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1. The unique properties (characteristics) of water make life possible on Earth. Select three 
properties of water and: 

a. For each property, identify and define the property and explain it in terms of the 
physical/chemical nature of water.  

b. For each property, describe one example of how the property affects the functioning 
of living organisms 

 
 

2. Structure and function are related in the various organ systems of animals. Select two of the 
following four organ systems in vertebrates: 

a. respiratory  
b. digestive  
c. excretory  
d. nervous  

For each of the two systems you choose, discuss the structure and function of two 
adaptations that aid in the transport or exchange of molecules (or ions). Be sure to relate 
structure to function in each example. 
 
 

3. Photosynthesis and cellular respiration recycle oxygen in ecosystems. Respond to TW O (and 
only two) of the following: 
a. Explain how the metabolic processes of cellular respiration and photosynthesis recycle 

oxygen.  
b. Discuss the structural adaptations that function in oxygen exchange between each of the 

following organisms and its environment: a plant; an insect; a fish.  
c. Trace a molecule of O2 from the environment to a muscle cell in a vertebrate of your 

choice.  
 

4. The survival of organisms depends on regulatory mechanisms at various levels. Choose 3 
from the following examples. Explain how each is regulated.  

a. The expression of a gene  
b. The activity of an enzyme  
c. The cell cycle  
d. The internal water balance of a plant  
e. The density of a population 
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5. Numerous environmental variables influence plant growth. Three students each planted a 
seedling of the same genetic variety in the same type of container with equal amounts of soil 
from the same source. Their goal was to maximize their seedling's growth by manipulating 
environmental conditions. Their data are shown below. 

 

Plant Seedling Mass (grams) 

Student Day 1 Day 30  

A 4 24 
  

B 5 35 
  

C 4 64 
  

a. Identify three different environmental variables that could account for differences in 
the mass of the seedlings at day 30. Then choose one of these variables and design 
an experiment to test the hypothesis that your variable affects growth of these 
seedlings. 

b. Discuss the results you would expect if your hypothesis is correct. Then provide a 
physiological explanation for the effect of your variable on plant growth. 

 

6.  An organism is heterozygous at two genetic loci on different chromosomes. 

  
 

 

 

 

 

 

a. Explain how these alleles are transmitted by the process of mitosis to daughter 
cells. 

b. Explain how these alleles are distributed by the process of meiosis to gametes. 
c. Explain how the behavior of these two pairs of homologous chromosomes during 

meiosis provides the physical basis for Mendel's two laws of inheritance. 
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7. A scientist working with Bursatella leachii, a sea slug that lives in an intertidal habitat in the 
coastal waters of Puerto Rico, gathered the following information about the distribution of the 
sea slugs within a ten-meter square plot over a ten day period. 

Distribution of Slugs within a 10 m2 Area 

Time of Day Average Distance  
Between Individuals (cm) 

Midnight 8.0 
4 a.m. 8.9 
8 a.m. 44.8 
Noon 174.0 
4 p.m. 350.5 
8 p.m. 60.5 

Midnight 8.0 
 

a. For the data above, provide information on each of the following:  
o Graph the data 
o Summarize the pattern. 
o Identify 3 physiological or environmental variables that could cause the slugs 

to vary their distance from each other. 
o Explain how each variable could bring about the observed pattern of 

distribution. 
b. Choose 1 of the variables that you identified and design a controlled experiment to 

test your hypothetical explanation.  
c. Describe results that would support or refute your hypothesis. 

 
 
8. Cells transport substances across their membranes.  

a. Choose THREE of the following four types of cellular transport.  
o Osmosis  
o Active transport  
o Facilitated diffusion  
o Endocytosis/exocytosis  

 
b. For each of the three transport types you choose, 

o Describe the transport process and explain how the organization of cell 
membranes functions in the movement of specific molec ules across the 
membrane 

o Explain the significance of each type of transport to a specific cell  
o Explain the significance of each type of transport to a specific cell  
 
 

9. The rate of photosynthesis may vary with changes that occur in environmental temperature, 
wavelength of light and light intensity. Using a photosynthetic organism of your choice, 
choose only ONE of the three variables (temperature, wavelength of light, or light intensity) 
and for this variable  

a. Design a scientific experiment to determine the effect of the variable on the rate of 
photosynthesis for the organism 

b. Explain how you would measure the rate of photosynthesis in your experiment 
c. Describe the results you would expect and explain why you would expect these 

results.  
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10.  Communication occurs among the cells in a multicellular organism.  

a. Choose 3 of the following examples of cell-to-cell communication  
b. Describe the communication that occurs and the types of responses that result from 

this communication.  
o Communication between two plant cells 
o Communication between two immune-system cells 
o Communication between a neuron and another neuron or between a neuron 

and a muscle cell 
o Communication between a specific endocrine-gland cell and its target cell  
 

11.  Interdependence in nature is illustrated by the transfer of energy through trophic levels. The 
diagram below depicts the transfer of energy in a food web of an Arctic lake located in 
Alaska. 

a. Choosing organisms from four different trophic levels of this food web as examples, 
explain how energy is obtained at each trophic level. 

b. Describe the efficiency of energy transfer between trophic levels and discuss how the 
amount of energy available at each trophic level affects the structure of the 
ecosystem. 

c. If the cells in the dead terrestrial plant material that washed into the lake contained a 
commercially produced toxin, what would be the likely effects of this toxin on this food 
web? Explain. 
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12.   A biologist measured dissolved oxygen in the top 30 cm of a moderately eutrophic 
(mesotrophic) lake in the temperate zone. The day was bright and sunny and the wind was 
calm. The results of the observations are presented below: 

 

Hour Dissolved O2 

(mg/L) 
6:00 am 0.9 
8:00 am 1.7 

10:00 am 3.1 
12:00 noon 4.9 

2:00 pm 6.8 
4:00 pm 8.1 
6:00 pm 7.9 
8:00 pm 6.2 

10:00 pm 4.0 
12:00 midnight 2.4 

 
 

a. Graph the results 
b. On the same graph, draw and label an additional line or curve representing the 

results you would predict had the day been heavily overcast. 
c. Explain the biological processes that are operating in the lake to produce the 

observed data.  
d. Explain how these processes would account for your prediction of results for a 

heavily overcast day 
e. Describe how the introduction of high levels of nutrients such as nitrates and 

phosphates would affect subsequent observations 
f. Explain your prediction 

 
 
13.  The Roman emperor Claudius Caesar (10 BC~AD42) had an appetite for the delicate taste of 

mushrooms. Historians believe that Caesar's wife, Agrippina, wanted to poison him. She 
mixed into Caesar's favorite dish of mushrooms a few of the poisonous species Amanita 
caesarea. These poisonous mushrooms contain a substance that blocks the activity of an 
enzyme required for the cells to transcribe messenger RNA from DNA. For the first 10 hours 
after Caesar ate the mushrooms, all seemed well. But as the poisonous mushrooms were 
digested, poisons entered the blood stream and were absorbed by the liver and kidneys. 
About 15 hours after eating the mushrooms, Caesar's liver cells (hepatocytes) stopped 
functioning. Nausea, diarrhea, and delirium affected him as his liver and kidneys could no 
longer filter and detoxify wastes and other harmful substances from the blood. He died two 
days later from liver failure.  

a. What are the functions of mRNA? 
b. What are the functions of the proteins that mRNA helps to produce? 
c. How could a substance that stops the synthesis of mRNA cause the liver to stop 

functioning (cause the death of liver cells?) 
d. Identify types of liver cells and describe their functions 
e. Why do you suppose that it took 2 days for Caesar to die? 
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14.  In fruit flies (Drosophila melanogaster), the phenotype for eye color is determined by a certain 

locus. E indicates the dominant allele and e indicates the recessive allele. The cross between 
a male wild-type fruit fly and a female white-eyed fruit fly produced the following offspring: 

 

Table 1: Results Of Cross Between Male Wild-Type And Female White-Eyed Drosophila melanogaster 

 Wild-Type Male 
Wild-Type 

Female 
White-Eyed 

Male 
White-Eyed 

Female 
Brown-Eyed 

Female 

F1 0 45 53 0 1 

The wild-type and white-eyed individuals from the F1 were then crossed to produced the following offspring: 

F2 46 62 44 48 0 

 
a. Determine the genotypes of the original parents  (P1) and explain your reasoning. You 

may use Punnet squares to enhance your description by t the results from the Punnet 
squares must be discussed in your answer. (5 points) 

b. Use a Chi-squared (Χ2 ) test on the F2 generation data to analyze your prediction of the 
parental genotypes. Show all you r work and explain the importance of your final answer. 
(5 points) 

c. The brown-eyed female in the F1 generation resulted from a mutational change. Explain 
what a mutation is and discuss two types of mutations that might have produced the 
brown= -eyed female in the F1 generation. (5 points) 

 
 

 
Table 2:  Χ2  Values 
 

 
 

(a1-e1)
2 (a2-e2)

2 

Χ2   =  
e1 

+ 
e2 

 Probability 
d. f. * .95 .90 .80 .70 .50 .30 .10 .05 .01 

1 .004 .016 .064 .148 .455 1/03 2.71 3.84 6.64 
2 .103 .211 .446 .713 1.38 2.41 4.60 5.99 9.20 
3 .352 .584 1.00 1.42 2.37 3.66 6.25 7.82 11.30 

*degrees of freedom = 1 for monohybrid cross 
 =  3 for dihybrid cross 

Χ2  Data from http://www.richland.cc.il.us/james/lecture/m170/tbl-chi.html 
Χ2  calculator:   http://www.physics.csbsju.edu/stats/chi-square_form.html 

You are looking for the difference to be INSIGNIFICANT! P values above .05 are 
INSIGNIFICANT (not significant)…this means that actual values were close enough to expected 
values 

 
 
 
 


