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Comparative Studies on Two Closely Related Species of Sea Urchins (Genus
Echinometra) in Okinawa: Fertilization, Hybridization, and Larval and Juvenile
Growth with Respect to Species Integrity and Aquaculture Potential

Two unnamed closely related species of tropical sea urchins belonging to the genus
Echinometra, Echinometra sp. A (Ea) and Echinometra sp. C (Ec) were studied in order to
understand the taxonomic status and speciation process and to investigate which mechanism
(s) maintained their genetic integrities. Larger Ec eggs showed significant differences in
fertilization, fecundity, embryonic and larval development as well as offspring performance
than smaller Ea eggs. Our results suggested that the differences of the above traits related to
egg sizes transcended species differences between Ea and Ec. Metamorphosis and settlement
studies were also conducted with 20-24 d old laboratory reared larvae of Ea and Ec together
with other two genetically divergent sea urchins, E. mathaei, and E. oblonga to assess their
preferences for various substrata. All the Echinometra spp. exhibited a similar high rate of
metamorphosis and survival in response to encrusting coralline red algae compared to mixed
turfs of coralline algae with: regular brown, green or mixed fleshy algae, suggesting that
potent inducing molecules may be sufficiently present in red algae. The four species did not
differ in their rates of metamorphosis on each type of substratum, and each species highly
preferred a coralline red algal substratum, which is consistent with their close genetic affinity
as well as their sympatric existence in nature. The possibility for hybridization between
Echinometra sp. A (Ea) and Echinometra sp. C (Ec) were studied through a series of cross
fertilization and hybrid rearing experiments. Heterogametic fertilization was high when eggs
of Ec and sperms of Ea were involved, whereas it was considerably lower with eggs of Ea
and sperms of Ec even at very high sperm concentration. Moreover, different exposure times
of eggs and sperms showed that homogametic crosses yielded higher percentage of
fertilization much sconer than heterogametic crosses. Despite these, hybrids produced from
crosses in both directions developed normally through larval and juvenile stages to sexually
mature adults and exhibited quality traits in the majority of the performance traits (viz. final
weight, weight gain, gonad weight) compared to the parental species controls. Hence these
hybrids might be considered for future use in aquaculture. On the other hand, phenotypic
color patterns of the hybrids were closer to the maternal colorations, while larval skeletal
morphology and tubefeet and gonad spicules were intermediate but dominated by maternal
characters. Other phenotypes such as, relative test dimensions and spine lengths, number of
pore pairs in the test, pedicellaria valve length, and gamete sizes of the hybrids appeared to be
intermediate. Fertilization rates in backcrosses using the gametes of F; and F5 progeny were
high. On the other hand, intensive surveys failed to find individuals with such hybrid
characteristics in the field, suggesting that natural hybridization between the two species is
rare. Prezygotic isolating mechanisms, such as microhabitat separation, gametic
incompatibility, and gamete competition, most likely maintain the genetic integrity of these
two closely related species.
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