Chapter 3

Ecosystems: What Are They and How Do They Work?
3-1  What is ecology?

A.
Ecology is the study of connections in the natural world.  Ecologists try to understand interactions among organisms, populations, communities, ecosystems and the biosphere.

1.
An organism is any form of life.  The cell is the basic unit of life in organisms.

2.
Organisms are classified into species, which groups organisms similar to each other together.

3.
Sexually reproducing organisms are classified as a species if, under natural conditions, they can potentially breed with one another and produce live, fertile offspring

a.
About 1.7 million species have been identified, but 3 – 10 million species are estimated to exist.
B.
A population consists of a group of interacting individuals of the same species occupying a specific area.  Genetic diversity explains why these individuals may not behave nor look exactly alike.  The habitat is the place where a population or an individual usually lives.  Its distribution or range is the area over which a species may be found.

C.
A community represents populations of different species living and interacting in a specific area.  A biological community consists of all the populations of different species interacting and living in a specific area; this is a network of plants, animals, and microorganisms.

D.
An ecosystem is a community of different species interacting with each other and with their nonliving environment of matter and energy.  All of the earth’s diverse ecosystems comprise the biosphere.

Science Focus: the importance of insects in maintaining the environmental balance.  Many times we classify insects as pests because they compete with us for food, spread human diseases, bite or sting us, and generally, can be a nuisance.  However, they are VERY beneficial because they act as pollinators, they eat other insects, loosen and renew soil, and perform an estimated $57 billion/yr in ecological services.
3-2  What keeps us and other organisms alive?

A.
Various interconnected spherical layers make up the earth’s life-support system.

1.
The atmosphere is the thin membrane of air around the planet.
a.
The troposphere is the bottom layer that contains the most gas and where weather occurs.

b.
The stratosphere lies above the troposphere; here ozone filters out the sun’s harmful radiation.

2.
The hydrosphere consists of earth’s water, found in liquid water, ice, and water vapor.
3.
The lithosphere is the crust and upper mantle of the earth’s soil. It contains nonrenewable fossil fuels, minerals, and soil, and renewable soil chemicals needed for plant life.

a.
The lithosphere is the hard rocky crust of the earth.

b.
The asthenosphere lies below the lithosphere and consists of molten rock.

B.
The biosphere includes most of the hydrosphere, parts of the lower atmosphere and upper lithosphere.  All parts of the biosphere are interconnected.
A.
Terrestrial parts of the biosphere are classified as biomes, areas such as deserts, forests, and grasslands or aquatic life zones in freshwater, or marine life zones (coral reefs, coastal estuaries, deep ocean).

C.
The sun, cycles of matter, and gravity sustain life on earth.

1.
The one-way flow of high-quality solar energy through materials and living things (as they eat) produces low-quality energy.  Energy can’t be recycled.

2.
Matter cycles through parts of the biosphere.

3.
Gravity causes the downward movement of chemicals as matter cycles through the earth.

D.
Solar energy warms the atmosphere, evaporates and recycles water, generates wind, supports plant growth, and supplies the energy passed through the trophic levels.

E.
As solar radiation interacts with the earth, infrared radiation is produced.  Greenhouse gases trap the heat and warm the troposphere.  This natural greenhouse effect makes the planet warm enough to support life.  Energy from the sun supports photosynthesis.

F.
The Earth’s temperatures, distance from the sun and size all produce a livable planet.  Its liquid water, orbit from the sun, and its gravitational mass all contribute to sustaining life in this natural greenhouse.
3-3  What are the major components of an ecosystem?

A.
The major components of ecosystems are abiotic (nonliving) water, air, nutrients, solar energy, and biotic (living) plants, animals, and microbes.

B.
Ecosystem characteristics include a range of tolerance to physical and chemical environments by the ecosystem’s populations.

1.
Law of tolerance: The distribution of a species in an ecosystem is determined by the levels of one or more physical or chemical factors being within the range tolerated by that species.
2.
The limiting factor principle states that too much or too little of any abiotic factor can limit or prevent growth of a population, even if all other factors are at or near the optimum level.

C.
The major biological components of ecosystems are the producers, or autotrophs, that are self-feeders and the consumers, or heterotrophs.
1.
Autotrophs make their own food from compounds in the environment (organisms such as green plants and algae).
2.
Most producers use photosynthesis to capture solar energy and store it in the form of glucose

a.
carbon dioxide  +  water   →  glucose  +  oxygen

b.
6 CO2 + 6 H2O  →  C6H12O6 + 6 O2
c.
A few specialized producers can convert simple compounds to more complex compounds without sunlight, a process called chemosynthesis.
3.
Consumers, or heterotrophs feed on other organisms or their remains.

a.
Herbivores – feed on plants (consumer eating producer)
b.
Carnivores – feed on animals (consumer eating consumer)
c.
Omnivores – feed on both plants and animals (consumer eating both producers and consumers)
d.
Decomposers (bacteria/fungi) – break down organic detritus into simpler compounds
e.
Detritivores – feed on dead organic matter and break it down into smaller molecules

f.
Natural ecosystems produce little waste or no waste.  In nature, waste becomes food.

4.
Glucose and other organic compounds are broken down and energy released by the process of aerobic respiration.

a.
glucose  +  oxygen  →  carbon dioxide  +  water  +  energy

b.
C6H12O6 + 6 O2  →  6 CO2 + 6 H2O + ENERGY
5.
Some decomposers are able to break down organic compounds without using oxygen.  This process is called anaerobic respiration, or fermentation.
Science Focus: The importance of microbes to our life.  The tiny microbes such as bacteria, protozoa, fungi, and yeast help keep us alive ; they are unseen by the naked eye but keep the natural world operating.  Harmful microbes are the minority.  Soil bacteria (nitrogen fixing bacteria) convert nitrogen gas to a usable form for plants.  They help produce foods such as bread, cheese, yogurt, beer, wine.  They help purify water, provide oxygen, breakdown waste and many also live beneficially inside our bodies (intestine, nose).  Overall, these microbes make up 90% of all living mass on the planet.
6.
Ecosystems are sustained through of combination of one-way energy flow and nutrient cycling.

a.
The one-way flow of high-quality solar energy through materials and living things (as they eat) produces low-quality energy.  Energy can’t be recycled.
b.
Nutrients are recycled by decomposers and other natural processes and are released into the biosphere to be used again.
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3-4  What happens to energy in an ecosystem?

A.
Food chains and food webs help us understand how eaters, the eaten, and the decomposed are interconnected in an ecosystem.

B.
The sequence of organisms as they are eaten is a food chain.

1.
Trophic levels are feeding levels for organisms within an ecosystem.

a.
Producers belong to the first tropic level.

b.
Primary consumers belong to the second tropic level.

c.
Secondary consumers belong to the third tropic level.

d.
Detritivores and decomposers process detritus from all trophic levels.

2.
Food webs are complex networks of interconnected food chains.  They map the connected food chains involving all organisms in an ecosystem.

C.
The dry weight of all organic matter within the organisms of a food chain/web is called biomass.

D.
Energy flow in a food web/chain decreases at each succeeding organism in a chain or web.

1.
The 2nd law of Thermodynamics applies to tropics levels.

2.
Ecological efficiency is the term that describes the percentage of usable energy transferred as biomass from one trophic level to another and ranges from 2 to 40% with 10% being typical.
3.
The greater number of trophic levels in a food chain, the greater loss of usable energy.

E.
The pyramid of energy flow visualizes the loss of usable energy through a food chain.  The lower levels of the trophic pyramid support more organisms.  If people eat at a lower trophic level (fruits, vegetables, grains directly consumed), the same area of land can support many more people.  There is a large loss of energy between successive trophic levels (about 90% lost to heat).

F.
Production of biomass takes place at different rates among different ecosystems.

1.
The rate of at which producers convert energy into biomass is the gross primary productivity (GPP).
2.
Some of the biomass must be used for the producers’ own respiration. Net primary productivity (NPP) is the rate which producers use photosynthesis to store biomass minus the rate which they use energy for aerobic respiration. NPP measures how fast producers can provide biomass needed by consumers in an ecosystem.

3.
Ecosystems and life zones differ in their NPP.  The three most productive systems are swamps and marshes, tropical rain forest, and estuaries.  The three least productive are tundra, desert scrub and extreme desert.

G.
The planet’s NPP limits the numbers of consumers who can survive on earth.

1.
The highly productive tropical rain forest cannot support agriculture as practiced in developed countries.

2.
Marshes and swamps do not produce food that can be eaten directly by humans; they feed other aquatic species that humans consume (fish, shrimp, clams).
Sample Food Chain


Ecological Pyramids
In general as you go up a food chain the size of the individuals increases and the number of individuals decreases.  These sorts of observations can be displayed in ecological pyramids, which are used to quantify food chains.  Food chains represent flows of matter and energy, so two different pyramids are needed to quantify each flow.
1.  Pyramids of Numbers

These show the numbers of organisms at each trophic level in a food chain.
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‘A’ shows a typical pyramid of numbers for carnivores


‘B’ shows the effect of a single large producer such as a tree


‘C’ shows a typical parasite food chain.
2.  Pyramids of Biomass
The biomass may be found by drying and weighing the organisms at each trophic level, or by counting them and multiplying by an average individual mass. Pyramids of biomass are always pyramid shaped, since if a trophic level gains all its mass from the level below, then it cannot have more mass than that level (you cannot weigh more than you eat). The "missing" mass, which is not eaten by consumers, becomes detritus and is decomposed.
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3.  Pyramids of Energy
Pyramids of energy are always pyramidal (energy cannot be created), and always very shallow, since the transfer of energy from one trophic level to the next is very inefficient.  The “missing” energy, which is not passed on to the next level, is lost eventually as heat.
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