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7. Does Symbiodinium acquisition change coral larval competency dynamics, and post-settlement

success?

Vivian Cumbo (Research Associate, ARC CoE for Coral Reef Studies, James Cook University)

Reef building corals have a complex life cycle that includes a motile larval stage (planula) and
substrate-bound juvenile and adult stages. Sexually produced planulae are essential to maintain
connectivity among populations. Understanding the processes occurring during the early life
stage and it implications for dispersal potential is key to further our understanding about coral
reef ecology, and how to better manage coral reef systems. Hermatypic scleractinian corals form an
obligate symbiosis with algal of the genus Symbiodinium. However, many species do not contain
symbionts in the eggs, rather they must acquire symbionts from the environment in each new
generation. Previously, it was thought that symbiont acquisition occurred post-settlement

(Babcock & Heyward 1986), however, recent research has shown that larvae can acquire



symbionts from sediments or from the water column within days of release. No studies to date have
explored how the early acquisition of symbionts might affect larval dispersal and competency
dynamics. The additional carbon translocated to the host by the photosynthetic symbionts may
increase the capacity of coral larvae to remain in the plankton and consequently prolong larval
duration in the plankton and/or increase the corals development rates. Ultimately, this symbiosis
with Symbiodinium may allow corals to disperse further and keep populations connected at a wide
spatial scale. The acquisition of Symbiodinium is also likely to increase post-settlement survival
because larva will not have to draw down on maternal reserves while in the plankton. Changes
to larval dispersal and competency patterns, and post-settlement success due to early acquisition
of symbionts is likely to profoundly effect our understanding of patterns of connectivity among
coral populations. My research investigated if and to what extent Symbiodinium uptake in the
larvae of a broadcast spawning species changed their dispersal ability and competency dynamics.

Acropora digitifera corals collected from Oku and Sesoko Reef, Okinawa, Japan, spawned on
26 June 2013. Gametes were collected and fertilized to produce planulae, which were separated
into 6 tubs containing 0.2 g m filtered seawater (FSW) and placed in water baths at 27°C. Tubs
were illuminated with LED lights on a 12:12 h light/dark cycle at a light intensity of 294 +
9 umol quanta m-2 s-1. In order to compare symbiotic and aposymbiotic larval survival and
competency patterns, symbiotic larvae were developed. Acropora spp. larvae begin to acquire
their symbionts after oral pore and coelenteron development. Larvae were view twice daily to
follow their development and six days after initial fertilization, oral pores and colenterons were
observed. Freshly isolated homologous Symbiodinium at densities of 5 X10* cells ml™" were
added to three of the six tubs containing larvae, and the remaining 3 tubs of larvae were left
aposymbiotic. Five larvae from each tub were viewed under fluorescent microscope 24 hrs later
to verify uptake of Symbiodinium.

Larval Survival: 50 larvae were placed in 4 replicate tubs containing FSW at 27°C. Larval
survival was determined daily over 17 days by counting the number of larvae in each tub (experim
ent 1). Water changes were performed daily. On day 7, after the larvae assigned to the symbiotic
treatment had acquired symbionts, 4 additional replicate tubs containing 100 symbiotic larvae
and 4 additional tubs with 100 aposymbiotic larvae were place in water baths at 27°C. These
tubs were illuminated with LED lights on a 12:12 h light/dark cycle at a light intensity of 294 =+

* s7'. Larval survival was counted over 34 days. The percent larval survival on

9 umol quanta m~
day one of the second experiment was extrapolated using the percent survival results on day
8 of the first experiment.

Larval Competency: Larval competency was determined using two methods. Before larvae could
acquire their symbionts, acquisition of competency and the initial percentage of competent larvae was
determined by placing 100 two-day old larvae in 4 replicate tubs of FSW containing a pre-
conditioned settlement tile, and a piece of crustose coralline algae (CCA) as a settlement cue. Tubs
were placed in 27°C water baths. After 24 hrs, the number of settled, metamorphosed and swimming
larvae were scored, and the same larvae were place back into the treatment tubs. Competency
was scored daily for 6 days, and each day new settlement tiles, CCA chips and FSW were provided.
On day 5 of the experiment, when the larvae were 7 days old, long-term larval competency was
determined. Subsets of 20 symbiotic or aposymbiotic larvae that had not been previously
exposed to a settlement cue were divided into 4 replicate tubs containing a pre-conditioned
settlement tile, and a CCA chip. Tubs were placed in 27°C water baths and illuminated with
LED lights on a 12:12 h light/dark cycle. After 24 hrs, the number of settled, metamorphosed
and swimming larvae was scored. This was repeated with new subsets of larvae at age 17, 24

and 33 days.
The results are following:



Larval Survival: Aposymbiotic larval survival was higher and declined at a slower rate
compared to symbiotic larvae. At 34 days, approximately 51% of aposymbiotic larvae were alive
while only 25% of symbiotic larvae were remaining.

Larval Competency: Competency patterns varied in both aposymbiotic and symbiotic larvae
dependent on their age. In general, the aposymbiotic larvae remained competent to settle for a longer
periods of time when compare to the symbiotic larvae (Fig. 1b). At 34 days, approximately
50% of the aposymbiotic larvae were still competent to settle, while only 35% of symbiotic larvae
could settle.

In summary, larvae that acquire symbiotic Symbiodinium and remain in the pelagic have a
higher mortality rate and loose competency quicker than their aposymbiotic counterparts. The
acquisition of Symbiodinium therefore reduces the chance of long distance dispersal and settlement.
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15. Investigations on the diversity of xanthoid crabs (Crustacea: Decapoda: Brachyura:
Xanthoidea) from the KUMEJIMA 2009 Expedition.
Jose Christopher E. Mendoza (Department of Biological Sciences. National
University of Singapore - Instructor)

The collections of the KUMEJIMA 2009 Expedition were examined, with particular focus on the
xanthoidean crabs (Crustacea: Decapoda: Brachyura: Xanthoidea). Of the 270 lots of specimens
examined, approximately 60 species were recorded with at least 10 new records for the Ryukyu
Archipelago, as well as Japan. Notable among these is Neolioxantho asterodactylus Garth &
Kim, 1983, previously known only from the sole type specimen collected from the Philippines.
Furthermore, fresh specimens of previously recorded species are nonetheless useful in elucidating
certain taxonomic & systematic questions concerning xanthoidean crabs (e. g. Leptodius spp.,
Nanocassiope spp., Chlorodiella spp.). There are three (3) putative new species of the genus
Actaea De Haan, 1833, among the material examined. Papers documenting these new species and
new records will be co-written with Dr. Naruse. Additional material of about three (3) more new
taxa (e. g. Euxanthinae, Etisinae, & Liomerinae) from other parts of the Indo-Pacific
region, and in various stages of description, were also among the KUMEJIMA material, and
such would be useful as additional material in the current descriptions.

16. Investigation of crayfish-crab interactions in aquatic habitats of Okinawa
Darren C. J. Yeo (Department of Biological Sciences, National University
of Singapore - Assistant Professor)

The aim of this research visit was to discuss, develop, and initiate collaborative work between
Darren Yeo (National University of Singapore) and Tohru Naruse (University of the Ryukyus)
on interactions between freshwater crayfish and freshwater crabs, two ecologically/functionally
similar decapod crustacean groups that are important components of the freshwater systems
they occur in. Freshwater crayfish have been widely translocated (including into Okinawa and
other parts of Japan) and shown to be successful invasive species in many parts of the world.
Hence, this study is essentially also aiming to investigate actual or potential impacts of invasive
alien freshwater crayfish on native freshwater crabs using Okinawa and Singapore (where exotic
crayfish have also been introduced) as comparison sites.

The focus of the work was to examine distribution patterns of the introduced red swamp
crayfish (Procambarus clarkii) on Okinawa, and explore whether it occurs syntopically with native
freshwater crabs (especially primary freshwater crabs in the genus Geothelphusa of restricted
distributions and higher conservation significance). Exploratory surveys (using traps, nets, and
hand-collection) of several natural as well as urban freshwater streams and ponds were carried out
in various parts of Okinawa and Iriomote Islands. Our preliminary results indicate the presence of P.
clarkit at a variety of localities around Okinawa including a stream near a nature reserve-forest

catchment area feeding into a reservoir in northern Okinawa and an urban pond in Okinawa



City used for landscaping and bioremediation. In all cases, however, the waters where P. clarkii
occurs appears to be in more urban downstream areas and of poorer water quality (relatively
more polluted) compared to lower order streams or springs higher up in the watersheds.
Geothelphusa species were generally absent from these habitats, and it appears that there is
some habitat segregation between the two groups.

Whether this lack of co-occurrence is due to specific physico-chemical/ecological preferences
or to agonistic interactions relating to competition or predation or even to introduction (e. g.,
intentional release) patterns of P. clarkii, needs to be ascertained through further study. However,
given the popularity of exotic freshwater crayfish in the aquarium trade and their possible use as live
bait in recreational fishing, the potential for new/continued introductions and biotic interactions in
the wild is still present. Thus there remains an urgent need to study crayfish-crab interactions in
order to inform both conservation efforts for native freshwater crabs as well as management/
control efforts for exotic freshwater crayfish.
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18. Studies on Physiological Function of Long Chain Polyisoprenoids from Mangrove Tree Species
Mohammad Basyuni (University of Sumatera Utara + Lecturer and Researcher)

Long chain polyisoprenoids have been reported to occur in various plants. The search for the
occurrence of polyisoprenoids alcohol from mangrove leaves was attempted using two dimensional
thin layer chromatography methods. Four leaves of true mangroves thrived in Okukubi River,
Okinawa Prefecture, 1. e. Kandelia obovata, Bruguiera gymnorrhiza, Rhizophora stylosa and
Lumnitzera racemosa and mangrove associate of Hibiscus tiliaceus were collected. Polyisoprenoid
compounds occur in leaves of mangrove plants, and found two kinds of polyprenoid alcohols,
namely C80-95 polyprenols (major C85) and C75-95 dolichols (major C85), from K. obovata. We
also detected C75-85 dolichol in leaves of B. gymnorrhiza, C75-95 dolichol in leaves of R. stylosa,
presumably Cb5-60 (ficaprenol-type) polyprenol in leaves of Hibiscus tiliaceus, and many
dolichols (C60-140) and polyprenols (C60-140) in leaves of L. racemosa using the 2-D thin-layer
plate chromatography method. Rubber-like compounds that are not transferred to the RP-18
plate with acetone were detected in leaves of L. racemosa. It is very interesting that polyprenol
and dolichol distributions are different from one another from B. gymnorrhiza to L. racemosa.
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Renny Kurnia Hadiaty (Research Center for Biology, Indonesian
Institute of Science. Indonesia)
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Spatial distribution of below-ground root biomass of mangrove trees on a point bar of the Yashi
River, lriomote Island, Japan
Trevor G. Jones (Scion, Rotorua, New Zealand)

Biomass studies are important in understanding the dynamics of ecological systems, such as the
changes in the spatial distribution of above- and below-ground biomass, during the course of forest
development. Studies show early successional species have proportionally more roots at greater
depths, while in older forests where recycling of nutrients by decomposition is proportionally
more important, it is expected that relatively more roots will be found close to the surface, where
most mineralization occurs (Gale & Grigal 1987). The below-ground root biomass consists of coarse
and fine roots that differ in their spatial distributions. The coarse-root biomass is distributed close
to the stems and increases in size as the stem develops (Millikin & Bledsoe 1999). The fine-roots
can extend long distances away from the stem, and their distribution in the forest may reflect
microsite spatial variability such as the distribution of nutrients in the soil, and competition
with other species, rather than the arrangement of tree stems (Mou et al 1995, Leuschner et al
2001). In this study, we will use soil cores to evaluate the horizontal and vertical distributions
of below-ground root biomass around individual trees of B. gymnorrhiza and R. stylosa on a
point bar of the Yashi River in Funaura Bay. The transition from R. stylosa dominant to B.
gymnorrhiza dominant forest, from the younger to older surfaces on the point bar, will provide
an opportunity to evaluate the changes in below-ground root biomass with forest succession in

riverine mangrove forest on Iriomote Island.
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