Chapter 50—Community Ecology

Lecture Outline

I.
Climate and the Distribution of Ecological Communities

A.
Communities are assemblages of large numbers of species that all interact with each other.

B.
Ecological communities change as one moves north or south of the equator.

1.
Tropical forests ( dry forests ( deserts ( grasslands ( boreal forests ( tundra.

2.
R. H. Whittaker found that similar types of changes occur with increased altitude.

C.
Areas with different climatic characteristics contain different ecological communities.

D.
Climate types are biologically classified using the Koeppen classification system.

1.
This system categorizes climate types according to two major features:

a.
Average annual temperature and precipitation

b.
Variations occurring in temperature and precipitation throughout the year

2.
This system identifies approximately 24 distinct climate regions around the world. 

E.
Survey of the Most Abundant Climate and Community Types around the World (Fig. 50.1)

1.
Tropical Wet Forests (Figs. 50.2a and 50.2b)
a.
These are also called rain forests. 

b.
Found in equatorial regions where temperatures and rainfall are high and variation is low.

c.
These forests are not seasonal (aseasonal). 

(1)
Plants grow all year long.

(2)
There is no complete, seasonal loss of leaves. 

d.
Year-round growing conditions results in vigorous growth, high productivity, and high amounts of aboveground biomass.

(1)
Productivity is the total amount of photosynthesis per unit area per year. 

(2)
Aboveground biomass is the total mass of living plants, excluding the roots.

e.
These forests contain the highest amounts of biodiversity on Earth.

(1)
Over 200 tree species may be found in one 10- by100-meter plot.

(2)
May contain 30 million species of arthropods alone.

f.
The forests contain extraordinary structural diversity.


(1)
A multilayered tree canopy is intermingled with vines, epiphytes, shrubs, and herbs.

(2)
Epiphytes are plants that grow entirely on other plants.

(3)
This diversity presents a vast array of habitat types for animals.

(4)
Frugivores, insectivores, herbivores, carnivores, and detritivores all coexist.

2.
Subtropical Deserts (Figs. 50.4a and 50.4b)

a.
Found in bands about 30 degrees of latitude north and south of the equator.

b.
A major pattern in global air circulation is responsible for this distribution.

(1)
This pattern of global air circulation is called a Hadley cell (Fig. 50.3)

(2)
At about 30 degrees latitude north or south of the equator, this air mass has cooled so much that its density increases and it begins to sink. 

(3)
As it sinks, it warms and gains water-holding capacity. 

(4)
The area then receives little rain and is bathed in warm air.

(5)
This pattern of air movement is responsible for the world’s great deserts.

c.
Mean monthly temperatures vary, but never fall below freezing.

d.
The most striking feature is their low annual precipitation.

(1)
This causes the productivity in deserts to be very low.

(2)
Individual plants are widely spaced due to the intense competition for water. 

e.
Desert species must cope with extreme temperatures and aridity.

(1)
Morphological and physiological adaptations (example—cacti).

(2)
Traits that allow them to escape drought:

(a)
Going into dormant states

(b)
Quick and short reproductive stages

3.
Temperate Grasslands (Figs. 50.5a and 50.5b)

a.
Found throughout central North America and the heartland of Eurasia.

b.
Precipitation conditions are still quite dry.

c.
Temperatures are moderate (temperate), but highly seasonal.

(1)
Temperature variation dictates a well-defined growing season.

(2)
Plant growth is possible only in months when moisture and warmth are adequate.

d.
These areas are also called prairies or steppes.

e.
They exist because conditions are too dry to support tree growth, but too cold and seasonal for drought-adapted desert species.

f.
Grasslands can develop in forested regions if recurring fires burn out encroaching trees.

(1)
Fires can occur naturally from lightening strikes.

(2)
Fires can be set as a management tool. Native peoples often used this practice.

g.
The plants that dominate grasslands are tolerant of fire and will quickly resprout after burning.

h.
Productivity is lower than in forests. 

i.
Grassland soil is highly fertile. 

(1)
Subsurface is packed with roots that add organic material to the soil as they decay.

(2)
Soil retains nutrients because rainfall is low enough to keep key ions from dissolving and leaching out.

(3)
Grasslands make ideal regions for agriculture.

4.
Temperate Forests (Figs. 50.6a and 50.6b)

a.
Found in temperate areas with high precipitation.

b.
Have a period when mean monthly temperatures fall below freezing and plant growth stops.

c.
Precipitation is high and relatively constant throughout the year.

(1)
This abundance of moisture allows trees to dominate the landscape.

(2)
Plants experience a seasonal period of dormancy.

d.
Deciduous trees dominate these forests in North America and Europe, but broad-leaved evergreens dominate those in New Zealand and Chile.

e.
Have productivity levels higher than deserts or grasslands, but lower than tropical forests.

f.
The level of biodiversity is moderate.

5.
Boreal Forests (Figs. 50.7a and 50.7b)

a.
Found across most of Canada, Alaska, Russia, and Northern Europe. 

b.
Also called the taiga.

c.
Because they are found just south of the Arctic Circle, they are referred to as the subarctic.

d.
Characterized by very cold winters and cool, short summers.

e.
Contain extraordinarily high annual variation in temperature.

f.
Annual precipitation is often very close to that found in temperate grasslands. 

g.
Because of the cold, evaporation is minimal and abundant moisture the result.

h.
Highly cold-tolerant conifers, most of which are evergreen, dominate the landscape.

i.
Why do evergreens dominate here even though they do not photosynthesize in winter?

(1)
They can begin photosynthesizing very early in the spring, before the snow melts.

(2)
Subarctic soils are acidic and contain little nitrogen; so, since leaves are rich in nitrogen, trees that have to produce a new set of leaves each year are at a disadvantage. 

j.
Productivity is low, but aboveground biomass is high.

k.
Biodiversity is exceptionally low.

6.
Tundra (Figs. 50.8a and 50.8b)

a.
Extends north (or south) of the subarctic all the way to the poles. 

b.
Growing season is 6 to 8 weeks long at most. 

c.
Outside of the growing season, temperatures are below freezing.

d.
Precipitation is also very low.

(1)
Annual amounts may be less than in deserts.

(2)
Very low evaporation rates keep the soil saturated year-round.

e.
The arctic is completely treeless.

(1)
Growing season is too short and cool to support production of non-photosynthetic tissue.

(2)
Tall trees above snow may experience damage from blowing snow and ice crystals.

(3)
Small, woody shrubs are common.

f.
Biodiversity, productivity, and aboveground biomass are all low.

g.
Most soils are perennially frozen in a state called permafrost, but plants may cover the ground. 

h.
Animal diversity is low, but insect diversity may be very high.

F.
Key Observations about the Distribution of Community Types

1.
Trees dominate every area where it is not too cold or too dry.

2.
Evergreen trees dominate climatic regions at two extremes:

a.
Tropical forests

b.
Subarctic forests

3.
Evergreens are broad-leaved in the tropics and needle-leaved at subarctic latitudes.

4.
Productivity is positively correlated with temperature and humidity. Communities in warm, wet regions are more productive than those in cold or dry regions. 

5.
Species diversity generally declines from the tropics to the poles. 

6.
Most communities have a characteristic pattern or type of disturbance.

a.
Examples—windstorms in temperate forests, burning in grasslands, and heavy grazing in tundra.

b.
Plant and animal communities have adaptations that allow them to recover from disturbance. 

II.
How Predictable Are Community Assemblages?

A.
Two Views of Community Dynamics—Clements vs. Gleason.

1.
Frederick Clements promoted the idea that communities are stable, integrated, and orderly entities.

a.
Biologically they have a highly-predictable composition. 

b.
The diversity and abundance of a species in a particular community will be the same before and after a disturbance.

c.
Communities develop by passing through a series of predictable stages, culminating in a stable climax community.

(1)
The nature of any climax community is determined by the area’s climate and does not change over time. 

(2)
If some disturbance destroys a climax community, it will reform through repetition of the developmental stages.

2.
Henry Gleason contended that communities found in a particular area are neither stable nor predictable. 

a. 
Plant and animal communities are ephemeral associations of species that just happen to share similar climatic requirements.

b.
It is largely a matter of chance whether a similar community develops in the same area after a disturbance occurs.

3.
Historical Data on Community Structure

a.
Studies of fossils confirmed that the distribution of species and communities in North America has changed radically since the end of the last Ice Age.

b.
Groups of species did not change their distributions in close associations.

(1)
Species tended to change their ranges independently of one another.

(2)
The composition of plant communities has been dynamic and unpredictable over time rather than static.

c.
All of this data supports Gleason’s view of communities, and contradicts Clements.

4.
Experimental Tests on Community Structure

a.
Jenkins and Buikema studied whether similar communities of animals develop in the plankton of similar ponds. (Fig. 50.9)

(1)
Experiment

(a)
The researchers constructed 12 identical ponds.

(b)
Each pond was filled at the same time with water that contained enough chlorine to kill any preexisting organisms. 

(c)
Water was sampled from the ponds repeatedly for one year. 

(d)
Temperature, chemical makeup, and other physical characteristics of the water were measured.

(e)
The diversity and abundance of animals was determined by examining samples under a microscope. 

(2)
Results

(a)
A total of 61 species were found in all of the ponds, but individual ponds contained only 31 to 39 species each. 

(b)
Each pond in the study developed a different assemblage of species even though they were all identical at the outset.

(3)
Conclusions

(a)
Some species are good at dispersing and likely to colonize most of the habitat (ponds).

(b)
The arrival of competitors and/or predators early in the colonization process greatly affects which species are able to successfully invade later. 

(c)
The specific details of community assembly and composition are contingent on many factors and are thus unpredictable. 

(d)
These results support Gleason’s view that communities are a product of chance and history.

B.
Disturbance and Change in Ecological Communities

1.
Research in community ecology has shifted dramatically over the past 50 years.

a.
The orderly development of stable climax communities is not studied as much.

b.
Biologists are interested in documenting how communities change through time and how they respond to disturbance.

c.
Communities are dynamic entities, not static.

2.
Disturbance is any event that removes some individuals or biomass from a community.

a.
It alters light levels, nutrients, unoccupied space, or some other aspect of resource availability.

b.
Examples—Fires, windstorms, floods, the fall of large canopy trees, disease, herbivore outbreaks.

C.
How Often and How Severe Are Disturbances?

1.
Each community type experiences a characteristic type, frequency, and severity of disturbance.

a.
This is known as a community’s disturbance regime.

b.
Examples—Fires in boreal forests and tree falls in temperate and tropical forests.

2.
Disturbance patterns profoundly affect the composition of communities. 

3.
Land managers are actively trying to duplicate natural disturbance regimes in many reserves.

4.
How do researchers determine and document a community’s disturbance regime?

a.
Long-term patterns of disturbance can be inferred from data obtained in a short-term analysis.

(1)
This extrapolation approach is straightforward to implement.

(2)
Its major drawback is that disturbances do not occur randomly in either space or time, so it is difficult to avoid errors unless sampling is extensive.

b.
Reconstructing the History of a Particular Site

(1)
The history of floods, windfalls, and fires have been reconstructed using this method.

(2)
Fire history can be determined using radiocarbon dating, determining the date of death for trees killed by fire, and examining scars left by fire on trees that are still alive.

5.
Why is it important to understand disturbance regimes?

a.
Swetnam studied the fire history of giant sequoia groves in California. (Figs. 50.10a, 50.10b, and 50.10c)

(1)
Experiment—He obtained samples of cross sections through the bases of trees from different groves.

(2)
Results

(a)
He found that 10–15 fires had occurred each century for the past 1,500 to 2,000 years.

(b)
Each tree had been burned an average of 64 times.

(3)
Conclusion—Fires are extremely frequent and of low severity in this community.

b.
Biologists now set controlled fires or let low-intensity natural fires burn instead of suppressing them immediately.

c.
Studies of disturbance regimes in the Colorado River and in southwestern North America:

(1)
Inspired land managers to release a huge pulse of water from reservoirs behind dams on the waterway.

(2)
The flood that resulted was designed to mimic a natural disturbance event because it appears to have beneficially affected the plant and animal communities downstream.

D.
Succession—Development of Communities after Disturbance

1.
The recovery and development of communities after a disturbance is known as succession.

a.
Primary succession occurs when a disturbance removes the soil and its organisms, as well as organisms living above the surface. Examples—Glaciers, floods, volcanoes, and landslides.

b.
Secondary succession occurs when a disturbance removes some or all of the organisms from an area, but leaves the soil intact. Examples—Fire and logging.

2.
A distinct sequence of communities develops as succession proceeds. (Fig. 50.11)

a.
Early successional communities are dominated by species that disperse their seeds long distances, are short-lived, and small.

b.
Late successional communities are dominated by species that tend to be long-lived, large, and good competitors for resources. 

c.
The specific sequence that appears over time in a specific area is called a successional pathway.

3.
Theoretical Considerations

a.
Biologists focus on three factors to predict the outcome of succession in a community:

(1)
The particular traits of the species involved.

(2)
How species interact.

(3)
Environmental circumstances, such as the size of the area involved and short-term weather conditions. 

b.
Species traits are important early in succession.

(1)
Recently disturbed sites are colonized by plants and animals with good dispersal ability.

(2)
These pioneering species must be able to withstand harsh environmental conditions.

c.
Once colonization is under way, the course of succession depends less on how species cope with the abiotic environment and more on how they interact with other species.

(1)
Different species’ interactions influence successional pathways in different ways.

(2)
The presence of one species can inhibit the establishment of another.

(3)
An early-arriving species might facilitate the arrival of certain later species. 

d.
The pattern and rate of succession depends on the environmental context in which it occurs. 

(1)
Example—Communities that develop after a fire depend on the size of the burned patch and how hot the fire was. 

(2)
Succession is also affected by the particular weather or climate conditions that occur during the process. 

(3)
Variation in weather and climate causes different successional pathways to occur in the same place at different times.

4.
A case history of primary succession—Glacier Bay, Alaska.

a.
Extensive glacial regression has provided a great site for studying succession. (Fig. 50.12a)

b.
Fastie found that three distinct successional pathways have occurred here: (Fig. 50.12b)

(1)
Species traits are important in explaining certain details about each pathway.

(2)
Species interactions are important in all three pathways.

i.
One species may facilitate the growth of another.

ii.
Competition is another important interaction that is involved.

(3)
Environmental context influenced the succession at all levels and helped determine exactly how the community developed. 

5.
Because of all these interrelating factors, the outcome of succession is not entirely predictable.

III.
Species Diversity in Ecological Communities

A.
Species diversity is a key feature of biological communities. 

B.
Quantifying Diversity

1.
Can be a simple count of species present.

2.
Usually involves more complex calculations that incorporate a species’ abundance as well as its presence or absence. (Box 50.1)

C.
Research on diversity has focused on two questions:

1.
Why are some communities more diverse than others?

2.
Why is diversity important?

D.
Global Patterns of Species Diversity

1.
A latitudinal gradient of species diversity exists for many taxa.

a.
Species diversity declines as latitude increases. (Fig. 50.13)

b.
Examples—Birds, mammals, fish, reptiles, aquatic and terrestrial invertebrates, orchids, trees.

c.
This pattern is not universal, but is widespread.

(1)
A few species show a positive relationship between latitude and diversity.

(2)
Others show no relationship.

2.
Hypotheses offered to explain why this latitudinal gradient occurs:

a.
High productivity in the tropics promotes high diversity.

(1)
Increased biomass production supports more herbivores, and thus more predators, parasites, and scavengers. 

(2)
This hypothesis is supported by the global-scale correlation between productivity and diversity, but refuted by experimental studies. 

(3)
Productivity alone is not a sufficient explanation for the higher diversity in the tropics.

b.
Habitats with complex physical structures have more niches than habitats with simple physical structures.

(1)
This hypothesis was inspired by the impressive physical complexity of tropical forests. (Fig 50.14)

(2)
This hypothesis explains some aspects of increased species diversity, but does not explain why there are more tree species in the tropics. 

c.
Tropical regions have had more time for speciation to occur. 

(1)
Temperate and arctic latitudes were repeatedly scoured by ice over many years, while tropical forests were not. 

(2)
Tropical forests were dramatically reduced in size by widespread drying trends. 

(3)
Therefore, tropical habitats are also disturbed by climate change, though at a much smaller scale than the higher latitudes.

d.
Tropical areas experience fewer disturbances than temperate or subarctic regions.

(1)
The idea is that species accumulate slowly following a disturbance, so frequent disturbances hold species numbers down. 

(2)
However, Connell proposed that species diversity should be highest at intermediate levels of disturbance

(a)
Such communities would contain pioneering species as well as species better adapted to late successional conditions. 

(b)
Recent studies have confirmed that tree falls and canopy gaps occur as regularly in tropical forests as they do in temperate forests. 

(c)
Occasional fires have been an important source of disturbance in both regions. 

(d)
Small amounts of disturbance can actually increase diversity and benefit communities. 

3.
There is no simple answer to the question of why some communities are more diverse than others. 

E.
The Role of Diversity in Ecological Communities

1.
 Recent research has focused on whether species diversity affects the stability and productivity of communities.

2.
This research focuses on measuring the effect of diversity on two characteristics of communities:

a.
Resistance—how much a community is affected by a disturbance.

b.
Resilience—how quickly a community returns to its prior state following a disturbance.

3.
Hypotheses offered to explain how species diversity affects resistance and resilience:

a.
Diversity is positively correlated with stability. 

(1)
Highly-diverse communities are more resistant and more resilient.

(2)
When large numbers of species are present, some are likely to be redundant in their role in the community. 

(3)
Thus, wiping out one or a few species is unlikely to profoundly affect the community as a whole. 

b.
High diversity leads to high productivity.

(1)
If species differ in the way they use resources, then the total resource base available in a particular habitat will be used more completely.

(2)
In turn, this will cause productivity to be higher. 

4.
Tilman and colleagues tested these two hypotheses in North American prairies.

a.
Experiment 1

(1)
Conduct a series of experiments using plants native to the prairies of North America.

(2)
The researchers grew seedlings from 24 species and established 147 study plots.

(3)
Each plot received a similar number of individuals, but a different number of species.

(4)
The plants were allowed to grow for one year, and the plots were weeded to remove any invading species.

(5)
In the second year, they measured productivity by quantifying the area of the plot covered by plants. 

b.
Experiment 2

(1)
The researchers followed up on a natural drought that hit sites in Minnesota. 

(2)
When the drought ended, they determined if resistance and resilience correlated with the number of species that existed before the disturbance. 

c.
Results

(1)
Their plant cover experiments confirmed that more diverse communities are more productive. (Fig 50.15)

(2)
Experiments following the natural drought confirmed that communities with greater species diversity also had higher resistance and resilience. (Figs. 50.16a and 50.16b)
d.
Conclusions

(1)
Species diversity undoubtedly affects how communities function.

(2)
Communities that are more diverse are more productive, more resistant, and more resilient than less diverse communities. 

(3)
Why this pattern occurs is not absolutely clear. 

