WOW W OWw W W W W OW W
BIOL 1114 Exam #4 (Preview) May 3, 2012

Use a #2 pencil to fill in the information on your NCS answer sheet. Put your O-Key Account Username in the boxes
indicated for LAST NAME and darken the appropriate circles. Write your Name (Last, First) and “Star or NoStar” in
the space above the boxes containing your O-Key Account Username. Darken the (S or N) in the last column of the
name circles. Enter the number 1214 and darken the corresponding circles in the first 4 columns of the “Student ID.”
Failure to perform this correctly will incur a -10pt handling fee. Read all questions and answers carefully before
choosing the single BEST response for each question. Feel free to ask the instructor for clarification.

Use the following formulas and chart as needed.

birth rate(b)=births  death rate(d)=deaths r = births -~ deaths 6 =rN 6 = rNK - N)
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mRNA -Codon-to-Amino-Acid Decoder Chart
2" Letter
15" Letter V] C A G 3
Letter
v oy Phenylalanine ucy UAU Tyrosine uey Cysteine Y
uuc ucc . UAC uec C
UUA Loucine UcA Serine UAA . UGA STOP A
uu6G uce UAG UGG Tryptophan G
C CcUv ccu CAU . cGU V)
cuc , ccc , CAC Histidine | c6c » c
CUA Leucine CCA Proline CAA ) CGA Arginine A
UG cc6 cag | Clufamine | oo G
A ALY ACY AAV Asparagine AGU Serine v
AUC Isoleucine ACC AAC AGC Cc
AUA ACA Threohine AAA AGA A
Methionine; ACG AAG Lysine AGG Arginine 6
START
G GUU GCU GAU Aspartate 66U V)
[c]V]& . GCcC . GAC 66C . C
GUA Valine GCA Alanine GAA GGA Glycine A
6UG 6C6 Gag | Clutamate | oo G
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The graph represents a culture of hamster ovary cells within {l}
a cell culture vessel during a one week time period. 300,000
(3 x 10°) cells were inoculated into a fixed volume of

5 liters (5000 mL) of nutrient medium at the beginning of
the experiment (time = 0). Pumps connected to plastic tubes
allowed gases to be maintained at constant levels. The y-axis
represents the number of living (viable) cells counted in
millions of cells per mL. The point below K represents the
carrying capacity of this population of cells. (K = 5.5 x 10° living cells/mL).

£

"
-3
\
|
!

- N
2 § 8
\
\
\
.

o
2

Viabte cells [x10eGeelrs/ml
&
.
!

Culture rime [day]

A founder population of frogs is established in a pond. It grows rapidly in size until its members
experience food shortages and frequent exposure to predators. After 20 generations, the frogs start
surviving to reproductive age in larger numbers due to a mutation causing a harmless skin protein to
become a potent toxin.

In a simple food chain, grass is consumed by grasshoppers, and grasshoppers are consumed by toads.
Grasshoppers require energy to move their muscles to escape toads which consume them. A scientist
places the grasshoppers that appear green under sunlight, under a bulb that emits only red wavelength
light in a small environmental chamber. In order to study the respiration rate of grasshoppers the
scientist constructs an airtight environmental chamber with constant temperature, and lights that turn on
at 9PM, and turn off at 9AM. The scientist plants grass as a source of food and oxygen for his
grasshoppers at the bottom of the chamber. He begins monitoring the oxygen level in the environmental
chamber over a 24 hour period. Two grasshoppers of the same volume, and same body temperature
(20°C) one very slim and long and the other relatively short and stout, were sitting on a hot rock (30°C).
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Sooner Lake is a cooling reservoir for an OG&E power plant about 30 miles from Stillwater. Sooner
Lake in inhabited by a variety of bacteria, plants, and animals. One end of the lake is much warmer
(32°C) than the other end (26°C). The bass population in Sooner Lake was established by the
introduction of 10 pairs in 1960. Fisheries biologists note that bass in Sooner Lake are much darker than
those from other lakes in the area. Genetic studies reveal that bass in Sooner Lake produce the protein
melanin at much higher rates. This is caused by a mutation in the gene that codes for the 529 amino acid
long tyrosinase protein. Bass from Sooner Lake are genetically different from other lake bass in the area.
A researcher is interested in understanding the effect of temperature on fish density. She measures water
temperature, and samples fish at both ends of the lake. Sooner Lake is inhabited by minnows (small prey
fish) as well as bass (large predatory fish). Sooner Lake is contaminated with mercury (Hg). Hg
accumulates in fat, and cannot be excreted by organisms. Photosynthetic algae form the base of the
Sooner Lake food chain.

Amphipods, small shrimp-like crustaceans from the cooler end of Sooner Lake look different from
amphipods from the warmer end. Male amphipods have enlarged appendages called gnathopods. Males
without gnathopods are unable to grasp females properly for mating. Females prefer males with larger
gnathopods.

Bass are known to excrete more concentrated urine compared to minnows. Urine of fish contains high
amounts of nitrogen (N) compounds. Excessive use of fertilizer (nitrogen, phosphorus) has made Sooner
Lake eutrophic. The algal blooms can contain harmful algae that produce potent neurotoxins, which can
induce seizures in fish.

Fisheries biologists raised 10,000 catfish in artificial ponds where effectively conditions were unlimited.
The birth rate for this population was 0.2 and the death rate is 0.1. A scientist observed that the birth rate
of catfish was 0.03 and the death rate was 0.04 when the population of 10,000 was initially established
in Sooner Lake. After 50 years the catfish population was well established in Sooner Lake and reached
its carrying capacity of 100,000.

Life scientists now estimate that more than 50% of atmospheric oxygen was produced in the oceans by
unicellular algae, the primary producers of the oceans and the start of most marine food chains. Many
nutrients (nitrates & phosphates) initially brought up from ocean bottom deposits by currents are trapped
and moved toward the surface by these algae. Thermoclines, which are regions within the ocean depths
where the temperature changes most rapidly, then create layers that inhibit the exchange of water
between the surface and deeper water.

Many species of whale, a marine mammal, primarily consume enormous quantities of krill, a marine
crustacean that feeds upon algae. If industrial pollution off-shore causes the non-biodegradable toxic
heavy metal cadmium to be deposited among the nutrients on the ocean floor it could be absorbed within
algae cells. At rest in arctic water, the internal temperatures of the flukes (large tails) of many whale
species are much lower than the temperature of the whales’ internal organs. A whale swims from its
feeding grounds in the cold Arctic Ocean to an area close to Hawaii. However, careful measurement
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reveals that its oxygen consumption rates in both areas are nearly identical when the whale is at rest. A
whale successfully resists infection after its first exposure to the bacterial pathogen Mycobacterium
marinum.

Several scientists are contracted by the Department of Environmental Quality to investigate reports of
excess algal growth at several of the states’ man-made lakes. The lakes are used for recreation (boating,
fishing), flood control, energy production (electricity), drinking water, and waste water disposal for the
increasing populations of the local communities. After reports of large algal blooms in some of the
lakes, the scientists decide to investigate possible factors that could be contributing to and affected by
the increased pressures placed on the lakes by the increasing human population growth. To determine
whether the limiting factor in determining algal growth, the scientists add a nutrient to one pond and
measured its affect. They obtained the following data:

algal
Nutrients density
(g/l) (/1)
0 8
10 26
20 78
30 256
40 480

In the mottled sculpin, a fish found in freshwater streams, the males guard the nests located under rocks.
Mating occurs at night, when fish are unable to see. Females are attracted to the largest males and glue
their eggs to the undersides of the rocks. Males then fertilize and remain alone guarding the eggs, with
larger males being more effective. Counting egg masses allows scientists to determine how many
females have mated with a single male. Males make three different sounds during courtship: knocks,
head slaps, and drum rolls. Sound characteristics are correlated with male size.

Let’s imagine that in the future, disruptions to the earth’s climate create warm water barriers that prevent
whales from migrating freely along the transoceanic routes they have followed. At that time, whale
researchers discover an isolated population of whales living in Zaftig Bay that are much heavier than
any other members of the species found elsewhere. They find the whales’ oxygen consumption lower,
their appetite reduced, and their rate of swimming and duration of swim time reduced; but their leptin
levels are very high. Other researchers find that the algae and krill populations in this isolated area are
reduced and more variable from year to year than those in other areas inhabited by “normal” phenotypes
of these whales. Despite the lower supply of food, average fitness for this whale population is
equivalent to that of other populations living in equally cold water. Curious to determine whether these
whales represent a new species, scientists transport whales from other populations into Zaftig Bay
(technology is amazing in the future). The transported whales breed successfully with the Zaftig whales,
producing normal size young in the first generation and about 25% over-weight whales when those
young bred among themselves. However, the normal young and parents are not able to gather enough
food to support their higher metabolic rates and become extinct within a few generations. Recalling
reports of work on “O” and “D” mice done in the previous century, the whale researchers call on their
geneticist associates to explain the differences among these whales.

4



