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Regional Coral Monitoring and Viability by Boat-based Observation
Masahiko Sasan®, Kenkichi Tamurd, Nobuo Kiriya', Motonobu Imasatq Hiroya Yamand, Hiroyuki Oguma
INational Maritime Research Instituté\lational Institute for Environmental Studies

There are concerns about coral decline all over the world due to global climate changes or tropical land developments, etc. T
establish the current status of coral distribution, a large-area, high-efficiency coral monitoring method is required. In this study, ¢
new coral monitoring technique is developed based on a boat observation. It can cover the survey line of more than 100 m leng
easily, which is difficult by the diving investigation. This technique is applied by properties of fluorescent proteins innate in
hermatypic corals. It is called a boat-based fluorescent imaging LIDAR (LIght Detection And Ranging) technique, which shoot
UV (Ultra Violet) pulsed laser from the boat to the seafloor, and take a frame by a gated ICCD camera in synchronization with
laser. It makes possible to get only a weak coral fluorescent image by UV excitation and suppressed the sunlight backgrour
effect, since the pulse width of the laser is only less than 10 ns, and the exposure time of the gated ICCD camera is only aroun
100 ns. Most of live hermatypic corals have fluorescent proteins, and they show blue to green fluorescence by UV excitation. i
contrast, after death of the hermatypic corals, fluorescent proteins are degraded, and algae attached dead coral skeleton woul
show blue to green fluorescent light. Therefore, in this observation technique, existence of corals can be judged by the image, ai
the viability of corals can be judged by the contrast of fluorescent image. This coral observation technique can ensure the lon
survey line along with the boat track, by simultaneous observation with DGPS position observation, SONAR depth observatior
and video observation, etc. We have succeeded in observing coral distribution including viability determination along with more
than 1 km boat track of a glass-bottom-boat in Taketomi-island, Okinawa, Japan.
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Fossil corals record 6000 year history of typhoon activity in the Northwest Pacific
Chuki Hongd*
!Department of Physics and Earth Sciences, University of the Ryukyus

Prediction of future typhoon activity is important for determining their role in ecological disturbance and economic loss.
Recent increase in sea surface temperatures (SSTs) caused by anthropogenic impacts has led to an increase in intense typhc
However, instrumental records of typhoon are too short and unreliable to reveal trends in the typhoon activity. Understanding
long-term variability of past typhoons is important for assessing whether changes in the variability are induced ongoing increas
in SSTs. Fossil tabular corals preserved in raised reef coast offer new indicator to understand the variability of past typhoo
intense. This study presents a record of typhoon activity in the Northwest Pacific over the past 6000 years based on fossil tabul
corals @Acropora digitiferg from Kikai Island in the Ryukyu Islands that are characterized by the variability of size related to
typhoon intense. The record indicates that the frequency of typhoon has varied on millennial scales over this period; it weakene
during the mid Holocene climatic optimum and it strengthened over the past 2000 years. The variability of typhoon intense was
correlated with the strength of ElI Nino-Southern Oscillation (ENSO) during the past 6000 years. This data suggests that it i
important to understand the variability of ENSO and locations of genesis of typhoon for prediction of the change in typhoon
activity near future. Therefore, the information implies that recent increases in SSTs are probably not the important drivers o
typhoon activity.

This research was supported by JISPS KAKENHI Grant Number 24-4044 and JSPS Research Fellowships for Young Scientis
(24-4044).
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Ocean acidification impacts on coral biodiversity and productivity
Haruko Kurihard*
LUniversity of the Ryukyus

Introduction

Threatening of coral reefs by the climate change induced ocean acidification is now one of the biggest issues in the ocea
ecosystem. Ocean acidification decreases the calcium carbonate saturation station, which result in the decrease of calcificati
rate of many calcifiers (Gattuso 1998, Kleypas 2004). Otherwise, the increase of seawatés p@Qicted to increase the pho-
tosynthesis rate of phytoplankton and algae. Additionally, the seawater pH change will potentially affect the acid-base balanc
of marine organisms and impact their metabolic activity. In this study we focused on corals, and we experimentally evaluate the
effects of ocean acidification on their physiology (calcification / photosynthesis / respiration). By integrating the future climate
changing models and present results, we will discuss the potential impacts of ocean acidification on the coral biodiversity an
productivity.

Methods

Three branching coral species from the family Acroporid&er¢poradigitifera, A . tenuisand Montipora digitata), and one
encrusting coral species from the family Siderastrei®sanmacoraontigug were collected from the patchy reefs in Okinawa
island. All these species are highly common in the indo-pacific coral reefs. Several nubbins or mass of corals were taken fror
different colonies (5710) and cultured for about one month under 3 different seawatercp@ditions (380 “2,300 ppm). These
CO, conditions were selected according to the IPCC2007 models. All cultures were conducted under natural light conditions
and flow through system. The seawater chemistry (pH, total alkalinity, salinity, temperature) was measured every day. Buoyar
wet-weight was measure every week, and the physiology (calcification / photosynthesis / respiration) was measured at the end
culture using total alkalinity (TA) and total inorganic carbon (DIC) measurement technique.

Results and discussion

The sensitivity of corals to the ocean acidification was highly diverse among species.Ménitiora digitata showed the
highest decrease on calcification rad&sammacora&ontiguashow less sensitivity and . digitifera was completely insensitive
to high CG. Additionally, light and dark calcification rate were differently affected between species, and we suggest that dark
calcification is possibly one of the keys that dominate the sensitivity of corals to the ocean acidification.

Photosynthesis rate of most corals was not affected by ocean acidification. Otherwise, the respiration ratd ofdrnifs
andP. contiguaincrease with seawater pG@se. Since the metabolic activity of corals highly influence the seawater carbonate
chemistry, these physiological impact induced by the ocean acidification is suggested to feed back on the reef water carbona
chemistry and may change the coral reef carbon cycle. Additionally, the species-specific response of corals to the ocean acidif
cation is suggested to change the coral community structure and may result in the decrease of coral reef biodiversity.
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The stable isotope composition of reef-dwelling foraminifers subjected to varied pCO
seawater

Mana Hikami*, Toyoho Ishimurd, Kazuhiko Fuijit&, Atsushi SuzuKi, Yukihiro Nojiri®, Kazuhiko Sakdi, Hodaka Kawahata

LAtmosphere and Ocean Research Institute, The University of ToWyepartment of Chemistry and Material Engineering,
Ibaraki National College of TechnologyDepartment of Physics and Earth Sciences, University of the Ryuk@eplogical
Survey of Japan, AISTCenter for Global Environmental Research, NISTTopical Biosphere Research Center Sesoko Station,
University of the Ryukyu

Ocean acidification in response to rising atmospheric piSQenerally expected to reduce rates of calcification by reef calcify-
ing organisms, with potentially severe implications for coral reef ecosystems. Various studies have revealed potentially dramati
responses in a variety of calcareous organisms to the range of p&@es projected to occur over this century. In our previ-
ous culture experiment with reef-dwelling foraminifefsnphisorus kudakajimenssndCalcarina gaudichaudit five different
pCO, conditions seawater for four weeks, net calcificatioMokudakajimensisvas reduced under higher pgQvhereas calci-
fication of C. gaudichaudi@enerally increased with increased pC®he contrasting responses are possibly due to differences in
calcification mechanisms, but the factors affecting these calcification mechanisms are poorly understood. In this study, to get be
ter understanding of the effect of ocean acidification on foraminiferal calcification, we cultured three reef-dwelling foraminifers:
Amphisorus hemprichjibelong to imperforate specieBaculogypsina sphaerulatand C. gaudichaudij belong to perforate
species, using same experiment systems in the seawater of five differepicp@ditions for twelve weeks and we address the
response of carbon and oxygen isotope compositions of the carbonate shells of foraminifers. Oxygen isotope value of culture
foraminiferal tests under five varied pG@eawater indicated no significant correlation to pG@lues. The oxygen isotope
values stay constant within narrower range from carbonate ion concentration. On the other hand, carbon isotope of foraminifer:
tests indicated heavy trend with rising p&i@ all species. Alteration of carbonate chemistry result from ocean acidification may
be effect strongly on carbon isotope composition relate to metabolic system. In perforate species, carbon isotopes are close
DIC value with increasing C@ It is possible that decreasing of metabolic £€pply for the shell construction. In perforate
species, both of oxygen and carbon isotope was lower than that in imperforate. For oxygen isotope variation possibility amon
species would be caused by their Mg-content concentration in calcite shells. The distinct difference in the level of carbon isotop
values between pure calcite and perforate foraminifera might be influenced by the degree of dependency on metals®it CO
for shell construction. While “7% of the carbon used for calcification would be derived from respiratory for the perforate species,
the imperforate species would use most carbon derived from bicarbonate ion of seawater directly because carbon isotope of sh
is almost same to that of pure calcite. This study suggested that oxygen and carbon isotope of foraminiferal test have the potenti
to reveal difference in calcification mechanism of two species.

Keywords: stable isotope, reef-dwelling foraminifera, ocean acidification
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Projected shift of coral habitats around Japan under different future CO2 emission sce
narios

Yumiko Yard*, YAMANO, Hiroya!, STEINACHER, Marcd, FUJII, Masahikd, VOGT, Meike!, GRUBER, Nicola$, YA-
MANAKA, Yasuhiro®

INational Institute for Environmental Studie)niversity of Bern2Faculty of Environmental Earth Science, Hokkaido Univer-
sity, *Environmental Physics Group, Institute of Biogeochemistry and Pollutant Dynamics, ETH Zurich

We estimate the effects of both global warming and ocean acidification on potential habitats for corals around Japan unde
different future CO2 emission scenarios (SRES A2 and B1), based on published estimates and newly developed datasets on ¢
surface temperatures (SSTs) and aragonite saturation states (OMEJBA he difference in the future coral habitats caused
by higher SSTs and lower OMEGA,, between the two scenarios was significant, suggesting possible conserve coral habitats
under the A2 and B1 scenarios, respectively. We conclude that both reducing CO2 emissions and setting up conservation pla
to reduce direct anthropogenic effects would be required to save corals in the future.

Keywords: Coral, Global warming, Ocean acidification, Climate model, CO2 emission scenario
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Temperate coral reefs and coral communities and their recent changes
Hiroya Yamané*, Kaoru Sugihara
!'National Institute for Environmental Studies

Latitudinal gradients of coral reef geomorphology and coral communities are observed in Japan, as it covers a wide latituding
range, stretching from subtropical to temperate areas. While the northernmost coral reef was found in Iki Island, Nagasak
Prefecture, coring and age determination revealed existence of a coral reef at a higher latitude, Tsushima Island (Yamano et ¢
2012; Geology). The coral reef was composed of faviid corals, which shows substantial difference from coral reefs in tropical anc
subtropical areas with acroporid corals. Recently, settlement of warm-temperate species, Acropora solitaryensis was observ
in the vicinity of the coral reef. Data mining of coral occurrence from the 1930s showed poleward range expansion of not only
A. solitaryensis but also tropical-subtropical species, A. muricata, A. hyacinthus and Pavona decussata (Yamano et al., 201
GRL). The maximum speed of the range expansions was 14km/year. Warming sea surface temperatures in the last century w
attributed to the expansions. Corals are some of the world’s most important species, being not only primary producers, but als
habitat-forming species, and thus fundamental ecosystem modification is expected according to changes in their distribution.

Keywords: coral, poleward expansion, global warming
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Biodiversity of upper mesophotic coral community in Okinawa.
Frederic Sinnige, Marc Humblet, Saki Hari?

ISubmarine Resources Research Project, JAMS TBE€partment of Earth and Planetary Sciences, Nagoya Univeygitypical
Biosphere Research Center, University of the Ryukyus

Mesophotic coral ecosystems (MCEs) are usually found at depth ranging from 30 to over 100 m depth. Mesophotic cora
communities are often composed of both eurybathic tolerant species and species adapted to specific condition of the mesopho
zone. The taxonomic composition of such communities is still poorly known, yet important to conduct accurate paleoenviron-
mental interpretations of fossil reef deposits, especially in studies aiming to reconstruct past sea-level changes. Moreover, frol
a biological perspective, the Deep Reef Refugia Hypothesis (DRRH) states that mesophotic coral ecosystems, due to their mo
stable environmental conditions, may act as refugia for shallow water species to survive extreme climatic events and re-colonis
shallower reefs in the future.

Recent global environmental changes affected seriously shallow coral reefs around Okinawa. The combination of major bleact
ing events and several typhoons lead to changes in coral communities with some species apparently extinct from several locatior
Around Sesoko Island in the northern part of Okinawa, several corals species disappeared since 1999 and were not recorded si
then (van Woesik et al. 2011%eriatopora hystrixvas one of those species.

During the recent survey of a mesophotic coral ecosystem located between Sesoko Island and Motobu Peninsula, high coral
versity and dense communities were found between 35 and 55 m depth including abundant popul&titmstoi between 39
and 47 m. In order to estimate the coral biodiversity as well as the relationships between shallow and mesophotic corals, sever
genetic markers, both nuclear and mitochondrial, were sequenced for the samples collected. Symbiotic dinoflagellates were al:
identified. Here we will present the results of the molecular analyses showing the important coral diversity in this location. Our
results also show intraspecific diversity within the populatio$ohystrix The genotypes of those deep populations correspond
to genotypes previously observed from shallower reefs as well as to new genotypes. Such results suggest an absence of verti
structuring in Okinawars. hystrix populations and support the (DRRH). In the future, and if shallow environmental conditions
become suitable again for this species, deep populatioss kfstrix might be of critical importance for the re-colonisation of
shallow coral reefs.

Reference: van Woesik R, Sakai K, Ganase A, Loya Y (2011) Revisiting the winners and the losers a decade after coral bleacl
ing. Mar Ecol Prog Ser 434: 67-76

This research was supported by the Sasakawa Scientific Research Grant from the Japan Science Society (24-748) to FS an
Mitsubishi Grant to SH.

Keywords: Mesophotic, Deep Reef Refugia Hypothesis, Seriatopora
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Use of the isotope ratio of dissolved inorganic carbon for investigating the carbon cycle
of coral reef ecosystems

Toshihiro Miyajima*, Atsushi Watanalfe Takashi Nakamura Naoko Morimotd, Kazuo Nadaoka
LAORI, The University of Tokyo2Tokyo Institute of Technology

The isotopic composition of dissolved inorganic carbori@h ;) has been determined for reef waters collected at subtropical
coral reefs of Ishigaki Island, western North Pacific. Short-term (6 - 24 h) observation has been conducted several times &
several different communities in summer (September) and winter (JanuaiQq.p g varied between -0.2 and +3.2 per mil
(vs. VPDB). Temporal pattern of'éiCp ;- was significantly different between winter and summer, with the diurnal variation
being much larger in summer. Both the concentration of DdG;¢) and the alkalinity A ) decreased while the'#Cp ;¢
increased during daytime due to active uptake by photosynthesis and calcification of reef primary producers. The opposit
temporal pattern was observed at night. The gradient of the-d'3Cp ;¢ regression line was almost same for different coral
communities and seagrass beds. However, the gradient &fthd'3Cp ;- regression line was somewhat larger for seagrass
beds andHelioporadominated communities than for branching coral-dominated communities, possibly reflecting difference in
the isotope fractionation by photosynthetic uptake of DIC. Th&Cg ;¢ at a givencp;c or A; was constantly lower for
the seagrass beds than the coral communities, which could be ascribed to the addition of groundwater DIC to the seawater
nearshore seagrass beds. The overall results suggested that, by carefully correcting for the difference in the isotope fractionati
during uptake processes and incorporating into an appropriate numerical modg);¢hé r-d'3Cp ;- systematics can be used
for simultaneous quantitative evaluation of the magnitudes of photosynthesis, calcification, respiration, and input of exogenou
DIC such as groundwater DIC at coral reefs.

Keywords: coral, seagrass, carbon isotope, DIC, isotope fractionation, groundwater
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Climate change influences on coral growth tested by a culture experiment of temperat
species

Chiharu Mort, Atsushi Suzuki*, Ryosuke Isond Yusuke Watanalfe Masahiro Hayasfj Yuzo Yamamot®d, Yukihiro Nojiri?,
Hiroya Yamand, Keiichi Nomur&, Mayuri Inoue, Kozue Nishid&, Rei Nakashim® Hodaka Kawahata

LAtmosphere and Ocean Research Institute, The University of Tokyational Institute of Advanced Industrial Science and
Technology (AIST),>Marine Ecology Research Institute (MERf}\National Institute for Environmental Studie¥ushimoto
Marine ParkGraduate School of Science, The University of Tokyo

Recently, it has been reported that rising temperature of sea surface by global warming causes quick poleward range shi
and/or expansion of some coral species around Japan. This is probably because the influences from not only rising temperatt
by global warming but also ocean acidification. The ocean acidification has been decreasing pH and Omega (saturation sta
of CaCQ) in seawater, which would cause negative impact on calcification in coral skeleton composed of @ed2Onite).
However, the influences of climate changes on "expanded” corals and corals, which are distributed in northern limited, have nc
yet been tested in detail. In this study, we focus on the corals distributed in the temperature zone and conducted culture expel
ment on these corals in order to reveal the impacts of global warming and ocean acidification on coral growth.

To evaluate coral growth by enhanced global warming and ocean acidification followed by continupesni&Sion, two
culture experiments, "Temperature experiments with large Omega gradient” and "Temperature experiments with normal Omeg
gradient”, both of which have 5 temperature settings, were conducted. "Temperature experiments with large Omega gradien
had Omega of 3.1 - 1.8, which were from high to low temperature, as a result of adjusting partial pressure of carbon dioxide
(pCO,) to achieve constant pG@&oncentration throughout all temperature settings. In contrast, "Temperature experiments with
normal Omega gradient” had Omega of 2.4 - 2.1, which were little change with temperature because of no additioin allCO
temperature settings.

The results of both two culture experiments showed that all coral species were bleached and died at 13 deg C treatment, su
gesting that low temperature of seawater during the winter season could be a limited factor of northern distribution of temperatt
corals. On the other hand, suppression of coral growth according with the decreasing of carbonate saturation state indicated tt
ocean acidification effect could also be negative influence on calcification of corals. Recent modeling study provided a predictior
in which the distribution of temperate coral around Japan might be limited by ongoing ocean acidification rather than increas-
ing seawater temperature. Our experimental study suggests that the growth rate of temperate corals are potentially affected
decreasing Omega and that expansion of temperate corals towards the north accompanying with global warming would be su
pressed by ocean acidification in the near future.

Keywords: coral, global warming, ocean acidification
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Supratidal beach sediment cores as recorders of long-term environmental and ecologic
changes in coral-reef ecosystems

Kazuhiko Fujitd*, MORI, Ai!, Ryuji Asami', Chuki Hongd
LUniv. Ryukyus

Coral reef ecosystems have been degraded worldwide. Modeling and culturing studies have been conducted to predict futu
outcomes of coral reef ecosystems. However, few studies conducted long-term (10-100 years scale) environmental changes &
associated ecological changes in coral reef ecosystems, data on which would provide insight into long-term effects of globa
environmental changes and anthropogenic impacts on coral reef ecosystems. Here we focused on supratidal sediment cores
potential recorders of long-term (10-100 year scale) environmental and ecological changes in coral reef ecosystems. Appro:
imately two-meter sediment cores were taken from supratidal zones of Sesoko Beach (Sesoko Island, Okinawa) and Yakorr
Beach (Okinoerabu Island, Kagoshima). Sedimentary structure, grain size composition, bioclastic composition, and radiocarbo
ages of bioclasts (coral/mollusk/foraminifer) were examined. Based on sedimentary features and grain-size variations, cores we
divided into three parts (lower, middle and upper units), each of which indicates intertidal, storm, and aeolian deposits, respec
tively. Radiocarbon ages of coral fragments suggest that the two-meter cores were deposited in recent times (after 1950 yr AD
Bioclastic compositions indicate no ecological changes since the deposition of these cores. The shell morphology and weight ¢
Baculogypsina (symbiont-bearing hyaline foraminifers) indicate that the modern tests grew larger and heavier than fossil test
(ca. 1300 yr AD), which are possibly due to biological consequences of ocean acidification and global warming.
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