
AP Environmental Science 
 

Analyzing Important Ecological Studies in Biodiversity 
	
Habitat Fragmentation 

1. Explain why keystone predators are negatively impacted by habitat fragmentation. 
2. Explain why isolated populations are vulnerable to chance catastrophes and genetic problems. 
3. Explain TWO forms of environmental degradation to which edge habitat are subjected. 
4. Describe Lovejoy’s experimental set-up. 
5. What is the research question being investigated in this experiment? 
6. What is the hypothesis being investigated in this experiment? 
7. What did the researchers predict? 
8. Identify and explain two effects of fragmentation that the experiment revealed.   
9. Explain how the increase in edge habitat impacted large trees and describe the successional outcomes that the 

researchers observed.   
10. According to the graph, what percent of average biomass was lost in edge plots after 2-4 years? 
11. What was the conclusion stated by the researchers? 
12. Why do you think species diversity and biomass were predicted to decline less in forest fragments within forest 

interiors, compared to forest edges? 
13. Explain the relationship between forest habitat fragmentation and quality and quantity of habitat.   

Does Biodiversity Lead to Stability? 
14. Explain three factors that characterize a stable ecological community. 
15. Distinguish between resistance and resilience.   
16. Identify the disturbance that is being studied and explain why this study is a natural experiment.   
17. Describe Tilman’s experimental set-up. 
18. What is the research question being investigated in this experiment? 
19. What is the hypothesis being investigated in this experiment? 
20. What did the researchers predict? 
21. In a completely resilient community, how would biomass compare four years after drought versus before the 

drought? 
22. How did plots containing five or fewer species respond to the drought compared to plots containing five or more 

species?   
23. According to the graph, explain the relationship between change in biomass and the number of plant species 

before the drought.   
24. What was the conclusion stated by the researchers? 
25. What does this study suggest regarding species richness and disturbance? 
26. What do recent experiments on California’s grasslands suggest and what is the reasoning for this? 
27.  Describe the characteristics of North American grasslands that are more diverse.   

Biological Benefits of Biodiversity 
28. How are the researchers assessing ecosystem function? 
29. Why is net primary productivity important? 
30. Describe Tilman’s experimental set-up. 
31. Identify the five functional groups in the experiment.  
32. What is the research question being investigated in this experiment? 
33. What is the hypothesis being investigated in this experiment? 
34. What did the researchers predict? 
35. According to the graphs, explain the relationship between number and types of species and biomass production. 
36. What was the conclusion stated by the researchers? 
37. Identify the three causal mechanisms that follow-up experiments revealed and explain their role in ecological 

communities.   
38. The following questions ask you to explain the role that you think functional groups play in the community: 

a. Why are lots of seeds important in an ecosystem?  
b. What role do woody plants: trees and shrubs play in an ecosystem? 
c. What role do legumes play in an ecosystem? 
d. Why are both early and late season grasses important? 
e. Do you think one functional group more important than another? 
f. Describe what would happen if one of the functional groups were removed. 
g. Describe what would happen a different functional group were removed. 
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Habitat Fragmentation   
In addition to destroying natural area outright, human activities fragment large, contiguous areas of natural habitats into small, 
isolated fragments.  Habitat fragmentation concerns biologists for several reasons. 

1. It can reduce habitats to a size that is too small to support some species.  This is especially true for keystone predators such 
as wolves, mountain lions, grizzly bears, and Bluefin tuna, which need large areas to feed, find mates, and reproduce 
successfully.  Large animal species demand large spaces.   

2. By creating islands of habitat in a sea of human-dominated landscapes, fragmentation reduces the ability of individuals to 
disperse from one habitat to another.  Isolated populations are vulnerable to chance catastrophes and genetic problems.   

3. Fragmentation creates large amounts of “edge habitat”.  The edges of intact habitat are subject to invasion by weedy species 
and are exposed to more intense sunlight and wind, creating difficult conditions for plants.   

 
          The decline in habitat quality caused by fragmentation is being documented in a long-term experiment in a tropical wet forest.  
In an area near Manaus, Brazil, that was slated for clear-cutting, researchers Thomas Lovejoy and colleagues’ set-up 66 square, 1-
hectare experimental plots that remained uncut.  Thirty-nine of these study plots were located in fragments designed to contain 1, 10, 
or 100 hectares of intact forest.  Twenty-seven of the plots were set-up nearby, in continuous wet forest.  As the “experimental setup” 
illustration below shows, the distribution of the study plots allowed the research team to monitor changes inside forest fragments of 
different sizes and compare these changes with conditions of un-fragmented forest.  Note that many of the study plots were located 
on forest edges.   

 

  
 
When the research group surveyed the plots at least 10 years after the initial cut, they recorded two predominant effects: 

1. A rapid loss of species diversity, especially from the smaller fragments; and  
2. A startling drop in biomass, or the total amount of fixed carbon, in the study plots located near the edges of logged 

forest fragments.  As the graph in the “Results” section of the illustration below shows, most of the loss occurred within 
2-4 years of the fragmentation event.   

          In tropical wet forests, most of the biomass is concentrated in large trees.  Due to exposure to high winds and dry conditions, 
the edges of experimental plots contained many downed and dying trees.  Follow-up work showed that in edge habitat and in the 
fragmented patches, large-seeded, slow-growing trees typical of undisturbed forests are being replaced by early successional, 
“weedy” species.  A large number of bird and mammal understory plants have disappeared as well.   
          The take-home message of this experiment and other research is clear: When habitats are fragmented, the quality and quantity 
of habitat decline drastically.  In addition to losing over 8 million hectares of primary forest in South America, southeast Asia, and 
Africa each year to clear-cutting, we are losing large amounts of high-quality habitat throughout the world to fragmentation. 
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Does Biodiversity Lead to Stability?  When biologists refer to the stability of a community, they mean its ability to: 
1. withstand a disturbance without changing,  
2. recover to former levels of productivity or species richness after disturbance, and 
3. maintain productivity and other aspects of ecosystem function as conditions change over time. 

 

          Resistance is a measure of how much a community is affected by disturbance.  Resilience is a measure of how quickly a 
community recovers from disturbance.   
          To test the hypothesis that diversity increases resistance and resilience, researchers David Tilman and colleagues followed up on a 
natural experiment.  A natural experiment occurs when comparison groups are created by an unplanned, un-manipulated change in 
conditions.   
          In 1987-1988 a severe drought hit their study site.  When the drought ended, the team asked whether species richness affected the 
response to disturbance.  The results are shown in the graph below.  Note that the graph’s y–axis documents the change in total biomass 
that occurred from the year prior to the drought until the height of the drought.  This quantity reflects how resistant the community is to 
disturbance.  A completely resistant community would show no change.  As predicted, the drought resistance appeared to be higher in 
more diverse communities than in less diverse ones.   
 

 
 

        In addition, the group analyzed the change in biomass in each plot four years after the drought versus biomass prior to the drought.  
This analysis focused on how resilient the community is.  A completely resilient community would recover quickly from the disturbance 
and have the same biomass at both times.  The data indicated that most plots containing five or fewer species showed significant 
lowering of biomass after disturbance, indicating that they had not recovered.  But in all plots that contained more than five species, 
biomass after the drought was the same as biomass prior to the disturbance.  This is strong evidence that species-rich areas recover from 
disturbance faster than species-poor areas.   
  

  
          

 More recent experiments on California grasslands suggest that species-rich ecosystems may also be less prone to invasion by exotic 
species.  The hypothesis here is that species-rich communities use resources more efficiently—leaving less room for invasives.  Taken 
together, these results lead biologists to be increasingly confident that species richness has a strongly positive effect on how ecosystems 
function.   
          In North American grasslands, at least, communities that are more diverse appear to be more productive, more resistant to 
disturbance and invasion, and more resilient than communities that are less diverse.  Increased species richness increases the services 
provided by ecosystems.  By implication, biologists can infer that if ecosystems are simplified by extinctions, then productivity and other 
attributes might decrease.    
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Biological Benefits of Biodiversity 
The direct and indirect benefits of biodiversity are impressive. But what about the biological value?  Do communities and 
ecosystems function better when species diversity is high? The effort to answer this question began in the mid-1980’s. Since that 
time, it has blossomed into one of the most active research frontiers in the community of ecology and conservation biology.   
 

Biodiversity Increases Productivity  The illustration below summarizes a classic experiment on how species richness affects one of 
the most basic aspects of an ecosystem function:  the production of biomass.  Net primary productivity is important because it is the 
source of chemical energy used by species throughout the food web. 
 

 
           

As the “experimental setup” portion of the illustration below shows, researchers David Tilman and colleagues classified 32 grassland 
plant species into five functional categories.   The functional groups differ by the timing of their growing seasons and by whether 
they allocate most of their resources to manufacturing woody stems or seeds.  The researchers planted plots with a mixture of 
between 0 and 32 randomly chosen species, representing from 0 to 5 functional categories, and measured the amount of aboveground 
biomass produced in each.    

 
           

The results, graphed in the “Results” section of the illustration below, indicate that both the number and type of species present had 
important effects on biomass production.  Experimental plots with more species and a wider diversity of functional groups were 
more productive.  Note that total biomass leveled off as species richness and functional diversity increased, however.  This 
observation suggests that increasing species diversity improves ecosystem function only up to a point.  This pattern suggests that at 
least some species in ecosystems are redundant in terms of their ability to contribute productivity.   
 

 
	



 

	

Follow-up experiments in an array of ecosystems not only supported the conclusion that species richness has a positive impact on 
NPP, but showed that several causal mechanisms may be at work.   
• Resource use efficiency      Diverse assemblages of plant species make more efficient use of sunlight, water, and nutrients 

available and thus lead to greater overall productivity.  For example, some prairie plants extract water near the soil surface, while 
others use water available a meter or more below the surface.  When species diversity is high, more overall water is used and 
more photosynthesis can occur.   

• Facilitation     Certain species or functional groups facilitate the growth of other species by providing them with nutrients, 
partial shade, or other benefits.  In prairies, the presence of onion family plants may discourage herbivores, or decaying roots 
from nitrogen-fixing species may fertilize other species. 

• Sampling effects     In many habitats it is common to observe that one or two species are extremely productive.  If the number of 
species in a study plot is low, it is likely that the “big producer” will be missing and NPP will be low.  But if the number of 
species in a study plot is high, than it is likely the big producer is present and NPP will be high.  Simply due to sampling, then, 
high-species plots will tend to out produce low-species plots.   

 
            The three mechanisms listed are not mutually exclusive—several can operate at the same time.  Further, long-term 
experiments have shown that the reason for the pattern can change over time.  As plants mature, resource use efficiency and 
facilitation may become more important than sampling effects. 
	
 


