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21. Distribution of Symbiodinium spp. and other associated organisms in mushroom 

corals at Okinawa 

Bert W. Hoeksema (Naturalis Biodiversity Center, Netherlands Senior Researcher)  
In the abovementioned period, 264 very small samples of mushroom corals (Scleractinia: Fungiidae) 

were collected from reefs around Okinawa for the analysis of their zooxanthellae. We want to find out 
whether different species of mushroom coral contain different species/clades of Symbiodiniaceae. We want 
to know whether the relationship between these zooxanthellae and their host corals is determined by their 
phylogeny. This will be done by projection of the Symbiodiniaceae flora on a phylogenetic model of the 
Fungiidae. The samples represent 22 species from four different localities (Hamatsu, Kyoda, Mizugama, 
Sunabe).  

With the help of stable isotope analysis, we want to see if the samples of the different mushroom coral 
species also depend on food in addition to their dependence on zooxanthellae. Within the monophyletic 
group of mushroom corals, closely related species show different morphologies that may be related to the 
capture of plankton species. Major distinctions of closely related Fungiidae species in Okinawa are: free-
living vs. fixed, one mouth vs. multiple mouths, oval vs. circular corallum outline, convex vs. concave 
upper surface, small vs. large maximum size. 

Records were made of all species of mushroom corals at Okinawa. The total number of species is now 
36 thanks to the discovery of Sandalolitha boucheti, representing a new record for the fauna of Japan. 

Although other associated organisms were searched in fungiids, this did not result in important findings. 
On the other hand, special attention was given to Spirobranchus worms (Polychaeta: Serpulidae) in massive 
Porites corals in order to discern how these worms cause damage to their host. The worms live in calcareous 
tubes, which can be closed by an operculum. When the worms expand, the operculum will scrape over the 
coral surface and cause injuries. It appears that the damage was affected by the position of the worm in the 
host and by the presence of turf algae on the opercula. 

Besides Prof. Reimer, the collaboration involved other members of his team. I want to mention in 
particular Hiroki Kise, Maria E.A. Santos, Hin Boo Wee. These colleagues are potential co-authors for 
publications resulting from the present research. There was a visiting scientist, Yutaro Oku (University of 
Miyazaki), who participated in the research. He will also be involved in future publications on the Fungiidae 
of Rykyus. 
 

22. Links between diet and microbiome of corallivores as potential indicators of coral reef 

health 

Joseph D. DiBattista Australian Museum and Curtin University,  

Curator of Ichthyology and Early Career Research Fellow  

Previous funding received in 2016 and 2017 was used to facilitate collections of eDNA samples at sites 
around the main island of Okinawa, as well as at Zamami-jima Island with Associate Professor James 
Reimer (University of the Ryukyus) and his lab. We successfully collected 114 eDNA samples (34 sediment 
samples and 80 filtered water samples) from 10 coral reefs or coastal sites in the Okinawa Prefecture 
(Mizugama, North of Cape Manza, Bise, Kin Bay, Makiminato, Cape Hedo, Kaichu-Doro (S1), Ama Beach, 
Zamami Port, Furuzamami). These locations provided a gradient of highly impacted nearshore sites (i.e. 



Kaichu-Doro S1) to near pristine offshore sites (i.e. Furuzamami – a marine park). We also designed a “reef 
ranking” system with points assigned to a site based on selected criteria to rate it from impacted (score = 
1) to pristine (score = 10). These eDNA samples were analysed in the Trace and Environmental DNA 
(TrEnD) laboratory at Curtin University in collaboration with Professor Michael Bunce. 

Outputs from this eDNA project thus far include: 
1) A personal blog of my research experiences in and around the main island of Okinawa in 2016: 
(https://josephdibattista.squarespace.com/) 
2) 16 invited seminars where I presented some of our preliminary data and study design. 
3) Four presentations on our preliminary data and study design at international conferences. 
4) One published manuscript outlining how the primers we used to analyse our eDNA have already been 
tested and optimised at Curtin University: Stat, M., Huggett, M.J., Bernasconi, R., DiBattista, J.D., Berry, 
T., Newman, S., Harvey, E., and Bunce, M. (2017) Ecosystem biomonitoring with eDNA: metabarcoding 
across the tree of life in a tropical marine environment. Scientific Reports, 7, 12240. 
5) One published manuscript outlining how these eDNA sediment data can provide insight into marine 
biodiversity stratified by depth: DiBattista, J.D., Reimer, J.D., Stat, M., Masucci, G., Biondi, P., De 
Brauwer, M., and Bunce, M. (2018) Rapid universal metabarcoding surveys (RUMS) provide snapshots of 
subtropical biodiversity along a coral reef depth gradient. PeerJ 7, e6379. 
6) One manuscript in preparation for scientific publication using the previously collected Okinawa samples: 
DiBattista, J.D., Reimer, J.D., Stat, M., Masucci, G., Biondi, P., De Brauwer, M., Wilkinson, S.P., Chariton, 
A.A., and Bunce, M. (in preparation) Biodiversity and redundancy in coral reef ecosystems transformed by 
anthropogenic pressures. Submit to Nature Communications. 
7) One pending funding application with the Australian Research Council (ARC): Discovery Project 
(DP190103089 - in review for 2019-2021): “What role can environmental DNA play in monitoring our 
marine environments?” With M. Bunce, S. Jarman, Z. Richards, and J. Reimer as co-CIs. Total: $395,000 
AUD. 

For FY 2018, we built on this project and the above outputs in 2018 (November 4 to November 15, 
2018) by securing samples from butterflyfish stomachs and intestinal tracts to see how their diet and 
resident bacterial composition, respectively, shift with the impact of recent bleaching events, as well as 
samples from resident corals and their associated zooxanthellae. In brief, we audited dietary items and 
bacterial communities consumed and/or hosted by the butterflyfish Chaetodon lunulatus at several strategic 
locations of conservation importance across the Ryukyu Archipelago along with the coral that they feed on. 
This includes sites inside and outside of marine parks, and both pristine coral reefs and coral reefs impacted 
by recent bleaching events. Sampling and DNA extraction was done at U Ryukyus, and library preparation 
and NGS was done in the TrEnD Lab at Curtin University. See a map of our sampling sites pasted below 
(created by Mitchell Aafjes). 

 



 
 
Based on a preliminary examination of the data, we have found that Chaetodon lunalatus fed 

predominately on corals from the family Acroporidae and Poritidae, and there were no differences in alpha 
diversity within the gut microbiomes of C. lunlatus at the various sites. However, beta diversity of 
microbiomes differed between sites, with low impacted sites less variable in comparison to highly impacted 
sites. Stable isotope analysis indicated that fish and coral within high impact sites had shifted a tropic level 
higher in nitrogen versus those inhabiting low impact sites. These data indicate that the gut microbiome of 
an obligate corallivore may be an effective and sensitive bioindicator for coral reef health, providing 
evidence that such analyses provide additional information above traditional methods for monitoring reef 
health. 

This sampling campaign would not have been possible without collaboration with marine invertebrate 
specialist Associate Professor James Reimer and graduate student members of the MISE lab including Hin 
Boo Wee, Giovanni Masucci, Piera Biondi, and Yee Wah Lau. This project was jointly led by myself and 
Assistant Professor Megan Huggett from the University of Newcastle (Australia), and facilitated by field 
technician Tane Sinclair-Taylor from KAUST (Saudi Arabia) and honours student from the University of 
Newcastle Mitchell Aafjes who is in the process of completing his thesis by August 2019. We also 
acknowledge the kind cooperation and support from Associate Professor Tohru Naruse based at TBRC’s 
Iriomote Field Station. 
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