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IV: Ecology and Ecosystems 
 

IVa) Overview 
Ecology is the branch of science that examines the relationships of organisms, including 

humans, to each other and to their environment. It seeks to explain such things as life processes, 
interactions, adaptations of organisms to each other and to their environment, movement of 
materials and energy through communities, development of ecosystems, and abundance and 
distribution of organisms. Ecology can be studied in many different ways. For example, 
landscape studies might focus on the spatial distribution of organisms across large geographical 
areas. Behavioral studies might focus on patterns and behaviors of species within particular 
habitats and on how organisms live in them and interact with other animals and plants. 
Population studies might examine the increase, decrease, and stability of populations and 
different ways organisms evolve and adapt to changes in their habitat. 

An ecosystem is a community of living organisms interacting with the nonliving 
components of their environment. It includes biotic or biological components that are alive, have 
been alive, or come from living things and abiotic or physical components that are not living and 
have never been alive. A nutrient cycle is a repeated pathway of a particular nutrient or element 
from the environment through one or more organisms and back to the environment. Four of the 
major nutrient cycles are the water cycle, carbon cycle, nitrogen cycle, and oxygen cycle.  

 
IVb) Four Major Nutrient Cycles  

The Water Cycle—There will never be any more water on Earth than there is now. The 
same water is recycled over and over. The recycling process is called the water cycle, or 
hydrologic cycle and involves three main components: The sun heats up the water on Earth’s 
surface, causing it to change from a liquid state to a gaseous state in the form of water vapor that 
rises into the atmosphere. This is called evaporation. Because the temperature of the atmosphere 
is colder than the temperature of Earth’s surface, as the water vapor rises, it cools down and 
changes from a gas back to a liquid. This is called condensation. The tiny airborne particles of 
water vapor usually condense into liquid droplets or ice crystals on the surfaces of dust particles 
floating in the air. When enough of them stick together visible clouds form. Eventually, the 
droplets become large and too heavy to stay aloft. When this occurs, they fall to Earth in the 
form of rain, freezing rain, sleet, snow, or hail.  

When there is more precipitation than evaporation, water collects on Earth’s surface as 
“surface water” or in the ground as “groundwater.” Surface water includes oceans, lakes, 
reservoirs, streams, and rivers. Lakes and reservoirs are formed when runoff or groundwater 
collects in the depressions on Earth’s surface. Streams and rivers are formed when channels of 
runoff or groundwater join together, like roads feeding into a highway. Most of the water on 
Earth—about 97%—is saltwater stored in oceans. Only 3 percent is fresh water, most of which is 
locked in ice caps and glaciers. Therefore, very little of the total water supply is available for 
human use. 
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Water Cycle 
 

 
The Carbon Cycle—The biosphere is the part of the Earth that can sustain life. The 

Earth has three other spheres—the atmosphere (air), the lithosphere (land), and the hydrosphere 
(water). However, not all of them are inhabited by living things. The portions or regions where 
organisms are found are collectively called the biosphere. It is, in effect, the sum of all the 
ecosystems on Earth. Soil is one of our most important natural resources. Soil contains carbon, a 
nutrient that all organisms—including humans—need for survival. Soil is the largest storehouse 
of carbon in the world and is an essential part of the cycle that keeps carbon circulating through 
the biosphere. 

Carbon is required to form complex molecules such as proteins and DNA, helps to 
regulate the Earth’s temperature, makes all life possible, is an ingredient in food, and a major 
source of energy. Most of the carbon on Earth is stored in rocks and sediments. The rest is 
located in the ocean, the atmosphere, and in living organisms. Carbon is released back into the 
atmosphere when organisms die, volcanoes erupt, and fossil fuels are burned. Carbon is 
continually exchanged between the ocean’s surface waters and the atmosphere and is stored for 
long periods of time deep in the ocean.  

The carbon cycle describes the process in which carbon atoms continually travel from the 
atmosphere to Earth and back into the atmosphere. Since Earth and its atmosphere form a closed 
environment, the amount of carbon in this system does not change. However, where the carbon is 
located is constantly in flux. Carbon enters the atmosphere as carbon dioxide (CO2) from 
respiration and the burning of fossil fuels. It is absorbed by plants and other producers to make 
glucose during the process of photosynthesis. Animals feed on the plants passing the carbon 
compounds along the food chain. As the animals and plants die, carbon moves from the 
atmosphere to plants.  
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Carbon Cycle 

 

 The Nitrogen Cycle—Nitrogen is a colorless, odorless, and tasteless gas. It is the most 
plentiful element in Earth’s atmosphere and is a constituent of all living things. The nitrogen 
cycle involves the circulation of various forms of nitrogen through the natural world. Nitrogen is 
a constituent of proteins and DNA and is essential to life on Earth. Approximately 78% by 
volume of Earth’s atmosphere is nitrogen. Although most animals are unable to use nitrogen, 
through a series of microbial transformations, it is made available to plants from which it is 
transferred to other organisms. These transformations are not necessarily sequential and include 
nitrogen fixation, nitrogen assimilation, ammonification, nitrification, and denitrification.  

 
Nitrogen Cycle 
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The Oxygen Cycle—The oxygen cycle is the process by which oxygen is generated and 
used. Plants and other producers produce oxygen during the process of photosynthesis. This 
involves trapping the energy of sunlight that provides the power for turning water and carbon 
dioxide that have entered the organism’s cells into the simple sugar glucose, which is their food. 
As glucose is produced, oxygen is given off as a waste product and released into the 
environment. Glucose remains in the cell and is used as needed during the process of respiration, 
a process that also uses oxygen. Other processes that involve the use of oxygen produced during 
photosynthesis include decomposition of plants and animals that have died, rusting of metals 
(also called oxidation), and combustion or burning. See Section Ib for more information about 
the processes of respiration and photosynthesis. 

 

 

Oxygen Production 
 

 
IVc) Food Chains, Webs, and Pyramids 
 Energy in the form of light enters an ecosystem through the process of photosynthesis 
and is incorporated into plant tissue as food in the form of glucose. Food chains, webs, and 
pyramids are models that show how food and energy flow through an ecosystem.  

A food chain is a linear series of organisms each dependent on the next as a source of 
food. They include a source of light that is usually sunlight and show organisms as producers, 
consumers, and decomposers according to their food source. Producers use light energy to make 
food (glucose). Green plants and algae are examples of producers. Consumers do not make their 
own food. They eat other organisms. They can be herbivores, carnivores, or omnivores. 
Herbivores eat plants or plant parts. Sheep, goats, and squirrels are examples of herbivores. 
Carnivores eat other organisms. Lions and tigers are examples of carnivores. Omnivores eat 
other plants and animals. Bears, dogs, and humans are examples of carnivores. Decomposers 
break down dead organic matter into more elementary substances, including water, carbon 
dioxide and compounds that contain nitrogen. Bacteria and fungi are examples of decomposers. 

 A food web depicts many food chains linked together. It differs from a food chain in that 
it is non-linear and shows a network of feeding relationships according to the organism’s trophic 
level or feeding behavior. The two main categories of trophic levels are autotrophs and 
heterotrophs. Autotrophs are capable of producing food through the process of photosynthesis. In 
a food chain, they are the producers. Heterotrophs are organisms that feed on other organisms. In 
a food chain they are the herbivores, omnivores, and carnivores.  
 Pyramids can show the relative amounts of energy, biomass (mass or weight of living 
tissue), or numbers of organisms at each trophic level in an ecosystem. The number of trophic 
levels in the pyramid is determined by the number of organisms in the chain or web. 



 6 

 
Food Chain 
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Ecological Pyramid 


