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Module 26: Ecology and the Environment

Food Chains and Food Webs

https://courses.lumenlearning.com/wm-biology2/chapter/food-chains-and-food-webs/

177


https://courses.lumenlearning.com/
https://courses.lumenlearning.com/wm-biology2/

7/29/2019

Food Chains and Food Webs | Biology for Majors 11

The term “food chain” is sometimes used metaphorically to describe

human social situations. In this sense, food chains are thought of as a

competition for survival, such as “who eats whom?” Someone eats and

someone is eaten. Therefore, it is not surprising that in our competitive

“dog-eat-dog” society, individuals who are considered successful are

seen as being at the top of the food chain, consuming all others for their

benefit, whereas the less successful are seen as being at the bottom.

The scientific understanding of a
food chain is more precise than in
its everyday usage. In ecology, a
food chain is a linear sequence
of organisms through which
nutrients and energy pass:
primary producers, primary
consumers, and higher-level
consumers are used to describe
ecosystem structure and
dynamics. There is a single path
through the chain. Each organism
in a food chain occupies what is
called a trophic level. Depending
on their role as producers or
consumers, species or groups of
species can be assigned to
various trophic levels.

In many ecosystems, the bottom
of the food chain consists of
photosynthetic organisms (plants
and/or phytoplankton), which are
called primary producers. The
organisms that consume the
primary producers are
herbivores: the primary
consumers. Secondary
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Figure 1. These are the trophic levels
of a food chain in Lake Ontario at
the United States-Canada border.
Energy and nutrients flow from
photosynthetic green algae at the
bottom to the top of the food chain:
the Chinook salmon.

consumers are usually carnivores that eat the primary consumers.

Tertiary consumers are carnivores that eat other carnivores. Higher-level

consumers feed on the next lower tropic levels, and so on, up to the
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organisms at the top of the food chain: the apex consumers. In the Lake
Ontario food chain shown in Figure 1, the Chinook salmon is the apex
consumer at the top of this food chain.

One major factor that limits the length of food chains is energy. Energy is
lost as heat between each trophic level due to the second law of
thermodynamics. Thus, after a limited number of trophic energy
transfers, the amount of energy remaining in the food chain may not be
great enough to support viable populations at yet a higher trophic level.

The loss of energy between trophic levels is illustrated by the pioneering
studies of Howard T. Odum in the Silver Springs, Florida, ecosystem in
the 1940s (Figure 2). The primary producers generated 20,819 kcal/mz/yr
(kilocalories per square meter per year), the primary consumers
generated 3368 kcal/mz/yr, the secondary consumers generated 383
kcal/mz/yr, and the tertiary consumers only generated 21 kcal/mz/yr.
Thus, there is little energy remaining for another level of consumers in
this ecosystem.
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Figure 2. The relative energy in trophic levels in a Silver Springs, Florida,
ecosystem is shown. Each trophic level has less energy available and
supports fewer organisms at the next level.

There is a one problem when using food chains to accurately describe
most ecosystems. Even when all organisms are grouped into appropriate
trophic levels, some of these organisms can feed on species from more
than one trophic level; likewise, some of these organisms can be eaten
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by species from multiple trophic levels. In other words, the linear model
of ecosystems, the food chain, is not completely descriptive of
ecosystem structure. A holistic model—which accounts for all the
interactions between different species and their complex interconnected
relationships with each other and with the environment—is a more
accurate and descriptive model for ecosystems. A food web is a graphic
representation of a holistic, non-linear web of primary producers, primary
consumers, and higher-level consumers used to describe ecosystem
structure and dynamics (Figure 3).
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Figure 3. This food web shows the interactions between organisms across
trophic levels in the Lake Ontario ecosystem. Primary producers are outlined
in green, primary consumers in orange, secondary consumers in blue, and
tertiary (apex) consumers in purple. Arrows point from an organism that is
consumed to the organism that consumes it. Notice how some lines point to
more than one trophic level. For example, the opossum shrimp eats both
primary producers and primary consumers. (credit: NOAA, GLERL)

A comparison of the two types of structural ecosystem models shows
strength in both. Food chains are more flexible for analytical modeling,
are easier to follow, and are easier to experiment with, whereas food
web models more accurately represent ecosystem structure and
dynamics, and data can be directly used as input for simulation
modeling.

Head to this online interactive simulator to investigate food web
function. In the Interactive Labs box, under Food Web, click Step
1. Read the instructions first, and then click Step 2 for additional
instructions. When you are ready to create a simulation, in the up-
per-right corner of the Interactive Labs box, click OPEN SIMULA-
TOR.
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Two general types of food webs are often shown interacting within a
single ecosystem. A grazing food web (such as the Lake Ontario food
web in Figure 3) has plants or other photosynthetic organisms at its base,
followed by herbivores and various carnivores. A detrital food web
consists of a base of organisms that feed on decaying organic matter
(dead organisms), called decomposers or detritivores. These organisms
are usually bacteria or fungi that recycle organic material back into the
biotic part of the ecosystem as they themselves are consumed by other
organisms. As all ecosystems require a method to recycle material from
dead organisms, most grazing food webs have an associated detrital
food web. For example, in a meadow ecosystem, plants may support a
grazing food web of different organisms, primary and other levels of
consumers, while at the same time supporting a detrital food web of
bacteria, fungi, and detrivorous invertebrates feeding off dead plants and

animals.

Consequences of Food Webs: Biological
Magnification

One of the most important environmental consequences of ecosystem
dynamics is biomagnification. Biomagnification is the increasing
concentration of persistent, toxic substances in organisms at each
trophic level, from the primary producers to the apex consumers. Many
substances have been shown to bioaccumulate, including classical
studies with the pesticide dichlorodiphenyltrichloroethane (DDT), which
was published in the 1960s bestseller, Silent Spring, by Rachel Carson.
DDT was a commonly used pesticide before its dangers became known.
In some aquatic ecosystems, organisms from each trophic level
consumed many organisms of the lower level, which caused DDT to
increase in birds (apex consumers) that ate fish. Thus, the birds
accumulated sufficient amounts of DDT to cause fragility in their
eggshells. This effect increased egg breakage during nesting and was
shown to have adverse effects on these bird populations. The use of
DDT was banned in the United States in the 1970s.

Other substances that biomagnify are polychlorinated biphenyls (PCBs),
which were used in coolant liquids in the United States until their use
was banned in 1979, and heavy metals, such as mercury, lead, and
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cadmium. These substances
were best studied in aquatic
ecosystems, where fish species
at different trophic levels
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Atmospheric Administration
(NOAA) in the Saginaw Bay of

Lake Huron (Figure 4), PCB Figure 4. This chart shows the PCB
concentrations found at the various

trophic levels in the Saginaw Bay
the ecosystem’s primary ecosystem of Lake Huron. Numbers

on the x-axis reflect enrichment with
producers (phytoplankton) heavy isotopes of nitrogen (15N),
through the different trophic which is a marker for increasing
trophic level. Notice that the fish in
the higher trophic levels accumulate
consumer (walleye) has more more PCBs than those in lower
trophic levels. (credit: Patricia Van
Hoof, NOAA, GLERL)

concentrations increased from

levels of fish species. The apex

than four times the amount of
PCBs compared to

phytoplankton. Also, based on
results from other studies, birds that eat these fish may have PCB levels
at least one order of magnitude higher than those found in the lake fish.

Other concerns have been raised by the accumulation of heavy metals,
such as mercury and cadmium, in certain types of seafood. The United
States Environmental Protection Agency (EPA) recommends that
pregnant women and young children should not consume any swordfish,
shark, king mackerel, or tilefish because of their high mercury content.
These individuals are advised to eat fish low in mercury: salmon, tilapia,
shrimp, pollock, and catfish. Biomagnification is a good example of how
ecosystem dynamics can affect our everyday lives, even influencing the
food we eat.

https://courses.lumenlearning.com/wm-biology2/chapter/food-chains-and-food-webs/

6/7


https://courses.lumenlearning.com/wm-biology2/chapter/ecology-of-ecosystems/
https://courses.lumenlearning.com/wm-biology2/chapter/energy-flow-through-ecosystems/

7/29/2019 Food Chains and Food Webs | Biology for Majors 11

- lumenwaymaker

https://courses.lumenlearning.com/wm-biology2/chapter/food-chains-and-food-webs/ 717



