Chapter 51—Ecosystems

Lecture Outline

I.
Ecosystems

A.
Many global environmental problems have emerged recently.

1.
Examples—global warming, acid rain, the ozone hole, anaerobic “dead zones,” algal blooms, and so forth. 

2.
Problems develop when humans change the chemical and physical characteristics of the environment. 

B.
Ecosystems consist of all the organisms that live in an area along with the nonbiological components.

1.
They are composed of multiple communities along with their physical and chemical environment.

2.
Relevant abiotic components include nutrients, air, water, sunlight, soil, temperature.

3.
The flows of energy and exchanges of nutrients link the biotic and abiotic components.

4.
The focus of ecosystem studies is to understand: 

a.
How molecules cycle between the abiotic and biotic environments. 

b.
How energy in sunlight dissipates as it flows through an ecosystem.

C.
Because of human disturbance, ecosystem ecology has taken on an increasingly applied aspect.

D.
Understanding ecosystem ecology is fundamental to managing the future of Earth.

II.
Energy Flow and Trophic Structure

A.
All ecosystems have four components that are linked by the flow of energy. (Fig. 51.1)

1.
Primary Producers

a.
They use solar or chemical energy to manufacture their own food.

b.
They form the basis of ecosystems by transforming the energy in sunlight or reduced inorganic compounds into the chemical energy stored in sugars.

c.
All producers are autotrophs.

2.
Consumers

a.
They include all organisms that eat other organisms.

b.
Herbivores eat plants.

c.
Carnivores eat animals.

3.
Decomposers 

a.
They obtain energy by feeding on the dead remains of other organisms.

b.
They may also feed on the waste products of other organisms. 

4.
The Abiotic Environment

a.
It includes the soil, climate, atmosphere, and so forth.

b.
It can also include things as fine as the particulates and solutes in water.

B.
Energy enters ecosystems in the form of sunlight and reduced inorganic compounds.

C.
Energy Flow—A Case History

1.
Some of the best data on energy flow in ecosystems was assembled by James Gosz and colleagues.

a.
They studied energy flow through a temperate forest ecosystem.

b.
Their study site was in New Hampshire.

2.
Energy flow in this ecosystem begins when plants capture the energy in sunlight by photosynthesis.

a.
The amount of energy entering the system from sunlight varies throughout the year, and from year to year. (Fig. 51.2)

b.
In a typical year, 1,254,000 kCal of solar radiation per square meter reached the forest.

3.
The gross photosynthesis of this ecosystem was calculated to be 10,400 kCal/m2.

a.
This is the total amount of photosynthesis in a given area and time period.

b.
It is calculated by documenting the rates of photosynthesis in a large sample of plants.

4.
The gross photosynthetic efficiency was found to be 0.8%.

a.
This is the efficiency with which plants use the total amount of energy available to them.

b.
It is expressed as a ratio of gross photosynthesis to solar radiation.

c.
This value is typical of most other ecosystems.

d.
This means that plants are able to use only a tiny fraction of the total radiation they receive.

5.
Primary producers used the energy captured by photosynthesis in two ways:

a.
45% supported the synthesis of new tissue.

b.
55% was used for maintenance or respiratory costs.

(1)
This value represents net primary production.

(2)
It is the amount of energy available to herbivores.

6.
How does net primary production vary among ecosystems?

a.
Terrestrial ecosystems with the highest productivity are located in the wet tropics. (Fig 51.3a)

b.
Deserts and arctic regions have the lowest productivity. 

c.
The productivity of terrestrial ecosystems is limited by a combination of temperature and water availability.

d.
Marine productivity is highest along the coasts and in areas where water wells up from the ocean bottom to the surface. (Fig. 51.3b)

(1)
This is because nutrient levels are high at these locations.

(2)
Coastal areas receive input from terrestrial systems.

(3)
Upwelling returns nutrients to the surface.

7.
The energy in plant tissue moves into a grazing food web if it is eaten by herbivores.

a.
Grazing food webs are made up of the network of organisms that eat plants, along with the organisms that eat the herbivores. (Fig. 51.4)

b.
In Gosz’s study, the amount of energy that entered the grazing food web varied from around 1% of net primary production to more than 40%.

c.
Primary consumers harvested about 31 kCal/m2 each year.

(1)
82% was assimilated and 18% was excreted.

(2)
Just 1.6% went into the production of new tissue. 

d.
The production of new tissue by primary consumers is called secondary production.

(1)
Secondary production is higher in ectotherms than in endotherms.

(2)
In all cases, only a tiny fraction of the available solar radiation is involved in secondary production. 

8.
Plant tissue that is not consumed by herbivores will eventually die.

a.
It will then enter a decomposer food web comprised of species that eat the dead remains of organisms.

b.
In the Gosz study, about 75% of net primary production entered the decomposer food web.

c.
Plant litter and dead animals are collectively known as detritus. 

(1)
It is consumed by a wide variety of decomposers.

(2)
Examples—bacteria, archaea, fungi, protozoa (Fig. 51.5)

d.
Primary decomposers are in turn consumed by carnivores.

e.
Decomposers rarely use all of the detritus that is available to them.

(1)
Some detritus accumulates as organic matter in soil.

(2)
Other leftover detritus may leave the community in sediments.

9.
Large amounts of energy leave the ecosystem in the form of detritus that washes into streams.

a.
This is a major source of energy for aquatic organisms. 

b.
It also represents the flow of energy out of the ecosystem.

c.
In this study, photosynthesis by aquatic plants introduced only 10 kCal/m2/yr of energy.

d.
In contrast, each year 6039 kCal washed into each square meter from the surrounding forest.

10.
Summary

a.
Energy enters ecosystems through the actions of primary producers.

b.
Only a fraction of the fixed energy actually becomes available to consumers.

c.
Most net primary production that is consumed enters the decomposer food web.

d.
From there, a small fraction is used for secondary production by herbivores and carnivores.

e.
Most of the energy fixed during photosynthesis is not used for the synthesis of new tissues, but for respiration by the organisms involved.

D.
Trophic Structure

1.
Organisms that obtain their energy from the same type of source occupy the same trophic level.

a.
Each feeding level represents a trophic level. 

b.
Example—All plant-eating organisms occupy the same trophic level. 

c.
Primary producers, primary consumers, and secondary consumers all define the trophic structure of an ecosystem. (Fig. 51.6a)

d.
Organisms at the top trophic level are not eaten by any other organisms. 

2.
Ecosystems share a characteristic pattern of productivity at each trophic level. (Fig. 51.6b)

a.
Productivity declines from one trophic level to the next. 

b.
Productivity is highest at the lowest trophic level. 

E.
Food Chains and Food Webs

1.
A food chain describes the species occupying each trophic level in a particular ecosystem. (Fig. 51.7a)

2.
Food chains are usually embedded in more complex food webs because multiple species are present at several trophic levels. (Fig. 51.7b)

3.
Food chains and webs are the most basic ways to describe the structure of an ecosystem.

4.
Schoener found that the maximum number of links in any food chain or web ranged from 1 to 6. (Fig. 51.7c)

F.
Hypotheses to Explain Why Ecosystems Don’t Have 8, 9, 10, or More Trophic Levels

1.
Energy transfer may limit food-chain length.

a.
As energy is transferred up the food chain, a large fraction is always lost.

b.
By the time energy reaches the top trophic level, there may not be enough left to support an additional group of consumers. 

c.
This hypothesis predicts that there should be more trophic levels in ecosystems with higher productivity or higher energy-transfer efficiency.

d.
To date, research has not supported this prediction.

2.
Long food chains may be more fragile.

a.
Long food chains are easily disrupted by environmental disturbances.

b.
Therefore, they tend to be eliminated. 

c.
Mathematical models show that long food chains take longer to return to their previous state following a disturbance.

d.
Long food chains are unlikely to persist in a variable environment.

e.
This hypothesis also predicts that food chains should be longer in more stable environments.

f.
Some data supports this prediction, but others have challenged it. 

3.
Food-chain length may depend on environmental complexity.

a.
Food-chain length may be a function of an ecosystem’s physical structure.

b.
Three-dimensional ecosystems should have longer food chains than two-dimensional ones.

c.
Data supports the idea that dimensionality does influence food-web structure.

d.
The mechanism for this pattern remains unknown, however.

G.
There is no simple answer to the question of what limits food chains. Each of the hypotheses listed here may all have a limiting impact on food chains, and their interrelationship may be the key.

III.
Biogeochemical Cycles

A.
Energy is not the only quantity that is transferred when one organism eats another. 

1.
Nutrients also cycle through ecosystems.

2.
The path an element takes as it moves from abiotic systems through living organisms and back again is referred to as its biogeochemical cycle. 

B.
Humans are now disrupting biogeochemical cycles on a global scale. 

C.
Researchers study three basic aspects of biogeochemical cycling:

1.
The nature and size of the pools or reservoirs where elements are stored for a period of time. 

2.
The rate of movement between pools and the factors that influence these rates. 

3.
How different biogeochemical cycles interact. 

D.
Biogeochemical Cycles in Ecosystems (Fig. 51.8)

1.
Summary of the Process

a.
Nutrients are taken up from the soil by plants and incorporated into plant tissue.

b.
If the plant is eaten, the nutrients pass to the animal members of the ecosystem.

c.
If the plant dies, the nutrients and plant biomass in them become litter, or dead biomass.

d.
Once ingested by an animal, nutrients are excreted in fecal matter or urine, taken up by a parasite or predator, or enter the dead biomass pool when the individual dies. 

e.
Decomposers break down the nutrients in plant litter, animal excretions, and dead animal bodies.

f.
The nutrients then become part of the organic matter of soil. Soil organic matter is a complex mixture of partially decomposed detritus. 

g.
The nutrients in soil organic matter are converted to an inorganic form. 

h.
The nutrients are now once again available for uptake by plants.

2.
A key feature in the process is that nutrients are reused. 

a.
This reuse is not total. 

(1)

Nutrients do leave the ecosystem whenever plant or animal biomass is removed.

(2)
Examples—flowing water, wind, soil erosion.

b.
This is often called nutrient recycling.

E.
Factors Controlling the Rate of Nutrient Cycling in Ecosystems

1.
Decomposition of detritus usually limits the overall rate of nutrient movement the most. 

2.
The decomposition rate is influenced by two types of factors:

a.
Abiotic Conditions

(1)
These include temperature and precipitation.

(2)
Example—detrital accumulations in boreal versus tropical forests. (Fig. 51.9)

b.
Quality of Detritus as a Nutrient Source for the Decomposers

(1)
Decomposers can be limited by the presence of large compounds that are difficult to digest. 

(2)
The growth of decomposers is also inhibited if detritus is low in nitrogen.

F.
Factors Influencing the Rate at which Nutrients Are Exported from Ecosystems

1.
Nutrient availability has a profound effect on productivity. 

2.
The rate of nutrient loss is an important characteristic of any ecosystem.

3.
Many human activities accelerate nutrient loss.

4.
Likens and Bormann tested the effect of vegetation removal on nutrient cycling. (Fig. 51.10a)

a.
Experiment

(1)
They compared nutrient loss in a vegetated and devegetated site over the course of 4 years.

(2)
Before removing the vegetation, they documented that 90% of the nutrients in the ecosystems were in soil organic matter, with an additional 9.5% in plant biomass. 

(3)
After the vegetation was removed, they monitored the concentrations of nutrients in the streams exiting the two watersheds. 

b.
Results—Nutrient losses were typically 10 times as high in the devegetated site versus the control site. (Fig. 51.10b)

c.
Conclusions

(1)
Devegetation has a huge impact on nutrient export.

(2)
Without plants to recycle them, nutrients are quickly washed out of the soil and lost to the ecosystem.

(3)
Devegetated areas are much less productive than intact, vegetated sites.

G.
Global Biogeochemical Cycles

1.
When nutrients leave one ecosystem, they enter another. 

2.
The movement of nutrients among ecosystems links local biogeochemical cycles into one massive global system.

3.
The Carbon Cycle (Fig. 51.11)

a.
The global carbon cycle involves the rapid movement of carbon between terrestrial ecosystems, the oceans, and the atmosphere. 

b.
The ocean is the largest pool or reservoir of carbon. 

c.
Carbon moves in and out of the atmospheric pool at exceptionally high frequencies.

d.
Carbon frequently moves through atmospheric pools through organisms. 

e.
In both terrestrial and aquatic systems, photosynthesis is responsible for taking carbon from the atmosphere and incorporating it into tissue.

f.
Respiration releases carbon from living organisms back into the atmosphere.

g.
Humans have changed the carbon cycle. (Fig. 51.12a and b)

(1)
Burning fossil fuels

(2)
Land-use changes (e.g., deforestation)

(3)
The use of fire

h.
CO2 is a greenhouse gas because it traps heat that has been radiated from earth and keeps it from being lost to space. 

4.
The Nitrogen Cycle (Fig. 51.13a)

a.
A key aspect is that plants are able to use nitrogen only in the form of NH4+ or NO3–.

b.
The vast pool of molecular nitrogen (N2) in the air is unavailable to plants. 

c.
Nitrogen is added to ecosystems in a usable form only when it is “fixed.”

(1)
This means it is converted from N2 into either NH4+ or NO3–.

(2)
This can be accomplished by lightening reactions in the atmosphere or by enzymes in bacteria that live in the soil and oceans. 

d.
Humans have altered this cycle.

(1)
Nitrogen fixation from human sources in now about equal to that from natural sources. (Fig. 51.13b)

(2)
Human-fixed nitrogen comes from industrially-produced fertilizers, the release of nitric oxide during fossil fuel combustion, and the cultivation of crops.

e.
Adding nitrogen to terrestrial ecosystems usually increases productivity.

(1)
This can be beneficial in some cases.

(2)
However, it can also be very detrimental.

(a)
Nitrogen runoff can also be very harmful to aquatic systems.

(b)
Nitrogen inputs can lead to a significant loss of biodiversity. 

H.
Some of our most pressing environmental problems result from recent and massive alterations in biogeochemical cycles. Even local changes can have large-scale consequences. 

