
Zoology Honours 2009: Research Projects

Below are a number of research projects suggested by Animal Biology staff members.
This is not the definitive list,  and students are encouraged to approach appropriate
academic staff within the School of Animal Biology if they have ideas for a research
project,  or if they want to discuss the possibility of a project within a particular subject
area.  Staff interests and contact links can be found on the web site
[http://www.animals.uwa.edu.au/home/research]. Interested students should
contact the Zoology Hons Coordinator [lsimmons@cyllene.uwa.edu.au] for more
details.

Molecular systematics of the camaenid genera Strepsitaurus and
Plectorhagada

Mike Johnson [contact: msj@cyllene.uwa.edu.au]

The Camaenidae are the dominant group of land snails in northern Australia.  In most
genera, species in the same genus have geographically exclusive ranges, so that direct
tests of biological species are often impossible.  The genus Strepsitaurus is a partial
exception, as Solem (1997) recorded co-occurrence of the large S. rugus and the smaller
S. williami in two areas on the eastern side of the Cape Range National Park.  On the
western side of the Range, recent collections have narrowed the gap between the smallest
species (S. milyeringus) and the large species (S. ningaloo) to 5 km of unsearched
territory.  With additional sampling, it should be possible to close this gap, allowing tests
of the specific status of these species.  The entire genus is found only in the Cape Range
and south into Ningaloo Station, so detailed sampling of these short-range endemics is
feasible.  Frozen snails are currently on hand from the following places:



In addition, the relationships of Strepsitaurus to the genus Plectorhagada need testing
with genetic comparisons.  The two genera have complementary geographic distributions,
as is typical for species in the same genus.  The species of Plectorhagada also have
sculptured shells, such that some species appear to be very similar to Strepsitaurus.
Frozen samples of all species of Plectorhagada are already available, with good sampling
of the more widespread species, P. scolythra and P. carcharias.

This project will combine molecular genetic analysis with detailed field sampling and
morphometric analysis, to answer the following questions:
1.  Are the described species distinct genetic and phylogenetic groups?
2.  Do species of Strepsitaurus retain their morphological and genetic distinctness where

they meet; i.e., are they good biological species?
3.  What are the phylogenetic relationships of Strepsitaurus and Plectorhagada?

(a)  Are the two genera phylogenetically distinct, or is Strepsitaurus simply a part of
the more widely distributed Plectorhagada?
(b)  What are the biogeographic correlates of the evolutionary history of these genera?

Depending on time and interest, an extension of this project could be a comparative
phylogenetic analysis of these genera with the genera Rhagada and Quistrachia in the
same geographic region.  Some data are already available for both genera, and strategic
further analysis would allow a test of whether the different genera have evolved similarly
in their shared landscape.

Genetic exchange or isolation between divergent lineages in Rhagada
snails?

Mike Johnson [contact: msj@cyllene.uwa.edu.au]

DNA barcoding has been proposed as an efficient means of distinguishing between
species, based on sequences of the mitochondrial COI gene.  This approach, however,
assumes that the degree of distinctness and amount of divergence for COI reliably
indicates biological species.  This project will test for genetic isolation between forms of
Rhagada snails with highly divergent sequences of COI.

An undescribed form of Rhagada land snail was discovered near Mount Brockman in
the Pilbara region.  Sequencing of mtDNA among snails of this shell type revealed
deeply divergent clades (8% divergence for the COI gene) in adjacent populations.
Further sampling revealed that the two clades (referred to as ÒMt. BrockmanÓ and
ÒBeasley RiverÓ) overlap slightly in the Mount Brockman area, but have largely
parapatric distributions, as indicated below:



The implication is that the close proximity of the two clades in the Mount Brockman
area is a case of secondary contact, following isolation and genetic divergence.  In
addition, the Beasley River clade shows much less diversity of mtDNA, indicating that its
spread has been relatively recent.  Using the criteria of DNA barcoding, the two clades
would be considered different species.  The geographic overlap of the two clades allows
direct test of whether they exchange genes (i.e., are really a single biological species).
Because mtDNA is haploid, it is not useful for detecting hybrids.  For this project,
microsatellite DNA (highly variable nuclear genetic markers) will be used to test for gene
flow between the divergent lineages in the Mount Brockman area.  The project includes
the following questions:
1.  Do the two lineages interbreed, as indicated by microsatellite DNA?  Nineteen
microsatellite loci are available for analysis, and we already have samples in the area of
overlap, ensuring feasibility of this project.
2.  Does variation in the nuclear genes support the interpretation of a recent spread of the
Beasley River clade into the Mount Brockman area?
3.  Based on multivariate comparisons of the shells, are there subtle differences between
the lineages?



Temporal genetic variation in the intertidal snail Bembicium vittatum

Mike Johnson & Jason Kennington [contact: msj@cyllene.uwa.edu.au]

Analysis of variation of genetic traits over time provides valuable information about
stability of genetic structure, effective population size, and contrasting effects of selection
on different traits (e.g., Lessios et al. 1994, Tessier & Bernatchez 1999, Palm et al.
2003).  Most studies, however, examine temporal variation over only a short period of
time, even though longer term comparisons allow much more powerful analyses.

The intertidal snail Bembicium vittatum offers a chance to examine temporal genetic
changes of molecular and morphological traits over a twenty-year period, representing
more than a dozen generations.  This species lacks planktonic larvae, and is highly
genetically subdivided in the Abrolhos Islands, in ways that reflect patterns of
connectivity among populations (Johnson & Black 1991, 1996, 1998). In addition,
populations differ in their sizes and degree of isolation, and hence in their potential for
bottlenecks.  Variation of allozyme loci was examined in 1987 and 1992, and samples for
the same sites are available from 2007 (and from 1997 for some sites).  Thus, analysis of
allozymes in the 2007 samples, combined with comparisons with the previous years, will
provide tests of stability of patterns of genetic subdivision, and specific comparisons
among populations with different characteristics.

These populations also differ in shell shape and colour, which are adapted to local
conditions (Johnson & Black 2000, 2007).  Quantification of temporal variation in these
morphological traits will allow testing of the expectation that they should be less affected
by fluctuation in population sizes, and hence are likely to differ from the allozymes in
their amounts and patterns of temporal variation (e.g., Binks et al. 2007).

This project will involve analysis of allozymes and shell traits in populations of B.
vittatum, to quantify temporal variation, as a test of effects of population characteristics
and type of trait on genetic structure.  The extent and complexity of the data provide
rewarding possibilities for a student willing to take on in-depth analyses.

Background reading

Binks, R.M, Kennington, W.J. & Johnson, M.S. (2007). Rapid evolutionary responses in
a translocated population of intertidal snail (Bembicium vittatum) utilise variation from
different source populations. Conservation Genetics, in press.

Johnson, M.S., & Black R. (1991). Genetic subdivision of the intertidal snail Bembicium
vittatum (Gastropoda: Littorinidae) varies with habitat in the Houtman Abrolhos
Islands, Western Australia. Heredity 67: 205-213.

Johnson, M.S., & Black R. (1996). Geographic cohesiveness versus associations with
habitat: genetic subdivision of Bembicium vittatum Philippi (Gastropoda: Littorinidae).
in the Houtman Abrolhos Islands. Biol J Linnean Soc 58: 57-74.

Johnson, M.S., & Black R. (1998). Increased genetic divergence and reduced genetic
variation in populations of the snail Bembicium vittatum in isolated tidal ponds.
Heredity 80: 163-172.

Johnson, M.S., & Black R. (2000). Associations with habitat versus geographic
cohesiveness: size and shape of Bembicium vittatum Philippi (Gastropoda:
Littorinidae). in the Houtman Abrolhos Islands. Biol J Linnean Soc 71: 563-580.



Johnson, M.S., & Black R. (2007). Adaptive responses of independent traits to the same
environmental gradient in the intertidal snail Bembicium vittatum. Heredity 101: 83-
91.

Lessios, H.A., Weinberg, J.R., & Starczak, V.R. (1994). Temporal variation in
populations of the marine isopod Excirolana:  how stable are gene frequencies and
morphology? Evolution 48: 549-563.

Palm, S., Laikre, L., Jorde, P.E., & Ryman, N. (2003). Effective population size and
temporal genetic change in stream resident brown trout. Conservation Genetics 4:

249-264.
Tessier, N., & Bernatchez, L. (1999). Stability of population structure and genetic

diversity across generations assessed by microsatellites among sympatric populations
of landlocked Atlantic salmon (Salmo salar L.). Molecular Ecology 8: 169-170.

Dr. Paco Garcia-Gonzalez (contact pgarcia@cyllene.uwa.edu.au)

Several projects are available to work on sexual selection, sexual conflict, and the
evolution of female multiple mating using suitable model systems. Projects may focus on,
but are not limited to, the following areas:

• Sexual conflict, benefits of polyandry and variation in female mating frequencies.
• Maternal effects and paternal effects on offspring phenotype and their

consequences for the evolution of female multiple mating.
• Male and female effects on fertilization success and paternity success.

For an example see below two proposed projects. For more details contact
pgarcia@cyllene.uwa.edu.au or visit
http://www.ceb.uwa.edu.au/our_people/francisco_garciagonzalez and.

1. Male versus female selection on polyandry: integrating the costs and
benefits of mating.

Despite the traditional view that reproduction is a cooperative
process between the sexes, the interests of males and females
rarely coincide. Sexual conflict, defined as the differences in the
evolutionary interests between males and females, can occur over
a wide variety of traits. A common conflict between the sexes is
thought to occur over mating rates because the net benefits of
increasing the number of mating partners are expected to be higher
in males than in females, as a result of the asymmetries in number
of gametes and subsequent parental investment. Drosophila

melanogaster has proven to be a valuable model for testing sexual
conflict theory. In this species males modify female behaviour and physiology to their
own interests during copulation. Previous studies in the fruit fly have shown that re-



mating rates are primarily driven by males and that the genetic benefits that females
acquire by re-mating with good quality or attractive males do not offset the direct costs of
such matings. However, our understanding of the consequences of sexual selection needs
to be completed by focusing on (1) the examination of the net fitness payoffs of the
interactions between the sexes, (2) the analyses of the mating costs/benefits functions
across different degrees of polyandry, and (3) variation in mating frequencies in natural
populations rather than in populations adapted to laboratory conditions. This project will
quantify the direct and indirect fitness pay-offs to females across a range of different mating
frequencies using flies derived from natural populations.

Background reading

Arnqvist G. & Rowe L. 2005. Sexual conflict. Princeton University Press, Princeton.
Chapman T., Liddle L. F., Kalb J. M., Wolfner M. F. & Partridge L. 1995. Cost of mating

in Drosophila melanogaster females is mediated by male accessory gland
products. Nature 373:241-244

Chapman, T. 2006. Evolutionary conflicts of interest between males and females.
Current Biology 16: R744 - 754.

Holland B. & Rice W. R. 1999. Experimental removal of sexual selection reverses
intersexual antagonistic coevolution and removes a reproductive load.
Proceedings of the National Academy of Sciences of the United States of America

96:5083-5088
Pitnick, S. & Garc’a-Gonz‡lez, F. 2002. Harm to females increases with male body size

in Drosophila melanogaster. Proceedings of the Royal Society of London B 269:
1821-1828.

2. Indirect genetic effects: mechanisms and their consequences
for the evolution of polyandry.

(with Leigh Simmons)

Indirect genetic effects (IGEs) are environmental influences
on the phenotype of one individual that are due to the
expression of genes in a different individual. These effects
can result from the expression of maternal or paternal genes,
in which case they are known as maternal and paternal
effects, respectively. IGEs have far reaching implications for
evolutionary processes because they allow responses to
selection in traits for which there is no additive genetic
variation. However, with notable exceptions, paternal effects
have been largely dismissed when males are not involved in
extended parental care. In 2007 we documented paternal
IGEs in the Australian field cricket Teleogryllus oceanicus



(see reading material below), a species in which the paternal contribution is limited to the
transfer of sperm and seminal fluids during mating. We found that under conditions of mixed
paternity males inducing high embryo viability enhance the viability of embryos sired by
inferior males. These findings offer a potential genetic benefit that could promote the
evolution of polyandry. Given the evolutionary implications of paternal effects,
investigations into the mechanisms underlying these processes are warranted. We propose to
examine the mechanisms of indirect genetic effects on pre-adult offspring viability and
their consequences for the benefits arising from multiple mating.

Background reading

Garc’a-Gonz‡lez, F. & Simmons, L. W. 2007. Paternal indirect genetic effects on
offspring viability and the benefits of polyandry. Current Biology. 17: 32-36.

Mousseau, T. A. & Fox, C. W. 1998. Maternal effects as adaptations. Oxford University
Press, Oxford.

Qvarnstrom, A. & Price, T. D. 2001. Maternal effects, paternal effects and sexual
selection. Trends in Ecology and Evolution. 16: 95-100.

Wolf, J. B., Brodie III, E. D., Cheverud, J. M., Moore, A. J. & Wade, M. J. 1998.
Evolutionary consequences of indirect genetic effects. Trends in Ecology and

Evolution. 13: 64-69.

Sexual Selection and the behaviour of freshwater fishes

Dr Jon Evans

A number of Honours projects are available. These will focus on sexual selection and the
behaviour of freshwater fishes, including guppies (Poecilia reticulata), swordtails
(Xiphophorus helleri) and Australian rainbowfishes. Topics include (but are not
necessarily limited to) the following subject areas:

• Mate choice and mating competition
• Sperm competition and cryptic female choice
• The function and evolution of male genitalia

Please contact me to discuss these or related topics for your Honours project

Email: jonevans@cyllene.uwa.edu.au
Office 2.14 (second floor, south wing Zoology Building)



  

The evolution of conditional mating tactics in a freshwater fish (With Joseph
Tomkins)
!

Guppies are highly promiscuous freshwater fish and are among the many ÔmodelÕ species in
sexual selection research (Houde 1997). Like many fish species, males exhibit two distinct
mating tactics to achieve copulations: they can either court females to show off their bright
colour patterns and persuade them to copulate, or alternatively attempt to forcibly inseminate
them without prior display. Unlike the majority of species with alternative mating tactics,
however, individual male guppies use both tactics interchangeably. While our recent work
shows that there is a strong genetic basis for the relative expression of these mating tactics,
we also know that the decision to switch from courtship to sneaking is strongly dependent on
environmental cues. The current project will seek to manipulate these cues (which include
sex ratio, female receptivity and the level of risk posed by predators) to reveal the switch
points of individual males and characterise the reaction norm of the population as a whole.
As such, this project addresses key components of the environmental threshold model
described by Tomkins & Hazel (2007).
!

Further reading:
!

Houde, A. E.! 1997.! Sex, Color, and Mate Choice in Guppies. Princeton University Press,
Princeton NJ.
!

Tomkins, J. L., and W. Hazel.! 2007.! The status of the conditional evolutionarily stable
strategy. Trends in Ecology & Evolution 22:522-528.

Sex and Reprodution

Prof Leigh Simmons [contact lsimmons@cyllene.uwa.edu.au]

There are a number of projects available in my lab that focus on female reproductive
behaviour, the evolution of secondary sexual traits in males,  and on sperm competition.
Below I outline just two potential projects.  Interested students should contact me for
details of further projects.

1. Do females have an optimal mating frequency?

Females of many species mate more than once, and with more than a single male, despite
the fact that a single mating can provide them sufficient sperm to fertilise there ova.  A



number of adaptive explanations have been offered to explain polyandry, explanations
that invoke immediate benefits to females (e.g. obtaining resources or avoidance of
infertile males; for a complete review see (Thornhill & Alcock 1983).  Recently it has
been suggested that females can gain indirect benefits from mating with more than one
male. For example, in European Adders, multiple mating by females reduces the risk of
still born young (Madsen et al. 1992), while in sierra dome spiders, multiple mating
increases offspring growth (Watson, 1998).  Such benefits are best explained by some
form of post mating filtering of males and with the existence of genetic incompatibility
(Zeh & Zeh 1996; Zeh 1997; Zeh & Zeh 1997).  That is, despite outward appearances,
not all males in a population are genetically compatible as mates. With no obvious
phenotypic cue to mate compatibility, promiscuity may allow females to ensure that their
ova are fertilised by sperm carrying compatible genomes.

Multiple mating can also be costly, exposing
females to increased risk of predation, disease, and
harm from males.  Thus,  it has been proposed that
females may trade the costs and benefits associated
with multiple mating,  generating an evolved mating
frequency that is optimal for female fitness
(Arnqvist & Nilsson 2000).

This project is part of a research program
examining post mating sexual selection in the
Australian Field Cricket, Teleogryllus oceanicus .
See papers available from www.lwsimmons.org/publications. The work will involve an
examination of the fitness consequences for females who copulate with a varying number
of males to determine if there is an optimal frequency that maximises fitness.  It will also
examine female preferences for novel males, to determine if females have an evolved
mechanism to ensure mating with multiple partners.

Arnqvist, G. and T. Nilsson (2000). "The evolution of polyandry: multiple mating and
female fitness in insects." Anim. Behav. 60: 145-164.

Madsen, T., Shine, R., Loman, J. & Hakansson, T. 1992. Why do female adders copulate
so frequently? Nature, 355, 440-441.

Thornhill, R. & Alcock, J. 1983. The Evolution of Insect Mating Systems. Massachusetts:
Harvard University Press.

Wateson, P.J. 1998. Multi-male mating and female choice increase offspring growth in
the spider Neriene litigiosa (Linyphiidae). Anim. Behav. 55, 387-403.

Zeh, J. A. 1997. Polyandry and enhanced reproductive success in the harlequin-beetle-
riding pseudoscorpion. Behav. Ecol. Sociobiol., 40, 111-118.

Zeh, J. A. & Zeh, D. W. 1996. The evolution of polyandry I: intragenomic conflict and
genetic incompatibility. Proc. Roy. Soc. Lond. B, 263, 1711-1717.

Zeh, J. A. & Zeh, D. W. 1997. The evolution of polyandry II: post-copulatory defences
against genetic incompatibility. Proc. Roy. Soc. Lond. B, 264, 69-75.



2. Can sexual selection remove deleterious mutations

An enduring problem in sexual selection theory
concerns the maintenance of genetic variation for
fitness, the so called lek paradox.  Theory proposes that
fitness variation is maintained predominantly by random
mutations in the genome that have negative effects on an
organisms viability and reproduction.  Male sexual traits
often reflect general body condition, which in turn can
be negatively impacted by random deleterious
mutations.  Thus,  my choosing males in good condition,
females can avoid passing deleterious mutations to
offspring, thereby increasing their own fitness. Moreover, by purging deleterious
mutations from the population, sexual selection can compensate for the two-fold cost of
sexual reproduction.  While attractive,  this theory has rarely been tested empirically.
This project will use our laboratory model,  the dung beetle Onthophagus taurus to test
the notion that sexual selection can remove deleterious mutations and thereby provide
indirect genetic benefits to females.  The project will involve the experimental induction
of mutations using ionizing radiation.  The progeny of radiated beetles can be screened to
determine the deleterious effects on a variety of fitness traits.  Experimental breeding
regimes can then be adopted in order to manipulate the intensity of sexual selection, and
thus its significance for purging deleterious mutations.

Radwan, J. 2004. Effectiveness of sexual selection in removing mutations induced with
ionization. Ecol. Let. 7:1149-1154.

Tomkins, J. L., J. Radwan, J. S. Kotiaho, and T. Tregenza. 2004. Genic capture and
resolving the lek paradox. Trends. Ecol. Evol. 19:323-328.

3. The role of the copulatory plug in sperm competition in house mice

(co-supervised with Dr Renée Firman)

Many rodent species bear coagulating glands that produce a secretion after ejaculation to
form a compact Ôcopulatory plugÕ that solidifies, and becomes moulded to the vagina.
Several theories have been proposed to account for the evolution of copulatory plugs in
mammals. The Ôchastity-enforcement hypothesisÕ proposes that copulatory plugs function
in the context of sperm competition and prevent subsequent males from inseminating
females (Voss 1979, Koprowski 1992). However, multiply sired litters occur in many
species that deposit copulatory plugs, including house mice (Firman and Simmons 2008).
To date, only a single study of deer mice has investigated the paternity success of males
mated to females bearing copulatory plugs, and reported that copulatory plugs had no
paternity assurance function (Dewsbury 1988). However, this study was limited; the
investigator only used females in post-partum oestrus, when the reproductive tract was
expanded from parturition and plugs were easily displaced (Dewsbury 1988). This



Honours project will test the chastity-enforcement hypothesis for the evolution of the
copulatory plug in house mice. To test the effectiveness of the copulatory plug in
preventing subsequent, competitive matings/fertilisations, this project will include
behavioural observations and the application of microsatellites for paternity analysis. For
a complete and rigorous investigation, it is envisaged that three treatments will be
assigned: i. females with plugs during normal oestrus periods; ii. females with plugs
during post-partum oestrus periods; and iii. females that have had plugs experimentally
removed by the investigator.

Dewsbury, D. A. 1988. A test of the role of copulatory plugs in sperm competition in
deer mice (Peromyscus maniculatus). Journal of Mammalogy 69: 854-857.

Firman, R. C. and Simmons, L. W. 2008. The frequency of multiple paternity predicts
variation in testes size among island populations of house mice. Journal of
Evolutionary Biology 21: 1524-1533.

Koprowski, J. L. 1992. Removal of copulatory plugs by female tree squirrels. Journal of
Mammalogy 73: 572-576.

Voss, R. 1979. Male accessory glands and the evolution of copulatory plugs in rodents.
Occasional Papers of the Museum of Zoology 689: 1-27.

Projects in the Herpetology Lab

Prof Dale Roberts [contact droberts@cyllene.uwa.edu.au]

• conservation biology Ð threatened frogs species, demography, subdivision, fire,
forest management, heading towards biodiversity in farmed habitats.

• history and evolution of the Australian frog fauna.  ARC grant with Scott Keogh
at ANU evaluating relationships in Myobatrachid frogs Ð speciation,
biogeography, comparative life history evolution, call structure and mating
system evolution

• sexual selection and sperm competition in frogs. Mostly with Crinia georgiana
but now extending to other species

• Good links to CALM and WA Museum

1. Mate choice copying.

In many animals there is evidence that females copy mate choice of other females (e.g.
Widemo 2006).  Copying may reduce risks for females that they would otherwise be
exposed to with a more extensive sampling of males, or, it might be used by
inexperienced females who are developing mate choice crtiteria.  Many mate-choice
copying trials have been conducted with fish as females can assess performance of males
by the presence of eggs in nests.  The frog Crinia georgiana has a polyandrous mating
system (Byrne & Roberts 2004) but about 50% of matings still only involve one male.
Many males call from sites with eggs raising the possibility of mate choice copying.  This



project will investigate the impact of eggs on mating success in C. georgiana and
whether this species shows mate choice copying.

Byrne, P. G. & Roberts, J. D.  2004.  Intrasexual selection and group spawning in
quacking frogs (Crinia georgiana).  Behavioral Ecology 15: 872-882.

Widemo MS 2006. Male but not female pipefish copy mate choice. Behavioral Ecology
2006 17: 255-259

2. Call complexity and male-male competition in pelodryadine frogs

Byrne et al.  (2002) showed that in Myobatrachid frogs that as sperm competition risk
rose there was also an increase in testis mass.  In tree frogs (formerly Hylidae now
Pelodryadinae) no such relationship existed.  Byrne et al. speculated that something about
tree frog mating systems, e.g. call complexity, might reduce the apparent risk of sperm
competition.  Many Australian tree frogs have multiple call types or complex calls (e.g.
Smith & Roberts 2003) and call complexity or the absence of non-calling mating tactics,
satellites or sneaks, might account for the result reported by Byrne et al.  This project
would analyse mating system function in a local tree frog, Litoria adelaidensis, including
experimental analyses of the role of call variation in male-male and male-female
interactions.

Byrne, P. G., Roberts, J. D. & Simmons, L. W. 2002.  Sperm competition selects for
increased testes mass in Australian frogs.  Journal of Evolutionary Biology 15, 347-
355.

Smith, M. J. & Roberts, J. D.  2003.  Call repertoire of an Australian treefrog, Litoria

adelaidensis (Anura, Hylidae).  Journal of the Royal Society of Western Australia 86,
91-95.

Where are male loggerhead turtles produced in Western
Australia? Current and future scenarios

Dr Nicola Mitchell [contact: njm@cyllene.uwa.edu.au]

The sex of marine turtles is determined by the temperature experienced during
development in a terrestrial nest, with warmer incubation temperatures producing
females.  Several species of marine turtle are endangered, and there is concern that global
climate change is altering nesting behaviour (e.g. females nesting earlier) and increasing
nest temperatures, both of which will act synergistically to affect population sex ratios.
The worldÕs third largest rookery of loggerhead turtles (Caretta caretta) occurs in the
Ningaloo and Shark Bay regions of Western Australia. These rookeries have been subject
to long-term monitoring of nesting and hatching, but the sex ratio of hatchlings is
unknown because hatchlings cannot be sexed externally.  This project will use climate,



topographic and biophysical data to develop
and test a model for predicting the sex ratios of
loggerhead turtles hatching in Western
Australia.  The model will be used to predict
the sex ratio and survival of turtles hatching at
current nesting sites, and to examine whether
changes in the timing or distribution of nesting
activity could be an adaptive response to global
warming.  Because female-biased hatchling
sex ratios are already being reported in this
species, identification of the current and future
locations of male-producing rookeries will be
an important step for future conservation
planning.

Loggerhead turtles nest in spring and summer, and it will only be possible to undertake
this project on a part-time basis when enrolling through the Zoology honours program.
Please contact Nicola Mitchell for further details (njm@cyllene.uwa.edu.au)

Key references

1.      <http://www.environment.gov.au/cgi-
bin/sprat/public/publicspecies.pl?taxon_id=1763>http://www.environment.gov.au/cgi-
bin/sprat/public/publicspecies.pl?taxon_id=1763
2.      Hawkes LA et al. 2009. Climate change and marine turtles. Endangered Species
Research 7:137-154.
3.      Mitchell, N. J., Kearney, M. R., Nelson, N. J. and Porter, W. P. 2008 Predicting the
fate of a living fossil: how will global warming affect sex determination and hatching
phenology in tuatara? Proceedings of the Royal Society B: Biological Sciences 275,
2186-219

The evolution of tolerance to 1080 poison in Western Australian
animals: genomic basis and implications for pest control

Dr Oliver Berry and Dr Jenny Rodger [Contact: oliver.berry@csiro.au,
ofb@cyllene.uwa.edu.au]

The poison sodium fluoroacetate or Ò1080Ó is one of the most effective and widely used
management tools for control of economically and environmentally important pests in
Australia.  However, there is evidence that 1080 has become less effective against some
pests because they have evolved tolerance to the poison.  Similar evolutionary responses
to anthropogenic selective agents have been documented (e.g. sheep blow fly and DDT,
rabbits and myxoma virus), and if this phenomenon became widespread for 1080 the
economic and environmental consequences would be severe.



The genetic mechanisms that confer 1080 tolerance are unknown, but it has evolved
multiple times in native species (mammals, birds, reptiles) that have been naturally
exposed to the poison in native plants from south-west Australia (Gastrolobium spp.).
This strongly suggests that the underlying molecular architecture is available for
tolerance to evolve in pest species.
This project aims to identify the genomic basis of tolerance to 1080.  In doing so it will
provide capacity to monitor the development and spread of 1080-tolerance in pest
populations and to modify baiting practices.
We have pilot data derived from gene expression microarrays identifying a suite of genes
that are likely to be involved.  We are seeking a student to continue and refine this work.
A student undertaking this project would use DNA sequencing, real-time PCR, and
immunohistochemistry techniques.  The student would also conduct small mammal
fieldwork on offshore islands on the south coast of WA.  Knowledge of genetics,
biochemistry, or molecular biology would be advantageous.
Super visor s/advior s: Oliver Berry (CSIRO), Jenny Rodger (UWA), Tom Walsh
(CSIRO), Matthew Bellgard (Murdoch University).
Suggested Reading (available from OB).
Twigg, L. E., and D. R. King. 1991. The Impact of Fluoroacetate-Bearing Vegetation on

Native Australian Fauna: A Review. Oikos 61:412-430
Twigg, L. E., G. R. Martin, and T. J. Lowe. 2002. Evidence of pesticide resistance in

medium-sized mammalian pests: a case study with 1080 poison and Australian
rabbits. Journal of Applied Ecology 39:549Ð560.

Phenology of males of the mygalomorph spider Chenistonia tepperi  Hogg
(family: Nemesiidae) and the biological implications

[This is a (museum) collection-based project involving an extrapolated biological
solution]

Adjunct Professor Barbera Main [contact bymain@cyllene.uwa.edu.au]

Chenistonia tepperi  is a spectacular golden-brown, relatively large mygalomorph spider
(body length varying up to  about 3 or more cm) and with long legs (see Plate 11 and Fig.
18a, Main 1976, 1984). Spiders construct  burrows (at least  25 - 30 cm long with open
entrances i.e. there is no trapdoor) in sandy or loamy soil. The taxonomic status is not
clear in that  several species may  currently be included under the one name of  a
ÒsuperspeciesÓ ranging from the southern Flinders Ranges in South Australia to the west
coast of Western Australia. (See also general references on biology in Main 1964, 1981
and 1976, 1984).
  Mygalomorph females are mostly long lived taking  many  (?) years to mature. They
remain in the same burrow throughout life and reproduce iteroparously. Wandering males
search actively for female burrows where mating takes place. Males of some species may
mate with more than one female but do not persist  beyond the one season.  Eggs  and
brood are incubated in a female burrow until the spiderlings disperse.



 The reproductive phenology is unusual in that males of the ÒspeciesÓ are found
throughout the year wheras most mygalomorph species have a restricted ÒwanderingÓ (or
ÒrunningÓ) time associated with a particular season. Wandering of  all mygalomorph
males is associated with humid conditions, generally before rain. Records suggest that
wanderng periodicity  (of C. tepperi ) has a geographic pattern (for example summer in
the Goldfields, winter in the wheatbelt, throughout the year along the south coast). What
then are the environmental factors determining the phenology ?
The project would involve (a) analysis of Western Australian Museum data base records
and BYMÕs collection records for geographic localities and dates of collection (b)
morphological examination (and analysis of a selection of characters) of individual
specimens to assess variability  (particularly size as indicated by carapace length).

Several theoretical aspects are posed. Does the data suggest incipient sympatric/allopatric
speciation? OR clinal variability of morphology/phenology in relation to geographic
distribution patterns and environmental parameters? AND what are the implications for
female reproductive biology and dispersion of spiderlings?

The project requires  (a) meticulous care and  responsibility in  handling collections
(hundreds of individually curated specimens (b) application of scholarship in analysing
records re associating historical seasonal (meteorological) data, collection times,
distribution data etc (c) staying power with the tedious morphometrics (d) imagination in
interpretation (its not an Òeasy optionÓ.
Can you do it?
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Taxonomic status of aganippe species from great victoria desert

Adjunct Professor Barbera Main [contact bymain@cyllene.uwa.edu.au]
with  Dr Magdalena Davis, Ecologia Environmental Consultants and Volker Framenau,
Western Australian Museum.

The Australian trapdoor spider genus Aganippe in the family Idiopidae is widespread
across Australia south of the tropics. It is extremely diverse and speciose and occurs in a
range of habitats from desert to forest and is most prevalent in semiarid regions.
The field biology of the genus was discussed by Main (1957) when relatively few species
had been formally named and the last taxonomic review (Main 1985) recognised only
eleven valid nominal species. Since then four more species have been described: three
species (Faulder 1985), one species (Main 1986). The genus is currently under review



(Main in Mss) with many more species being described and the status of some of the
earlier named species reassessed.

Recent surveys at Tropicana (a mining exploration site of AngloGold Ashanti and
Independence Group in the Great Victoria Desert) have noted at least four, possibly five
or six species of which none are formally named (but under review). Because of a marked
sexual dimorphism, it is difficult to associate males and females of a species unless they
are collected together or both sexes are found in the same sort of burrow. A genetic
analysis could help to delimit the status and relationships (phylogeny) of these species.
The geographic range of the Tropicana species is not fully known.
Resolution of the species status and elsewhere occurrences of these trapdoor spiders,
particularly of two species (initially) nominated as ÒTropicana Species 7 and 8Ó, has
implications for mining activities and associated disturbances over the range of the
species.

Taxonomic status & biology of two critical species
The two species  ÒTropicana # 7 & 8Ó would at present be loosely identified as
ÒAganippe rhaphiduca ÒTwig ling raceÓ and a subpopulation of the super species
Aganippe occidentalisÓ respectively (see Main 1957 for identification and characteristics
of races).

The species ÒTropicana  # sp.7Ó occurs in dense, usually shaded litter (eg. mulga
& eucalypt litter) and has a pincushion like trapdoor i.e. with upstanding litter fragments
or haphazardly attached debris with the rigid base of the door sitting tightly into the rim
of the burrow opening when the door is closed.; a fan of attached Òtwig linesÓ radiates
from the rim. Such twiglines serve as foraging adjuncts (sensory appurtenances) of many
aganippine species which are common in semiarid regions (Figure 1).

Figure 1 Aganippe ÔTropicana sp. 7Õ (left Ð burrow and trap door, right -mature female)

In contrast ÒTropicana # sp.8Ó occurs in open ground and constructs a Òbath plugÓ like
thick soil door which is inset into the rim of the burrow and prevents flooding of the
burrow in sites subject to sheet flooding (Figure 2).
While Ò# sp. 7Ó may belong to a widespread species ranging from the eastern wheatbelt
to the eastern Goldfields, the range of Ò#sp. 8Ó cannot be conjectured but it has some
affinity (particularly behaviourally) with the A. occidentalis superspecies.



Figure 2 Aganippe ÔTropicana sp. 8Õ (left Ð burrow and trap door, right - mature female)

Taxonomic resolution

1. Morphological methods
Traditionally mygalomorph trapdoor spiders are most easily distinguished on adult male
morphology, both secondary characters such as leg and body spination combined with
eye arrangement but in particular the configuration of the sexual mating structures on the
pedipalps and tibia of the first legs. The pedipalp tarsus carries a syringe like structure
(bulb & embolus derived from the modified tarsal claw) for sperm storage after ejection
onto a Òsperm webÓ.  During courtship/mating sperm transfer occurs when the embolus
tip is inserted into the female reproductive openings.
 Configuration of these structures plus structure of “clasping” spines and/or apophyses

on the first tibia are specifically diagnostic. See Main (1957, 1985) for examples of these

features).

Recognition/specific distinction of juveniles and females is more subtle as apart from eye
arrangement and internal genitalic configurations many species are very similar in
appearance. However an added difficulty concerns the phenology of the various species.
Although generally Aganippe species are winter breeding which means the males vacate
their burrows and run (or ÓwanderÓ) during or after autumn/winter rainy periods,
availability of males is very seasonal, hence the advantage of long term pitfall trapping
(now disfavoured).

2. Genetic methods
Molecular taxonomy (DNA barcoding) is now well established for a range of animal
species (Hebert et al. 2003a) and traditionally uses a partial region of a mitochondrial
gene for cytochrome oxidase 1 (CO1) (Hebert et al. 2003b). Phylogeny based on 1-3
gene regions, of which one will be CO1, is proposed for this project. Topics for
hypotheses formulation and testing include:
Evolutionary history of species in the Great Victoria Desert landscape (phylogeography)
Confirmation of morphospecies identity (threshold of genetic divergence)
Comparisons of Aganippe sp. 7 and 8 from Tropicana with members of Aganippe

rhaphiduca and Aganippe occidentalis from  their type locality or other regions in
Australia (phylogeny)



The project involves two investigative aspects

Documentation of:
(a) the morphology of specimens already collected from Tropicana of the two species sp.

7 & 8 (both females and males), plus comparison with specimens of the ÒTwig lining
raceÓ and subpopulations of the superspecies A. occidentalis[ [BYM has a large
collection (mostly females) of specimens  identified according to burrow characteristics].
(see BYM for a template of standard morphological features)

(b) a genetic analysis of fresh specimens recently collected by Ecologia Environment,
which  include many specimens from the Tropicana sites suitably curated for genetic
analysis. Additional specimens may need to be collected.
(see Magdalena Davis for genetic procedures/protocols).

Field work and logistics
The mining company AngloGold Ashanti are prepared to assist financially and
logistically with field work and field accommodation. The environmental consultants
Ecologia Environment are also prepared to provide field support.
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Immunocompetence of Western Australian Honeybees

Dr Boris Baer & Prof Leigh W Simmons [contact
bcbaer@cyllene.uwa.edu.au]

Honeybees (Apis mellifera) are vital for 90% of worldwide crop pollination such as fruits,
vegetables, cattle feed, nuts, seeds, cotton etc. However, the global importance of
honeybees for ecosystems and human food production has been overshadowed in the last
few years by devastating declines in both feral and managed populations, especially in
Europe and in Northern America, mostly caused
by spreading parasites and pathogens. To counter
the worldwide losses of bees and to protect the
honeybee from further parasitic infections, more
detailed studies on the honeybee immune system
and its interaction with parasites is urgently
needed.

The study proposed aims to provide first
insights into the immune system of Western
Australian honeybees, for example by comparing
the immune system of feral bees with those currently bred by Western Australian
beekeepers. The efficiency of the honeybee immune defence can be measured in several
ways, for example as encapsulation response or by measuring the activity of specific
proteins that are involved in immune defence. Apart from quantifying
immunocompetence among Western Australian honeybees, honeybees can also be
infected artificially, either with real parasites or with bacterial cell wall fragments in
order to initiate a immune response. This allows us to quantify the bees potential to
counter possible infections. Finally, artificial insemination techniques allows controlled
breeding designs with bees, offering the possibility of estimating heritabilities of immune
characteristics, and artificial selection for bees with increased or decreased immunity for
further experiments.

The study will be done in close collaboration with Western Australian bee keepers
and the ARC Centre of Excellence for Plant Energy Biology. The latter will allow
extending the study of honeybee immunocompetence to a molecular, proteomic level.

Sperm use in honeybee queens

Dr Boris Baer [contact bcbaer@cyllene.uwa.edu.au]

Apart from being used for honey production, honeybees are the worldwide most
important species for crop pollination. However, we currently face a dramatic and global
decline of honeybee populations with severe expected consequences for agricultural
yields. To counter the dramatic losses of honeybee colonies, detailed studies of honeybee
reproduction and fertility will ultimately allow us to optimize breeding, compensate the



current losses. Honeybee reproduction is quite spectacular, as queens only mate at the
beginning of their life, during one or very few mating flights 1, 2. Afterwards they are able
to store millions of sperm for years, and use them in very economic ways to fertilize
millions of eggs 3. We have very little information how social insect queens are able to
keep sperm alive for years, how active sperm remain during storage, and how queens are
able to economize their use of sperm during egg fertilization4. This project will start to
investigate the economy of sperm use in the honeybee Apis mellifera by estimating the
number of sperm that queens use to fertilize their eggs. To do this, freshly laid eggs will
be collected from beehives, fluorescence dyed and inspected with a fluorescence
microscope to determine the number of sperm found on each egg. Further experiments
are possible to compare sperm use in queens that differ in age, mating frequency or
fecundity.
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Mating Biology of Bull Ants Myrmecia sp.

Dr Rodolfo Jaffé and Dr Boris Baer [contact:
rjaffe@cyllene.uwa.edu.au]

Bull ants (Myrmecia, Myrmeciinae) are a great model system to study the evolution of
insect societies because they present many basal traits to the social Hymenoptera (the
bees, ants and wasps; Hasegawa & Crozier, 2006). Bull ant colonies are usually small in
size, queens and workers show little morphological differentiation and chemical
communication seems relatively simple compared to other species (Dietemann et al.
2005; van Wilgenburg et al. 2007). Recent work, including our own, tried to provide
some preliminary insights into the behaviour and reproduction of these ants, but many
aspects of their mating biology remain unknown. This project intends to start filling this
gap, focusing in a locally occurring Bull ant population. Two main questions will be
investigated: 1. Test whether the possible presence of queen multiple mating has initiated
pre- or postcopulatory sexual conflicts in these ants. 2. To understand the molecular basis
of such potential conflicts using genetic markers such as microsatellites or biochemical
tools such as Metabolomics (GC-MS) or proteomics.
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