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You are advised to spend 40 minutes answering the questions in this booklet.

QUESTION ONE: PATTERNS OF EVOLUTION

Nectar bats feed on the nectar from flowers. One species of nectar bat, Anoura fistulata, can extend
its tongue more than 80 mm (see below). This is more than twice the tongue length in other species
of nectar bat.

For copyright reasons,
this resource cannot
be reproduced here.

The nectar bat Anoura fistulata, extending its tongue.
After N. Muchala (2006) Nectar bat stows huge tongue in its ribcage Nature 444: 701-702

For copyright reasons,
this resource cannot
be reproduced here.

Anoura fistulata feeding.
http://www.newscientist.com/data/images/ns/cms/dn10721/dn10721-2_742.jpg

(a) Name and describe the pattern of evolution shown by the relationship between this nectar
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Explain the role of natural selection in the evolution of the features shown by the bat and its Assessor's
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food plant. | variation within the species |

M (hite pitbes buds  faF el hod fz.-u_ﬁ..-_if'ﬁ

i { el el webee A fm_.j _
flx.-‘bwff-ﬁ Licive fhedtes Mﬁ.ﬂf‘tr{ugﬁ N (ifeed() flecie E'WI

4} advantage of long tongue |

hoare bg T , TR
mrriau& e nd afﬁmwu fLLsU bretle Ui ﬂ:.mw
j,l,, fnbf ﬁ.’.jﬁ_ﬂfi—_{.{ ﬂu? /uo:f ﬁfﬁwtﬁ fieny rfurff:u: el

(L Erhbmﬂh'-tq ,{,.:M ﬂau{; Fo Al ter EMadvantagetoplantl

W
B UG T Hrowni ﬁfﬂ?wnmf Ll (A nlifev- il
L Gl Prt*mu;?b! c-}' (o0 policbiein. ﬂuw }:‘mpui

il r“ﬂujgr Floves bone befler ﬂf}ﬁrr-c.‘_f-i.u_'hlw M127

i i occCyurnag i pol fadbot flie i~ e ed e
¢ J*ﬂﬂd’-a"ﬁ{ H'rﬁu,'r( L::-—'f.‘f nfgi. {qfe- f'r.'..jc.-_u;
Liaive bits .-""'E'#'JE-LLLII.JIi‘f Juieglier i ffo-if it
bl v ndaely Hp ndede 222 wreleel L,

(b frpel plepod M

candidate uses correct key words to define natural selection, |
and explains benefits to both the bat and the food plant

Biology 90717, 2007



4

There are many endemic species of cockroach (genus Celatoblatta) in the South Island (below),
which have undergone adaptive radiation over the last 6 million years. During this time, the region
was first warm and wet, and then heavily glaciated during the last ice age (see diagram bottom of
this page).

For copyright reasons,
this resource cannot
be reproduced here.

Phylogenetic tree for South Island cockroaches (Celatoblatta spp.)
W. Chin & N. Gemmell (2004) Molecular Ecology 13:1507-1518

For copyright reasons,
this resource cannot
be reproduced here.

Pliocene (6-2 mya): Pleistocene (1.8-0.1 mya):
west coast wet, extensive glaciation
east dry

Locations of Celatoblatta species
in the South Island

adapted from W. Chin & N. Gemmell (2004)
Molecular Ecology 13:1507-1518
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(c) Discuss how geological history has affected the adaptive radiation and distribution of
Celatoblatta species in the South Island. | impact of geological change explained |
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(d) The phylogenetic tree suggests that there are two distinct populations of C. montana on Mt E
Taylor (in the Central region).

Explain the significance of these two populations.
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QUESTION TWO: PROCESSES OF EVOLUTION

Plants in the genus Libertia are found throughout New Zealand,
Australia, and South America. The table below shows the chromosome
numbers for several of these species.

For copyright
reasons,
this resource cannot
be reproduced here.

en.wikipedia.org/wiki/Libertia

Chromosome number for different Libertia species.

Location Libertia species Diploi(lilsll:l())gosome
New Zealand | L. puchella 38
L. grandiflora 114
L. peregrinans (except from inland Nelson) 114
L. peregrinans (inland Nelson) 171
Artificial hybrids between ixioides and grandiflora 171
L. ixioides 228
Australia L. puchella (Tasmania) 38
L. paniculata 76
South America | L. caerulescens 38
L. formosa (Chile) 76

D. J. Blanchon, B. G. Murray, & J. E. Braggins (2000) Chromosome numbers in the genus Libertia (Iridaceae). NZ J. Bot. 38: 245-250

(a)  Use the information from the table to describe how these different Libertia species have

evolved.
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The diploid number of chromosomes in ancestral Libertia is 38.

(b) Explain how L. paniculata (2n = 76) could have evolved from L. puchella.
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L. peregrinans, from inland Nelson, has a different chromosome number, and is different in
appearance, from other populations of this species.

(c) Explain how this inland Nelson population could have evolved, AND give evidence from the
table on the opposite page to support your answer.
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African indigobirds lay their eggs in the nests of various species of finch. Indigobirds are very
selective in host choice. There are many species of finch in the area, but each indigobird species
has a particular finch host. Indigobird nestlings are reared with the host young and learn their
songs. Adult male indigobirds mimic the song of their host species. Adult females use these songs
to choose breeding partners and also to choose the nests in which the females lay their eggs.

For copyright reasons,
this resource cannot

For copyright reasons, be reproduced here.

this resource cannot
be reproduced here.

ww.bu.edu/research/ graphics/spotlight/bird.jpg

Taxonomic relationships of indigobirds
and their estrilid finch hosts.

Sorenson et al. (2003) Speciation by host switch in
brood parasitic indigobirds. Nature 424: 928-931

(d) Explain how the data in the above diagram support the statement that “indigobird evolution
shows adaptive radiation and punctuated equilibrium”.
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(e)

Indigobird speciation appears to be sympatric.

Discuss how new indigobird species could evolve. You should include the role of song and
other isolating mechanisms in your answer.

| sympatry defined |
Jum!;w-nc geciaken J whuit 4w ﬁ;?em Ao relipr wn fw puony

ﬂii_ff“ﬁ&_lﬂ_s_ym They o1 a barrier Bod ath ar a pﬁe?.'g;uf%{_

tolai fsd 318141 b develey yuw mme:f 7
Mﬂii{u lm?i, EL&"M biiglq M Grérg m.;rcc{ Lig flu.’ fm_u(_%{g__c_l

ﬁrl{;ﬂ wetl gl !.:Iw.u. ho (dipsp el jaited v e Aol Jlugy
e

\rd drnad
_MM.L!:)_Q ﬂtf..u Oy t.ai?u,:_,z,..r
w f : 3
mzﬁeé'n:h{ Mw n&;_u,ih dy _ifolahci gilliin ﬂ{-c;m:f.yéma’
fpeiied Hu.; e o/ Porend Le g df F fops di peviliiny
luer huel ll rﬂ.’qy pudl i fiparedes Hog
MEI{AEA Mf’mfiuﬁﬁhﬁi&q ﬂfié Mﬁ{,w rlsirel ey beliere

4
mLLﬁL. 4 mwwf Sorsets Psed A,
Vf [V FN Lidy o (ifl-ufiqr trtf.ftfib?/

vere reeiie
Cpnty)

|we are looking for a new species formed |

song recognised as prezygotic

reproductive isolating mechanism

E is earned when the candidate recognises
that the laying of indigobird eggs in a new finch
host nest will initiate a new species
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Extra paper for continuation of answers if required.
Clearly number the question.
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