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Background

Increased commercial interests on giant clams for their meat, shells, and live specimens for
the aquarium trade represent a challenge to their management. All  tridacnines are listed on
Appendix II of Convention on International Trade in Endangered Species of Wild Fauna and
Flora (CITES) to monitor their trade in the face of overexploitation. Information on their
genetic population structure could be useful in creating management units and conservation
strategies. Previous studies on Tridacna maxima in the Western Indian Ocean (WIO) and the
Red Sea (RS) using a mitochondrial DNA (mtDNA) cytochrome c oxidase subunit I (COI)
marker  indicated highly  restricted geneflow between the  WIO and the  RS.  Nevertheless,
microsatellite markers (nuclear DNA) have not yet been used to verify this structure. Our
understanding of the phylogeographic pattern in this species will  be improved when both
microsatellite and mtDNA markers are employed, as is done  in the present study. Moreover,
we investigate connectivity in this species in a broader context combining the results of this
study with those of previous work, assessing connectivity among populations from different
regions in the Indo-Pacific: Central Pacific (CP), Eastern Indian Ocean (EIO), Indo Malay
Archipelago (IMA), RS, WIO, and Western Pacific (WP). 

Methods

The analysis is based on five microsatellite loci and a 417 base pair fragment of mtDNA COI
gene from 283 individuals  sampled  from 16 localities  across  the  WIO and RS,  and 305
additional  sequence  from  previous  studies  (CP,  EIO,  IMA,  and  WP).  To  assess  the
evolutonary  connectivity  among  populations,  we  estimated  the  genetic  diversity  and
population differentiation. A haplotype network was reconstructed from COI sequences using
FaBox 1.49 online fasta sequence toolbox. Population structure was assessed using Arlequin
to  infer  F-statistics,  and  Bayesian  clustering  was  inferred  from microsatellite  loci  using
Structure (v. 2.3.4). Thereafter, we estimated DEST as implemented in DEMEtics (v. 0.8-7 R
package).

Results

The mtDNA identified a strong divergence among the Indo-Pacific populations (ΦST = 0.731,
p < 0.001; FST = 0.141, p < 0.001), and recovered six genetically distinct groups (ΦCT = 0.723
p < 0.0001): (1) WIO, (2) RS, (3) central Indo Malay Archipelago (IMA), (4) Eastern Indian
Ocean (EIO) and Java Sea, (5) Western Pacific (WP), and (6) Central Pacific (CP). Genetic
diversity was highest in the IMA and declined in the peripheral areas, supporting the centre-
of-origin  hypothesis  of  speciation  in  the  IMA.  Microsatellites  and  mtDNA  were  highly
concordant in revealing population structure across the WIO and RS (mtDNA: ΦST = 0.5223,
p < 0.001; FST  = 0.098, p < 0.0001; microsatellites: DEST = 0.217 p < 0.01; FST  = 0.063 p <
0.001). Nevertheless, we detected discrepancies between the markers on the location of the



genetic cline among the WIO and RS populations. While mtDNA identified a genetic break
between WIO and RS populations, microsatellites found a genetic break between the north
RS and central RS populations. Moreover, microsatellites Bayesian cluster analyses revealed
the admixture of WIO and RS lineages in central RS population, and the genetic isolation of
the north RS population. Within WIO, a shallow population structure was revealed by both
markers (mtDNA: ΦST = 0.318, p < 0.0001; microsatellites:  FST =0.012, p  = 0.002;  DEST =
0.172, p = 0.041). A genetic break  among populations in the north (Kenya, Tanzania) and
south  (Mozambique,  Madagascar)  WIO could  only  be  identified  by  mtDNA  hierarchical
AMOVA (ΦCT = 0.263, p = 0.021).  

Conclusion

The present study found a strong phylogeographic structure in  T. maxima  across the Indo-
Pacific.  The  complex  geological  history  and  oceanography  in  the  Indo-Pacific  could  be
postulated as the major cause of the divisions among ocean basins (WIO, RS, EIO, IMA, WP,
CP). Since  T.  maxima has a PLD of nine days, long-distance dispersal is unlikely. Despite
that, we found a EIO signature in the Java Sea. It is likely that the EIO population recolonised
the  Java  Sea  with  the  rising  sea  level  after  the  last  glacial  maximum.  Currently,  this
populations are connected by prevailing surface currents that flow via the Sunda Strait from
the EIO to the Java Sea. The genetic cline in the WIO corresponds with the bifurcation of the
South Equatorial Current (SEC) on reaching the East African coast at the southern coast of
Tanzania. This current creates a potential barrier to larval dispersal between the northern and
southern WIO. On the other hand, the pattern encountered in the RS suggests that this lineage
might  have  evolved  after  a  complete  isolation  during  Pleistocene  sea  level  low-stands.
However, the central RS population could have been reconnected with the WIO through gene
flow at the end of the last glacial, since WIO genotypes were present in this population. Since
environmental  differences  have  the  potential  of  enhancing  divergence  among demes,  the
isolation of the north RS is best  explained by the strong environmental gradient in the RS,
which separates the northern basin from the central and southern basin. A combination of
mtDNA  and  microsatellites  can  provide  a  clear  provide  a   understanding  of  species
biogeography.


