Chapter 37 Lecture Outline

Introduction
Dining In

A.
A special food chain.


1.
Some insects go to extremes of interdependence. For example, chalcid wasps parasitize the eggs of ichneumon wasps, which have been laid in Apanteles wasp eggs, which have been laid in Pieris (cabbage butterfly) caterpillars (which eat cabbages) (chapter-opening photos).


2.
One would be tempted to think such food chains could go on forever, as suggested by Jonathan Swift’s poem about fleas on fleas. However, there are good reasons this cannot be so.


B.
This chapter focuses on two interrelated levels of ecology:


1.
Community structure and function depend on the interactions among organisms.


2.
Ecosystem structure and function depend on the interactions of the community with its abiotic environment.


I.
Structural Features of Communities

Module 37.1
A community includes all the organisms inhabiting a particular area.


A.
A community is an assemblage of all populations of organisms living close enough together for population interaction (Figure 37.1). The four main properties of a community are presented below.



Review: The hierarchical organization of life (Module 1.1).


1.
Species diversity refers to the variety of species present and has two components: richness (the number of different species) and relative abundance (the number of individuals of each species). A community with individuals divided equally among four species is very different from a community with the same species unequally represented.


2.
The nature of the dominant organisms is an important property. This can involve either vegetation or animals. The dominant species in Figure 37.1 are the grasses.



NOTE: Another example is the dominance of mosses, shrubs, grasses, and lichens in alpine tundras and the clumps of different vegetation groups (Module 34.17).


3.
The response to a disturbance by a community illustrates the stability of the community, the ability to resist change, and the return of the original species’ composition and structure.


4.
The fourth property of communities is their trophic structure, the nutritional relationships among all the components (Modules 37.9–37.11).


B.
There are four interspecific interactions that tie populations together in communities: competition, predation, herbivory, and symbiosis. These interactions are all influenced by evolution through natural selection.

Module 37.2
Competition may occur when a shared resource is limited.


A.
Interspecific competition occurs when two species are competing for the same resources. Competition between two species can inhibit the growth of both populations, sometimes to the point where one is eliminated.


B.
In the 1930s, Gause studied interspecific competition between two species of paramecium. When grown in separate cultures with the same amount of food being added each day, each species’ population followed a logistic growth curve (Module 36.4). When grown together, one species of paramecium eliminated its competitor.


C.
The ideas embodied in Gause’s experiments have been termed the competitive exclusion principle. In modern wording, this principle states that populations of two species cannot coexist if their niches are too similar.


D.
A population’s niche is its role in its community, the total of a species’ relationships to the biotic and abiotic factors of its habitat. The concept of niche is a theoretical construct that is difficult to assess in nature.



NOTE: Compared to an organism’s habitat (its address), its niche is like an organism’s occupation. Although this analogy is not perfect, it clarifies the fact that habitat and niche refer to different characteristics of a species.


E.
Niche and interspecific competition are demonstrated by two species of suspension-feeding barnacles in the genera Chthamalus and Balanus. Chthamalus normally lives higher on intertidal rocks, but if Balanus is removed, Chthamalus will live lower. Ecologists conclude that Chthamalus’s lower boundary is determined by competition, and the upper boundaries of both species are determined by how well a species resists drying out (Figure 37.2A).


F.
Competition between two very similar species for the same resources will have either of these two results:


1.
One species will become extinct.


2.
One of the species will change enough to use a different set of resources.


G.
This process of niche differentiation between two similar species in one community is called resource partitioning (Figure 37.2B).

Module 37.3
Predation leads to diverse adaptations in both predator and prey.


A.
The predator is the eater, and the prey is the eaten (including plants). No species is entirely free of predation, at least when young. Predation is the interaction between species when one kills and eats the other species.


B.
Adaptations to assist in eating or avoid being eaten are requirements for survival to reach sexual maturity.


C.
Camouflage, the blending in of an organism with its background, is common among animals (Figure 37.3A).


D.
Defense mechanisms against predators include size, fleeing, hiding, mimicry, and the production of defensive structures (e.g., spines or armor) or chemicals (e.g., skunk sprays and alkaloids in poison-arrow frogs). These mechanisms evolve by natural selection influenced by predator-prey interaction (Figure 37.3B).



NOTE: In addition, predators (and parasites) often remove the weaker or infirm individuals of their prey, thereby helping improve the prey’s genetic stock or, at least, the overall health of the prey population, and helping keep the prey population size below levels at which it may outstrip its food supply.


E.
Mimicry protects the mimic (of a distasteful or dangerous species) from consumption. Batesian mimicry is shown by a harmless species (in lower numbers) mimicking a dangerous species (Figure 37.3C). Müllerian mimicry is shown by two unpalatable species, each of which gains advantage from the other warning off predators (Figure 37.3D). The snapping turtle also uses mimicry to catch fish (its tongue looks like a wriggling worm).

Module 37.4
Predation can maintain diversity in a community.


A.
Keystone species exert a strong influence over the community because of their ecological role. This is illustrated in the sea star experiment conducted by Paine (Figure 37.4A). Keystone species help maintain community diversity by consuming, and reducing the density of, prey that are very strong competitors.


B.
In the experiments by Paine, the predatory sea star Pisaster is removed from a community, its main prey, Mytilus (a mussel), outcompetes many other shoreline organisms (e.g., barnacles and snails), and community diversity declines.


C.
The sea otter is a keystone species that is currently being preyed upon by killer whales; scientists think this is a result of overfishing in the northern Pacific Ocean. Killer whales normally eat sea lions and seals, which normally eat fish. The fish population has declined due to overfishing, which causes the ripple effect and the decline in the sea otter population (Figure 37.4B).

Module 37.5
Herbivores and the plants they eat have various adaptations.


A.
Herbivores are animals that eat plants or algae. The sea urchin is an herbivore that eats kelp (Figure 37.4B).


B.
Plants, unlike animals, cannot flee from predators. They have evolved specialized mechanisms of defense, such as thorns and spines. Plants also produce toxic chemicals such as strychnine, nicotine, morphine, opium, mescaline, and tannins. Some plants have evolved chemicals that induce abnormal development in the insects that eat them.


C.
Coevolution is a series of interdependent adaptations of two species. An example of coevolved features is the evolution of toxic chemicals in the leaves of Passiflora that protect the plant from consumption by most insects, and the coevolution of special enzymes in the butterfly Heliconius, which can eat Passiflora. Furthermore, some species of Passiflora produce sugar deposits on leaves that look like Heliconius eggs, thereby causing the butterfly to avoid laying eggs on them (Figure 37.5).



Review: The coevolution of plants and animals is discussed in Module 17.13.

Module 37.6
Symbiotic relationships help structure communities.


A.
A symbiotic relationship is an interaction between two or more species in which one or more species lives in or on another.



NOTE: The distinction between each of the following categories of symbiosis is inexact. It is often difficult to determine the precise nutritional or other benefits provided by, or harm caused by, a symbiotic relationship. The categories are derived by ecologists to simplify discussion of some complex interrelationships.


B.
Parasitism is much like predation, but the parasite is usually smaller than the host species. The parasite gains and the host loses from the relationship. Natural selection favors parasites that have adaptations to find and feed on hosts. Coevolution of host and parasite often takes place so that the hosts have adaptive defenses against parasites.



NOTE: The worst harm done by parasites is on nonnative hosts, which have not coevolved with the parasite. The fungal pathogens that cause Dutch elm disease and chestnut blight are two such parasites that have ravaged native tree populations in North America.


C.
Pathogens are disease-causing microbes; they are similar to parasites but can be lethal to the host. The myxoma virus (a rabbit pathogen) was introduced in 1950 to control the exploding rabbit population in Australia. After 40 years of coevolution, rabbits are better able to resist infections, and the most virulent virus strains are absent, having died off with the rabbits they killed (Figure 37.6A). A new viral pathogen was introduced in 1995 with renewed success.



Preview: Introduced species often pose a threat to native species (Module 38.3).


D.
Commensalism involves close relationships between organisms in which one benefits and the other neither gains nor loses. An example is the relationship between certain insect-eating birds and grazing cattle. The cattle flush out insect prey that the birds consume. It is not clear how, if at all, the cattle benefit.



NOTE: Another example is an owl roosting in an abandoned woodpecker hole. In commensal relationships, the neutral species may be neutral only in our present understanding, but may, in fact, gain or lose from the relationship.


E.
Mutualism benefits both partners. Nitrogen-fixing bacteria gain a home, and their nodule-forming legumes gain nitrogen (Module 32.13). The acacia tree gains protection from plant pests by catering to its Pseudomyrmex inhabitants. These ants live in hollow thorns and eat sugar and protein-rich swellings as the tree grows. If the ants are removed, the tree dies (Figure 37.6B).

Module 37.7
Disturbance is a prominent feature of most communities.


A.
Traditionally, biological communities have been viewed as being stable, with interactions among the components acting to maintain the community. On a local scale, however, change may be more common than stability. An updated model describes communities in constant flux responding to change.


B.
Disturbances are events that damage communities, remove organisms, and alter the available resources. Natural disturbances such as fire, storm, drought, and freezing temperature have an impact on the community. Human activity can also disturb communities.


C.
Disturbances can have both negative and positive effects. Small-scale disturbances often have positive effects. For example, a depression left by an uprooted tree may fill with water and be used as an egg-laying site by frogs. Small-scale disturbance may increase environmental variability, thus increasing diversity.



Preview: The negative impact of human disturbance is the topic of Chapter 38.


D.
Ecological succession is the transition in the species composition in a community over time, following the destruction of the original community by flood, fire, glacial retreat, or other natural or human disturbance.



NOTE: In succession it is important to emphasize that it is the organisms themselves that influence the transition in both the biotic and abiotic factors.


E.
Primary succession occurs in virtually lifeless areas that have no soil. An example is a newly formed volcanic island. Another example of primary succession is the land exposed after a glacier retreats. Frequently, the first colonizers are autotrophic microorganisms. Often, the first large photosynthesizers found on the barren ground are lichens and mosses. The decomposition of these organisms gradually forms soil. Once soil is present, the lichens and mosses are overgrown by other plants, such as grasses, shrubs (mat-forming Dryas), and trees (spruce and hemlock) from seeds that have been blown in or carried in by animals. This gradual process of succession to the community making up the biome can take hundreds of years (Figure 37.7).


F.
Secondary succession occurs when a previously existing community was destroyed, but the soil was left intact. An example is a forest that was cleared for farmland and was later abandoned; this can be seen in areas of the eastern United States. If the area remains undisturbed and secondary succession takes place, the land will eventually give way to a forest.


G.
Today, humans are the single greatest factor affecting community change and succession.



NOTE: Examples can be seen in overgrazing in parts of Africa, resulting in desertification. Logging in the United States and Europe has reduced large tracts of forest to patchy woodlands. The grasslands of the midwestern United States have been converted to farmland. The tropical rain forest in the southern hemisphere is being cleared for lumber and pastureland.



Preview: Human impact on the environment (Chapter 38).

Module 37.8
Talking about Science: Fire specialist Max Moritz discusses the role of fire in ecosystems.


A.
Dr. Max Moritz is a wildland fire specialist with the College of Natural Resources at the University of California (Figure 37.8A). One of his special interests is fire in the chaparral ecosystems that mark much of the American West (Figure 37.8B).


B.
Until recent decades, the benefits of wildfires were poorly understood. People have long tried to suppress wildfires, but it is now known that, in some ecosystems, low-intensity wildfires deter more destructive high-intensity wildfires by not allowing the fuel (trees and brush) to grow large. In addition, wildfires are important to the plant nutrient cycle. Some species of chaparral plants actually require the heat and chemical effects of fire for seed germination.


C.
Through his research, Moritz hopes to help people understand the ways they influence wildfires (through building, logging, grazing, and landscape defragmentation) and to teach people how to live wisely in fire-prone ecosystems.

Module 37.9
Trophic structure is a key factor in community dynamics.


A.
The trophic structure of a community is the pattern of feeding relationships that determines the flow of energy and the routes of elements that are cycled.


B.
The transfer of food from trophic level to trophic level is called a food chain (Figure 37.9). Food chains differ for each community type. Natural food chains are never single, unbranched chains (as implied by the diagrams).


C.
In a terrestrial food chain, the trophic levels include the following:


1.
Producers (autotrophic plants).


2.
Primary consumers (herbivores that consume the producers; e.g., grasshoppers).


3.
Secondary consumers (e.g., a mouse eating an herbivorous insect).


4.
Tertiary consumers (e.g., a snake eating a mouse).


5.
Quaternary consumers (carnivores that consume the next lower consumer level; e.g., a hawk).


D.
In the illustrated aquatic food chain, the trophic levels are the same, but the players are different.


E.
Detritivores, or decomposers, derive their energy from the breakdown of detritus, organismal waste and parts of dead organisms. Detritivores include, principally, fungi and bacteria (essential to all life on Earth) but also small animals and prokaryotes. The larger detritivores break apart the material physically and alter it chemically. The smaller detritivores function in decomposition, the breakdown of organic chemicals to inorganic chemicals.

Module 37.10
Food chains interconnect, forming food webs.


A.
A food web, which is a network of interconnected food chains, is a more realistic representation of the trophic structure of a community (Figure 37.10). Consumers usually eat more than one type of food. Each food type is consumed by more than one type of consumer. Detritivores feed on the dead remains of all (different detritivores are selective).


B.
The arrows in a food web diagram outline an ecosystem’s overall flow of chemical nutrients and energy, but the diagram still simplifies the relationships among organisms because the individual species at all the trophic levels are usually not represented.


II.
Ecosystem Structure and Dynamics

Module 37.11
Ecosystems ecology emphasizes energy flow and chemical cycling.

Review: The distinction between autotrophs and heterotrophs (Module 16.11) and the laws of thermodynamics (Module 5.2).


A.
An ecosystem includes all the organisms in a community and the interaction of those organisms with their abiotic environment. An ecosystem has two dynamic processes: energy flow and chemical cycling.


B.
Energy flow is the one-way passage of energy through the components of the ecosystem, usually starting with photosynthesis by autotrophs and proceeding through heterotrophs. Every use of chemical energy by an organism involves loss of heat to the surroundings (Figure 37.11).


C.
An exception to the sun being the ultimate source of energy for an ecosystem, as for example hydrothermal vent ecosystems, is discussed in Chapter 34 (Opening Essay; Module 34.7).


D.
Chemical cycling is the circular movement of elements among the biotic and abiotic parts of an ecosystem (or among components of many ecosystems).

Module 37.12
Primary production sets the energy budget for ecosystems.


A.
The Earth receives approximately 1019 kcal of solar energy per day (equal to the energy released by 100 million atomic bombs). Only 1% of the visible light that reaches Earth is converted into chemical energy by autotrophs via photosynthesis. On a global scale, this adds up to 170 billion tons of organic matter each year.


B.
Biomass is the amount of organic material in a collection of living organisms or their remains. The rate at which producers convert solar energy to chemical energy in a given time period is called primary production.

C.
There is a wide variety in the amount of production by producers when comparing ecosystems. Table 37.12 compares the primary production of several ecosystems.

Module 37.13
Energy supply limits the length of food chains.


A.
The energy available along a food chain drops by an average of between 80% and 95% at each trophic level.



Review: Module 5.2 discusses the first and second laws of thermodynamics.


B.
The energy reduction between several trophic levels produces an energy pyramid (Figure 37.13). Food chains are limited to three to five levels because at the end of a food chain, little energy is available.



Preview: Since some toxins, such as DDT, persist in the food chain, they become increasingly concentrated at higher trophic levels. The result is biological magnification (Module 38.4; also see Module 34.3).

Module 37.14
Connection: A production pyramid explains why meat is a luxury for humans.


A.
Humans are omnivores. Among other foods, we eat fish (as tertiary or quaternary consumers), meat (as secondary or tertiary consumers), and plants (as primary consumers).


B.
Humans have about ten times more energy available when we eat grain than when we eat grain-fed beef (Figure 37.14).


C.
Meat production is expensive both economically and environmentally because it requires more land to be cultivated, more water for irrigation, and more chemical fertilizers and pesticides.

Module 37.15
Chemicals are recycled between organic matter and abiotic reservoirs.


A.
There are virtually no extraterrestrial sources of water or other nutrients that life requires.


B.
The process of cycling chemicals between abiotic sources and an ecosystem’s biotic components is called a biogeochemical cycle. The point in the cycle where the chemicals are stockpiled outside the living organisms is called an abiotic reservoir.

C.
A typical cycle has four steps (Figure 37.15).


1.
Producer incorporates chemical from abiotic reservoir into organic compound.


2.
Consumer feeds on producer.


3.
Consumer and producer return waste products to environment.


4.
Decomposers convert organic waste compounds back to inorganic form, and they are stored in the air, soil, or water.


D.
Biogeochemical cycles can bypass the producer and consumer steps (e.g., the evaporation of water from a pond back to the atmosphere only to fall as rain again elsewhere). The cycles can be local, as with phosphorous, or global, as with water.


E.
The four abiotic reserves discussed in the next four modules are: water, carbon in the air, nitrogen in the air, and phosphorus in rocks.

Module 37.16
Water moves through the biosphere in a global cycle.


A.
Water is essential for life because all organisms are composed mostly of water and water makes the environment suitable for life. The cycling of water is driven by heat from the sun through the processes of precipitation, evaporation, and transpiration (Figure 37.16).


B.
The principal abiotic reservoir is the ocean. The atmospheric reservoir is mobile and gives the water cycle its global character. Over the ocean, evaporation exceeds precipitation, and there is a net movement of water vapor onto land. On land, precipitation exceeds evaporation and transpiration, and there is a net movement of liquid water into the ocean.


C.
By removing forests and overirrigating, humans can have major impacts on the water cycle. Water vapor leaving land will be altered when tropical rain forests are removed. When land is overirrigated, evaporation will increase and groundwater supplies will decrease.

Module 37.17
The carbon cycle depends on photosynthesis and respiration.


A.
Carbon is the major element in all organic compounds. The principal abiotic reservoir is the atmosphere, which cycles globally. Within the biosphere, carbon moves along food chains between trophic levels. Carbon returns to the atmosphere as respired CO2 (Figure 37.17).



NOTE: Carbon cycle pathways are similar to food chain pathways because energy-storage molecules are all carbon-based compounds.


B.
The reciprocal processes of photosynthesis and respiration are responsible for the movement of CO2 from the abiotic and biotic world.



Preview: The burning of fossil fuels and wood has contributed to increased atmospheric levels of CO2, and this may cause global warming (Module 38.5).

Module 37.18
The nitrogen cycle relies heavily on bacteria.

Review: Nitrogen fixation and other nitrogen-cycling processes involving prokaryotes (Modules 16.17, 32.13, and 32.14).


A.
Organisms use nitrogen during the anabolic processes of proteins and nucleic acids synthesis. The principal abiotic reservoir is the atmosphere, which cycles globally. However, gaseous nitrogen (80% of the atmosphere) is only available directly to certain nitrogen-fixing prokaryotes (Figure 37.18).


B.
Plants can use nitrogen only in the form of NO32 (nitrate) or NH41 (ammonium). Nitrogen-fixing bacteria convert atmospheric N2 to NH3 (ammonia), which then becomes NH41. Nitrifying bacteria convert NH41 into NO32. NO32 is the main source of nitrogen for plants. Animals must eat plants or other animals to get usable nitrogen.


C.
Fungi and prokaryotes decompose nitrogen-containing detritus to NH41. Nitrogen is lost from the biotic cycling by the action of denitrifying bacteria converting soil NO32 into atmospheric N2.



NOTE: Denitrification is anaerobic. Losses occur in agricultural areas where soil structure has broken down and becomes waterlogged and anaerobic.


D.
Most nitrogen cycling by bacteria involves the inner cycle in Figure 37.18. Not shown in the figure are the NH41 and NO32 made in the atmosphere, which reach the ground in precipitation and dust. Such sources are important in some ecosystems.


E.
Sewage-treatment facilities and agricultural runoff release large amounts of biologically usable nitrogen into groundwater, streams, and lakes, resulting in increased algae growth (eutrophication) and the buildup of excess nitrogen compounds in water. Nitrates in drinking water are converted to nitrites, which can be toxic to humans.



NOTE: A considerable amount of nitrogen fixation occurs in the combustion of fossil fuels and in synthetic fertilizers produced by industrial nitrogen fixation, pathways not shown in the figure.

Module 37.19
The phosphorus cycle depends on the weathering of rock.


A.
Phosphates are used by organisms to synthesize nucleic acids, phospholipids, and ATP, and are in bones and teeth. The main abiotic reservoir of phosphorus is rock. The cycling time for this reservoir is extremely slow because it requires that phosphates precipitate out into sediments, reform into rock, uplift, and be available again from rock weathering.


B.
Abiotic pools of inorganic phosphates in soil solution are often limiting in ecosystems (Figure 37.19). The biotic cycling of phosphate starts with plant uptake of the phosphate ions.


C.
Phosphates from fertilizer (made of crushed rocks) and pesticides can be in excess in runoff, leading to eutrophication of streams and lakes.


III.
Ecosystem Alteration

Module 37.20
Connection: Ecosystem alteration can upset chemical cycling.


A.
Since 1963, the Hubbard Brook Experimental Forest, a deciduous forest in the White Mountains of New Hampshire, has been studied by a team of scientists. The Hubbard Brook Forest consists of several watersheds. Long-term studies such as this one are essential for gaining an understanding of the dynamics of an ecosystem.


B.
This study involves monitoring the water and nutrient dynamics that occur under natural conditions and after human intrusion.


C.
From undisturbed forests, 60% of water entering as precipitation leaves the watershed in runoff, while transpiration and evaporation lose the remaining 40%. The flow of nutrients into and out of the watershed is nearly balanced, with small gains in some, particularly nitrates, in most years (Figure 37.20A).


D.
In 1966, one of the watersheds was completely logged and sprayed with herbicide for three years to prevent the regrowth of plants. All the original plant material was left in place. Amounts of water and nutrients in runoff were monitored and compared to an unaltered watershed (Figure 37.20B).



NOTE: In the background of Figure 37.20B, experimental setups of other logging methods can be seen, particularly strip-cutting on the left.


E.
In the altered watershed, runoff increased 30–40%, apparently because there were no plants to absorb and transpire water from the soil. Further, there were huge losses of nutrients. For example, after the cutting, nitrate losses were 60 times greater than in the undisturbed watershed (Figure 37.20C).


F.
One interesting finding from this study is that even before the study at Hubbard Brook began, none of the watersheds were free from human impact. For example, since the 1950s, acid precipitation has dissolved and carried away most of the Ca21 in the soil. The result of lost calcium may have stopped tree growth.



Review: The effects of acid precipitation on the environment are discussed in Module 2.16, and the effects of pH on enzyme activity are discussed in Module 5.7.


G.
A new study to investigate the effects of calcium loss on tree growth was recently begun by spraying selected areas with calcium from helicopters. Preliminary results indicate an increase in soil pH, nitrate concentrations, and soil respiration. More time will be needed to verify renewed tree growth.

Module 37.21
Talking about Science: David Schindler talks about the effects of nutrients on freshwater ecosystems.


A.
Dr. David Schindler is a professor of ecology at the University of Alberta and was involved in environmental research that resulted in the banning of phosphates in detergents (Figure 37.21A).


B.
Cultural eutrophication involves the increase of nutrients above natural levels in aquatic ecosystems (Figure 37.21B).


C.
Increases in nutrients in runoff ultimately end up flowing into aquatic ecosystems, where they can lead to eutrophication. This causes the ecosystems to become more productive and results in changes in the kinds and relative numbers of organisms.


D.
Algal producers bloom in eutrophic conditions. This increases oxygen production during the day but greatly reduces oxygen levels at night, when the algae respire. Increased production of organisms causes increased respiration by decomposers and the development of anaerobic conditions in lake-bottom sediments. Over time, all aerobic organisms may suffer and eventually die out.


E.
Other freshwater problems were listed by Schindler. Global warming was one. Another problem is the buildup of acidity following acid rain, particularly in those lakes that do not have natural buffering (Module 2.16). Failure to treat sewage runoff from large-scale cattle and hog farms causes eutrophication. Also, cattle and hogs have some of the same intestinal microbes as humans, yet their sewage flows freely into streams and rivers.

