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Title: Parent-offspring relationship of the coral Pocillopora damicornis: the mode of

planula production

The br(;oding coral Pocillopora damicornis which is one of the most widespread
corals has long been characterized as a typical planulating scleractinian (Atoda, 1947;
Harrigan, 1972). The coral also demonstrated highly variable reproductive modes (reviewed
in Harrison and Wallace, 1990). Stoddart (1984a; b,1988) found that asexual reproduction by
means of brooded planulae was particularly important in maintain the population of P.
damicornis in southwestern Australia and Hawaii as well as in the southern Great Barrier Reef
(GBR) as reported by Ayre and Miller (2004). However, available evidence from other
regions points to sexual reproduction. Population genetic surveys on eastern tropical of Great
Barrier Reef showed little evidence of clonality (Benzie et al.,1995; Ayre et al.,1997) and
populations are maintained by localized recruitment of sexually derived planula (Miller and
Ayre, 2004). In Japan little evidences of asexual recruitment other than what could be
attributed as fragmentation (Adjeroud and Tsuchiya, 1999).

In spite of the extensive studies, the role of gametes and the origin of the brooded
planulae of P. damicornis remain equivocal. The mode of planula production in the coral is
also not fully understood. Various methods were applied to investigate the origin of the
brooded planulae of the coral P. damicornis, to address the question of broodparent-offspring
relationship in P. damicornis in order to understand whether the offspring (or sibling planulae)
are produced sexually or asexually. If planulae are produced sexually, hence planulae may not
merely the clones of their broodparent colonies.

The present histological studies observed a continuous series of planula developmental
stages from blastulae to planulae. The appearance of early embryos and small planulae
occurred about the time that large oocytes disappeared. These observations, strongly suggest
that planulae of P. damicornis in the Okinawan populations are derived from oocytes and are
probably produced sexually.

Present studies of histocompatibility assay showed that sibling pairs always fuse with
each other. All broodparent-offspring pairs except of one pair, together with an additional

pairs that were brought into contact 3-4 months after planulation, also fused. Non-sibling pairs




of young colonies derived from the same broodparent combinations generally showed
identical contact responses. However, some pairs from the same combination showed
different responses. Moreover, when the outcomes of the three types of contact experiments
(young-young, adult-young, and adult-adult pairs) were compared within the same
combinations of source colonies, young colony pairs and pairs of their broodparent colonies
showed different contact responses. However, the studies also revealed a high frequency of
fusion between adult colonies of P. damicornis especially on the colonies collected from Bise
and Motobu. This suggests that the degree of polymorphism at the histoincompatibility loci is
markedly low in those areas. It is also likely that the genotypic diversity of P. damicornis has
declined because of a mass coral bleaching event in 1998. Though only a few observations
indicated genetic differences among siblings and between offspring and their broodparent,
however, the possibility planulae was not simply as the clones of their broodparent can be
suggested.

To obtain more conclusive results, different approaches using more sensitive
molecular markers were conducted. However, since borrowed loci from P. verrucosa were
used, microsatellite loci of P. damicornis wete characterized and their variability was
evaluated. The variability of the ITS1-5.8S-ITS2 region of ribosomal DNA to access its
applicability to distinguish clones of P. damicornis was also evaluated. If either of the
markers is highly polymorphic, it will be helpful to study the enigmatic mode of reproduction
of the coral. In addition, PCR- DGGE (Denaturing Gradient Gel Electrophoresis) analysis of
ITS1 was performed, in attempt to detect differences in ITS1 sequences between planulae and
their broodparent

The present studies showed that microsatellite loci developed from Pocillopora
verrucosa (Magalon et al., 2004) were successfully amplify microsatellite of P. damicornis in
3 out of 4 loci previously described. However, heterozygosity and the number of alleles per
locus were lower than those of P. verrucosa. This suggests that genetic diversity of P.
damicornis populations may be low and that populations are maintained mainly by asexual
recruits. Differ from the previous marker, application of the ITS1-5.8S-ITS2 region showed
contrasting results. It showed that ITS1-5.8S-ITS2 sequences appeared to be more powerful in
distinguishing closely related colonies than the microsatellite loci. In the present study, 15
colonies of P. damicornis showed 14 different ITS1-5.8S-ITS2 sequences. It is likely that the
different ITS1-5.8S-ITS2 sequences obtained reflect true genetic variability of P. damicornis



colonies or at least difference in the major type of ITS sequences among colonies. When
PCR-DGGE analysis was performed, in one family (Bise02#03YL) 3 planulae out of 15
planulae tested, displayed band at different position of their brood parent and the rest of their
sibling planulae. This showed that PCR-DGGE analysis has possibility to distinguish clones
in the coral P. damicornis.

During experiments investigating contact reactions in P. damicornis, colonies derived
from primary polyps (settled planulae) and those regenerated from branch fragments of adult
colonies which assumed different growth forms were observed. This difference is not due to
variations in colony size since the regression lines for young-young, adult-young, and adult-
adult pairs were different when the total lengths of branches were plotted against the projected
area of the colonies. The capacity to initiate branches was not affected also by the contact
reaction, as there was no significant difference in the number or total length of branches
between fused and non-fused pairs as well. Nor to tip orientation since small colonies
regenerated from adult branch fragments did not form branches regardless of the tip
orientation. These observations likely irﬁplied the possibility that planulae of P. damicornis
were produced sexually. Genetic recombination due to sexual reproduction may result in
primary polyps with the capacity to originate branches. If the coral planulae are produced
asexually, offspring will inherit their broodparents age, which it means that planulae will
undergo aging simultaneously with their broodparent. Although remains a possibility that
corals may rejuvenate if they regenerate from tissue of less than a certain size.

From this study it has been demonstrated that some planulae of P. damicornis from
Okinawan populations were generated sexually which means that planulae were not simply
the clones of their broodparents. However, the study also suggests that genetic diversity of P.
damicornis populations are low and that populations are maintained mainly by asexual
recruits. Though, this work cannot demonstrate the sexual origin of P. damicornis planulae
completely, the present studies may support the idea that widely distributed species exhibits
various reproductive mode among different regions (Harrison and Wallace, 1990; Hughes et
al., 1992). The possibility that P. damicornis consist of several species could not be rule out.
Indeed, the species has been suggested as a syngameon or consist of many smaller units,

which might be genetically distinct or reproductively isolated (Knowlton & Jackson 1994,
Veron 1995, Ayre et al., 1997).
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