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QUESTION ONE

‘Land lobsters’ are the common name of many species of large, flightless, ground-dwelling insects
distributed in New Guinea, New Caledonia, and Lord Howe Island. Land lobsters have a stocky
body form. Some males have enlarged and powerfully armed hind legs, and the females have an
clongated ovipositor which they use to deposit eggs into the soil. Nuclear and mitochondrial DNA
sequence analysis has shown that the diﬁmms are unrelated to each other, and

therefore have undergone convergent evolution.

Different ‘land lobster’ species, (a) to (), compared with a winged, canopy-dwelling stick insect, (g).

Adapted from Buckley, T.E. et al. (2009). Extreme convergence in stick insect evolution: phylogenetic placement
of the Lord Howe Island tree lobster. Proc. R. Soc. 276, 1055-1062.

Pohutukawa (Metrosideros excelsa), northern rata (Metrosideros robusta), and southern rata
(Metrosideros umbellata) are all related species belonging to the same genus. These species have
undergone divergent evolution during the ice age that occurred between one and two million years
ago. :

Pohutukawa has a coastal distribution and is very salt-tolerant. It has multiple trunks, is a coloniser
of coastal cliffs and bare volcanic larva, and is susceptible to light frosts.

Northern rata usually begins life as an epiphyte perched high on another tree. From here it sends
down roots to form a trunk that can grow into a 40 m tree. It has moderate frost tolerance.

Southern rata usually grows from the ground to a 15 m high, single-trunked tree that can tolerate
frost and colder climates.

ingle trun preading, muitiple trunk tree Free-standing tree
- southern rata - pohutukawa - northern rata

Different forms of Metrosideros. ;
Adapted from: P. Simpson, Pohutukawa and Rata, (Wellington, Te Papa Press, 2005), p. 125.
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Discuss the evolutionary patterns AND selection pressures that have contributed to these patterns
for land lobsters and Metrosideros.

acveaske

In your answer: s e o W
i NALA

. describe convergent evolution and divergent evolution
. explain, using the evidence given above, how each of these patterns could arise
. explain, by giving examples from the resource material, which pattern is associated with

homologous structures AND which pattern is associated with analogous structures

. discuss why land lobsters have a different evolutionary pattern to Metrosideros.
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QUESTION TWO

The green anole lizard (4nolis carolinensis) is the only native anole in the United States. However, since
1940, the Cuban brown anole lizard (4nolis sagrei) has been invading the southeastern United States

so that both species exist sympatrically in this area. Both species have adhesive scales on their toe pads
called lamellae, and are very similar in habitat use, ecology, and dietary preferences. Biologists studying
these anole compared the height at which the green anole perched in trees in the presence AND absence
of the Cuban brown anole, and their results are shown in Figure 1. Biologists also measured toe pad area
and lamella number in the green anole in the presence AND absence of the Cuban brown anole, and their
results are shown in Figure 2a and Figure 2b.

Figure 1: Perch height of green anole lizard
in presence and absence of Cuban brown anole lizard
180
—@— green anole in the presence of Cuban brown anole
150 —e— green anole
140
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<
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~
60
- Green anole and Cuban brown anole lizards.
http://davewelling.photoshelter.com/image/I0000HVzOE-
o fE2ImQ
1995 1995 1996 1997 1998
May Jun-Aug
Year
Adapted from: Stuart, Y. E., et al. (2014), ‘Rapid evolution of a native species
following invasion by a cogener’, Science 346 (6208): 463-466
Figure 2a: Toe pad area Figure 2b: Lamella
in green anole lizard in number in green anole
absence and presence of lizard in absence and
Cuban brown anole presence of Cuban
lizard brown anole lizard
A A
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g 2 A
3 3
3 s
5 3
£ £
4
Green anole hind foot showing toe pads.
www.utexas.edu/mews/2014/10/23/anole- N
lizards-evolution-florida/ green anole  green anole in green anole  green anole in
presence of presence of
Cuban brown Cuban brown
anole anole
Adapted from: Stuart, Y. E., et al. (2014), ‘Rapid evolution of a native species
following invasion by a cogener’, Science 346 (6208): 463—466
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Discuss the natural selection pressures that have affected evolution in the green anole.

In your answer:

. describe natural selection and the trends shown by the resource material
. explain the type of natural selection occurring in the green anole
. evaluate the impact of competition on the evolution of the green anole.
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QUESTION THREE =7

The four-wing saltbush (Afriplex canescens) is a shrub that has undergone polyploidy. It has a
haploid number of nine chromosomes (# = 9). Biologists studied four-wing saltbushes with different
numbers of chromosomes. Each type of saltbush lives in a slightly different habitat depending on
how much water is available. Biologists measured the width of the water transport system (called
the xylem) in each type of saltbush, and the results are shown in the table below. The xylem can be

blocked by air bubbles in drought conditions. 7
kY
Type of saltbush Habitat (relative soil | Relative Xylem width | Resistance to ailL/
water availability) bubble blockage
Diploid (2n = 18) High Low Low
Tetraploid (4n = 36) | Moderate Moderate Moderate
Hexaploiwn =54) | Low High High

Source: Hao,LG%]. ‘Polyploidy enhances the occupation of heterogeneous environments through h related trade-offs in
Atriplex canescens (Chenopodiaceae)’, New Phytologist (2013) 197: 970-978. /21 A

i

Polyploid plants also tend to have lower guard cell density and a thicker ep:
leaves.

Discuss the implications of polyploidy on the evolution of the four-wing saltbush.
In your answer:

. describe polyploidy and describe why the four-wing saltbush polyploids are fertile

. explain how polyploid formation could occur in the four-wing saltbush
. discuss what processes need to occur for the polyploids to become separate species
. discuss how the change in structure of the polyploids may lead to speciation.
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QUESTION ONE

‘Land lobsters’ are the common name of many species of large, flightless, ground-dwelling insects
distributed in New Guinea, New Caledonia, and Lord Howe Island. Land lobsters have a stocky
body form. Some males have enlarged and powerfully armed hind legs, and the females have an
elongated ovipositor which they use to deposit eggs into the soil. Nuclear and mitochondrial DNA
sequence analysis has shown that the different land lobsters species are unrelated to each other, and
therefore have undergone convergent evolution.

Different ‘land lobster” species, (a) to (f), compared with a winged, canopy-dwelling stick insect, (g).

Adapted from Buckley, T.E. et al. (2009). Extreme convergence in stick insect evolution: phylogenetic placement
of the Lord Howe Island tree lobster. Proc. R. Soc. 276, 1055-1062.

Pdhutukawa (Metrosideros excelsa), northern rata (Metrosideros robusta), and southern rata
(Metrosideros umbellata) are all related species belonging to the same genus. These species have
undergone divergent evolution during the ice age that occurred between one and two million years
ago. '

Pohutukawa has a coastal distribution and is very salt-tolerant. It has multiple trunks, is a coloniser
of coastal cliffs and bare volcanic larva, and is susceptible to light frosts.

Northern rata usually begins life as an epiphyte perched high on another tree. From here it sends
down roots to form a trunk that can grow into a 40 m tree. It has moderate frost tolerance.

Southern rata usually grows from the ground to a 15 m high, single-trunked tree that can tolerate
frost and colder climates.

Single trunk Spreading, multiple trunk tree Free-standing tree
- southern rata - pohutukawa - northern rata

Different forms of Metrosideros. 5
Adapted from: P. Simpson, Pohutukawa and Rata, (Wellington, Te Papa Press, 2005), p. 125.
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Discuss the evolutionary patterns AND selection pressures that have contributed to these patterns
for land lobsters and Metrosideros.

In your answer:
describe convergent evolution and divergent evolution
» * explain, using the evidence given above, how each of these patterns could arise

explain, by giving examples from the resource material, which pattern is associated with
homologous structures AND which pattern is associated with analogous structures

. discuss why land lobsters have a different evolutionary pattern to Metrosideros.
(onverget evolugion is i here T Speeres wehic Share F Common nncegter v

fo become ynore Similar (e nthis cise the diftrent (and obsters §paies).

T wort

Divergtied evaluhon ic pihare DTS Llichthone oo
fa bR eolve fram & Gingle cmman ancestor. Convirg
5 phan Ahe Ind R
vespeetive ecologteal nichs. Tnthis ave, fhe diferent [and obsfeer it in g
neas, but makes have inlaged and poserfitdly 0rmed hind 1635 in
perhops &5 thare are pridaties in fhe difftrt areas, andgo Tond fobg
Wliich hag Sfrovger Jegs and.an run fagter are seletted for_fordhe;

Kﬁrl«am in Hh differend artac each have 4 predor which digs oy

AN aYiia

) /A (X (0] -
et evo utzon i

v the 2095 df the fmale, and thus i each Speciee tho FAmades yj

the longer ovipaitov which can depucit the 045 deeprrintt Yo soil
chosen for—Fha fpeder cinvrently evolve, Divergent evglitivn yually or
aups ofthe srginad Jpeces fice difftrtnt-lecion pregre. phutu
& o coloniser of oastad cliffs, and thuy mulfiple frunke may ke celecre
o maximige the amonnt-of Capport it has in prier 1o gy on the cliff
Sutlarn POATdoes not hawe This rissure, and thug has & § ingle fr
a5 avquably with fha rorthern yata, Thus Ahey have divtrgatly <yl
Homulogous” structurts ave phentpes while: evolve Ao Hhe game g
fur difrorent purpuges — asssaiated jyith didrgat evolutim, where |

0012 of £he. porthom vita has evolved diffantly from the other o

N;LQ)/'Q/ 'H\L ”0{3 MJQWOQOWVl ﬁ\f,’fmy\kfrf There is more space.for your
A V‘\U ]L MVW?/ _fb ,ﬁ)rM & ,h/]“l }( . answer to this question on the

following page.

RUieS dre Subjected 1o Similar Selechion pressures in thofie

erint

Non y )
terr/

e,
de@'m{
ith

are

0 ihen

Ity Q
o 10~

3
M_’a( ‘

it
4 e

A/

Biology 91605, 2015



AW\M(AM Sucturts vt Shuchires hich vt from diffirent aneog
fo Achie & Similav purpue— aSsiqated with onvergent egltion, |
o dpositor of oliffirent Qpedes o lavd (oheter ____ave,,evolwol |
o become, linger avd dchitve the same purpore of being able
ﬂﬂpoﬁ (:@?f Sm%’/lg detp intz the ground . Land [obgeig Mvﬂ 4
o Olutionary pattern fo Mctrsideres 45 while Metngide
Mv& undergom I8 huge, Chvirsnmental chan;& (heice M,,,,,, Which openg
Up & [arse 7NGE ¥ how Niches pnek | My havt jenyraphics 5;@[%0(,\,
e plands as & recult (thu residfing in allopatric sp cidtim)
Hhat has hot beeh uch tnvirtnmendad change firthe fand
stoes, o fhus ot a5 much neede, o become specialized in
Wﬁg The lind Ibshoz five o slmilar endronuind and il
s 2ol In simy /arwv\yg while +ho Mefrogiclerer mﬂe@@n@wvm&
rsolated o differend eco Dg/%( nlches, gué/wfecf D dffereit
Stlechon /M{WI@ faced with muadtins (o resubfing in bl
drunh; fr A Muhk«wq ) and qenett Cdi’h‘f [U«’JV&(D;O{OL oot
| Sulafig, mdﬂﬂnfsw (such_ag dfoent CBIOWEOLJ%NJB@ huy
wtfvacting dffertit polinactorr pnd revtr pollinading gach-
othir) “nd, Hhus ' became Ahree Separadt spectyTalyptic
g_,@;@}r@n ﬁx@’ﬁrmamn 0f o yrovps of individuals whicl
ho\ ot ilo Vlﬁ’ reproduce. m hmm H __'__mu%rh/t @%pnﬁ)j

Biology 91605, 2015



This page has been deliberately left blank.

Fi
The examination continues on the fdllowing page.

7
/

/




QUESTION TWO

The green anole lizard (Anolis carolinensis) is the only native anole in the United States. However, since
1940, the Cuban brown anole lizard (4nolis sagrei) has been invading the southeastern United States

so that both species exist sympatrically in this area. Both species have adhesive scales on their toe pads
called lamellae, and are very similar in habitat use, ecology, and dietary preferences. Biologists studying
these anole compared the height at which the green anole perched in trees in the presence AND absence
of the Cuban brown anole, and their results are shown in Figure 1. Biologists also measured toe pad area
and lamella number in the green anole in the presence AND absence of the Cuban brown anole, and their
results are shown in Figure 2a and Figure 2b.

Figure 1: Perch height of green anole lizard
in presence and absence of Cuban brown anole lizard

180
—@— green anole in the presence of Cuban brown anole
L —e— green anole
140
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2
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5
—§ 80
o
=%
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i Green anole and Cuban brown anole lizards.
http://davewelling.photoshelter.com/image/I0000HVZzOE-
20 fE2ImQ
1995 1995 1996 1997 1998
May Jun-Aug
Year
Adapted from: Stuart, Y. E., et al. (2014), ‘Rapid evolution of a native species
following invasion by a cogener’, Science 346 (6208): 463-466
Figure 2a: Toe pad area Figure 2b: Lamella
in green anole lizard in number in green anole
absence and presence of lizard in absence and
Cuban brown anole presence of Cuban
lizard brown anole lizard
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Green anole hind foot showing toe pads.
www.utexas.edu/mews/2014/10/23/anole-
lizards-evolution-florida/ green anole  green anole in green anole  green anole in
presence of presence of
Cuban brown Cuban brown
anole anole

Adapted from: Stuart, Y. E., et al. (2014), ‘Rapid evolution of a native species
following invasion by a cogener’, Science 346 (6208): 463-466
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Discuss the natural selection pressures that have affected evolution in the green anole ASSESSOR'S
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QUESTION THREE ‘ ASSESSOR'S

USE ONLY

The four-wing saltbush (Atriplex canescens) is a shrub that has undergone polyploidy. It has a

haploid number of nine chromosomes (n = 9). Biologists studied four-wing saltbushes with different
numbers of chromosomes. Each type of saltbush lives in a slightly different habitat depending on '
how much water is available. Biologists measured the width of the water transport system (called

the xylem) in each type of saltbush, and the results are shown in the table below. The xylem can be
blocked by air bubbles in drought conditions.

Type of saltbush Habitat (relative soil | Relative Xylem width | Resistance to air
water availability) bubble blockage

Diploid (2n = 18) High Low Low

Tetraploid (4n = 36) | Moderate Moderate Moderate

Hexaploid (6n =54) | Low High High

Source: Hao, G et al. ‘Polyploidy enhances the occupation of heterogeneous environments through hydraulic related trade-offs in
Atriplex canescens (Chenopodiaceae)’, New Phytologist (2013) 197: 970-978.

Polyploid plants also tend to have lower guard cell density and a thicker epidermal layer in their

leaves.

Discuss the implications of polyploidy on the evolution of the four-wing saltbush. J,f olgr 0i M uay il, —
_ isplay hybe gour,
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Extra paper if required.
Write the question number(s) if applicable.
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Annotated Exemplar Template — Merit (High)

exemplar for 91605 - 2015 Total score |17

Grade
score

Annotation

The candidate has explained named analogous and homologous structures,
linking them to convergent and divergent evolution respectively. (M6). They
have shown a clear understanding of divergent evolution by discussing this
process for Metrosideros (E7). The selection pressure of an island (or ground
dwelling) environment was not explained which meant the answer provided for
convergent evolution did not gain any higher grades.

The candidate has clearly described directional (natural) selection as well as
interpreting correctly the data contained in the graphs. Although a link was
made between increased toe pads and hanging onto branches, this was not
linked clearly to an increased perch height. To achieve Merit grades the
candidate would need to explain natural selection leading to an increase in
frequency of alleles in future generations.

The candidate displays a good understanding of the process of polyploidy,
explaining how diploid gametes may be formed and the consequence of two
diploid gametes fusing. They have not linked polyploidy to a new named
feature and how this may lead to increased survival and reproductive success,
and possible additional speciation if they inhabit different areas because of the
named feature.




