SAMPLE FI RST EXAM NATI ON
ECOLOGY AND EVOLUTI ONARY BI OLOGY, Decenber 16, 1985

Session 1. Short factual questions. Answer 10 of the follow ng 12
guestions. One brief paragraph should be used to answer each
guestion. (209%.

1. Di agram and briefly explain the theoretical responses of
ni che wi dth shown by a popul ati on experiencing interspecific
conpetition.

2. Descri be the uses and assunptions of the |ogistic and
exponenti al nodels of popul ati on grow h.

3.What is alife table? What information is needed to construct it
and what information can you get fromit?

4. \What is character displacenent?
5. What does "optimum foragi ng theory” predict?

6. Defi ne sexual selection and distinguish between it and ot her
types of selection.

7. Expl ain the Lotka-Volterra nodel of predation and state its
predi ctions.

8. Define inclusive fitness.

9. What does the Hardy-Winberg nodel predict and what are its
assunpti ons?

10. Distinguish anmong synpatric, allopatric and parapatric
speci ati on.

11. Draw a sinple energy flow diagram and | abel its key conponents,

12. Define and distinguish anong paraphyly, polyphyly and
nmonophyl y.



Session I1. Longer factual essays. Answer two of the four
guestions. (30%.

1. Gve evidence, pro and con, for the concepts of gradualism and punctuate

2. Define and conpare, with exanples, characteristics of

“r-sel ected" populations with those of “K-sel ected" popul ations.
Eval uate each of these extrenes in terns of succession
conpetition, predator-prey interactions and popul ation density
control. Mention the problens with the concept of "r and K

sel ection".

3. Def end or refute the concept that interspecific
conpetition
is a mgjor factor in structuring conmunities.

4. A given pattern of variation is controlled by two all el es,
a, and a,. For every 100 offspring produced by a given nunber of
a,a, i ndividuals, 200 offspring are produced by the sanme nunber

a,a, i ndividuals and 50 of fspring are produced by the sane

nunber of a,a, i ndividuals. Develop a hypothesis to explain this
phenonmenon, citing sonme known cases, and predict the ultimte

gene frequenci es.



Session II1l. Data analysis. Select one of tw questions. (30%.

1. Ecol ogi sts have often accepted, sonetinmes w thout question,
t hat nor phol ogi cal differences anong species indicate ecol ogi cal
di fferences, and that differences between norphol ogi cal
characters and food size, or differences in qualities of related
synpatric species, are evidence of resource partitioning. This
vi ewpoi nt has recently been chall enged by workers such as W ens
and Rotenberry (1980).

Bunbl ebees are generally thought to play a major role in the

pol l'ination of flowering plants in many North Anerican plant
communities. These colonial insects are particularly well adapted
to the rigors of life in tenperate and boreal climates. Unlike
honeybees, bunbl ebees function at |ow tenperatures and in cl oudy,
wet conditions. Bunbl ebee workers forage i ndependently of other
col ony menbers; unlike honeybees, they are unable to recruit other
workers to a food resource. Although bunbl ebee col onies exploit a
wi de range of flower species, each individual worker has access
only to a relatively few flower plant species during its |ifespan.
Consequent |y, individual bees tend to specialize on one or a few
flower types, while retaining the capacity to switch to others if
necessary.

In a recent study, Harder (1985) presented data on the rel ationship
bet ween bunbl ebee norphol ogy and fl ower use based on the anal ysis
of bee behavior in an eastern Ontario old-field habitat. Figures 1,
4 and 5, and Table 1, include sone data fromthis study.

a. Review the avail able data and di scuss the rel ati onshi p between
nor phol ogy and foraging in bunbl ebees.

b. Di scuss the possible ecological factors which are nost likely to
affect the correlation between norphol ogy and feeding in
northeastern North Anmerican bunbl ebees.

c. How do these date relate - if at all - to the interpretation of
t he seasonal flowering pattern and to the concept that bees and
fl owers have coevol ved?

d. What sort% of observations or experinments could you suggest
whi ch m ght shed |ight on these questions?
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Session [Il. continued.

= There is no set answer to the following guestion. Your
amalysis and approach is important here.

The following is a set of data on Five taxa (and the
characters which are distributed among them! are to be utilized
in developing a hypotheais regarding their relationship.

&, Prasent their phyletic relationship in a esplicit
diagram,

b. Discus® this diagram in terms of the characters listed,

aralysing all characters as to thelr informative significance
ii.@:, homology, polarity, congruence, reversal, loss, etc.).

CHRRACTER DISTRIBUTIONS
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The zero character state represents the primitive cordition.
The one character state represents the advanced or deriwved
condition. This applies to characters A — J.

Character K represents a character tranaformation seriss or
homologous series in which the transformation is unipolar and a
(little al is primitive. Therefore, the series which reads a — b
= o = d as derived from the antogenstic series.

Character L represents a series in which g ilittlie al is
primitive and b and ¢ are independently derived Fraam it.

Characters M and N have an ontogeny depicted as four stages.
These stages; in sequence, are a4 — B = & = d. The letter srntered
for mach taxon represents the adult condition.



Session | V. Research proposal. (20%.

Choose one of the followi ng topic areas for your research and
carefully devel op each of the followi ng in your proposal:

a. What are the critical questions you are asking?

b. What field and/or |ab nethodol ogi es woul d you use to exam ne the
guestions? What are your assunptions in using these techniques?

c. What sorts of data do you anticipate collecting?

d. How woul d you organi ze and anal yze t he data?

1. A given species of water beetle is dinorphic in winglength. In
sonme popul ations, adults have large functional wi ngs and are
capabl e of flight whereas adults of others popul ations are

wi ngl ess. Both adults and | arvae occur in freshwater ponds and are
predators on other aquatic invertebrates. In any |arge geographical
area (e.g. the Upper Peninsula of Mchigan or the Adirondacks),
geographical variations with regard to this pol ynorphi sm occur
anong ponds of varying size, character, and distance apart.

Design a project to evaluate this dinorphismand determne its

ecol ogi cal significance, if any.

3. Determ ne the evolutionary rates in any |ineage of your
choice (i.e., primtes).

4. The sardine fishery was the backbone of the California fishing
industry fromthe early part of the century until the late 1950s
when this species virtually di sappeared from California waters.
This decline in the sardi ne popul ati on was acconpani ed by an

i ncrease in the abundance of anchovies. Both fish are planktivores.
Large anobunts of data on the catches of sardines per unit effort
and the total fishing effort are available for the twenty years
precedi ng the decline of the sardine. Both fish can be naintai ned
inthe lab for study and there is a plentiful fossil record
docunenting the rel ated abundance of the fish.

Design a research project to determ ne the nost probabl e causes for
the decline of the sardine and the rise of the anchovy.

4. A researcher wishes to determine if two closely rel ated
synpatric species share their resources efficiently, or if they are
in total conpetition with each other. Resources to be exam ned

i nclude food, habitat and tine.

5. You are attenpting a systematic revision of any group of your
choice and at the hierarchical |evel of your choice. How would you
go about acconplishing this task?



