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The Flow of Energy

You may recall from Chapter 6 that the sun is the ultimate
source of energy for all living things. During photosynthesis,
green plants and certain bacteria trap sunlight and use it 10 as
semble carbon dioxide and water into carbohydrates. Because
photosynthetic organisms are able to make their own food
from inorganic substances, they are called producers.
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l?:;omposel:s are organisms that obtain their ener;:oll:)[:::;
!eriasa:n?::;:ir,na"er. Some examples of decomposers are ba.
E Each step in this series of organisms eating other argan.
isms is called a trophic, or feeding, level. The term trophic
com'esvlrom the Greek word trophe which means food. There is
no limit to the number of trophic levels in a particular ecosys
tem. However, at each higher trophic level, less and less of the
energy originally captured by the producers is available. This
is because the energy obtained from digested food is used 1o
maintain the metabolism of the organism and to power its daily
activities. A small amount of the energy taken in by herbivores
(primary consumers) is changed into new animal biomass. Bio-
mass is the total mass of all the organisms in a trophic level

As a rule, approximately 10 percent of the energy at one
trophic level can be used by animals at the next trophic level
Thus 10 percent of the energy in plants becomes stored in the
tissues of herbivores, and 10 percent of the energy in herbi
vores becomes stored in the tissues of carnivores. At each sU
cessive trophic level, less energy is available to an organism
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Relationships among trophic levels may also be repre-
cented by 2 pyramid of numbers. A pyramid of numbers il-
fustrates the total number of organisms at each level In a
s.mland for example, a large amount of grass (producers)
is needed to support the herbivores (primary consumers)
Usually the number of organisms decreases at each succesm‘vc
level Sometimes, however, this is not the case. In a temperate
geciduous forest, one tree (producer) can support a large
pumber of insects (primary consumers)

Like pyramids of biomass, pyramids of numbers show only
the amount of organic material present at one time. They do
not give the total amount of material produced or the rate at
which it is produced, as do pyramids of energy.

Biogeochemical Cycles

Although energy moves in a one-way direction through an
ecosystem, nutrients are recycled. All organisms require cer-
tain essential nutrients in order to grow. Plants need water,
carbon dioxide, phosphorus, potassium, and many other ele-
ments. Animals require complex compounds (such as proteins
and amino acids), several types of vitamins, and many of the
fame elements plants do.

As members of each trophic level eat members of the level

beneath them, they acquire the complex organic molecules and
¢lements they need in addition to energy. Although energy and
fulrients move together from one trophic level to the next,
ey move through the biosphere differently.
a Nutrients move through the biosphere in a series of physi-
o and biological processes called biogeochemical, or nu-
<Nl cycles. They are called cycles because nutrients, unlike
“0¢rgy. may be used over and over again by living systems.

Figure 47-16 A pyramid of energy
shows that a small amount of energy
in an ecosystem is transferred at
each trophic level. A pyramid of
biomass shows the mass present in
each trophic level at any one time.

A pyramid of numbers shows the
number of organisms in a particular
ecosystem
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THE WATER CYCLE The movement of water from the
mosphere 1o the Earth and back to the atmosy
water cycle. The water cycle consists of an alternation of ey ap-
oration and condensation. Water molecules enter the air
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grofe? (dee-nigh-trih-fih-KAv-shuhn). These bacteria
4O otrifying bacteria. Through the process of dentrt-
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Ation.
£ CARBON AND OXYGEN CYCLES The process by
T"(t.,mn is moved through the environment is called the
ﬁ, wich cycle During photosynthesis, green plants and algae
o dioxide from the atmosphere to form glucose, Con.
s 004 decomposers use glucose in respiration, during
e ey produce carbon dioxide. Carbon dioxide is then
o ed into the atmosphere, completing the carbon cycle.
e movement of oxygen through the environment is

1od the oxygen cycle. During photosynthesis, water mole-
'x,}m' split, releasing oxygen into the atmosphere. The oxy-
:' is used by most organisms for respiration. During
eepiration. water is released. The water is absorbed by plants,

5 o the cycle begins again.

Nutrient Limitation

The rate at which producers can capture energy and use it
wproduce living tissue is controlled by several factors, one of
which is the amount of available nutrients. If a nutrient is in
sort supply—thus limiting an organism's growth—it is called
limiting factor.

for example, coastal ocean water often contains sufficient
wpplies of several nutrients to support much more plant

Figure 47-19 Photosynthesis ar
respiration are the mayjor biocher

events in the carbon and oxygen|
cycles.
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