
Evolutionary Applications. 2022;15:1221–1235.    | 1221wileyonlinelibrary.com/journal/eva

Received: 7 December 2021  | Revised: 2 June 2022  | Accepted: 8 July 2022

DOI: 10.1111/eva.13450  

O R I G I N A L  A R T I C L E

Demographic histories shape population genomics of the 
common coral grouper (Plectropomus leopardus)

Samuel D. Payet1  |   Morgan S. Pratchett1  |   Pablo Saenz- Agudelo2  |    
Michael L. Berumen3  |   Joseph D. DiBattista4  |   Hugo B. Harrison1,5

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, 
provided the original work is properly cited.
© 2022 The Authors. Evolutionary Applications published by John Wiley & Sons Ltd.

1Australian Research Council Centre of 
Excellence for Coral Reef Studies, James 
Cook University, Townsville, Queensland, 
Australia
2Instituto de Ciencias Ambientales y 
Evolutivas, Universidad Austral de Chile, 
Valdivia, Chile
3Division of Biological and Environmental 
Science and Engineering, Red Sea 
Research Center, King Abdullah University 
of Science and Technology, Thuwal, Saudi 
Arabia
4Australian Museum Research Institute, 
Australian Museum, Sydney, New South 
Wales, Australia
5Australian Institute of Marine Science, 
Townsville, Queensland, Australia

Correspondence
Samuel D. Payet, Australian Research 
Council Centre of Excellence for Coral 
Reef Studies, James Cook University, 
Townsville, Qld, Australia.
Email: samuel.payet@my.jcu.edu.au

Funding information
Australian Research Council, Grant/Award 
Number: DE160101141; Fondo Nacional 
de Desarrollo Científico y Tecnológico, 
Grant/Award Number: 1190710; James 
Cook University, Grant/Award Number: 
Postgraduate Research Scholarship; 
National Parks, Australia

Abstract
Many coral reef fishes display remarkable genetic and phenotypic variation across 
their geographic ranges. Understanding how historical and contemporary processes 
have shaped these patterns remains a focal question in evolutionary biology since 
they reveal how diversity is generated and how it may respond to future environmen-
tal change. Here, we compare the population genomics and demographic histories of 
a commercially and ecologically important coral reef fish, the common coral grouper 
(Plectropomus leopardus [Lacépède 1802]), across two adjoining regions (the Great 
Barrier Reef; GBR, and the Coral Sea, Australia) spanning approximately 14 degrees 
of latitude and 9 degrees of longitude. We analysed 4548 single nucleotide polymor-
phism (SNP) markers across 11 sites and show that genetic connectivity between re-
gions is low, despite their relative proximity (~100 km) and an absence of any obvious 
geographic barrier. Inferred demographic histories using 10,479 markers suggest that 
the Coral Sea population was founded by a small number of GBR individuals and that 
divergence occurred ~190 kya under a model of isolation with asymmetric migration. 
We detected population expansions in both regions, but estimates of contemporary 
effective population sizes were approximately 50% smaller in Coral Sea sites, which 
also had lower genetic diversity. Our results suggest that P. leopardus in the Coral Sea 
have experienced a long period of isolation that precedes the recent glacial period 
(~10– 120 kya) and may be vulnerable to localized disturbances due to their relative 
reliance on local larval replenishment. While it is difficult to determine the underlying 
events that led to the divergence of the Coral Sea and GBR lineages, we show that 
even geographically proximate populations of a widely dispersed coral reef fish can 
have vastly different evolutionary histories.
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1  |  INTRODUC TION

Coral reef fishes have broad distributions, which are attributed to 
their capacity to disperse as pelagic larvae (Jones et al., 2002) and 
an apparent rarity of strong isolating barriers in the ocean (Bowen 
et al., 2013). Consequently, populations establish in a range of geo-
graphic locations, leading to unique evolutionary interactions with 
their surrounding environment. The product of these interactions 
is evident across the seascape because they manifest as phenotypic 
and genetic variations at local scales (e.g., Choat & Robertson, 2002; 
Gaither et al., 2015; Pinheiro et al., 2017; Rocha et al., 2007). 
However, the processes that contribute to these patterns and the 
temporal scale of their emergence remain focal questions in evolu-
tionary biology.

Since most coral spawners and are relatively site- associated as 
adults, population connectivity plays an important role in shaping 
the genetic structure and the distribution of genetic diversity across 
the seascape. Connectivity primarily occurs through the dispersal 
and exchange of planktonic larvae (Green et al., 2015; Leis, 1991), 
which depends on the oceanographic and geographic features of the 
seascape, and the behavior of larvae (e.g., Bode et al., 2019; Gaither 
et al., 2011) and spawning adults (Ma et al., 2018). Meanwhile, the 
efficacy of larvae to recruit to an appropriate habitat, survive, re-
produce, and ultimately, contribute to gene flow, will depend on 
pre-  and post- settlement selection. When selection is strong or per-
sistent, the gradual accumulation of adaptive differences may act 
to re- enforce demographic boundaries and create a scenario where 
migrants are maladapted to the environment that they recruit to 
Orsini et al. (2013). In some cases, spatio- temporal variation in these 
processes can result in chaotic patterns of genetic structure that 
may be difficult to explain (i.e., chaotic genetic patchiness; Johnson 
& Black, 1982).

Historical events can also have a profound impact on the de-
mography of populations, and it is important to recognize their 
legacy on contemporary genetic diversity. For instance, changes 
in sea level during glacial periods have modified the distribution of 
shallow coral reef habitat over the last several hundred thousand 
years, leading to the formation and regression of physical barriers 
and periods of isolation often followed by secondary contact (e.g., 
Gaither et al., 2011; Rocha et al., 2007). Changes in sea level can 
also trigger population bottlenecks or range expansions and founder 
events (e.g., Avise, 2009), which may decrease effective population 
size and increase the rate of genetic drift from ancestral popula-
tions. Together, these historical and contemporary processes work 
in concert to culminate in complex patterns of genetic structure and 
diversity across the seascape. Nonetheless, they must be implicitly 
recognized in order to fully understand how diversity is generated 
and the relative efficacy of populations to adapt to changing envi-
ronmental conditions.

Coral reefs within the adjoining Great Barrier Reef (GBR) and the 
Coral Sea regions in eastern Australia are characterized by unique 
geological histories and environments, that are likely to have shaped 

the evolution of respective coral reef communities (Ceccarelli 
et al., 2013). The GBR currently encompasses a network of 2900 
coral reefs that extend approximately 2200 km along the eastern 
margin of the Australian continental shelf. Sea level fluctuations 
over the last 400,000 years have seen repeated exposure of shelf- 
habitat and presumable relegation of shallow coral reef fauna to a 
narrow strip of the fringing reef on the outer margin of the shelf 
(Davies et al., 1989; Veron, 2008). The present configuration of the 
GBR was established approximately 10 kya following a rapid rise 
in sea level, which saw the re- establishment of coral reef species 
in previously exposed habitat (Davies et al., 1989; Veron, 2008). In 
contrast, the Australian Coral Sea Marine Park (herein referred to as 
the Coral Sea), which borders the GBR to the east, and contains 37 
coral reef atolls, has provided a comparatively stable habitat over 
similar evolutionary time scales as the region is characterized by a 
deep oceanic basin that prevented complete exposure during lower 
sea level stands (Figure 1). Reefs in the Coral Sea also occupy unique 
temperature regimes (Payet et al., 2020) and are surrounded by well- 
mixed, oligotrophic waters that are far removed from the coastal 
rainfall, nutrient and sediment runoff that influence the marine en-
vironment in the GBR.

There are several oceanographic features within the GBR and 
Coral Sea that may mediate larval exchange and gene flow between 
regions. The Southern Equatorial Current is considered the domi-
nant oceanographic feature in the region (Ceccarelli et al., 2013) 
and flows west through the Coral Sea as the North Vanuatu Jet and 
the New Caledonia Jet (Figure 1). As they approach the Australian 
continental shelf, these jets bifurcate and become the Hiri Current 
flowing to the north and the East Australian Current flowing to the 
south (Figure 1; Burrage, 1993; Ceccarelli et al., 2013; Kessler & 
Cravatte, 2013). Along the length of the GBR, high levels of genetic 
connectivity have been observed among species of reef fish (Evans 
et al., 2010; van Herwerden et al., 2009) and invertebrates (Harrison, 
Pratchett, et al., 2017), which has been attributed to the close net-
work of reefs and multidirectional currents that facilitate larval trans-
port. There are, however, a number of species that display a break in 
genetic structure or diversity between southern and northern GBR 
latitudes, including sea snakes (Lukoschek et al., 2007), giant clams 
(Benzie, 1991; Macaranas et al., 1992), echinoderms (Benzie, 1994), 
corals (van Oppen et al., 2011), and reef fishes (Doherty et al., 1995). 
These patterns are believed to reflect postglacial re- establishment 
of populations in the GBR approximately 10 kya, via refugia located 
in the Queensland Plateau and the Marion Plateau, in the Coral Sea 
(Benzie, 1994; van Oppen et al., 2011). Yet, despite these inferences, 
no study has measured genetic connectivity across the GBR and 
Coral Sea in a larval dispersing species, with the Coral Sea remaining 
largely understudied (Ceccarelli et al., 2013).

The common coral grouper (Plectropomus leopardus) is widely dis-
tributed through coral reefs in the Indo- West Pacific and is ubiquitous 
in the GBR (Frisch et al., 2016). Like most species of reef fishes, P. 
leopardus are broadcast spawners, and their larvae are capable of dis-
persing at least 250 km during their extended (26 days) pelagic larval 
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duration (Williamson et al., 2016). As a predatory species that occupies 
a high trophic level, they play an important role in shaping the struc-
ture of local fish communities (Boaden & Kingsford, 2015; Graham 
et al., 2003). However, overfishing has led to declines in coral grouper 
populations throughout most of their range (Sadovy de Mitcheson 
et al., 2013), and the loss of live coral cover and reef complexity 
due to an increasing frequency and severity of storms, the crown of 
thorns starfish outbreaks and coral bleaching events have further 
compounded these threats (Brown et al., 2021; Emslie et al., 2015; 
Williamson et al., 2014). In the GBR, coral grouper account for the 
largest annual catch within the Coral Reef Fin Fish Fishery (725– 
850 t) due to their high value in the international export market (BDO 
EconSearch, Economic and Social Indicators for the Queensland Coral 
Reef Fin Fish Fishery, 2020; Queensland Department of Agriculture 
and Fisheries, Queensland Fisheries Summary, 2018). The GBR stock 
is currently managed as 12 spatial subpopulations, and groupings are 
defined based on habitat and consideration of supporting census data 
(Campbell et al., 2019), though there is a lack of information on the 
genetic stock structure using modern molecular methods.

In the Coral Sea, P. leopardus is found on several isolated atoll 
reefs, and while these populations are relatively unfished at present 
(Payet et al., 2020), the extent of connectivity with the GBR and 
the relative reliance on self- recruitment is not known. Cross- shelf 
patterns of the genetic structure are also rarely considered in fish-
eries management, despite an increasing number of studies identi-
fying distinct inshore and offshore ecotypes in marine organisms 
(e.g., Atlantic cod; Barth et al., 2017, European anchovy; Bonhomme 
et al., 2022, Gulf pipefish; Flanagan et al., 2021, seahorses; Riquet 
et al., 2019, and dolphins; Louis et al., 2021). Therefore, the aim of 
this study was to determine the population genomic structure of P. 
leopardus in the Coral Sea and along the length of the GBR using 
a genotype- by- sequencing approach. We also inferred the demo-
graphic histories of populations to determine whether historical 
changes in sea level have influenced the contemporary patterns of 
genetic structure and genetic diversity. Our findings inform how 
spatial and temporal processes shape the population genomics of 
an ecologically important fishery species, with implications for man-
agement and conservation.

F I G U R E  1  Sampling locations for Plectropomus leopardus in the Great Barrier Reef (GBR; red reefs) and the Coral Sea (blue reefs). 
Sampling locations for reference collections of congeneric species; Plectropomus laevis and P. maculatus are shown as Pl and Pm, respectively. 
All reference samples were collected at locations where P. leopardus do not occur or from samples previously identified to be “pure” 
individuals (Harrison, Berumen, et al., 2017). The Southern Equatorial Current is considered the dominant oceanographic feature in the 
region and moves west through the Coral Sea as the North Vanuatu Jet (NVJ) and the New Caledonia Jet (NCJ), before bifurcating on the 
central GBR as the north flowing Hiri Current (HC) and south flowing East Australia Current (EAC). The solid black line shows the 120 m 
depth contour indicating the lowest approximate water level in the GBR and the Coral Sea during the last two glacial periods between 190– 
130 kya and 10– 120 kya. Currents are re- drawn from Burrage (1993) and Ceccarelli et al. (2013).

HC
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2  |  METHODS

2.1  |  Sampling

Tissue samples from P. leopardus individuals were collected from all 
reefs where they occur in the central Coral Sea. These were Flinders 
Reef and two locations at Lihou Reef (Lihou West and Lihou East) 
on the Queensland Plateau, and Marion Reef on the Marion Plateau 
(Figure 1). Plectropomus leopardus also occur on Saumarez Reef 
and Wreck Reef in the southern Coral Sea, and Osprey Reef and 
Ashmore Reef in the northern Coral Sea; however, sufficient sample 
sizes could not be collected at these locations due to the relative rar-
ity of P. leopardus individuals. In the GBR, samples were collected at 
seven locations from the Torres Strait in the north to the Capricorn 
Bunkers in the south (Figure 1). A total of 231 skin or fin- clip samples 
of P. leopardus were collected between 2015 and 2019 using primar-
ily nonlethal biopsy probes (method described by Evans, 2008) but 
also hook- and- line fishing and spear guns.

Because P. leopardus are observed to hybridize with congeneric 
species where they co- occur (e.g., Plectropomus maculatus, Harrison, 
Berumen, et al., 2017), we also screened for putative hybrids in our 
collections in order to not confound population genetic analyses. To 
identify hybrids, we collected 10 reference samples of P. laevis from 
Mellish Reef (Figure 1), where P. leopardus are not known to occur, 
and obtained 10 samples of P. maculatus from the southern GBR 
that were previously identified as purebred individuals by Harrison, 
Berumen, et al. (2017). All tissue samples were immediately pre-
served in 95% ethanol and stored at −5°C, and ethanol was replaced 
with fresh 95% ethanol within 14 days. Samples were collected 
under the Great Barrier Reef Marine Parks permit No. G11/3354.1 
and G17- 39438.1, Queensland General Fisheries permit No. 148534 
and 187,992, Parks Australia permit No. AU- COM2016- 304, AU- 
COM2016- 335, and AU- COM2016- 394, and James Cook University 
Animal Ethics Permit A1625 and A2273.

2.2  |  Genomic library preparation

Tissue was subsampled and DNA extracted using the NucleoSpin 
Tissue Kit (Macherey- Nagel). Eight genomic libraries were prepared 
following the double digest RADseq protocol (ddRAD, Peterson 
et al., 2012). Each library contained 80 individuals, and samples were 
prepared alongside other Plectropomus collections not used in this 
study. First, DNA extractions were quantified using the Qubit HS 
dsDNA assay kit (Life Technologies) and a Qubit 2.0 fluorometer and 
standardized to 200 ng gDNA before digesting for 3 h at 30°C using 
the restriction enzymes SphI and MluCl (New England BioLabs). 
Digested gDNA was cleaned with Dynabeads™ M- 270 Streptavidin 
(Life Technologies), quantified using the Qubit HS dsDNA assay kit 
(Life Technologies) and a Qubit 2.0 fluorometer, and standardized 
to 60 ng gDNA. Universal P2 adapters were then ligated onto frag-
ment ends, and sets of 16 individuals were barcoded with unique 
P1 adapters. Individuals were pooled into groups of 16 and bead 

cleaned before selecting the 450– 500 bp fragment size using the 
Pippin Prep (Sage Science). Unique Illumina indices were added to 
their respective pools, and gDNA was amplified with 10 PCR cycles 
using the high- fidelity Platinum™ Taq DNA Polymerase (Thermo 
Fischer Scientific). The molarity of the pools was quantified using 
the High Sensitivity Qubit Kit and the 2100 Bioanalyzer (Agilent 
Technologies). For each library, we combined pools into a single 
standardized sample, and 150 bp paired- end reads were sequenced 
on a single lane of an Illumina HiSeq 4000. Sequencing was con-
ducted by the King Abdullah University of Science and Technology 
Bioscience Core Laboratory, Saudi Arabia.

2.3  |  Admixture and species identification

Hybrid fishes can be difficult to identify based on color alone 
so we ran a series of tests to screen for admixed individuals in 
our collections. Data were assembled de novo using Stacks ver-
sion 2.3.5 (Catchen et al., 2013) with the James Cook University 
High Performance Computer cluster. Paired- end reads were de- 
multiplexed using the “process_radtags.pl” pipeline with combinato-
rial P1 and P2 barcodes, discarding raw reads with an average Phred 
quality score of less than 30 across a sliding window of 75 bp. To 
minimize allelic dropout and maximize the number of informative 
loci available to detect admixed individuals, data were parsed into 
batches of 30 P. leopardus individuals with 10 reference individuals 
of either P. laevis or P. maculatus. Each dataset was then filtered using 
the “denovo_map.pl” pipeline with default settings for the parameters 
M (number of mismatches allowed between stacks within individu-
als; 2), n (number of mismatches allowed between stacks between 
individuals; 3), and m (minimum depth of coverage required to create 
a stack; 3). For each dataset, we used the populations function to 
retain loci with a minimum coverage of 10×, loci in every individual 
(– r = 1), and loci in both populations (i.e., species; −p = 2).

We then used the program STRUCTURE version 2.3.4 (Falush 
et al., 2007; Pritchard et al., 2000) to estimate individual admix-
ture proportions. Each STRUCTURE run had a burn- in of 50,000 
MCMC iterations, and 100,000 iterations were retained. No prior 
information on populations was used, and the number of putative 
populations, or species (K), was set to two. Three replicate runs were 
conducted for each K, and admixture proportions were averaged 
across replicates. We used a conservative approach and excluded 
any P. leopardus individuals with an admixture proportion greater 
than 1%.

2.4  |  De novo assembly and filtering

Raw reads for “pure” P. leopardus individuals were assembled using 
similar methods; however, settings for M and n parameters were 
optimized following Paris et al. (2017). This approach maximizes 
the number of informative (i.e., polymorphic) loci while minimiz-
ing false positive rates by choosing parameter settings that are 
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most appropriate for levels of polymorphism inherent to the 
dataset. First, 10 individuals with the least missing data were se-
lected from each population, and stacks were assembled using 
the ustacks function with M set at 1 to 10 while holding n con-
stant at a default value of 2. The value for M was chosen based on 
the point where the number of new polymorphic loci asymptotes 
(Figure S1). The optimal value for n was parameterised by varying 
n = M and n = M ± 1 in the ustacks function, before choosing the 
n value with the maximum number of polymorphic loci (Table S1). 
The optimal parameter settings for our data were M = 5 and n = 6. 
The m parameter was set at the default value of 3 as this is shown 
to be appropriate for datasets with varying levels of polymorphism 
(Paris et al., 2017).

The full dataset was then assembled de novo, using the param-
eterised settings for M and n in the ustacks function. To improve 
computational efficiency, we selected 10 random individuals per 
population (i.e., sampling location) when implementing the cstacks 
function, as most informative loci are likely to be captured within 
the first 10 individuals of a population (Rochette & Catchen, 2017). 
The populations function was used to filter for loci that were present 
in 70% of individuals within every population, and we kept one SNP 
per read using the write_single_snp command.

The resulting dataset was then imported into the R package 
Radiator version 1.2.1 (Gosselin, 2020) for further quality filtering 
depending on the requirement of the analyses. For assessing pop-
ulation genomic structure we first removed monomorphic loci and 
set the minimum minor allele count to four. We retained loci with 
mean coverage between 10× and 100× and excluded markers that 
had more than 10% missing data. We accounted for potential re- 
sampling of released fish by using the detect_duplicate_genomes 
function to identify any duplicate samples with low pairwise ge-
netic distance (<0.1). To test for potential contamination, we then 
screened for individuals with unusually low (<0.08) or high (>0.12) 
heterozygosity relative to other individuals in the sample, and for in-
dividuals that had more than 30% missing data. Lastly, we excluded 
loci with heterozygosity >0.5 and markers that were in Hardy– 
Weinberg disequilibrium in two or more populations using a mid- p 
value threshold of 0.05.

Outlier loci were identified using the R package PCAdapt (Luu 
et al., 2017) and BayeScan V2.1 (Foll & Gaggiotti, 2008). PCAdapt 
uses principal component analyses (PCA) to compute test statistics 
and p values for each locus based on correlations between SNPs 
and principal components. We set K at 2 as this was identified as 
the most likely number of clusters in our data (Figure S2) and used 
a false discovery rate of 10%. For BayeScan, we used default set-
tings, which included conducting 20 pilot runs of 5000 iterations 
each with a burn- in length of 50,000, a thinning interval of 10 and a 
prior odds ratio of 10. Outlier markers identified using either method 
were excluded from the neutral dataset.

Genomic data for demographic inference were constructed de 
novo and filtered using the same parameter thresholds including 
the removal of outlier loci. However, we did not exclude rare alleles 
(minor allele count) or loci in Hardy– Weinberg disequilibrium, as 

these are likely to be influenced by demographic processes and are 
informative for inferring the demographic histories of populations.

2.5  |  Population  structure and diversity

Observed and expected heterozygosity and allelic richness were 
calculated in the R package strataG (Archer et al., 2017). Inbreeding 
coefficients (FIS) were estimated using the divBasic function in the 
R package diveRsity version 1.9.90 (Keenan et al., 2013), with 95% 
confidence intervals tested at 1000 bootstrap replicates. To de-
termine if there was significant genetic structures across all sites, 
we conducted an AMOVA in strataG (Archer et al., 2017) and es-
timated pairwise FST between sites (Weir & Cockerham, 1984) to 
explore genetic subdivision. Significance of pairwise FST compari-
sons was estimated via 1000 bootstrap replicates, and the p value 
threshold was corrected for multiple comparisons as per Benjamini 
and Yekutieli (2001). We used a Discriminant Analysis of Principal 
Components (DAPC) in the R package Adegenet version 2.1.3 
(Jombart, 2008) to visualize genetic clustering, using the optima- a- 
score command to retain 26 principal components and 10 discrimi-
nant functions (N populations minus 1).

To explore differences in ancestral genetic diversity, we used 
sparse non- negative matrix factorization (SNMF) in the R package 
LEA (Frichot & François, 2015). SNMF estimates admixture coeffi-
cients by producing a least- squares estimate of ancestral (i.e., source) 
populations at K ancestral populations, producing comparable re-
sults to similar methods (e.g., STRUCTURE, Pritchard et al., 2000) 
with significantly lower computational time (Frichot et al., 2014). We 
ran 20 replicates with the putative number of ancestral populations 
(K) from 1 to 11. The most parsimonious number of populations (K) 
was determined by selecting the run with the lowest cross- entropy 
criterion (Figure S3). We conducted similar analyses with outlier 
markers including pairwise FST estimates, SNMF and DAPC. For 
DAPC, we used the optima- a- score command to retain 21 principal 
components and 10 discriminant functions (N populations minus 1).

2.6  |  Demographic inference

Glacial periods have influenced sea level through time and have had 
a significant effect on the demography of coral reef fishes through 
the Indo- West Pacific (Avise, 2009; Hewitt, 2004; Hickerson 
et al., 2010). To determine whether these events have influenced the 
evolutionary history of P. leopardus in the Coral Sea and the GBR, we 
inferred the demographic histories of populations using a modified 
diffusion approximation of the Wright- Fischer population model im-
plemented in the program GADMA (Noskova et al., 2020). GADMA 
infers the joint demographic history of up to three populations from 
genetic data and has benefits over other programs because it does 
not require the user to specify the large number of possible de-
mographic histories that may characterize a group of populations. 
GADMA allows the user to choose between two common diffusion 
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approximation methods: ∂a∂I (Gutenkunst et al., 2009) and moments 
(Jouganous et al., 2017) and implements a fitness function to explore 
the parameter space based on the principles of “natural selection.” 
Briefly, an initial set of models is randomly generated and is mutated 
by randomly changing values of model parameters or crossed over 
by randomly selecting parameters from two different models to gen-
erate a new model.

We observed two geographically distinct genetic clusters in our 
data; the Coral Sea and the GBR, and inferred the demographic his-
tories of each of these regions using two replicate site comparisons. 
Sites with the largest sample sizes were selected in order to mini-
mize biases in the calculation of the joint site frequency spectrums 
(JSFSs). We chose to compare Britomart (GBR) vs. Flinders (Coral 
Sea) due to their geographic proximity and Princess Charlotte Bay 
(GBR) vs. East Lihou (Coral Sea) to determine whether results were 
consistent at a broader spatial scale.

Joint site frequency spectrums for each pair of sites were gen-
erated from variant call format (VCF) files using the easy SFS py-
thon script (https://github.com/isaac overc ast/easySFS). We used 
one SNP per locus, and thus loci were assumed to be unlinked and 
1,060,096 bp as the effective sequence length. An empirical muta-
tion rate is not known for our study species, so we chose to use 
the mutation rate of 1.0E−08, which is most commonly reported for 
fishes (Jacobs et al., 2018; Le Moan et al., 2016; Rougeux et al., 2017; 
Souissi et al., 2018; Tine et al., 2014), resulting in a model theta 
of 0.424 mutations per site per generation. We used a genera-
tion time (t2) of 8.25 years based on the formula by Pianka (1978): 
t2 = (a + w)/2, where a = mean age (years) at 50% maturity and 
w = longevity (years). We set a at 2.5 years and w at 14 years based 
on the known life history of P. leopardus in the GBR (Adams et al., 
2000; Ferreira & Russ, 1994; Russ et al., 1998) and the Coral Sea 
(Payet et al., 2020).

Moments was selected as the software to simulate allele fre-
quency spectra from demographic models because it has shown to 
produce robust results and is computationally more efficient than 
alternatives (Noskova et al., 2020). Initial model structure was set 
to one time interval before the population split and one after (1,1). 
Final model structure was also set to 1,1. No bounds for diver-
gence times were included. Parameters for the Genetic Algorithm 
(GA) were left as default as recommended by the developers of 
the program; these parameters have been tested and validated 
for different datasets and demographic scenarios (for details see 
Noskova et al., 2020). Powell's conjugate direction method was 
selected for local model optimization after each genetic algo-
rithm. Models were drawn every 100 iterations, and 10 indepen-
dent replicates were run for each dataset. The Akaike Information 
Criterion (AIC) was used for model comparison and selection as 
implemented in GADMA.

In addition to these models, we ran a series of more complex 
demographic scenarios to include one time interval before the split 
and two time intervals after the split (1,2). This allowed us to test 
for consistency across models, while acknowledging that these re-
sults should be interpreted with caution because inferring complex 

scenarios using a relatively small number of loci (i.e., 1000's) of un-
known evolutionary history may result in over- fitting of the data. 
Together, the complex and simple models captured many possible 
demographic scenarios, including the four most common that are 
often inferred from genomic data: strict isolation (SI), ancient migra-
tion (AM), isolation with migration (IM), and secondary contact (SC). 
The list of models and parameter space of the 20 best models for 
each dataset are shown in Tables S2 and S3.

3  |  RESULTS

3.1  |  Quality control

A total of 31 individuals were excluded due to having evidence of 
mixed ancestry >1%, all admixed individuals were sampled on reefs 
where they co- occur with congeneric species (Table S3), highlighting 
the importance of considering hybridisation when resolving popula-
tion genetic structure.

The remaining 200 P. leopardus samples passed further quality 
filtering steps, and no individuals were excluded while screening for 
duplicate samples, individual heterozygosity, and individual missing 
data. We retained 4548 neutral markers for analyses of population 
genomic structure, 230 outlier markers (of which 42 were detected 
by both methods), and 10,479 markers for inference of demographic 
histories. Parameter settings and the corresponding number of fil-
tered loci are shown in Table S4.

3.2  |  Population structure and diversity

Regional differences in diversity indices were observed between 
the GBR and the Coral Sea. All sites had negative estimates of the 
inbreeding coefficient (FIS) suggesting recent expansions or mixing; 
however, FIS estimates were closer to zero in the Coral Sea (Table 1, 
Figure 2). Consistent with this pattern, sites in the Coral Sea had 
lower genetic diversity according to estimates of heterozygosity (He) 
and allelic richness (Ar; Table 1, Figure 2).

Analyses of molecular variance (AMOVA) identified significant 
genetic structure among P. leopardus in the Coral Sea and the GBR 
(Global FST = 0.017, p < 0.001). Pairwise FST comparisons revealed a 
significant genetic break between all sites in the Coral Sea versus all 
sites in the GBR (Figure 3). Similarly, DAPC identified strong regional 
genetic clustering, which accounted for 21.8% of variance along 
the first principal component (Figure 4a) and 22% of total variance. 
SNMF analyses indicated strong regional divergence (Figure 4b), and 
the most parsimonious number of ancestral clusters (K) in our data 
was two (Figure S3).

The greatest genetic distance between Coral Sea and GBR 
P. leopardus sites was between Torres Strait (the northern- most site 
sampled in the GBR) and Lihou East (the eastern- most reef sampled 
in the Coral Sea; pairwise FST = 0.035, p < 0.001). The two most ge-
netically similar sampling locations between regions were Marion 

https://github.com/isaacovercast/easySFS
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Reef in the Coral Sea and Princess Charlotte Bay in the GBR (pair-
wise FST = 0.025, p < 0.001).

In the GBR, we found no evidence of genetic structure (Figures 3 
and 4), indicating high levels of genetic connectivity in the region. 
According to DAPC and SNMF analyses, there was evidence of ge-
netic structure between all sites in the Coral Sea, with the exception 
of the east and west sites sampled at Lihou Reef (Figures 3 and 4a, c). 
The maximum pairwise FST in the Coral Sea was between Flinders 
Reef and Lihou West (FST = 0.004, p < 0.001) while the smallest 

pairwise FST in the Coral Sea was between Lihou West and Lihou 
East (FST < 0.001, p = 0.663).

Outlier markers revealed broadly similar results to neutral loci, 
with a strong regional divergence between GBR and Coral Sea re-
gions (Figures S4 and S5) and a maximum pairwise FST estimate of 
0.23 (p < 0.001). Within the GBR, there was evidence of structure be-
tween some sites according to pairwise FST comparisons (Figure S4), 
although this was not corroborated by results from DAPC or SNMF 
analyses (Figure S4).

TA B L E  1  Sample sizes and genetic diversity indices for Plectropomus leopardus sites sampled in the Great Barrier Reef and the Coral Sea

Region Site N NSNPs Ho He Ar (±SER) FIS (95% CI)

Great Barrier Reef Torres Strait 9 6576 0.0980 0.0901 0.1747 ± 0.0009 −0.0521 (−0.1405 
to −0.0042)

Princess Charlotte Bay 29 7909 0.0994 0.0933 0.0628 ± 0.0002 −0.0015 (−0.0177 
to 0.0122)

Ribbon Reefs 13 7051 0.1011 0.0939 0.1288 ± 0.0006 −0.0283 (−0.0769 
to −0.0019)

Escape Reef 9 6658 0.0995 0.0935 0.1743 ± 0.0009 −0.0555 (−0.1365 
to −0.0061)

Britomart Reef 18 7464 0.1003 0.0922 0.0970 ± 0.0004 −0.0143 (−0.0478 
to 0.0086)

Swains Reefs 14 7086 0.0989 0.0898 0.1219 ± 0.0006 −0.0302 (−0.083 
to 0.0036)

Capricorn Bunkers 11 6853 0.1012 0.0929 0.1462 ± 0.0008 −0.0290 (−0.0895 
to 0.0073)

Coral Sea Flinders Reef 20 7423 0.0976 0.0921 0.0841 ± 0.0004 −0.0016 (−0.0238 
to 0.0144)

Marion Reef 14 6982 0.0961 0.0876 0.1182 ± 0.0006 −0.0231 (−0.0654 
to 0.0054)

Lihou East 34 7850 0.0963 0.0890 0.0550 ± 0.0002 −0.0149 (−0.0284 
to −0.0042)

Lihou West 29 7670 0.0961 0.0875 0.0637 ± 0.0003 −0.0092 (−0.0286 
to 0.0066)

Note: N, number of individuals sampled; NSNPs, number of single nucleotide polymorphisms; Ho, observed heterozygosity; He, expected 
heterozygosity; Ar, allelic richness ± standard error; FIS, inbreeding coefficient with 95% confidence intervals estimated via 1000 bootstrap replicates; 
bold indicates significant negative FIS estimates.

F I G U R E  2  Regional summaries of (a) 
the inbreeding coefficient (FIS), (b) genetic 
diversity (He), and (c) allelic richness (Ar). 
Horizontal black lines indicate the median, 
and gray circles indicate the mean. Upper 
and lower boundaries of the box indicate 
75% and 25% quartiles, respectively, while 
outliers are shown as black circles.
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3.3  |  Demographic inference

We identified the regional genetic structure between Coral Sea 
and GBR P. leopardus and inferred the demographic histories of two 
population pairs (i.e., replicates); Flinders (Coral Sea) vs. Britomart 
(GBR), and East Lihou (Coral Sea) vs. Princess Charlotte Bay (GBR). 
For both simple model replicates, the best- ranked model identified 

population divergence via isolation with asymmetric migration 
(Tables S2 and S3; Figures 5 and S6). The estimated timing of di-
vergence from the GBR for East Lihou was 206 kya and for Flinders 
Reef was 177 kya (Figure 5). Estimated migration rates were an 
order of magnitude higher from the GBR to the Coral Sea for both 
comparisons. Migration rates from Britomart Reef to Flinders Reef 
were 3.7 × 10−4, whereas migration from Flinders Reef to Britomart 

F I G U R E  3  Pairwise FST (Weir 
& Cockerham, 1984) heat map for 
Plectropomus leopardus collected in the 
Great Barrier Reef and the Coral Sea 
based on 4548 neutral SNP markers. 
Pairwise comparisons that were 
significantly different from zero at a 
corrected alpha threshold of 0.011 
(Benjamini & Yekutieli, 2001) are indicated 
by a black circle. SNP, single nucleotide 
polymorphism.
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F I G U R E  4  (a) Scatterplot of 
discriminant analyses of principal 
components (DAPC, Adegenet v2.1.3, 
Jombart, 2008) for populations of 
Plectropomus leopardus sampled in the 
Great Barrier Reef (GBR) and Coral Sea 
based on 4548 neutral SNP markers, 
explaining 22% of total variance in the 
genetic data. Bar plots of admixture 
coefficients for P. leopardus at (b) K = 2 
and (c) K = 3 estimated using sparse 
non- negative matrix factorization 
(SNMF) in the R package LEA (Frichot 
& François, 2015). Each vertical bar 
represents an individual, and the color 
indicates relative admixture coefficients 
at K ancestral populations. Populations 
are separated by black vertical lines 
and labeled according to the legend. 
GBR populations are ordered north to 
south from left to right, and Coral Sea 
populations are ordered by proximity 
to the GBR, from left (closest) to right 
(farthest). SNP, single nucleotide 
polymorphism.
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Reef was 4.2 × 10−5. For the second population pair, migration from 
Princess Charlotte Bay to East Lihou was 3.55 × 10−4, whereas mi-
gration in the inverse direction was 3.35 × 10−5.

Because the population expansion at Britomart Reef on the GBR 
was sudden, we do not interpret ancestral population size estimates 
from this model (Noskova et al., 2020). For the Princess Charlotte 
Bay versus Lihou East model, the effective size of the ancestral pop-
ulation was two orders of magnitude smaller in the Coral Sea than in 
the GBR (41 versus 4115, respectively). Population expansions after 
divergence were observed in both regions (Figure 5). In the Coral 
Sea, expansions were exponential with contemporary effective pop-
ulation sizes of 18,013 and 25,947 at East Lihou and Flinders Reef, 
respectively. In the GBR, contemporary effective population sizes 
were consistently larger than the Coral Sea at 51,600 and 83,137 for 
Britomart Reef and Princess Charlotte Bay, respectively. Population 
expansions at Princess Charlotte Bay were linear, whereas expan-
sions at Britomart Reef were sudden (Figure 5).

Complex model comparisons resulted in a slightly better fit to 
SFSs than simple models (Tables S2 and S3). The best fit model for 
each replicate comparison indicated a period of constant population 
size after population split, followed by population expansion (5 kya 
for Britomart Reef vs. Flinders Reef and 12 kya for East Lihou vs. 
Princess Charlotte Bay; Figures S7 and S8). The estimated timing 
of divergence was similar to the simple models, albeit slightly later 
(160 and 163 kya). Migration rates were also asymmetric and simi-
lar in magnitude to those inferred in the simple models, with higher 

relative migration from the GBR to the Coral Sea during the period 
of constant population size and during the period of population ex-
pansion (Table S3, Figure S7). The complex models also indicated 
that the Coral Sea was founded by a small number of individuals, has 
experienced a recent population expansion, and has a contempo-
rary effective population size that is smaller than the GBR (Table S3, 
Figure S7).

4  |  DISCUSSION

We assess the population genomic structure of a commercially 
and ecologically important species of coral reef fish (P. leopardus) 
across 14 degrees of latitude and 9 degrees of longitude in the 
west Pacific region of Australia. We find limited genetic connectiv-
ity between P. leopardus in the GBR and the Coral Sea despite the 
proximity of these two regions (~100 km). Inferred demographic 
histories for two replicate comparisons suggest that divergence 
occurred under a model of isolation with migration and was initi-
ated at approximately 206 and 177 kya, with one model compari-
son identifying an ancestral population in the Coral Sea that was 
two orders of magnitude smaller than the GBR, in terms of effec-
tive population size (Ne). Expansions were evident in both regions 
despite concurrent changes in sea level, but genetic diversity and 
contemporary effective population sizes (Ne) were smaller in the 
isolated atolls of the Coral Sea. We found high levels of gene flow 

F I G U R E  5  Best- ranked demographic 
models describing divergence and 
changes in population size between (a) 
Flinders Reef (Coral Sea) and Britomart 
Reef (Great Barrier Reef) and (b) East 
Lihou (Coral Sea) and Princess Charlotte 
Bay (Great Barrier Reef). Demographic 
models were constructed using the 
diffusion approximation method 
(moments; Jouganous et al., 2017) 
implemented in the program GADMA 
(Noskova et al., 2020). Joint site frequency 
spectra for empirical and inferred data are 
shown in Figure S1.

(b)

(a)
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along the majority of the GBR and significant genetic structure 
within the Coral Sea. Our results indicate a unique evolutionary 
history of P. leopardus in each region.

4.1  |  Evolution of independent lineages

Divergence of GBR and Coral Sea populations appears to predate 
the most recent glacial period that would have seen the exposure 
of the GBR shelf from 120 to 10 kya. The imprint of the associ-
ated glacial maximum (~20kya) on the demography of coral reef 
fishes is well documented in the literature (DiBattista et al., 2016; 
Knowlton & Weigt, 1998; Ludt & Rocha, 2015; Rocha et al., 2007), 
though we did not find that it was responsible for the divergence 
of P. leopardus lineages in this study. Instead, we show that di-
vergence is likely to have occurred during the early stages of the 
preceding glacial period from 190 to 130 kya. This finding suggests 
that P. leopardus in the Coral Sea have been isolated from the GBR 
for a significant period of time and that these lineages have main-
tained some level of independence despite concurrent changes in 
sea level.

Estimated migration rates were 10 times higher from the GBR to 
the Coral Sea, and ancestral population sizes in the latter were two 
orders of magnitude smaller, according to one of the model compar-
isons. This suggests that the Coral Sea population was likely estab-
lished by a small number of individuals from the ancestral population 
(i.e., founder effect). It is possible that changing environmental 
conditions in the Coral Sea (e.g., availability and/or quality of coral 
habitat) facilitated expansion into the region and that these con-
ditions remained favorable enough to support populations during 
the ~190 ky period that followed. Indeed, P. leopardus show strong 
habitat specificity and are dependent on live coral (or the structural 
complexity provided by live coral) at the recruit, juvenile and adult 
life history stages (Emslie et al., 2014; Kerry & Bellwood, 2012; Light 
& Jones, 1997). In the Coral Sea, P. leopardus is found on only seven 
of 37 reefs; all of which contain a back- reef or lagoon habitat akin to 
the mid- shelf reefs where they are most abundant in the GBR (Frisch 
et al., 2016). Similarly, in Western Australia, P. leopardus occur on 
coral atolls with back- reef habitat (i.e., South Seringapatam Reef at 
−14° latitude and the Houtman Abrolhos Islands at −28° latitude) and 
are rare or absent in surrounding coral reef habitat (van Herwerden 
et al., 2009). Hence, changes in habitat are likely to have influenced 
the distribution of P. leopardus through time and may have facilitated 
the expansion and persistence of populations in the Coral Sea.

Alternatively, the abrupt decline in sea level approximately 
190 kya may have reduced available habitat in the Coral Sea, resulting 
in a population bottleneck that triggered faster relative genetic drift 
from the ancestral population. This may have been re- enforced by 
geographic isolation if the ancestral population was restricted to the 
southern GBR, as suggested for some coral reef species during peri-
ods of low sea level (Benzie, 1994; Doherty et al., 1995; Lukoschek 
et al., 2007; Macaranas et al., 1992; van Oppen et al., 2011). While it 
is difficult to determine underlying events that initiated divergence 

between the Coral Sea and GBR P. leopardus, we provide evidence of 
a potentially complex evolutionary history influenced by factors in 
addition to changes in sea level.

Expansions were detected for all populations where demo-
graphic histories were inferred; however, estimates of contemporary 
effective population size were significantly smaller in the Coral Sea. 
Coral Sea sites also had lower genetic diversity and estimates of the 
inbreeding co- efficient that were closer to zero. This may be a con-
sequence of a small ancestral founder population in the Coral Sea, 
the geographic isolation of these reefs, local population substruc-
turing and the smaller habitat area here, compared with the GBR. 
Core- edge effects can also contribute to these patterns where se-
lection is stronger in fringing populations. Theoretical and empirical 
examples show that the effective size of a population should be pos-
itively correlated with the time since ancestral divergence (Braasch 
et al., 2019; Excoffier et al., 2009), and yet, we observed smaller es-
timates of Ne at East Lihou despite this population diverging some 
29 kya earlier than the Flinders Reef population. The geographic 
isolation of Lihou Reef appears to impose some limit on larval con-
nectivity, and this may explain the limited increase in Ne relative to 
Flinders Reef, which is closer to the GBR. Despite evidence of ge-
netic isolation, expansions were exponential at both Coral Sea reefs 
and may be a consequence of similar events, potentially initiated by 
global processes such as changes in sea level (e.g., Delrieu- Trottin 
et al., 2020).

Contemporary estimates of Ne were larger at both GBR sites, and 
expansions were sudden at Britomart Reef. Habitats in the southern 
GBR and southern Coral Sea are hypothesized to have provided ref-
uge for coral reef fauna during low sea level stands (Benzie, 1994; 
Doherty et al., 1995; Lukoschek et al., 2007; Macaranas et al., 1992; 
van Oppen et al., 2011), and the relative proximity of Britomart Reef 
to this region may explain the sudden expansion compared with 
Princess Charlotte Bay in the northern GBR.

Ultimately, we apply a degree of caution when interpreting the 
precise timing of coalescence using genes with unknown mutation 
rates and where generation times of focal species are estimated, 
even though these were sourced from empirical life- history 
data in our study (Adams, 2002; Ferreira & Russ, 1994; Payet 
et al., 2020; Russ et al., 1998). Comparisons involving the complex 
models provided support for a similar mode of divergence (isola-
tion with asymmetric migration), with recent expansions in both 
regions (5 and 12 kya) that align with the approximate age of the 
GBR in its current configuration (Davies et al., 1989; Veron, 2008). 
While these models provide a better fit for our data, we inter-
pret them with caution. Nonetheless, both simple and complex 
models reveal general consistencies in the timing of divergence, 
the direction of migration, and effective population size estimates 
and provide further evidence of a complex evolutionary history of 
P. leopardus during Pleistocene glaciations (e.g., Ma et al., 2018; 
van Herwerden et al., 2009). It is not known if our results reflect 
a broader phylogeographic history across other marine taxa in 
the Coral Sea as no other study has used similar methods to as-
sess genetic connectivity across the region. Comparisons using a 
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variety of molecular techniques suggest that results are likely to 
be species- specific (Benzie, 1991; Benzie & Williams, 1992; Planes 
et al., 2001).

4.2  |  Contemporary patterns of connectivity

Discrete populations of P. leopardus in the Coral Sea and the GBR 
were identified in all analyses of genetic structure indicating that 
contemporary connectivity between regions is minimal. This was 
surprising given that (1) the New Caledonia Jet and the north 
Vanuatu Jet flow east to west through the Coral Sea and directly 
intersect the GBR (Figure 1, Burrage, 1993; Ceccarelli et al., 2013; 
Kessler & Cravatte, 2013), (2) regional populations are as close as 
100 km (e.g., Flinders Reef and Britomart Reef), and (3) P. leopar-
dus are capable of dispersing over 250 km from their natal reefs 
(Williamson et al., 2016).

Since the GBR provides a larger habitat area and presumably 
supports a greater population of P. leopardus, it is possible that the 
genetic signal of any migrants arriving from the Coral Sea is quickly 
diluted into the local gene pool (i.e., genetic swamping). Plectropomus 
leopardus also form relatively small aggregations (100’s of individu-
als) at multiple sites (Frisch et al., 2016; Samoilys, 1997) and typically 
spawn during medium to strong current periods (Zeller, 1998). Ma 
et al. (2018) provided evidence that these traits may limit the disper-
sal of P. leopardus larvae and explain higher levels of genetic structure 
in this species relative to other epinepheline (e.g., E.  polyphekadion 
and P. areolatus) that aggregate in large numbers (1000’s of individ-
uals) and spawn in reef passages adjacent to the open ocean, during 
high current flow periods. There is also evidence that reef fish pop-
ulations in habitat- limited areas (i.e., isolated reefs in the Coral Sea) 
spawn over narrower time period to maximize local retention of lar-
vae (Boddington et al., 2021; Choat, 2012). In the case of the Coral 
Sea, this may limit connectivity with the GBR despite the prevailing 
ocean currents.

Alternatively, larval exchange between regions may occur via 
planktonic dispersal, with postsettlement processes preventing any 
realized genetic connectivity. For instance, the gradual accumulation 
of genetic incompatibility through genetic drift (over some 190 ky) 
may serve to limit introgression between populations through the 
evolution of pre-  or postzygotic reproductive barriers. Though this 
seems unlikely given that P. leopardus are capable of producing fertile 
hybrids with congenerics (Harrison, Berumen, et al., 2017). Another 
possible scenario is isolation by adaptation (Orsini et al., 2013), 
where migrants exchanged between regions have lower rates of 
survival or reduced reproductive success because they are poorly 
adapted to the conditions that they recruit to. Indeed, temperature 
regimes vary significantly between the GBR and the Coral Sea, and 
there is an overwhelming amount of evidence showing the impact of 
temperature on the metabolism and behavior of P. leopardus (Brown 
et al., 2021; Johansen et al., 2014, 2015; Pratchett et al., 2017; Scott 
et al., 2019). While analyses of outlier SNPs showed similar results 
to the neutral dataset, gene- environment association tests (e.g., 

Capblancq & Forester, 2021) may provide a more suitable alterna-
tive to determine whether there is a local adaptation in P. leopardus.

Within regions, measures of genetic connectivity were generally 
consistent with the geographic configuration of reefs and the rel-
ative continuity of habitat. Similar to previous studies that analyse 
microsatellite markers (Ma et al., 2018; Taboun et al., 2021) we ob-
served high levels of gene flow in P. leopardus across the majority 
of the 2200 km length of the GBR due to the proximity of individ-
ual reefs and the ubiquitous distribution this species. Similarly, sites 
at East Lihou and West Lihou were genetically homogenous due to 
the continuous habitat that connects the ~100 km long coral atoll. 
These findings are consistent with (Pinsky et al., 2012) and high-
light that habitat continuity can generate connectivity across large 
spatial scales (i.e., 100’s to 1000’s km). In the Coral Sea, Lihou Reef 
was genetically distinct from Flinders and Marion Reefs, which ap-
peared to experience some degree of genetic connectivity with each 
other. The velocity of the East Australian Current is relatively strong 
between Flinders and Marion Reefs, and this may facilitate larval 
connectivity even though the distance (400 km) is well in excess of 
the maximum documented dispersal of P. leopardus larvae (~250 km, 
Williamson et al., 2016).

4.3  |  Conservation and management implications

Our results add to an increasing body of literature that identifies 
cross- shelf patterns of population genetic structure in fishery spe-
cies with implications for management (e.g., Atlantic cod, Barth 
et al., 2017; European anchovy, Bonhomme et al., 2022). Coral trout 
are an iconic fishery species and account for the largest annual com-
mercial catch by volume (725– 850 t) and value ($27– $31 m) in the 
GBR the Coral Reef Fin Fish Fishery (Frisch et al., 2016; Queensland 
Department of Agriculture and Fisheries, Queensland Fisheries 
Summary Report, 2018). Our results show that P. leopardus in the 
GBR experience relatively high levels of genetic connectivity but 
exist as an independent stock to the Coral Sea. Considering that the 
GBR fishery is split into 12 stock units that align with habitat types 
(Campbell et al., 2019) and that do not cross any known genetic 
breaks (i.e., spatial mismatch), the current spatial structure used in 
stock assessment models appears to be appropriate.

High levels of observed genetic connectivity in the GBR are also 
likely to benefit the relative resilience of this population because 
they allow the replenishment of individual reefs from upstream loca-
tions. The large effective population size and higher relative genetic 
diversity may also assist with adaptation to changing environmental 
conditions. These results, however, should not be interpreted as a 
panacea, as P. leopardus populations have declined throughout the 
majority of their range (Sadovy de Mitcheson et al., 2013) and are 
subject to the cumulative impacts of habitat loss, fishing pressure, 
and climate- driven thermal stress in the GBR (Brown et al., 2020; 
Brown et al., 2021; Frisch et al., 2016; Pratchett et al., 2017).

We show that while P. leopardus in the Coral Sea escape many 
coastal impacts due to its distance from mainland Australia such as 
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habitat loss due to coastal runoff (Ceccarelli et al., 2013) and fishing 
pressure (Payet et al., 2020), populations here represent a unique 
challenge to managers. The geographic isolation of the Coral Sea 
and the low level of genetic connectivity between reefs relative 
to the GBR indicate that populations are primarily reliant on self- 
recruitment for replenishment and may be slower to recover should 
there be local perturbation. Plectropomus leopardus are also partic-
ularly dependent on live coral cover for habitat (Emslie et al., 2014; 
Kerry & Bellwood, 2012; Light & Jones, 1997; Williamson et al., 2014) 
and the spatial and temporal extent of recent coral bleaching 
events in the Coral Sea (Harrison et al., 2019) and globally (Hughes 
et al., 2017), generate concern for these isolated populations that 
occupy a relatively small habitable area. Further, lower genetic di-
versity and smaller effective population sizes in the Coral Sea may 
indicate that these populations have less diversity for selection to 
act upon and a lower relative capacity to adapt to rapidly changing 
environments (Excoffier et al., 2009).

5  |  CONCLUSIONS

Climate- driven changes in sea level, their impact on the demogra-
phy of GBR fauna, and links with the Coral Sea region are often dis-
cussed in the literature (Benzie, 1994; Doherty et al., 1995; Lukoschek 
et al., 2007; Macaranas et al., 1992; van Oppen et al., 2011) but are 
rarely empirically tested. This study is the first to compare the genetic 
connectivity and the demographic history of a larval dispersing fish 
between and within these globally significant regions. We identify 
spatially discrete genetic lineages with unique evolutionary histories 
at a scale that is rarely observed in coral reef fishes (i.e., <100 km). 
While it is difficult to determine the underlying events that triggered 
the divergence of the Coral Sea and GBR lineages, further research 
may shed light on the processes that maintain contemporary isolation 
(e.g., genetic swamping, spawning behavior, adaptation, and genetic 
drift). Our results demonstrate the importance of considering demo-
graphic histories when interpreting population genetic structure and 
show that this information may provide insight into the relative re-
silience of isolated populations, particularly those of commercial and 
ecological significance, such as coral grouper. We add to a growing 
body of evidence that shows the evolutionary history of widely dis-
persed marine species can vary at small spatial scales.

ACKNOWLEDG MENTS
The authors acknowledge that this research took place on the land 
and sea country of Traditional Owners, and recognize their continu-
ing connection to land, water, and community in the Great Barrier 
Reef and Coral Sea. This research was funded by an ARC Discovery 
Early Career Research Award to H.B. Harrison (DE160101141) and 
the Director of National Parks, Australia. S.D. Payet was supported 
by a James Cook University Postgraduate Research Scholarship. P. 
Saenz- Agudelo was supported by Fondo Nacional de Desarrollo 
Científico y Tecnológico (Grant Fondecyt 1190710). The authors 
would like to thank P. Sayre, T. Sinclair- Taylor and P. Waldie for field 

and logistic support in the Coral Sea and R. Arrigoni for laboratory 
support. The authors also wish to thank the relevant staff at Parks 
Australia, with particular mention given to A. Warmbrunn and M. 
Russell. For research permits, the authors thank Parks Australia, 
the Great Barrier Reef Marine Park Authority, and the Queensland 
Fisheries Department. For animal ethics approval, the authors thank 
the James Cook University Animal Ethics committee. The findings 
and views expressed are those of the authors and do not necessar-
ily represent the views of Parks Australia, the Director of National 
Parks, or the Australian Government.

CONFLIC T OF INTERE S T
The authors declare no conflict of interest.

DATA AVAIL ABILIT Y S TATEMENT
Individual genotype datasets (Payet, 2022) are available on 
DataDryad: https://doi.org/10.5061/dryad.np5hq bzwv.

ORCID
Samuel D. Payet  https://orcid.org/0000-0002-2466-4237 
Morgan S. Pratchett  https://orcid.org/0000-0002-1862-8459 
Pablo Saenz- Agudelo  https://orcid.org/0000-0001-8197-2861 
Michael L. Berumen  https://orcid.org/0000-0003-2463-2742 
Joseph D. DiBattista  https://orcid.org/0000-0002-5696-7574 
Hugo B. Harrison  https://orcid.org/0000-0001-8831-0086 

R E FE R E N C E S
Adams, S., Mapstone, B. D., Russ, G. R., & Davies, C. R. (2000). Geographic 

variation in the sex ratio, sex specific size, and age structure of 
Plectropomus leopardus (Serranidae) between reefs open and closed 
to fishing on the great barrier reef. Canadian Journal of Fisheries and 
Aquatic Sciences, 57, 1448– 1458.

Adams, S. (2002). The reproductive biology of three species of Plectropomus 
(Serranidae) and responses to fishing (Doctoral dissertation). James 
Cook University.

Archer, F. I., Adams, P. E., & Schneiders, B. B. (2017). stratag: An r pack-
age for manipulating, summarizing and analysing population ge-
netic data. Molecular Ecology Resources, 17(1), 5– 11.

Avise, J. C. (2009). Phylogeography: Retrospect and prospect. Journal of 
Biogeography, 36(1), 3– 15.

Barth, J. M., Berg, P. R., Jonsson, P. R., Bonanomi, S., Corell, H., Hemmer- 
Hansen, J., Jakobsen, K. S., Johannesson, K., Jorde, P. E., Knutsen, 
H., Moksnes, P. O., Star, B., Stenseth, N. C., Svedang, H., Jentoft, S., 
& Andre, C. (2017). Genome architecture enables local adaptation 
of Atlantic cod despite high connectivity. Molecular Ecology, 26(17), 
4452– 4466.

BDO EconSearch, Economic and Social Indicators for the Queensland 
Coral Reef Fin Fish Fishery, 2017/18 and 2018/19. A report to 
Fisheries Queensland. (2020). https://www.daf.qld.gov.au/

Benjamini, Y., & Yekutieli, D. (2001). The control of the false discovery 
rate in multiple testing under dependency. Annals of Statistics, 29, 
1165– 1188.

Benzie, J. A. (1991). Genetic relatedness of foraminiferan (Marginopora 
vertebralis) populations from reefs in the Western Coral Sea and 
Great Barrier Reef. Coral Reefs, 10(1), 29– 36.

Benzie, J. A., & Williams, S. T. (1992). Genetic structure of giant clam 
(Tridacna maxima) populations from reefs in the Western Coral Sea. 
Coral Reefs, 11(3), 135– 141.

https://doi.org/10.5061/dryad.np5hqbzwv
https://orcid.org/0000-0002-2466-4237
https://orcid.org/0000-0002-2466-4237
https://orcid.org/0000-0002-1862-8459
https://orcid.org/0000-0002-1862-8459
https://orcid.org/0000-0001-8197-2861
https://orcid.org/0000-0001-8197-2861
https://orcid.org/0000-0003-2463-2742
https://orcid.org/0000-0003-2463-2742
https://orcid.org/0000-0002-5696-7574
https://orcid.org/0000-0002-5696-7574
https://orcid.org/0000-0001-8831-0086
https://orcid.org/0000-0001-8831-0086
https://www.daf.qld.gov.au/__data/assets/pdf_file/0004/1423831/Queensland-Fisheries-Summary-Report.pdf


    |  1233PAYET et al.

Benzie, J. A. H. (1994). Patterns of gene flow in the Great Barrier Reef 
and Coral Sea. Genetics and Evolution of Aquantic Organisms, 67–79.

Boaden, A. E., & Kingsford, M. J. (2015). Predators drive community 
structure in coral reef fish assemblages. Ecosphere, 6(4), 1– 33.

Boddington, D. K., Wakefield, C. B., Fisher, E. A., Fairclough, D. V., 
Harvey, E. S., & Newman, S. J. (2021). Age, growth and reproductive 
life- history characteristics infer a high population productivity for 
the sustainably fished protogynous hermaphroditic yellowspotted 
rockcod (Epinephelus areolatus) in north- Western Australia. Journal 
of Fish Biology., 99, 1869– 1886.

Bode, M., Leis, J. M., Mason, L. B., Williamson, D. H., Harrison, H. B., 
Choukroun, S., & Jones, G. P. (2019). Successful validation of a 
larval dispersal model using genetic parentage data. PLoS Biology, 
17(7), e3000380.

Bonhomme, F., Meyer, L., Arbiol, C., Bănaru, D., Bahri- Sfar, L., 
Fadhlaoui- Zid, K., Strelkov, P., Arculeo, M., Soulier, L., Quignard, 
J. P., & Gagnaire, P. A. (2022). Systematics of European coastal 
anchovies (genus Engraulis Cuvier). Journal of Fish Biology, 100(2), 
594– 600.

Bowen, B. W., Rocha, L. A., Toonen, R. J., & Karl, S. A. (2013). The origins 
of tropical marine biodiversity. Trends in Ecology & Evolution, 28(6), 
359– 366.

Braasch, J., Barker, B. S., & Dlugosch, K. M. (2019). Expansion history and 
environmental suitability shape effective population size in a plant 
invasion. Molecular Ecology, 28(10), 2546– 2558.

Brown, C. J., Mellin, C., Edgar, G. J., Campbell, M. D., & Stuart- Smith, R. 
D. (2021). Direct and indirect effects of heatwaves on a coral reef 
fishery. Global Change Biology, 27(6), 1214– 1225.

Brown, C. J., Taylor, W., Wabnitz, C. C., & Connolly, R. M. (2020). 
Dependency of Queensland and the Great Barrier Reef's tropical 
fisheries on reef- associated fish. Scientific Reports, 10(1), 1– 11.

Burrage, D. M. (1993). Coral sea currents. Corella, 17(5), 135– 145.
Campbell, A., Leigh, G., Bessell- Browne, P., & Lovett, R. (2019). Stock 

assessment of the Queensland east coast common coral trout 
(Plectropomus leopardus) fishery. Department of Agriculture and 
Fisheries, Queensland Government.

Capblancq, T., & Forester, B. R. (2021). Redundancy analysis: A Swiss 
Army Knife for landscape genomics. Methods in Ecology and 
Evolution, 12(12), 2298– 2309.

Catchen, J., Hohenlohe, P. A., Bassham, S., Amores, A., & Cresko, W. 
A. (2013). Stacks: An analysis tool set for population genomics. 
Molecular Ecology, 22(11), 3124– 3140.

Ceccarelli, D. M., McKinnon, A. D., Andrefouet, S., Allain, V., Young, J., 
Gledhill, D. C., Flynn, A., Bax, N. J., Beaman, R., Borsa, P., Brinkman, 
R., Bustamante, R. H., Campbell, R., Cappo, M., Cravatte, S., 
D'Agata, S., Dichmont, C. M., Dunstan, P., & Brinkman, R. (2013). 
The Coral Sea: Physical environment, ecosystem status and biodi-
versity assets. Advances in Marine Biology, 66, 213– 290.

Choat, J. H. (2012). Spawning aggregations in reef fishes; ecological and 
evolutionary processes. In Reef fish spawning aggregations: Biology, 
research and management (pp. 85– 116). Springer.

Choat, J. H., & Robertson, D. R. (2002). Age- based studies. In Coral reef 
fishes: Dynamics and diversity in a complex ecosystem (pp. 57– 80). 
Academic Press.

Davies, P. J., Symonds, P. A., Feary, D. A., & Pigram, C. J. (1989). The evo-
lution of carbonate platforms of northeast Australia (pp. 233– 258). 
SEPM Special Publications.

Delrieu- Trottin, E., Hubert, N., Giles, E. C., Chifflet- Belle, P., Suwalski, 
A., Neglia, V., Rapu- Edmunds, C., Mona, S., & Saenz- Agudelo, P. 
(2020). Coping with Pleistocene climatic fluctuations: Demographic 
responses in remote endemic reef fishes. Molecular Ecology, 29(12), 
2218– 2233.

DiBattista, J. D., Howard Choat, J., Gaither, M. R., Hobbs, J. P. A., Lozano- 
Cortés, D. F., Myers, R. F., Paulay, G., Rocha, L. A., Toonen, R. J., 
Westneat, M. W., & Berumen, M. L. (2016). On the origin of en-
demic species in the Red Sea. Journal of Biogeography, 43(1), 13– 30.

Doherty, P. J., Planes, S., & Mather, P. (1995). Gene flow and larval du-
ration in seven species of fish from the Great Barrier Reef. Ecology, 
76(8), 2373– 2391.

Emslie, M. J., Cheal, A. J., & Johns, K. A. (2014). Retention of habitat 
complexity minimizes disassembly of reef fish communities fol-
lowing disturbance: A large- scale natural experiment. PLoS One, 9, 
e105384.

Emslie, M. J., Logan, M., Williamson, D. H., Ayling, A. M., MacNeil, M. 
A., Ceccarelli, D., Cheal, A. J., Evans, R. D., Johns, K. A., Jonker, M. 
J., Miller, I. R., Osborne, K., Russ, G. R., & Sweatman, H. P. (2015). 
Expectations and outcomes of reserve network performance fol-
lowing re- zoning of the Great Barrier Reef Marine Park. Current 
Biology, 25(8), 983– 992.

Evans, R. D. (2008). Assessment of an underwater biopsy probe for col-
lecting teleost fish tissue samples. Marine Ecology Progress Series, 
368, 305– 308.

Evans, R. D., Van Herwerden, L., Russ, G. R., & Frisch, A. J. (2010). Strong 
genetic but not spatial subdivision of two reef fish species targeted 
by fishers on the Great Barrier Reef. Fisheries Research, 102(1– 2), 
16– 25.

Excoffier, L., Foll, M., & Petit, R. J. (2009). Genetic consequences of range 
expansions. Annual Review of Ecology, Evolution, and Systematics, 40, 
481– 501.

Falush, D., Stephens, M., & Pritchard, J. K. (2007). Inference of popula-
tion structure using multilocus genotype data: Dominant markers 
and null alleles. Molecular Ecology Notes, 7, 574– 578.

Ferreira, B. P., & Russ, G. R. (1994). Age validation and estimation of 
growth rate of the coral trout, Plectropomus leopardus (Lacepede 
1802), from Lizard Island, northern Great Barrier Reef. Fishery 
Bulletin, 92, 46– 57.

Flanagan, S. P., Rose, E., & Jones, A. G. (2021). The population genomics 
of repeated freshwater colonizations by Gulf pipefish. Molecular 
Ecology, 30(7), 1672– 1687.

Foll, M., & Gaggiotti, O. (2008). A genome- scan method to identify se-
lected loci appropriate for both dominant and codominant markers: 
A Bayesian perspective. Genetics, 180(2), 977– 993.

Frichot, E., & François, O. (2015). LEA: An R package for landscape and 
ecological association studies. Methods in Ecology and Evolution, 
6(8), 925– 929.

Frichot, E., Mathieu, F., Trouillon, T., Bouchard, G., & François, O. (2014). 
Fast and efficient estimation of individual ancestry coefficients. 
Genetics, 196(4), 973– 983.

Frisch, A. J., Cameron, D. S., Pratchett, M. S., Williamson, D. H., Williams, 
A. J., Reynolds, A. D., Hoey, A. S., Rizzari, J. R., Evans, L., Kerrigan, 
B., Muldoon, G., Welch, D. J., & Hobbs, J. P. A. (2016). Key aspects 
of the biology, fisheries and management of Coral grouper. Reviews 
in Fish Biology and Fisheries, 26(3), 303– 325.

Gaither, M. R., Bernal, M. A., Coleman, R. R., Bowen, B. W., Jones, S. A., 
Simison, W. B., & Rocha, L. A. (2015). Genomic signatures of geo-
graphic isolation and natural selection in coral reef fishes. Molecular 
Ecology, 24(7), 1543– 1557.

Gaither, M. R., Bowen, B. W., Bordenave, T. R., Rocha, L. A., Newman, 
S. J., Gomez, J. A., van Herweden, L., & Craig, M. T. (2011). 
Phylogeography of the reef fish Cephalopholis argus (Epinephelidae) 
indicates Pleistocene isolation across the Indo- Pacific Barrier with 
contemporary overlap in the Coral Triangle. BMC Evolutionary 
Biology, 11(1), 189.

Gosselin, T. (2020). Radiator: RADseq Data Exploration, Manipulation 
and Visualization using R. R package version 1.2.1. https://thier 
rygos selin.github.io/radia tor/

Graham, N. A. J., Evans, R. D., & Russ, G. R. (2003). The effects of 
marine reserve protection on the trophic relationships of reef 
fishes on the Great Barrier Reef. Environmental Conservation, 30, 
200– 208.

Green, A. L., Maypa, A. P., Almany, G. R., Rhodes, K. L., Weeks, R., 
Abesamis, R. A., Gleason, M. J., Mumby, P. J., & White, A. T. (2015). 

https://thierrygosselin.github.io/radiator/
https://thierrygosselin.github.io/radiator/


1234  |    PAYET et al.

Larval dispersal and movement patterns of coral reef fishes, and 
implications for marine reserve network design. Biological Reviews, 
90(4), 1215– 1247.

Gutenkunst, R. N., Hernandez, R. D., Williamson, S. H., & Bustamante, C. 
D. (2009). Inferring the joint demographic history of multiple pop-
ulations from multidimensional SNP frequency data. PLoS Genetics, 
5, e1000695.

Harrison, H. B., Álvarez- Noriega, M., Baird, A. H., Heron, S. F., 
MacDonald, C., & Hughes, T. P. (2019). Back- to- back coral bleach-
ing events on isolated atolls in the Coral Sea. Coral Reefs, 38(4), 
713– 719.

Harrison, H. B., Berumen, M. L., Saenz- Agudelo, P., Salas, E., Williamson, 
D. H., & Jones, G. P. (2017). Widespread hybridization and bidirec-
tional introgression in sympatric species of coral reef fish. Molecular 
Ecology, 26(20), 5692– 5704.

Harrison, H. B., Pratchett, M. S., Messmer, V., Saenz- Agudelo, P., & 
Berumen, M. L. (2017). Microsatellites reveal genetic homoge-
neity among outbreak populations of crown- of- thorns starfish 
(Acanthaster cf. solaris) on Australia's Great Barrier Reef. Diversity, 
9(1), 16.

Hewitt, G. M. (2004). The structure of biodiversity –  insights from mo-
lecular phylogeography. Frontiers in Zoology, 1(1), 4.

Hickerson, M. J., Carstens, B. C., Cavender- Bares, J., Crandall, K. A., 
Graham, C. H., Johnson, J. B., Rissler, L., Victoriano, P. F., & Yoder, 
A. D. (2010). Phylogeography's past, present, and future: 10 years 
after. Molecular Phylogenetics and Evolution, 54(1), 291– 301.

Hughes, T. P., Kerry, J. T., Alvarez- Noriega, M., Alvarez- Romero, J. G., 
Anderson, K. D., Baird, A. H., Babcock, R. C., Beger, M., Bellwood, 
D. R., Berkelmans, R., Bridge, T. C., Butler, I. R., Byrne, M., Cantin, 
N., Comeau, S., Connolly, S. R., Cumming, G. S., Dalton, S. J., Diaz- 
Pulido, G., …  Wilson, S. K. (2017). Global warming and recurrent 
mass bleaching of corals. Nature, 543, 373– 377.

Jacobs, A., Hughes, M., Robinson, P., Adams, C., & Elmer, K. (2018). The 
genetic architecture underlying the evolution of a rare piscivorous 
life history form in Brown Trout after secondary contact and strong 
introgression. Genes, 9(6), 280.

Johansen, J. L., Messmer, V., Coker, D. J., Hoey, A. S., & Pratchett, M. S. 
(2014). Increasing ocean temperatures reduce activity patterns of a 
large commercially important coral reef fish. Global Change Biology, 
20(4), 1067– 1074.

Johansen, J. L., Pratchett, M. S., Messmer, V., Coker, D. J., Tobin, A. J., & 
Hoey, A. S. (2015). Large predatory coral trout species unlikely to 
meet increasing energetic demands in a warming ocean. Scientific 
Reports, 5(1), 1– 8.

Johnson, M. S., & Black, R. (1982). Chaotic genetic patchiness in an inter-
tidal limpet, Siphonaria sp. Marine Biology, 70(2), 157– 164.

Jombart, T. (2008). Adegenet: A R package for the multivariate analysis 
of genetic markers. Bioinformatics, 24, 1403– 1405.

Jones, G. P., Caley, M. J., & Munday, P. L. (2002). Rarity in coral reef fish 
communities. In P. F. Sale (Ed.), Coral reef fishes: Dynamics and diver-
sity in a complex ecosystem (pp. 81– 101). Academic Press.

Jouganous, J., Long, W., Ragsdale, A. P., & Gravel, S. (2017). Inferring 
the joint demographic history of multiple populations: Beyond the 
diffusion approximation. Genetics, 206(3), 1549– 1567.

Keenan, K., McGinnity, P., Cross, T. F., Crozier, W. W., & Prodöhl, P. A. 
(2013). diveRsity: An R package for the estimation of population 
genetics parameters and their associated errors. Methods in Ecology 
and Evolution, 4(8), 782– 788.

Kerry, J. T., & Bellwood, D. R. (2012). The effect of coral morphology on 
shelter selection by coral reef fishes. Coral Reefs, 31(2), 415– 424.

Kessler, W. S., & Cravatte, S. (2013). ENSO and short- term variability 
of the South Equatorial Current entering the Coral Sea. Journal of 
Physical Oceanography, 43(5), 956– 969.

Knowlton, N., & Weigt, L. A. (1998). New dates and new rates for diver-
gence across the Isthmus of Panama. Proceedings of the Royal Society 
of London. Series B: Biological Sciences, 265(1412), 2257– 2263.

Le Moan, A., Gagnaire, P. A., & Bonhomme, F. (2016). Parallel genetic 
divergence among coastal- marine ecotype pairs of European an-
chovy explained by differential introgression after secondary con-
tact. Molecular Ecology, 25(13), 3187– 3202.

Leis, J. M. (1991). The pelagic phase of coral reef fishes: Larval biology of 
coral reef fishes. In The ecology of fishes on coral reefs (pp. 183– 230). 
Academic Press.

Light, P. R., & Jones, G. P. (1997). Habitat preference in newly settled 
coral trout (Plectropomus leopardus, Serranidae). Coral Reefs, 16(2), 
117– 126.

Louis, M., Galimberti, M., Archer, F., Berrow, S., Brownlow, A., Fallon, 
R., Nykanen, M., O'Brien, J., Robertson, K. M., & Gaggiotti, O. E. 
(2021). Selection on ancestral genetic variation fuels repeated 
ecotype formation in bottlenose dolphins. Science Advances, 7(44), 
eabg1245.

Ludt, W. B., & Rocha, L. A. (2015). Shifting seas: The impacts of 
Pleistocene sea- level fluctuations on the evolution of tropical ma-
rine taxa. Journal of Biogeography, 42(1), 25– 38.

Lukoschek, V., Waycott, M., & Marsh, H. (2007). Phylogeography of 
the olive sea snake, Aipysurus laevis (Hydrophiinae) indicates 
Pleistocene range expansion around northern Australia but low 
contemporary gene flow. Molecular Ecology, 16(16), 3406– 3422.

Luu, K., Bazin, E., & Blum, M. G. (2017). pcadapt: An R package to per-
form genome scans for selection based on principal component 
analysis. Molecular Ecology Resources, 17(1), 67– 77.

Ma, K. Y., Van Herwerden, L., Newman, S. J., Berumen, M. L., Choat, J. 
H., Chu, K. H., & de Mitcheson, Y. S. (2018). Contrasting popula-
tion genetic structure in three aggregating groupers (Percoidei: 
Epinephelidae) in the Indo- West Pacific: The importance of repro-
ductive mode. BMC Evolutionary Biology, 18(1), 1– 15.

Macaranas, J. M., Ablan, C. A., Pante, M. J., Benzie, J. A. H., & Williams, 
S. T. (1992). Genetic structure of giant clam (Tridacna derasa) pop-
ulations from reefs in the Indo- Pacific. Marine Biology, 113(2), 
231– 238.

Noskova, E., Ulyantsev, V., Koepfli, K. P., O'Brien, S. J., & Dobrynin, P. 
(2020). GADMA: Genetic algorithm for inferring demographic his-
tory of multiple populations from allele frequency spectrum data. 
GigaScience, 9(3), giaa005.

Orsini, L., Vanoverbeke, J., Swillen, I., Mergeay, J., & De Meester, L. 
(2013). Drivers of population genetic differentiation in the wild: 
Isolation by dispersal limitation, isolation by adaptation and isola-
tion by colonization. Molecular Ecology, 22(24), 5983– 5999.

Paris, J. R., Stevens, J. R., & Catchen, J. M. (2017). Lost in parameter 
space: A road map for stacks. Methods in Ecology and Evolution, 
8(10), 1360– 1373.

Payet, S. D. (2022). Data from: Demographic histories shape population 
genomics of the common coral grouper (Plectropomus leopardus). 
Dryad Repository. https://doi.org/10.5061/dryad.np5hq bzwv

Payet, S. D., Lowe, J. R., Mapstone, B. D., Pratchett, M. S., Sinclair- 
Taylor, T. H., Taylor, B. M., Waldie, P. A., & Harrison, H. B. (2020). 
Comparative demography of commercially important species of 
coral grouper, Plectropomus leopardus and P. laevis, from Australia's 
great barrier reef and Coral Sea marine parks. Journal of Fish Biology, 
97(4), 1165– 1176.

Peterson, B. K., Weber, J. N., Kay, E. H., Fisher, H. S., & Hoekstra, H. E. 
(2012). Double digest RADseq: An inexpensive method for de novo 
SNP discovery and genotyping in model and non- model species. 
PLoS One, 7(5), e37135.

Pianka, E. R. (1978). Evolutionary ecology. Harper and Rowe Publishers.
Pinheiro, H. T., Bernardi, G., Simon, T., Joyeux, J. C., Macieira, R. M., 

Gasparini, J. L., Rocha, C., & Rocha, L. A. (2017). Island biogeogra-
phy of marine organisms. Nature, 549(7670), 82– 85.

Pinsky, M. L., Palumbi, S. R., Andréfouët, S., & Purkis, S. J. (2012). 
Open and closed seascapes: Where does habitat patchiness cre-
ate populations with high fractions of self- recruitment? Ecological 
Applications, 22(4), 1257– 1267.

https://doi.org/10.5061/dryad.np5hqbzwv


    |  1235PAYET et al.

Planes, S., Doherty, P. J., & Bernardi, G. (2001). Strong genetic diver-
gence among populations of a marine fish with limited dispersal, 
Acanthochromis polyacanthus, within the Great Barrier Reef and the 
Coral Sea. Evolution, 55(11), 2263– 2273.

Pratchett, M. S., Cameron, D. S., Donelson, J., Evans, L., Frisch, A. J., 
Hobday, A. J., Hoey, A. S., Marshall, N. A., Messmer, V., Munday, P. 
L., Pears, R., Pecl, G., Reynolds, A., Scott, M., Tobin, A., Welch, D. J., 
& Williamson, D. H. (2017). Effects of climate change on coral grou-
per (Plectropomus spp.) and possible adaptation options. Reviews in 
Fish Biology and Fisheries, 27(2), 297– 316.

Pritchard, J. K., Stephens, M., & Donnelly, P. (2000). Inference of pop-
ulation structure using multilocus genotype data. Genetics, 155, 
945– 959.

Queensland Department of Agriculture and Fisheries. (2018). 
Queensland Fisheries Summary. https://www.daf.qld.gov.au/

Riquet, F., Liautard- Haag, C., Woodall, L., Bouza, C., Louisy, P., Hamer, 
B., Otero- Ferrer, F., Aublanc, P., Beduneau, V., Briard, O., El Ayari, 
T., Hochscheid, S., Belkhir, K., Arnaud- Haond, S., Gagnaire, P. A., & 
Bierne, N. (2019). Parallel pattern of differentiation at a genomic 
Island shared between clinal and mosaic hybrid zones in a complex 
of cryptic seahorse lineages. Evolution, 73(4), 817– 835.

Rocha, L. A., Craig, M. T., & Bowen, B. W. (2007). Phylogeography and 
the conservation of coral reef fishes. Coral Reefs, 26, 501– 512.

Rochette, N. C., & Catchen, J. M. (2017). Deriving genotypes from 
RAD- seq short- read data using Stacks. Nature Protocols, 12(12), 
2640– 2659.

Rougeux, C., Bernatchez, L., & Gagnaire, P. A. (2017). Modeling the multi-
ple facets of speciation- with- gene- flow toward inferring the diver-
gence history of lake whitefish species pairs (Coregonus clupeafor-
mis). Genome Biology and Evolution, 9(8), 2057– 2074.

Russ, G. R., Lou, D. C., Higgs, J. B., & Ferreira, B. P. (1998). Mortality 
rate of a cohort of the coral trout, Plectropomus leopardus, in zones 
of the great barrier reef Marine Park closed to fishing. Marine and 
Freshwater Research, 49, 507– 511.

Sadovy de Mitcheson, Y., Craig, M. T., Bertoncini, A. A., Carpenter, K. E., 
Cheung, W. W., Choat, J. H., Cornish, A. S., Fennessy, S. T., Ferriera, 
B. P., Heemstra, P. C., Liu, M., Myers, R. F., Pollard, D. A., Rhodes, 
K. L., Rocha, L. A., Russel, B. C., Samoilys, M. A., & Sanciangco, J. 
(2013). Fishing groupers towards extinction: A global assessment 
of threats and extinction risks in a billion- dollar fishery. Fish and 
Fisheries, 14(2), 119– 136.

Samoilys, M. A. (1997). Periodicity of spawning aggregations of coral 
trout Plectropomus leopardus (Pisces: Serranidae) on the northern 
Great Barrier Reef. Marine Ecology Progress Series, 160, 149– 159.

Scott, M. E., Heupel, M. R., Simpfendorfer, C. A., Matley, J. K., & Pratchett, 
M. S. (2019). Latitudinal and seasonal variation in space use by 
a large, predatory reef fish. Plectropomus leopardus. Functional 
Ecology, 33(4), 670– 680.

Souissi, A., Bonhomme, F., Manchado, M., Bahri- Sfar, L., & Gagnaire, P. 
A. (2018). Genomic and geographic footprints of differential intro-
gression between two divergent fish species (Solea spp.). Heredity, 
121(6), 579– 593.

Taboun, Z. S., Walter, R. P., Ovenden, J. R., & Heath, D. D. (2021). Spatial 
and temporal genetic variation in an exploited reef fish: The effects 
of exploitation on cohort genetic structure. Evolutionary applica-
tions., 14, 1286– 1300.

Tine, M., Kuhl, H., Gagnaire, P.- A., Louro, B., Desmarais, E., Martins, R. S. 
T., Hecht, J., Knaust, F., Belkhir, K., Klages, S., Dieterich, R., Stueber, 
K., Piferrer, F., Guinard, B., Bierne, N., Volckaert, F. A. M., Bargelloni, 
L., Power, D. M., Bonhomme, F., … Reinhardt, R. (2014). European 
sea bass genome and its variation provide insights into adaptation to 
euryhalinity and speciation. Nature Communications, 5, 5770.

van Herwerden, L., Choat, J. H., Newman, S. J., Leray, M., & Hillersøy, G. 
(2009). Complex patterns of population structure and recruitment 
of Plectropomus leopardus (Pisces: Epinephelidae) in the Indo- West 
Pacific: implications for fisheries management. Marine Biology, 
156(8), 1595– 1607.

van Oppen, M. J., Peplow, L. M., Kininmonth, S., & Berkelmans, R. (2011). 
Historical and contemporary factors shape the population genetic 
structure of the broadcast spawning coral, Acropora millepora, on 
the Great Barrier Reef. Molecular Ecology, 20(23), 4899– 4914.

Veron, J. E. N. (2008). A reef in time: The Great Barrier Reef from beginning 
to end. Harvard University Press.

Weir, B. S., & Cockerham, C. C. (1984). Estimating F- statistics for the 
analysis of population structure. Evolution, 1, 1358– 1370.

Williamson, D. H., Ceccarelli, D. M., Evans, R. D., Jones, G. P., & Russ, G. 
R. (2014). Habitat dynamics, marine reserve status, and the decline 
and recovery of coral reef fish communities. Ecology and Evolution, 
4(4), 337– 354.

Williamson, D. H., Harrison, H. B., Almany, G. R., Berumen, M. L., Bode, 
M., Bonin, M. C., Choukroun, S., Doherty, P. J., Frisch, A. J., Saenz- 
Agudelo, P., & Jones, G. P. (2016). Large- scale, multidirectional 
larval connectivity among coral reef fish populations in the Great 
Barrier Reef Marine Park. Molecular Ecology, 25(24), 6039– 6054.

Zeller, D. C. (1998). Spawning aggregations: Patterns of movement of the 
coral trout Plectropomus leopardus (Serranidae) as determined by 
ultrasonic telemetry. Marine Ecology Progress Series, 162, 253– 263.

SUPPORTING INFORMATION
Additional supporting information can be found online in the 
Supporting Information section at the end of this article.

How to cite this article: Payet, S. D., Pratchett, M. S., 
Saenz- Agudelo, P., Berumen, M. L., DiBattista, J. D., & 
Harrison, H. B. (2022). Demographic histories shape 
population genomics of the common coral grouper 
(Plectropomus leopardus). Evolutionary Applications, 15, 
1221–1235. https://doi.org/10.1111/eva.13450

https://www.daf.qld.gov.au/__data/assets/pdf_file/0004/1423831/Queensland-Fisheries-Summary-Report.pdf
https://doi.org/10.1111/eva.13450

	Demographic histories shape population genomics of the common coral grouper (Plectropomus leopardus)
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Sampling
	2.2|Genomic library preparation
	2.3|Admixture and species identification
	2.4|De novo assembly and filtering
	2.5|Population  structure and diversity
	2.6|Demographic inference

	3|RESULTS
	3.1|Quality control
	3.2|Population structure and diversity
	3.3|Demographic inference

	4|DISCUSSION
	4.1|Evolution of independent lineages
	4.2|Contemporary patterns of connectivity
	4.3|Conservation and management implications

	5|CONCLUSIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	REFERENCES


