
Chapter 4: 

Principles of Ecology 

How Ecosystems Work 



4.1 Humans and Nature: The Vital 

Connections 

Humans are a part of nature. 

 

We are dependent on natural systems for a 

variety of economically important resources and 

ecological services. 

 

Natural systems are essential to our survival 

and long-term prosperity. 



4.2 Ecology: The Study of Natural Systems 

Ecology is a field of science that seeks to 

describe relationships between organisms and 

their chemical and physical environment. 
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4.3 The Structure of Natural Systems 

The Biosphere 
 

 The biosphere is an enormous biological system, 

spanning the entire planet.  
 

 The materials within this closed system are 

recycled over and over in order for life to be 

sustained.  
 

 The only outside contribution to the biosphere is 

sunlight, which provides energy for all living things. 



  

Figure 04.01: The biosphere. The biosphere exists at the intersection of land, air, and water.  



Biomes and Aquatic Life Zones 

 

 The biosphere consists of distinct regions 
called biomes and aquatic life zones. 

 

 Each has its own chemical and physical 
conditions and unique assemblage of 
organisms.  

 

 Humans inhabit all biomes but are most 
prevalent in those with the mildest 
climates.  



Figure 04.02: Biomes. This map shows the world’s major biomes.  



Tundra 

Figure 04.03A: North America’s five major biomes. 

Courtesy of U.S. Fish & Wildlife Services  



Taiga 

 

Figure 04.03B: North America’s five major biomes. 
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Temperate Deciduous Forest 

Figure 04.03C: North 
America’s five major biomes.  
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Grassland 

Figure 04.03D: North America’s five major biomes.  

Courtesy of Tim McCabe/NRCS USDA  



Desert 

 

Figure 04.03E: North America’s five major biomes. 
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Ecosystems are biological systems 

consisting of organisms and their 

environment. 

 

Organisms thrive within a range of 

abiotic conditions. 

 Altering those conditions can have severe 

consequences and can even cause 

extinction. 

 

What Is An Ecosystem? 



Range of Tolerance 

Figure 04.04: Range of tolerance. Organisms can live within a range of conditions, called the 
range of tolerance, but they thrive in the optimum range.  



Organisms require many different abiotic 
factors to survive. 

 

One factor––the limiting factor––tends to be 
critical to survival and growth of a population. 

 

Altering concentrations of limiting factors can 
result in dramatic fluctuations in populations. 

 

What Is An Ecosystem? 



Figure 04.05B: The cool water flowing out of the bottom of the reservoir created by Glen 
Canyon Dam has endangered native fish species.  

Figure 04.05A: Dams like the mighty Glen Canyon 
Dam in Arizona not only inundate upstream areas, 

they often change the water temperature 
downstream.  
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What Is An Ecosystem? 

Organisms are the biotic components of 

ecosystems; they form an interdependent 

community of life. 

 

Competition occurs between species occupying 

the same habitat if their niches overlap.  

 

Although competition is a naturally occurring 

process, natural systems have evolved to 

minimize it. 

 



Humans are a major competitive force in 
nature.  

 

Our advanced technologies and massive 
population size permit us to out-compete 
many species.  

 

Destroying other species through competition 
can be disadvantageous in the long run. 

 

What Is An Ecosystem? 



4.4 Ecosystem Function 

Photosynthetic organisms such as plants and 

algae produce food within ecosystems.  

 

Their well-being is essential to the survival and 

well-being of all other species. 

 



Food Chains and Food Webs 

Food and energy flow through food chains that 

are part of much larger food webs in 

ecosystems. 

Figure 04.07: Simplified grazer food chains. These drawings 
show terrestrial (land-based) and aquatic grazer food chains.  



The Flow of Energy and Nutrients 

Through Food Webs 

Food chains are biological avenues for the flow 

of energy and the cycling of nutrients in the 

environment.  

 

Energy flows in one direction through food 

chains, but nutrients are recycled. 

 



Figure 04.08: A grazer food chain and a decomposer food chain, showing the connection 
between the two.  



Figure 04.09: A food web. Food chains are actually threads in larger food webs.  



Trophic Levels 

The position of an organism in a food chain is 

called its trophic level.  

 Producers are on the first trophic level.  

 Herbivores are on the second level.  

 Carnivores are on the third level.  

The length of a food chain is limited by the loss 

of energy from one trophic level to another.  

The largest number of organisms is generally 

supported by the base of the food chain, the 

producers. 



Figure 04.10: Flow of energy and biomass through a food chain.  



Figure 04.11: Biomass pyramid. In most food chains, biomass decreases from one trophic 
level to the next higher one.  



Nutrient Cycles 

Nutrients are recycled in global nutrient cycles. 

 

 In these cycles, nutrients alternate between 

organisms and the environment.  

 

Humans can disrupt nutrient cycles in many 

ways with profound impacts on ecosystems. 



Figure 04.13: Nutrient cycle. Nutrients exist in organisms and their abiotic environment; they 
cycle back and forth between these two components of the ecosystem.  



Algal Bloom 

Figure 04.06: Algal bloom. This pond is choked with algae due to the abundance of plant 
nutrients from human sources.  
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The Carbon Cycle 

The carbon cycle is vital to the survival of the 

Earth’s many species.  

 It is the basis of food and energy production in 

the living world.  

 It is vital to maintaining global temperature.  

The carbon cycle is currently being flooded with 

excess carbon dioxide as a result of the 

combustion of fossil fuels and deforestation. 



Figure 04.14: A simplified view of the carbon cycle.  



The Nitrogen Cycle 

Nitrogen is essential to many biological 

molecules.  

Nitrogen is a plant nutrient. 

The conversion of nitrogen to ammonia 

is known as nitrogen fixation. 



Figure 04.15: A simplified view of the nitrogen cycle.  



The Nitrogen Cycle 

Humans alter the nitrogen cycle in at least four 

ways.  
 

 In the soil or water 

 Applying excess nitrogen-containing fertilizer 

 Disposing of nitrogen-rich municipal sewage 

 Raising cattle in feedlots adjacent to waterways 
 

 In the atmosphere 

 Burning fossil fuels, which releases nitrogen oxides  
 


