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The Wild Coast in south-eastern South Africa is strongly influenced by the warm, southward-flowing Agulhas Current. This current has a significant impact on dispersal in the coastal biota of the region, and facilitates high levels of connectivity among populations. However, it is not known how the region’s high velocity hydrology affects genetic population structure in endemic estuarine species populations of which are frequently isolated from the sea. Here, we compared genetic structure in two estuarine crabs of the family Hymenosomatidae. Both are presumed to have low dispersal potential, but they differ in terms of their life histories. Hymenosoma longicrure has abbreviated larval development and can complete its entire life cycle within estuaries, while Neorhynchoplax bovis is a direct developer that lacks planktonic larvae. Using DNA sequence data from the mitochondrial COI gene and the intron of the nuclear ANT gene, we found that levels of genetic structure differ considerably between the species. Depending on the genetic marker used, H. longicrure is genetically homogeneous (COI) or displays low levels of genetic structure and minor evidence of recruitment near natal sites (ANT). In contrast, connectivity in N. bovis is much lower, as this species has a unique combination of alleles at each site, indicating that recruitment is mostly local. These results support previous findings suggesting that even a short larval dispersal phase is sufficient to maintain high levels of connectivity and prevent genetic divergence among populations. Key words: Agulhas Current, Direct Development, Planktonic Larval Dispersal, Hymenosoma longicrure, Neorhynchoplax bovis, Phylogeography, Rafting.
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Introduction



structure of the fauna (Teske et al. 2008, 2011, von der Heyden et al. 2008).



Marine communities are composed of taxa with different life histories that include direct development, abbreviated larval development and extended planktonic larval development (Grantham et al. 2003). The dispersal ability of marine organisms is strongly dependent on life history (e.g. Kinlan and Gaines 2003), and as a result, the genetic structure they exhibit can differ considerably. There are exceptions that may reflect the effects of local conditions on dispersal but, generally, direct developing animals that produce young that hatch fully developed tend to exhibit strong genetic structure, whereas species with planktonic larvae are often genetically homogeneous throughout their ranges (Pelc et al. 2009; Zulliger et al. 2009, Palero et al. 2011).



The south-east coast of South Africa encompasses the transition between two major temperature-defined marine biogeographical provinces, the subtropical Natal Province and the warm-temperate Agulhas Province (Emanuel et al. 1992; Griffiths et al. 2010). In some species, subtropical and warm-temperate evolutionary lineages have overlapping ranges in this region (e.g. Zardi et al. 2007; Teske et al. 2008), while in others, abrupt genetic discontinuities have been identified (Teske et al. 2009). There is also evidence that at least one species, the crab Hymenosoma longicrure (Dawson and Griffiths 2012), is endemic to the transitional region (Teske et al. 2009). Using DNA sequence data, we compared genetic structure in this species with that of another common estuarine crab, Neorhynchoplax bovis Barnard 1946, the southern distribution limit of which is close to that of H. longicrure at Haga Haga Estuary (32o46’S, 28o15E; Teske et al. 2007), though its range extends northwards into the subtropical and tropical biogeographic provinces (Branch et al. 2010).



In addition, not all coastal habitats can be expected to be equally well connected. Genetic structure in species that reside in estuaries may differ from that of fully marine taxa, because estuarine organisms often show low population connectivity regardless of their life histories (Watts and Johnson 2004, Pelc et al. 2009). In arid countries, this may be exacerbated by the fact that many estuaries become closed or disconnected from the sea by sand bars that form at the mouth as a result of low freshwater input (Whitfield 1992). For example, of the approximately 250 estuaries along South Africa’s ~3650 km long coastline, only 49 (18%) are permanently connected to the sea and the rest are temporarily open/closed (Whitfield 2000). Hence, even if the life history of a species suggests high dispersal potential, populations that occur in such estuaries may be even more isolated from each other than those residing in estuaries in which gene flow via the sea is more frequent, as this is expected to drive genetic differentiation over time in the former.



These two species have to date only been found in temporarily open/closed estuaries (Teske, pers. obs.). However, they differ in terms of habitat preferences and life histories. Adults of Hymenosoma longicrure are usually found half burrowed in muddy sand (Teske, pers. obs.). The species has abbreviated larval development lacking the actively swimming megalopa stage, which is the recruitment stage in most other estuarine decapod crustaceans (Papadopoulos and Teske 2014), but dispersal is nevertheless presumably by means of the planktonic larvae. In contrast, Neorhynchoplax bovis is a direct developer with young that hatch fully developed (Papadopoulos, unpubl. data). Adults of this species are particularly common among debris, wood or aquatic vegetation (Teske, pers. obs.). Dispersal among estuaries is probably by rafting, as the adults of N. bovis may cling to floating objects. Although dispersal in this species is likely to be rare, recruitment success may still be high because in rafting direct developers, several individuals may arrive in a new habitat simultaneously (Winston 2012), and in some cases such species can colonise new habitats faster than planktonic developing congeneric



We tested the effects of dispersal on genetic connectivity under such conditions by comparing two estuarine crabs on the south-east coast of South Africa. This part of the coast is strongly influenced by the warm, southward-flowing Agulhas Current, which follows the narrow continental shelf break (Lutjeharms 2006). This results in the current flowing particularly close to the coast in this region (Griffiths et al. 2010; Teske et al. 2011, 2013), and previous studies have suggested it has a strong influence on genetic 2



species (Johannesson and Warmoes 1990). Given the low dispersal potential of both species, coupled with the fact that they occur in estuaries that are frequently isolated from the sea, we hypothesised that this would result in high levels of genetic structure, despite the potentially strong influence of the Agulhas Current on their alongcoast dispersal.



DecapANT-R: 5‘-TCA TCA TGC GCC TAC GCAC-3‘ (Teske and Beheregaray 2009). PCR Optimization Prior to Polymerase Chain Reaction (PCR), samples were quantified using a NanoDrop® 1000 Spectrophotometer v. 3.7. Samples that did not contain DNA were discarded, and samples whose quality was poor on the basis of absorbance readings were purified using ethanol precipitation (Zeugin and Hartley, 1985). PCR reactions were performed in reaction volumes of 20 µL containing the following reagents: 1.5 mM MgCl2 and 2 µL of 10 x PCR Buffer (Promega), 0.2 mM of dNTPs (Sigma-Aldrich), 0.2 mM of each primer, 0.24 µL of BSA, 0.16 µL of Super-Therm Taq polymerase (5u/ml, Separation Scientific SA), 5 µL of DNA template and 6.6 µL of double-distilled water. The PCR reaction used the following cycling profile: an initial denaturation step (3 min at 94°C), 40 cycles of denaturation (30 s at 94°C), annealing (45 s at 50°C for COI and 60°C for ANT) and extension (45 s at 94°C), and a final extension step (10 min at 72°C). A 2% agarose gel was used to check that amplification was successful. Sequencing was done using BigDye chemistry, and reactions run on an ABI3730 DNA analyzer (Applied Biosystems).



2. Materials and Methods 2.1. Study sites Samples of Hymenosoma longicrure and Neorhynchoplax bovis were collected at three sites each that span the Wild Coast region of South Africa. Each species was collected in three estuaries, which represent the northern, central and southern Wild Coast (Fig. 1, Table 1). To our knowledge, the Mngazi and Qolora estuaries represent the northern and southern distribution limits of H. longicrure (Teske et al. 2007). A total of 160 specimens of each species were sampled, but not all amplified (Table 2). As only one of the two species tended to be common in a particular estuary, we collected regional representatives of each species in adjacent estuaries. All of the estuaries sampled are temporarily open/closed systems (Whitfield 2000). Sampling and laboratory methods



Data analyses Sequences were aligned and edited using the program MEGA v. 6 (Tamura et al. 2013). The ANT sequences did not contain any indels, and the two phases of heterozygous individuals could be readily reconstructed using the program PHASE 2.1 (Stephens et al. 2004). Sequence format conversions were performed in SeqPHASE (Flot 2010). The program NETWORK 4.6.1.2 (Bandelt et al. 1999) was used to reconstruct haplotype networks of the sequences from each species and genetic marker, and Arlequin 3.5 (Excoffier and Lischer 2010) was used to estimate haplotype diversity and nucleotide diversity at each sampling site. Allelic richness was calculated using HP-Rare through number of alleles rarefaction, where the site with the smallest sample size was used to assess the allelic richness in each site in a region. Genetic structure was analysed using the program GenAIEx 6.501 (Peakall and Smouse 2012). We also performed an analysis of molecular variance (AMOVA: Excoffier et al. 1992) to determine the relative percentages of molecular variance within and between sites, and calculated PT values (Peakall et al. 1995) between pairs of sites using



Hymenosoma longicrure (which lives in softbottom sediments) was sampled using a d-frame net, while Neorhynchoplax bovis (which clings to submerged objects) was collected by hand. A single leg was removed from each specimen for DNA extraction and placed into an Eppendorf tube containing 180 l buffer ATL (Qiagen DNEasy Blood & Tissue Kit) and 20 l of Proteinase K in the field. Extraction with the Qiagen kit was completed following the manufacturer’s instructions on return to the laboratory, no more than one week after sample collection. Two genetic markers were amplified for each species: a portion of the cytochrome oxidase c subunit I gene (COI) and a portion of the intron of the adenine nucleotide transporter gene (ANT). Universal primers LCO1490 and HCO2198 (Folmer et al. 1994) were used to amplify the COI gene, while the ANT intron was amplified using the following EPIC (exon-priming, intron-crossing) primers: forward primer DecapANT-F: 5‘-CCT CTT GAY TTC GCK CGA AC-3‘ and reverse primer
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and nucleotide diversity were particularly high at the northernmost site, although there were exceptions (e.g. ANT data of Neorhynchoplax bovis).



GenAIEx was also used to determine if there was a significant correlation between genetic and geographic distance, and to perform spatial autocorrelation analyses, which provide information on whether recruitment occurs primarily in the vicinity of the source habitat. Geographical distances between sites were measured as the shortest along-coast connections in Google Earth, and a Mantel (1967) test was used to test for statistically significant correlations between genetic and geographic distance matrices, specifying 999 random permutations of the geographic distance matrix. For the autocorrelation analyses, individual pairwise genetic and geographic distances were used to calculate the autocorrelation coefficient r (Smouse and Peakall 1999). Statistical significance was tested by estimating 95% confidence intervals (CI) for the null distribution of r (999 permutations) and by estimating 95% CI of r using 1000 bootstrap replications. The null hypothesis of no spatial autocorrelation is rejected when r exceeds the 95% CI from the permutation test and when the 95% CI about r estimated using bootstrapping does not intercept the x-axis (Peakall et al. 2003). For all four data sets (two species, two genetic markers), we specified an even distance class size of 70 km, as this allowed analysing spatial autocorrelation at the largest possible number of distances classes (first class: 0-70 km; second class: 71-140 km; third class: 141-210 km). When gene flow is limited, significant positive spatial autocorrelation should be evident at smaller distance classes, with the first x-intercept of r providing information on the extent of non-random dispersal (Peakall et al. 2003).



4.2 Haplotype networks and genetic structure Haplotype networks differed considerably for the two species, and there were also some differences between the two genetic markers (Fig. 2). The COI haplotype network of Hymenosoma longicrure (Fig. 2a) had a central haplotype that was very common in the southern Wild Coast, but that was also found at the other two regions. All other haplotypes were comparatively rare. The ANT haplotype network (Fig. 2b) had two common haplotypes that were also present at all three sites, and fewer rare haplotypes. The COI haplotype network of Neorhynchoplax bovis (Fig. 2c) showed a large amount of geographic structure. None of the haplotypes found at the northernmost site were found at the other two sites, and the most common haplotypes at each of the other two sites were not found in the northern region and were rare elsewhere. The ANT haplotype network (Fig. 2d) differed in that the two most common haplotypes were found at all three sites (although they were rare at the northernmost site), and the most common northern haplotype was not found elsewhere.



4.3 Genetic population structure Pairwise PT values for COI data of Hymenosoma longicrure between sites in the northern, central and southern Wild Coast were non-significant. In contrast, significant genetic structure was found for the ANT data among all three sites. For Neorhynchoplax bovis, pairwise PT values were significantly different (P


4. Results 4.1. Genetic diversity A total of 284 COI (H. longicrure = 159 individuals, N. bovis = 125 individuals) sequences and 576 ANT sequences (two alleles each for H. longicrure = 155 individuals, N. bovis = 133 individuals) were generated (Table 2). There was no evidence for a north-to-south increase that would reflect a strong influence of the Agulhas Current, with southern sites receiving more migrants from the north, but no gene flow in the opposite direction. Instead, in both species, allelic richness, haplotype diversity 4



The Mantel tests for correlations between genetic and geographic distance matrices were not significant for Hymenosoma longicrure for either genetic marker (COI: R2 = 0.001, P = 0.100; ANT: R2 = 0.0009, P = 0.106). In Neorhynchoplax bovis, highly significant positive correlations were found for both markers (COI: R2 = 0.5591, P < 0.01; ANT: R2 = 0.1341, P < 0.01).



In Hymenosoma longicrure, which has planktonic larvae, the COI data indicated that strong current velocity may facilitate high levels of gene flow between sites. We found no genetic structure between sites, no isolation by distance, and no positive autocorrelation at the lowest distance class. These results all indicate that larvae allow regular connections among populations that are frequently physically isolated due to closure of estuary mouths. Interestingly, results for the more conservative ANT data were not always congruent with the COI data. First, the northernmost site was genetically distinct from both the central and the southern site. Although no isolation by distance was identified, significant positive autocorrelation was found at the lowest distance class. Together, these results suggest that most larvae complete their development in their natal estuary, but when larvae are flushed into the sea, they can settle anywhere along the coast, with no indication that they are more likely to settle in nearby estuaries rather than in estuaries farther away. The results from the two markers thus provide two potentially complementary perspectives of population structure, highlighting the value of performing multi-locus genetic analyses. Few other marine species that occur on the Wild Coast have been studied, and none of these are endemic to this region. The mudprawn Upogebia africana is represented by two lineages with overlapping ranges, neither of which shows isolation by distance (Teske et al. 2008), supporting the suggestion that the presence of the high-velocity Agulhas Current so close to shore results in high levels of connectivity.



Spatial autocorrelation analyses identified significant departures from the expectations of no spatial autocorrelation at the lowest distance class (0 – 70 km) in three cases (Fig. 3b, c and d), and only for the COI data of H. longicrure was the autocorrelation coefficient r not significantly greater than expected under random conditions (Fig. 3a). Whilst the results indicate that the retention of offspring at natal sites may occur in both species, this is much more pronounced in N. bovis, which had values of r that were far beyond the confidence interval indicating non-significance. For the COI data, a significantly positive spatial autocorrelation was also found for the second distance class (71 – 140 km). In contrast, r was only slightly greater than the confidence interval for the ANT data of H. longicrure. Beyond the point where r intercepts the x-axis, significantly positive or negative values were evident in some cases, but these represent stochastic oscillations and are not informative (Smouse and Peakall 1999).



Discussion



There was strong evidence that connectivity in the direct developer Neorhynchoplax bovis is so low that populations in different estuaries comprise unique assemblages of haplotypes/alleles. Genetic structure was highly significant between all sites, isolation by distance was found for both markers, and positive autocorrelation was found at least at the lowest distance class. This suggests that adult rafting between different estuaries must be very rare and that, even though this mode of dispersal is considered to be a very successful means of establishing new populations, there is very little additional gene flow once a new population has been established. These results are congruent with those of other marine animals that lack a planktonic dispersal phase, including the isopod Exosphaeroma hylecoetes and the cumacean Iphinoe truncata (Teske et al. 2007).



We generated DNA sequence data from two crabs presumed to have low dispersal ability that were collected throughout South Africa’s Wild Coast. Although this region is strongly influenced by the Agulhas Current, our data do not support the hypothesis that levels of gene flow between populations of estuarine species are high, regardless of the dispersal potential of these species. There is also no indication that the presence of these species exclusively in temporarily open/closed estuaries universally isolates their populations from one another. Rather, the difference between direct development and an abbreviated planktonic larval phase was sufficient to result in contrasting population genetic patterns.
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genetics analyses under Linux and Windows. Molecular Ecology Resources 10: 564–567.



Our results indicate that, even though strong differentiation between populations of estuarine species is common (e.g. Watts and Johnson 2004, Pelc et al. 2009), the amount of differentiation in such species is strongly dependent on their mode of dispersal. Although there is no clear relationship between larval duration and the amount of genetic structure in species whose planktonic larval duration exceeds approximately 12 h (Shanks 2009, Teske 2014), the present study adds to the evidence supporting the idea that recruitment is mostly local in species that lack a larval phase altogether (Ayre et al. 1997, Teske et al. 2007). The results highlight the importance of even fine differences in developmental mode to determining genetic structure and connectivity among populations of marine animals.



Excoffier L, Smouse P, Quattro J. 1992. Analysis of molecular variance inferred from metric distances among DNA haplotypes: application to human mitochondrial DNA restriction data. Genetics 131: 479–491. Flot JF. 2010. SEQPHASE: a web tool for interconverting PHASE input/output files and FASTA sequence alignments. Molecular Ecology Resources 10: 162–166. Folmer O, Black M, Hoeh W, Lutz R, Vrijenhoek R. 1994. DNA primers for amplification of mitochondrial cytochrome c oxidase subunit I from diverse metazoan invertebrates. Molecular Marine Biology and Biotechnology 3: 294–299. Grantham BA, Ginny LE, Alan LS. 2003. Dispersal potential of marine invertebrates in diverse habitats. Ecological Applications 13: 108–11. Griffiths CL, Robinson TB, Lange L, Mead A. 2010. Marine biodiversity in South Africa: an evaluation of current states of knowledge. PLoS One 5:12008.



Acknowledgements This study was supported by PADI Foundation Grant No. 10981 (to P.R.T.), the South African Research Chairs Initiative (SARChI) of the National Research Foundation (to C.D.M.), and the University of Johannesburg.



Johannesson K, Warmoes T. 1990. Rapid colonization of Belgian breakwaters by the direct developer, Littorina saxatilis (Olivi) (Prosobranchia, Mollusca). Progress in Littorinid and Muricid Biology. Springer, Netherlands, 99-108. Kinlan BP, Gaines SD. 2003. Propagule dispersal in marine and terrestrial environments: a community perspective. 84: 2007–2020.



LITERATURE CITED



Lutjeharms JRE. 2000. The Agulhas Current. Springer Science & Business Media. Mantel N. 1967. The detection of disease clustering and a generalized regression approach. Cancer research 27: 209–220.



Ayre DJ, Davis AR, Billingham M, Llorens T, Styan C. 1997. Genetic evidence for contrasting patterns of dispersal in solitary and colonial ascidians. Marine Biology 130: 51–61.



Palero F, Abello P, Macpherson E, Beaumont M, Pascual M. 2011. Effect of oceanographic barriers and overfishing on the population genetic structure of the European spiny lobster (Palinurus elephas). Biological Journal of the Linnean Society 104: 407–418.



Bandelt HJ, Forster P, Röhl A. 1999. Median-joining networks for inferring intraspecific phylogenies. Molecular Biology and Evolution 16: 37–48. Branch GM, Griffiths CL, Branch ML, Beckley LE. 2010. Two Oceans: a guide to the marine life of southern Africa. Cape Town, South Africa, Struik Nature.



Peakall R, Ruibal M, Lindenmayer DB. 2003. Spatial autocorrelation analysis offers new insights into gene flow in the Australian bush rat, Rattus fuscipes. Evolution 57: 1182–1195.



Dawson J, Griffiths CL. 2012. Revision of the crown crabs, genus Hymenosoma (Crustacea: Hymenosomatidae) of South Africa. African National History 8: 2305–7763.



Peakall R, Smouse PE. 2012. GenAlEx 6.5: genetic analysis in Excel. Population genetic software for teaching and research-an update. Bioinformatics 28: 2537–2539.



Emanuel, BP, Bustamante RH, Branch GM, Eekhout S, Odendaal FJ. 1992. A zoogeographic and functional approach to the selection of marine reserves on the west coast of South Africa. South African Journal of Marine Science 12: 341–354.



Peakall R, Smouse PE, Huff DR. 1995. Evolutionary implications of allozyme and RAPD variation in diploid populations of Buffalograss (Buchloë dactyloides). Molecular Ecology 4: 135–147.



Excoffier L, Lischer HEL. 2010. Arlequin suite ver 3.5: a new series of programs to perform population



Pelc RA, Warner RR, Gaines SD. 2009. Geographical patterns of genetic structure in marine species



6



with contrasting life histories. Biogeography 36: 1881–1890.



Journal



of



Significant Units of an estuarine prawn. Marine Biology 156: 1265–1275.



Papadopoulos I, Teske PR. 2014. Larval development reflects biogeography in two formerly synonymised southern African coastal crabs. African Journal of Aquatic Science 39: 347–350.



Teske PR, Papadopoulos I, Zardi GI, McQuaid CD, Edkins MT, Griffiths CL, Barker NP. 2007. Implications of life history for genetic structure and migration rates of southern African coastal invertebrates: planktonic, abbreviated and direct developers. Marine Biology 152: 697–711.



Shanks AL. 2009. Pelagic larval duration and dispersal distance revisited. Biological Bulletin 216: 373– 385.



Vandamme SG, Maes GE, Raeymaekers JAM, Cottenie K, Imsland AK, Hellemans B, Volckaert FAM. 2014. Regional environmental pressure influences population differentiation in turbot (Scophthalmus maximus). Molecular Ecology 23: 618–636.



Smouse PE, Peakall R. 1999. Spatial autocorrelation analysis of individual multi-allele and multi-locus genetic structure. Heredity 82: 561–573. Stephens AM, Smith NJ, Donnelly P, Stephens CM, Li CFN. 2004. Documentation for PHASE, version 2.1. Chicago.



Von der Heyden S, Prochazka K, Bowie RCK. 2008. Significant population structure and asymmetric gene flow patterns amidst expanding populations of Clinus cottoides (Perciformes, Clinidae): application of molecular data to marine conservation planning in South Africa. Molecular Ecology 17: 4812–4826.



Tamura K, Stecher G, Peterson D, Filipski D, Kumar S. 2013. MEGA6: Molecular Evolutionary Genetics Analysis version 6.0. Molecular Biology and Evolution 30: 2725–2729. Teske PR. 2014. Connectivity in solitary ascidians: is a 24-h propagule duration sufficient to maintain large-scale genetic homogeneity? Marine Biology 161: 2681–2687.



Watts RJ, Johnson MS. 2004. Estuaries, lagoons and enclosed embayments: habitats that enhance population subdivision of inshore fishes. Marine and Freshwater Research 55: 641–651.



Teske PR, Beheregaray LB. 2009. Intron-spanning primers for the amplification of the nuclear ANT gene in decapod crustaceans. Molecular Ecology Resources 9: 774–776.



Whitfield AK. 1992. A characterization of southern African estuarine systems. Southern African Journal of Aquatic Science 18: 89–103. Whitfield AK. 2000. Available scientific information on individual South African estuarine systems. Water Research Commission Report No. 577/3/00, Pretoria.



Teske PR, Papadopoulos I, Barker NP, McQuaid CD, Beheregaray LB. 2013. Mitonuclear discordance in genetic structure across the Atlantic/Indian Ocean biogeographical transition zone. Journal of Biogeography 41: 293–401.



Winston JE. 2012. Dispersal in marine organisms without a pelagic larval phase. Integrative and Comparative Biology 52: 447–457.



Teske PR, Papadopoulos I, Mmonwa KL, Matumba TG, McQuaid CD, Barker NP, Beheregaray LB. 2011. Climate-driven genetic divergence of limpets with different life histories across a South East African marine biogeographic disjunction: Different processes, same outcome. Molecular Ecology 20: 5025–5041.



Zardi GI, McQuaid CD, Teske PR, Barker NP. 2007. Unexpected genetic structure of mussel populations in South Africa: indigenous Perna perna and invasive Mytilus galloprovincialis. Marine Ecology Progress Series 337: 135–144.



Teske PR, Papadopoulos I, Newman BK, Dworschak PC, McQuaid CD, Barker NP. 2008. Oceanic dispersal barriers, adaptation and larval retention: an interdisciplinary assessment of potential factors maintaining a phylogeographic break between sister lineages of an African prawn. BMC Evolution Biology 8:34.



Zeugin JA, Hartley JL. 1985. Ethanol precipitation of DNA. Focus 7:1-2. Zulliger D E, Tanner S, Ruch M, Ribi G. 2009. Genetic structure of the high dispersal AtlantoMediterreanean sea star Astropecten aranciacus revealed by mitochondrial DNA sequences and microsatellite loci. Marine Biology 156: 597–610.



Teske PR, Winker H, McQuaid CD, Barker NP. 2009. A tropical/subtropical biogeographic disjunction in South Eastern Africa separates two Evolutionarily



7



Table 1. Sites where specimens of the southern African crabs Hymenosoma longicrure and Neorhynchoplax bovis were collected. Region



Site no.



Site name



GPS coordinates



Species collected



N



1



Mtumbane



31°38'13"S; 29°31'72"E



N. bovis



N



2



Mngazi



31°40'32"S; 29°27'40"E



H. longicrure



C



3



Mbhanyana



32°13'41"S; 28°55'43"E



H. longicrure



C



4



Ku-Mpenzu



32°14'35"S; 28°54'50"E



N. bovis



S



5



Qolora



32°37'49"S; 28°25'59"E



H. longicrure



S



6



Ngongwana



32°38'56"S; 28°25'18"E



N. bovis



N = northern Wild Coast; C = central Wild Coast; S = southern Wild Coast.
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Table 2. Number of COI and ANT sequences generated for the crabs Hymenosoma orbiculare and Neorhynchoplax bovis, and genetic diversity indices at each site. Genetic marker



Species



Site no.



N



No. alleles



A



h



π



COI



H. longicrure



2



54



11



8.7



0.50 ± 0.08



0.0017 ± 0.0014



3



57



6



4.8



0.23 ± 0.07



0.0007 ± 0.0008



5



48



8



7.1



0.47 ± 0.09



0.0014 ± 0.0012



1



24



5



4.3



0.64 ± 0.06



0.0024 ± 0.0018



4



53



5



3.1



0.27 ± 0.08



0.0008 ± 0.0009



6



48



5



2.4



0.60 ± 0.04



0.0019 ± 0.0016



2



49



11



4.6



0.59 ± 0.03



0.0014 ± 0.0012



3



58



5



3.7



0.38 ± 0.05



0.0008 ± 0.0008



5



48



4



2.5



0.26 ± 0.05



0.0005 ± 0.0007



1



26



4



3.4



0.63 ± 0.04



0.0019 ± 0.0014



4



58



14



3.9



0.26 ± 0.05



0.0009 ± 0.0009



6



49



6



3.7



0.61 ± 0.03



0.0031 ± 0.0019



N. bovis



ANT



H. longicrure



N. bovis



Numbers 1-6 = Sites from South to North (Table 1), N = number of individuals sequenced, No. alleles = no of haplotypes/alleles, A = allelic richness, h = haplotype diversity, π = nucleotide diversity.
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Table 3. Pairwise PT values among sites in the northern, central and southern Wild Coast for the COI and ANT data sets of Hymenosoma orbiculare and Neorhynchoplax bovis. Species



Marker



Site N



H. longicrure



COI



ANT



N. bovis



COI



ANT



C



0.008



S



0.012



C



0.092*



S



0.229**



C



0.693**



S



0.784**



C



0.884**



S



0.501**



C



0.000



0.008



0.778**



0.538**



N = northern Wild Coast (site 1 for N. bovis or 2 for H. longicrure in Table 1); C = central Wild Coast (site 3 or 4), S = southern Wild Coast (site 5 or 6); *P
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Figure 1. A map of the study area showing the sampling locations. Site numbers 1-6 correspond to those in Table 1. The continental shelf is shown in grey. Note the proximity of the Agulhas Current (white broken line) to the coast in this region
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Figure 2. Haplotype networks of Hymenosoma longicrure COI (A) and ANT (B) sequences, and Neorhynchoplax bovis COI (C) and ANT (D) sequences. Colours indicate whether a particular haplotype was found in the northern, central or southern Wild Coast. The shortest connections between haplotype indicate a single mutational step, and the size of circles indicates the frequency of a particular haplotype, with the smallest circles indicating that a haplotype was only present in a single individual.
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Figure 3. Spatial autocorrelation analyses of Hymenosoma longicrure (a: COI; b: ANT) and Neorhynchoplax bovis (c: COI; d: ANT). The solid line depicts the autocorrelation coefficient r; error bars are based on 1000 bootstrap replications. Broken lines are 95% confidence intervals beyond which the hypothesis of no spatial autocorrelation is rejected (based on 999 permutations). Note that the scales on the y-axis are different.
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