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BIOTIC RELATIONSHIPS IN ECOSYSTEMS

POPULATIONS, COMMUNITIES AND ECOSYSTEMS

In studying organisms in nature, ecologists often look at a particular group of organisms in a particular type of natural setting.  The simplest grouping of organisms in nature is a population.  A population includes all individuals of a particular species within a certain area.  All the pecan trees in a forest make up a population.  All the bullfrogs in a pond make up a population.  Populations can also be considered as parts of larger groups.  All the populations of different organisms within a given area make up a community.  For example, all the frogs, fish, algae, plants and other living things in and around a pond make up a pond community.
An ecosystem includes a community and its physical environment.  In an ecosystem, both the biotic (living) and abiotic (nonliving) factors are included.  There is an ongoing exchange of materials between the abiotic and biotic parts of an ecosystem.  All the ecosystems of the earth are linked to one another.  Organisms move from one ecosystem to another.  Water and other inorganic substances pass from one ecosystem to another.  Also, organic compounds, with their stored energy, are transferred between ecosystems.

AUTOTROPHIC AND HETEROTROPHIC NUTRITION

An ecosystem includes all kinds of organisms — microorganisms, plants, fungi and animals.  These organisms interact in many ways, but their nutritional and energy relationships are among the most important.

Autotrophs are organisms that can make their own food using carbon dioxide or other inorganic substances.  Most autotrophs perform photosynthesis, which requires sunlight and water.  A few however are chemotrophs that perform chemosynthesis; bacteria found in deep vents in the ocean floor are an example.  Directly or indirectly, autotrophs provide the food for heterotrophs — those organisms that cannot synthesize their own food.  Thus, most food chains are fueled by photosynthetic organisms that use the energy from the sun to break apart Carbon Dioxide and Water into their individual atoms and then rearrange them into simple sugars and oxygen.  These substances can be changed to other organic compounds that are needed by the plant, or they can be broken down by the mitochondria for ATP energy.
Heterotrophs can only use the chemical energy stored in organic compounds for their life processes.  These organic nutrients must be obtained from the bodies of other organisms — either plants or animals.  Because autotrophs are the only organisms in an ecosystem that can produce organic compounds (food) from inorganic compounds, they are called producers.  Since heterotrophs must obtain nutrients from other organisms, they are called consumers.
Heterotrophs are divided into several groups according to what they eat and how they obtain their food.  Heterotrophs include herbivores, carnivores, omnivores, scavengers and saprotrophs.  Herbivores are animals that feed only on plants.  Rabbits, cattle, horses, sheep and deer are herbivores.  Carnivores are animals that feed on other animals.  Some carnivores are predators and some are scavengers.  Predators, such as lions, hawks and wolves, attack and kill their prey and feed on their bodies.  Scavengers are carnivores that feed on dead animals they find.  Vultures and hyenas are scavengers.  Omnivores are animals that feed on both plants and animals.  Humans and bears are omnivores.  Saprotrophs are organisms that obtain nutrients by breaking down, or decomposing, the remains of dead plants and animals.  Many bacteria and fungi function as saprotrophs.

FOOD CHAINS AND FOOD WEBS

Within an ecosystem, there is a pathway of energy flow that always begins with the producers.  Energy stored in organic nutrients synthesized by the producers is transferred to consumers when the plants are eaten.  Herbivores are the primary consumers, or first-level consumers.  The carnivores and omnivores that feed on the herbivores are secondary consumers.  For example mice feed on plants and are primary consumers.  The snake that eats the mouse is a secondary consumer, while the hawk that eats the snake is a tertiary consumer, or third-level consumer.  Since many consumers have a varied diet, they may be second-, third-, or higher-level consumers, depending on their prey.  Each of these feeding relationships forms a food chain, a series of organisms through which food energy is passed.  A simple food chain, with arrows showing the direction of energy flow, can be shown as: 
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where the grass is a producer, the field mouse is a primary consumer, and the owl is a secondary consumer.
Feeding relationships in an ecosystem are never just simple food chains, however.  There are many types of organisms at each feeding level, and there are always many food chains in an ecosystem.  Usually, each organism is part of several different food chains.  These food chains are interconnected to form a food web.  A simple food web could be shown as:
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At every level in an ecosystem, there are organisms that act as saprotrophs/decomposers.  The decomposers make use of the wastes and remains of all organisms in the system.  They use the energy they find in these materials for their own metabolism (life processes).  At the same time, they break down organic compounds into inorganic compounds and make substances available for reuse.  Without decomposers, all the available carbon in the ecosystem would be tied up in dead organisms and the energy flow would stop. 
PYRAMIDS OF ENERGY AND BIOMASS

The amount of energy available in a food web decreases with each higher feeding level.  This happens because only a small fraction of the energy taken in as food becomes stored as new tissue.  Much of the food eaten is not digested and absorbed.  Furthermore, a large part of the energy in food is used for cellular respiration (creating ATP energy for the cell to use) and maintenance of cellular structures.  A lot of energy is lost as heat during chemical reactions.  As a result, only about 10 percent of the energy taken in at any feeding level is passed to the next feeding level.  Therefore, the higher trophic/energy levels consisting or secondary or tertiary consumers can support fewer organisms than the levels below it. Thus, the amount of energy available in an ecosystem is commonly shown in the form of a trophic pyramid, or energy pyramid.  The greatest amount of energy is present in the producers, which form the base of the pyramid, and the least energy is present at the top of the pyramid, which are the highest-level consumers.  Because the amount of available energy decreases so steeply, there are usually no more than four or five trophic (energy) levels in an ecosystem.

The following diagram is an example of a trophic pyramid.  In a field, green plants are the producers, using the sun's energy for photosynthesis.  For every 1000 calories of energy produced by the plants, only 100 are stored.  Thus, 100 calories are available to a primary consumer, such as a cricket that feeds on the plants.  As a secondary consumer, a bird that eats the cricket receives only 10 of the original 100 calories consumed by the cricket.  At the top of the energy pyramid, a wolf that eats the bird receives only 1 calorie of the 10 calories received by the bird.  This amount is only 0.001 percent of the 1000 Calories of energy originally absorbed by the plants at the base of the pyramid.
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A. Tertiary Consumers: For every 1 Calorie absorbed, .9 used, .1 stored (e.g., wolf)

B. Secondary Consumers: For every 10 Calories absorbed, 9 used, 1 stored (e.g., birds)
C. Primary Consumers: For every 100 Calories Absorbed, 90 used, 10 stored 

(e.g., crickets)
D. Producers:  For every 1000 Calories Produced, 900 used, 100 stored 

(e.g., green plants)
Since the total amount of energy available decreases with each higher trophic level, the total mass or biomass of living organisms that can be supported at each level decreases too.
DIRECTIONS:  Take notes in your composition notebook to prepare for the starter.  The questions below will help you pick out some of the important information.  

1.
Explain the difference between a population, a community, and an ecosystem.

2.
Explain why each higher level of a tropic pyramid must be smaller than the one below it.  Please be specific in your answer.
Using the food web diagram, assume that a disease caused most of the rabbits in the ecosystem to die.  Use that assumption to answer the following questions:
3.
Predict what effects this would have on the (a) hawk population, (b) grasses and (c) field mouse population.  Explain the basis for your prediction.

4.
Which, if any, of these effects is certain to occur?  Explain.

5.
Explain why predictions about changes in ecosystems contain a high degree of uncertainty.

Decreasing Totals of Energy and Biomass





All organic energy for the ecosystem is produced by the autotrophs.  
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