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Abstract:  
 
Clonality and genetic structure of the coral Pocillopora damicornis sensu lato were assessed using five 
microsatellites in 12 populations from four islands of the Society Archipelago (French Polynesia) 
sampled in June 2008. The 427 analysed specimens fell into 132 multilocus genotypes (MLGs), 
suggesting that asexual reproduction plays an important role in the maintenance of these populations. 
A haploweb analysis of ITS2 sequences of each MLG was consistent with all of them being 
conspecific. Genetic differentiation was detected both between and within islands, but when a single 
sample per MLG was included in the analyses, the populations turned out to be nearly panmictic. 
These observations provide further evidence of the marked variability in reproductive strategies and 
genetic structure of P. damicornis throughout its geographic range; comparison with results previously 
obtained for the congeneric species Pocillopora meandrina underlines the importance of life history 
traits in shaping the genetic structure of coral populations. 
 
 
 
Communicated by C. Riginos. 
 
 

http://dx.doi.org/10.1007/s00227-013-2355-9
http://www.springerlink.com/
http://archimer.ifremer.fr/
mailto:mehdi.adjeroud@ird.fr


2 
 

1. Introduction 

 
Coral reefs are one of the most diverse ecosystems on Earth and provide goods and services to 
500 million people (Moberg and Folke 1999; Wilkinson 2008). However, in recent decades 
coral reefs have been confronted with various types of natural and anthropogenic disturbances, 
and are expected to be highly vulnerable to future climatic changes (Hughes et al. 2003; 
Bellwood et al. 2004; Hoegh-Guldberg et al. 2007; Adjeroud et al. 2009; Hoegh-Guldberg 2009). 
Coral reefs are mostly supported by colonial calcifying organisms, the scleractinian corals, which 
are also a key component of coral reef health and diversity as they provide a variety of shelter 
and food for thousands of reef organisms (Lesser 2004; Bellwood et al. 2006). Thus, the recent 
widespread mortality of coral species in response to large-scale disturbances and chronic 
stressors has caused important habitat degradation and, in a number of cases, phase shifts in 
community structure (Gardner et al. 2003; Pandolfi et al. 2003; Bellwood et al. 2004, 2006). 
Classically, these phase shifts have involved the replacement of scleractinian corals by 
macroalgae or other non-reef-building benthic organisms, with important consequences for the 
structure and functioning of coral reef ecosystems (McManus and Polsenberg 2004). 
 
In this context of an ongoing “coral reef crisis” (Bellwood et al. 2004), important efforts have 
been recently made to conserve and manage coral reefs with, for example, the implementation 
of Marine Protected Area (MPA) networks (Mora et al. 2006; Almany et al. 2009). Such 
conservation actions largely depend on the knowledge of the key biological and physical factors 
that govern the structure and dynamics of reef communities. Among these factors, the level of 
gene flow and the scale of genetic connectivity have been shown to have a large influence on 
the vulnerability and resilience of coral populations to perturbations, and are thus key 
parameters for the location, size and spacing of MPAs (Sale et al. 2005; Miller and Ayre 2008; 
Almany et al. 2009; Botsford et al. 2009; Jones et al. 2009.  
 
In scleractinian corals as in most marine species, the level of connectivity is often impossible to 
infer from direct observations. Except for some species of brooding corals that release relatively 
large larvae, the small size of coral propagules and the absence of available structure for 
tagging them make it impossible to follow dispersing individuals for long distances (Harrison 
2011). The pelagic larval duration (PLD) has sometimes been used to estimate the maximum 
connectivity. However, correlation between PLD and level of gene flow remains elusive for 
several biological and methodological reasons (Riginos et al. 2011; Selkoe and Toonen 2011; 
Treml et al. 2012; Faurby and Barber 2012). First, PLDs can be extremely difficult to assess, as 
it is a plastic life-history trait (Nozawa and Harrison 2008) under strong influence of 
environmental conditions such as temperature (Duarte 2007; O’Connor et al. 2007). Moreover, 
most larvae are able to change their vertical positioning in the water column and, together with 
the complexity of oceanic currents, this behaviour makes it highly difficult to correlate PLD and 
maximum distance of larval migration (Palumbi 1994; Parsons 1996). Therefore, connectivity 
among coral populations has been mainly assessed by examination of its indirect effects on their 
genetic structure and differentiation (Ayre and Hughes 2000; Elmhirst et al. 2009).  
 
Scleractinian corals exhibit a variety of modes of reproductive systems that may directly 
influence their potential for dispersal and the level of clonality within local populations (Stoddart 
1984a, b; Ayre et al. 1997; Ayre and Hughes 2000; Nishikawa et al. 2003; Heyward and Negri 
2012; among others). Corals can be hermaphroditic or gonochoric, and brooders or 
broadcasters (Harrison 2011). Broadcasters are thought to be great dispersers, whereas 
brooders are considered to be poor dispersers, and have the potential for self-fertilization 
(Carlon 1999; Ayre and Hughes 2000; Nishikawa et al. 2003; Miller and Ayre 2008; Underwood 
et al. 2009). These two modes coexist in certain species and may vary across their geographic 
range (Harrison 2011). Larvae that contain symbiotic dinoflagellates are also thought to disperse 
farther than aposymbiotic ones as they can obtain energy from their symbionts (Richmond 1987; 
Harii et al. 2010; Figueiredo et al. 2012). Moreover, asexual reproduction exists in corals in a 
variety of forms, including fragmentation, budding or polyp expulsion, asexually produced 
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planulae and embryo fragmentation (Richmond 1987; Harrison 2011; Heyward and Negri 2012). 
The relative contributions of sexual and asexual reproduction largely determine the level of 
clonality within local populations and the pattern of genetic structure and connectivity among 
metapopulations (Stoddart 1984a, b; Ayre et al. 1997; Ayre and Hughes 2000; Ayre and Miller 
2004; Becheler et al. 2010). 
 
The scleractinian coral Pocillopora damicornis sensu lato (following Veron 2000) has one of the 
largest spatial repartitions of Indo-Pacific corals, and is commonly found in tropical and 
subtropical regions from the Red Sea and East African coast to the Eastern Pacific (Veron 
2000). The taxonomy of P. damicornis is presently in a state of flux, with several molecular 
studies and morphological species suggesting that it is actually composed of cryptic species, 
some of which sympatric (Richmond and Jokiel 1984; Flot 2007a; Flot et al. 2008; Souter 2010; 
Pinzón and LaJeunesse 2011; Schmidt-Roach et al. 2013). P. damicornis has been described 
as a brooder in most studies (Stoddart 1983; Richmond 1987) but as a broadcast-spawner in 
some populations (Glynn et al. 1991; Combosch and Vollmer 2011; Schmidt-Roach et al. 
2012). This coral can also release asexually produced planulae (Stoddart 1983; Ayre and Miller 
2004; Sherman et al. 2006) and may rely on fragmentation, thus facilitating the persistence of 
local populations (Richmond 1987; Adjeroud and Tsuchiya 1999). As expected from such a 
diversity of reproductive strategies, contrasting patterns of genetic differentiation and 
connectivity have been observed (see Table 3 in Pinzón et al. 2012), ranging from fine-scale 
genetic subdivision along East African (Souter et al. 2009), Southwest Australian (Stoddart 
1984a, b; Whitaker 2006) and Panaman (Combosch and Vollmer 2011) coasts, to large-scale 
panmixia on the Great Barrier Reef (Ayre et al. 1997; Ayre and Hughes 2000). Clonality levels 
in P. damicornis populations seem also highly variable, with some populations considered highly 
clonal (Stoddart 1984a, b; Souter 2009; Gorospe and Karl 2013), whereas others exhibit low 
(Adjeroud and Tsuchiya 1999) or almost no clonality (Benzie et al. 1995; Ayre et al. 1997; Ayre 
and Miller 2004; Sherman et al. 2006; Combosch and Vollmer 2011).  
 
The aim of the present study was to examine the genetic diversity, clonality and connectivity of 
P. damicornis sensu lato in an insular, fragmented reef system. We chose to focus on 
populations from the Society Archipelago (French Polynesia) in order to compare our results 
with those of a similar study conducted previously on P. meandrina in the same region (Magalon 
et al. 2005). As in this previous study, we used a hierarchical sampling design integrating both 
the regional scale (among four islands) and the local scale (among three sites on each island). 
P. meandrina is abundant on exposed reef fronts and mainly reproduces sexually through 
broadcast spawning gametes, resulting in a high gene flow and reduced genetic differentiation 
among regional populations (Magalon et al. 2005). In contrast, P. damicornis sensu lato is 
mainly found in sheltered back reef habitats (Veron 2000) and is able to reproduce asexually, 
two factors that should result in more clonality and less gene flow compared with P. meandrina. 
Both species are abundant in the Society Islands, which is therefore an ideal place to test the 
hypothesis of an influence of life-history traits and ecology on the genetic structure of coral 
populations and on their connectivity. 
 
2. Material and methods 

 
2.1. Sampling 

 
Populations identified morphologically as P. damicornis following Veron and Pichon (1976) were 
sampled in four islands of the Society Archipelago (Moorea, Raiatea, Taha’a, and Tahiti), French 
Polynesia (CITES export: FR089800007-E, CITES import: FR089800007-I). In order to integrate 
the regional and the local scales, a hierarchical sampling design was established, with samples 
collected from three sites on each of these four islands (Moorea: MH, MP, MT; Raiatea: RA, RT, 
RU; Taha’a: TaF, TaT, TaV; Tahiti: TP, TT, TV; Fig. 1) in June 2008. Between 25 and 43 coral 
colonies were sampled at each site (Table 1), for a total of 427 colonies. The collecting sites 
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were located on the fringing reef, at approximately 2 m depth. Colonies were sampled along 
transect lines with a minimum distance of 2 m between two sampled colonies to minimize the 
collection of several ramets per genet (Adjeroud and Tsuchiya 1999; Magalon et al. 2005; Paz-
García et al. 2012). Each sample was obtained by cutting off the tip of a coral branch (1–2 cm). 
Fragments were placed in zip-lock plastic bags and held in seawater before being placed in 
CHAOS buffer (4 M guanidium thiocyanate, 0.5% N-lauroyl sarcosine sodium, 25 mM Tris-HCl 
pH 8, 0.1 M 2-mercaptoethanol) modified from Fukami et al. (2004) following Flot (2007a). 
Samples were then conserved at ambient temperature and protected from light. DNA was 
purified following a conventional phenol/chloroform (1:1) protocol and precipitated with 
isopropanol.  
 
2.2. Genotyping 

 
Samples were genotyped using five microsatellite markers: PV2, PV7 (Magalon et al. 2004), 
Pd3-002, Pd3-004 and Pd3-005 (Starger et al. 2008), previously shown to be coral-specific and 
polymorphic in P. damicornis. The polymorphism of PV2 and PV7 had previously been tested on 
populations from French Polynesia, whereas Pd3-002, Pd3-004 and Pd3-005 had been tested 
on populations from Indonesia and Taiwan (Starger et al. 2008). In the present study, intra-
population and inter-population polymorphism were both checked for each marker using 
Spreadex® gel electrophoresis (Elchrom Scientific). Two multiplex polymerase chain reactions 
(PCR) were then performed on each sample using fluorescently labelled primers. The QIAGEN 
multiplex PCR kit was used with a final volume of 10 µL, following the microsatellite protocols. 
The PCR programme included 15 min at 95°C followed by 25 cycles of 30 s at 94°C, 90 s at 
57°C and 60 s at 72°C. A final elongation step consisted of 30 min at 60°C. Amplified fragments 
were visualized on an ABI Prism 3130 XL sequencer (Applied Biosystems) using a GeneScan 
500-Rox ladder. Genotype calling was performed using GENEMAPPER 4.0 (Applied 
Biosystems) and each genotype was visually checked.  
 
2.3. Molecular delimitation of species 

 
Several studies have reported cryptic diversity within P. damicornis sensu lato (Richmond and 
Jokiel 1984; Flot 2007a; Flot et al. 2008; Souter 2010; Pinzón and LaJeunesse 2011; Schmidt-
Roach et al. 2013). To rule out a possibly confounding effect of cryptic species on our population 
genetic analyses, we used the published coral-specific PCR primers ITSc2-5 and R28S1 (Flot 
and Tillier 2006; Flot et al. 2008) to amplify and sequence the nuclear ITS2 for one 
representative individual of each MLG. The haplotypes of length-variant heterozygotes were 
inferred directly from the patterns of double peaks in the forward and reverse chromatograms 
using the program Champuru (Flot et al. 2006; Flot 2007b); heterozygotes having haplotypes of 
equal lengths were subsequently phased using the programs SeqPHASE (Flot 2010) and 
PHASE (Stephens et al. 2001). All haplotype sequences were deposited in GenBank (accession 
numbers: XXXXXX-XXXXXX); the processed chromatograms (in a Sequencher file) and the 
haplotype alignment were deposited in dryad (doi: XXXXXXX). A median-joining haplotype 
network was constructed using the program Network (Fluxus Technology) and exported as PDF 
using Network Publisher (from the same company). This haplonet was subsequently imported 
into Inkscape and turned into a haploweb (Flot et al. 2010) by adding connections between 
haplotypes found co-occurring in heterozygotes individuals. 
 
2.4. Dataset preparation 

 
In order to associate each ramet (i.e., each physical individual colony that was sampled) to its 
genet (i.e., clonal lineage encompassing all ramets deriving from the same zygote), the 
genotypic resolution of the five microsatellites analysed here was checked by visualizing in 
GENCLONE the number of distinct multilocus genotypes (MLGs) detected for all possible 
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subsets of loci (Arnaud-Haond and Belkhir 2007). Then, for each repeated MLG, the probability 
of obtaining the same MLG more than once from distinct random reproductive events was 
estimated as psex(FIS) (Arnaud-Haond et al. 2007).  
 
2.5. Population genetics analyses 

 
The magnitude and direction of departure from the Hardy–Weinberg Equilibrium (HWE) at each 
locus were estimated using GENETIX software version 4.05.2 (Belkhir et al. 1996) with 10,000 
permutations. These parameters were expressed as Wright's FIS, which is the percentage 
deviation from expected heterozygosity in each population (Wright 1950). In order to estimate 
clonal richness and heterogeneity in each population, the clonal richness R was estimated as: 
 

 
 
where G is the number of MLGs and N the number of ramets sampled (following Arnaud-Haond 
et al. 2007). This index ranges from 0 (for a monoclonal stand) to 1 (when all the different 
samples analysed correspond to a single MLG) and provides a lower bound estimate of the 
clonal vs. sexual input (Arnaud-Haond et al. 2007). In order to test for significant genetic 
variation among sites, the genetic differentiation between populations was estimated using Weir 
and Cockerham's FST estimator θ (Weir and Cockerham 1984) with 10,000 permutations 
between samples. However, the differentiation captured by FST among populations in which both 
sexual and asexual reproduction occurs can be the result of different clones being dominant in 
each population. A second data set was obtained by keeping only one sample for each MLG in 
each population. FST was then estimated for this data set restricted to colonies of different sexual 
origins. In order to test for genetic variation within populations, Wright's FIS at each locus was 
also estimated for this data set. GENETIX was then used to construct a Correspondence 
Analysis (CA) to visualize the genetic distance among populations in a multidimensional space. 
The output of the CA was simplified by plotting only the centroids of all samples within a 
population.  
 
3. Results 

 
3.1. Species delimitation 

 
All 23 ITS2 haplotypes in the network were connected through heterozygous individuals, with no 
obvious departure from panmixia: the most frequent haplotypes (represented by the large circles 
on Fig. 2) were found co-occurring in many heterozygotes (represented by thick red curves 
connecting these circles), whereas rare haplotypes were found co-occurring with frequent ones 
but not with other rare haplotypes. Hence, the 132 individuals sequenced belonged to a single 
field for recombination sensu Doyle (1995), i.e. were conspecific following the criterion of mutual 
allelic exclusivity (Flot et al. 2010). Our studied populations shared several haplotypes with P. 
damicornis from Oahu (Flot et al. 2008, analysis not shown), suggesting that the same species 
is found both in Hawaii and in the Society Archipelago. 
 
3.2. Genotypic variation 

 
Table 1 presents the values of genotypic diversity indices calculated for the entire dataset. Six of 
the 12 populations significantly deviated from Hardy–Weinberg expectations (HWE), as 
estimated by Wright's FIS (Table 1). When analysing single-locus genotypic variation, 43 Hardy–
Weinberg tests (of 72) showed significant deviation from HWE (Online Resource 1). Of these, 32 

R=
(G−1)

(N−1)
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showed heterozygote excesses, and the remaining 11 exhibited deficits. Allelic frequencies and 
allelic richness recorded at the 12 populations are presented in Online Resource 2.  
 
The hypothesis of multiple reproduction events being responsible of the presence of several 
individuals per MLG was rejected (with psex(FIS) <0.05) for about half of the repeated MLGs, but 
not for the other half that included mostly the predominant genotypes in the populations. This 
could either be due to the lack of power associated with the psex(FIS) estimates in cases of low 
allelic and low clonal richness, or to the presence of genotypic variation that remained 
undetected using the set of five loci available. In every population, some MLGs were repeated, 
indicating that asexual reproduction or fragmentation occurred at all sampling sites. Sixteen 
MLGs were shared by different samples, of which only 11 were shared by populations from 
different islands. Six MLGs were shared by Moorea and Tahiti (ca. 30 km distance), three by 
Taha'a and Raiatea (ca. 10 km distance), one by Moorea and Taha'a (ca. 200 km distance) and 
one by Moorea, Taha'a and Raiatea. No MLGs were common to Taha'a and Tahiti (ca. 230 km 
distance) or to Raiatea and Tahiti (ca. 220 km distance). However, after removal of all duplicated 
MLGs, the newly estimated FIS showed no significant departure from HWE. Clonal richness (R) 
estimated only on the basis of unique MLGs was therefore an underestimate of the genotypic 
richness potentially present in the sampling sets. However, R was highly variable among 
locations (Table 1), reaching 0.600 in Moorea (MT) and 0.097 in a population from Raiatea (RU) 
that was entirely dominated by four MLGs.  
 
3.3. Genetic differentiation among sampling sites 

 
Population differentiation was assessed using pairwise FST comparisons (Table 2). On the basis 
of the entire dataset (including replicates), FST was always significant (p < 0.01) except for two 
pairs of samples from Moorea (MH/MP and MP/MT). It was highly variable, ranging from 0.019 
between Moorea-MP and Moorea-MT to 0.392 between Raiatea-RT and Tahiti-TP. When each 
MLG was considered only once, a different pattern was obtained. Taha'a-TaF showed significant 
FST in comparison with two Moorea (MH/MT), two Raiatea (RA/RU), and two Tahiti (TP/TT) 
samples. Another pair of samples exhibited a significant FST: Raiatea-RT/Tahiti-TP. FST ranged 
between 0.000 (MH/MT) and 0.120 for (TaF/RU). 
 
Correspondence Analyses (CA) were performed in order to illustrate the genetic differences 
among populations in a multidimensional space (Fig. 3). The three populations from Taha'a were 
largely dispersed along both axes 1 & 2 (Fig. 3a) and axes 1 & 3 (Fig. 3b), indicating a higher 
genetic distance compared to populations from the three other islands. Genetic distance among 
the Raiatea populations was also much higher than the variability among Moorea or Tahiti 
populations, for which populations were grouped together in the CA plots (Fig. 3). 
 
4. Discussion 

 
4.1. Asexual reproduction and clonality levels 

 
Negative FIS values were recorded at each locus in 10 of the 12 populations of Pocillopora 
damicornis analysed, indicating an excess of heterozygosity compared to the HWE expectation. 
Such an excess of heterozygotes has previously been interpreted as an effect of clonality (De 
Meeus and Balloux 2005; Stoeckel et al. 2006): if heterozygotes have better fitness (size, clonal 
growth rate, survival, etc.), then their clonal propagation will result in their dominance in natural 
populations. In line with this interpretation, FIS values no longer differed from HWE once the 
repeated MLGs were excluded from the analysis, confirming that these departures from HWE 
were probably explained by the frequent occurrence of asexual reproduction and the higher 
heterozygosity level of highly represented (and therefore probably more widespread) MLGs. 
Notwithstanding this, the low number of MLGs retained in some populations, with psex(FIS) 
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values meaning that it was not possible to determine the clonal identity of all of them, may not 
provide enough statistical power to detect departures from HWE among sexually-generated 
colonies. The occurrence of several significantly positive FIS values, indicating a deficit of 
heterozygotes for some populations and loci, may result from a combination of several other 
factors such as null alleles and inbreeding (Gaffney et al. 1990; Ayre et al. 1997), or the 
occurrence of micro-scale Wahlund effects due to genetic patchiness (i.e., the admixture of 
several differentiated cohorts; Johnson and Black 1984; David et al. 1997; Hedgecock et al. 
2007; Arnaud-Haond et al. 2008; Selkoe et al. 2010), potentially accentuated by clonal growth 
after settlement (Becheler et al. 2010).  
 
Restricted levels of genotypic diversity were observed in our study despite a collection strategy 
designed to minimize the sampling of replicates of the same clonal lineage. Although the set of 
markers we used showed a limited power for ascertaining the clonal membership of some of the 
MLGs, the satisfying level of discrimination obtained for many other MLGs suggests that the low 
level of genotypic diversity detected here also reflects an important role of asexual reproduction 
in the effective recruitment of colonies and the maintenance of populations of P. damicornis from 
the Society Islands. These outcomes are comparable with those obtained for P. damicornis 
sensu lato in southwestern Australia (Stoddart 1984a, b; Whitaker 2006), East Africa (Souter et 
al. 2009), Hawai’i (Gorospe and Karl 2013), and in some islands of the Ryukyu Archipelago 
(Adjeroud and Tsuchiya 1999). However, they contrast with the predominance of sexual 
reproduction and high levels of genotypic richness observed in populations of P. damicornis from 
the Great Barrier Reef (Benzie et al. 1995; Ayre et al. 1997), West Papua New-Guinea, 
Indonesia (Starger et al. 2008), and the Tropical Eastern Pacific (Combosch and Vollmer 
2011). These outcomes highlight the marked geographic variability in the importance of 
asexual reproduction and clonality levels in P. damicornis.  
 
The importance of asexual reproduction sensu lato (i.e., including fragmentation) and the 
resulting clonality levels that we recorded for P. damicornis in the Society Islands (0.097 < clonal 
richness R < 0.600) also contrast with the higher levels of genotypic richness found in the same 
region for P. meandrina (0.847 < R < 1.000; Magalon et al. 2005). These differences could be 
partly explained by the respective reproductive modes of these corals and the environmental 
conditions of their preferred habitats. In French Polynesia, the brooding P. damicornis relies 
more on asexual reproduction than does the broadcast-spawning P. meandrina (Magalon et al. 
2005). Given its shape, clonality in P. damicornis may be enhanced by a higher level of 
fragmentation, even if production of asexual (parthenogenetic) larvae could also explain such a 
high level of clonality. In the Society Islands, P. damicornis is mainly restricted to back reef 
habitats, with a preference for fringing reefs where it forms abundant populations of delicately 
branching colonies. This skeletal fragility, in association with the chronic occurrence of 
perturbations such as trampling, gleaning, fishing and anchoring, probably results in high 
fragmentation rates associated with important survival of some fragments, possibly leading to 
high levels of clonality within local populations (Pinzón et al. 2012). The frequent occurrence of 
P. damicornis fragments at our sampling sites (M. Adjeroud, pers. obs.) reinforces the 
hypothesis of fragmentation as an important mechanism underlying the clonal spread and 
persistence of local populations. In contrast, P. meandrina is mainly found on outer reef slopes, 
where it forms robust branching colonies. Fragmentation of these colonies is probably less 
common, occurring mainly during major storms. In any case, the chronically high hydrodynamic 
forces resulting from the currents, swell and wave actions in this habitat probably do not allow 
the successful settlement and survival of coral fragments of P. meandrina, a combination of 
factors that may explain the contrasting level of clonal richness with its sister species P. 
damicornis.  
 
4.2. Genetic differentiation and gene flow  

 
A significant genetic differentiation was detected at the regional scale among populations of the 
four islands of the Society Archipelago, and at the island scale among the three populations of 
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each island. Some populations sampled on Raitaea and its sister island Taha’a (these two 
islands share the same lagoon) were clearly differentiated from all other populations. While it is 
difficult to discern between the various hypotheses that may explain this pattern, the observed 
genetic differentiation could partly result from two consecutive cyclones that have affected 
Raiatea, Taha’a and Bora Bora in October (Martin) and November (Osea) 1997 (Adjeroud et al. 
2005). The post-disturbance recolonization by coral fragments and by asexually generated 
propagules from surviving colonies, together with the sexual propagules from nearby, less-
disturbed coral reefs, may explain the high levels of clonality within these populations and their 
genetic distance compared to other populations in the Society Islands. This mechanism has 
been suggested for several coral species from other Indo-Pacific coral reefs (Hunter 1993; 
Sherman et al. 2006; Underwood et al. 2007; Souter et al. 2010; Starger et al. 2010).  
 
The regional-scale genetic differentiation found for P. damicornis is quite different from the 
panmixia observed in the Society Islands for the broadcast spawner P. meandrina (Magalon et 
al. 2005). The population structure of P. damicornis appears to be largely shaped by the 
important clonality observed within most of the studied populations. The values of FST obtained 
when each multilocus genotype (MLG) was considered only once (e.g., restricting our analysis to 
colonies of putative sexual origin) reveal that the pattern observed in the Society Islands for P. 
damicornis is not far from panmixia, although for some samples the low number of genotypes 
may not offer sufficient statistical power to detect a moderate departure from panmixia. As all 
samples were differentiated based on the entire datasets, and the reduced sample was based 
on a potentially incomplete set of genetically distinct individuals, it is likely that FST estimates 
based on the reduced dataset would lack statistical power and underestimate some of the 
genetic differentiation occurring at the local scale among the French Polynesian locations.  
 
In conclusion, this study provides further evidence of marked variability in the reproductive 
strategies and genetic structure of P. damicornis throughout its geographic range. Our results 
clearly demonstrate that asexual reproduction plays a primary role in the maintenance of local 
populations of P. damicornis in the Society Islands, and results in a relatively high level of 
clonality within populations and significant genetic differentiation among populations. However, 
when considering only colonies of distinct sexual origin, our results suggest a potentially 
substantial gene flow among some populations from the Society Islands. These outcomes are in 
accordance with previous models of dispersal and population maintenance in species with mixed 
modes of reproduction (Williams 1975; Bell 1982), which postulate that sexually-derived larvae 
provide long-distance colonists and gene flow between distant populations, whereas asexual 
reproduction plays a primary role in the maintenance of local populations (Ayre and Willis 1988; 
Adjeroud and Tsuchiya 1999). However, our results (sharing of MLGs by distant populations) 
suggest that regional-scale dispersal of asexually produced larvae may also occur, as proposed 
by Schmidt-Roach et al. (2013) on the Great Barrier Reef. This contrasts with the lower level of 
clonality previously found for the congeneric species P. meandrina at the same study area; 
hence, our results clearly underline the importance of life-history traits and ecology in shaping 
the genetic structure of coral populations. However, our hypothesis that P. damicornis should 
exhibit a lower genetic connectivity than P. meandrina was not clearly supported by our results. 
This suggests that, at the spatial scales examined here, high level of clonality within populations 
is compatible with high genetic connectivity among distant populations.  
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Tables 

 
Table 1 : Indices of genotypic diversity 

 
 

 N G R Ho He FIS 
MH 30 12 0.379 0.473 (0.296) 0.495 (0.128) 0.045 
MP 30 17 0.552 0.547 (0.122) 0.531 (0.082) -0.030 
MT 31 19 0.600 0.652 (0.143) 0.534 (0.042) -0.225 ** 
RA 31 10 0.300 0.594 (0.205) 0.568 (0.073) -0.047 
RT 25 5 0.167 0.256 (0.207) 0.253 (0.146) -0.013 
RU 32 4 0.097 0.663 (0.262) 0.459 (0.121) -0.453 ** 
TaF 42 16 0.366 0.610 (0.311) 0.477 (0.171) -0.281 ** 
TaT 43 6 0.119 0.651 (0.307) 0.492 (0.168) -0.327 ** 
TaV 43 17 0.381 0.465 (0.187) 0.503 (0.152) 0.076 
TP 41 17 0.400 0.556 (0.293) 0.506 (0.185) -0.100 
TT 40 9 0.205 0.690 (0.275) 0.533 (0.066) -0.299 ** 
TV 39 20 0.500 0.646 (0.078) 0.578 (0.067) -0.120 * 

 
N: sample size; G: number of MLGs; R: clonal richness; Ho: observed heterozygosity (± SD); He: expected 
heterozygosity (± SD); departures from Hardy–Weinberg equilibrium are expressed as FIS. Negative values indicate 
an excess of heterozygotes, and positive values a deficit of heterozygotes. * p<0.1; ** p<0.01 
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Table 2 : Genetic differentiation between populations 

 
 MH MP MT RA RT RU TaF TaT TaV TP TT TV 

MH  0.036 0.041* 0.030* 0.335* 0.082* 0.197* 0.126* 0.078* 0.028* 0.082* 0.081* 
MP 0.028  0.019 0.048* 0.209* 0.052* 0.069* 0.050* 0.121* 0.085* 0.111* 0.069* 
MT 0.000 0.013  0.038* 0.213* 0.068* 0.122* 0.070* 0.082* 0.077* 0.059* 0.041* 
RA -0.001 0.023 -0.004  0.289* 0.262* 0.189* 0.183* 0.309* 0.049* 0.326* 0.058* 
RT 0.112 0.026 0.063 0.079  0.274* 0.201* 0.199* 0.324* 0.392* 0.343* 0.273* 
RU -0.022 -0.007 -0.007 -0.045 0.053  0.145* 0.115* 0.167* 0.139* 0.160* 0.132* 
TaF 0.101* 0.033 0.052* 0.080* 0.047 0.120*  0.092* 0.276* 0.206* 0.214* 0.167* 
TaT 0.048 0.006 -0.004 -0.007 0.056 0.032 0.006  0.217* 0.157* 0.177* 0.163* 
TaV -0.001 0.018 -0.017 -0.014 0.064 -0.016 0.052 0.004  0.123* 0.074* 0.062* 
TP 0.019 0.057 0.017 0.07 0.115* 0.056 0.067* 0.008 0.010  0.059* 0.100* 
TT 0.011 0.072 0.020 0.001 0.090 0.038 0.050* 0.050 -0.002 0.010  0.031* 
TV -0.010 0.016 -0.009 -0.012 0.068 -0.016 0.064 0.025 -0.021 0.012 -0.004  

 

The estimator is Weir and Cockerham's FST. Values above the diagonal were calculated on the complete data set (i.e., 
colonies of both sexual and asexual origin). Values under the diagonal were calculated on a data set where only one 
of each MLG had been retained (i.e., colonies of sexual origin). * p<0.01 
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Figures 

 
Fig. 1 Map of the Society Archipelago in French Polynesia showing the location of the four 
studied islands (a), and of the 12 sampling sites, in Taha’a and Raiatea (b), and in Moorea and 
Tahiti (c) 
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Fig. 2 Haplotype web (haploweb) of ITS2 sequences. Each pie represents one ITS2 type (with 
its area proportional to the number of individuals in which it was detected, see scale on the left), 
with the following colour code: Tahaa (Ta) in light blue, Raiatea (R) in dark blue, Moorea (M) in 
orange, and Tahiti (T) in red. The lengths of the grey lines connecting the ITS2 types are 
proportional to the number of mutations separating them, whereas ITS2 types found co-
occurring in heterozygous individuals are connected with red curves (the thickness of which is 
proportional to the number of heterozygotes in which a given pair of ITS2 types co-occur). Since 
all ITS2 types are connected by heterozygotes they belong to a single gene pool sensu Doyle 
(1995), and therefore all individuals sequenced are conspecific following the criterion of mutual 
allelic exclusivity (Flot et al. 2010) 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



17 
 

Fig. 3 Genetic distance between populations. Correspondence Analysis conducted on the 12 
populations sampled on the four islands in the Society Archipelago. Plots of stations along axes 
1 & 2 (a), and along axes 1 & 3 (b). The percentage of variance (inertia) of each of the first three 
axes is given 
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Supplementary material 

 
Online Resource 1 Departures from Hardy–Weinberg equilibrium expressed as FIS. 
Negative values indicate an excess of heterozygotes, and positive values a deficit of 
heterozygotes. * p<0.1; ** p<0.01 
 
 

 All loci Pd3-002 PV2 Pd3-004 Pd3-005 PV7 
MH 0.045 0.047 0.567 ** -0.456 ** 0.029 0.275 * 
MP -0.030 -0.091 0.201 * -0.053 -0.250 * 0.043 
MT -0.225 ** -0.357 ** -0.258 * 0.170 -0.283 * -0.371 * 
RA -0.047 -0.537 ** -0.242 * 0.423 ** -0.204 * 0.241 * 
RT -0.013 -0.043 -0.138 0.374 ** -0.263 * 0.472 ** 
RU -0.453 ** -0.333 * -0.425 ** -0.151 -0.265 * -0.938 ** 
TaF -0.281 ** -0.435 ** 0.281 * -0.141 -0.224 * -0.563 ** 
TaT -0.327 ** -0.568 ** -0.563 ** 0.142 -0.333 ** -0.120 
TaV 0.076  0.021 0.268 * 0.024 0.231 * -0.050 
TP -0.100  0.528 * -0.568 ** -0.251 ** 0.195 -0.062 
TT -0.299 ** -0.048 0.117 -0.650 ** -0.667 ** -0.089 
TV -0.120 * 0.069 -0.114 -0.179 -0.252 * -0.147 * 
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Online Resource 2 Allelic frequencies at each locus recorded at the 12 populations. A: 
total number of alleles 
 
 

 MH MP MT RA RT RU TaF TaT TaV TP TT TV 
Pd3-002             

185 0.733 0.566 0.516 0.581 0.060 0.672 0.512 0.535 0.267 0.890 0.575 0.359 
189 0 0.050 0 0 0 0 0.012 0 0.256 0.036 0.025 0.012 
191 0 0 0 0 0 0 0 0 0.012 0.024 0 0.166 
199 0.050 0.066 0.080 0 0 0 0.060 0.035 0 0 0.013 0.025 
201 0.216 0.316 0.403 0.339 0.940 0.328 0.345 0.337 0.453 0.048 0.388 0.436 
205 0 0 0 0.081 0 0 0.071 0.093 0.012 0 0 0 
A 3 4 3 3 2 2 5 4 5 4 4 5 

PV2             
130 0 0 0 0 0 0 0 0 0 0 0 0.012 
132 0.250 0.433 0.403 0.306 0.660 0.453 0.821 0.488 0.221 0.365 0.388 0.333 
161 0.750 0.566 0.596 0.645 0.340 0.359 0.179 0.477 0.779 0.634 0.613 0.641 
165 0 0 0 0.048 0 0.188 0 0.035 0 0 0 0 
A 2 2 2 3 2 3 2 3 2 2 2 3 

Pd3-004             
157 0.100 0 0.032 0 0.040 0 0 0 0 0.036 0.037 0 
160 0 0 0 0.113 0.040 0.203 0 0 0 0 0 0 
161 0.166 0.100 0.177 0 0 0 0.047 0.081 0.267 0.231 0.087 0.064 
163 0.500 0.750 0.677 0.419 0.900 0.781 0.833 0.698 0.384 0.341 0.387 0.602 
166 0 0 0 0.081 0 0 0 0.093 0 0 0 0.012 
169 0.233 0.150 0.113 0.387 0.020 0.016 0.119 0.128 0.349 0.390 0.488 0.307 
175 0 0 0 0 0 0 0 0 0 0 0 0.013 
A 4 3 4 4 4 3 3 4 3 4 4 5 

Pd3-005             
199 0 0 0 0 0 0 0 0 0 0 0 0.013 
212 0.750 0.633 0.548 0.516 0.780 0.781 0.477 0.419 0.756 0.573 0.412 0.474 
215 0.150 0.233 0.113 0.306 0 0.219 0.274 0.419 0.047 0.134 0.100 0.089 
218 0.100 0.133 0.339 0.177 0.220 0 0.250 0.163 0.198 0.293 0.488 0.423 
A 3 3 3 3 2 2 3 3 3 3 3 4 

PV7             
225 0.450 0516 0.532 0.516 0.920 0.484 0.559 0.884 0.302 0.414 0.300 0.192 
229 0.100 0.233 0.016 0 0.080 0 0.393 0 0.012 0.109 0.025 0.218 
232 0 0 0 0 0 0 0 0 0 0 0 0.025 
234 0.450 0.250 0.452 0.484 0 0.516 0.047 0.116 0.686 0.476 0.675 0.564 
A 3 3 3 2 2 2 3 2 3 3 3 4 

 




