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Abstract. Through the use of mitochondrial DNA (ATP8 gene), the prediction of 

intermediate genetic structuring was investigated in two species of estuarine glassfish 

(Ambassis marianus (Günther 1880) and Ambassis jacksoniensis (Macleay 1881)) 

(Perciformes: Ambassidae) to determine the possibility of a generalised ‘estuarine’ 

genetic structure. Individuals were collected from estuaries in eastern Australia 

between Tin Can Bay (Queensland) in the north and Kempsey (New South Wales) in 

the south. Analysis of the haplotype frequencies found in this region suggested 

panmictic populations with star-like phylogenies with extremely high levels of genetic 

diversity, but with no correlation between geographic distance and genetic distance. 

Non-significant FST and ФST suggested extensive dispersal among estuaries. However, 

Tajima’s D and Fu’s FS values suggest ‘mutation – genetic drift equilibrium’ has not 

been reached, and that population expansions occurring 262 000 (A. marianus) and 

300 000 (A. jacksoniensis) years ago may obscure any phylogeographic structuring or 

isolation by distance. The finding of panmixia was contrary to the prediction of 

genetic structuring intermediate between that of marine fish (shallowly structured) 

and freshwater fish (highly structured), suggesting high dispersal capabilities in these 

species.  
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INTRODUCTION  

When considering the differences between freshwater and marine populations, 

generalized patterns of genetic structure can often be observed (Feral 2002). 

Numerous studies have investigated phylogeographic structuring of mitochondrial 

DNA (mtDNA) in freshwater and marine systems to describe the relationships 

between geographic and genetic distances and their concordances and discordances 

(Waters et al. 2000; Baker et al. 2004; Ovenden and Street 2003; Page et al. 2004; 

Huey et al. 2006). In general, marine populations tend to be shallowly structured and 

freshwater systems strongly structured (Bilton et al. 2002; Wong et al. 2004). Studies 

of freshwater species such as brook charr (Castric et al. 2001), hardyheads 

(McGlashan and Hughes, 2000), perch (Nesbo et al. 1998) and pygmy perch (Cook et 

al. 2007) are among many to have exemplified strong patterns of structure with high 

FST values. In contrast, a study by Ward and Elliot (2001) of 20 marine species in 

south eastern Australia detected structuring in only four of these species. 
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As physical connectivity can heavily influence population structure, marine 

populations are characterized by shallow structure, with tidal action and currents 

facilitating the homogenization of gene frequencies (Avise 1998; Watts and Johnson 

2004; Sheaves et al. 2007). Particularly in marine populations where ‘mutation - 

genetic drift equilibrium’ has been reached, any observed structure often shows a 

pattern of ‘isolation by distance’ (IBD), where there is a positive relationship between 

genetic distance between sites and geographic distance between them (Wright 1943; 

Slatkin and Maddison 1990).  Additionally, dispersal in adults, juveniles and larvae is 
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relatively unimpeded by physical barriers, allowing for the free transfer of genes from 

population to population (Ward and Elliot 2001). In contrast, genetic structure in 

freshwater organisms tends to be dominated by gene frequencies that can often be 

quite distinct from neighboring populations (Cook et al. 2006; Ponniah and Hughes 

2006). Hydrological connectivity in Australian freshwater systems in particular is 

often highly variable, with periods of low flow often disconnecting pools and 

reducing opportunities for gene flow (Huey et al. 2006). As a result, freshwater 

populations isolated from gene flow develop distinct haplotype frequencies though the 

process of genetic drift and environment-specific selection (Hurwood and Hughes 

2001). 
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The east coast of Australia is characterized by small coastal streams, open estuaries 

and intermittently closed and open lakes and lagoons (ICOLLs) (Hadwen et al. 2007). 

Most of these estuarine systems are geomorphically young and were formed in the last 

6 000 years (Chappell 1982). As constantly changing geomorphic features and highly 

productive ecosystems, estuaries are significant in the life cycles of numerous aquatic 

species, especially in providing nursery habitat (Vrijenhoek 1998; Edgar et al. 2000; 

Able 2005). 

 

As estuaries represent the ecotone between marine and freshwater systems, it has been 

suggested that estuarine fish may be expected to have levels of gene flow that are 

intermediate to those observed in marine and freshwater environments (DeWoody and 

Avise, 2000). Organisms in estuarine environments are typically adapted to highly 

variable conditions, such as fluctuating salinity and temperature (Bilton et al. 2002; 

Cook et al. 2006). Furthermore, estuarine fish utilize a variety of dispersal 
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mechanisms which can strongly influence patterns of gene flow (Slatkin 1987; 

Doherty et al. 1994; Doherty et al. 1995). Many aquatic species have several life 

stages that can have a distinct role in the flow of genes in and between populations 

(Grantham et al. 2003; Nathan 2005). Passive dispersal in the larval stage is often the 

crucial phase for gene flow in fish (Panov et al. 2004). This is particularly true for 

many estuarine and marine species where larvae are carried by tidal action and 

currents (often over many hundreds of kilometers) to recruit into new populations 

(Doherty et al. 1995; Riginos and Nachman 2001; Hamer and Jenkins 2004). 

However, the effectiveness of this mechanism for dispersal is dependent upon the 

duration of the larval phase, where the longer the larval phase, the greater the 

potential dispersal distance (Uthicke and Benzie 2003).  
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Many studies of marine systems exemplify IBD, particularly where the species 

distribution is expansive (Emerson et al. 2001). IBD is expected to characterise 

population structure where 1) the sampling range is smaller than the distribution of the 

population, and 2) the sampled population is in equilibrium between mutation, gene 

flow and drift (Slatkin and Maddison 1990; Slatkin 1993). Given that the distribution 

of many marine species can cover large areas of coast and ocean, it is not surprising 

that populations of turbot (Feral 2002), greenback flounder (Ward and Elliot 2001) 

and Australian bass (Chenoweth and Hughes (1997) have all shown structure 

following models of IBD. Due to the large, linear distribution of Ambassis marianus 

(A. marianus) and Ambassis jacksoniensis (A. jacksoniensis) it seems likely that these 

populations will be characterised by IBD.  
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Ambassis marianus and Ambassis jacksoniensis (Ambassidae) are two species of 

estuarine glassfish endemic to the east coast of Australia (Allen and Burgess 1990; 

Hurst et al. 2005). Both species are abundant schooling fish, and can be found in both 

clear and turbid small coastal streams, permanently open large estuarine rivers and 

ICOLLs (tolerating salinities of up to 35)  (Hurst et al. 2005). The distribution of these 

ambassids is reported to extend from Sydney (New South Wales (NSW), Australia) to 

Hervey Bay (Queensland (QLD), Australia) (Allen et al. 2002). A. marianus and A. 

jacksoniensis are relatively small fish, commonly growing to about 60mm in length 

(Allen et al. 2002). They are very similar morphologically; however a few key 

features distinguish them from one another. As typical of ambassids, the bodies of 

both species are transparent and have a vivid, reflective stripe running along the 

lateral line (Pusey et al. 2004). Fins are generally pale and transparent, although some 

A. marianus specimens collected in this study exhibited pale yellow colouring. A. 

marianus is easily identifiable by the dorsal fin, as the first spine is black, whereas 

dorsal spines in A. jacksoniensis are generally uncoloured (Allen and Burgess 1990). 

A. jacksoniensis is also more slender in body shape than A. marianus, as the latter has 

more breadth longitudinally, and also has a greater spine to body size ratio (Allen and 

Burgess 1990). Very little is known of either of these species in regards to their life 

history. 
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This study aimed to examine the genetic partitioning found in A. marianus and A. 

jacksoniensis, and investigate any correlations with geographic influences. It was 

hypothesised that the populations of two study species would exhibit structuring 

characterised by IBD (Wright 1943). Furthermore, this study explored the possibility 

of ‘intermediate gene flow’ (i.e. levels of gene flow between that of marine and 
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freshwater fish), which has been suggested for estuarine systems (Farrington et al. 

2000; Dawson et al. 2002; Cabral et al. 2003; Watts and Johnson 2004; Doukakis et 

al. 2005).  

 

MATERIALS AND METHODS 

 

Field Collection 

Individuals were collected from 23 estuarine systems along the east coast of Australia, 

from Crab Creek (Tin Can Bay, QLD) in the north, to the Macleay River (Kempsey, 

NSW) in the south, during field trips in 2006 and early 2007 (Figure 1). Sites in QLD 

represented most of the estuarine habitats along the coast, whereas sites in NSW were 

restricted only to estuarine locations specified under the issued NSW Scientific 

Research Permit. Three types of estuarine systems were sampled – 1) small coastal 

creeks, 2) permanently open large estuarine rivers, and 3) ICOLLs. Abundance and 

occurrence of species fluctuated markedly from site to site, resulting in lower (or no) 

samples for some sites (Tables 3 and 4). Individuals ranged in size from 10mm to 

80mm, and thus included juveniles and adults. Collection was carried out using a 

seine net (15m long and 2m high (with a 2m long bag), with a 9-mm mesh size) 

operated by two people. Non-target species were immediately returned to the point of 

capture, as were surplus individuals of the target species (if any). Individuals required 

for analysis were euthanised in an ice slurry and stored in liquid nitrogen, then at -

80C until required for processing.  
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Laboratory Methods 150 
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Species identification was made through the use of keys and sequence differences, 

especially in the case of juveniles (Allen and Burgess 1990). Total genomic DNA was 

extracted from each individual using a variation of the CTAB (cetyl trimethyl 

ammonium bromide) phenol-chloroform extraction procedure (Doyle and Doyle 

1987). The polymerase chain reaction (PCR) was used to amplify the ATP8 mtDNA 

region to produce a fragment of 414 base pairs using the ATP8.2 and COIII.2 primers 

(ATP8.2: 5′-AAA GCR TYR GCC TTT TAA GC-3′; COIII.2: 5′-GTT AGT GGT 

CAK GGG CTT GGR TC-3′) (S. McCafferty, unpublished data). Amplification 

occurred in 12.5µL reactions of primers ATP8.2 and COIII.2 (0.5µL of each), double-

distilled water (ddH2O; 7.95μL), extracted DNA (1.0µL) and Fisher Biotec’s 10 x 

reaction buffer (1.25µL) (www.fisherbiotec.com), MgCl2 [25mM] (1.0µL), 

deoxynucleotide triphosphate (dNTPs [10mM] (0.25µL)), and Taq [5.5 units/µL] 

(0.05µL). Samples were subjected to the following conditions: 94C for five minutes; 

40 cycles of: 94C for 30 seconds, 50C for 30 seconds, and 72C for one minute; 

then 72C for five minutes. Samples were then stored at 4C until required for further 

analysis. The resulting PCR product was purified with exo-sap (Fermentas 

exonuclease (20u/µL) (www.fermentas.com)) and shrimp alkaline phosphatase 

(1u/µL)) where 5.0µL of PCR product was added to 0.5µL exo and 2.0µL sap, then 

samples underwent a thermal program (37C for 35 minutes, 80C for 20 minutes) in 

a GeneAmp PCR System 2700 (Applied Biosystems www.appliedbiosystems.com). 

Samples were held at 4C until required for further analysis. 

 

Purified mtDNA samples were sequenced using the ATP8.2 primer (0.32µL) in a 10-

µL reaction also containing 5X sequencing reaction buffer (2.0µL), 3.1 Big Dye 
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Terminator mix (2.0µL) (Applied Biosystems www.appliedbiosystems.com), exo-sap 

product (0.5µL) and ddH20 (5.18µL). Again, this mixture was placed in a GeneAmp 

PCR System 2700 under the following thermal program: 96C for one minute; then 

30 cycles of: 96C for 10 seconds, 50C for 5 seconds, 60C for four minutes. 

Samples were stored at 4C. Final reactions were cleaned then sequenced using the 

Applied Biosystems 3130xl Genetic Analyser (www.appliedbiosystems.com). 

 

Data Analysis 

Individual sequences were aligned and edited using Sequencher 4.1 (Gene Codes 

2000) for sequence comparison. A final fragment of 414bp was selected for analysis, 

and each species was analysed as a separate entity at all times.  The TCSv1.21 

program (Clement et al. 2000) was used to construct parsimonious networks showing 

relationships between haplotypes for each species, using the 95% most plausible 

connections. Arlequin v3.1 (Schneider et al. 2000) was used for calculations of overall 

FST, a measure of genetic differentiation (Weir and Cockerham 1984) and ФST, a test 

of correlation between genetic divergence and genetic distance (Excoffier et al. 1992) 

among populations (Excoffier et al. 2005). Mantel tests in Arlequin v3.1 (Excoffier et 

al. 2005) were also used to perform correlations between genetic and geographic 

distance as an indicator of IBD. This procedure used Slatkin’s Linearised FST (FST = 

1/(1-FST) (Slatkin 1995) as genetic distance, and geographic distance was determined 

as being the linear distance between pairs of estuaries, via the ocean. 

 

To ascertain whether the study populations were in mutation – genetic drift 

equilibrium, tests of neutrality were performed using the software package DnaSP 

4.10.9 (Rozas and Rozas 1999). DnaSP 4.10.9 was also used to calculate the numbers 
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of synonymous and non-synonymous base changes in sequences (Rozas and Rozas 

1999). As star-like haplotype networks may be indicative of a recent population 

expansion, two tests of neutrality (Tajima’s D and Fu’s FS) were used to analyse the 

two species for the expected frequencies of mutations in the populations (Chenoweth 

and Hughes 2003). Tajima’s D values and Fu’s FS values were generated to determine 

whether observed mutations reflected that of expanding populations, or populations 

under selection (Rozas and Rozas 1999). Mismatch distributions were calculated from 

pairwise differences - differences between sequences (Harpending et al. 1993). 

Raggedness indices (r) (which range between 1 and 0) were also computed in DnaSP 

to test whether observed mutational distributions were generated by stable or 

expanding populations (Harpending et al. 1993). From this, Tau was used in 

estimating the time since population expansion, using the formula: Tau = 2µt, where t 

is time in generations (one/year) and µ is the mutation rate, per sequence, per 

generation (Harpending et al. 1993). Sequence divergence in the fish ATP region has 

been estimated to be 1.3% per million years, therefore, the mutation rate is half this at 

0.65% per million years (Bermingham et al. 1997). 

 

RESULTS 

 

Patterns of Variation 

Of the mtDNA ATP8 gene, 414 bp were analysed from 98 A. marianus individuals 

and 149 A. jacksoniensis individuals. This revealed 1 non-synonymous and 18 

synonymous changes for A. marianus, and 2 non-synonymous and 40 synonymous 

changes for A. jacksoniensis. Analysis of the 414 bp revealed 21 haplotypes in A. 

marianus (lodged under GenBank Accession Numbers: EU257288-EU257308), and 
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49 haplotypes in A. jacksoniensis (lodged under GenBank Accession Numbers: 

EU257313-EU257361) (Figs 2, 3 and Tables 3 and 4). Of these haplotypes, 8 of A. 

marianus and 10 of A. jacksoniensis were shared, and 13 of A. marianus and 39 of A. 

jacksoniensis were singletons (Tables 3 and 4). In both species, the arrangements of 

these haplotypes represented that of star-like phylogenies, radiating outwards from 

several common internal haplotypes (Figs 2 and 3). Unresolved loops in the networks 

were dissolved following the guidelines of Posada and Crandall (2001), given the 

improbabilities of homoplasy and recombination in mitochondrial DNA (Sanderson 

and Donoghue 1989). Overall values of FST (0.019; α=0.05 P=0.205 for A. marianus, 

0.017; α=0.05 P=0.124 for A. jacksoniensis) and ФST (0.013; α=0.05 P=0.300 for A. 

marianus, 0.020; α=0.05 P=0.106 for A. jacksoniensis) were non-significant (Table 1). 

High levels of gene flow were indicated as the scale of FST and ФST ranges from 1 

(complete population isolation) to 0 (panmixia). Mantel tests of the relationship 

between geographic distance and genetic distance were also non-significant (A. 

marianus 0.081; α=0.05 P=0.238 and A. jacksoniensis 0.107; α=0.05 P=0.106) (Table 

1). 
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Tests of Neutrality 

Both tests of neutrality yielded highly significant results (Table 2). Of particular 

interest were values produced for Fu’s FS, as this test is particularly sensitive to the 

signature of population expansion (Fu 1997). Fu’s FS values of -12.779 (α=0.02 

P=0.000) (A. marianus) and -72.737 (α=0.02 P=0.000) (A. jacksoniensis) indicated 

excess numbers of mutations in these populations. Tajima’s D values (A. marianus, -

1.429 (α=0.05 P=0.046); A. jacksoniensis, - 2.364 (α=0.05 P=0.000)) also supported 

this finding.  
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Mismatch Distributions and Expansion Dates 

Mismatch distributions of pairwise differences in the populations closely followed 

models based on expanding populations (Table 2). Raggedness indices for A. 

marianus (0.020; α=0.05 P=0.083) and A. jacksoniensis (0.069, α=0.05 P=0.933) 

showed no significant difference from the expected frequencies of mutations in 

expanding populations. Estimations of the time elapsed since these expansions were 

calculated with Tau, where values were 1.410 and 1.617 for A. marianus and A. 

jacksoniensis respectively. These values resulted in very similar estimates of time 

since expansion for A. marianus (~262kya) and A. jacksoniensis (~300kya).  

 

DISCUSSION 

 

High genetic diversity – no structure 

Both A. marianus and A. jacksoniensis were found to have high levels of haplotype 

diversity (Table 3 and 4), which is typical of marine fish, for example mangrove jack 

(Ovenden and Street 2003), mackerel, chub mackerel (Zardoya et al. 2004) and 

damselfish (Domingues et al. 2005). However, this diversity was not partitioned 

according to the geographic scale of the study, indicating panmixia (that is the genetic 

diversity contained within the population is homogenous on the geographic scale) 

(Figs 2 and 3). This implies high dispersal capabilities in these species, with no 

apparent barriers to gene flow. Although previous studies suggest that ‘intermediate’ 

structuring is often observed in estuarine organisms, the results of this study suggest 

estuarine ambassids are structured in a manner commonly found in marine fish 

(Chaplin et al. 1998; Beheregaray and Sunnucks 2001; Watts and Johnson 2004). 
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The high levels of diversity and the star-shaped phylogeny in both species are 

consistent with a relatively recent population expansion, where 1) sufficient 

generations have occurred to allow for divergence from ancestral haplotypes, and 2) 

genetic drift and selection have not yet purged the population of singletons and other 

less common haplotypes (Posada and Crandall 2001). The high levels of diversity in 

both species indicate that most of the variation detected in the ATP8 region is neutral. 

In coding genes, most mutations are synonymous and do not affect protein function 

and the amino acid produced (Altukhov and Salmenkova 2002). This is observed in 

the genetic diversity of both A. marianus and A. jacksoniensis, where high levels of 

mutations are persisting in both populations which suggests selection is not operating 

against lethal mutations.  

 

Star-like networks are considered to be a signature of a recent population expansion, 

usually following a bottleneck or founder event (Chenoweth and Hughes 2003). 

Coalescent theory suggests interior haplotypes are ancestral in the population and that 

tip haplotypes are more recent mutations and are therefore unlikely to be as 

widespread in the population (Figure 2 and 3) (Posada and Crandall 2001). The 

population may have also been small and stable historically, but changes in some 

factor (such as changes in temperature, sea level or geographic composition) may 

have led to the population increase (Hewitt 2000). However, while these populations 

show no evidence of genetic structuring, the occurrence of a population expansion 

may act to obscure structure in the population, particularly recent expansions. 

Secondly, as recently expanded populations, it is unlikely these study species have 

been able to reach equilibrium between the effects of gene flow and genetic drift 
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(Crow and Aoki 1984). Consequently, under these conditions, the absence of genetic 

structure may be due to excess mutations in the population giving the appearance of 

high gene flow. We acknowledge that this study contains low sample sizes for some 

sites, but we believe that increasing the sample size would have little effect on the 

overall conclusion. For each species, there is a single common haplotype shared 

across all sites in similar frequencies. The rare singleton haplotypes have little effect 

on the overall FST values. 

 

Effects of life cycle on gene flow 

Whether dispersal and gene flow in A. marianus and A. jacksoniensis is facilitated by 

adults, juveniles or larvae (or all) is unknown (Allen 1991). Hadwen and Arthington 

(2007) provided evidence of adult A. marianus recruitment into an ICOLL in northern 

NSW which suggests that adults can be vectors of gene flow. However, as a small 

estuarine-dwelling fish, with perhaps limited capability for traversing long sections of 

open ocean as adults, it seems likely that major dispersal events occur with larval fish 

being passively transported and consequently recruited into new estuaries by currents 

and tidal cycles (Riginos and Nachman 2001). The differing effects of larval dispersal 

duration have been highlighted in a study of two marine fish by Purcell et al. (2006). 

They revealed that fish with a shorter larval pelagic time showed population 

structuring, whereas, longer larval durations corresponded with panmixia. Doherty et 

al. (1995) found the same relationship in a study of seven species, where shorter larval 

durations correlated with increased genetic structure. Whilst duration of the larval 

phase in A. marianus and A. jacksoniensis is not known, it is plausible that these 

species have a substantial larval duration that facilitates passage over considerable 

dispersal distances. Therefore, while local movements by adult fish may aid in 
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homogenising alleles, it seems likely that long distance dispersal occurring in the 

larval stage may be the primary influence on allele frequencies in these species 

(Uthicke and Benzie 2003). 

 

While larval dispersal is the most likely explanation for the observed haplotype 

distributions in these species, there are other factors may result in panmixia. For 

example, Farrington et al. (2000) found similar patterns of panmixia in populations of 

black bream (Acanthopagrus butcheri); and that it was the adult individuals dispersing 

and facilitating gene flow, rather than larvae.  

 

Isolation by distance 

Neither species of ambassid showed evidence of IBD structuring (Table 1), and fitted 

Category IV of Avise et al. (1987) with haplotypes widely distributed and showing no 

relationship with geography (Figs 2 and 3). Given the connectivity and high levels of 

dispersal found in these populations of ambassids, and the abundance of the species, it 

is not surprising that equilibrium in these populations has not yet been reached. 

Because these populations were apparently panmictic and genetically homogenised, 

this suggests that gene flow is exceeding the effect of genetic divergence, masking 

any IBD effect (Purcell et al. 2006). As an endemic and abundant species occurring in 

a relatively small, continuous distribution, it is likely that long distance dispersal can 

counteract the effects of IBD (Doherty et al. 1995). This pattern is particularly 

common in coral reef fish, where adult individuals have a small dispersal range, but 

larvae disperse longer distances and homogenise gene frequencies (Bay et al. 2004; 

Klanten et al. 2007). 
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Many population studies have shown population expansions coinciding with late 

Quaternary glacial retreats. In a study of tasselfish (Polynemus sheridani), Chenoweth 

and Hughes (2003) found recent post-glacial expansions across northern Australia 

associated with rising sea levels. Similarly, two species of West African estuarine fish 

(Sarotheradon melanotheron and Ethmalosa fimbiata) underwent population 

expansions after periods of mainland aridity and low sea levels during a glacial cycle 

(Durand et al. 2005). In general, there is a common pattern of population expansions 

in many marine and estuarine fish species occurring toward the end of the more recent 

glacial cycles (~10 000 to 80 000 years ago), which correspond with rising sea levels 

(Uthicke and Benzie 2003; Domingues et al. 2005; O’Reilly et al. 2004; Bernatchez 

and Wilson 1998). However, expansion times of A. marianus and A. jacksoniensis 

greatly predate the majority of reported fish population expansions. 

 

It is possible that an ice age depleted populations of A. marianus and A. jacksoniensis, 

and that modern populations are the result of a population expansion after this era, 

when ice caps receded and seas levels rose (Hewitt 2000). The haplotype networks 

(Figs 2 and 3) suggest that the common haplotypes (J1 and M1) are representative of 

refugial populations that persisted through these periods of environmental change, 

from which contemporary populations have colonised new areas and diverged from 

parent haplotypes (Posada and Crandall 2001). However, since more recent ice ages 

and climate changes (occurring after the calculated time since population expansion) 

appear to have had little impact on the genetic diversity of these populations, this 

explanation may be questionable. An alternative explanation is that alternating sea 

levels generated bottlenecks within these populations, which have resulted in genetic 
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structure that overrides any effects of more recent climatic alterations. Therefore, 

possible population expansions succeeding the initial event were insignificant in 

comparison, and not detected by the haplotypic resolution generated by this study. 

While plausible, it is difficult to identify specific geological events accounting for 

these population bottlenecks and expansions, particularly with limited geological data 

specific to the study region. Finally, some recent studies of mutation rates in fish 

mitochondrial DNA, based on known geological changes in New Zealand, suggest 

that mutation rates may be much higher than currently thought (Burridge and 

Smolenski 2003; Burridge et al. 2006; Waters et al. 2006). Therefore we cannot 

totally discount the possibility that the expansions are much more recent than 

calculated from our rate based on 0.65% per million years (Bermingham et al. 1997). 

 

Population bottlenecks can be caused by a variety of factors other than glacial climate 

change. Changes in food web ecology where predator-prey interactions and inter-

specific competition alter can often devastate populations (Williamson 1993; 

Maltagliata 2002).  Disease can also bottleneck populations where a substantial 

proportion of the population perishes (Spear et al. 2006). Volcanic-induced 

environmental destruction and climatic alterations have also been attributed to 

reductions in population size (Hurwood and Hughes 1998; Hewitt 2000). In addition, 

founder events are also catalysts for population expansion where colonising 

populations rapidly expand into new regions (Lacy 1987). Population expansions 

following founder events have been observed in many taxa, including freshwater 

shrimp (Paratya australiensis) (Cook et al. 2006), black bream (Acanthopagrus 

butcheri) (Chaplin et al. 1998) and tasselfish (Polynemus sheridani) (Chenoweth and 

Hughes 2003). While one or a combination of these factors (including glacial-related 
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climate change) may have had severe repercussions for populations of A. marianus 

and A. jacksoniensis, isolating the historical events responsible for population 

bottlenecks, founder events and expansions is difficult. 
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Assessment of the genetic structure of A. marianus and A. jacksoniensis revealed high 

levels of genetic diversity in a panmictic distribution, indicative of high dispersal 

capabilities in these species. However, the conclusion of panmixia was accepted with 

caution as there is evidence to suggest that these populations are not in ‘mutation – 

genetic drift equilibrium’, having undergone population expansions ~262kya (A. 

marianus) and ~300kya (A. jacksoniensis). To strengthen the conclusions reached 

through mtDNA studies of ambassids, it would be beneficial to supplement the data 

set with an additional marker. This would confirm patterns of dispersal and gene flow 

found in these populations and verify ATP8 neutrality (Fu 1997). Furthermore, 

mitochondrial DNA only reflects dispersal and gene flow in females, so a nuclear 

marker such as microsatellites would determine whether dispersal is gender neutral 

(Johnson 2000; Nathan et al. 2003).  

 

Ambassis marianus and Ambassis jacksoniensis were used to investigate the 

prediction of intermediate population structure in estuarine fish. The genetic structure 

and distribution of these species suggested that these estuarine fish had population 

structures more like those expected for marine fish. This lack of population structure 

suggests these species have high dispersal capabilities, although recent population 

expansions may also have contributed to this impression of panmixia. 
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Figure 1. Map of east coast of Australia, showing the 23 sites sampled for A. 
marianus and A. jacksoniensis across Queensland and New South Wales. 
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Figure 2. Geographic distribution of A. marianus relative haplotype frequencies along 
the east coast of Australia, with shading indicating corresponding network haplotype. 
Haplotype network for A. marianus, with circle size corresponding to sample size. 
Small black dots indicate haplotypes that were not sampled, or have become extinct 
through genetic drift. White circles indicate singletons.  
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Figure 3. Geographic distribution of A. jacksoniensis relative haplotype frequencies 
along the east coast of Australia, with shading indicating corresponding network 
haplotype. Haplotype network for A. jacksoniensis, with circle size corresponding to 
sample size. Small black dots indicate haplotypes that were not sampled, or have 
become extinct through genetic drift. White circles indicate singletons. 
 
Table 1. Diversity values for A. marianus and A. jacksoniensis in eastern Australia 
showing overall FST (based on haplotypes frequencies), overall ФST (based on 
pairwise differences in genetic divergence) and Mantel test correlation coefficients. 
 

Species Overall FST Overall ФST Mantel Test 
 F-statistic P-value Ф-statistic P-value Correlation Coefficient P-value 

A. marianus 0.019 0.205 0.013 0.300 0.081 0.238 
A. jacksoniensis 0.017 0.124 0.020 0.106 0.107 0.106 

 
Table 2. Neutrality and raggedness indices for A. marianus and A. jacksoniensis in 
eastern Australia.  
 820 
Species Tests of Neutrality Mismatch Distributions 

 Tajima's D P-value Fu's FS P-value Raggedness Index P-value 
A. marianus -1.429 0.046 -12.779 0.000 0.020 0.083 

A. jacksoniensis -2.364 0.000 -72.737 0.000 0.069 0.933 
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Table 3. Haplotype distributions and sample sizes for A. marianus. Grey shading 
indicates sampled sites where A. marianus was not captured. 
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Table 4. Haplotype distributions and sample sizes for A. jacksoniensis. Grey shading 
indicates sampled sites where A. jacksoniensis was not captured. 
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