leaf-cutter ants eat 
the fungus, which they CAN digest. This is an 
example of symbiosis and mutualism (living 
together and both receive benefits). So, technically, 
leaf-cutter ants are fungivores (fungus eaters). And 
practically, leaf-cutter ants are fungi farmers. 

 
Leaf cutter ants in California’s Sonoran Desert. 

Harvester ants are experts at collecting small seeds 
which they bring back to their underground 
colonies to share and eat. 
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The termite is a good example of microbe-assisted 
cellulose digestion. Termites consume cellulose 
(wood) found in dead plant parts, like tree trunks 
and branches. They use special protozoans and 
bacteria in their guts to extract individual glucose 
molecules from chains of glucose molecules that 
make up cellulose. 

 
Termites. 

It is interesting that termite digestion involves 
breaking the chain of cellulose. But to accomplish 
this difficult task, the digestion process itself 
involves a chain of different kinds of organisms 
performing different kinds of operations. It starts 
with the termite eating wood and passing the tiny 
wood particles to its hind gut. There, a special kind 
of protozoan (single-celled eukaryotes) consumes 
the wood particles. The cell membrane of these 
protozoans is embedded with squiggly little 
bacteria. The bacteria produce the enzyme, 
cellulase, which the protozoan uses to split 
cellulose into individual glucose molecules. As 
there is a surplus of glucose, the bacteria, the 
protozoans and the termite absorb their share, and 
life is good. 

Nectar and Pollen eaters. Honeybees, butterflies, 
moths, flies and many other kinds of insects 
consume the sugar-rich nectar in flowers. Insects 
visiting flowers also collect protein-rich pollen 
from the flowers. Remember, flowers are important 
parts of the plant’s reproductive system. Insects 
that visit the flower to collect nectar or pollen are 
unwitting transporters that deliver pollen particles 
(that contain sperm) from one flower to another. 
The result of pollen transport is the sexual 
fertilization of the distant flower by the sperm in 
the transported pollen particle. Visiting insects will 
consume nectar and pollen. In addition to protein, 
pollen contains pigments (carotenoids) which the 
insects cannot synthesize themselves. The pollen’s 
carotenoid pigments are taken in by the insects and 
are modified chemically to become visual 
pigments in the insect’s eye. There, the pigments 
aid the eye in detecting colors. Flower color 
represents a “signal” to pollinators, and the 

pigment in the pollen provides a means by which 
the pollinators will be able to perceive the signal. In 
this arrangement, flowering plants benefit from the 
sperm transport services of animals, who in turn 
benefit from the nutritious contents of nectar and 
pollen. 

While on the topic of eye pigments, fruits also play 
a role in plant reproduction, mainly the animal-
assisted transport of seeds. Fruits signal animals 
that the fruit is available to consume (it’s ripe) by 
turning a distinctive color (red, or orange, or 
yellow, or purple). The pigments in the fruit skin 
contain carotenoids which the animals ingest and 
use as precursors for the synthesis of visual 
pigments – which enables animals to perceive the 
colors of the ripened fruit. 

 
Honeybee collecting nectar… and pollen. 

 
Monarch butterfly collecting nectar. 

Herbivorous Reptiles (Animalia: Chordata: 
Reptilia) 

Most reptile species are carnivorous or 
omnivorous, but there are herbivorous species. For 
example, the marine iguana of the Galapagos 
Islands swims and dives in coastal waters to feed 
on seaweed and marine plants. Studies suggest that 
the guts of iguanas contain bacterial colonies that 
breakdown plant cellulose into simple sugars 
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(Mackie, Rycyk, Ruemmler, Aminov, & Wikelski, 
2004). 

 
Galapagos marine iguana. 

Many species of turtles are herbivorous. In addition 
to eating marine plants, sea turtles feed on marine 
algae. They benefit from microbial colonies in their 
guts that assist in digestion of these foods 
(Bjorndal, Suganuma, & Bolten, 1991). 

 
Green sea turtle grazing on marine algae. 

In the Mojave and Sonoran deserts of California 
there is the chuckwalla lizard. This husky reptile is 
strictly a plant eater, feeding on seeds and flowers 
when available. Otherwise, chuckwallas will eat 
leaves. Not surprisingly, the gut of chuckwallas 
shows indications of microbe-assisted cellulose 
digestion. However, chuckwallas may not get much 
actual nutrition from cellulose digestion (Nagy, 
1977). 

 
Chuckwalla lizard. 

Herbivorous birds (Animalia: Chordata: Aves) 

Birds exploit plant food resources with colorful 
style. 

Nectar eating birds. Examples of nectar specialists 
(nectarivores) include hummingbirds, new world 
honeycreepers, Asian honeyeaters, and sunbirds of 
Africa. Although nectar is energy rich (sugar), it 
lacks proteins and other specialty molecules, like 
vitamins. Therefore, nectarivores supplement their 
diet by eating fruit and insects. 

 
Anna’s hummingbird. 

Fruit eating birds. Many birds eat small berries and 
larger fruits. Fruits are rich in sugars, starch and 
specialty molecules including vitamins and 
pigments. Examples of fruit eating birds 
(frugivores) include orioles, waxwings, parrots, 
robins, hornbills and toucans. 

 
Cedar waxwing. 
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Seed eating birds. Seeds are very rich in starch, 
protein and fat. Finches, sparrows, grossbeaks, 
pigeons, quail, and chickens are mainly seed-eaters 
(granivores). These birds have particularly pointy 
beaks that perform like delicate forceps to collect 
tiny seeds from the ground. The edges of their 
beaks are sharp, and used to crack seeds before 
swallowing. Before the cracked seeds get to the 
stomach, they enter the gizzard for more physical 
processing. The gizzard is filled with small stones 
(intentionally consumed by the bird). The gizzard is 
a very muscular pouch that contracts and 
undulates, causing the stones to grind the seeds 
into a fine mash which is later passed to the 
stomach for digestion.  

 
American goldfinch. 

Grass eating birds. The aquatic geese, ducks, and 
coots will feed on aquatic grasses and algae. When 
on land, they will graze on grasses and seeds when 
available. These birds also feed on invertebrates 
such as worms, snails and insects. 

 
Mallard duck. 

Herbivorous mammals (Animalia: Chordata: 
Mammalia) 

Ruminating herbivores. Cattle, deer, bison, goats, 
antelope, giraffes, and many other large 
herbivorous mammals digest grass and leaves with 
the use of a special stomach with compartments. 
The first of these stomach compartments is called 

the rumen. With this system, grass and leaves are 
processed and reprocessed in batches. 

 
Cattle. A drawing of their stomach complex. 

Here again, animal digestion benefits from 
microbe-assisted cellulose digestion. The stomach 
compartments contain colonies of bacteria, 
protozoans and fungi that perform the actual 
breakdown of cellulose into glucose. The host 
animal acquires the grass or leaves; chews and 
moistens it in the mouth, and adds some digestive 
enzymes in the saliva. The mass of chewed material 
is swallowed and begins its journey through series 
of anoxic (no O2), microbe-infested stomach 
compartments. In one stage, small portions are 
regurgitated back into the mouth for further 
chewing (the cud), then swallowed again for 
reprocessing and final digestion. Eventually, a 
substantial amount of glucose becomes available 
for all participants in this cooperative, including the 
host.  

Jaw configuration. An examination of the skull of a 
ruminant shows an interesting configuration of 
teeth. At the front of the jaw, sharp cutting teeth 
(incisors) snip off the grass or leaves. At the back of 
the jaw, a long row of massive grinding teeth 
(molars) grind the plant material into a soft pulp. 
The grinding teeth process the food twice: once 
when initially acquired; and once again as the 
regurgitated cud. So operationally, ruminating 
herbivores have two kinds of teeth; cutting and 
grinding. Many non-ruminating herbivorous 
mammals have similar teeth configurations. 

 
Deer skull showing cutting and grinding teeth. 

Gas emissions. As the environment within the 
ruminating gut system is anoxic, the bacterial 
biochemistry produces large amounts of methane 
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gas which is occasionally burped out into the 
atmosphere. 

Non-ruminating herbivores. Many herbivorous 
mammals do not possess the complex, back-and-
forth, ruminating gut system. Instead, their 
digestive systems process plant material in a linear 
fashion. Elephants, horses, zebras, rabbits are 
examples. Many have an extra-large pocket 
(caecum) in the large intestine that performs a 
significant portion of food processing and nutrient 
extraction. 

 
African elephants. 

Although they depend on cellulose-digesting 
microbes to do the heavy lifting and break cellulose 
apart, the overall effectiveness is low – when 
compared to ruminants. That is, non-ruminants get 
less actual nutrition from a given amount of food 
when compared to ruminants. 

Rabbits (left) have an 
interesting method for 
reprocessing their food. 
After initial digestion, 
rabbits will eliminate food 
wastes as spherical fecal 
pellets. These rabbit 
droppings are moist, 
allowing resident bacteria 
to continue their 
cellulose-ripping 

operations while outside the rabbit’s body. After a 
time, rabbits reingest the softer droppings, giving 
the rabbit’s digestive system a second chance to 
extract the newly-liberated sugars, vitamins and 
minerals from their abundant but stubborn food. 

Squirrels, chipmunks, and mice feed mainly on a 
mix of easy-to-digest and nutrition-rich plant 
products. These include seeds, nuts, fruits and leaf 
buds. These herbivores generally do not eat grass 
or leaves, which are otherwise abundant in their 
native habitats. Therefore, they must spend a 
significant amount of time and energy searching for 
these occasionally scarce, nutrition-rich 
alternatives. 

 
Gray squirrel. 

Carnivores (flesh eaters) 

Carnivorous animals have a different relationship 
with their food environment, as compared to 
herbivores. With herbivores, they simply walk up 
to any tree or bunch of grass and start eating. The 
tree doesn’t run away. No problem with food 
acquisition (assuming an environment in which 
food is available). But we have seen that although 
food acquisition is not a problem for herbivores, 
digestion IS, because leaves and grass are hard to 
digest. As a result, there is interesting 
specialization in herbivores centering on food 
digestion. 

Carnivores have the opposite set of circumstances. 
For them, food is easy to digest, but hard to acquire. 
As a result, there is interesting specialization in 
carnivores centering on food acquisition. 

Carnivorous arachnids (Animalia: Arthoropoda: 
Arachnida) 

All spiders are predators and carnivores, with one 
known exception. One odd jumping spider from 
Central America is thought to feed primarily on 
plant material (Meehan, Olson, Reudink, Kyser, & 
Curry, 2009). Spiders inject venom into their prey 
by using fangs, or chelicerae. Spider venom 
immobilizes and eventually kills the victim. The 
hard part for spiders is catching their prey. 

Spiders express remarkable diversity in prey-
acquisition tactics. 

Many spiders build webs out of protein-expensive 
silk. Like the garden spider or the orb-weaver 
spider. The web filament is dispensed from special 
spinneret glands in the spider’s abdomen. Webs 
occur in a variety of forms but generally result in 
the outcome of snaring small insects. Once 
captured, the spider bites to immobilize and kill.  
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Garden spider on its web. 

Many spiders actively hunt for their prey. Unlike 
the web spiders, which set up shop in a single spot 
and wait, hunting spiders prowl their surroundings 
in search of prey to attack and eat. Jumping spiders 
and wolf spiders are examples. Hunting spiders 
generally are very fast and have large frontal eyes.  

 
Jumping spider. 

Other variants include the trapdoor spider that 
waits in a hidden burrow and then lunges out to 
ambush its prey; and the diving bell spider that 
lives underwater and attacks aquatic insects. 

Spider feeding. OK, so now the spider has acquired 
a food source. But keep in mind that spiders have 
no teeth, so getting the food into the spider literally 
is a big problem. They DO have their pointy 
chelicerae fangs and little arms called pedipalps 
that they can use to handle the food some degree. 
Imagine yourself with no teeth, trying to eat a steak 
given only an ice pick and a rubber mallet as 
utensils. You can visualize the problem. The 
workaround is to use digestion chemistry to turn 
the prey’s solid body parts into liquid body parts – 
then suck it up and drink the food. To do this, 
spiders will introduce digestive enzymes from their 

own gut either into the interior or exterior of the 
prey’s body. After a time, the digestive enzymes 
soften and liquefy the prey’s internal organic 
contents which the spider sucks out. 

Carnivorous insects (Animalia: Arthropoda: 
Insecta) 

Unlike spiders, which have no teeth, insects have 
sideways-mounted mashing jaws (mandibles) with 
jagged, surfaces. As a result, carnivorous insects 
can quickly chew up their captured prey. 

The praying mantis is a notorious predator 
amongst insects. Some are hunters, some are 
ambushers. The praying mantis uses its large front 
legs to capture and immobilize its prey, and then 
proceeds to devour its victim alive. 

 
Praying mantis. 

Other notable insect carnivores (and predators) are 
dragonflies. lacewings and beetles. 

 
Dragonfly. 

Beetles account for a very large share of insect 
diversity. They express much variety in behaviors 
and feeding styles. Many beetles are carnivorous, 
feeding on other insects. For example, the familiar 
ladybeetle eats tiny aphids that infest plants. 
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Ladybeetle. 

Ants are abundant participants in nearly all kinds 
of terrestrial ecosystems. Ants are famous biters as 
they have sizeable jaws. Most ants do not have 
stingers. But some species, like the painful fire ant, 
can sting as well as bite. Many kinds of ants are 
predatory and carnivorous. Mostly operating out of 
nests in burrows, ants forage in the surrounding 
vicinity on a continuous basis. Army ants of South 
America and Driver ants of Africa are interesting 
exceptions to this pattern. These ants rarely build 
nests and occasionally engage in raids. The raids 
are mass attacks that target a limited area, and kill 
every animal that fails to escape. 

 
Army ants on the march. 

Carnivorous amphibians (Animalia: Chordata: 
Amphibia) 

Frogs, toads, and salamanders are mainly insect- 
eaters (insectivores). Although amphibians are 
generally sluggish in their movements, some can 
generate occasional bursts of activity. For example, 
frogs and toads can rapidly hop away from 
approaching threats. Many amphibians have long, 
extendible, sticky tongues for quickly snapping up 
nearby prey. Although amphibians have no teeth, 
they sometimes mash their prey with their jaws. 

 
Tree frog. 

Carnivorous reptiles (Animalia: Chordata: 
Reptilia) 

Snakes, lizards, alligators, and crocodiles make up 
the bulk of reptilian carnivores. Mostly ambushers, 
reptile individuals do not roam for great distances 
searching for prey. Instead, they tend to lie and 
wait for prey candidates to approach. Except for 
turtles, reptiles have real teeth, which are used to 
capture and control their prey. Teeth tend to be 
pointy and sharp. They are effective in holding on 
to prey, but not very useful in chewing the food. 
Reptile teeth are poor at performing cutting, 
shredding, and grinding operations. As a result, 
reptiles tend to swallow their prey whole. 

 
Alligator. 

 
Massasauga rattlesnake. 

Carnivorous birds (Animalia: Chordata: Aves) 

With birds and mammals, we start seeing high 
levels of sustained activity. This is because birds 
and mammals have internal systems that regulate 
their internal body temperatures. This system 
maintains internal body temperature at a level that 
results in optimal operations. Physiologists call it 
“homeothermy.” Overall, this system keeps body 
temperature warm when it is cold outside, and cool 
when it is hot outside. Homeothermy enables birds 
and mammals to be active at an optimal level 
regardless of daily or seasonal temperature 
fluctuations. But it comes at a cost – frequent 
hunger. 

Raptors. Bird carnivores include the large raptors 
like eagles, hawks, and falcons. Raptors are hunting 
birds that actively seek out their prey while in 
flight. Raptors share certain characteristics. They 
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have excellent eyesight, useful in locating prey 
candidates. They are powerful and aerobatic fliers, 
useful in closing on prey. And they have formidable 
hooked beaks, useful in ripping meat from dead 
prey. Raptors have varied diets. For example, 
Golden eagles and Red tailed hawks are terrestrial 
hunters, taking rabbits and other small mammals. 
American bald eagles tend to hunt over lakes. They 
fly low and use their long talons to grab fish just 
below the surface. Bald eagles will prey on small 
ground-dwelling animals as well. Peregrine falcons 
also hunt over lakes and bays but not for fish. 
Peregrines swoop down at high speed and use their 
fisted talons to break the wing bones of ducks in 
flight. The peregrine then collects the falling duck 
while in descent. Cooper’s hawks fly rapidly 
through the tree canopy and snag small birds that 
pop up in surprise. 

 
Peregrine falcon. 

Fish hunters. Many birds specialize in hunting fish 
by diving into the water from a high altitude. 
Pelicans, terns and kingfishers enter the water 
head first and use their beaks to quickly grab fish 
near the surface. Pelicans with maw agape trap fish 
in the expanded pouch from its lower beak.  

 
Brown pelican 

Ospreys (fish eagle) drop into the water feet first to 
capture surface fish in its hook-shaped talons. 

Smaller bird carnivores. There are many variations 
in hunting behaviors in small birds. Perhaps not as 
glorious as the big and powerful eagles, but the 
economy of nature conducts operations on all 
levels. Small bird carnivores feed mainly on insects. 
Many different species of birds are categorized as 
“flycatchers.” Western kingbirds and cliff swallows 
are examples. These birds catch flying insects in 
flight. On the ground, robins, towhees and 
thrashers mainly rummage in the leaf litter or in 
the grass hunting for insects, caterpillars and 
worms. Mockingbirds and warblers patrol the 
branches of shrubs and glean off crawling insects. 

Roadrunners do well by capturing lizards and 
occasionally snakes. Speaking of reptile-hunting 
birds, one very remarkable small bird predator is 
the shrike. It preys on lizards and insects. It is 
known to impale its prey on cactus spines and 
other pointy objects available in its environment, 
including barbed wire. The impaled kill may sit for 
several days as a kind of dry storage before the 
shrike gets around to eating it… if ever. 

 
Southern gray shrike. “Butcher bird.” 

Carnivorous mammals (Animalia: Chordata: 
Mammalia) 

Mammals tend to be very flexible and opportunistic 
in their diet. Most mammals that are occasionally 
carnivorous consume a high proportion of plant 
material. Few mammals are strict carnivores – eat 
ONLY animal flesh. 

Cats, anteaters and most bats are mammals that 
ARE strict carnivores. Anteaters feed exclusively on 
termites and ants. 

 
Anteater. Strict carnivore. 



22 Environmental Biology © 2016 by Tom Morris Ch. 2: Food 

 
Lynx. Strict carnivore. 

Cats exhibit a high degree of specialized features 
related to hunting and food acquisition. I am going 
to focus on the cat skull (below) as an example of 
specialization. Note that the cat’s jaw is very short 
and has very few teeth, as compared to the deer 
jaw (presented previously in this chapter). Also 
note that the types of teeth in the cat skull are 
distinctive. At the front of the mouth there are large 
and pointy canine teeth. They are useful in 
grabbing and controlling prey animals. Behind the 
canine teeth are a just three jagged premolars and 
molars. These are not the flattened grinding molars 
we saw in the deer. Instead, they are sharpened and 
angular. These teeth are useful in shredding the 
flesh of captured prey. So operationally, cats have a 
very short jaw with few teeth dedicated to grabbing 
and shredding. Since their diet is exclusively easy-
to-digest flesh, extensive chewing apparently 
provides little benefit. 

 
Cat skull with grabbing and shredding teeth. 

Cats express many other interesting anatomical, 
physiological and behavioral characteristics related 
to hunting including a flexible spine, springy 
jumping ability, sensitive night vision, padded 
paws, and stealthy stalking styles. Most cats are 
independent operators, living their lives solo. Lions 
are a notable exception, as lions normally operate 
in social groups. 

Omnivores (everything eaters) 

Most mammals that eat flesh also include a high 
proportion of plant material in their diets. These 
include dogs, raccoons, skunks, rats, badgers, bears, 
baboons, chimpanzees, and humans. 

 
Coyote. Omnivore. 

Omnivore behavior. Omnivory is accompanied by 
very flexible search behaviors. Omnivores feed as 
opportunities arise, on plant material, easy prey 
animals, carrion (dead, decaying animals), and 
digestive wastes left behind by other animals. 
Omnivores are not necessarily hunters as cats 
might be. Instead of “hunting” prey, omnivores 
“encounter” prey. Omnivores are prowlers and 
roamers, patrolling the countryside in search of 
encounters for all kinds of food resources. They are 
opportunists. Omnivores will kill if it doesn’t 
involve too much work. If they encounter a prey 
animal, a chase may ensue. But the chase may not 
last long if too much effort is required. After a failed 
chase, the search for different opportunities 
resumes. Omnivores are not dependent on animal 
flesh alone. They have alternative food choices. As a 
result, omnivory significantly improves persistence 
when compared to strict carnivory. 

 
Bushmen of southern Africa. Omnivores seeking 

opportunity. 

Anatomy of the omnivore skull. Let’s look at the 
omnivore’s skull and compare it to herbivores and 
strict carnivores. A dog skull and human skull are 
pictured below. Notice that the dog jaw is longer 



Environmental Biology © 2016 by Tom Morris Ch. 2: Food  23 

than that cat’s jaw. The teeth are like a mix of teeth 
from strict herbivores and strict carnivores. 
Omnivores have teeth from both. At the front are 
cutting teeth (incisors), then grabbing teeth 
(canines), followed by shredding teeth (premolars) 
and grinding teeth (molars) at the back. 

 
Dog skull. 

Humans also have a mix of herbivore / carnivore 
teeth, but in a more compact arrangement. The 
shredding premolars are significantly flatter. The 
teeth arrangement in humans tends to work best 
with a main diet of nutritious plant material, like 
fruits, roots, seeds and nuts. But flesh also can be 
handled, with some effort. 

 
Human skull. 

Decomposers 

Fungi consist of molds, yeasts and mushrooms, for 
example. They are an odd kind of living thing and 
are classified separately from plants and animals in 
their own taxonomic group (Fungi). They don’t 
produce their own food and must acquire food 
from their surroundings (heterotrophic). Fungi will 
consume the tissues of plants and animals, living or 
dead. They will consume the wastes and dead 
remains of all other living things, including the 
remains of other fungi. 

 
Mushrooms, a kind of fungus. 

Yeasts and molds are microscopic and grow into 
large masses, once established on a food source. 
Moldy bread results sometimes when the bread in 
your house has been there a little too long. Same 
with a moldy peach. Molds get established fairly 
quickly as they are transported through the air in 
tiny spores. But it takes a while for the established 
population to grow into a mass that you can see. 
Fungi acquire food through a system of fine root-
like filaments called, hyphae. The hyphae look and 
behave similarly to plant roots in that they absorb 
food molecules from their surroundings (from the 
soil or from a rotting log, for example). 

You have fungi on your body right now, trying to 
use you as a food source. Normally, good hygiene 
(bathing regularly) and our immune systems 
counteract any fungal invasion. Sometimes these 
fungi can become well established to the point of 
being considered and “infection.” An infection is the 
establishment and persistence of a sizable colony of 
harmful microorganisms. Mycosis is an example of 
a fungus infection and can take many forms 
including athlete’s foot and ringworm. 

Bacteria. Bacteria are extremely small, extremely 
simple and extremely successful kinds of living 
things. They inhabit just about every exposed 
surface of the planet, including the continents and 
the ocean bottom. Bacteria also are found over a 
mile underground embedded in a fractured matrix 
of solid rock, alive but starving. Bacteria are found 
on the surfaces and insides of every living thing.  

 
Bacteria. 
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Humans are covered with bacteria despite frequent 
bathing. Of course, the more frequent the bathing, 
the fewer bacteria. The immune system of living 
things usually neutralizes the harmful effects of 
bacteria. In many animals, including humans, 
certain kinds of bacteria are beneficial, helping with 
the digestion of food, for example. Some varieties of 
bacteria cause dangerous health problems in 
humans resulting in the bacterial diseases of 
cholera, strep throat, syphilis, and plague. Some 
bacterial infections of the skin can be dangerous as 
well, including antibiotic-resistant staph infections 
and the very frightening necrotizing faciitis, flesh-
eating bacteria. 

Ecologically, fungi and bacteria are placed together 
into the functional group known as, “decomposers.” 
Decomposers perform the final disassembly of all 
remaining and unclaimed food molecules left 
behind by plants and animals, or the dead bodies of 
plants and animals. The decomposers take all this 
unclaimed food, use it to build themselves, then 
finally release it back into the environment as CO2, 
water and mineral salts. 

Food web 

Putting it all together. We can diagram the many 
different ways in which living things are related to 
“food” and, thereby, each other. This diagram is 
called a food web. It is an abstract model that 
describes the many different ways in which food is 
produced and distributed in nature.  

A food web model helps us to understand the 
organization and influence of all the participants in 
nature. Notice that unlike a food chain, which 
represents food flow as a one-dimensional liner 
path, a food web is two-dimensional array 
composed of links and paths in many different 
directions. 

Using a food web model, we can begin to 
understand how these relationships form an active 
system. 

 

Food web. NOTE: The arrows represent the 
direction of resource flow. 

Considering the above food web, I can make several 
generalizations. Producers (plants) are mainly 
constrained by the physical circumstances of their 
immediate environment such as the availability of 
water, mineral nutrients, sunlight and 
temperatures. Consumers (animals and 
decomposers) are constrained by a combination of 
these same physical environmental circumstances, 
plus the availability of food. In nature, food flows 
between many different links along many different 
paths. It is produced by many different kinds of 
plants and is consumed by many different kinds of 
herbivores and omnivores. Herbivores and 
omnivores are in turn consumed by many different 
kinds of other omnivores and carnivores who are in 
turn consumed by a smaller variety of carnivores. 

Notice I used the expression, “many different,” 
frequently in the above paragraph. That was for 
emphasis. Ecologists generally agree that the more 
complex a food web of a given ecosystem, the more 
robust the ecosystem. By “robust” I mean that the 
ecosystem can absorb disturbances and maintain 
stability. I will address the significance of this idea 
when discussing biodiversity losses in the chapter 
on human-caused change. 

Let’s consider what might happen to this system 
under different configurations. For example, 
predict how the system might behave if all of the 
carnivores (cat and eagle) and all the omnivores 
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(rat, wolf, and bear) were hunted to extinction in 
this area. For the below image, draw in the arrows 
for the food web and predict what might happen 
over the long term in this scenario. 

 
Ecosystem without carnivores or omnivores. 

Or, predict what would happen if a super herbivore 
was introduced. This super herbivore consumes all 
plant material very aggressively. For the below 
image, draw in the arrows for the food web and 
predict what might happen over the long term in 
this scenario. 

 
A super herbivore is introduced. 

By removing or adding components to the system, 
the old “balance” is disrupted. But there is no 
guarantee that a new balance will emerge. 

Tropic Levels (feeding levels) 

Food webs give us a node-based flow diagram 
representation of food movement through 
ecosystems. Another way to evaluate food flow is to 
lump groups together based on their feeding styles, 
and then quantify the flow of food from one group 
to another. The result is a trophic level diagram.  

 
Trophic levels. This is a food pyramid. 

 

10% Rule: Only about 10% of the energy in a given 
trophic level is transferred to the next higher trophic 
level. 

 

Trophic level models often are referred to as “food 
pyramids.” Notice as food travels from plants 
upwards, each successive level is smaller and 
smaller. The size of each level in the diagram 
represents the total food content in that level. So as 
food moves from level-to-level, the total amount of 
food content in each level decreases (generally by 
about 90%). The quantity of food content is 
greatest in plants (who produce it), and lowest in 
the top carnivores. This quantitative 
characterization explains why we see mostly plants 
in any given ecosystem, and why top carnivores 
like cats and hawks are rare. Feeding styles 
influence the relative abundances of different kinds 
of living things. This relationship also helps explain 
why omnivorous animals are so abundant. 
Omnivores straddle two or more of these feeding 
levels. 

A more proportionally accurate representation of a 
food pyramid is shown below. 

 
Food pyramid. Proportions represented more 
accurately. 
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Forest. Plants are most abundant. 

Ecologists can use food pyramids to characterize 
the relative “health” of ecosystems they are 
studying. Ecologists also can use the basic 
principles of food pyramids to explain the causes 
for ecological collapse in ecosystems that are 
disturbed by natural catastrophes, or by human 
activities. 

Notice that food content on all tropic levels 
eventually flows to the decomposers. When the 
decomposers are done, the molecular structure of 
the food has been completely deconstructed into its 
most basic gases, liquids and mineral nutrients. 
And then the cycle repeats. 

Traits that help keep organisms from 
becoming food 

I have presented the many different ways in which 
plants and animals produce or acquire food. The 
food web lays out the complex pattern of food 
production, distribution and consumption. But 
being consumed generally does the individual no 
good. Plants and animals possess various features 
that help individuals avoid becoming a source of 
food for another. 

Chemical deterrents and poisons in plants. There is 
great interest amongst ecologists regarding 
chemical defenses in plants. Generally, 
investigations have revealed that many kinds of 
plants produce odd compounds that have the effect 
of deterring animals that might feed on the plant. 
Grasses can produce cyanides while actively 
growing. Cyanides can be toxic to grazing animals. 
The leaves of potato plants and tomato plants 
contain toxic alkaloids that interfere with critical 
cell operations. Nicotine from tobacco plants is an 
example of one of these toxic alkaloids. 

Physical deterrents in plants. Many kinds of plants 
have spines, or thorns that deter animals who 
might otherwise want to feed on the plants. Acacia 
trees are good examples. Their large spines can 

deter browsing mammals away from the tree’s 
tender and delicate leaves. 

 
Acacia tree with large thorns. 

Pampas grass is a bundle of large blades of grass 
that radiate from the plant’s center. The plant’s 
nutrient rich flowers and seeds rise high at its 
center. The grass blades have serrated edges, like 
the teeth on a hand saw. The teeth point outwards. 
Any large animal trying to get to the seeds will be 
met with bundles of grass that will cut exposed skin 
and which will not be pushed aside. 

 
Pampas grass. 

Tree bark is an effective barrier that protects the 
nutrient-rich living layer of cells in trunks and 
branches. Trees start out short and thin. Trees 
grow by adding new outer rings of living cells to the 
trunks and branches. Once this is done, the overlain 
inner rings of cells die and become the deadwood 
of the trunk or branch. So, tree trunks have a thin 
layer of living cells in a ring around the outermost 
part of the trunk. Bark is a ring layer just outside 
this living layer. Bark is made up of layers of tough 
cellulose. Bark thickness, color and texture varies 
from species-to-species. But to extent a tree has 
bark, its food-rich layer of living cells is protected 
from hungry animals. 
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Animals. 

Chemical deterrents in animals. Monarch 
butterflies taste bad to birds and are poisonous. 
These butterflies acquire foul tasting and 
poisonous molecules from their primary food plant, 
the milkweed. Stink beetles exude a foul smelling 
spray when threatened. Skunks are famous for 
squirting would-be predators with a stinky liquid 
that can be smelled miles away. 

 
Skunk. 

Physical deterrents in animals. Quills on 
porcupines and hedgehogs protect these animals 
from rear assaults. The quills are painful and as 
they are barbed at the end, they get stuck in the 
skin of their would-be predator. 

 
Porcupine. 

Armor. Thickened skin can behave as a kind of 
armor. Examples include turtles, horned lizards, 
armadillo, pangolin, Indian rhinoceros. 

Antlers and horns. Antlers and horns in mammals 
have a mixed origin. To a great extent, males make 
best use of them in competition with other males of 
their species for breeding rights. But they also can 
serve as battering rams and blunt weapons when 
confronting predators. We see antlers and horns in 
the African oryx, rhinoceros, and cape buffalo, 
among others. In the new world, antlers and horns 
appear on mule deer, elk, moose, caribou and big 
horn sheep. 

 
Oryx. 

 
Big horn sheep. 

 
Cape buffalo. 

Group awareness. Some social animals work 
together to watch for threats. For example, 
meerkats, ground squirrels, and prairie dogs post 
several sentinels atop a burrow colony. Birds will 
track nearby predators, frantically vocalizing with 
warning calls. 

 
Meerkats on alert as sentinels. 

Large size. Just being really big and massive is an 
effective deterrent. Adult elephants, giraffes, bison, 
rhinoceros, hippopotamus, and musk oxen are 
examples of very large animals whose sheer mass is 
threatening to would-be predators. Imagine driving 
on the freeway in your little Fiat 500 while 
surrounded by dozens big rig semi trucks. Size 
matters. 
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Herding behavior. Large herbivores generally 
travel in herds; some small herds, some large 
herds. Herds make it difficult for predators to get a 
target lock. Zebras are a good example of this. Their 
striped fur interferes with the visual processing of 
predators who are trying to resolve specific animal 
shapes in the lot. 

 
Wildebeest and zebra herds on the move. 

Cape buffalo and elephants use herd movements to 
confront, intimidate, and attack predators, 
including lions. Musk oxen herds form a protective 
circle around their smaller young ones to act as a 
protective barrier against wolves. 

Warning coloration. Several animals have very 
recognizable color patterns. Note: they are also 
bad-tasting (monarch butterfly), or stinky (skunk) 
or painful (wasps, honeybees, bumblebees, coral 
snakes). Warning coloration patterns are effective 
in offering protection from predators that can 
“learn.” It works like this. a coyote attempts an 
attack on a skunk. The skunk sprays the coyote. The 
coyote retreats in disgust. Afterwards, the coyote 
associates the skunk’s distinctive white striped fur 
with this bad experience. As a result, all skunks in 
the territory are protected from future attacks by 
this individual coyote.  

In another case, a bird attempts 
to eat a wasp and gets stung. 
The wasp dies in the attack but 
the memory of the painful sting 
lingers on in the bird’s tiny 
mind. The bird has learned to 
associate the black and yellow 
striped pattern of the wasp’s 
body with a painful sting. As a 
result, wasps and other 

similarly colored insects are protected from future 
attacks by this individual bird. 

Warning sounds. For example: A rattlesnake shakes 
its rattle when threatened by a raccoon; the 
raccoon attempts an attack on the snake, and the 
snake lunges at the raccoon, the snake’s maw open 
revealing large fangs; the raccoon retreats; in 

future encounters, the raccoon associates the 
rattling noise with big fangs. 

Bluffing behavior. Bluffing behavior by prey 
animals temporarily disrupts predator actions, 
causes confusion in the predator and transfers 
control of the encounter from the predator to the 
prey target. Bluffing has two main styles: 1) making 
oneself appear bigger; and 2) charging. Appearing 
larger is a technique used by the frilled lizard of 
Australia, cobras, and cats. Making oneself appear 
bigger confuses and intimidates predators. 
Charging behaviors occur in many mammals and 
some reptiles. Gorillas, elephants, seals and many 
other kinds of mammals will make aggressive 
charges towards intruders or predators. Charges 
usually stop short, allowing for a safe retreat by the 
charging animal should the target of the charge 
decide to call the charger’s bluff. 

Camouflage. Sometimes avoiding being food is done 
by avoiding being seen. Stealth amongst prey 
species can increase persistence. Chameleon lizards 
and walking stick insects are good examples of 
camouflage. Chameleons have special pigment cells 
(chromatophores) of different colors in several 
layers of their skin. The chameleon’s skin color and 
color pattern will change, depending on the 
particular combination of activated colors. 

 
Chameleon. 

Walking stick insects express a combination of 
colors and shapes that make them hard to see on 
the branch of a shrub. 

 
Walking stick insect. 

Briar patch lifestyle. Many small birds and 
mammals operate in secluded protective habitats 

 
Wasp. 
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such as deep in tangled brush. They navigate the 
physical tangle of branches and thorns with 
aplomb. But larger predators find the going much 
harder. As a result, the tangled brush provides a 
great deal of protection. Many Chaparral and 
Mediterranean scrub animals exhibit this behavior. 
Specific chaparral examples include the wren tit, 
common towhee, white crowned sparrow, and 
rabbit. 

 
Wrentit in its domain; thorny scrub of the 

chaparral. 

Use of safe havens. Many burrowing animals and 
nest builders will maintain access to multiple 
burrows or nests. When threatened, they quickly 
retreat to safety in a nearby burrow or nest. 
Ground squirrels, prairie dogs and meerkats 
express this behavior. Wood rats operate out of 
multiple nests built of sticks. When available, these 
rats line the entrances to their nests with fragments 
of local cactus, as a sort of ant-terrorist barricade. 

Usefulness and Applicability of the 
Information in this Chapter 

All educators operate on the basic premise that 
knowing stuff can be good for you. Actually 
“knowing” it, not just knowing how to google it. 
Even if it isn’t within the realm of your major. The 
reason for this is that with basic content stored 
internally, your brain can rapidly process bits of it 
to consider interesting connections. A computer 
analogy is a memory cache on the central 
processing unit (CPU) (your brain) vs. data stored 
on an external flash drive (stuff that’s known, but 
not by you). Memory caches are extremely fast. 
External flash drives are of no use until they are 
plugged in, and then, they are really slow. 
Engineers design memory caches into CPUs 
specifically to add power and speed to overall 
computing operations. For you, an active internal 
knowledgebase is like a memory cache on the CPU. 
It gives you more personal power to understand 
the world around you, to cope with difficulty, to 

identify opportunities, to innovate and to be less 
vulnerable to manipulation and exploitation by 
others. 

I want to emphasize that most of the content in this 
chapter describes the basic economics of the 
natural world. In abstraction, the economics of 
human civilization is not much different from the 
economics of nature. Both are very complex 
wealth-creation and resource distribution systems. 
But take note: Nature’s economic systems have 
resulted in patterns that are persistent and robust. 
Human policymakers would be wise to learn from 
nature’s economy. And you can learn a great deal 
on how to manage your own finances by seeing 
how nature does things. 

How will this information help you as an 
entrepreneur? 

New business enterprises are successful because 
they are able to identify, assess and serve the core 
desires of people. As the technological foundation 
of society progresses, humans (derisively referred 
to as “consumers” by the media and policymakers) 
will perceive progressively newer cravings. 
Entrepreneurs tap into those new needs. In nature, 
the resource in greatest demand is food. How to 
make it, how to acquire it, how to process it, how to 
avoid becoming it. We observe that the production 
of food is very technological (complex 
biochemistry). There is a variety of many different 
environments in which food can be made. Same in 
business. Don’t get stuck in one narrow market. In 
nature, there is a complex supply network. The 
producers, the primary consumers, the secondary 
consumers, the top carnivores, the decomposers – 
all self-organized into a dynamic food web. 
Entrepreneurs are obliged to understand the 
complex web of production, distribution and 
consumption for their industry and then figure out 
the best place to participate. Study how nature does 
it and save yourself some time and money. 

How will this information help you get a 
job? 

Two things you need to do:  

1) In your job application and interview, you need 
to impress the employer that you have knowledge 
and skills that are broad and deep. That is, 
interviewers are impressed by candidates who 
know a lot more than just the basics of the 
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particular job in question. The reason for this is 
they are considering your trainability. If you can 
demonstrate deep knowledge on a wide range of 
topics, including an understanding of systems, your 
trainability index goes up in their view, and you 
become a more desirable candidate. 

2) You need to demonstrate an understanding of 
how the employer’s business and operations 
actually work as an active system. How your little 
job fits into the larger flow of operations for the 
company and the larger economy as a whole. Doing 
this tells the interviewer that you are curious, 
analytical and a problem-solver. Analysis and 
problem-solving are skills the employer cannot 
train, but they are skills that are a big benefit to the 
company (good companies, anyways). The content 
in this chapter attempts to portray operations in 
nature as a sensible consequence of food – a 
commonly sought resource. A business enterprise 
seeks resources (not always money) in a bubbly 
marketplace filled with competition and danger. 
Nature gives examples of the many different ways 
to approach the world, as a producer or as a 
consumer, to create value or to add value. 

One final note. Nature gives many examples of 
sustained success as a consequence of cooperation 
between different entities. Organelles and 
molecules of different types cooperate and cell 
operations persist. Flowers and pollinators 
cooperate, and flowering plants and pollinators 
persist. Gut bacteria and grazers cooperate and 
both persist. Sustainable ecosystems and human 
economies include balanced cooperation between 
the producers and consumers. Not that it comes 
easy. Lions try to exploit a young cape buffalo 
because they are easy prey. So it is up to the bulls in 
the buffalo herd to butt the lions off their young 
ones and make the attackers feel the pain of their 
folly. These are not altruistic relationships. Each 
participant is focused on getting the most benefit 
for themselves. The interesting result, however, is 
that despite seemingly selfish behavior all 
participants prosper. But not all selfishness yields 
prosperity for all participants. Piracy, thievery, 
hording, for example. It depends on the nature of 
the relationships. The point is that the economy of 
nature is messy and complex, and it persists 
because its complex structure is enforced 
(unwittingly) by the bulk of the beneficiaries of that 
structure. To the extent that human businesses and 
economies share similar attributes that emphasize 

cooperation over opportunistic exploitation, the 
economy will persist and thrive. 
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