EEB 245: Evolutionary Biology
Spring 2008
Problem Set 2

1. Use thetree bdow to answer thefollowing questions

a.
b.

C.

The sister group of J.

The sister group of E.

The most recent common ancestor of A and L.

The most recent common ancestor of E and G.

All taxa that are more closely related to C than they are to D.
All taxa that are more closely related to K than they are to H.
Four monophyletic groups that include K (you can list these).

A polyphyletic group that includes L.
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2. Suppoe you find a uniquefeather-like structure on the beach at Cape Cod when
taking awalk onesunny afternoon.

a. Asan evolutionay hiologist, youwant to infer whether or notthis structureis
indeed honologousto thefeathers of birds You have at your disposal afully-
equipped research laboratory (jud off the beach, and a chicken, lucky you). How
mightyou start to tackle this question of honology?

b.

You might assume that this structure is important for flight in the beast from

which it came. Why would that assumption be particularly poor for deciding
whether two structures are homologous or not?



3. Use the following phylogenetic tree of the relationships among 8 species of tree frogs
of the genus Litoria (denoted A-H) and the corresponding information about the
character states of two characters in these frogs: 1) Pupil Pattern and 2) Predominant
Skin Color, to answer the questions below.

a. What is the ancestral state for Pupil Pattern in the ingroup below?
b. What is the derived state for Predominant Skin Color in the group E+F+G+H?
c. Identify an instance of homoplasy.

d. Do the Litoria species that have cross-shaped pupils represent a paraphyletic or
monophyletic group? Justify your answer.

Pupil Pattern Predominant Skin Color

QOutgroup
Litoria species A Cross-shaped Brown
Litoria species B Cross-shaped Brown

Litoria species C Cross-shaped Green

Litoria species D Cross-shaped Green
Litoria species E Cross-shaped Green
Litoria species F Horizontal Green
Litoria species G Horizontal Brown
Litoria species H Horizontal Green

4. Based on your knowledgeof the events of continental drift over thelast 250million
years, describe the sequence of separation of the variousBiogengraphic Realms from one
another.



5. An assumption sometimes madein biology is tha the more common state of atrait is
theancestral state.

a. Usethetree bdow to explain why thisis an ingppropriate assumption (Note:
darkened branches show the point at which thelineages C, D and E evolved character
state of interest, e.g., elongded antennae).
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b. Give aspecific example from naure illudrating tha common does NOT equd
primitive; briefly describe your example.

6. Imaginetha you have recently foundfossils of alineage of extincat probo<idians(i.e.
elephants & thar relatives) from fossil bedsin the extreme north of Siberia; and further,
tha these fossils are daed to approximately the early Oligocene (see Figure 5.28,pg 112
in Futuyma for examples of the skull morphology of these creatures). It is determined
tha thefossils represent a group of 13 closely-related species, and within tha group four
lineages had independently acquired the prominent forward-facing tusks as seen in
Mammuthus $p., thewoolly mammoth.

a. Wha typeof homoplasy is characterized by the occurrence of these similar
morphologies across the 13 closely-related species? How do you know this? Jugify your
answer.

b. Isthis case of honoplasy an example of the same type of honmoplasy as was illustrated
in the placental (Canis) and marsupial (7hylacinus) QuolfOspecies example in lecture?
Explain your answer.



7. Circlethetreesthat are the same phylogeny astree 1.
Mammals 2 Mammals 3 Mammals
Turtles Turtles Turtles
Squamates Archosaurs Archosaurs
Archosaurs Squamates Squamates
4 . Turtles 5 Squamates 6 Mammals
Mammals Archosaurs Archosaurs
Squamates Turtles Squamates
Archosaurs Mammals Turtles

8. Therdatively new field of evolutionay developmental biology is providing new
perspectives ontheway evolutionay biologists study the history of life. For example,
thediscovery of Hox genesin mog animal taxa has provided new ingghtinto the
evolutionay history of themetazoans

a. Provideabrief explanaion of Hox genesinduding whé they are, andtherole
they play in metazoan development.

b. Describe howthediscovery of Hox genes hasimproved our undestanding of the
evolution of the Metazoa (Hint: consder metazoan phylogeny, thevarying body
plansof the different phyla, and conserved vs. evolving features).

9. Biogeography isthe study of how a particular taxonis geographically distributed
aroundthepland.

a. When studying biogeography, researchers often collect information aboutthe
phylogenetic relationships of thefocal group. Why isit important to undestand
how the members of a paticular group are related to oneanother when forming
hypotheses explaining current distribution paterns? (Hint: Think abouthow a
hypothesis might changeif, for example, agroupof birdsfoundonanidand
chan eithe did or did notform a monophyetic groupwith respect to one
another).

b. Isthecurrent distribution of chameleons(discussed in chapter 6 of your textbook)
aresult of vicariance or dispersal? Providetwo lines of evidence to suppot your
answer.



10. Uponingection of theearth@ current biota, it becomes apparent that notall groups
have undegonediversification at the same rate. For example, within theechinodems
(seaurchinsand ther relatives), some lineages currently contain many more species than
others, and several lineages appear to have undegoneadaptive radiations

a. Describeageological phenomenonthat appears to have favored adgptive radiations
and provide a specific example of how this phenomenon has affected a particular
group of organisms. Be sure to describe both themorphological features and thar
assodated ecological specializations Congder an example tha was NOT covered

in lecture.



