AP® BIOLOGY

2011 SCORING GUIDELINES (Form B)

Question 4

Phylogeny reflects the evolutionary history of organisms.

(a) Discuss TWO mechanisms of speciation that lead to the development of separate species from a

common ancestor.
(2 points maximuim)

Mechanisms that lead to the development of separate species from a common ancestor

(1 point each)

e Geographic isolation (or allopatric speciation) takes place when a population of one species
becomes physically separated by some geographic barrier such as a river, mountain range, etc.
Long-term isolation of two populations eventually leads to reproductive isolation.

e Sympatric speciation happens when new species arise as a result of reproductive isolation
within the population range — for example, because of polyploidy or switching mating behaviors
(fruit flies going from hawthorn to apple to lay eggs). Eventually the two populations are unable

to interbreed.

e Reproductive isolation by prezygotic barriers, such as habitat, temporal, behavioral, mechanical,
or gametic incompatibility.
e Reproductive isolation by postzygotic barriers (e.g., reduced hybrid viability or fertility) leads to

speciation.

(b) Explain THREE methods that have been used to investigate the phylogeny of organisms. Describe
a strength or weakness of each method.

(6 points maximum)

Response earns 1 point for each method explained and 1 point for either a strength OR a weakness.

Methods (1 point)

AND Strengths (1 point)

OR Weaknesses (1 point)

Fossils (paleontology)

Determine time; reveal
extinct species.

Not all species leave fossils. Fossil
record is incomplete.

Anatomy/morphology

Homologous structures
indicate evolutionary
relationships.

Analogous structures. Some taxa have
little diversity (e.g., bacteria). Some
morphology reflects environment or
diet.

Embryology/development

Reveals similarities in
structures and patterns of
development that are not
evident in adults.

Similarities between species may be
lost in later development.

Molecular traits (amino
acid sequence in proteins
or base sequence in DNA)

Large numbers of traits.
Allow study of evolution
between closely related
species. Most accurate.

No (or little) data for extinct species.
Variation within species blurs
differences between species.

Behavioral traits

Some behaviors are genetic
(e.g., frog calls).

Behavior maybe culturally transmitted
or learned (e.g., bird calls).
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Question 4 (continued)

(c) The two phylogenetic trees represent the relationship of whales to six other mammals. All of the
organisms shown have a pulley-shaped astragalus bone in the ankle except for the whale.

Mﬂw Sﬁﬁw

Whale Camel Peccary Hippo Deer

TREE I

=y

Camel Peccary Pig Hippo Whale Deer Cow

TREE I1
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Question 4 (continued)

DATA ON PRESENCE *+ seduence pf)ese?t
OF SPECIFIC DNA SEQUENCES sequence absen
? undetermined

Locus 1 2 3 4 5 6 7 8 9 10 11 12 13
Cow - - - - - + + + + + + +
Deer - - - - - + 7+ + + 4+ 4+
Whale + + + + + - 7+ + - 7?7 4+ =
Hippo - 4+ + 4+ - 4+ 4+ 4+ - 7?7 4
Pig - - ? - - - 7?2 - 7?2 - - 4+ +
Peccary ? 7 ? ? ? ? ? ? ? ? ? ? +
Camel - - - - = = = == === =

e For each tree, describe a monophyletic group, the closest relative to the whale, and the point at
which the pulley astragalus was lost or gained.
(3 points maximuim)

o Correctly identifying a monophyletic group in BOTH Tree I and II (a number of correct
possibilities) or correctly defining a monophyletic group as a species and all of its
descendants. (1 point)

o Correctly identifying the camel as the closest relative to the whale in Tree I AND the hippo in
Tree II. (1 point)

o Stating that the gain of the pulley astragalus bone in Tree I occurs between the whale and
the camel, OR that the loss of the bone occurs on the line to whales, AND that the loss of the
pulley astragalus bone in Tree II occurs between the common ancestor of the hippo and the
whale. (1 point)

e Based on the principle of parsimony (the simplest explanation is the best) and the genomic
information in the table shown, identify which tree is the best representation of the
evolutionary relationship of these animals, and justify your answer.

(1 point maximuimn)

Identification of Justifications include but are not limited to
correct tree

e The camel is the out-group, with none of the 13 sequences.

e The peccary and pig have the fewest sequences, but they are
Tree I similar.

e The deer and cow share the same half of the 13 sequences.
e The whale and hippo have a similar pattern of DNA sequences.

Note: No point is earned for using the pulley astragalus bone to justify Tree II, nor for discussing
common environments, body shapes, or feeding habits.
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4. Phylogeny reflects the evolutionary history of organisms. ‘}"ﬁ;

(a) Discuss TWO mechanisms of speciation that lead to the development of separate species from a common
ancestor.

(b) Explain THREE methods that have been used to investigate the phylogeny of organisms. Describe a
strength or weakness of each method.

(¢) The two phylogenetic trees represent the relationship of whales to six other mammals. All of the organisms
shown have a pulley-shaped astragalus bone in the ankle except for the whale.

o For each tree, describe a monophyletic group, the closest relative to the whale, and the point at which
the pulley astragalus was lost or gained.

e Based on the principle of parsimony (the simplest explanation is the best) and the genomic information
in the table shown, identify which tree is the best representation of the evolutionary relationship of
these animals, and justify your answer.

Whale Camel Peccary Pig Hippo Deer Cow

Peccary Pig Hippo Whale Deer Cow

TREE I
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< . ' [ I { i
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0) W is possible dhar Yhere was o az,owrapmc bayyi v ek
deloped bexwesn e OYGAMSMS &L%a sxsw Spe (e
TS oo Couns J\%@ﬁh adapt dulMﬂE.nt\/Um ordr to
SULVIVE mJJrhUY enVironimend. - QﬂU‘H’lM M,Q,C“fz\m;m ﬂ"‘f—

spelahion is the pda plakion do of asperies Yo s m,t’ﬁ el oy
f_&Qlﬂ)@!CﬂJ hiche ‘Tm DY ganbing mas imd Wum.m:m o

4—/11& ar;l»animw efL o m;w;m

b) Qompam:%i\!e (1!\().1.-[3%,\1} s a mythod uded Yo Studuy pmdi.ncjfm{.
s e Sh,Lc\l\.}ma; o‘ﬁ OY((]]{}Y\M):JB— an@ﬁ*hh@j o secy. Sinulaxitie S

'i’hjzj_»uu&.lepid_ﬁml_wzﬁnmu( M- Choraederistics omm

Unauthorized copying or reuse of
any part of this page is illegal.

GO ON TO THE NEXT PAGE.

-17-

© 2011 The College Board.
Visit the College Board on the Web: www.collegeboard.org.



ADDITIONAL PAGE FOR ANSWERING QUESTION f‘ Ll' A
bUno in Swmtloy ¢ C/Dln(éj cal nacaon Cmenhm Ln oloa v wa-u,/u:l

V\P):(J e ahle to doke cd ‘H\,Lh_()\nolrhpr wethod i< Letrl/_sm at
DNA SRqusences. Ru QJMDW)M\NA SUendiAdN . Con Wek cﬂ_r*n’
w)\,w,rmm and dﬂﬁﬂwung “H(\_Q hm:\—m‘u Bﬂ T e uo);_%-*\mfr
way O stvenaiin o sekhed S 4‘\40& e W \/e,ru
rebinhle and 8%90?—1( Leseking o DA Sequonfan 1S
\omp—jmmﬂ concrete. O Haard W(\u 4o sjrudaaw m\,u,u:) c;\—e_,n\!;
s Yoy memmo%\s or Fht Srady EHL +\f\~a emhyyos ot G\’H@J\JML
h’\»&nm Orgon s 0 U?'(\J Ssm,\kau/ 'm“l‘\’\-e fcuh{; Si—aaém
k{. \Ah \Jmu\l{’m,t Ao Q)U_,Snm dJDﬂJMhﬁﬁJﬁ-‘*H’\DC} 0CC Uy

lbtrfimn ot Ay o d&%fi’f’ﬂ&ﬂh; Can dem %’mduu and
, J : "

rai % »efulp,b min- VST (‘Md emLu ure Tl

W\M‘hﬁe‘ alQm nmmo\ba_%uf Mlﬁ{)(z-hm ﬂmm an
n.

C\(l mm\onm\ﬁic ayouf Bf— dree | 1S Hae PRE0_peliary and p'xr(}

J J
and theiy omamcw\, (hmnonmé,tmc r)ﬁrmm c,orri—mm o
ANCESYOY mnd aM ef’. s "Chuddren The peccayy ong mq ot

etetued frova O QD(’ cLan-oxndicated 4%& lou "['I’Ff l mabmi_;%

(3 wmnnthiA ests %ﬂmm”\'lf\f cloaund Yel to Hae whalx

i tree {15 the Came) It is closest fothe whale and the

dlaam,m ndicader Haat +& 1 has gone Phrough dne kast Changes.
J J

Smgz tihe Whale doer nol haue o pulley ﬂﬁmqmug ﬂ#vr N

Would have been QCunPd Gt the ﬁ:msﬁn& ®:L the Cm mel. in

ree one. The Qoume.l v eVolve o e mxuudr aﬂ_ifr the

whodt A i3S Hag .Je/wﬁ wity e puiup\\r ma%am.

Indree 7 to=geene: e deer and Cow take wp o mmop}\tjltﬁr

GO ON TO THE NEXT PAGE.
-18-

© 2011 The College Board.
Visit the College Board on the Web: www.collegeboard.org.



ADDITIONAL PAGE FOR ANSWERING QUESTION 4 _ "" ﬁ
atoup The closesr velative totie wiale would e hne hippo in

Yrex 2. Ty is ecauisne ~Hf\<.<j evolved rom tine Some
ﬁﬁ-("fS‘Y’DY:TP\-QJJI wouldd Wave +he most in rnmmmn.\rlxuzjr'
Oncegioy 1S dl,g%&ffnj {_lam’m ‘e ober-Sridentroonimals
DNCLSDYS — VLA makes Yhem e clogect. "Thwe pulleuy asrragal
was oyt gt twe whale ence 1t €plued 61[%{ e ancestor
Whith aidd produced tha kﬁppo.

Tree 2 woudd be tne vest represerdedive of the evolutionary
ijhonsm_ps Sizurvied Oq’nor\_rj the an‘lmai,é,..Tak]nc} %c’ NO AL
'Lm%okmaﬁvn into account e dwer and cow ;Whale and happo,
Di% and peccary e had many sequences in omMuNo N . ine.
comel howevey s had no seguences In__common Wit
Oy o o ahamods. liaa ?mfgpmng..__;ﬂu_. W%"“‘&
Yree  puaumdber 7.

GO ON TO THE NEXT PAGE.
-19-

© 2011 The College Board.
Visit the College Board on the Web: www.collegeboard.org.



4. Phylogeny reflects the evolutionary history of organisms. 6‘ B ¢

(a) Discuss TWO mechanisms of speciation that lead to the development of separate species from a common
ancestor.

(b) Ekplain THREE methods that have been used to investigate the phylogeny of organisms. Describe a
strength or weakness of each method.

(c) The two phylogenetic trees represent the relationship of whales to six other mammals. All of the organisms
shown have a pulley-shaped astragalus bone in the ankle except for the whale.

e For each tree, describe a monophyletic group, the closest relative to the whale, and the point at which
the pulley astragalus was lost or gained.
« Based on the principle of parsimony (the simplest explanation is the best) and the genomic information

in the table shown, identify which tree is the best representation of the evolutionary relationship of
these animals, and justify your answer,

Whale Camel Peccary Pig Hippo Cow

Peccary Pig Hippo Whale Deer Cow

TREE II
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4. Phylogeny reflects the evolutionary history of organisms. L{ C f

(a) Discuss TWO mechanisms of speciation that lead to the development of separate species from a common
ancestor.

(b) E)&plain THREE methods that have been used to investigate the phylogeny of organisms. Describe a
strength or weakness of each method.

(c) The two phylogenetic trees represent the relationship of whales to six other mammals. All of the organisms
shown have a pulley-shaped astragalus bone in the ankle except for the whale.

e For each tree, describe a monophyletic group, the closest relative to the whale, and the point at which
the pulley astragalus was lost or gained.

« Based on the principle of parsimony (the simplest explanation is the best) and the genomic information
in the table shown, identify which tree is the best representation of the evolutionary relationship of
these animals, and justify your answer.

Peccary Hippo Deer Cow

Camel Peccary Pig Hippo Whale Deer Cow

TREE II
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Question 4

Sample: 4A
Score: 10

In part (a) 1 point was earned for discussing how a geographic barrier allowed “organisms of the
species” to adapt differently.

In part (b) 1 point was earned for explaining the method of comparative anatomy. The response earned a
another point for clearly stating the weakness of this method. One point was earned by explaining that
DNA sequences could provide information on evolutionary history, and 1 more point was earned for
describing the strength of this method as its specificity. One point was also earned for explaining the
study of embryos, but no additional point was earned for considering a strength or weakness of this
method, as all animals have an embryo.

The response earned the maximum of 4 points in part (¢). One point was earned for correctly describing
monophyletic groups in Tree I (peccary and pig), and Tree II (deer and cow). Similarly, 1 point was
earned for naming the nearest relatives of the whale in Tree I (camel) and Tree II (hippo). Likewise, the
response earned 1 point for describing the loss or gain of the pulley astragalus bone in both trees. One
point was earned for noting the commonality in DNA sequences for three pairs of species. One
additional point could have been earned for noting that the camel has no sequences in common with
any of the other animals, but the maximum of 4 points had already been earned in this part.

Sample: 4B
Score: 7

In part (a) the response earned 1 point for the discussion of geographic isolation.

In part (b) 1 point was earned for describing “molecular comparison (when the sequences of DNA are
compared).” Another point was earned for describing “anatomical comparison which compares the
structure of different organisms,” and 1 point was also earned for naming the use of “homologous
structures” as a strength of this technique. One more point was earned for describing the “embryo
development of the species ... compared.”

In part (c) 1 point was earned for correctly identifying monophyletic groups in both Tree I and Tree II,
and 1 point was earned for a good justification of why Tree Il is the best representation of the DNA
sequence table.

Sample: 4C
Score: 3

No points were earned in part (a) because the response does not address mechanisms of speciation.

In part (b) the response earned 3 points for explaining the use of “the fossil record,” “the study of DNA,”
and the consideration of “similar structures called Homologus [sic] structures” to investigate the

phylogeny of organisms.

Part (c) is not attempted.
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