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Abstract :   
 
Cryptic species and lineages have been widely reported during the last decades, particularly in the marine 
realm. Misidentifications and ignoring species complexes imply many consequences, notably biasing 
biodiversity and connectivity assessments, which in turn mislead our understanding of ecosystems and 
impact the effective design and management of conservation plans. Focusing on the Indo-Pacific coral 
genus Pocillopora, playing key roles in reef ecosystems as one of the main bio-constructors, we report 
the first Pocillopora PSH16 (ORF53; sensu Gélin et al. 2017) colonies (N = 19) in the Western Indian 
Ocean (Nosy Tanikely, Madagascar), 6000 km further from its current distribution. Colonies were 
identified according to their mitochondrial open reading frame (ORF) haplotype and Bayesian assignment 
tests based on 13-microsatellite genotypes. Additionally, we performed genetic structure and diversity 
analyses with sympatric colonies from other Pocillopora species and Pocillopora PSH16 colonies from 
the tropical southwestern Pacific, revealing (1) a weak clonal richness, (2) a weak genetic diversity and 
(3) a relative isolation for the newly reported PSH16 colonies. These colonies thus represent either a new, 
distinct and uncommon, genetic lineage or isolated remnants of a wider one. In any case, unless specific 
management measures are implemented, their long-term maintenance seems compromised due to 
restricted gene flow within a restricted pool of genes. 
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Introduction 40 

Cryptic species are often defined as two or more distinct species that were classified as a single 41 

one due to their morphological similarity. Within the last decades, the development of 42 

sequencing technologies, coupled with the advances in bioinformatics, has led to the 43 

democratisation of genetic tools and analyses, and to the growing discovery of cryptic species 44 

and lineages (Pfenninger and Schwenk 2007). Thus, more and more species defined by 45 

morphological characteristics (i.e. morphospecies), and previously thought to be widely 46 

distributed, were demonstrated as complexes of different (cryptic) species, either each with 47 

distinct restricted distribution range or found in sympatry. As an illustration, many circumglobal 48 

or cosmopolitan red algae were in fact complexes of species with narrower distribution each, 49 

with the exception of human transported species (Díaz‐Tapia et al. 2018; review in Hu et al. 50 

2016). Such misidentifications have many consequences, the most obvious of which are 51 

incorrect biodiversity assessments and biased overviews of connectivity, which in turn impact 52 

the effective design and management of conservation plans. 53 

This is particularly relevant for coral reefs, which are facing many threats (review in Burke 54 

et al. 2017), and whose conservation is a growing and pressing topic (see Abelson 2020). 55 

Despite the huge biodiversity and ecological services provided by coral reefs (Moberg and 56 

Folke 1999), many aspects of these ecosystems remain unknown, and many species, cryptic or 57 

not, remain undiscovered (Victor 2015). 58 

The coral genus Pocillopora represents a key component of coral reefs from the Indo-59 

Pacific and the Red Sea (Veron 2000), as its branching colonies are abundant and sometimes 60 

the main bio-constructors (e.g. Benzoni et al. 2003). However, this genus remains a source of 61 

misunderstanding and a challenge for taxonomists. Indeed, recent taxonomic (Schmidt-Roach 62 

et al. 2014) and genetic (e.g. Pinzón et al. 2013; Gélin et al. 2017) studies identified several 63 

cryptic species and lineages within this genus. As an illustration, using species delimitation 64 

methods based on molecular markers, Gélin et al. (2017) defined within the Pocillopora genus 65 

16 Primary Species Hypotheses (PSHs sensu Pante et al. 2015), and a few of these PSHs were 66 

partitioned into several Secondary Species Hypotheses (SSHs sensu Pante et al. 2015). 67 

Furthermore, some PSHs, and even more some SSHs, were found to be geographically 68 

restricted, while the corresponding morphospecies were thought to be widely distributed over 69 

the whole distribution range of the genus (Veron 2000). Thus, all Pocillopora species 70 

previously described with an Indo-Pacific distribution in Veron (2000) were complexes of 71 

cryptic species, each restricted to the ocean basin: P. damicornis (Schmidt-Roach et al. 2014; 72 
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Gélin et al. 2017), P. eydouxi/meandrina (Gélin et al. 2018a; Oury et al. 2021) and P. verrucosa 73 

(Oury et al. 2021). 74 

Additionally, some PSHs were attributed to new or recently described species. Among 75 

them, Pocillopora PSH16 regroups the mitochondrial Open Reading Frame (ORF) haplotypes 76 

53, 54 and 55 (sensu Gélin et al. 2017), corresponding to types 3d and 3f (sensu Pinzón et al. 77 

2013) and to P. damicornis type χ (now P. bairdi sensu Schmidt-Roach et al. 2014), 78 

respectively. Up to now, PSH16 was only reported in the Pacific Ocean (more precisely in 79 

Taiwan, Palau, eastern Australia, New Caledonia, Tonga Islands and Moorea; Fig. 1), excepted 80 

one individual of type 3d (ORF53) in the Andaman Sea (Pinzón et al. 2013). Here, we report 81 

the first Pocillopora PSH16 (ORF53) in the western Indian Ocean (Madagascar), 6,000 km 82 

further from its current distribution, possibly representing a new Pocillopora genetic lineage, 83 

and possibly a new species. 84 

 85 

Material and methods 86 

Sample collection and morphotype identification 87 

Aiming at exploring the Pocillopora genus diversity, and in fine studying its population genetic 88 

connectivity, ~ 9,000 Pocillopora colonies were sampled (branch tip + photograph), 89 

independently of their corallum macromorphology (a non-discriminant character in this genus), 90 

from March 2001 to October 2016, in three marine provinces: the Western Indian Ocean (WIO), 91 

the Tropical Southwestern Pacific (TSP) and the South-East Polynesia (SEP), extended over 92 

six ecoregions (Spalding et al. 2007), 16 localities (Online Resource 1) and over hundred 93 

sampling sites. Different habitats (reef slope, fringing reef, flat reef or lagoon) were sampled, 94 

at various depths (from sea surface to 30 m depth), to maximise colonies genetic diversity. 95 

Samples were isolated into a numbered zip-lock bag on the field, then fixed in 90% ethanol at 96 

laboratory and stored at room temperature. 97 

Additionally, examining the underwater photograph, each colony was attributed a 98 

morphotype (or several when morphology was unclear), defined only by its corallum 99 

macromorphology [branch shape and thickness, size and uniformity of verrucae, and overall 100 

growth form as described in Veron (2000) and Schmidt-Roach et al. (2014)]. Morphotype 101 

identification was verified by sending a subset of photographs to three coral specialists 102 

(F. Benzoni, G. Faure and D. Obura). 103 

  104 
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Fig. 1 Records of Pocillopora PSH16. For each locality, the number of previously recorded 105 
colonies is indicated in parentheses, with corresponding references (a: De Palmas et al. 2018; 106 
b: Gélin et al. 2017; c: Johnston et al. 2021; d: Pinzón et al. 2013; e: Schmidt-Roach et al. 2014; 107 
right panel). Records from Nosy Tanikely (Madagascar; MAD; symbolised by the black 108 
triangle on the left panel; N = 19) were from this study. The Pocillopora species repartition in 109 

this site (over 80 sampled colonies) is detailed, with the number of colonies from each ORF 110 
haplotype sequenced (hatched parts). 111 
AUS: Australia (Lizard Island); AND: Andaman Sea; CHE: Chesterfield Islands; MOO: 112 
Moorea; NCA: New Caledonia (Grande Terre and Loyalty Islands); PAL: Palau; TAI: Taiwan 113 

and TON: Tonga Islands. 114 

 115 

DNA extraction, genotyping, sequencing and species identification 116 

From the sampled colonies, total genomic DNA was extracted using DNeasy Blood & Tissue 117 

kit (QiagenTM), following the manufacturer protocol. All colonies were then genotyped with 13 118 

microsatellite loci, as in Gélin et al. (2017). PCR products were analysed using an ABI 3730XL 119 

DNA Analyzer (Applied Biosystems) at the Plateforme Gentyane (INRAE, Clermont-Ferrand, 120 

France) and allelic sizes were determined with GENEMAPPER 4.0 (Applied Biosystems) using 121 

an internal size standard (Genescan LIZ-500, Applied Biosystems). Loci showing ambiguous 122 

peak profiles (e.g. faint peaks or more than two peaks) were processed again in simplex and, if 123 

remaining ambiguous, designated as missing data. 124 

Colonies were then identified a posteriori of sampling and a priori of analyses using 125 

assignment tests performed with STRUCTURE 2.3.4 (Pritchard et al. 2000), by compiling all the 126 

genotypes with the 975 ones from Gélin et al. (2017), corresponding to colonies from various 127 

PSHs/SSHs already identified. Five iterations of STRUCTURE were run at K = 12 (this value was 128 

found to retrieve the main PSHs/SSHs in Gélin et al. 2017), with the same parameters as in 129 

Gélin et al. (2017).  130 

Once the clusters retrieved, in order to identify them and maximise the ORF diversity 131 

explored, we sequenced a subset of the colonies within each cluster and each locality, presenting 132 

various general corallum macromorphologies (i.e. belonging to various morphotypes so that 133 

colonies both presenting similar and different morphotypes were selected). The FATP6.1 and 134 

RORF primers (Flot and Tillier 2007) were used, as in Gélin et al. (2017), and amplicons were 135 
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sent to GenoScreen (Lille, France) for sequencing in both directions on an ABI 3730XL DNA 136 

Analyzer (Applied Biosystems). Sequences were checked and edited using GENEIOUS 8.0 137 

(Kearse et al. 2012). Then they were aligned with the sequences of the 55 reference ORF 138 

haplotypes from Gélin et al. (2017), all available in GenBank. Alignment was performed with 139 

MAFFT (Katoh et al. 2005), and sequences were trimmed to 842 bp (the length of the reference 140 

sequences). 141 

Colonies belonging to PSH16 and having the ORF53 haplotype were found in Madagascar, 142 

6,000 km further from its current distribution (see Results). To further explore the genetic 143 

structure and diversity of this PSH, we focused the rest of the analyses on it and its sympatric 144 

colonies from the WIO. 145 

 146 

Genetic analyses 147 

Allelic and clonal diversities 148 

From there, a population was considered as all sampled colonies from a single species sampled 149 

in the same site, at the same date (usually during a single dive, and thus in a limited depth-150 

range). The occurrence of identical multi-locus genotypes (MLGs) within each population was 151 

assessed with GENCLONE 2.0 (Arnaud-Haond and Belkhir 2007). The probability of obtaining 152 

the same MLG twice or more from distinct random reproductive events was further estimated 153 

using PSEX(FIS) (Arnaud-Haond et al. 2007). The clonal richness R (Dorken and Eckert 2001) 154 

was then calculated for each population, using the formula: 𝑅 =  
(𝑁𝑀𝐿𝐺−1)

(𝑁−1)
, with N, the number 155 

of colonies and NMLG, the number of distinct MLGs. 156 

Afterwards, only one representative for each MLG was kept. PSH16 colonies from the TSP 157 

(N = 18 colonies from Gélin et al. 2017; Fig. 1), genotyped with the same 13 microsatellite loci 158 

as herein, were added to the dataset from this study, to assess the Indo-Pacific structure. Null 159 

allele frequencies and other potential technical biases were estimated with 160 

MICROCHECKER 2.2.3 (van Oosterhout et al. 2004), within each population (colonies from the 161 

Pacific were considered as a single population). Then, diversity indices [i.e. Na and Np, the 162 

mean numbers of alleles and private alleles per locus, AR, the allelic richness, Ho and He, the 163 

observed and expected heterozygosities, and FIS, the inbreeding coefficient (Wright 1931)] and 164 

percentage of missing data (%NA) were estimated for each population and over the 13 loci, 165 

using FSTAT 2.9.3 (Goudet 2001). Linkage disequilibrium and departures from Hardy-166 

Weinberg equilibrium were tested using GENEPOP 4.7.0 (Raymond and Rousset 1995; Rousset 167 

2008). 168 
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 169 

Genetic structure 170 

To assess the genetic structure among colonies, we used and compared the results of assignment 171 

tests [STRUCTURE (Pritchard et al. 2000) and DAPC (Jombart et al. 2010)], Minimum Spanning 172 

Trees (MST) and differentiation indices. STRUCTURE was run with the admixture model, 173 

assuming correlated allele frequencies. Five iterations of 106 MCMC generations after an initial 174 

burn-in of 105 generations were run for each K, varying from K = 2 to K = 5, and results were 175 

combined and visualised with CLUMPAK (Kopelman et al. 2015). The discriminant analysis of 176 

principal components (DAPC) was performed with the package ‘adegenet’ (Jombart 2008) 177 

from the software R 3.1.1 (R Core Team 2021), the MST based on the shared allele distance 178 

between colonies was built with EDENETWORKS 2.18 (Kivelä et al. 2015), and differentiation 179 

indices [FST (Weir and Cockerham 1984) and Dest (Jost 2008)] were estimated for each 180 

population pair with the R package ‘diveRsity’ (Keenan et al. 2013). Finally, an unweighted 181 

pair group method with arithmetic mean (UPGMA) cluster dendrogram based on Nei (1972)’s 182 

genetic distance between populations was built with MEGA 7 (Kumar et al. 2016). 183 

 184 

Results and Discussion 185 

Species identification 186 

Over all localities, ~ 9,000 colonies were sampled, genotyped and assigned to 12 clusters, as in 187 

Gélin et al. (2017). Based on these assignments, sampling localities and morphotypes of the 188 

colonies, a subset of 1,003 colonies were successfully sequenced for the ORF. Among them, 189 

no new haplotype was identified compared to those previously found in the phylogenetic study 190 

(Gélin et al. 2017; Online Resource 1). In particular, two of the three PSH16 ORF haplotypes 191 

(ORF53 and 54) were found in the TSP (previously reported in Gélin et al. 2017), and for the 192 

first time, one (ORF53; N = 17) was found in the WIO, more precisely in the National Marine 193 

Park of Nosy Tanikely, Nosy Be (northwestern Madagascar; 13.48702°S; 48.23548°E; 10-15 m 194 

depth; Fig. 1 & 2; Online Resource 2), the closest previous record being in the Andaman Sea 195 

(i.e. 6,000 km eastward; Pinzón et al. 2013; Fig. 1). We thus focused on colonies from this site 196 

for further analyses. 197 

  198 
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Fig. 2 Pocillopora PSH16 colonies in Nosy Tanikely (scale: ~ 5 cm). 199 

 200 

A total of 80 colonies were sampled in Nosy Tanikely, of which 18 were assigned to 201 

SSH09a corresponding to P. eydouxi/meandrina morphotype, 43 to SSH13a corresponding to 202 

P. verrucosa morphotype and 19 to PSH16 whose colonies morphotype is characterised by an 203 

horizontal growth with branches separated by large spaces and highly ramified (Table 1; Fig. 1; 204 

see Online Resource 2 for comparative photos of colonies from these three PSHs/SSHs). From 205 

them, a subset of 22 colonies were successfully sequenced for the ORF, and all colonies whose 206 

ORF has been sequenced were assigned to the PSH corresponding to the ORF haplotype. Thus, 207 

three ORF haplotypes were found: ORF27 (PSH09; N = 1), ORF39 (PSH13; N = 4) and ORF53 208 

(PSH16; N = 17; Table 1; Fig. 1). 209 

 210 

Allelic and clonal diversities 211 

Three populations were thus considered in Nosy Tanikely, with respect to the three PSHs/SSHs 212 

identified (i.e. SSH09a, SSH13a and PSH16; Table 1; Fig. 1). Among them, two MLGs were 213 

found repeated more than once, both within PSH16 colonies. One was repeated twice, the 214 

second 14 times. For both MLGs, PSEX(FIS) was very low (< 10-10), indicating that the colonies 215 

came from a single sexual reproduction event and belonged to the same genet. A clonal richness 216 

R of 0.22 was thus calculated for PSH16 (NMLG = 5; Table 1). 217 

Missing data represented 5.2% of the Nosy Tanikely dataset, but 6.9% when considering 218 

the fourth population with the 18 Pacific PSH16 colonies from Gélin et al. (2017). No null allele 219 

nor other potential scoring error was detected. Moreover, for each population, no linkage 220 

disequilibrium was found. Among the four populations, the mean numbers of alleles and private 221 

alleles per locus (Na and Np; ± SE) were the lowest in PSH16 colonies from Madagascar, 222 

varying from 4.2 ± 0.3 to 7.2 ± 0.8, and from 0.7 ± 0.2 to 1.8 ± 0.4, respectively (Table 1). 223 

However, the allelic richness (AR; based on 10 alleles) and heterozygosis rates (Ho and He), 224 

varying from 3.61 ± 0.41 to 4.15 ± 0.34, from 0.386 ± 0.071 to 0.492 ± 0.057, and from 225 

0.546 ± 0.077 to 0.719 ± 0.054, respectively, were the highest in this population (Table 1). All 226 



9 

four populations showed a significant heterozygote deficiency (0.242 ± 0.081* < FIS < 0.377 227 

± 0.076***; Table 1). 228 

 229 

Genetic structure 230 

At K =2, SSH09a and SSH13a colonies were each assigned to a specific cluster by STRUCTURE, 231 

while PSH16 colonies were almost all assigned to both clusters with similar probabilities. At 232 

K = 3, colonies assignment reflected the species. Only one PSH16 colony from the WIO was 233 

assigned to SSH13a cluster, and one SSH13a colony was admixed between SSH13a and PSH16 234 

clusters (Fig. 3a). Yet, for these two colonies, the ORF corresponded to the PSH/SSH 235 

identification and not to the cluster they were assigned to (i.e. the first have the PSH16 ORF53 236 

haplotype, and the second the SSH13a ORF39 haplotype). Then, at K = 4, PSH16 colonies from 237 

the WIO were assigned to a fourth cluster, with three PSH16 colonies from the TSP. Three 238 

PSH16 colonies from the TSP were admixed between both PSH16 clusters. At K = 5, all 239 

SSH13a colonies were assigned to two clusters with similar probabilities, suggesting no further 240 

genetic partitioning (Fig. 3a). DAPC grouped the colonies according to the three species and 241 

was thus congruent with STRUCTURE results at K = 3. PSH16 colonies from the WIO and the 242 

TSP were not separated (Fig. 3b). The MST clearly distinguished SSH09a and SSH13a 243 

colonies, as well as almost all PSH16 colonies from the TSP, but PSH16 colonies from the WIO 244 

were grouped either with SSH13a or with those of the TSP (Fig. 3c). Both differentiation 245 

indices (i.e. FST and Dest) gave similar results, but Dest estimates were higher 246 

(0.072** < FST < 0.282***; 0.137*** < Dest < 0.531***; Table 2). According to these indices 247 

(Table 2) and the UPGMA tree (Online Resource 3), SSH09a was the most differentiated 248 

population (FST > 0.220***; Dest > 0.390***), then SSH13a, the latter being more 249 

differentiated from PSH16 (TSP) than from PSH16 (WIO). 250 

 251 
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Table 1 Pocillopora populations genetic diversity 252 

Population/ 

Species 
N ORF NMLG R %NA Na Np AR (10) Ho He FIS 

Nosy Tanikely (Madagascar; 13.48702°S, 48.23548°E) 

 SSH09a 18 ORF27 (1) 18 1.00 11.5% 5.5±0.6 1.4±0.4 3.61±0.41 0.386±0.071 0.546±0.077 0.242±0.081* 

 SSH13a 43 ORF39 (4) 43 1.00 7.2% 7.2±0.8 1.8±0.4 3.87±0.29 0.477±0.056 0.672±0.035 0.285±0.084** 

 PSH16 (WIO) 19 ORF53 (17) 5 0.22 0.0% 4.2±0.3 0.7±0.2 4.15±0.34 0.492±0.089 0.719±0.054 0.328±0.107* 

Tropical Southwestern Pacific (Gélin et al. 2017) 

 PSH16 (TSP) 18 
ORF53 (14) 

ORF54 (4) 
18 1.00 18.8% 5.5±0.5 0.6±0.2 3.97±0.28 0.432±0.057 0.697±0.037 0.377±0.076*** 

TOTAL 98 - 84 0.86 6.9% 10.7±1.0 4.5±0.6 4.60±0.28 - - - 

N: number of colonies; ORF: Open Reading Frame haplotype (occurrence in parentheses); NMLG: number of multilocus genotypes (MLGs); R: 253 
clonal richness (Dorken and Eckert 2001), %NA: percentage of missing data; Na and Np: mean numbers (± SE) of alleles and private alleles; AR: 254 
mean (± SE) allelic richness based on 10 alleles; Ho and He: mean (± SE) observed and expected heterozygosities and FIS: mean (± SE) inbreeding 255 

coefficient (Wright 1931; *: 0.01 < P < 0.05; **: 0.001 < P < 0.01; ***: P < 0.001). WIO: Western Indian Ocean; TSP: Tropical Southwestern 256 

Pacific 257 

 258 

Table 2 Genetic differentiation between Pocillopora populations 259 

 N SSH09a SSH13a PSH16 (WIO) PSH16 (TSP) 

SSH09a 18 - 0.456*** 0.531*** 0.397*** 

SSH13a 43 0.268*** - 0.147*** 0.196*** 

PSH16 (WIO) 5 0.282*** 0.104*** - 0.137*** 

PSH16 (TSP) 18 0.224*** 0.130*** 0.072** - 

FST (below diagonal; Weir and Cockerham 1984) and Dest (above diagonal; Jost 2008) estimates. **: 0.001 < P < 0.01; ***: P < 0.001. N: number 260 
of colonies (one representative per MLGs); WIO: Western Indian Ocean; TSP: Tropical Southwestern Pacific 261 
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Fig. 3 Pocillopora genetic structure. a: STRUCTURE plots from K = 2 to K = 5; b: DAPC 262 
assignments at K = 3; c: Minimum Spanning Tree. 263 
WIO: Western Indian Ocean; TSP: Tropical Southwestern Pacific 264 

 265 

These results mainly suggest that the PSH16 colonies from the WIO and those from the 266 

TSP belonged to the same ancestral genetic group, probably isolated from an older ancestral 267 

one including PSH13. This is consistent with a previous phylogenetic study on the Pocillopora 268 

genus (Gélin et al. 2017), where PSH16 colonies from the TSP were found relatively genetically 269 

close to PSH13 colonies from the TSP. However, STRUCTURE results at K = 4, FST and Dest 270 

estimates, and Nei’s distance between both PSH16 populations also indicate that PSH16 271 

colonies from both ocean basins appear genetically different, and probably constitute different 272 

genetic lineages or different species. This observation is supported by the weak gene flow 273 

previously reported between both sides of the Indo-Pacific in this genus (Gélin et al. 2018a, b; 274 

Oury et al. 2021) questioning the existence of Indo-Pacific Pocillopora species. 275 

Moreover, as the only PSH16 colonies reported within a radius of 6,000 km despite the 276 

thousands of Pocillopora colonies sampled in the WIO, this PSH16 lineage from the WIO 277 

seems uncommon and isolated, being mainly maintained through asexual reproduction, or 278 
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sexual reproduction from a very restricted pool of genes, as suggested by the weak clonal 279 

richness. However, as microhabitat data are lacking (the sampling initially aimed at studying 280 

population genetic connectivity), we cannot be sure that Nosy Tanikely does not represent a 281 

unique, only sampled once, habitat, specific to PSH16. In that case, regarding the hundred sites 282 

sampled, this specific habitat should be rare, and so PSH16 colonies. 283 

Higher allelic richness and heterozygosis rates were found in this population compared to 284 

others, which does not reflect population isolation. Occasional hybridisations with genetically 285 

close lineages could explain these higher diversity indices. Interspecific hybridisations were 286 

already suggested within Pocillopora corals. Indeed, Combosch and Vollmer (2015) reported 287 

one-way introgressive hybridisation among tropical eastern Pacific Pocillopora morphospecies 288 

based on RAD-Seq. However, ITS2 heterozygous individuals, considered to be potential 289 

hybrids, were pooled in genomic libraries, thus possibly confusing hybridisation signals. More 290 

recently, trying to resolve phylogenetic relationships among seven Pocillopora species using 291 

RAD-Seq, Johnston et al. (2017) suggested hybridisation between the two recently derived 292 

sister species included in their study: P. damicornis and P. acuta. In our study, occasional 293 

reproductions with sympatric SSH13a colonies could be possible, given the relatively small 294 

genetic distance with PSH16 colonies reported by the MST, and FST, Dest and Nei’s distances. 295 

In this case, the SSH13a colony assigned to the PSH16 cluster and the PSH16 (WIO) colony 296 

assigned to the SSH13a cluster by STRUCTURE and DAPC could represent colonies derived 297 

from hybridisation between both species. 298 

Thus, in addition to the first report of PSH16 colonies in the WIO, 6,000 km further from 299 

the current PSH16 distribution, this study also reports a possibly new Pocillopora genetic 300 

lineage, or a remnant population from a wider lineage. Further investigations integrating 301 

morphological evidences (e.g., as in Stefani et al. 2011) are needed to clearly resolve the status 302 

of this lineage. Whatever these colonies are, they appear uncommon, isolated and processing 303 

genetic homogenisation, through hybridisation with closely related Pocillopora lineages. They 304 

thus process speciation, through a progressive differentiation from other lineages, and will 305 

probably end up as a new species, if they persist long enough. Indeed, the long-term 306 

maintenance of these PSH16 colonies appears compromised, especially if as rare as thought, 307 

and if no specific management measure is implemented. Colonies from Nosy Tanikely are 308 

already subject to conservation measures, as part of the National Marine Park of Nosy Tanikely. 309 

The report of this possibly new Pocillopora lineage should support the long-term 310 

implementation of the marine park protection measures and encourage managers to implement 311 
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adapted measures, especially in the context of Madagascar’s willing to develop rare earth 312 

mining on Grande Terre. 313 
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 454 

Tables and Figures 455 

Table 1 Pocillopora populations genetic diversity 456 
N: number of colonies; ORF: Open Reading Frame haplotype (occurrence in parentheses); 457 
NMLG: number of multilocus genotypes (MLGs); R: clonal richness (Dorken and Eckert 2001), 458 
%NA: percentage of missing data; Na and Np: mean numbers (± SE) of alleles and private 459 
alleles; AR: mean (± SE) allelic richness based on 10 alleles; Ho and He: mean (± SE) observed 460 

and expected heterozygosities and FIS: mean (± SE) inbreeding coefficient (Wright 1931; *: 461 

0.01 < P < 0.05; **: 0.001 < P < 0.01; ***: P < 0.001). WIO: Western Indian Ocean; TSP: 462 
Tropical Southwestern Pacific 463 

Table 2 Genetic differentiation between Pocillopora populations 464 
FST (below diagonal; Weir and Cockerham 1984) and Dest (above diagonal; Jost 2008) 465 
estimates. **: 0.001 < P < 0.01; ***: P < 0.001. N: number of colonies (one representative per 466 
MLGs); WIO: Western Indian Ocean; TSP: Tropical Southwestern Pacific 467 

Fig. 1 Records of Pocillopora PSH16. For each locality, the number of previously recorded 468 
colonies is indicated in parentheses, with corresponding references (a: De Palmas et al. 2018; 469 

b: Gélin et al. 2017; c: Johnston et al. 2021; d: Pinzón et al. 2013; e: Schmidt-Roach et al. 2014; 470 

right panel). Records from Nosy Tanikely (Madagascar; MAD; symbolised by the black 471 

triangle on the left panel; N = 19) were from this study. The Pocillopora species repartition in 472 
this site (over 80 sampled colonies) is detailed, with the number of colonies from each ORF 473 

haplotype sequenced (hatched parts). 474 
AUS: Australia (Lizard Island); AND: Andaman Sea; CHE: Chesterfield Islands; MOO: 475 
Moorea; NCA: New Caledonia (Grande Terre and Loyalty Islands); PAL: Palau; TAI: Taiwan 476 

and TON: Tonga Islands. 477 

Fig. 2 Pocillopora PSH16 colonies in Nosy Tanikely (scale: ~ 5 cm). 478 

Fig. 3 Pocillopora genetic structure. a: STRUCTURE plots from K = 2 to K = 5; b: DAPC 479 

assignments at K = 3; c: Minimum Spanning Tree. 480 
WIO: Western Indian Ocean; TSP: Tropical Southwestern Pacific 481 


