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SUMMARY

Freshwater species are expected to show higher levels of genetic structuring than those

inhabiting estuarine or marine environments because it is difficult for freshwater species to

move between river systems. However, freshwater species that exhibit some tolerance to

salt water may be capable of marine dispersal and therefore may show lower levels of

genetic structuring. The species that are restricted to freshwater are likely to have genetic

structures that reflect the history of those drainages. Various studies have attempted to use

genetic data to infer past geomorphological changes. For example, stream rearrangements

were thought to have influenced the distribution of genetic diversity in the purple spotted

Gudgeon, Morgunda morgunda (Hurwood and Hughes, 1998).

The main aim of this study was to resolve the relative significance of contemporary and

historical events in structuring populations of freshwater species in southeast Queensland

river systems.

The study revolved around four freshwater species namely the ornate rainbow fish

Rhadinocentrus ornatus, the empire gudgeon Hypseleotris compressa, the endemic

freshwater shrimp Macrobrachium australiense and freshwater shrimp Macrobrachium

tolmerum, and examined patterns of genetic variation using allozyme and mtDNA analysis

and also previously established hypotheses of biogeographic association among these

regions was tested.

It was hypothesized that R. ornatus and M. australiense, which are restricted to freshwater,

would display genetic structure similar to the species which had already been examined i.e.,

would show similarities among streams along the Sunshine Coast region only (Hughes et

al., 1999), because these creeks were thought to have had a confluence before they reached

the sea, during the last 10, 000 BP. The results for R. ornatus and M. australiense, were

different from expectations, In contrast to earlier studies, there was evidence of restricted

gene flow among sites within the Sunshine Coast region based on highly significant FST
values.
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This was a surprising finding but suggested that gene flow among subpopulations is

extremely limited in these two species in both past and present times. The high levels of

genetic structure in R. ornatus and M. australiense suggest that they may have different

dispersal behaviour from the previously studied species Oxleyan Pygmy Perch

(Nannoperca oxleyana) (Hughes et al., 1998), even though they inhabit the same

environment. The apparent difference between these two obligate freshwater species and

Oxleyan Pygmy Perch (N. oxleyana) studies may be because R. ornatus and M.

australiense may not have moved between adjacent streams even though they shared a

confluence. Other reasons could be that they may also be more sensitive to elevated

salinities than Oxleyan Pygmy Perch (N. oxleyana). These elevated salinities would have

occurred at the lower reaches of the streams and thus could have restricted dispersal from

one creek to the other for these two obligate freshwater species (R. ornatus and M.

australiense).

It was hypothesized that H. compressa and M. tolmerum would show lower levels of

genetic structure than R. ornatus and M. australiense throughout the study areas because

they can tolerate some marine conditions (Chapter 3 & 4). Genetic data for H. compressa

supported this hypothesis, indicating that subpopulations of this species had low levels of

mtDNA genetic differentiation, with many recently derived haplotypes which were

widespread along the southeast Queensland coast. This suggested that there was existing

gene flow among and between regions or recent demographic change in the populations

sampled. On the other hand, genetic data on M. tolmerum did not support this hypothesis

completely, because although allozyme analysis suggested gene flow between regions,

mtDNA data suggested that gene flow was limited.

The study demonstrated the importance of current and past events in shaping the genetic

population structure of freshwater species of southeast Queensland river systems. The

species that were thought to tolerate brackish water showed higher levels of connectivity

among rivers than those that were restricted to freshwater, although M. tolmerum showed

lower levels of connectivity than predicted. For R. ornatus and M. australiense, both

contemporary and historical movements are extremely limited across the region.
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To conclude, the present study showed that R. ornatus and M. australiense have a genetic

structure typical of freshwater species. On the other hand, H. compressa had a genetic

structure more typical of estuarine or marine species, while M. tolmerum, had a pattern

intermediate between freshwater and estuarine species.
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Chapter 1- General Introduction

CHAPTER 1

1.0 GENERAL INTRODUCTION

1.1 POPULATION GENETIC STRUCTURE

To understand the structural aspects of any species, it is important to understand the

demography of that population. Population can be define as, the total group of individuals

of a biological species living in a certain area from which sample is taken. Demography is

determined by a number factors, such as population size, life history of individuals in the

population, mating system, reproduction and dispersal of individuals from one population

to another. Dispersal is an important factor because it determines genetic homogeneity

among populations. Dispersal is directly associated with gene flow between the populations

(Slatkin, 1981). Broadly speaking, species with high rates of gene flow show genetic

homogeneity and those with low rates of gene flow, or where gene flow is restricted, show

substantial differentiation among subpopulations. Subpopulation is a group of individuals

of the same species that is the part of a large population. Slatkin put this concept of genetic

structuring and gene flow forward in 1981. The rate at which subpopulations differentiate is

largely a function of the effective population size because as it becomes smaller, the loss of

variation due to random drift is faster (Crow and Aoki, 1984). Furthermore, in the absence

of significant gene flow, random genetic drift and differential selection pressure can result

in substantial genetic differentiation, which finally may result in allopatric speciation

(Templeton, 1989).

Another important factor that determines the genetic structure of a population is random

mating throughout the range of the species (Wright, 1943). In many species, there are

barriers to dispersal restricting random mating. These species usually show strongly

established genetic structuring. The barriers to dispersal can be physical or geographical.

The most important physical barrier is unfavourable habitat while long distance between

populations can also restrict dispersal and represent a geographical barrier. Wright (1943)

proposed that when effective dispersal distance in the lifetime of an individual is less than

the range of species and there is equilibrium between gene flow and genetic drift, a
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signature of isolation by distance is expected. In other words adjacent populations are more

similar genetically than populations that are further apart. Wright (1969) also described “a

population with similar reproductive capacity, without overlapping of individuals from one

generation to another, where mating is random and size of the population is unchanged as

an ideal population”. The variables, which can affect an ideal population, are sex ratio, size

of the population, differential reproductive success and overlapping generations. All these

factors can lead to change in the effective size of a population.

A number of gene flow models have been proposed to explain the distribution of genetic

variation in populations, and consequently used to estimate rates of dispersal and effective

population size based on the level of genetic differentiation. Wright’s ‘island model’ of

gene flow (Wright, 1931) assumes that there is an equal probability of individuals from any

subpopulation migrating to any other subpopulation. This model is usually invoked for

highly fecund species with a high potential for widespread dispersal with few or no barriers

(eg. marine species with planktonic larvae, Palumbi, 1992).

A pattern of spatial differentiation that is likely to arise in populations when dispersal is

likely to occur only among discrete demes is described as the “stepping stone” model

(Kimura and Weiss, 1964). Deme is a local, usually stable population of inbreeding

organisms of the same species. This “stepping stone” model describes a set of

subpopulations arranged in a one, two or three dimensional lattice, in which individuals can

only move between adjacent subpopulations. Because migrants mainly come from

neighbouring populations in the linear cases, they are more likely to be closely related and

thus less likely to introduce newer genes into that population (Crow and Aoki, 1984). The

one-dimensional stepping – stone model is appropriate for species that have a linearised

habitat such as coastal species (eg. Chenoweth et al., 1997; Clausing et al., 2000).

Gene flow of obligate freshwater species is very much limited by the physical nature and

arrangement of the riverine system (Hurwood & Hughes, 2001; McGlashan et al., 2001).

Thus, populations of obligate freshwater fauna are expected to show a high degree of

genetic structuring, as physical barriers are likely to impede gene flow (Gyllensten, 1985;
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Ward et al., 1994). Meffe and Vrijenhock (1988) suggested that obligate fresh water

species should show patterns of connectivity that reflect the hierarchical nature of the

stream channels in which they live. Broadly speaking, populations residing in the same

stream would be expected to be more similar genetically than populations from different

sub catchments and so on. The maximum differentiation would be expected between

populations from different drainages. Obligate freshwater species inherently restrict their

dispersal to within the drainage and almost no inter drainage transfer of the genetic

information takes place. However the fact that such species reside in more than one

drainage suggests that dispersal across dividing watersheds has occurred at least in the past.

Historical geographical events such as land erosion, land slides, volcanism, tsunamis,

earthquakes and also sea level changes causing rearrangements in the drainage system have

been proposed as the factors responsible for the current distribution of freshwater fauna.

For example, Bermingham and Martin (1998) worked extensively on freshwater species

and suggested that geomorphological changes to drainage channels are generally seen as

primary factors influencing the distribution of freshwater obligates, especially fishes.

In the case of marine species, there are generally low levels of genetic differentiation

among subpopulations but high genetic structuring within subpopulations. On the other

hand, freshwater species appear to show higher levels of genetic structuring than those

inhabiting estuarine or marine environments (Ward et al., 1994). This is thought to be at

least partly because it is difficult for obligate freshwater species to move between river

systems. This difference has been attributed to the small effective population size and also

to geographical barriers among the freshwater localities, which isolate the populations

(Ward et al., 1994). Avise (2000) also suggested that the organisms that inhabit or have

close association with freshwater systems display high levels of population structuring,

while Keenan (1994) and Jerry et al (1998) observed that populations inhabiting estuarine

habitat often exhibit population structuring midway between freshwater and marine species.

The genetic structure of a particular species is largely determined by the geographical

distribution of its representative populations. Barriers to migration and gene flow can



4

Chapter 1- General Introduction

subdivide the natural population into reproductively isolated subpopulations, leading to a

high degree of genetic variation among them. Freshwater species whose entire life history

is aquatic are likely to have a population structure that is influenced by the hierarchical

structure of the stream channels, in which they live, as suggested by the Stream Hierarchy

model (Meffe and Vrijenhock, 1988). The very nature of their habitat means that aquatic

populations are highly connected within stream catchments or systems but an absolute

barrier to dispersal is created between catchments by land or marine conditions.

Dispersal between subpopulations from isolated river systems is thought to be highly

restricted even those in close geographical proximity and largely depends on the physical

nature of the freshwater system. The physical arrangements of that river system dictate the

degree and range of dispersal. In other words, in stream systems that consist of a number of

inter-connected streams, greater genetic differentiation would be expected between

catchments than between streams within catchments. Furthermore one should expect that

the gene frequencies of the populations within the same sub catchments would be more

similar than those from different sub catchments. Unexpected patterns of genetic

differentiation have been reported by a number of workers and have been put down to a

number of factors, such as relatively recent drainage rearrangements (Hurwood and

Hughes, 1998) and terrestrial dispersal (Hurwood and Hughes, 2001). Based on these ideas,

various studies have attempted to use genetic data to infer past geomorphological changes.

For example, stream rearrangements were proposed to have influenced the distribution of

genetic diversity in purple spotted Gudgeon Mogurnda mogurnda (Hurwood and Hughes,

1998), two spined blackfish Gadopsis bispinosus (Waters et al., 1994) and atyrid shrimp

Caridina zebra (Hughes et al., 1996). Similarly, recent connections between drainages due

to changes in sea level have been inferred from genetic data (Bermingham �Avise, 1986).

1.2 F- STATISTICS AS A MEASURE OF GENE FLOW

F-Statistics have been the core analytical tool to analyse and describe population genetic

structure. F-Statistics were first introduced by Wright (1951) and have been used quite

extensively to evaluate the genetic structure of many animal and plant species. Wright put

forward the concept of a non linear relationship between genetic differentiation and degree

of gene flow. FST, based on allele frequency distributions, is the proportion of variance in
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allele frequencies that is among subpopulations (Nei, 1987; Wright, 1951). The method

used to indirectly measure gene flow as suggested by Wright is known as “Wright’s Island

Model”. According to this model, FST is a function of the relationship between the

population size and gene flow. Wright proposed that at equilibrium-

FST =1/ (1+4 Ne m) [This equation is for diploid data collection in a

genetic analysis]

In this equation, Ne is the effective population size and m is migration rate. Thus FST can be

used to estimate the level of migration among subpopulations.

The theoretical values of FST range from zero, where all populations have the same alleles

in equal frequencies, to one, where different alleles are fixed in different populations. An

FST that is not significantly different from zero suggests panmixia or extensive gene flow

(i.e., random mating across the range of the population), whereas an FST value of one,

indicates a total absence of gene flow between at least some populations. A non- zero FST
value that is less than one implies that contemporary gene flow is present yet at a low

enough rate to allow differentiation to occur through the effects of random genetic drift.

If both genetic drift and gene flow are weak the equilibrium value of FST may be large

enough to provide a precise estimate of gene flow but the observed FST may be far from

this equilibrium. The time required is on the order of 1/ [2m + 1/ (2N) ] (Crow and Aoki,

1984). Large populations that were historically connected but are now completely isolated

would be near fixed for different alleles at equilibrium; but the time required to approach

this equilibrium could be far greater than the age of most species.

1.3 MOLECULAR MARKERS

Combinations of molecular techniques such as allozyme electrophoresis and mitochondrial

DNA sequence analysis are often used to discriminate between the relative importance of

historical processes and contemporary events in determining current patterns of genetic

variation.

Allozymes are functional products of nuclear genes that are biparentally inherited.
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Allozyme electrophoresis is used to provide genetic markers, in the form of single gene

allelic variation, which can be used to determine the population structure of a species

(Richardson et al., 1986). They are also good indicators of gene flow when they show

genetic variation. A disadvantage is that they can be affected by selection (Sokal et al.,

1989) and tend to be less variable than non-coding regions of DNA (Mitton 1994; Parker et

al., 1998). Allozymes cannot be used for phylogeographic purposes because the historical

relationships of alleles at a locus remain unknown (Slatkin and Madison, 1989).

Assuming that the entire population shares a common ancestor, with genetic divergence

over time, reconstruction of a genological lineage for a population provides important

information regarding history of that population (Haelsenback and Rannala, 1997). mtDNA

shows a high mutation rate. It also has one quarter of the effective population size of

nuclear genes such as allozymes, due to its uniparental maternal inheritance and the fact

that it is haploid. The smaller Ne makes it more sensitive to limited gene flow, i.e., more

likely to show significant FST (Avise 1994). In many cases, mtDNA markers have revealed

significant variation in the absence of allozyme variation, demonstrating the limited

resolving power of protein electrophoresis (DeSalle et al., 1987). This in turn results in an

elevated rate of differentiation between the isolated subpopulations at the mtDNA locus

compared to nuclear loci (Birky et al., 1989). Interestingly these characteristics of mtDNA

can be useful in those systems which are characterised by large effective population size or

where the population has recently increased due to range expansion. In these circumstances

it is essential to have maximum discriminatory power.

mtDNA has been used in many intra-specific phylogeographic studies in recent times.

Indeed it has been the marker of choice over the past decade (Avise 2000). Avise et al., first

coined the term ‘phylogeography’ in 1987. He recognised the usefulness of mtDNA data

for reconstructing the intra-specific history.

1.4 PHYLOGEOGRAPHY OF FRESHWATER SPECIES

The genetic structuring of a species is influenced by current levels of gene flow and

historical events such as past fragmentation and subsequent secondary contact
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(Waters et al., 1994). These processes can be reflected in the structure of a gene tree based

on DNA sequence data, which describes the phylogenetic relationships among the

sequences sampled from different regions (Avise 1994, 2000). Avise (2000) put forward

the term phylogeography for the process of inferring the phylogenetic relationships among

individual sequences (i.e. haplotypes) and superimposing the geographic locations of the

samples to reveal the population history. He suggested that there are five types of

phylogeographic categories, which continuously arise through phylogeographic analysis.

Category I occurs where there are allopatric lineages that are separated by large mutational

distances, indicating long-term extrinsic barriers to gene flow.

Category II occurs where lineages are deeply separated but they are sympatric rather than

allopatric. This pattern could arise in species with large evolutionary effective population

size and high gene flow, where some anciently separated lineages might by chance have

been retained, whereas many intermediate genotypes have been lost over time by gradual

lineage sorting. Category II patterns may also arise as a consequence of secondary

admixture between allopatrically evolved populations.

Category III occurs when allopatric lineages are separated by shallow mutational distances,

this means that contemporary gene flow is low and has promoted genetic divergence. The

populations in this category have been isolated relatively recently and processes of lineage

sorting and random drift have played an important role in isolation.

Category IV describes sympatric lineages with recent evolutionary connections. This

pattern is expected in populations with high levels of gene flow, when the effective

population size is small and they have not been sundered by long term biogeographic

barriers (i.e. panmixia).

Category V occurs when lineages with varied distribution but with shallow evolutionary

separation. It is intermediate between Categories III and IV, and involves common lineages
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that are wide espread plus closely related lineages confined to one or a few local

populations. It occurs when gene flow between populations is limited.

Intraspecific phylogeography investigates the genetic structure of populations, allowing

discrimination between the relative importance of historical and contemporary processes,

by reconstructing the main sequence of events that have generated the current genetic

structure. The use of statistical phylogeographic analysis, such as nested clade analysis

(Crandall and Templeton, 1993; Templeton, 1998) allows the discrimination among various

biological explanations that may have determined the observed phylogeographic pattern.

1.5 GENETIC STRUCTURE OF FRESHWATER SPECIES

Various studies have shown that genetic variation is greater among populations of

freshwater fish species than among populations of estuarine or marine species (Ward et

al.,1994). It is thought that this characteristic of freshwater species is due to the limited

movement of individuals between river systems which are separated by terrestrial habitat/

or marine environment. It has been postulated that these two factors work as strong barriers

to movement of freshwater species. Other organisms (freshwater and anadromous fish

species) that inhabit or have close associations with freshwater systems also show high

levels of population structuring i.e., low dispersal (Avise 2000). There are, however, some

freshwater species that display some tolerance to salt water and thereby acquire

characteristics that are more similar to estuarine or marine species. These species are

capable of some marine dispersal and therefore show lower levels of genetic structuring

than obligate freshwater species (Waters et al., 2000). Also these species are less likely to

retain genetic signatures of changes in drainage structure than those species that are

restricted totally to freshwater (Hurwood & Hughes1998; Waters et al., 2001).

1.6 COMPARATIVE PHYLOGEOGRAPHY

The likely historical events influencing contemporary geographical distribution can be

determined by comparing the phylogeographical structures of multiple species (Avise,

1994). Avise (2000) suggested that if multiple species show a similar phylogeographic

pattern, it is likely that they have been influenced by the same historical changes. Thus if
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the genetic patterns of a species are caused by historical drainage changes, other species

which live in the same streams would be expected to show similar genetic patterns as they

will have been influenced by the same historical event. Thus, the comparison of the

phylogeographic pattern of several species should help to determine the likely historical

events influencing contemporary distributions.

Palaeoclimate is likely to have affected past patterns of connectivity among populations.

For example, there is evidence, based on isotope records and pollen profiles, indicating that

there were periods in the last 140,000 years, when rainfall was far more than what we see

today, affecting the landscape of that time (Coventry et.al., 1980, Kershaw 1974&78).

These periods of high rainfall, as high as 40% higher than current levels, would not only

have increased the rate of erosion in S-E Queensland but also have triggered the process of

flooding. Potentially, this would have modified the connectivity levels between the

populations of South-East Queensland freshwater species. Also, sea level changes over the

late Pleistocene have been extensive (Chappell & Shackleton, 1986) and as recently as

10,000 years ago, the current coastlines were much further out of sea, suggesting that at this

time streams of South-East Queensland may have confluenced before reaching the sea.

1.7 FRESHWATER SPECIES INHABITING THE SOUTH EAST QUEENSLAND

WATER SYSTEM

A number of small creeks flow into the sea along the coast of south east Queensland.

Although these small creeks currently have separate entrances to the sea, it has been

suggested that at the time when the sea level was lower, these creeks may have had a shared

confluence before entering the sea (Hughes et. al., 1999). This suggestion was based on the

fact that populations of the Oxleyan Pygmy Perch (Nannoperca oxleyana) from these

streams were remarkable similar, even though most other populations of the species were

quite differentiated. Hughes et. al, (1999) suggested that some of these creeks may have

been connected very recently, possibly even in the last 10,000 years. The streams that were

thought to have shared a confluence included those from the Glasshouse Mountains to

Searys Creeks in Tin Can Bay(Fig 1.1). These suggestions were also supported by an
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allozyme study of another obligate freshwater species, the shrimp, Caridina sp. from the

same streams (Woolschot et al., 1999). Other species with similar habitat requirements

would also be expected to reflect the same historical events (Avise, 2000).

To determine the relative contribution of the historical versus contemporary events to the

observed genetic structuring of the species in south-east Queensland, the phylogeographical

patterns of four additional freshwater species, two fish and two shrimps, were investigated.
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I was interested in examining the relative roles of life history, the physical structure of

streams and history of geomorphological change on distribution of genetic diversity from

these four freshwater species, which had qualitatively different dispersal capabilities.

1.8 SPECIFIC AIMS OF THE RESEARCH STUDY

The specific aims of this study were to compare the genetic structures of two fish species

and two fresh water shrimp species: Rhadinocentrus ornatus and Hypseleotris compressa;

Macrobrachium australiense and Macrobrachium tolmerum. These four species were

chosen because they are relatively common in this part of southeast Queensland and

sampling them was relatively easy.

The ornate rainbow fish R. ornatus has a limited and patchy distribution (Arthington et al.,

1994; Morris et al., 2001). It prefers acidic water and cannot tolerate high salinities (Allen

et al., 2002; Hansen, 1992). Another species the empire gudgeon, H. compressa, can

tolerate brackish conditions (Merrick � Schmide, 1984). The endemic freshwater shrimp,

M. australiense (Holthuis, 1950) completes all life history stages in freshwater, including a

planktonic larval phase (Williams, 1980).M. tolmerum may be tolerant of elevated salinity

levels and able to tolerate brackish conditions (Short, 2004).

The thesis has two specific aims-

The first is to examine evidence for the proposal that mainland coastal streams between Tin

Can Bay and Glasshouse Mountains have had a confluence in recent times. The second is to

examine the effect of presumed differences in tolerance to brackish conditions on genetic

structure, specifically differences between populations from different coastal streams.

1) It was hypothesized that R. ornatus and M. australiense, which are restricted to

freshwater, would display genetic structure similar to the two species which had already

been examined i.e., would show similarities among streams of Sunshine Coast region only

(Hughes et al., 1999), but significant differences among all other streams.

2) It was hypothesized that H. compressa and M. tolmerum would show lower levels of

genetic structure than R. ornatus and M. australiense, throughout the study areas because

they can tolerate some marine conditions.
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CHAPTER 2

2.0 GENERAL METHODS

2.1 STUDY SPECIES

Rhadinocentrus ornatus: The ornate rainbow fish Rhadinocentrus ornatus Regan, 1914

(Melanotaeniidae) is a small, iridescent obligate freshwater fish with recognised colour

variation in its second dorsal and anal fins (Hansen, 1992). It is found in coastal creeks,

streams, and lakes on the mainland and offshore islands of southern Queensland including

Stradbroke, Moreton, Bribie and Fraser islands (Regan, 1914). It has a limited and patchy

distribution (Arthington et al., 1994; Morris et al., 2001). Rhadinocentrus ornatus spawns

and completes its entire life cycle in freshwater and is easy to breed in captivity. It is

believed to mature in 9-12 months and has an extended breeding season (Leggett, et al.,

1987). It is currently the only recognised species within its genus. It prefers acidic water

and is usually observed over sandy substrates (Allen et al., 2002; Hansen, 1992).

Hypseleotris compressa: The empire gudgeon, Hypseleotris compressa, is found in coastal

streams in Victoria, New South Wales, Queensland, Northern Territory and Northern

Western Australia. It has been suggested that like most of Australia’s freshwater fish, H.

compressa was derived from recent marine ancestors (Allen, 1989). It is noted that several

aspects of reproductive biology of H. compressa (high fecundity, lack of parental care, egg

morphology and early developmental characteristics) resembled those of marine pelagic

spawners (Auty, 1978). H. compressa can complete its entire life cycle in freshwater and

has been bred in captivity. Although adults and juveniles frequently occur in estuarine

environments, it is not known whether this species actually spawns in such habitats. It has

been suggested that this species spawns in freshwater and larvae are washed down stream

to estuaries, juveniles subsequently migrate to fresh water. This aspect of the life history of

H. compressa is not well understood (Herbert et al., 1995). It apparently can tolerate

brackish conditions (Merrick � Schmide, 1984). In fact, a study of the genetic structure of

this species in North Queensland, based on allozyme data suggested that H. compressa was
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unlike a freshwater fish and more like marine or estuarine species with little population

structure (McGlashan & Hughes, 2001). This study was mainly based on allozyme analysis.

Some mtDNA analysis was included, but sample sizes were very small, so small scale

patterns may have gone undetected.

Macrobrachium australiense: The endemic freshwater shrimp, Macrobrachium

australiense (Holthuis, 1950) has been documented as a highly adaptable species

throughout northern, central and eastern Australia (Short, 2004). It completes all life history

stages in freshwater, including a planktonic larval phase. It does not possess any strategies

to avoid drying out of habitat, such as desiccation-resistant eggs or the ability to construct

burrows (Williams, 1980). It is thought to be able to disperse across terrestrial

environments (Lee and Fielder, 1984).

Macrobrachium tolmerum: The freshwater shrimp, Macrobrachium tolmerum is mainly

found in coastal creeks and on offshore sand islands. It is geographically distributed in the

Eastern Drainage Region (Short, 2004). This distribution suggests that the species may be

tolerant of elevated salinity levels and may be able to tolerate brackish conditions as

suggested by Short (2004). Adults have been collected from 0 to 17 ppt salinity but

predominantly in freshwaters. Eggs are small and numerous. Maximum length of

development of ova is 0.6mm, larval development is extended, requiring high salinity

during planktonic stages (Kneipp, 1979).

2.2 STUDY AREA

All species were collected from sandy streams in coastal heath habitat. The soil of this

ecosystem is sand based which gives rise to fairly clear water ways. The geography of the

sample areas is flat. Rainfall is variable throughout the year with maximum rainfall in

summer. The streams and creeks are usually full after the summer rains and some of them

dry up during the winter months to form permanent pools (Coaldrake, 1961). Barriers to

dispersal such as waterfalls are rare. The vegetation, where the samples were collected was

relatively undisturbed and mostly contained woody shrubs and long grass.
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2.3 SAMPLING DESIGN

In the present study, sampling followed a hierarchical design to determine the degree of

genetic structuring within and among regions of south-east Queensland for the four study

species (Fig 2.1 & Fig 2.2) to compare and test the hypotheses of contemporary gene flow

versus historical processes. To assess variation among regions, samples were collected

from mainland south-east Queensland and from Fraser, Moreton and Stradbroke Islands.

For R. ornatus, there were four regions, including four sites from Glasshouse Mountains/

Noosa region, four sites from Tin can Bay region, three sites on Moreton Island region and

six sites on Fraser Island region (Table 2.1). Further, these four regions were divided into

two groups’ i.e. southern group (Glasshouse Mountains/Noosa and Moreton Island) and

northern group (Tin Can Bay and Fraser Island) for analysis.

Previous work had indicated that there were similarities among streams of the Sunshine

Coast region only (Hughes et al., 1999), but significant differences among all other

streams. In my sample design, 9 sites from Sunshine Coast region were grouped into two

regions i.e. Glasshouse Mountains/ Noosa and Tin Can Bay mainly for the purpose of

testing this hypothesis. These regions were grouped separately due the presence of a large

geographical gap between them. This geographical gap significantly influenced the sample

collection and not many samples were collected from this area. Despite the fact that Kinkin

Creek was close to Noosa geographically, it was grouped with Glasshouse Mountains for

analysis because I expected fish from there to be similar based on the earlier studies.
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Table 2.1: R. ornatus regions, sample sites, site code and sample size analysed for
allozyme and mtDNA.

Region Site name Code Allozyme
(n)

mtDNA
(n)

Glasshouse Mtn / Noosa Coonowrin CW 55 14
Coochin CO 22 12
Mellum-1 ME-1 51 15
Mellum-2 ME-2 33 -
Kinkin KK 50 12

Moreton Island Blue Lagoon BL 24 13
Blue L Campsite BLC 29 14
Spitfire SF 24 8

Tin Can Bay Snapper SP 50 15
Freshwater Lake FL 27 14
Searys SE 33 4
Poona PA 37 13

Fraser Island Bowarrady BW 18 10
Coongul CG 18 12
Rocky RK 30 11
Alligator AG 29 9
Gerowweea GW 22 12

Govi GV 30 12

For H. compressa, there were four sites from the Glasshouse Mountains), four sites from

the Noosa region, two sites from northern and three sites on Fraser Island (Table 2.2).

H. compressa was also grouped into two regions i.e. Glasshouse Mountains and Noosa

regions because there was a geographic break in the samples obtained between these two

regions i.e. between Mellum Creek from the Glasshouse Mountains and Yandina Creek

from the Noosa area.
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Table 2.2: H. compressa regions, sample sites, site code and sample size

analysed for allozyme and mtDNA.

Sample size Region Code Allozyme(n) mtDNA(n)

Mellum Glasshouse

Mountains

ME 42 11

Coonowrin-1 CW-1 44 10

Coonowrin-2 CW-2 45 -

Coochin CO 50 13

Tribrogargan TIB 32 10

Yandina Noosa YD 49 13

Boreen point BP 41 9

Kinkin KK 42 10

Wooroi WR 45 11

Big Tuan-1 Northern BT-1 17 10

Big Tuan-2 BT-2 28 5

Big Tuan-4 BT-4 - 8

Bunya BY 28 11

Tooloora Fraser Island TL 30 12

Figtree FT 12 10

Govi GV 30 13
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There were 15 sites selected to collect M. australiense and M. tolmerum. However, both

species were not found at all sites. M. australiense were collected mainly from mainland
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areas and not from any islands whereas M. tolmerum were found both on the mainland and

on the islands (Fig 2.2). M. australiense was collected from five sites from the southern

coastal region and two sites from the northern coastal region (Table 2.3). Of the 7 sites, all

were analysed for mtDNA variation and 6 sites for allozyme variation. Coonowrin was

omitted from allozyme analysis because sample size was inadequate. The sites were

grouped in two different ways ‘Grouping’: group A and group B. In group A, the Wappa

site was included with Glasshouse Mountains sites of the southern region and not with

northern region because the grouping (A) was that expected according to my hypothesis.

In-group B, the Wappa site was analysed with northern sites because I identified a

phylogenetic break between the Wappa and Coochin sites from southern region sites.

Table 2.3:M. australiense regions, sample sites, site code and sample size for

allozyme size and mtDNA.

For M. tolmerum, there were three sites from the south coast, one site from the north coast,

two sites from Moreton Island, one site from Stradbroke Island and four sites from Fraser

Island (Fig 2.2). A total of 11 sites was analysed for mtDNA variation and 10 sites for

allozyme (Table 2.4). I used the same grouping for the Wappa site as for the M.

australiense analysis, according to my hypothesis, in which sites were grouped into four

regions for allozyme analysis (excluding Stradbroke Island) and five regions ((including

Region Sample size Code Allozyme(n) mtDNA(n)

Southern coastal Coochin-1 CO-1 41 16

Coochin-2 CO-2 27 11

Coonowrin CW - 2

Beerburrum BE 41 14

Wappa WA 36 15

Northern coastal Kangroo KA 46 14

Tinana TI 48 13
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Stradbroke Island) for mtDNA analysis. The Stradbroke Island site was omitted for

allozyme analysis because sample size was inadequate.

Table 2.4:M. tolmerum regions, sample sites, site code and sample size for allozyme

size and mtDNA.

Region Sample size Code Allozyme(n) mtDNA

(n)

Southern coastal Coochin-1 CO-1 20 10

Coochin-2 CO-2 17 -

Coonowrin CW - 2

Wappa WA 22 10

Northern coastal Kangroo KA 17 12

Stradbroke Island Myora Springs MI - 9

Moreton Island Spitfire SF 30 16

Blue Lagoon BL 20 15

Fraser Island Figtree FT 35 12

Govi GO 35 14

Bowarrady BO 12 12

Tooloora TO 32 14
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FIELD SAMPLING AND TISSUE STORAGE

Samples were collected between 2000 – 2004, using hand held dip and seine nets with one

person on each end (1mm mesh size). Where possible 30-50 individuals were collected

from each site. The collected samples were placed into liquid nitrogen for transport to the
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laboratory. In the laboratory the samples were stored at –800C until required for analysis.

The number of individuals sampled for each species is given in the Table 2.1, 2.2, 2.3 and

2.4. Some of the samples were provided by other lab members namely, Tim Page, Ben

Cook and James Fawcett. These samples were collected from Tinana Creek, Bunya Creek,

Tin Can Bay region and Fraser Island. The samples were collected under strict research

ethical standard as determined and approved by the Griffith University Ethics Committee

(AES/ 04/02/aec).

2.4 MOLECULAR TECHNIQUES

2.4 A. Allozyme electrophoresis

Grinding buffer, comprising of 2.44g of trizma base, 0.37 g ethylene diaminotetraacetic

acid (EDTA) free acid, 5.36g of NH4Cl, 19.80 g of glucose and 20 ml of 0.022M NaN3 in

per litre of dd H2O, was used to grind 25 mg of fresh muscle tissue sample taken from each

individual. Following grinding, samples were centrifuged at 16800g for 20 min at 40C.

These samples, once prepared, were stored at -800C until required for further analysis.

Short term storage of the supernatant samples did not affect the enzyme activity of the

samples.

���������������������������������������������������������	�������������������

Staining procedures and recipes were modified from Richardson et al., (1986) (Table 2.5).

Initially, all enzymes were run for 50 minutes at 170V (TC buffer system: Tris- citrate pH

7.0; 75mM Tris and 25 mM citric acid, Richardson et al., 1986) or 200V (TG buffer

system: Tris- glycine pH8.5; 25mM Tris and 171mM glycine, Richardson et al., 1986) to

identify systems that were reliable and polymorphic. Tables 2.7 shows loci found to be

polymorphic, such that resolved bands were clear and consistent, and expression followed

the quaternary structure normally associated with the enzymatic system (Richardson et al.,

1986). Where possible, 40/ 50 individuals per site were analysed. In addition the optimal

running conditions are also listed. Nomenclature for enzymes and loci followed Shaklee et

al., (1990). For enzymes coded by more than one locus, the enzyme closest to the anode

was 1, and proceeded to cathode. Similarly, alleles at each locus were labelled 1, starting at
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the allele closest to the anode and proceeding to the cathode. A control sample from a

different site was always included on each plate to ensure that scoring was accurate.

Table 2.5: Allozyme loci screened in the present study for two species of freshwater fish

and two species of freshwater prawn.

Rhadinocentrus ornatus and Hypseleotris compressa

A total of 18 sites was analysed for allozyme variation for fifteen allozyme loci for R.

ornatus. Nine loci coding for five enzymes were polymorphic in the study area. These

enzymes were aspartate aminotransferase (AAT-2.6.1.1), glucose phosphate isomerase

(GPI-5.3.1.9), phosphoglucomutase (PGM-2.7.5.1), malate ehydrogenase (MDH-1.1.1.37)

and isocitrate dehydrogenase (IDH-1.1.1.42). Two loci coded for each of AAT and PGI:

Aat-1, 2 and Pgi-1, 2. Three loci coded for MDH: Mdh-1, 2 and 3.

Enzyme Locus
Abbreviation

Enzyme
Number

Quaternary
Structure

Glucosephosphate isomerase PGI 5.3.1.9 dimer
Phosphoglucomutase PGM 2.7.5.1 monomer

Aspartate aminotranferase AAT 2.6.1.1 dimer
�-Esterase �-EST 3.1.1.1 monomer
Peptidase-Ieucine-glycine-
glycine

PEPB 3.4.1.1 monomer

Peptidase-lysine-leucine PEPC 3.4.1.1 dimer
Peptidase-phenylalanine-proline PEPD 3.4.1.1 dimer
Alcohol dehydrogenase ADH 1.1.1.1 dimer
Hexokinase HK 2.7.1.1 monomer
Lactate dehydrogenase LDH 1.1.1.27 tetramer
Mannose-phosphate isomerase MPI 5.3.1.8 monomer
6-Phosphogluconate
dehydrogenase

PGD 1.1.1.44 dimer

Malate dehydrogenase MDH 1.1.1.37 dimer
Malic enzyme ME 1.1.1.40 tetramer
Isocitrate dehydrogenase IDH 1.1.1.42 dimer



23

Chapter 2- General Methods

A total of 15 sites was analysed for allozyme variation for twelve allozyme loci for

H. compressa. Seven loci from five enzymes were polymorphic. These were Aspartate

aminotransferase (AAT-2.6.1.1), Glucose phosphate isomerase (GPI-5.3.1.9),

Phosphoglucomutase (PGM-2.7.5.1), Malate dehydrogenase (MDH-1.1.1.37) and

Phosphogluconate dehydrogenase (PGD-1.1.1.44). Two loci coded for each of AAT and

PGI: Aat-1, 2 and Pgi-1, 2.

Macrobrachium australiense andMacrobrachium tolmerum

12 enzymes were screened from samples of individuals from across the study areas. For

M. australiense and M. tolmerum, six loci from five enzymes were polymorphic. These

enzymes were aspartate aminotransferase (AAT-2.6.1.1), glucose phosphate isomerase

(GPI-5.3.1.9), phosphoglucomutase (PGM- 2.7.5.1), malate dehydrogenase (MDH-

1.1.1.37) and mannose-phosphate isomerase (MPI-5.3.1.8). Two loci coded for AAT: Aat-

1, 2.

2.4 B. Mitochondrial DNA

Rhadinocentrus ornatus and Hypseleotris compressa

A total of 17 sites was analysed for mtDNA variation for R. ornatus and 15 sites for

H. compressa. From the Mellum and Coonowrin Creeks, there were two sites for each

creek: ME-1 & ME-2; CW-1 & CW-2. For mtDNA, I analysed samples for sequences from

ME-1 only for R. ornatus and from CW-1 for H. compressa.

The CTAB/Phenol- Chloroform DNA extraction protocol (Doyle and Doyle 1987) was

used to extract the DNA from each sample. Approximately 25 mg of fish tissue from each

individual was placed in a tube containing 700 μL extraction buffer (1 M Tris- HCL pH

8.0, 4 M NaCl, 0.5 M EDTA, 10g CTAB, Sigma along with 5 μL of Proteinase K (20 mg/

mL). Samples were then vortexed and left to digest at 550C overnight. After digestion,

proteins and lipids were removed by a series of extractions using chloroform-isoamyl (24:1,

600μL), phenol- chloroform-isoamyl (25:24:1, 700μL), chloroform-isoamyl (24:1, 600μL).

DNA was precipitated at -700C in isopropanol and centrifuged at 16000g for 30 min.
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Pellets were washed in 70% ethanol, dried and re- suspended in 50μL of ddH2O and stored

at -200C.

The ATP synthase gene was used to infer intraspecific phylogenies of R. ornatus and H.

compressa. A fragment of mtDNA ATP synthase subunits 8 and 6 genes was amplified

using the ATP 8.2 and COIII 2.2 primers (Bermingham et al., 1997). This fragment has

been shown to be useful in other intra-specific studies of freshwater fish as it has a

moderate to high mutation rate (Bermingham et al., 1997) (Table 2.6). PCR reactions

contained 1.0μl of 50mM MgCl2, 0.5 μl of 10 mM dNTPs, and 1.0 μl of each primer:

����������	�� ��������!�"�#$������������%&����	���'�$�����#"(����)�������������

buffer. The final volume of this reaction was adjusted using 25 μl of water. In the PCR

reaction, DNA was amplified using the following conditions: 3 min at 940 C; 30 cycles of

30 secs. at 940 C, 30 secs. at 450 C, 30 secs. at 720 C and a final step for 7 min at 720C and

held at 40C.

Macrobrachium australiense andMacrobrachium tolmerum

Mitochondrial DNA was extracted from tissue of M. australiense and M. tolmerum using

the alkaline lysis protocol outlined in Tamura and Aotsuka (1988). Approximately 25mg of

tissue was manually homogenised in a 1.5ml Eppendorf tube containing 1 ml of chilled

homogenising buffer (0.25M sucrose, 10mM EDTA, 30Mm Tris-HCL ADJUSTED to pH

7.5).The homogenate was then centrifuged at 1000g for 1 minute in order to pellet the

nuclei and cellular debris. The supernatant was then transferred into a fresh 1.5ml tube and

centrifuged at 12000g for 15 minutes to pellet the mitochondria. The supernatant was

discarded and the pellets were resuspended in 100μl of 10mM Tris-EDTA buffer (pH8.0),

containing 0.01mM EDTA and 15mM NaCl. The alkaline lysis procedure involved adding

an additional 200μl of freshly prepared 0.18M NaOH containing 1% sodium dodecyl

sulphate (SDS) before briefly vortexing. The solution was left on ice for five minutes and

then 150μl of ice chilled potassium acetate (3M potassium, 5M acetate) was added, to bring

PH to neutrality. The solution was vortexed again and then returned to ice for a further five

minutes. The solution was centrifuged at 12000g for five minutes and transferred to a fresh
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tube, along with an equal volume of phenol-chloroform (a ratio of 25:24:1 for pH 8.0

buffered phenol: chloroform: isoamyl alcohol). After centrifuging at 12000g for two

minutes, the phase was transferred to a fresh tube along with two volumes of 100% ethanol,

in order to precipitate mitochondrial DNA. The resulting pellets were washed in 70%

ethanol and then vacuum dried. Once dry, the pellets were resuspended in 50μl of ddH2O

and stored at 40C .The fragment of mtDNA assayed for Macrobrachium was a partial

sequence of the protein coding cytochrome oxidase subunit � (CO-�) gene. This fragment

has proven to be useful at the intraspecific level due to its relatively high evolutionary rate

in invertebrates (Folmer et al., 1994). Primers LCO-1490 and HCO-2198 (Folmer et al.,

1994) were used to amplify a fragment of approximately 454 bp for M. australiense and

392 bp forM. tolmerum. All samples were sequenced with the forward CO-� primer except

two sites from Moreton Island (Spitfire Creek and Blue Lagoon) which could not be

sequenced for M. tolmerum and selected individuals which were also sequenced with the

reverse primer (HCO-2198) to check sequence accuracy. For M. tolmerum, I designed new

primers for Moreton Island because poor results were obtained with the original primers

(Table 2.6).

Table 2.6: List of oligoprimers used in the present study.

Primer Species Sequence Reference

ATP8.2L Fish AAA GCR TYR GCC TTT TAA GC E. Bermingham

COIII.2H Fish GTT AGT GGT CAK GGG CTT GGR TC E. Bermingham

LCO-1490 Shrimp GGT CAA CAA ATC ATA AAG ATA TAT

TGG

Folmer et al.

1994

HCO-2198 Shrimp TAA ACT TCA GGG TGA CCA AAA

AAA TCA

Folmer et al.

1994

COI-L-mod Shrimp TTC GTG CTG AGC TTG GAC AAC Designed for

present study

COI-H-mod Shrimp GTT AAG AAG ACG GCT CAG ACG Designed for

present study
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PCR reactions contained 1.0μl of 50mM MgCl2, 0.5 μl of 10 mM dNTPs, and 1.0 μl of

each primer: LCO-1490 and HCO- 2198 (Folmer et al., 1994) or COI- L-mod and COI-H-

mod (designed primers), 0.1μl of template DNA and 2.5 μl of 10X polymerase reaction

buffer. The final volume of this reaction was adjusted using 25 μl of water. In the PCR

reaction, DNA was amplified using the following conditions: 5 min at 940 C; 35 cycles of

30 secs. at 940 C, 30 secs. at 550 C, 30 secs. at 720 C and a final step for 7 min at 720C and

held at 40C.

For all species, positive and negative controls were used to test for problematic

amplification and contamination respectively in PCR. Each PCR reaction was visualised

and its length verified using agarose gel electrophoresis. 2 μl of PCR product were mixed

with 2 μl of loading dry (Bromophenol Blue), loaded into a 1.6 % agarose gel (Bio-Red

ultrapure DNA grade agarose) alongside a marker of known size and concentration

(Lambda DNA/eco 91 I by MBI fermentas). The gel was electrophoresed for 20 minutes at

100V in TAE running buffer with 100mg/l ethidium bromide for staining. After the run,

PCR products were visualised and photographed under a UV light source.

QIAGEN (Hilden, Germany) QIAquick gel extraction kits were used to purify the DNA

and the purified product was tested on a 1.6% agarose gel using ethidium bromide to show

the concentration of DNA with marker.

Sequencing reactions contained 2 μL of purified DNA, 0.32 μL of LCO-1490 or COI-L-

mod primers, 4 μL of sequencing terminator mixture and were adjusted to a final volume of

10 μL using ddH2O. Sequencing was carried out on an ABI Prism 377 automated

sequencer. A few individuals from each stream were sequenced in both directions, to check

sequence accuracy. Thermocycling conditions were 25 cycles of 95 0C for 30 seconds, 50
0C for 15 seconds and 60 0C for 4 minutes. After the sequencing reaction, DNA was

precipitated with 76% ethanol, cleaned with 70% ethanol and the pellets vacuum dried. The

sequences were aligned using the SEQUENCHERTM package (1995, Gene Corporation,

Inc.).
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Table 2.7: Polymorphic loci detected for A) R. ornatus B) H. compressaC) M. australiense

and M. tolmerum and optimum running conditions.

Enzyme No.

applications

Running time

(min)

Voltage

(V)

Buffer system

A

AAT 4 60 200 TG

PGI 2 60 200 TG

IDH 6 80 170 TC

PGM 3 70 170 TC

MDH 6 80 170 TC

B

AAT 4 60 200 TG

PGI 2 70 200 TG

PGD 6 45 170 TC

PGM 4 70 170 TC

MDH 4 80 170 TC

C

AAT 4 60 200 TG

PGI 2 65 200 TG

MPI 6 85 170 TC

PGM 3 70 170 TC

MDH 6 85 170 TC
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2.5 STATISTICAL ANALYSIS

For the allozyme data, the genotype frequencies were tested for deviations from Hardy-

Weinberg proportions for each site/locus using exact tests in GENEPOP version 3.1

(Raymond and Roussets, 1995).

A hierarchical analysis of Molecular variance (AMOVA, Schneider et. al. 1997) was

computed in ARLEQUIN version (1.1) to test the significance of the allozyme variation

within and among regions. Analysis of molecular variance (AMOVA) (Exocoffier et al.,

1992) was performed in order to test the null hypothesis that genetic structure was not

associated with region or stream. The levels in the hierarchy were among regions, among

sites within regions and within sites. In each case 'sites' represented single 'streams'.

Variance components were used to calculate F- statistics that are analogues of the � of Weir

and Cockerham (1984), which is an unbiased estimate of FST. For this study the three F-

statistics produced by this analysis are:

FST: the proportion of genetic variation between all sampled sites

FSC: the proportion of genetic variation between sites within regions

FCT: the proportion of genetic variation between regions within the total sample. Tests of

��*���������+���,�-�"�"'.�������	���	�����*�'"""�������������������	����������

program ARLEQUIN version 2.0 (Schneider et al., 2000). The resulting P values are the

probability of getting the observed value for the F- statistics by chance. A significant FST
indicates that populations sampled do not represent a panmictic population and there is

restricted gene flow between at least two sites. A significant FSC implies that there are

differences between sites within a region. A significant FCT would support the proposed

population structure in that there is significant genetic differentiation between regions. A

non-significant FCT suggests that the proposed population structure delineated by the

current regional categories are artificial (Exocoffier et al., 1992).

mtDNA sequences were aligned using the program SEQUENCHERTM package (1995,

Gene Corporation, inc.). AMOVA was performed in Arlequin!������
ST -statistics (based

on haplotypes frequencies and molecular pair wise differences) and F- statistics (haplotype
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frequencies only) were estimated to examine population subdivision as specified for

allozyme analysis.

Tajima’s D statistic (1989) and Fu’s Fs (1997) were performed to calculate the conformity

of DNA sequence evolution to expectations based on neutrality using ARLEQUIN version

2.0 (Schneider et al., 2000) to calculate the corresponding P-values. The amount of genetic

variation per nucleotide ��can be estimated using either the number of segregating sites S,

or the average number of pair wise differences between the sequences in the samples �.

Under neutral evolution, estimates based on S and � gives the same value of ���This lead

Tajima (1989) to propose that the difference D, between the estimate of � given by S and �

could test the neutrality of the mutations (D=0 under neutrality). Although these tests were

developed as tests of selective neutrality, they are also useful for detecting departures from

population size equilibrium caused by population expansions or bottlenecks (Aris-Brosou

and Excoffier 1996; Tajima’s D 1989 and Fu’s Fs 1997). Fu’s Fs (1997), is more sensitive

than Tajima’s D (1989). In this statistic, a significant negative value indicates an excess of

singleton haplotypes which result following population expansions.

Analysis of isolation by distance followed Slatkin (1993). Mantel (1967) tests carried out in

the program ARLEQUIN version 2.0 (Schneider et. al., 2000) were used to examine

significant relationships between genetic distance and geographic distance both for the

nuclear and mitochondrial markers. 5000 iterations were used.

To separate population structure from population history, I used nested clade analysis as

described by Templeton et.al., (1995). The TCS program, version 1.3 (Clement et al.,

2000) was used to calculate a genotype network. The clades were nested according to the

rules outlined in Crandall (1996), Templeton and Sing (1993) and Templeton et al., (1987).

GEODIS version 2.0 was used to test for significant geographical association between

haplotype and geography (Posada et al., 2000) at each nesting clade using contingency

tests. GEODIS also calculates two parameters: clade distance (Dc) and nested clade

distance (Dn) and determines whether any of these distances are significantly small or large

at the 5% level using a permutation procedure.
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The clade distance is the average distance of all individuals of clade X from the calculated

geographical centre of that clade, whereas the nested clade distance is the average distance

of all individuals in clade X from the calculated geographical centre of clades from the next

highest nesting level. It also estimates the average distance between tip and interior clades

within each nested group (I-TDc ) and the tip to interior distance for the nesting clade

(I-TDn ). Each of these Dc, Dn and I-T values was tested for significance using 5000 re-

samples. The Inference Key (Templeton et al., 2004) was used for each clade showing a

��*���������/2 value to discriminate between the effects of present gene flow and past

processes that may have affected spatial genetic structure.
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CHAPTER 3

GENETIC STRUCTURE AND PHYLOGEOGRAPHY OF TWO FRESHWATER

FISH (RHADINOCENTRUS ORNATUS & HYPSELEOTRIS COMPRESSA): THE

ROLE OF CONTEMPORARY AND HISTORICAL EVENTS

3.1 INTRODUCTION

Avise (2000) suggested that if multiple species show a similar phylogeographic pattern,

they are likely to have been influenced by the same historical events. Thus if the genetic

patterns in N. oxleyana reported by Hughes et at., (1999) are caused by historical drainage

events, other species which are not tolerant of high salinities and live in the same streams

would be expected to show a similar genetic pattern. Alternatively, species that can tolerate

high salinity would be expected to show lower levels of genetic differentiation. In other

words, such species could be expected to have similar allele frequencies across all the

drainages, regardless of whether they connected in the past or recently. This is because they

are more likely to disperse between adjacent drainages, especially at flood times. This

chapter focuses on the study of genetic structure of two freshwater fish, R. ornatus and H.

compressa.

The aims of the current study were to use allozymes and mtDNA analysis to investigate

current and historical patterns of dispersal between regions and examine previously

proposed hypotheses of biogeographic association among these regions. Specially, the aim

was to test the idea that R. ornatus, which is restricted to freshwater, would show genetic

patterns similar to the two species which had already been examined i.e., would show

similarities among streams of the Sunshine Coast region only (Hughes et al.,1999), but

significant differences among all other streams. Such a result would provide further support

for a single confluence between Sunshine Coast streams in recent historical times. On the

other hand, it was expected that H. compressa which is able to tolerate brackish conditions

would show limited genetic structuring throughout the study areas.
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3.2 RESULTS

3.2.1. Rhadinocentrus ornatus

3.2.1.1. ALLOZYME ANALYSIS

Sample size and allele frequencies for each locus are illustrated as pie diagrams in figure

3.1 a-i. Variability was very low overall. All tests for deviations from Hardy-Weinberg

proportions were non-significant (P > 0.05). At all loci, the same allele was most common

except at Aat-1, where all sites in the northern coastal group shared the "1" allele as the

most common while all the southern coastal group had allele "3" as most common.
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There were high levels of genetic divergence at all levels of the hierarchy but the FCT value

(among regions) was an order of magnitude greater than the FSC (among sites within

regions) (Table 3.1). When each region was considered separately, only Moreton Island did

not show significant genetic differentiation within the region. The FST values for

Glasshouse Mountains/Noosa, Tin Can Bay and Fraser Island, while much lower than the

differentiation among regions, were all highly significant (Table 3.1).

A Mantel test revealed a significant correlation between genetic and geographic distances,

consistent with a pattern of isolation by distance, when both the groups (southern coastal

and northern coastal) were analysed together (r = 0.343, P < 0.002). However, no

correlation between genetic and geographic distances was found when isolation by distance

was tested for southern coastal and northern coastal groups separately (Table 3.7).

3.2.1.2 MtDNA ANALYSIS

A total of 200 individuals were assayed from 17 subpopulations for a 501-bp region of the

mitochondrial ATPase gene. There were 33 third position changes, 4 second position and

11 first position changes in gene sequences. The transition vs transversion ratio was 3.7:1.

There were 32 unique haplotypes, with 7 haplotypes occurring in more than one

subpopulation (Table 3.2).

Haplotypes 1-24 were all from Tin Can Bay and Fraser Island regions and haplotypes 25 -

32 were from Glasshouse Mountains/Noosa and Moreton Island regions (Table 3.2). There

were no haplotypes shared between northern coastal and southern coastal groups (Fig 3.2).

In the Glasshouse Mountains/Noosa region, haplotype 27 from Kinkin Creek and haplotype

28 from Spitfire Creek on Moreton Island were not shared with any other sites. There was

also no sharing between Glasshouse Mountains/Noosa and Moreton Island regions

(southern coastal group-1). In the northern coastal (group-2), a single haplotype

(Haplotype-1) was shared between Tin Can Bay (Searys Creek) and Fraser Island regions.

In the Tin Can Bay region, each site had a unique set of haplotypes. In contrast, on Fraser

Island, haplotypes 1, 5, and 16 occurred at more than one site (Table 3.2).
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The AMOVA indicated highly significant levels of genetic structure between the four

major regions but there was also significant variation among sites within regions (Table

3.1). The AMOVA revealed no significant differentiation between Tin Can Bay and Fraser

Island regions either for haplotype frequencies (FCT = 0.07) or when sequence divergence

��	�������)����0���)����������		�+
CT= -0.02) (Table 3.1). This is because, as shown
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in figure 3.2, the variation between the sites within regions is characterized almost entirely

by fixed differences, and it cannot get more differentiation between regions than fixed

differences, suggesting that there can be no differentiation between regions higher than

within regions. Yet clearly there is a huge difference between the regions.

These results seem to be largely due to the fact that Kinkin Creek from the Glasshouse

Mountains/Noosa region, Spitfire Creek from Moreton Island, Snapper Creek, Freshwater

Lake and Poona Creek from Tin Can Bay region and Alligator Creek from Fraser Island did

not share any haplotypes with other sites from the same region. When each region was

����)�	��������)!�����1 2����	����	���*��)���*���������
ST and FST values,

indicating that there were highly significant levels of genetic structure within each of the

four major regions (Table 3.1).

Tajima’s D (1989) statistics were non significant for the southern coastal and northern

coastal groups separately. Fu’s Fs was non- significant for the southern coastal group but

had a significant negative value (Fu’s Fs = - 10.99 P < 0.000) for the northern coastal group

(Table 3.8). When each site was analysed separately, only Tajima’s D was significant for

Bowarrady (D = -1.796 P = 0.02) and Govi (D = -1.746 P = 0.02) sites (Table 3.4). Other

sites were non significant. In contrast to the allozyme data, a Mantel test on mtDNA

revealed no correlation between genetic and stream distance at any scale (Table 3.7).
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Table 3.1: Results of the analysis of molecular variance for the populations of R. ornatus

showing the F-�������������	�
-statistics analysis for allozyme and mtDNA.

Significant at ** P < 0.01; *** P < 0.001; ns= non significant.

Allozyme mtDNA

Hierarchical level F-Statistics F-Statistics �-Statistics

Among all regions

Among sites 0.785*** FST 0.64*** �ST 0.97***

Among sites within regions 0.045*** FSC 0.56*** �SC 0.73***

Among regions 0.775*** FCT 0.18*** �CT 0.89***

Glasshouse Mountains-Moreton Island

regions (southern coastal group)

Among sites - FST 0.78*** �ST 0.89***

Among sites within regions - FSC 0.68*** �SC 0.83***

Among regions - FCT 0.31*** �CT 0.37***

Tin Can Bay-Fraser Island regions

(northern coastal group)

Among sites - FST 0.52*** �ST 0.65***

Among sites within regions - FSC 0.49*** �SC 0.66***

Among regions - FCT 0.07ns �CT -0.02ns

Each region

Glasshouse Mountains/Noosa 0.042*** FST 0.64*** �ST 0.77***

Moreton Island 0.005ns FST 0.74*** �ST 0.90***

Tin Can Bay 0.053*** FST 0.63*** �ST 0.73***

Fraser Island 0.052*** FST 0.38*** �ST 0.59***
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3.2.1.3 NESTED CLADE ANALYSIS

The TCS network showed a major phylogeographic break between southern coastal and

northern coastal groups and the two groups could not be combined based on the 95% cut

off. They were, therefore, analysed separately. The nesting of the clades is shown in Figs

3.3a & b.

Group-1 was represented by individuals from Glasshouse Mountains/Noosa and Moreton

Island regions (Fig 3.3a). Group- 2 included haplotypes from Tin Can Bay and Fraser

Island regions (Fig 3.3b). In group 1, the haplotype network revealed a well resolved

pattern with only one missing haplotype (Fig 3.3 a). The nested cladogram comprises three

one step clades (1-1, 1-2 and 1-3) and the total cladogram. Nested clades 1-1 and 1-3 were

tips and 1-2 was the interior. Haplotype 32 was the centre of clade 1-2. For clade 1-1

(Kinkin from Noosa and Spitfire Creek from Moreton Island) the inference key suggested

past fragmentation or long distance colonization (Table 3.3; Fig 3.4a). Restricted gene flow

with isolation by distance was suggested for clade 1-2 (Mellum Creek, Coochin Creek and

Coonowrin Creek from Glasshouse Mountains) because the Dc and Dn values for the tip

haplotypes were significantly small and for the interior clade were significantly large. The

outcome for the total cladogram was inadequate geographical sampling because I did not

have samples from Bribie Island (Table 3.3; Fig 3.4a).

For group 2, there were ten nested clades in step -1, three in step-2 and the total cladogram

(Fig 3.3b). Six of these groups showed significant geographical structure based on the

contingency analysis. One step clades, 1-8 and 1-10 showed long distance colonization (Fig

3.4b), while two step clades, 2-1 and 2-2 showed restricted gene flow with some long

distance dispersal. Long distance colonization was inferred for clade 2-3 (Fig 3.4c). The

total cladogram showed restricted gene flow with some long distance dispersal (Table 3.3).
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Table 3.3: Nested clade geographic structure analysis showing clade (Dc), nested (Dn) and
interior– tip clade (I-T) distances for R. ornatus for southern coastal (group-1)
and northern coastal (group-2) groups.

Nesting �2 Clade no Location Dc Dn Inference key= conclusion
Group-1
One step clade

1-1 0.000 27 interior OS 61S 1-19-20-2-3-5-15=PF or LDC
28 tip OS 61L

I-T OL -.08S

1-2 0.000 29 tip 1.2S 1.2S 1-2-3-4=RGF-IBD
30 tip 0L 2.0
31 tip 0 0
32 interior 2.0L 2.0L

I-T O OL

Total cladogram
0.000 1-1 tip 61L 62L 1-19-20=Inadequate geographical

sampling1-2 interior 2S 35S

1-3 tip 0S 56L

I-T -24 S -23S

Group-2
One step clade
1-8 0.035 19 interior 0S 10S 1-19-20-2-11-12-13=LDC

20 tip 0 48L

I-T 0 -37S

1-10 0.000 23 interior 0S 13S 1-19-20-11-12-13=LDC
24 tip 0 55L

I-T 0 -41S

Two step clade
2-1 0.000 1-1 interior 6S 8S 1-2-3-5-6-7=RGF but some LDD

1-2 tip 0S 22L

I-T 6 -14S

2-2 0.000 1-3 tip 0S 22 1-2-3-5-6-7=RGF but some LDD
1-4 tip 2 20
1-5 interior 0S 18S

1-6 tip 21 21
1-7 tip 0S 29L

I-T 8.9S 3.8S

2-3 0.000 1-8 tip 17 16 1-2-11-12-13=LDC
1-9 tip 0 9.3S

1-10 interior 22 24
I-T 9 10

Total cladogram
0.000 2-1 tip 11.7S 15.9S 1-2-3-5-6-7=RGF but some LDD

2-2 interior 9.3S 30.9
2-3 tip 27.3 34.0L

I-T 9.3S 6.1
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Table 3.3. Continued

Significantly small or large values for Dc, Dn and I-T (Dc and Dn) are indicated by a
superscript ‘S’ and ‘L’ respectively. Inference Key =Conclusion’ refers to the up dated key
of Templeton et.al (2004), whereby numbers indicate the steps and conclusions are
abbreviation as follows: PF: past fragmentation, LDC: long distance colonization, RGF-
IBD: restricted gene flow with isolation by distance, RGF-LDD: restricted gene flow but
some long distance dispersal.
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3.2.2. Hypseleotris compressa

3.2.2.1 ALLOZYME ANALYSIS

Sample size and allele frequencies for each locus are also illustrated for H. compressa as

pie diagrams in figure 3.5 a-g. Again, overall variation was very low.

All tests for deviations from Hardy-Weinberg proportions were non- significant (P > 0.05).

The AMOVA’s on allozyme data revealed that there was no significant genetic

differentiation at any level of the hierarchy i.e., among regions or among sites within

regions. This suggests that in this specific scenario, since there were very few polymorphic

loci, and most of those that are polymorphic have one allele at more than 95%, it is very

difficult to statistically detect deviation from panmixia (Table 3.4). A Mantel test revealed

that there was no significant correlation between genetic and geographic distances from the

allozyme data (Table 3.7), indicating no evidence of increasing genetic differentiation at

larger spatial scales.
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3.2.2.2 MtDNA ANALYSIS

A total of 156 individuals were assayed from 15 subpopulations for a 465-bp region of the

mitochondrial ATPase gene. The transition/ transversion ratio 4.6: 1. There were 17 third

position, 2 second position and 12 first position changes. From the total of 156 individuals,

there were 34 unique haplotypes, 7 were shared by more than one subpopulation and 27

haplotypes were unique to a particular site. Many of these were singletons (Table 3.5; Fig

3.6).
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The AMOVA indicated no significant levels of genetic structure among sites within regions

or between the four major regions but there was significant variation among sites (�ST =

0.042*) (Table 3.1). AMOVA revealed significant differentiation between regions i.e.,

�����3���������1�����������	�&������*�����+
CT = 0.018) but not between northern

coastal and Fraser island (Table 3.4).
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Table 3.4: Results of the analysis of molecular variance for the populations of

H. compressa showing the F-�������������	�
- statistics analysis for

mtDNA and allozyme data.

Allozyme mtDNA

Hierarchical level F-Statistics F-Statistics �-Statistics

Among all regions

Among sites -0.0009ns FST 0.007ns �ST 0.042*

Among sites within regions 0.0038ns FSC 0.003ns �SC 0.013ns

Among regions 0.0045ns FCT 0.005ns �CT 0.028ns

Glasshouse Mountains-Noosa

region

Among sites - FST 0.024ns �ST -0.013ns

Among sites within regions - FSC 0.011ns �SC -0.032ns

Among regions - FCT 0.013ns �CT 0.018*

Northern coastal-Fraser Island

regions

Among sites - FST 0.051ns �ST 0.079*

Among sites within regions - FSC 0.021ns �SC 0.063*

Among regions - FCT 0.030ns �CT 0.017ns

Each region

Glasshouse Mountain 0.003ns FST 0.003ns �ST -0.036ns

Noosa region 0.001ns FST 0.024ns �ST -0.247ns

Northern region -0.003ns FST 0.029ns �ST 0.144**

Fraser Island -0.017ns FST 0.015ns �ST -0.008ns

*Significant at P < 0.05; ** significant at P < 0.01; ns= non significant.
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When each region was analysed separately, the AMOVA indicated that there was no

significant differentiation among sites within regions except in the northern coastal region

+
���-�"�#44.�+�����5�4.�� 6����!��������%&������)���!����
��!�
���7�
CT
values were almost two orders of magnitude smaller than in R. ornatus. In mtDNA data

also, there was no correlation between genetic and geographic distances using a Mantel test

(Table 3.7).

Tajima’s D (1989) and Fu’s Fs (1997) were significantly negative (D = -2.25, P < 0.02 &

Fu’s Fs = - 28.77, P < 0.000) (Table 3.8). When each site was analysed separately, Tajima’s

D and Fu’s Fs statistics of neutrality were significantly negative values for Coochin (D = -

1.819, P < 0.02 & Fu’s Fs = - 5.390, P < 0.000), Kinkin (D = -1.741, P < 0.01 & Fu’s Fs = -

2.259, P < 0.01) and Yandina (D = - 1.638, P = < 0.05 & Fu’s Fs = - 3.273, P < 0.04) sites

only, and Fu’s Fs had a significant negative values for Big Tuan – 2 (Fu’s Fs = - 3.304, P <

0.01) and Bunya (Fu’s Fs = - 2.018, P < 0.02) sites (Table 3.8).

3.2.2.3 NESTED CLADE ANALYSIS

The nested design was based on the network shown in Fig 3.7. There were seven one-step

clades and the total cladogram (Table 3.6). Only the total cladogram showed significant

geographic structure, when tested using the contingency analysis. Haplotype-1 was shared

across all sites and formed the centre of a group representing haplotypes from all the sites

in the nested clade. In the total cladogram, 1-1 was interior and 1-2, 1-3, 1-4, 1-5, 1-6 and

1-7 were tips. The outcome for the total cladogram was inconclusive (Table 3.6, Fig 3.8).
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Table 3.6: Nested clade geographic structure analysis showing clade (Dc), nested (Dn)

and interior–tip clade (I-T) distances for H. compressa.

Significantly small or large values for Dc, Dn and I-T (Dc and Dn) are indicated by a

superscript ‘S’ and ‘L’ respectively. Inference Key =Conclusion’ refers to the up dated key

of Templeton et.al., (2004), whereby numbers indicate the steps.

Nesting �2 Clade

no

Location Dc Dn Inference key= Conclusion

Total cladogram

0.000 1-1 interior 37 38 1 – 2 – 3 – 5 – 6 = Too few

clades. Inclusive1-2 tip 0 112

1-3 tip 0 24

1-4 tip 1 21

1-5 tip 48 45

1-6 tip 0S 57L

1-7 tip 50 52

I-T -1.0 -52S
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Table 3.7: Results of Mantel tests for allozyme and mtDNA data for R .ornatus and
H compressa.

Species Region Allozyme mtDNA
R. ornatus

Southern coastal group r = 0.034 r = 0.782
P = 0.431 P = 0.240

Northern coastal group r = 0.248 r = 0.180
P = 0.899 P = 0.840

Combined group r = 0.343 r = 0.045
P = 0.002 P = 0.358

H. compressa
All regions r = 0.064 r = 0.068

P = 0.237 P = 0.720

Significant at **P < 0.01
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Table 3.8: Tajima’s D and Fu’s Fs Statistical Neutrality tests to mtDNA data for
R. ornatus and H. compressa.

Significant at ***P< 0.001, **P< 0.01, *P< 0.02 or 0.05.

R. ornatus H. compressa

Tajima's D Fu's Fs Tajima's D Fu's Fs

Southern coastal 0.266 -0.122 All sites -2.25** -28.77***

Northern coastal -1.092 -10.99***

Each site Each site
Coonowrin -1.155 -0.594 Mellum -1.138 -1.607

Coochin 0.821 0.354 Coonowrin -0.507 0.299

Mellum 0.398 0.133 Coochin -1.819* -5.39***

Kinkin .0000 - Tribrogargan -0.129 -0.8305

Blue Lagoon -0.274 0.24 Yandina -1.638* -3.273**

Blue L Campsite -1.155 -0.54 Boreen point -0.132 0.671

Spitfire 0.000 - Kinkin -1.741** -2.259*

Snapper 0.235 0.596 Wooroi -1.114 -0.113

Freshwater Lake -0.641 1.304 Big Tuan-1 -0.691 -0.594

Searys 1.89 1.529 Big Tuan-2 1.572 -3.304*

Poona 0.000 - Big Tuan-4 -0.923 -1.747

Bowarrady -1.796* -1.802 Bunya -0.020 -2.018*

Coongul -0.236 -0.38 Tooloora 0.372 -0.404

Rocky -0.100 0.35 Figtree 1.227 1.194

Alligator -0.71 0.134 Govi -0.215 -1.388

Gerowweea -0.38 -0.360

Govi -1.746* -0.095
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3.3 DISCUSSION

Ward et al., (1994) have shown that genetic variation is greater among populations of

freshwater species than estuarine or marine species and suggested this is because it is

difficult for freshwater species to move between river systems. However, some freshwater

species, those that display some tolerance to salt water, may be capable of some marine or

estuarine dispersal (Waters et al., 1994) and thus show lower levels of genetic variation.

In this study, I examined patterns of genetic variation in R. ornatus and H. compressa

which have qualitatively different life histories and dispersal capabilities. Although both

species are freshwater fish, R. ornatus is known to be totally limited to freshwater. On the

other hand, H. compressa does not show all the features of freshwater species but has some

features of estuarine species. For example, McGlashan et al., (2001) suggested that H.

compressa may be able to tolerate brackish conditions because they found that populations

shared mitochondrial haplotypes across large geographical scales (1000Km).

Evidence from the current study of these two species suggested that FST values for both the

markers i.e., allozyme and mtDNA were very low in H. compressa, indicating some gene

flow among regions by virtue of dispersal. On the other hand, R. ornatus showed high FST
values among regions even among streams within regions, which is an indication of

restricted dispersal. Only Moreton Island showed low FST values among sites and this was

only for allozyme data. The present study therefore supports the hypothesis that apparent

differences in tolerance to brackish conditions have resulted in different genetic structure in

the two species. The subpopulations of H. compressa from the study areas showed little

genetic differentiation. On the other hand, subpopulations of R. ornatus revealed a deep

genetic break between the Tin Can Bay and Noosa regions of south-east Queensland.

3.3.1 Rhadinocentrus ornatus

Avise (2000) suggested that if multiple species show a similar phylogeographic patterns,

they are likely to have been influenced by the same historical events. Thus if the genetic

patterns in N. oxleyana (Hughes et al., 1999) are influenced by historical drainage events,
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other species which are not tolerant of high salinities and live in the same streams would be

expected to show a similar genetic pattern.

However, my study results have not subported this hypothesis. The highly significant

overall FST values of R. ornatus for both allozyme and mt DNA can be compared with other

co-distributed species in the same environment. N. oxleyana (Hughes et al., 1999) and atyid

shrimps (Woolschot et al., 1999) inhabit the same streams as R. ornatus and show lower

FST value than R. ornatus, suggesting that even though these species share similar streams

in the south-eastern region and would have experienced the same historical events, R.

ornatus appears to show more restricted movements between streams than the other

species.

I hypothesized that subpopulations in streams along the Sunshine Coast would be similar

because Hughes et al., (1999) suggested from the Oxleyan Pygmy Perch (Nannoperca

oxleyana) study that these creeks may have had a confluence before they reached the sea,

when sea levels were low during the last 10,000 BP. They found that mtDNA haplotype

frequencies in populations from Noosa river south to Bribie Island were very similar and

populations in all sampled streams shared the same most common haplotype.

I was expecting to find genetic evidence that Noosa river and Glasshouse Mountains

streams had been joined in the past. Contrary to these expectations, I found that there was

evidence of restricted gene flow among sites within the southern coastal region based on

highly significant FST values. This is a surprising finding but supports the idea that gene

flow among subpopulations is extremely limited in both past and present times.

The restricted movement of R. ornatus, even though they inhabit the same environment as

the previously studied species could be explained if R. ornatus, while occupying similar

habitats, has different dispersal behaviour from the other species. For example they may not

move between adjacent streams even though they share a confluence. So, the apparent

difference between current species and Oxleyan Pygmy Perch (N. oxleyana) studies may be

because:
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a) R. ornatus may show different behavioural patterns to the other species and did not

move between streams even though they shared a confluence during times of lower sea

levels.

b) The signature of “recent connectivity” is lost more quickly in R. ornatus than other

species due to smaller effective population size, so they will diverge more quickly than

Oxleyan Pygmy Perch (N. oxleyana). This is unlikely because Oxleyan Pygmy Perch

(N. oxleyana) is threatened, whereas R. ornatus is a reasonably common species

(Arthington and Marshall, 1996; Kuiter et al., 1996). Therefore, if anything, they would be

likely to have higher population sizes.

c) R. ornatus may be more sensitive to slightly elevated salinities than N. oxleyana. These

elevated salinities would have occurred at the lower reaches of the streams and thus could

have restricted dispersal from one creek to the other.

d) R. ornatus is more stream dweller than a swamp dweller whereas N. oxleyana occurs in

coastal wallum swamps. So N. oxleyana is better able to survive and disperse between

streams via the coastal swamp connections than R. ornatus. Distinguishing between these

possible explanations will require detailed study of the ecology of N. oxleyana and R.

ornatus.

Assessing the hypothesis of Moreton Island being attached to the mainland as recently as

10,000 BP, AMOVA analysis of mtDNA data in the current study of R. ornatus revealed

that there was significant differentiation between Glasshouse Mountains/Noosa and

Moreton Island regions. This suggests that Moreton Island streams may have not been

connected to mainland streams, which flowed out along the Sunshine Coast, even during

lower sea levels. In contrast, mtDNA data suggested that Fraser Island and Tin Can Bay

subpopulations have been connected recently because of low levels of differentiation

between them.

A major phylogeographic break was detected between the Tin Can Bay and Noosa regions

which was supported by both allozyme and mtDNA. The mt divergence between these two

regions is more than 6%.There appears to have been a complex history of R. ornatus due to
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processes of colonisation and recolonisation between regions and rivers basins by different

lineages at different times

While no haplotypes were shared between creeks in the Tin Can Bay mainland region, one

haplotype was shared between Seary’s Creek and Fraser Island (Fig 3.2). This can be

explained by the fact that in recent times, Seary’s Creek, which flows into Tin Can Bay,

may have been connected directly to creeks on the west of Fraser Island.

During low sea levels, drainages were more connected to each other but when sea levels

rose, Hughes et al (1999) suggested that these connected drainages might have separated

from each other. This might have shortened the river system and possibly have decreased

the size of the habitat. These changes might have been responsible for decreasing

population size of R. ornatus also.

Sea level changes over the late Pleistocene have been extensive (Chappell and Shackleton,

1986), and as recently as 10,000 years ago, Fraser Island was attached to the mainland. My

mtDNA data suggest that at that time some streams in these regions may have been

connected with each other because AMOVA analysis for among regions was not

significant. However the possibility that the haplotype sharing is due to retention of

ancestral lineages on Fraser Island can not be out.

The nested clade analysis, at all clade levels, suggested restricted gene flow with some long

distance colonisation. The haplotype network also indicates that most of the Tin Can Bay

haplotypes are closely related to Fraser Island haplotypes. This suggests that while current

gene flow is restricted, rare long distance colonisation occurred in the past. Presumably this

has occurred during times of low sea levels, when streams are connected between the

mainland and the Islands.

In conclusion, analysis of the allozyme and mitochondrial DNA data suggested that the

genetic structures of these two markers are similar. There was a high degree of divergence

among sites for both markers and the same regional grouping was identified. The mtDNA
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data study also suggested that dispersal of R. ornatus across regions has been possible in

the past, but contemporary movement is totally restricted between these regions. These

patterns obviously support the idea that although dispersal does not occur between regions

currently, the patterns of connectivity have been different in the past. Overall, the allozyme

and mtDNA analysis suggested that the data also does not provide further support for

coalescence of Sunshine Coast rivers.

3.3.2 Hypseleotris compressa

The second species, studied in the present work, H. compressa, showed very low levels of

genetic differentiation within and between regions based on allozyme and mtDNA data

analysis. These findings were consistent with a previous study, which also showed no

geographical structuring in north Queensland (McGlashan and Hughes, 2001). Genetic data

from H. compressa suggested high levels of gene flow among regions in south-east

Queensland subpopulations which was expected given that the species was thought to be

able to tolerate some brackish conditions and therefore would be more likely than

R. ornatus to move between adjacent drainages via freshwater plumes during periods of

high rainfall. Auty (1978) also concluded that H. compressa was less restricted to

freshwater environments than other species of Hypseleotris.

Overall FST values for both markers were non-significant. The allozyme data revealed that

subpopulations of H. compressa are panmictic in the study areas because AMOVA analysis

showed that there was no significant genetic differentiation at any of the hierarchical levels.

So allozyme findings reveal that there is a high level of connectivity among all the major

regions. mtDNA data also revealed that there were high levels of gene flow between

regions because overall FCT ��	�
CT values were non significant.

Slatkin (1993) proposed that in highly connected populations there would be isolation by

distance especially if an individual’s dispersal distance is less than the range of species. The

present study did not show a relationship between geographical distance and allozyme and

mtDNA differentiation. Given the low FST ��	�
ST values and the lack of an isolation by
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distance (IBD) relationship, one conclusion could be that individuals of this species are

capable of quite high levels of dispersal within the study area.

The significantly negative Tajima’ D and Fu’s Fs values could result from population

expansions at the time when sea level was low and the water system was more extensive in

south-east Queensland. The fact that there may have been a recent population expansion

into the region means that it is possible the populations have not reached mutation/

migration/ drift equilibrium. It is therefore difficult to make any conclusions about the

extent of present day gene flow. If this is the case, the conclusion of panmixia may need to

be treated with caution.

Nested clade analysis suggested that there was no significant geographical association of

haplotypes. One common haplotype (haplotype-1) was widely shared among all sites

throughout the south east QLD. Haplotypes 27 and 31were also shared across most of the

sites and all the shared haplotypes occupied an internal (ancestral) position in the network.

The analysis further suggested the concept that H. compressa in S.E.Qld had a genetic

structure more typical of estuarine or marine species than freshwater species.

To conclude, the results of the present study support the idea that H. compressa is capable

of dispersal via the marine habitat and that there has been a recent population expansion in

the region.
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CHAPTER 4

GENETIC STRUCTURE AND PHYLOGEOGRAPHY OF FRESHWATER

SHIMPS (MACROBRACHIUM AUSTRALIENSE &MACROBRACHIUM

TOLMERUM): THE ROLE OF CONTEMPORARY AND HISTORICAL EVENTS

4.1 INTRODUCTION

Shrimps belonging to the genus Macrobrachium (Family Palaemonidae) are thought to

have evolved from a marine ancestor (Williams, 1981). Within the genus, there appears to

be wide variation in the ability to tolerate saline conditions. M. australiense appears to be

relatively intolerant of saline conditions, whileMacrobrachium lar can tolerate marine

conditions (Williams, 1980). Macrobrachium rosenbergii can tolerate up to 15 ppt (de

Bruyn M et al., 2004 ), whileM. tolmerum, which occurs in the lower reaches of many

coastal streams in southeast Qld, is also likely to tolerate elevated salinity levels (Short ,

2004). This chapter focuses on the study of genetic structure of the freshwater prawns,

M. australiense and M. tolmerum.

A recent genetic study of M. australiense in inland rivers suggested high levels of

connectivity within drainage systems and very limited gene flow between catchments in

recent times by using allozyme and mtDNA analysis (Cook el al., 2002). Another study,

based on mtDNA analysis and using larger sample sizes, found that there was restricted

gene flow among populations both within and among catchments (Carini et al., 2004). No

studies have reported on connectivity among populations occupying coastal streams.

The main aim of the present study was to investigate the current and historical patterns of

gene flow between S.E.Qld subpopulations of two species of Macrobrachium, using

allozyme and mt DNA analysis and to test the previously established hypotheses of

biogeographic association among these regions.
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1) It was hypothesized that M. australiense, which is restricted to freshwater, would display

genetic structure similar to two species which had already been examined i.e., would show

similarities among streams of Sunshine Coast region only ( Hughes et al., 1999), but

significant differences among all other streams.

2) It was hypothesized that M. tolmerum would show lower levels of genetic structure than

M. australiense throughout the study areas because it can tolerate some marine conditions.
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4.2 RESULTS

4.2.1.Macrobrachium australiense

4.2.1.1 ALLOZYME ANALYSIS

Sample sizes and allele frequency estimates for each locus are illustrated as pie diagrams in

Figures 4.1a-f. A total of twelve allozyme loci was analysed, from which six variable loci

were identified from five enzymes. These were AAT, PGI, IDH, PGM and MPI. Two loci

coded for AAT: Aat- 1 and Aat- 2. At all loci, the same allele "1" was most common.

Diversity overall was very low. All tests for deviations from Hardy-Weinberg proportions

were non-significant (P > 0.05).
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When the sites were grouped into two regions, with the Wappa (WA) site analysed with

Glasshouse Mountains sites (CO-1, CO-2 and BE), there was statistically highly significant

genetic differentiation among all sites (FST = 0.036***) and significant differentiation

among sites within regions (Fsc = 0.015*) but a non- significant value for among regions

(FCT = 0.021) (Table 4.1).

When the Wappa (WA) site was analysed with the two northern sites, Kangaroo ( KA) and

Tinana ( TI ), there was highly significant differentiation among sites ( FST = 0.043***) and

among regions (FCT = 0.041**) but the differentiation among sites within regions was non

significant (Fsc = 0.001) ( Table 4.1). This implies that allozyme frequencies at the Wappa

site are more similar to northern sites than southern sites.

When each region was analysed separately, only the southern coastal region (Group A)

showed significant genetic differentiation within the region. A Mantel test revealed a

significant correlation between genetic and geographic distances (r = 0.6012, P = 0.018),

consistent with a pattern of isolation by distance (Slatkin, 1993) (Table 4.7).

4.2.1.2 MtDNA ANALYSIS

A total of 85 individuals were assayed from 7 subpopulations for a 454-bp region of the

mitochondrial CO-1 gene. There were 21 third position changes, 2 first position changes

and no second position changes in gene sequences. The transition vs. transversion ratio was

6.9:1. There were 13 unique haplotypes, with 6 haplotypes occurring in more than one

subpopulation (Table 4.2). Haplotypes 1-7 occurred in all sites from the Glasshouse

Mountains, haplotypes 8 and 13 occurred at the Wappa (WA) and Kangaroo (KA) sites and

haplotypes 9, 10, 11 & 12 came from the Tinana site (TI) (Table 4.2). No haplotypes were

shared among Glasshouse Mountains sites, Wappa -Kangaroo sites and the Tinana site

(Table 4.2). Haplotype frequencies are presented as pie charts in figure 4.2.
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The sites were grouped in two ways as for the allozyme analysis.

In grouping A, where the Wappa (WA) site was grouped with Glasshouse Mountain sites

(CO-1, CO-2, CW and BE), the differentiation among sites (FST-�"�5889:::�7�
ST =

0.781***) and among sites within regions (Fsc -�"�55��:::�7�
���-�"�8;8:::.����
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highly significant but the differentiation among regions was non significant (FCT = - 0.045ns

7�
CT = 0.279 ns ) ( Table 4.2). When the Wappa site was analysed with northern sites,

there was still highly significant genetic differentiation among sites (FST -�"�584:::�7�
ST
= 0.817***) and among sites within regions (Fsc -�"���"�:::�7�
���-�"�4#5:::.���	����

differentiation among regions was non significant for FCT (0.158ns.��������
CT (0.688*)

was slightly significant (Table 4.1). When each region was considered separately, the

AMOVA’s revealed that there was genetic differentiation within all regions.

Table 4.1: Results of AMOVA for populations of M. australiense showing the F-statistics
for allozymes and F-�������������	�
-statistics analysis for mtDNA.

Allozyme mtDNA
Hierarchical level F-Statistics F-Statistics �-Statistics
Among all regions
Group A
Among sites 0.036*** FST 0369*** �ST 0.781***
Among sites within regions 0.015* FSC 0.338*** �SC 0.696***
Among regions 0.021ns FCT -0.045ns �CT 0.279ns

Among all regions
Group B
Among sites 0.043*** FST 0.364*** �ST 0.817***
Among sites within regions 0.001ns FSC 0.280*** �SC 0.413***
Among regions 0.041** FCT 0.158ns �CT 0.688*
Each region ( FST )
Southern coastal (Group A) 0.020** FST 0.376*** �ST 0.739***
Southern coastal (Group B) 0.0002ns FST 0.237*** �ST 0.359***
Northern coastal (Group B) 0.003ns FST 0.237*** �ST 0.457***

*Significant at P< 0.05; ** significant at P < 0.01; *** significant at P< 0.001; ns = non
Significant.
For allozyme analysis:
Group-A: G-1 (southern coastal): CO-1, CO-2, BE, WA, G-2 (northern coastal): KA, TI
Group-B: G-1 (southern coastal): CO-1, CO-2, BE, G-2 (northern coastal):WA, KA, TI
For mt NA analysis:
Group-A: G-1 (southern coastal): CO-1, CO-2, CR, BE, WA, G-2 (northern coastal):
KA, TI
Group-B: G-1 (southern coastal): CO-1, CO-1, CR, BE, G-2 (northern coastal): WA,
KA, TI
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Table 4.2: mtDNA COI gene frequencies in each sample for M.australiense.

Regions Sites Sub sites Haplotypes N

1 2 3 4 5 6 7 8 9 10 11 12 13
SR CO CO-1 5 6 1 2 1 1 16
SR CO CO-1 3 3 4 1 11
SR CW 1 1 2
SR BE 4 10 14
SR WA 12 3 15
NR KA 8 6 14
NR TI 3 3 2 5 13

9 3 10 1 7 2 11 20 3 3 2 5 9 85

Regions: SR (Southern sites), NR (Northern sites).
Sites: Coochin (CO), Coonowrin (CW), Beerburrum (BE), Wappa (WA), Kangroo (KA)
and Tinana (TI).
Sub sites: Coochin-1 (CO-1), Coonhin-2 (CO-2). N: Sample size.

Like the allozyme data, a Mantel test on mtDNA also revealed a correlation between

genetic and geographic distance (r = 0.533, P = 0.018) (Table 4.7). Tajima’s D (1989)

statistic was not significantly different from predictions of neutrality but Fu’s Fs had a

significant negative value (Fu’s Fs = - 4.358**) for the southern region only and when all

sites were pooled together (Fu’s Fs = - 6.965***) (Table 4.8). This significant negative

value could result from population expansion following a bottleneck. Each site individually

showed non significant value for Tajima’s D and Fu’s Fs statistics.

4.2.1.3 NESTED CLADE ANALYSIS

To determine the historical relationships among haplotypes, a network was constructed

based on the 13 haplotypes (Fig 4.3). The haplotype network showed two distinct groups.

The first group contained samples collected from the Coochin-1, Coochin-2, Coonowrin

and Beerburrum sites. The second group included haplotypes from the Wappa, Kangaroo

and Tinana sites. The nested cladogram comprised thirteen one step clades (1-1 to 1-13),

five 2- step clades (2-1 to 2-5), two 3- step clades (3-1 & 3-2) and the total cladogram.

Contingency analysis indicated no significant associations between nested clades and

geography (P > 0.05) for any one step clades except 1-1 and 1-9. From analysis of Dc and
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Dn values, one-step clades, 1-1 (Coochin-1 and Beerburrum sites) showed evidence of

restricted gene flow with isolation by distance and 1-9 (Wappa, Kangaroo and Tinana

sites ) showed inadequate geographical sampling because I was unable to catch M.

australiense between the Wappa and Kangroo sites.
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The 2-step clade, 2-2 (Coochin-1, Coochin-2 and Beerburrum sites) also showed restricted

gene flow with isolation by distance (Fig 4.4 a).



94

Chapter 4 - Macrobrachium australiense and Macrobrachium tolmerum

Contiguous range expansion was indicated for clade 3-1 (Coochin-1and 2, Coonowrin, and

Beerburrum) (Fig 4.4 b). At the 3-2 step clade level (Wappa, Kangaroo, and Tinana),

significant associations were explained by restricted gene flow with some long distance

dispersal.
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The total cladogram showed inadequate geographical sampling because again I did not

have samples from between the Wappa and the Glasshouse mountains sites (Table 4.3).

Table 4.3: Nested clade geographic structure analysis showing clade (Dc), nested (Dn)
and interior –tip clade (I-T) distances forM. australiense.

������	












�2 Clade no Location Dc Dn Inference key= Conclusion

One step clade
1-1 0.024 1 interior 27.18L 26.44L 1 – 2 – 3 – 4 = RGF-IBD.

3 tip 1.09L 8.58
I-T 26.09L 17.86L

1-9 0.000 12 tip 0.000S 16.70S 1 – 19 – 20 = Inadequate
geographical

13 interior 68.87L 71.59L
I-T 68.80L 54.89L

Two step clade
2-2 0.000 1-3 interior 0.00 34.11L 1 – 2 – 3 – 4 = RGF-IBD.

1-4 tip 0.00S 20.35S
1-5 tip 0.00 34.12

I-T 0.00 11.47L
Three step clade
3-1 0.004 2-1 interior 9.89S 16.05S 1 – 2 – 11 – 12 = CRE

2-2 tip 26.28 29.69L
I-T -16.45S -13.64

3-2 0.000 2-3 interior 50.75 54.90 1 – 2 – 3 – 5 – 6 – 7 = RGF/LDD
2-4 tip 7.15L 80.42L
2-5 tip 0.00S 16.90S

I-T -4.35 -7.37
Total cladogram

0.000 3-1 interior 11.92S 31.43S 1 – 19 – 20 = Inadequate
geographical sampling

3-2 tip 58.77 83.80L
I-T -46.85S -52.46S

Significantly small or large values for Dc, Dn and I-T (Dc and Dn) are indicated by a
superscript ‘S’ and ‘L’ respectively.
Inference Key =Conclusion’ refers to the up dated key of Templeton et.al (2004), whereby
numbers indicate the steps and conclusions are abbreviation as follows RGF-IBD:
restricted gene flow with isolation by distance, CRE: Contiguous Range Expansion and
RGF/LDD: restricted gene flow/dispersal but with some long distance dispersal.
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4.2.2Macrobrachium tolmerum

4.2.2.1 ALLOZYME ANALYSIS

Sample sizes and allele frequency estimates for each locus are illustrated as pie diagrams in

Figures 4.5 a-f. A total of twelve loci were analysed, from which six variable loci were

identified from five enzymes. These were AAT, PGI, IDH, PGM and MPI. Two loci coded

for AAT: Aat-1 and Aat-2. Again, overall diversity was low and all tests for deviations

from Hardy-Weinberg proportions were non-significant (P > 0.05).
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In grouping -A, where the Wappa (WA) site was analysed with Glasshouse Mountains sites

(Coochin-1 & Coochin-2), there was a high level of genetic differentiation among sites (FS

T = 0.029***) and among sites within regions (Fsc = 0.017** ) but a non- significant value

for among regions (FCT = 0.012 ) (Table 4.4).

In grouping-B, where the Wappa (W A) site was grouped with the Kangaroo (KA) site, the

results were similar. There was still a high level of genetic differentiation among sites (FST
= 0.029***) and among sites within regions (Fsc = 0.015*) while the differentiation among

regions remained non-significant (FCT = 0.015) (Table 4.4). This implies that allozyme

frequencies do not differ significantly among regions, regardless of where the Wappa site is

placed. When each region was considered separately, the AMOVA’s revealed that there

was no genetic differentiation within any region except Fraser island (FST = 0.02**). A

Mantel test revealed that there was no significant correlation between genetic and

geographic distance (Table 4.7).

4.2.2.2 Mt. DNA ANALYSIS

A total of 126 individuals was assayed from 11 subpopulations for 392 base pairs. The

transition/ transversion ratio was 3.5: 1. There were 17 third position, 4 second position and

1 first position changes. There were 21 unique haplotypes. Many of these were singletons

(Table 4.5). 11 haplotypes were shared by more than one subpopulation. Haplotype

frequencies are presented as pie charts in figure 4.6.
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Based on the mtDNA analysis, where the Wappa (WA) site was grouped with Glasshouse

Mountains sites (Coochin & Coonowrin) in grouping A, there was a high level of genetic

differentiation among sites (FST-�"�#�8:::�7�
ST = 0.130***) and among regions (FCT =

"�##;::�7�
CT = 0.143***) but a non- significant value for among sites within regions

(Fsc -�"�""��7�
���-�"�"#9) (Table 4.4).

In-grouping B, when the Wappa (WA) site was analysed with the Kangaroo (KA) site,

there was still a high level of genetic differentiation among sites (FST-�"�##8:::�7�
ST =

0.119***). There was significant value for among sites within regions (Fsc = 0.061**) but


���+"�"#9.��������-significant (Table 4.4). The differentiation among regions was

��*�������������
CT (0.104**) but non-significant for FCT (0.015) (Table 4.4). When each

region was considered separately, the AMOVA’s revealed that there was no genetic

differentiation with any region except Fraser island (FST-�"�"48:�7�
ST = 0.064*) and

northern coastal ( Group B) (FST-�"�"5�:�7�
ST = 0.365*) regions only.
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Table 4.4: Results of AMOVA for the populations ofM. tolmerum showing the F-
Statistics for allozyme data and the F - <������������	�
�- Statistics analysis for
mtDNA.

Allozyme mtDNA
Hierarchical level F-Statistics F-Statistics �-Statistics
Among all regions
Group A
Among sites 0.029*** FST 0.126*** �ST 0.130***
Among sites within regions 0.017** FSC 0.008ns �SC 0.019ns

Among regions 0.012ns FCT 0.119** �CT 0.143***
Among all regions
Group B
Among sites 0.029*** FST 0.116*** �ST 0.119***
Among sites within regions 0.015* FSC 0.061** �SC 0.017ns

Among regions 0.015ns FCT 0.015ns �CT 0.104**
Each region ( FST )
Southern coastal (Group A) 0.001ns FST -0.166ns �ST -0.165ns

Southern coastal (Group B) -0.016ns FST -0.032ns �ST 0-.323ns

Northern coastal (Group B) -0.014ns FST 0.038* �ST 0.365*
Moreton Island 0.013ns FST -0.010ns �ST -0.020ns

Fraser Island 0.021* FST 0.046* �ST 0.064*
*Significant at P < 0.05; ** ; significant at P< 0.01; *** significant at P < 0.001; ns= non
significant;
For allozyme analysis:
Group-A: (G-1: CO-1, CO-2, WA, G-2: KA, G-3: SF, BL, G-4: FT, GO, BO, TO)
Group-B: (G-1: CO-1, CO-2, G-2: WA, KA, G-3: SF, BL, G-4: FT, GO, BO, TO)
For mt DNA analysis:
Group-A: (G-1: CO-1, CW, WA, G-2: KA, G-3: SF, BL, G-4:MI, G-5: FT, GO, BO, TO)
Group-B: (G-1: CO-1, CW, G-2: WA, KA, G-3: SF, BL, G-4: MI, G-5: FT, GO, BO,
TO)
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Table 4.5: mtDNA COI gene frequencies in each sample for M. tolmerum.

Regions: SR ( Southern sites ), NR ( Northern site), SI ( Stradbroke Island), MI ( Moreton
Island) and FI ( Fraser Island).
Sites: CO (Coochin), CW (Coonowrin), WA (Wappa) , KA ( Kangroo), SF ( Spitifire), BL
( Blue lagoon), MI (Myora Springs), FT ( Figtree),
GO ( Govi), BO ( Bowarrady) and TO( Tooloora ).

There was no correlation between genetic and geographic distances using a Mantel test

(Table 4.7). Tajima’s D and Fu’s Fs (1997) were significantly negative (D = - 1.0906, P =

0.05 & Fu’s Fs = - 27.66, P < 0.001) respectively when all sites were pooled together

(Table 4.8), indicating a possible population expansion. When each site was analysed

separately, only Figtree site showed a significant value for Fu’s Fs (- 3.181, P < 0.01)

(Table 4.8).

Regions Sites Haplotypes N

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

SR CO 9 1 10
SR CW 2 2
SR WA 9 1 10
NR KA 6 6 12
SI MI 3 1 1 1 1 2 9
MI SF 7 1 1 1 1 1 4 16
MI BL 4 2 1 2 2 1 1 2 15
FI FT 4 1 1 2 1 2 1 12
FI GO 10 2 1 1 14
FI BO 6 2 1 2 1 12
FI TO 13 1 14

73 6 3 1 1 1 6 4 1 5 2 1 7 1 1 1 2 1 1 6 2 126
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4.2.2.3 NESTED CLADE ANALYSIS

The nested design was based on the network shown in Fig 4.7. 21 unique haplotypes from

126 individuals (Table 4.5) were partitioned into nine one step clades, three two-step clades

and the total cladogram. Three of these clades exhibited significant geographical

structuring, based on the contingency analysis. Haplotype-1 formed the centre of a group

representing haplotypes from all the sites in the nested clades. Contingency analysis

indicated no significant association between nested clades and geography (P > 0.05) for

one-step clades, except 1-1. The inference key (Templeton, 2004) indicated a pattern of

geographic variation in clade 1-1 consistent with restricted gene flow/dispersal with some

long distance dispersal. For clade 2-1 and the total cladogram, contiguous range expansion

was suggested (Table 4.6; Fig 4.8).
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Table 4.6: Nested clade geographic structure analysis showing clade (Dc), nested (Dn)
and interior –tip clade (I-T) distances for M. tolmerum .

Significantly small or large values for Dc, Dn and I-T (Dc and Dn) are indicated by a
superscript ‘S’ and ‘L’ respectively.
Inference Key =Conclusion’ refers to the up dated key of Templeton et.al (2004), whereby
numbers indicate the steps and conclusions are abbreviation as follows: RGF/D: Restricted
Gene Flow/Dispersal, CRE: Contiguous Range Expansion.

Nesting �2 Clade
no

Location Dc Dn Inference key= Conclusion

One step clade
0.032 1 interior 81.0S 82.30S 1-2-3-5-6-7=RGF/D but

some LDD
2 tip 0.00S 135.0L
3 tip 3.32S 73.18
5 tip 0.00 75.57
6 tip 0.00 126.29
7 tip 64.86 85.87
8 tip 119.02L 126.36L
16 tip 0.00 106.33

I-T 41.91L -24.89S
Two step clade
2-1 0.036 1-1 interior 87.62S 87.65S 1-2-11-12=CRE

1-2 tip 0.00 120.45
1-3 tip 0.00 74.46
1-4 tip 0.00 150.30L
1-6 tip 107.62L 108.09

I-T 10.75 -24.95S
Total cladogram

0.006 interior 90.84S 90.99S 1-2-11-12=CRE
tip 0.00 143.0L
tip 94.41 104.09
I-T 7.54 -17.68S
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Table 4.7: Results of Mantel tests for allozyme and mtDNA data for
M. australiense and M. tolmerum.

Allozyme mt DNA

M. australiense
r = 0.601 r = 0.533
P = 0.018 P = 0.018

M. tolmerum
r = 0.017 r = 0.143
P = 0.387 P = 0.146

*P < 0.05; n.s = non -significant.
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Table 4.8: Tajima’s D and Fu’s Fs Statistical Neutrality tests to mtDNA data for
M. australiense andM tolmerum.

Significant at ***P< 0.001, **P< 0.01, *P< 0.02 or 0.05.

M .australiense M. tolmerum

Tajima's D Fu's Fs Tajima's D Fu's Fs

Southern region -0.906 -4.358** All sites -1.906* -27.66***

Northern region -1.068 -2.855

Each site Each site

Coochin-1 0.538 1.127 Coochin -1.111 -0.339

Coochin-2 -1.077 -0.804 Coonowrin 0.000 -

Coonowrin 0. 00 1.098 Wappa -1.112 -0.339

Beerburrum 1.311 4.189 Kangroo 1.486 1.199

Wappa 0.402 4.886 Myora
springs

0.35 -1.345

Kangroo 2.431 6.57 Spitfire -0.95 -1.702

Tinana 0.72 0.476 Blue
Lagoon

0.756 -2.71

Figtree -1.125 -3.181**

Govi -1.48 -1.219

Bowarrady -1.034 -1.465

Tooloora -1.038 -0.978
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4.3 DISCUSSION

As suggested in chapter 3, freshwater species appear to show higher levels of genetic

structuring than those inhabiting estuarine or marine environments (Ward et al., 1994).This

is thought to be at least partly because it is difficult for obligate freshwater species to move

between river systems. However, freshwater species that exhibit some tolerance to salt

water may be capable of marine dispersal and therefore may show lower levels of genetic

structuring (Waters et al., 2000). Such species may be less likely to retain genetic

signatures of changed drainage structure.

The subpopulation genetic structure ofM. australiense and M. tolmerum were analysed

using allozyme data and partial sequence from the mitochondrial CO-I gene. They have

apparently different dispersal abilities and life histories and were expected to serve as good

models to investigate the potential importance of the role of life-history in shaping the

patterns of genetic diversity. Although both species were freshwater species,

M. australiense appears to be relatively intolerant of saline conditions (Williams, 1980). So

it was expected to show all features typical of freshwater species i.e., restricted gene flow

between rivers. On the other hand, M. tolmerum is likely to tolerate elevated salinity levels

(Short, 2004) and it was therefore expected to show some characters of estuarine species,

such as low levels of genetic differentiation between some regions.

4.3.1.Macrobrachium australiense

4.3.1.1 GENETIC POPULATION STRUCTURE

I hypothesized that genetic variation along the Sunshine Coast would be similar among all

sites because recent studies of the genetics of two species, the Oxleyan Pygmy Perch

(Nannoperca oxleyana) and atyid shrimp (Caridina indistincta), suggested that some of

these creeks may have been connected very recently (Hughes et at., 1999; Woolschott et

al., 1999) possibly even in the last 10,000 years. N. oxleyana showed high levels of genetic

differentiation among most lowland streams. However, subpopulations from a small group

of these drainages were remarkably similar. This was thought to reflect a shared confluence

of these drainages at times of lower sea levels (Hughes et al., 1999). The streams that were
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thought to have shared a confluence included those from the Glasshouse Mountains to

Searys creek in Tin Can Bay (Fig 1.1).

I was also expecting to find genetic evidence indicating that Noosa River and Glasshouse

Mountains streams had been joined in the past. I hypothesized that along the Sunshine coast

streams, FST values would be non significant. However in M. australiense, I found a

significant phylogenetic break between Sunshine Coast streams (the Wappa site and

Glasshouse Mountains sites). Contrary to my expectations, there was also evidence of

restricted gene flow among sites within the Glasshouse Mountains streams which is also

part of the Sunshine Coast.

The highly significant FST values among sites within the Glasshouse Mountains streams

forM. australiense (allozyme and mtDNA markers) can be compared with other

co– distributed species in the same habitat. R. ornatus inhabit the same streams as

M. australiense and also showed high levels of FST on this scale for both the markers

(allozyme and mtDNA data). So the data presented in this chapter does not support my

hypothesis. My data suggest that movement of individuals is limited among streams of

Glasshouse Mountains and has been for some time.

Interestingly, M. australiense showed highly significant FSC values among sites within

regions based on mtDNA data but not on allzyme data. In allozyme analysis, significant

FSC values were suggested only for the southern region when the Wappa site was grouped

with grouping A. This is a surprising finding but supports the idea that gene flow among

subpopulations was extremely limited in the past for M. australiense. An explanation for

the fact that differentiation among sites within regions was marginally significant for

mtDNA but non-significant for allozymes, is that mtDNA is much more sensitive to

restricted gene flow because of its smaller effective population size than nuclear genes

(Birky et al., 1989). The smaller effective Ne will mean that mitochondrial genes will show

a higher FST value for a given level of dispersal than nuclear genes. The signature of

isolation by distance suggested that subpopulations ofM. australiense are at equilibrium

between gene flow and genetic drift.
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The restricted movement of M. australiense, even though they inhabit the same

environment as the previously studied species could be explained by the fact that

M. australiense , while occupying similar habitats, has different dispersal behaviour from

the other species. For example, in the past, they may not have moved between adjacent

streams even though they shared a confluence. A similar explanation was put forward for R.

ornatus in the previous chapter (Chapter 3). Other reasons could be that

M. australiense may be more sensitive to elevated salinities than Oxleyan Pygmy Perch (N.

oxleyana). This elevated salinity is likely to act as a barrier to dispersal for

M. australiense and thus lead to greater differentiation between sites.

4.3.1.2 EVIDENCE FOR SOME HISTORICAL GENE FLOW BETWEEN

POPULATIONS

As in chapter 3, I studied a phylogeographic analysis of R. ornatus using mtDNA sequence

analysis of the ATPase gene. That study revealed high genetic differentiation among all

sites from the Glasshouse Mountains area. Also, a major phylogeographic break was

identified between the Tin Can Bay and Noosa regions of south-east Queensland. A

phylogeographic break was also detected for M. australiense, between Noosa and

Glasshouse Mountains sites of south-east Queensland. Allozyme and mtDNA results for

M. australiense suggest that the Wappa site was differentiated from the Glasshouse

Mountain streams suggesting there is restricted contemporary gene flow between these sites

(Coochin and Wappa). Based on these findings and inferences, it was suggested that gene

flow has not occurred recently between the two regions, resulting in high genetic

divergence between the corresponding subpopulations.

Fu’s Fs values indicated a significant departure from neutrality for the southern group only

and when all sites were pooled. These values were not significant when analysed by site. It

is difficult to separate effects of subpopulation structure from demographic changes, so the

interpretation of the data is unclear. The fact that no significant values were detected at

individual sites suggests that the evidence for population expansion is weak. Further, the

significant IBD effect is consistent with expectations of gene flow drift equilibrium.
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It was evident that the haplotype network was divided into two distinct groups

corresponding to the northern and southern regions. The haplotype network indicates that

shrimps from Glasshouse Mountains sites are more closely related to each other than the

shrimps from the Wappa site. The Wappa site is geographically intermediate between

Glasshouse Mountains and northern sites and no haplotypes were shared between the

Glasshouse Mountains region and the Wappa site. On the basis of this alone, it is tempting

to hypothesize that subpopulations of M. australiense between Glasshouse Mountain sites

and the Wappa site were isolated recently and the Wappa site was colonised from northern

sites. This is further supported by distribution of two step clades which shows that

Kangaroo and Wappa share the same two step clades.

4.3.2Macrobrachium tolmerum

4.2.2.1 GENETIC POPULATION STRUCTURE

The second species studied in the present work is M. tolmerum. Little is known of the

ecology ofM. tolmerum, especially concerning dispersal capability. The outcomes of this

study are particularly important when taken in conjunction with the findings from studies of

other freshwater species of these regions. I hypothesized that M. tolmerum would show

very low levels of genetic differentiation within and between regions due to the species’

ability to tolerate elevated salinities. Contrary to these expectations, the AMOVA analysis

showed some significant genetic structure. However, these values for M. tolmerum are less

than for the other study species, M. australiense. M. tolmerum showed differentiation

among sites for both markers, suggesting some restriction to gene flow, but the FST and


ST values were much lower than for M. australiense. When each region was analysed

separately for allozyme data, only Fraser Island had a significant FST value. It suggested

that there was limited gene flow between sites on Fraser Island but high levels of gene flow

between sites in the other regions. It was also shown for mtDNA data that there were

significant values for northern (Wappa and Kangaroo) and Fraser Island regions only.

The significant genetic structure detected among regions in mitochondrial data, but not for

allozymes, suggested limited gene flow between regions. As explained in chapter 3, the
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apparent difference between nuclear and mtDNA markers is probably explained by the fact

that the effects of genetic drift are amplified in the mitochondrial genome due to its smaller

effective population size (Birky et al., 1989). Furthermore, there is such a low allozyme

variation among populations ofM. tolmerum within region suggest that any population

would be unlikely to be revealed by such low levels of allozyme data anyway. The low

levels of differentiation among populations of M. tolmerum within regions further support

the idea that this species may not be an obligate freshwater species.

EVIDENCE OF SOME POPULATION EXPANSION

Slatkin (1993) suggested that in highly connected populations there would be an isolation

by distance effect especially if an individual’s dispersal distance is less than the range of

species. The present study did not reveal a relationship between geographic distance and

allozyme or mtDNA differentiation. The lack of isolation by distance (IBD) relationship in

south-east Queensland could be explained by the fact that individuals of this species are

capable of dispersal throughout the study area and/or have undergone demographic changes

such as a bottleneck or expansion. The non-significant correlation (r) between genetic

distance and geographic distance from the Mantel test also provide further evidence to

suggest that subpopulations ofM. tolmerum may not have been there long enough to reach

mutation/ migration/ drift equilibrium. This observation is concordant with the hypothesis

that this species has recently expanded. The Fu’s Fs was highly significant when all sites

were pooled, although only for the Figtree site, when sites with appropriate sample sizes

were analysed separately. The network appears star- shaped, with many tip haplotypes from

a central common one. This, along with the significant FST’s between regions suggests that

dispersal may be more restricted than indicated by these values.

A pattern of range expansion can arise if some older (interior) haplotypes are left in the

ancestral area, while younger (tip) haplotypes originally from the expanding population can

be geographically widespread and/ or distant from the ancestral of origin (Templeton et al.,

1995). Inferences from nested clade analysis supported the idea of past range expansions of

M. tolmerum (Table 4.8).
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To conclude, the results of the present study support the idea that M. tolmerum appears to

have a genetic structure somewhere intermediate between that expected for freshwater and

estuarine species. There is also evidence of both range expansion and population expansion

in the data. This may indicate that dispersal between river systems is rare and by population

expansion into new habitats. The apparently very patchy distribution of this species among

streams further supports this hypothesis.
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CHAPTER 5

COMPARATIVE PHYLOGEOGRAPHY

5.1 INTRODUCTION

To discriminate between dispersal and vicariant (earth) events, comparative

phylogeographic analysis plays a significant role. A vicariant event would be expected to

have a similar impact on all sympatric species with the same requirements (Avise, 2000).

There are various examples to justify that the comparative studies of several taxa increases

the ability to distinguish the events responsible for current patterns of genetic variation in

freshwater populations (Avise et al., 1988). Comparative studies are particularly useful

when we differentiate between contemporary and historical events.

Various methods have been suggested for comparison between phylogenetic structures of

independent taxa. However, on a broader scale the phylogenies of many species reflect the

effect of biogeographic barriers that have resulted in regionally monophyletic clades

(Avise, 1989). Under such circumstances, phylogenetic trees can easily be converted to

area cladograms by substituting haplotypes with sites as the operational taxonomic unites

(Bermingham and Martin, 1998; Schneider et al., 1998).

The quantitative estimation of congruity of phylogeographic structure among independent

taxa to infer common histories can be done by a number of methods (Page, 1994).

Alternatively a qualitative approach to the analysis of collective phylogeographical taxa is

considered more appropriate in some circumstances.

In freshwater systems, organisms are fragmented into isolated drainages which evidently

allows for greater genetic differentiation and population subdivision among populations

than marine or anadromous species (Gyllensten, 1985, Ward et. al., 1994). Based on this

fact, it was hypothesized that all freshwater species should show high levels of population

structure in southeast Queensland regions.
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In this thesis, I explored various methods to study population structure. I used a

comparative approach to assess the influence of historical events on evolutionary patterns

and processes of freshwater fauna in south-east Queensland. I was interested in examining

the extent of inferred current and historical gene flow in relation to dispersal potential.

I examined patterns of genetic variation in four freshwater species with qualitatively

different life histories which implied different dispersal capabilities. Based on life history

alone (see chapters 3 & 4), I expected that the order of genetic differentiation from

maximum to least among subpopulations of these species would be Rhadinocentus ornatus

> Macrobrachium australiense > Macrobrachium tolmerum > Hypseleotris compressa.

5.2 THE COMPARISON OF GENETIC STRUCTURE:

The targeted species shared the same habitat but they exhibited very different patterns of

genetic structure (Fig 5.1). Data from another freshwater species inhabiting in the same

region, the Oxleyan Pygmy Perch (Nannoperca oxleyana) (Hughes et al., 1999) has been

included.

For allozyme data, AMOVA’s revealed that by far the greatest percentage of genetic

variation was between the regions in R. ornatus, whereas for the other three species, most

of the variation was within sites. For mtDNA analysis, most genetic variation was also

between regions in R. ornatus, whereas genetic variation between regions declined for M.

australiense, M. tolmerum and H. compressa respectively except N. oxleyana, which was

more similar to R. ornatus (Fig 5.1). Clearly subpopulations of R. ornatus, N. oxleyana and

to a lesser extent M. australiense are extremely fragmented at this quite small spatial scale

while in M. tolmerum and H. compressa, most of the variation is within subpopulations.
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Chapter 5 – Comparative Phylogeography

R. ornatus (allozyme only) and M. australiense reflected a pattern of isolation by distance,

whereas H. compressa and M. tolmerum did not. This result is largely driven by the north-

south divergence in R. ornatus and M. australiense. All four species showed some evidence

of recent population expansions, although this evidence was much stronger in the two

brackish water species. The evidence of population expansion (and also range expansion in

case of M. tolmerum) and the lack of IBD suggest that non-equilibrium conditions could be

influencing results, especially for these brackish water species. Contemporary gene flow

may be more restricted than implied by my results.

5.3 COMPARING PHYLOGEOGRAPHIC PATTERNS ACROSS FRESHWATER

SPECIES IN SOUTHEAST QUEENSLAND:

As discussed in chapter 3, in subpopulations of R. ornatus, a large phylogeographic break

was detected between the Tin Can Bay and Noosa regions of southeast Queensland. The

sequence divergence between these clades was more than 6%, estimated to represent

divergence of 5.06 to 6.92 million years in the Miocene (assuming 1.3% divergence per

MY, Page et al., 2004) which was a period of progressive aridity in Australia (Frakes et al.,

1987). Significant genetic differences within R. ornatus may reflect enforced allopatry

between populations and their subsequent genetic divergence due to the increasing large

barriers of dry land or salt water between isolated freshwater habitats. A phylogeographic

break was also identified forM. australiense, although it was further south, between the

Glasshouse Mountains and Noosa regions (Fig 5.2). In this species, the timing of the

divergence was estimated to be in the Pleistocene, rather than the Miocene (using the above

method).

In Oxleyan Pygmy Perch (Nannoperca oxleyana), the level of divergence between regions

was much lower again and populations along the Sunshine Coast were fairly homogeneous.

This prompted Hughes et al (1999) to speculate that Sunshine Coast streams had a common

confluence during the last Glacial Maximum. I had predicted that other species would

reflect this pattern, but clearly this is not the case, with large phylogeographic breaks in the

two obligate freshwater species.
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Chapter 5 – Comparative Phylogeography

Avise (2000) suggests that species that share similar environments are likely to have

experienced the same historical events and thus reflect this in phylogeographic patterns. In

the streams of south east QLD, these five species do not follow this pattern. For two

species, the differences can be explained by life- history. M. tolmerum and H. compressa

are probably not as affected by sea level and drainage changes as the obligate freshwater

species. The differences between the other three species are more difficult to explain. I

suggested in chapter 3 that perhaps, subtle difference in life- history may also explain why

N. oxleyana showed little structure, while R. ornatus showed substantial structure.

However, the difference between the remaining two species is quite significant. The timing

of the divergence is very different in R. ornatus and M. australiense (Miocene in R. ornatus

and Pleistocene in M. australiense). Inaccuracies in molecular clock estimation can not be

ruled out here (Eric et al., 2006). Also, the geographic position of the break is different.

Further work on other coastal species may help to understand the processes involved.
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