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QUESTION ONE: MEXICAN SPADEFOOT TOAD a 9( ASSESSOR’S
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The Mexican spadefoot toad (Spea multiplicata)
is found in southwestern United States and
Mexico. In ponds with low abundance of food
resources and high density levels of tadpoles,
two populations predominate. One population
(called the omnivore morph) has a round body
with a long intestine, small jaw muscles, smooth
mouth parts, and has/a gener. li i

diet of algae and s rustaceans found on the
‘bottom of the pond. The other population (called
the carnivore morph) has a narrow body with a
short intestine, enlarged jaw.muscles, teeth-like
mouthparts, and has aspecialist/carnivorous diet
of fairy shrimps found in the water column.

On the other hand, in ponds of high abundance
of food resources and low density levels of
tadpoles, only one population, of intermediate

N Ny Figure 1: Mexican spadefoot toad tadpoles from
phenotype, 1s found.

a high density, low food resource pond. Top: the
omnivore morph. Bottom: the carnivore morph.

Compare and contrast the impact of distuptive hitp:/labs.bio.unc.edu/pfennig/LabSite/Photos. html

and stabilising selection on genetic diversity A

AND discuss how speciation could occur in the E\ [/'

Mexican spadefoot toad. m

In your answer you should: ,

. describe genetic variation

. describe the terms disruptive and stabilising selection, and describe which population(s) of

Mexican spadefoot toad tadpole is associated with each type of selection

. explain the selection pressures that promote disruptive selection, AND the selection pressures
that promote stabilising selection in the Mexican spadefoot toad tadpole.

Well labelled diagrams can be used to support your answer.
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There is more space for your
answer to this question on the
following page.
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QUESTION TWO: THREE-SPINED STICKLEBACK

The three-spined stickleback (Gasterosteus
aculeatus) is a small (30 — 90 mm) fish found
in the Northern Hemisphere. Some populations
live in coastal marine habitats, while other
populations live in freshwater.

Three-spined sticklebacks lack the scales typical
of most fishes; instead they possess (protective)
bony plates and spines. Three-spined
stickleback populations living in a marine
habitat have high numbers of bony plates and
lang spines, whereas freshwater populations
typically have low numbers of bony plates and
spines. Genetic evidence suggests that
a mutation 1n the Ectodysplasin (EDA) gene

from a marine population. Bottom: Typical
three-spined stickleback from a freshwater

Figure 2. Top: Typical three-spined stickleback

=

in the PITX1 gene causes variation in spine

causes variation in plate number, and a mutation
length. _J

population. Fish have been stained with alizarin
red to highlight bony plates and spines.

http://unews.utah.edu/wp-content/uploads/
sticklebackfigurel.jpg

The main predators of three-spined stickleback
in marine habitats are larger fish. In freshwater
habitats, grasping insects (such as dragonfly
larvae) are the main predators, especially of
juvenile three-spined stickleback. Marine
habitats typically have low amounts

suitable for the three-spined stickleback,
whereas freshwater habitats have high

amounts of shelter. The growth rate and
accelerafion/burst speed o ined

sticklebacks is highest when the bony plate

number is lowest. Figure 3. Typical three-spined stickleback

predators in ocean and freshwater habitats.

Discuss how EDA and PITX1 EFNE MEeNS http://learn.genetics.utah.edu/content/selection/stickleback/

AND natural selection have affected evolution
in three-spined stickleback.

In your answer you should:
° describe the terms mutation AND natural selection

. explain how selection pressures in marine AND freshwater habitats act differently on bony
plate number and spine length

° discuss the roles of mutation AND natural selection on three-spined stickleback evolution.
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QUESTION THREE: KAKARIKI

Kakariki are the most common species of
parakeet in the genus Cyanoramphus and
are distributed throughout the South Pacific
(Figure 5). Aotearoa has the largest number
of species. Kakariki live in a wide range
of habitats, including subantarctic tussock
(Antipodes Island kakariki and Reischek’s
kakariki), beech forests in mainland Aoteoroa
(yellow-crowned kakariki and orange-fronted
kakariki), and tropical rainforests (New
Caledonian red=crowned kakariki).

Figure 4. Forbes” kakariki, Chatham Island.

www.nzbirdsonline.org.nz/species/forbes-parakeet
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Society Islands
Society Island kakariki (extinct)

New Caledonia Black-fronted kakariki (extinct)
New Caledonian red-crowned kakariki

s
s Kermadec Islands
Norfolk istand Kermadec kakariki
Norfolk Island kakariki
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Lord Howe Island kakariki (extinet) -
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Yellow-crosvaed kakartka
Red-crownedikakariki

South fsiand &) 2
Yellow-crosime kakariki Chatham Islands _\°
Red-catwned kakariki Forbes’ kakarki =
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Macquarie Island kakarik: (extinct)

Figure 5: Kakariki distribution in the South Pacific.
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The evolutionary relationships of kakariki species have been determined using mitochondrial DNA
sequence analysis. The phylogenetic tree based on this analysis is shown in Figure 6. The climate during
this period is shown in Figure 7, and the reconstructed vegetation cover at the height of the last glacial
period is shown in Figure 8. P
A\ VJOC, 4 f
R4
f{f g’ ’Z‘fzé/l;;tham Island red-crowned kakariki
P’ 3 'JJQ ( / Red-crowned kakariki 7]
10 { Reischek’s kakariki
\;QIM Cr | [ Orange-fronted kakariki
\\ ————————— Yellow-crowned kakariki-l

L Norfolk Island kakariki
Antipodes Island kakariki

Forbes” kakariki
New Caledonian red-crowned kakariki

5. t ! } t } i Years before present
500000 400000 300000 200000 100000 0

Figure 6. Phylogenetic tree for Cyanoramphus.
The time scale for evolutionary divergence is indicated above.

Adapted from Boon, W. M. ef al. (2001). “Molecular systematics and conservation of the kakariki (Cyanoramphus spp.)’,
Science for Conservation, 176 (Department of Conservation, Wellington).
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) R
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125000 ————————————
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320000

370000

450000
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Cool period
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Figure 7. Glacial periods in Aotearoa. Figure 8. Aotearoa vegetation cover 19000 — 29000
Adapted from www.teara.govt.nz/en/ years b. p. as reconstructed from pollen, macrofossil,
diagram/10741/glacial-periods-in-new-zealand beetle and geographic evidence.

Adapted from: Newnham, R, ef al. (2010). ‘The vegetation
cover of New Zealand during the last glacial maximum’, terra
australis, 32, p. 59 (ANU E Press, Canberra). hitp://press.anu.
edu.au/wp-content/uploads/2011/02/ch0417.pdf
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Discuss the pattern of evolution in kakariki, and the factors that have affected kakariki evolution.
In your answer you should:
. describe the evolutionary pattern AND type of speciation indicated by the resource material

o explain the origin and distribution of kakariki in Aotearoa with reference to the phylogenetic
tree

using the information provided, discuss how biological and geographical factors have

: contributed to kakariki speciation.
Aapiive radiedion
' : has oceorredd as i owatr\ok\ lealarmld

SPecieA’ ancextor ohveraed ; & nmauny o\)-%%ew posis .,k

o>
0
Fiwough 1S ewolidian, Yo Lom, Hedas A oulferenst (0 0]

N ocles

¢ of @ vortehy of a0l @ble cicba e N7
j()(’CleA —t(c./vx 30 . LI,

ml(g?cymc speciedlon. k syuapairie Speciadion  appeas e
lhawe occuorred v dhe  kalanla’s evoludion . ln song cale
b"POIOMOA of Walinl!l nigroded o a oot
environnent 5 (1€ approx 280,000 years gge  a growp
;/V\/gf‘oj/k/\ﬁ o Alm[/paow /J/QMO/>/ CWZQJM\@ a c}eogfa/owc
Lovrrter 4o geve {lod  as 0(/75@/01/17( selocton pressoned M teo
av%mem/' environhrents  meau M#MMMMAM ocCus
M 56/00.@:(;@ ?M ,wals/ Z‘\/(pmf(/a,e@ ._ /ea@l/l/\@ He ya«w‘éfc‘
0(7#/\@4(‘,@ @Wyg r\e,ﬂr@dua&'ue Jsole: e hoisnn s That
pr\euenf -ﬂ\.&% ?cu/os Pﬂf@/ué/\eeg,h,ﬁ Y ‘W(/O"a/ﬁ Ao e . 5((W71279YC
peclodion oceurs whon there’s ro geay"ﬂph/( barer Je
gere -{(@w (ie the yellow ~¢c reved x ook crovanedd loiro leciry e
wWeh appear lo inkubrf e sane Merfn (slod halfad a

NJUN3Y

oot s Ry g R el . o By aiortry vy i
af \nstent  spedalion 0 fhe Bron of pelyploidy occurs M ®
ovdlesr fo solmpm‘wcﬂﬂﬁ Ipéda& fhele 7%704 %@m,wc& ofte,.
/&l Acleecoa has S liabaril spece) - Tl yellow = cromwnee|
Lalbariby s establsked w N2 _approx  [S0,000 years ogo, when

‘}N ¢linads s § cweol, arol inbabtfedf AQQCL“/&\”M - The

o talk

ASSESSOR’S
USE ONLY

v

red —crowned lalarili avrived appox. 78,000 years ag?

Biology 91605, 2016



1

oo thoe chmaty wiland ,/Amugk owother 609(447 /OQW}O( a-l stabikd assessons
B Sl beecn {oort arcac ta mamland WZ- Jrange, fronted
lealaribd arriped approx. Lo, 200 years ag90  ta phen Flo clingle
was coel, ard alye Mhabiled s Sodor Looeia #Jmé'/\?‘ ane
Divergence of Labanli speeler have colmaded cith gasdcdty
G‘JQ%W C-Mm@a N clnale as fhe 'ﬁ/&m‘@/ pervools A Aoteorsa
Acm OWJ %}pm ot Ap coof e hates 4%-/@«?/4 e .

I ’/W“CM/\%% of C/7M7Qﬂ/ 0&7%/\&/97/ lalar L g roq2s
have soc/?sz Yo abablt wﬁgnem/ .,‘ﬁ'@a/‘/ pleperoting o
wbethey fle gem@; jocCerseol Lo policelar
Papmbﬂ Gene peel  haue subbed o rol coikl He
Clinorke | Aeooting fhesn 1o Stele  Labitols chere Afloir
adoptetions Ll be o aolvond ageod i allovig fle..,
o Qurvive M Those m{spfc;&w& " emv//omwéwfaj | C}é’f/d(‘élg"v‘b
Tl A Shailar b g‘(ﬁgrafﬁvmjgfaa@tff- Cartcim ?'/Wf/
ouer dinno, hoauwe beccwe  gpocaalaeo!  (n Ms/oé“ng Mmoo
Cerfom Aype of miebe habtiat " S %%my% @fm )
bettor  cwafed Ao SMVI//V/V\i b _///90[69/(, /a/mfvfrwﬂ 7 qweal, %“"Q)
shoreoh ofbers e bLetler cwikel Lo (ubontarcdie fussoct
AVCON (i"ﬁ Retsche s sl /@Jzalf/éi)_, lence /\OU—’%/‘QM allele

n~oains

Zﬁwm e Grogs  howe alledes betler subkof

, 0074@/@47‘ akss —fran oftess, v anbiabd cyth /ol
A fraticZen, hon leol o Jlo specicilie 1 yared olstvtelos
a’ Lo s 0/ —/Zf lalig AN b? S/p&b;.

o difbrod selochon prossues nhich oot o&LﬁQﬂeM / y vpen btrols It
oAl el Geve pools

o survroy & Wov pen0d apprex- W0 ,000 wiors ago,. e species Alegd ES
o \'-g;up p‘.‘/’;@fﬂw( (o mbhog} Q:Z,I‘SFD,‘Q_(‘«/—S ’_3‘[4'4/\& svbantorcle Avsiock Aaé/%a#) ,
oS o DJ OS A C\hadte, Whereas Flo ooy TP — [0 7Qg @ Vm,
o T W ed o baSiF the W S A ot 2 [\C:Q%e g \Qefwwkf

. . ( ch A€ neo, tecy ey b
iz alorld = pre e o lamal . kakarlt



SharmilP
Typewritten Text
E8


91605

QUESTION
NUMBER

12

Extra paper if required.
Write the question number(s) if applicable.

Biology 91605, 2016

ASSESSOR’S
USE ONLY



Annotated Exemplar Template

Excellence exemplar 2016

Subject:

Biology Standard: 91605 Total score: 22

Q

Grade
score

Annotation

This is an E7 because the selective pressure is identified as high intraspecific
competition as being high in low abundance of food and high density levels of
tadpoles. The high intraspecific competition is linked to disruptive selection
and the low intraspecific competition is linked to stabilising selection. The
adaptations linked to the survival and success of each phenotype is explained
and is also linked to sympatric speciation in the disruptive selection caused by
reproductive isolating mechanisms.

Explains the process of natural selection in the context of the example
provided of the three-spined stickleback fish. The role of mutation is linked to
natural selection. Both biotic and abiotic factors are discussed and linked to
the correct habitat.

Adaptive radiation and allopatric speciation are explained with reference to
glaciation. Integrated information from the resource material to discuss how
biological and geographical events have contributed to Adaptive radiation and
allopatric speciation.






