
CHAPTER 3 
Ecosystems: What Are They and How Do 
They Work? 

To halt the decline of an 
ecosystem, it is necessary 
to think like an ecosystem. 
- Douglas Wheeler 



Core Case Study: Tropical Rain Forests 
Are Disappearing 

• Cover about 2% of the earth’s land surface 
 

• Contain about 50% of the world’s known plant and 
animal species 

 
• Disruption will have three major harmful effects 

• Reduce biodiversity 
• Accelerate global warming 
• Change regional weather patterns 

 



Natural Capital Degradation: Satellite Image of the Loss of 
Tropical Rain Forest 

Fig. 3-1a, p. 54 

Presenter
Presentation Notes
Figure 3.1: Natural capital degradation. This satellite image shows the loss of topical rain forest, cleared for farming, cattle grazing, and settlements, near the Bolivian city of Santa Cruz between June 1975 (left) and May 2003 (right).



3-1 What Keeps Us and Other  
Organisms Alive? 

• Concept 3-1A  The four major components of the 
earth’s life-support system are the atmosphere (air), 
the hydrosphere (water), the geosphere (rock, soil, 
and sediment), and the biosphere (living things). 
 

• Concept 3-1B  Life is sustained by the flow of energy 
from the sun through the biosphere, the cycling of 
nutrients within the biosphere, and gravity.  
 



The Earth’s Life-Support System Has 
Four Major Components 

Atmosphere: AIR 
• Troposphere: where weather happens 
• Stratosphere: contains ozone layer 

 
• Hydrosphere: WATER 

 
• Geosphere: SOLID EARTH 
 
• Biosphere: LIVING  

 



Natural Capital: General Structure of the Earth 

 
 
 
 
       
 

Fig. 3-2, p. 56 

Presenter
Presentation Notes
Figure 3.2: Natural capital. This diagram illustrates the general structure of the earth, showing that it consists of a land sphere (geosphere), an air sphere (atmosphere), a water sphere (hydrosphere), and a life sphere (biosphere) (Concept 3-1a).



The Diversity of Life 

Fig. 3-3a, p. 56 

Presenter
Presentation Notes
Figure 3.3: Natural capital. Land, air, water, and a variety of plants and animals sustain the earth’s diversity of life and human economies.(a) Land, air, water, and plants in Siberia 



Three Factors Sustain Life on Earth 

• One-way flow of high-quality energy: 
• Sun → plants → living things → environment as heat → 

radiation to space  
 
 

• Cycling of nutrients through parts of the biosphere 
 
 

• Gravity holds earths atmosphere 
 

 
 
 
  



Sun, Earth, Life, and Climate 

• Sun: UV, visible, and IR energy 
 

• Radiation  
• Absorbed by ozone and other atmosphere gases 
• Absorbed by the earth 
• Reflected by the earth 
• Radiated by the atmosphere as heat 
 

• Natural greenhouse effect 
 



Flow of Energy to and from the Earth 

 
 
 
 
   

Fig. 3-4, p. 57 

Presenter
Presentation Notes
Figure 3.4: High-quality solar energy flows from the sun to the earth. As it interacts with the earth’s air, water, soil, and life, it is degraded into lower-quality energy (heat) that flows back into space.



3-2 What Are the Major Components 
of an Ecosystem? 

• Concept 3-2  Some organisms produce the nutrients 
they need, others get their nutrients by consuming 
other organisms, and some recycle nutrients back to 
producers by decomposing the wastes and remains 
of organisms.  



Ecologists Study Interactions in Nature 
• Ecology: how organisms 

interact with each other 
and their nonliving 
environment 

• Organisms 
• Populations 
• Communities 
• Ecosystems 
• Biosphere 

Presenter
Presentation Notes
Figure 3.5: This diagram illustrates some levels of the organization of matter in nature. Ecology focuses on the top five of these levels.



Smallest unit of a chemical element 
that exhibits its chemical properties 

Atom 

Molecule Chemical combination of two or 
more atoms of the same or different 
elements 

Cell 
The fundamental structural and 
functional unit of life 

Organism An individual living being 

Population A group of individuals of the same 
species living in a particular place 

Community Populations of different species 
living in a particular place, and 
potentially interacting with each 
other 

Stepped Art 

Ecosystem A community of different species 
interacting with one another and with 
their nonliving environment of matter 
and energy 

Biosphere Parts of the earth's air,water, and soil 
where life is found 

Oxygen Hydrogen 

Water 

Fig. 3-5, p. 58 



Ecosystems Have Living and  
Nonliving Components 

• Abiotic 
• Water 
• Air 
• Nutrients 
• Rocks 
• Heat 
• Solar energy  

 
• Biotic 

• Living and once living 
 



j     p    
Ecosystem 

 
 
 
 
   

Fig. 3-6, p. 59 
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Presentation Notes
Figure 3.6: Key living and nonliving components of an ecosystem in a field are shown in this diagram.



Producers and Consumers Are the Living 
Components of Ecosystems (1) 

• Producers, autotrophs 
 
• Consumers, heterotrophs 

• Primary consumers = herbivores 
• Secondary consumers 
• Tertiary consumers 
• Carnivores, Omnivores 



Producers 

Fig. 3-7a, p. 59 

Presenter
Presentation Notes
Figure 3.7: Some producers live on land, such as this large tree and other plants in an Amazon rain forest (Core Case study) in Brazil (left). Others, such as green algae (right), live in water.



COMPONENTS OF AN ECOSYSTEM: 
PRODUCERS 

Producers or autotrophs- makes 
their own food from compound 
obtained from environment. 
Ex: plant gets energy or food from 

sun 

OBJ 4. 6 



Consumers 

Fig. 3-8a, p. 60 

Presenter
Presentation Notes
Figure 3.8: The giraffe (left) feeding on the leaves of a tree is an herbivore. The lions (right) are carnivores feeding on the dead body of a giraffe that they have killed.



Consumers or Heterotrophs 

 Obtain energy and nutrients by feeding on 
other organisms or their remains 



Consumers 

 Herbivores (plant-eaters) or primary consumers 
 Feed directly on producers 

 Deer, goats, rabbits 

http://www.holidays.net/easter/bunny1.htm  

http://www.holidays.net/easter/bunny1.htm


Consumers 

 Carnivores (meat 
eater) or secondary 
consumers 

 Feed only on 
primary consumer 
 Lion, Tiger 



Consumers 

 Tertiary (higher-
level) consumer  

 Feed only on other 
carnivores 
 Wolf 

http://www.fws.gov/endangered/i/A03.html


Consumers 

 Omnivores- 
consumers that eat 
both plants and 
animals 
 Ex: pigs, humans, 

bears 

http://images.animationfactory.com/animations/animals/bears/bear_eating_picnic/bear_eating_picnic_lg_nwm.gif


Consumers 

 Scavengers- feed on dead organisms 
 Vultures, flies, crows, shark 

http://www.fotosearch.com/creatas-stock-footage/african-birds/CRT712/
http://www.fotosearch.com/thumb/CRT_Video/CRT711/20APR.gif


Producers and Consumers Are the Living 
Components of Ecosystems (2) 

• Decomposers 
• Consumers that release nutrients 
• Bacteria 
• Fungi 

 
• Detritivores 

• Feed on dead bodies of other organisms 
• Earthworms 
• Vultures 

 



Decomposer 

Fig. 3-9a, p. 61 

Presenter
Presentation Notes
Figure 3.9: This saddle fungus feeding on a dead tree (left) is a decomposer. Three vultures and two Marabou storks (right), classified as detritivores, are eating the carcass of an animal that was killed by other animals.



Consumers 

 Detritivores- live off 
detritus 
 Detritus parts of dead 

organisms and wastes of 
living organisms. 

 Detritus feeders- extract 
nutrients from partly 
decomposed organic 
matter plant debris, and 
animal dung. 



Consumers 

 Decomposers - Fungi and 
bacteria break down and 
recycle organic materials 
from organisms’ wastes 
and from dead organisms   
 Food sources for worms 

and insects 
 Biodegradable - can be 

broken down by 
decomposers 



Detritivores and Decomposers 

Fig. 3-10, p. 61 

Presenter
Presentation Notes
Figure 3.10: Various detritivores and decomposers (mostly fungi and bacteria) can “feed on” or digest parts of a log and eventually convert its complex organic chemicals into simpler inorganic nutrients that can be taken up by producers.



Producers and Consumers Are the Living 
Components of Ecosystems (3) 

• Aerobic respiration 
• Using oxygen to turn glucose back to carbon dioxide 

and water 
 

• Anaerobic respiration = fermentation 
• End products are carbon compounds such as methane 

or acetic acid 



Energy Flow and Nutrient Cycling 

• One-way energy 
flow from sun 

 
• Nutrient cycling of 

key materials 
 



Ecosystem Components 

Fig. 3-11, p. 62 

Presenter
Presentation Notes
Figure 3.11: Natural capital. This diagram shows the main structural components of an ecosystem (energy, chemicals, and organisms). Nutrient cycling and the flow of energy—first from the sun, then through organisms, and finally into the environment as low-quality heat—link these components.



3-3 What Happens to Energy in  
an Ecosystem? 

• Concept 3-3  As energy flows through ecosystems in 
food chains and webs, the amount of chemical 
energy available to organisms at each succeeding 
feeding level decreases.  



Energy Flows Through Ecosystems in 
Food Chains and Food Webs 

• Food chain 
• Movement of energy and nutrients from one trophic 

level to the next 
• Photosynthesis → feeding → decomposition 

 
• Food web 

• Network of interconnected food chains 
 



A Food Chain 

 
 
 
   

Fig. 3-12, p. 63 

Presenter
Presentation Notes
Figure 3.12: This diagram illustrates a food chain. The arrows show how the chemical energy in nutrients flows through various trophic levels in energy transfers; most of the energy is degraded to heat, in accordance with the second law of thermodynamics (see Chapter 2, p. 47). Question: Think about what you ate for breakfast. At what level or levels on a food chain were you eating?



Food Web 
Complex network 

of interconnected 
food chains 

 Food web and 
chains  
– One-way flow of 

energy 
– Cycling of 

nutrients 
through 
ecosystem 

OBJ 4. 7 



Grazing Food 
Webs 
– Energy and 

nutrients move 
from plants to 
herbivores 

– Then through an 
array of carnivores 

– Eventually to 
decomposers 

(100,000 Units of Energy) 



Grazing Food 
Webs 
– Energy and 

nutrients move 
from plants to 
herbivores 

– Then through an 
array of carnivores 

– Eventually to 
decomposers 

(1,000 Units of Energy) 



Grazing Food 
Webs 
– Energy and 

nutrients move 
from plants to 
herbivores 

– Then through an 
array of carnivores 

– Eventually to 
decomposers 

(100 Units of Energy) 



Grazing Food 
Webs 
– Energy and 

nutrients move 
from plants to 
herbivores 

– Then through an 
array of carnivores 

– Eventually to 
decomposers 

(10 Units of Energy) 

http://www.physicalgeography.net/fundamentals/4e.html


Grazing Food 
Webs 
– Energy and 

nutrients move 
from plants to 
herbivores 

– Then through an 
array of carnivores 

– Eventually to 
decomposers 

(1 Units of Energy) 

http://www.alphawaves.net/ meadow/page2.html


Detrital Food Webs 
– Organic waste 

material or detritus is 
the major food 
source 

– Energy flows mainly 
from producers 
(plants) to 
decomposers and 
detritivores. 

http://www.raw-connections.com/garden/planting/compost.htm


A Food Web 

Fig. 3-13, p. 64 

Presenter
Presentation Notes
Figure 3.13: This diagram illustrates a greatly simplified food web in the southern hemisphere. The shaded middle area shows a simple food chain. Its participants interact in feeding relationships to form the more complex food web shown here. Many more participants in the web, including an array of decomposer and detritus feeder organisms, are not shown here. Question: Can you imagine a food web of which you are a part? Try drawing a simple diagram of it.



Usable Energy Decreases with Each 
Link in a Food Chain or Web 

• Biomass 
• Dry weight of all organic matter of a given trophic 

level in a food chain or food web 
• Decreases at each higher trophic level due to heat loss 

 
• Pyramid of energy flow 

• 90% of energy lost with each transfer 
• Less chemical energy for higher trophic levels 

 



Pyramid of Energy Flow 

 
 
 
   

Fig. 3-14, p. 65 

Presenter
Presentation Notes
Figure 3.14: This model is a generalized pyramid of energy flow that shows the decrease in usable chemical energy available at each succeeding trophic level in a food chain or web. The model assumes that with each transfer from one trophic level to another, there is a 90% loss in usable energy to the environment in the form of low-quality heat. (Calories and joules are used to measure energy. 1 kilocalorie = 1,000 calories = 4,184 joules.) Question: Why is a vegetarian diet more energy efficient than a meat-based diet?



Some Ecosystems Produce Plant 
Matter Faster Than Others Do 

• Gross primary productivity (GPP) 
• Rate at which an ecosystem’s producers convert solar 

energy to chemical energy and biomass 
• Kcal/m2/year 

• Net primary productivity (NPP) 
• Rate at which an ecosystem’s producers convert solar 

energy to chemical energy, minus the rate at which 
producers use energy for aerobic respiration 

• Ecosystems and life zones differ in their NPP 
 

 



Estimated Annual Average NPP in Major Life Zones 
and Ecosystems 

 
 
 
 

      
 

Fig. 3-15, p. 66 

Presenter
Presentation Notes
Figure 3.15: The estimated annual average net primary productivity in major life zones and ecosystems is expressed in this graph as kilocalories of energy produced per square meter per year (kcal/m2/yr). Question: What are nature’s three most productive and three least productive systems? (Data from R. H. Whittaker, Communities and Ecosystems, 2nd ed., New York: Macmillan, 1975)



3-4 What Happens to Matter in  
an Ecosystem? 

• Concept 3-4  Matter, in the form of nutrients, cycles 
within and among ecosystems and the biosphere, 
and human activities are altering these chemical 
cycles.  



Nutrients Cycle in the Biosphere 

• Biogeochemical cycles, nutrient cycles 
• Hydrologic 
• Carbon 
• Nitrogen 
• Phosphorus 
• Sulfur  

 
• Nutrients may remain in a reservoir for a period of 

time 
 



Water Cycles through the Biosphere 
• Natural renewal of water quality: three major processes 

• Evaporation 
• Precipitation 
• Transpiration 

 

• Alteration of the hydrologic cycle by humans 
• Withdrawal of large amounts of freshwater at rates faster than 

nature can replace it 
• Clearing vegetation 
• Increased flooding when wetlands are drained 

 



Hydrologic Cycle Including Harmful Impacts  
of Human Activities 

 
 
 
 
   

Fig. 3-16, p. 67 

Presenter
Presentation Notes
Figure 3.16: Natural capital. This diagram is a simplified model of the water cycle, or hydrologic cycle, in which water circulates in various physical forms within the biosphere. Major harmful impacts of human activities are shown by the red arrows and boxes. Question: What are three ways in which your lifestyle directly or indirectly affects the hydrologic cycle?



Glaciers Store Water 

Fig. 3-17, p. 68 

Presenter
Presentation Notes
Figure 3.17: Hubbard glacier in the U.S. state of Alaska stores water for a long time as part of the hydrologic cycle. However, mostly because of recent atmospheric warming, many of the world’s glaciers are slowly melting.



Water Erodes Rock in Antelope Canyon 

Fig. 3-18, p. 69 

Presenter
Presentation Notes
Figure 3.18: Water flowing over the earth’s surfaces for millions of years played a major role in the formation of the Antelope Canyon in the U.S. state of Arizona.



Science Focus: Water’s Unique 
Properties 

• Properties  of water due to hydrogen bonds between 
water molecules: 
• Exists as a liquid over a large range of temperature 
• Changes temperature slowly 
• High boiling point: 100˚C 
• Adhesion and cohesion 
• Expands as it freezes  
• Solvent 
• Filters out harmful UV 

 
 



Hydrogen Bonds in Water 

Supplement 4, Fig 6 

Presenter
Presentation Notes
Figure 6 Hydrogen bond: Theslightly unequal sharing of electronsin the water molecule creates amolecule with a slightly negativelycharged end and a slightly positivelycharged end. Because of this electricalpolarity, the hydrogen atomsof one water molecule are attractedto the oxygen atoms in other watermolecules. These fairly weak forcesof attraction between molecules(represented by the dashed lines)are called hydrogen bonds.



Carbon Cycle Depends on 
Photosynthesis and Respiration 

• Link between photosynthesis in producers and 
respiration in producers, consumers, and 
decomposers 
 

• Additional CO2 added to the atmosphere 
• Tree clearing 
• Burning of fossil fuels 
• Warms the atmosphere 



Natural Capital: Carbon Cycle with Major Harmful 
Impacts of Human Activities 

 
 
 
 
  

 

Fig. 3-19, p. 70 

Presenter
Presentation Notes
Figure 3.19: Natural capital. This simplified model illustrates the circulation of various chemical forms of carbon in the global carbon cycle, with major harmful impacts of human activities shown by the red arrows. Question: What are three ways in which you directly or indirectly affect the carbon cycle?



Increase in Atmospheric Carbon Dioxide, 1960-2009 

Supplement 9, Fig 14 

Presenter
Presentation Notes
Figure 14 This graph shows the atmospheric concentrationof carbon dioxide (cO2) measured at a majoratmospheric research center in Mauna Loa, Hawaii,1960–2009. The annual fluctuation in CO2 valuesoccurs because land plants take up varying amounts ofCO2 in different seasons. (Data from Scripps Instituteof Oceanography, 2010, and U.S. Energy InformationAgency, 2010)



Nitrogen Cycles through the 
Biosphere: Bacteria in Action (1) 

• Nitrogen fixed by lightning 
• Nitrogen fixed by bacteria and cyanobacteria 

• Combine gaseous nitrogen with hydrogen to make 
ammonia (NH3) and ammonium ions (NH4

+) 
• Nitrification  

• Soil bacteria change ammonia and ammonium ions to 
nitrate ions (NO3

-) 
• Denitrification 

• Nitrate ions back to nitrogen gas 



Nitrogen Cycles through the 
Biosphere: Bacteria in Action (2) 

• Human intervention in the nitrogen cycle 
1. Additional NO and N2O in atmosphere from burning 

fossil fuels; also causes acid rain 
2. N2O to atmosphere from bacteria acting on 

fertilizers and manure 
3. Destruction of forest, grasslands, and wetlands 
4. Add excess nitrates to bodies of water 
5. Remove nitrogen from topsoil 
 
 



Nitrogen Cycle in a Terrestrial Ecosystem with Major 
Harmful Human Impacts 

 
 
 
 
 
    
 

 

Fig. 3-20, p. 71 

Presenter
Presentation Notes
Figure 3.20: Natural capital. This diagram is a simplified model of the circulation of various chemical forms of nitrogen in the nitrogen cycle in a terrestrial ecosystem, with major harmful human impacts shown by the red arrows. Question: What are three ways in which you directly or indirectly affect the nitrogen cycle?



Human Input of Nitrogen into the Environment 

Supplement 9, Fig 16 

Presenter
Presentation Notes
Figure 16 Global trends in the annual inputs of nitrogeninto the environment from human activities, withprojections to 2050, are shown in this graph. (Datafrom 2005 Millennium Ecosystem Assessmentt)



Phosphorus Cycles through the 
Biosphere 

• Cycles through water, the earth’s crust, and living 
organisms 
 

• Limiting factor for plant growth 
 
• Impact of human activities 

1. Clearing forests 
2. Removing large amounts of phosphate from the 

earth to make fertilizers 
3. Erosion leaches phosphates into streams 



p  y   j    
Impacts 

 
 
 
    

 

Fig. 3-21, p. 73 

Presenter
Presentation Notes
Figure 3.21: Natural capital. This is a simplified model of the circulation of various chemical forms of phosphorus (mostly phosphates) in the phosphorus cycle, with major harmful human impacts shown by the red arrows. Question: What are three ways in which you directly or indirectly affect the phosphorus cycle?



Sulfur Cycles through the Biosphere 
• Sulfur found in organisms, ocean sediments, soil, rocks, and 

fossil fuels 
 

• SO2 in the atmosphere 
 

• H2SO4 and SO4
-  

 

• Human activities affect the sulfur cycle 
• Burn sulfur-containing coal and oil 
• Refine sulfur-containing petroleum 
• Convert sulfur-containing metallic mineral ores 

 
 



Natural Capital: Sulfur Cycle with Major Harmful 
Impacts of Human Activities 

 
 
 
 
 
    

Fig. 3-22, p. 74 

Presenter
Presentation Notes
Figure 3.22: Natural capital. This is a simplified model of the circulation of various chemical forms of sulfur in the sulfur cycle, with major harmful impacts of human activities shown by the red arrows. Question: What are three ways in which your lifestyle directly or indirectly affects the sulfur cycle?



3-5 How Do Scientists Study 
Ecosystems? 

• Concept 3-5  Scientists use both field research and 
laboratory research, as well as mathematical and 
other models to learn about ecosystems.  



Some Scientists Study Nature Directly 
• Field research: “muddy-boots biology” 

 
• New technologies available 

• Remote sensors 
• Geographic information system (GIS) software 
• Digital satellite imaging 
 

• 2005, Global Earth Observation System of Systems (GEOSS) 
 
 

 



Science Focus: Satellites, Google Earth, 
and the Environment 

• Satellites as remote sensing devices 
• Google Earth software allows you to view anywhere 

on earth, including 3-D 
• Satellites can collect data from anywhere in the 

world 



Google Earth Images: Jeddah, Saudi Arabia 

Fig. 3-A (3), p. 76 

Presenter
Presentation Notes
This is a satellite view of Jeddah, Saudi Arabia’s second largest city.



Some Scientists Study Ecosystems  
in the Laboratory 

• Simplified systems carried out in 
• Culture tubes and bottles 
• Aquaria tanks 
• Greenhouses 
• Indoor and outdoor chambers 
 

• Supported by field research 
 



Some Scientists Use Models to  
Simulate Ecosystems 

• Mathematical and other models 
 

• Computer simulations and projections 
 
• Field and laboratory research needed for baseline 

data 



We Need to Learn More about the 
Health of the World’s Ecosystems 

• Determine condition of the world’s ecosystems 
 

• More baseline data needed 
 



Three Big Ideas 

1. Life is sustained by the flow of energy from the sun 
through the biosphere, the cycling of nutrients 
within the biosphere, and gravity. 

2. Some organisms produce the nutrients they need, 
others survive by consuming other organisms, and 
some recycle nutrients back to producer organisms. 

3. Human activities are altering the flow of energy 
through food chains and webs and the cycling of 
nutrients within ecosystems and the biosphere.  
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