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3.	Buffelgrass, an invasive grass species in southwestern desert ecosystems, is threatening the 
saguaro cactus, a keystone species in these ecosystems. Buffelgrass is drought-tolerant and can 
survive wildfires. However, the dry buffelgrass also acts as fuel for wildfires, causing the fires 
to be more severe. Older saguaro cacti can survive wildfires; however, many of the young cacti 
cannot.
Scientists conducted an experiment to determine whether they could control the abundance 
of the buffelgrass population. The scientists identified several native grass species that, when 
grown with buffelgrass, might reduce the abundance of buffelgrass. They grew buffelgrass 
in the presence of several different native grass species in greenhouses, in either nondrought 
(watered every 3 days) or drought (watered every 9 days) conditions. After twelve weeks, they 
measured the height and dry weight of the buffelgrass in each treatment group.
A.	Describe the effect that removing a keystone species will have on an ecosystem.
B.	 Identify a control group the scientists should include in their experiment.
C.	 State the null hypothesis of the experiment in which buffelgrass is grown in the presence of 

native grass species.
D.	Scientists have found that the population growth rates of native grasses are much slower 

than the population growth rate of buffelgrass following a wildfire. The scientists claim that 
wildfires will therefore increase the abundance of buffelgrass plants in the ecosystem. Based 
on the information given, justify the scientists’ claim.
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5. Annual plants complete their life cycle, including germination, seed production, and death, within one year. 
Ambrosia trifida (giant ragweed) is an annual plant that readily colonizes any land that has had a disturbance 
such as plowing. The plant is considered an invasive species in regions outside of its native range. In a 
particular region, the seeds of A. trifida germinate from early March through the end of the summer, while the 
seeds of other annual plants require warmer soil temperatures and thus germinate from late April through the 
end of the summer. 

Researchers studied the influence of A. trifida on the biodiversity of other annual plant species that grow in the 
same field. In early spring, the researchers marked off identical plots of land in a field that had been plowed the 
previous fall and not replanted with new crops. All plants that grew on one half of the plots were left untouched 
(Figure 1A), while all germinating A. trifida seedlings were removed from the other half of the plots 
throughout the spring and summer (Figure 1B). In late summer, the researchers counted and identified all 
plants that grew in the plots. The distribution of plants is represented by the symbols in Figures 1A and 1B. 

Figure 1. Representations of plant identity and distribution in experimental plots in late summer. Each box 
represents one typical experimental plot, and each symbol represents 10 individual plants. 
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(a) Describe a cause of logistic growth of the ragweed population. 

(b) Based on the representation in Figure 1, explain why the scientists claim that plot B would be more 
resilient than plot A in response to a sudden environmental change. 

(c) In a third group of plots, the researchers removed all seedlings of all plants that germinated before June 1. 
All plants that germinated after June 1 were left untouched. Using the template in the space provided for 
your response and the symbols shown in Figure 1, represent the expected plant species that would be found 
in this third group of plots three months later. Draw no more than 12 symbols. Assume all other 
environmental conditions are the same as for the initial study described. 

(d) Explain how an invasive species such as ragweed affects ecosystem biodiversity, as illustrated in Figure 1. 

Write your responses to this question only on the designated pages in the separate Free Response booklet. 
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2. A student studying two different aquatic, plant-eating, unicellular protist species (species A and B) designed
an experiment to investigate the ecological relationship between the two species (Table 1).

TABLE 1. EXPERIMENTAL TREATMENT GROUPS 

Group I. Species A and B are each grown in separate containers. 

 Group II. Species A and B are grown together in the same container. 

In treatment group I, the student placed 10 individuals of species A into a container with liquid growth medium 
and 10 individuals of species B into a separate container with an equal amount of the same liquid growth 
medium. In treatment group II, the student placed 5 individuals of each species into a single container with the 
liquid growth medium. The student then maintained the containers under the same environmental conditions and 
recorded the number of individuals in each population at various time points. The results are shown in Table 2. 

TABLE 2. NUMBER OF INDIVIDUALS IN EACH PROTIST POPULATION   
IN BOTH TREATMENT GROUPS  

Group I. Grown Separately Group II. Grown Together 

 Time (h) Species A  Species B  Species A  Species B 

 0 10  10 5 5 

10 100  50 45 20 

20 400 200  100 50 

30 1100 500  250 25 

40 1400 650  525 20 

50 1500 700  900 10 

60 1500 700  1250 0 

70 1500 700  1400 0 

(a) The growth curves for species B in group I and for species A in group II (shaded columns) have been plotted
on the template. Use the template to complete  an appropriately labeled line graph to illustrate  the growth of
species A in treatment group I and species B in treatment group II (unshaded columns).

(b) As shown in the table, the student established treatment group II with 5 individuals of each species. Provide
reasoning for the reduced initial population sizes.

(c) The student claims that species A and B compete for the same food source. Provide TWO pieces of
evidence from the data that support the student’s claim.

(d) Predict TWO factors that will most likely limit the population growth of species A in treatment group I.

(e) Many protists contain an organelle called a contractile vacuole that pumps water out of the cell. The student
repeated the experiment using a growth medium with a lower solute concentration. Predict how the activity
of the contractile vacuole will change under the new experimental conditions. Justify your prediction.
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Figure 1. Bacterial population growth in the presence of  
two nutrients (nutrient I and nutrient II) 

 2. Bacteria can be cultured in media with a carefully controlled nutrient composition. The graph above shows the 
growth of a bacterial population in a medium with limiting amounts of two nutrients, I and II. 

(a) Estimate the maximum population density in 
cells
mL

 for the culture. Using the data, describe what prevents 

further growth of the bacterial population in the culture. 

(b) Using the data, calculate the growth rate in cells
mL×hour

 of the bacterial population between hours 2 and 4. 

(c) Identify the preferred nutrient source of the bacteria in the culture over the course of the experiment. 
Use the graph to justify your response. Propose ONE advantage of the nutrient preference for an 
individual bacterium. 

(d) Describe how nutrient I most likely regulates the genes for metabolism of nutrient I and the genes for 
metabolism of nutrient II. Provide TWO reasons that the population does not grow between hours 5 and 6. 
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6. In an attempt to rescue a small isolated population of snakes from decline, a few male snakes from several larger
populations of the same species were introduced into the population in 1992. The snakes reproduce sexually, and
there are abundant resources in the environment.

The figure below shows the results of a study of the snake population both before and after the introduction of
the outside males. In the study, the numbers of captured snakes indicate the overall population size.

(a) Describe ONE characteristic of the original population that may have led to the population’s decline in size 
between 1989 and 1993. 

(b) Propose ONE reason that the introduction of the outside males rescued the snake population from decline. 

(c) Describe how the data support the statement that there are abundant resources in the environment. 
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BIOLOGY 
Section II 

8 Questions  
Planning Time------10 minutes 
Writing Time------80 minutes 

Directions: Questions 1 and 2 are long free-response questions that require about 22 minutes each to answer and are 
worth 10 points each. Questions 3–8 are short free-response questions that require about 6 minutes each to answer. 
Questions 3–5 are worth 4 points each and questions 6–8 are worth 3 points each.  

Read each question carefully and completely. Write your response in the space provided for each question. Only 
material written in the space provided will be scored. Answers must be written out in paragraph form. Outlines, 
bulleted lists, or diagrams alone are not acceptable. 

1. Trichomes are hairlike outgrowths of the epidermis of plants that are thought to provide protection against being
eaten by herbivores (herbivory). In a certain plant species, stem trichome density is genetically determined.

To investigate variation in stem trichome density within the plant species, a student counted the number of
trichomes on the stems of six plants in each of three different populations. The student used the data to calculate
the mean trichome density (numbers of hairs per square centimeter) for each population. The results are provided
in the table below.

TRICHOME DENSITY IN THREE PLANT POPULATIONS (number of trichomes/cm2) 

Population Plant 1 Plant 2 Plant 3 Plant 4 Plant 5 Plant 6 Mean 

Standard 
Error of 

the Mean
(SEM) 

I 8 11 9 10 8 6 9 1
II 12 6 15 9 13 8 11 1

III 13 17 9 14 12 16 14 1

(a) On the axes provided, create an appropriately labeled graph to illustrate the sample means of the  
three populations to within 95% confidence (i.e., sample mean ± 2 SEM). 

(b) Based on the sample means and standard errors of the means, identify the two populations that are most 
likely to have statistically significant differences in the mean stem trichome densities. Justify your response. 

(c) Describe the independent and dependent variables and a control treatment for an experiment to test the 
hypothesis that higher trichome density in plants is selected for in the presence of herbivores. Identify an 
appropriate duration of the experiment to ensure that natural selection is measured, and predict the 
experimental results that would support the hypothesis. 
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