FISH 475: MARINE MAMMALOGY.
SPRING 2006
FINAL EXAMINATION.
NAME: KEY
UW STUDENT NUMBER: KEY
PLEASE LIMIT RESPONSES TO SPACE PROVIDED.  USE REVERSE SIDE OF PAGE IF ABSOLUTELY NECESSARY.  RESPOND TO ALL QUESTIONS ON THE EXAM FORM.

5 pts. per question except as noted.  Total of 100 pts. possible.
1-a (1 pt. each part).  Indicate the technical family name for each of the following species of marine mammals:

Southern right whale:  Balaenidae
West African manatee:  Trichechidae
Polar bear:  Ursidae
1–b (1 pt. each part).  Two skulls from marine mammals will be circulated around the room once the exam begins.  Indicate the technical name of the family to which each skull belongs:

Skull #1 (larger of the two):  Otariidae (California sea lion)
 
Skull #2 (smaller of the two):  Mustelidae (Sea Otter)
2 (5 points).  It is thought that some marine mammal species do not drink sea water, instead obtaining all necessary water from their prey through metabolic processes.  Nevertheless, these same marine mammals have highly efficient kidneys capable of producing urine that has high salt concentrations.  Why are such efficient kidneys necessary in marine mammal species that do not drink sea water?
Full credit for any one of the following:

1) Marine mammal prey also contain significant salt, and accumulated salts require an efficient system for excretion.  

2) Salts permeate the marine environment and may be introduced to marine mammal tissues via diffusion across various membranes.  
3) Fresh water is in short supply at sea, and elimination of dilute urine would be wasteful of water produced metabolically.  Thus, an ability to excrete a highly concentrated urine is crucial to marine mammal health.
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3 (3 pts. for first part, 2 pts. for second).  Recall the logistic (density-dependent) equation for population growth:

Nt+1 = Nt + Ntr(1 – [Nt/K]z)



Where Nt = population size at time t;




t = time in years;




K = Carrying capacity of the population;




z = shape parameter

Imagine an oceanographic disturbance that reduces prey population productivity for resident marine mammals.  What part of the logistic equation for marine mammal populations would be affected by the disturbance?  How would it change when the disturbance begins?
Nt and K would be affected by the disturbance.  Both would decline once the disturbance begins.
4 (5 points).  Land-breeding seals often show striking sexual dimorphism in size.  However, some ice-breeding seals lack significant sexual dimorphism in size.  Suggest an explanation for the difference.  

Male ice-breeding seals do not have the ability to control access to females because sea ice often is vast in extent and contains multiple points of access to the water.  This contrasts with the situation for land-breeding seals, where safe and acceptable breeding habitats are often small with few points of access to the water.  Thus, for most types of ice, large body size does not confer advantages in terms of dominating other males and denying them access to females.
For those types of ice on which territorial or harem defense is practical, male seals must defend both the ice surface and the water around and under the ice from potential rivals.  In such circumstances large size may be a hindrance.  That is, agility and mobility may be more important than simple size in effective defense of breeding opportunities.  Small males may be more mobile and agile than large ones.  Thus, it appears that sexual selection has not driven strong size dimorphism in territorial ice-breeding seals. 
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5 (5 points).  A sea otter fetus requires about 4 months for development and growth prior to birth.  However, observed durations of pregnancies in tagged wild sea otters range from about 4.5 to about 9 months.  Assuming there is no bias in the pregnancy duration data, what is the explanation for the difference between development time and observed gestation period?
Sea otters are capable of delayed implantation.  Available data suggest that pregnant female sea otters can delay embryonic implantation by up to several months.  Once implantation occurs, gestation takes about 4 months.  Thus, variation in the period of delay of implantation explains the observed differences noted in the question.
6 (3pts. for first part, 2 pts. for second).  You are planning a line transect survey for minke whales in the Southern (Antarctic) Ocean.  A large ship will be used as the survey platform.  Ship time is limited by funding and scheduling constraints, so it will be necessary to do the survey at the fastest ship speed possible without compromising the technical integrity of the survey.  What biological information will you need regarding minke whales in order to determine the maximum ship speed allowable for a good-quality survey?  Why do you need the biological information that you identify?
A whale or group of whales can have a detection probability > 0 only if it surfaces at least once while it is in the field of view of the observers in a line transect survey.  If the ship is traveling too fast, it will be possible for the ship to move through the field of view for a given group without the group surfacing.  Thus, it will be important in survey planning to have data on patterns of dive duration by the minke whales in the study area.  Such data will allow survey planners to tune the speed of the survey vessel such that all whales within sighting range have detection probabilities > 0.
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7 (10 points).  The Southern Resident killer whales (SRKW) have recently been listed as ‘endangered’ under the federal Endangered Species Act, and the National Marine Fisheries Service is proceeding with recovery planning for this population by considering the potential impacts of several key risk factors.  Prominent risk factors include a reduction in prey quality and/or quantity, impacts from high toxin loads, direct and/or indirect vessel impacts, and random fluctuations in a small population dealing with the cumulative effects of combined risk factors.  Based on your knowledge of SRKW and their distribution patterns within Washington and British Columbia inshore waters, describe (a) which risk factor you think is most important for NMFS to study first in this region AND why you think so, and (b) a research approach to study the risk factor you identified in (a).

a. (5pts) Which risk factor is identified and why is largely up to student choice (1 pt each).  However, the student must answer both parts, where they provide a clear and reasonable justification for their choice of risk factor.

b. (5pts) There are several reasonable approaches, and it will depend on which risk factor they choose in (a). Here are some examples, but there are others:

Prey quantity and quality: 

1. Statistical model comparing population trajectory of SRKW with prey population trajectory

2. Analyze SRKW space use patterns in relation to prey distribution during periods of SRKW population growth versus population decline.

3. Analyze animal health from periods of population growth versus decline (e.g. use fatty acids to look at changes in diet, lipid composition, etc.)

Toxins

1. Measure toxin levels of various levels of the food chain and SRKW, compare relative levels, and model transfer pathways

2. Map distribution and levels of toxins throughout Puget Sound

Vessel impacts

1. Acoustics: Measure noise levels of various vessels, at a range of distances from the source.  Consider impacts, based on known levels of killer whale hearing thresholds.  Model potential of masking killer whale calls. 

2. Bioenergetics: Monitor behavioral changes in the presence of vessels, and model bioenergetic impacts of changes in behavior or diving patterns

Random population fluctuations

1. Population modeling exercise: Construct age-structured model that allows testing of multiple scenarios to explain population fluctuations, including random walk model.
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8 (2.5 pts. for each part, 5 pts. total).  During the GIS lab, we introduced two forms of question-based querying for relating locations of marine mammals to environmental variables: using ‘proximity’ or ‘overlay’.  Describe each of these query approaches and provide an example question for each approach that uses harbor seals in Puget Sound as your study organism.

2.5 pts for proximity answer and 2.5 pts for overlay answer

Proximity:

The proximity approach asks the location of something relative to the distance to or from something else.  For example, one could ask what the mean water distance is between harbor seal haulouts within Puget Sound.  Or how often are harbor seals found within 1 km of land?

Overlay:

The overlay approach allows for an intersection of data layers.  Conceptually, data layers are stacked over one another, and a researcher can then ask what phenomena occur in exactly the same location across all data layers.  For example, one could ask what depth distributions harbor seals prefer or if harbor seal core areas overlap with locations that create predictable tidal eddies.

9 (5 points).  Northern elephant seals dive to substantial depth to forage for prey.  Seals are not known to utilize echolocation to find or capture prey, and the depths at which the elephant seals forage receive very little (if any) solar illumination even at mid-day, and none at night.  How might elephant seals locate their prey?
Many of the bathypelagic prey species utilized by foraging elephant seals contain photophores on their bodies that produce dim light, probably for purposes of communication among individuals within species.  Elephant seals have extremely sensitive vision, with large pupils, large retinas with high densities of photo-sensitive cells, and a tapetum lucidum behind the retina that reflects light back through the retina, improving chances that dim light will be detected.  Thus, it is possible that elephant seals are able to locate prey at great depth by seeing light produced by prey photophores.
There is also some thought that phocid seals can detect prey by utilizing high sensitivity to vibration by vibrissae.  Movement by prey may create sufficient vibration in surrounding water to allow detection by seals, even if ambient light is below detection thresholds.
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10 (1 pt. for each part of question, 5 pts. total).  What is the approximate size (in numbers) of the western North Pacific population of gray whales?  Name two internal factors (i.e., population characteristics) and two external factors (i.e., anthropogenic or natural threats) that could be slowing or preventing the recovery of this population.

Population size (1 point):

100 whales

Two internal factors (1 point each):

Small population size or effects

Low calf survival

Low population growth rate

Genetic issues (inbreeding, drift, etc.)

Prolonged calving interval

Low number of reproductive females

Two external factors (1 point each):

Oil and gas development (seismic, oil spills, etc.)

Habitat loss throughout range

Ship-strikes

Entanglement in fishing gear

Poaching

Killer whale predation

Nutritional deficiencies

Environmental and anthropogenic catastrophes

Note that only 0.5 points will be given to speculative answers that, while not necessarily wrong, were not specifically addressed with evidence in the lecture (e.g., global warming)
11 (5 points).  What are the two biological parameters represented in the Leslie matrix model?  Give the biological interpretation of the matrix algebra terms maximum eigenvalue and dominant eigenvector.  

Two biological parameters (0.5 points each):

Survival

Fecundity

Maximum eigenvalue (2 points):

Long-term population growth rate

Dominant eigenvector (2 points):

Stable age distribution
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12 (5 points).  Why are fatty acid profiles in marine mammal blubber thought to be good sources for information on marine mammal diet?
Three aspects of fatty acid biochemistry contribute to their value as indices of dietary composition in marine mammals.  First, some fatty acids cannot be produced internally by mammals, and can be obtained only from prey.  These are termed “dietary” fatty acids.  Second, some dietary fatty acids are stored in adipose tissue in mammals without substantive chemical modification during the process of digestion.  Thus, the proportions of fatty acids present in the adipose tissues of the consumer relate directly to the proportions of fatty acids present in prey.  Finally, in marine mammals dietary fatty acids are deposited primarily in the subcutaneous blubber layer.  Blubber tissue can be sampled with relative ease, even in wild animals, using biopsy sampling methods.  
13 (5 points).  What kind of recent information has provided evidence that some individual gray whales overwinter in the Arctic Ocean?
In recent years hydrophones have been placed on the sea floor for periods of months to years in order to record sounds made by marine mammals, and especially by the large whales.  This has been done off Pt. Barrow, in the Arctic Ocean, for the past few years.  Recently hydrophones were recovered that had been in place during winter months.  Among the recordings present on the hydrophone were several of gray whales, that had been recorded during the winter period.  
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14 (10 points).  Josh London’s lecture on interactions of killer whales and harbor seal populations indicated that estimates of predation by whales, based on knowledge of whale metabolism, are inconsistent with information on harbor seal numbers, based on aerial surveys.  Describe a research project to collect information that would help resolve the inconsistency.

Josh’s lecture pointed to two major possible sources of explanation for the noted inconsistency.  The first involves the metabolic needs of killer whales, in terms of seal biomass consumed per unit of time.  Thus, one type of study would involve the collection of better information on metabolic demands of killer whales.  The ideal study would focus on free-ranging whales, and would include sampling of a range of age and sex categories of whales.  Unfortunately, there would be a number of logistical and political challenges to overcome in order to pursue this kind of work successfully.  A second option is work with captive animals, but as Josh noted, captive animals may produce metabolic data subject to a number of significant biases.
The second category of concern is the quality of the population estimates for harbor seals in the study area – in this case Hood Canal, a branch of Puget Sound.  Within this category there are two problem areas.  One is the precision of counts of hauled seals during aerial surveys.  The other is the accuracy of current estimates of the proportions of harbor seal populations that are actually hauled out, and therefore visible, at the time of aerial surveys.  Studies designed to improve precision of counts and accuracy of proportions hauled out are probably more feasible than studies of metabolic rate in free-ranging animals, and might be the best area for focus of research effort and resources.
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15 (5 points).  On what basis of authority does the International Whaling Commission direct the actions of member nations regarding hunting of whales in international waters?
The authority for directives on whaling policy by the International Whaling Commission (IWC) comes from the IWC member nations themselves.  There is no other international entity that provides legal authority for IWC actions.  IWC member nations agree to follow IWC protocols as a condition of membership.  Cooperation by member nations with IWC directives is based entirely on the good faith of the member nations themselves.
16.  You find the skull of a small cetacean on Richmond Beach in North Seattle.  Based on your location and the size of the skull, you know that it is from either a dolphin or a porpoise.  Assuming the skull is in good condition and relatively fresh, how would you determine the family of marine mammal from which it came?
Under the given circumstances, the most reliable feature to examine is the shape of the teeth.  Dolphin (family delphinidae) teeth are simple and conical, coming to a sharp point unless the animal is aged and the teeth have worn.  Porpoise (family phocoenidae) teeth are spade- or spoon-shaped, and easily distinguished from dolphin teeth.
If the teeth are badly worn or have fallen out, it may be possible to determine the family by examining the rostrum.  Dolphin rostra tend to be long and narrow, while porpoise rostra typically are short and blunt.  In this case, prior familiarity with the shapes of dolphin and porpoise rostra is helpful in avoiding incorrect family assignment.
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17 (5 points).  During a class lecture a video was shown that seems to provide evidence that challenges the validity of the “acoustic stunning hypothesis” for odontocete cetaceans.  Describe additional kinds of information that would be helpful in making a final judgment about the validity of the hypothesis.
The following types of information would be helpful in evaluation of the acoustic stunning hypothesis:

1. Data on susceptibility of other fish species (i.e., species other than the one tested, that are known to be prey of odontocetes) to high-intensity acoustic broadcasts from odontocetes;

2. Data on the intensity, frequency range, and dispersal characteristics of sounds produced by odontocetes when they are foraging;

3. Data on abilities of odontocete prey species to avoid pursuit predation when high intensity sounds are not being broadcast.

Other reasonable categories also will be considered.

18 (5 points).   Walruses are almost as large as elephant seals, but walruses are not known to be able to dive nearly as deeply as elephant seals.  Why?
Walruses do not dive deeply mainly because they tend to live in habitats with relatively shallow water depths.  Walruses feed on benthic invertebrates in sedimentary bottom habitats, with a particular focus on clams.  Clams and other invertebrates of the types preferred as prey by walruses tend to be most abundant on bottoms that are relatively shallow.  Thus, walruses tend to be shallow divers by virtue of habitat choice.






