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The role of coral mucus in the material cycle in reef ecosystems
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Reef environmental changes under anthropogenic influences: sedlment cores beneath

reclaimed areas of Naha City
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Coral reef ecosystems are now being threatened by global environmental changes and human impacts. However, it is st
argued that when and how increasing human populations historically affect coral reef ecosystems. This is because limite
studies have been conducted on long-term environmental and ecological changes in coral reefs. In this study, we examine
the geochemistry and micropaleontology of sediment cores drilled from the reclaimed areas of Naha City (Okinawa Prefecture
Japan), where pristine coral reefs had been reclaimed. 10-m deep cores with a recov@d¥wivere obtained from six sites in
coastal reclaimed areas of Naha City. In order to determine the timing and impacts of anthropogenic influences (e.g., terrigenot
inputs and human activity), major elements ratio (e.g,, SiO2/CaQ) was measured by EDX (XRF), and mineral compositions
(quartz/carbonates) were determined by XRD. To reveal long-term reef environmental changes, grain-size compositions, and tt
taxonomic composition and abundance of foraminiferal assemblages were analyzed. Results showed that Holocene sedime
with several meters in thickness cover the Pleistocene limestone (the Ryukyu Group), and are overlain by landfill sediment
and soils. The Holocene cores consist mainly of bioclastic carbonate sand and mud sifthcorals and coral gravels, and
increasingly contain terrigenous siliciclasts in the upper part of cores. Radiocarbon ages dghfe#sitorals and molluscs
indicate that coral reefs developed at least 7-6 ka in offshore areas, and at ca. 5-4 ka in inshore areas, and that some co
may record historical changes in terrigenous sediment inputs into coral reef environments, starting from periods of Gusuku an
Ryukyu Kingdom.
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Linkage between the declines in Porites coral skeletal growth and a land improvemen
project on Ishigaki Island, Japan.
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Recent anthropogenic pollution has adversely impacted the physiology of reef-building corals. However, insufficient empirical
data on the relationship between coral skeletal growth (calcification rate and skeletal density) and the degree of anthropogen
pollution are available. We conducted an analysi®aofitescoral growth (N = 6) in the Shiraho Reef at the mouth of the Todor-
oki River on Ishigaki Island, Japan, over the 52 years from 1958 to 2009. Declines in calcification and skeletal density with
no obvious sign of growth cessation or disease occurred in the 1970s-1980s, which coincided with the start of the public lan
improvement project on Ishigaki Island. The median calcification and skeletal density values were lower after the 1970s-1980
than those before the 1970s-1980s, and these differences were correlated with the degree and type of land use and developm
Thus, the nutrient/sediment loads from the Todoroki River, which were related to the degree and type of land use and develor
ment, resulted in decreased calcification and skeletal density in the coral. The coral growth after the 1970s-1980s was not relate
to thermal stress. After the 1970s-1980s, the relationship between coral growth and environmental factors changed, which su
gested that the coral physiological responses observed in the 1970s-1980s were related to the land improvement project.
Keywords: coral calcification, coral skeletal density, land improvement project
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Local Ocean Acidification Caused by Mariculture Activities in Coastal Areas of Bolinao,
Northwestern Philippine

JEE B w72 2 BEIE B - 2 McGlone Maria Lourdes S.B.; Herrera Eugerte; iR #1k 1
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HERRERA, Eugen%; NADAOKA, Kazuo!
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I Tokyo Institute of TechnologyAORI, University of Tokyo,>Faculty of Science, University of the Ryukyu$jarine Science
Institute, University of the Philippines-DilimafCollege of Engineering, University of the Philippines-Diliman, Philippines

NARJE— bR E (COy) OHRHICIE S AR I, YMEICIIT % pH R pCO, LWV o I IRIER/IST A—ZDE
MW b Z5 &R T EEBRNTH S, & TADNFIHE TR « R E RN N AR COo, DN EET 3K T
TER L. ko pHZIZ Uo & T B RIBREEMICEIL SR TVE EEZ SN, IhFERENTOEWEEEEKD
RIER 22 EE %, BnFEEE., InFE A OB HWE R E UTORMER & NG 5 2 EWRIAT N, [FIF
ICERIBHIEMEZENT WS, T LIBRESEDEDERO /B tIc 5 2 2528103, FEAEHFXREN TV
WOWBURTH B, ZTTARIIZETIE. 70V EY « R FAINEETOEMEIEE) & EREREFED, RN IRIERE)
A VAESE N7 T AVl

20114 3 A (#27) BXU9H (WH) I, AV FA oG XU > JHEEIC BN T, Hkdo pH > gk
IREDE (pCO,) D 24K BHIZIZNE U Tz, EEHIBII PO ICAIE L, & SIS B OEWMAEZE N IH L TV 5,
B IMEBIIROIBEESIC R > THE D, ECH LTV, 201229 A () HBXU 20133 A (#2F) Iid, &
St ds K O > HEBIC BBV TLERIN R IR BB R A &Rl Uz, HICENIN b LY BT 2728, #2280 20144F
SA7TH-5A 21 HBLUWZED 201447 9 H 28 H™12 A 6 HIc&EEHis B X Y > JHEIC pH e A—Z2RiE L7z (-
72 LR O #hEIE COBIE 2 Y —HED 786 5 H A H TR T L), IR U F A TldizZRicid &b, v> 3
MK & © I 33 LAV L IR D72 R D, MBI THED D 201 E X TR TT %,

24BN S U > JHEED pH (pCOy) 1FNEE, #FHITHEDME & LN THEIH I Q&4 LT\, —7.
YA D pH (pCOy) I L FRIFEEN B (FVY) 2R Uz, EHHINCEHE Uz pH a7 —ET 5 g5t
WBNEE R THRICRWEZ/RLU, KT pH D 75X Tl Lice —75. Y2 O Tl pH A 7.6"8.5X TR ELHE
iz~ Uiz, HHO pH ZHiEI3E5EHEK T 0.27°0.38E Th > 7zh. M TIZ 05 ZF U EThoTz, Th
5ORERN S EHEHIKIE R iR b ER 2R T E AR E NI, oYy IO E R, S —XE
FEIC X O WBrERE I LIS R 3 B AR R 2 R DT REME AV R X Tz,

F—T— R e, pH, =5, fEE0EY,
Keywords: Ocean acidification, pH, Mariculture, Seagrass meadow
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Reef-scale modeling system for evaluating and predicting coral responses to future env
ronmental changes

FRORE B L R RO L i St IR mk
NAKAMURA, Takashi'* ; NADAOKA, Kazuo' ; WATANABE, Atsushi' ; YAMAMOTO, Takahiro!

VRO TR E R B E HE L
Tokyo Institute of Technology

Coral reefs exhibit significant spatiotemporal variations in temperature,sg&em parameters (dissolved inorganic carbon,
total alkalinity, pH, CaC@ saturation state, etc.), flow field, etc. Therefore it is difficult to regard any coral incubation experi-
ments as those simulating actual environmental conditions, because many experiments are conducted under steady or gradu:
changing environmental conditions. Reconstruction of reef environments by numerical hydrodynamic simulations is getting
close to practical use level with the developments in computer simulation technology (e.g., Watanabe et al. 2013). Developmer
of a sophisticated coral-response model coupled with a reef-scale hydrodynamic model is an effective approach for evaluatin
and predicting reef responses to the changes in various environmental conditions. For this purpose, we recently developed a co
polyp model (Nakamura et al. 2013), which can well reconstruct the coral responses to ocean acidification, flow conditions an
others. We then incorporated it into a reef-scale model based on a 3D hydrodynamic model (ROMS) following the Carbonate
System Dynamics (CSD) model (Watanabe et al. 2013). The developed model system was applied to the Shiraho fringing ree
Ishigaki Island, Japan, and it was confirmed that the model system well reconstructed the spatiotemporal variations of the ree
environmental parameters. According to IPCC (2013), p@@ reach at ca. 935atm and sea-level will rise to ca. 0.45-0.82
cm for late 21st century if we select the RCP8.5 scenario. Therefore we analyzed four different scenarios: (1) present conditior
(2) high pCQ (7935 patm) condition, (3) high sea-level condition (63 cm higher than present), and (4) high a@high
sea-level condition. The simulation result of high-pCé»ndition indicated that the coral calcification rate will decrease to ca.
75% from the present condition. When the sea-level will be 63 cm higher than the present condition, the calcification will in-
crease to ca. 107% because both the mass exchange between the corals and their ambient sea water and that between inside
outside of the reef will be enhanced due to higher flow condition. When both, p@Pease and sea-level rise will occur, the
calcification rate will decrease to ca. 77%. This rate is lower than the present condition but it keeps higher than the case only witl
high-pCG effect. The results imply that comprehensive evaluation of concurrent multiple environmental effects is important for
future predictions.

F—U— PR Y rdRYTETI, BV IAWRT—)U, Bl I 2 L— 3 >, gL, ki B
Keywords: coral polyp model, reef scale, numerical simulation, ocean acidification, sea-level rise
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Deterioration of tropical coastal ecosystems by multiple human impacts: the effects throu
seascape connectivity

] R 1
NAKAOKA, Masahiro*
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BUROINFRERERTIE, v~y /u—7, R, YOk EORG 2 2EMET A Z7RIEDHE LTS, Dk
I IE R OZ R &R, IDEOERRREAECERERY — U AICHEREER 52 T\ 5 T EDTEDIIZETHS
MR- TE. RIS, 70— R0EEELHE 25 3R —C R, &lEIcHiEST % L, b dmoik
BECEBEORAEHS. LrL, Jrdmenge LZRicy UT, o mBloZeEl ERIIC DR B BRIR
Th3b. BFRREREROMEWNERIC T, Y diEe v DI ORBEOHEER (reef connectivity)< B3~ 2 WEZE
MD—EROENTNS. REHETIZ, FEOSHINETIC, M. 21, 70V EVEETHD MBS Z TS, 18E
SBIOHEEDVEY ZEREREREAEIC 5 2 BB DV TR % i, BT ho&REZE B K ORI R A
MVEENC K B EMICK D, INFEERPRBIOHEEZ ML TEDX SICEILT B2 EHLE L., THUCHT BHELHE GHE
ISR EEZ TR,

xrrua—"7, e, Y2 dMERIOMRICE U TRBMIEDE SN TV 2 DI1E, SREEDBEERL /5 E O
WEOEEZ N UTMHEERICDOWTTH A 5o BIARLERNMAZ AN TZZETlE, s 0 » IR T %
YO T EIRRBFRD, 7 O—=TEHRE SICFD FROBEEN BN TORHDEHREIN TS, Tz, 5k
DEIKIED K E X W% 2 EE OGS 2 LN LS U775 h S, RBEED B OBRIEYIE O AN, HEEE O
LR EYE, BRUZOLERGREDT X IERERREIEICRKESFELTVWA T ENHLNICE> TE,

MFERBIOEBEICBE LT, 8. & ICBEIEIOE N ATIOHIED N, WIAHEEN Rz IREANEEETH S,
O HHEBUAGHA S, TERMNFRDEA TN S EEET L A M) =AWz 5. Y2 MO T E/KER
D, REICGU T, Y7/ a—7h bk, Yo e ERBAPEZ 5 &, £z, KON, BT h
S5DOEEOMEHEBICBET 2 C L EMNEMD SNz, TOX SRR OFREL., HEIC K> TREESY > I
75 EOFBREORMERN Y mOLEE G| S 7720, MEBERICH KREREEZE5ATVS EBDNEIM, ZDE
ENFHE 5% OBETH 5,

CDX I BRIRERBOERNE 2 5 I EREREEE,. KELEB X ORI ANAEINCX D T XA E Y
ZIFTWBEEZ NS, RO IO ADFELI DN TS TN I & T ATH D, FITHEAEDIF. KR
ZF) & ST i NATEBI ORI ADRNRETH %, A, ki EA 2RO RIZ. ~ 27 a—7 iR
W2 E LMETE S LTINS, o, BHIFHOZN B, > 7 u—7 DEBFMADEH) 1. hFE
ERER DB SEERER b8 T, IEEBEREAE LWERIC X AINEAFREZROMEL. & blcidihEst SOy 7 1
RKEIBBZTENEZTINS,

NAPRZBOGINEITH LTI, @Rtz > inRERROMREZHED H T EMITK D ERXETH S, HlZ
WX, MHHRER ZRET S & Elclk, vy u—T WEEG, U dENERINCRES NS K T A U 2 EET
LT NN TS, Tz, BHCHEHELUZEARBICOWTIX, v 7a—7RlEEy. Yo dEk o N TR
HAHEFELENREISRE R 5%, ULHLBRTIE. [ELWVAEYPEHERICE DS RVWHEEREELZ AN (A,
AHEOWEEGICY VT a—T A % K 5 5EEEE) . Zh5I OV, BHARIROm THEKR /721 Tl i
ETHREED S WVINEAERRZNE I Y% 95 2 TLEDFE R 52k, TNEOMPICH; T, HEm#ESRE
Uz, BEAT— 7RV A —EMER RBHEE) L OEMEEEENRD SN S,

F—T— RIS, s, ERERTOMHEER, Y2k, KURZ D), A\RTEE)
Keywords: coastal ecosystem, seascape, ecosystem connecivity, biodiversity, climate change, human impact
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Diversity index of coral distributions and its relation to physical variables in Amitori Bay,
Iriomote Island, Japan.
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SHIMOKAWA, Shinya* ; MUKARAMI, Tomokazu' ; UKAI, Akiyuki 2 ; KOHNO, Hiroyosht ; MIZUTANI, Akira 3 ;
NAKASE, Kout&
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INIED, 2Penta-Ocean Construction. Co. Lt#Tpkai Univerisity

PR ESHEEIC 35T %Y > J504n L YHERE & OBIfRZ 7o, MEGEIZVEREOIIEERICAE L, EWNIciEy > d
NAFIPIC M L. 2OV dDOEE, KEX, MITHANCK DA > T05, AT, MEEICIE. EICESRERD A
<V BRI T EMEATWIERY, TN A, /NEWETIEH 5. NTHEDIR WS ARREDMHEFENTE
O, Y2 a5 EYIEEREE L OBMRZIRNR B IS RED BT OV EDTH %,

9, Y rdnfn. K. o, WIREOT — 22155 TeOICBIFE 21T, e & TR ORZE 215 %
fedIc, TS OYBEREE OB T — 2 2RI U T, W, WE, TRABSE 7 VIS X2 BUEFERZ1T 5 Tz, fRBTHRER
W, YOO KREIN, VHEREOMRZSBANOEGIIC X DFE L 5% T & Z2/R L7 [Shimokawa et al, 2014]

RIS, TS OB & BIEEROMERN S Y > AMOZHMERRE L T OYHIEREL & ORRZEIRE Uc, ZARIERRE
DI iZ., XD X SITEZEET NS [Shannon, 1948; MacArthur and MacArthur, 1961, Clark & Warwick, 2001, McCune and Grace,
2002},

DI=-% cilog2 ci,

TCTT. ¢l BRCHd 2 i FHOMOEIGZET, DId. H257—2t v MBI 3R 5 22 FTREDE RN
BRWHTHO, BNACBF (Y FoE—OBERICBRL TV, DI DA, RO L 20— Ind % &8
T2, DEO., HOMN—EDHE. DI OfflE, IXRXTOMNELGFET % L ERKNICKD, RITHERE, > d0
TERED ZHNMEFER O 913, BOEBROTMEBRAID/NEL BRI TRATH S 2Rz, TORMERE. &R
R T EBH T LT ER T LRV E X, YOO BRI RA L 755 L0 D HIRHEELRE [Connell, 1978]
CEENTH S,

ZER

Clarke, K. R. and R. M. Warwick (2001), Changes in marine communities: an approach to statistical analysis and interpreta:
tion, 2nd ed., PRIMER-E, Plymouth, pp. 176.

Connell, J. H. (1978), Diversity in Tropical Rain Forests and Coral Reefs, Science, 199, 1302-1310.

MacArthur, R. H. and J. W. MacArthur (1961), On bird species diversity, Ecology, 42, 594-598.

McCune, B. and J. B. Grace. (2002), Analysis of Ecological Communities, MjM Software Design, Oregon, pp.300.

Shannon, C. E. (1948), A mathematical theory of communication. The Bell System Technical Journal, 27, 379-423 and 623
656.

Shimokawa S., T. Murakami, A. Ukai, H. Kohno, A. Mizutani and K. Nakase, 2014, Relationship between coral distri-
butions and physical variables in Amitori Bay, Iriomote Island, Japan, J. Geophys. Res.. Oceans, 119, 8336-8356 (doi
10.1002/2014JC010307).

F—T— R, SHRIEIREL B, TR, R
Keywords: Coral, Diveristy index, Wave height, Soil particle, Intermediate disturbance hypothesis
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Variation in the oxygen isotope ratio of dissolved orthophosphate induced by uptake pro
cess by hermatypic corals

Ferrera Charissa M; 538 21 ; SR fJc b Mese 5 2 AR B 2 il B L &5 Rl 2+
FERRERA, Charissa M.; WATANABE, Atsushi' ; NADAOKA, Kazuo' ; UMEZAWA, Yu? ; MORIMOTO, Naokd ;
NAKAMURA, Takashi' ; MIYAJIMA, Toshihiro?*

VROR TR A B HO T2A 2 eR), 2 SO R AR KU, 3 BRI A/KPE AR
ITokyo Institute of Technolog?AORI, University of Tokyo,Faculty of Fisheries, Nagasaki Univ.

IKEKIC 51T 2 V) v DAY L AN BN 2 Bfif 2 7o DY —)L & LT, VATFIRY VB OMELZEFNALL (6'80p)
2V VBOEJEO N L—Y—& U TR 2 5EMNEFEEZED TS, VU VBOBRZEFRMALITY Bz R
T BEMNC K BENANREZ T B2, EVNCE 2V VOFAFREZIET 2 7200 EHREE LTHHIHATE 508
MHH %, L LEDSEVLEIRICH T 2 6'80p Iid ZRNMAIIRIC DOV TR, EVMEANTIIBERICHENENE Y &~
W & AP DK T & OBERFINAARIUC K 258 FHELOMERNE < L5 FRLINE, T2 TDITHRIANEA TWE
Vo §80p Z2IKIKDY) 2« A ZNWD FL—P—L LTHMCHIMTES LS bedicid, —REEHICED )
MEDHGABERERE, VU >« YA V)V KIS 5 FEEAEYL AN T 02 ZCDN T, ZORISHEEHR L 6'80p ICXd %
FENASIROKEE L2 L CT— 2=t T 2 0EHH 5,

AWFZE Lk, B - AR ERR RO ZER —RAEFEZE DO —DTH 58T > dZHOTETIVERZITV.,
YK BV VBOBGMILE S BRFEN AN R Z T Lz, FBRTIIAEE LIV VEORFEEN S RE LY >
3 (Porites cylindrica Heliopora coeruleaAcropora digitifera 7z V>, EYVKEEN THEHBRILEE 217> 7205, ZER
IKKETEZICEMN T, NO3~— & POS™ ZIINL T 72-120 [ OFIE IR 217> 1o, FEERHE AR A G /K ZERE L .
PO,3~ DR & R LERNA LD I L 7z,

RS FICHERTH R D W POS— JREE CHERE T o T2 728, FHRIHM PO~ 13Y > T K> TEIE—E DHE
THDAE NIz, AHEHBOFERTIE, U IREHENERD 72 0 OBGAREIZLTL D L EFOFMNE L REREEN
RO HNTz, U2 IR TORGAEE DEWIZIHNE Tl o Tz, EEBYIAD §180p (&, F2BkiEK & OFNIASSHOT
EICHENT 3% FEEARNMET H > Tz HERWIRIH, 2 < DFIFERTIE PO~ ODHLGACfES T 680p B EFR L, W DH
DFRTIEHEBRK & DRMASETEE D L& R o e, BUAICD DD 59 6180p DEFEAEZLLEVRED >
Too TOT EIF, FRHTD 6'%0p O EFIZ, K& DRFASZEEHEIC K2 LD TdE < ¥ TITRA OBGA A
5 HEFRNFEINAIRIC K Z LD THB T & RmB L TWVD, TORNARIROAE JICIRERZEDNH D . A digitifera
T KZE L H. coeruleaCiNTH - Tz,

HAERE FTlE POB~ DREEIFCOFEICBONTHOONTZREXLD & 1L MR &S, BIRFICIT it
YrdzBCHETZREEFICE DY ORBEHLIZIE S 0ITHLS . TND §80p IKIETHRE K E < ADOKERE
MTHNG LEZABND, TDT LIF, §'80p 2V O E iR L UTHIM T 3580 A2 REES % K, Y
> AMED & 5 HEREMHHIC B O TIRME PO~ O b L—Y— & U CEFFHIGIC §'80p ZFIH T 5 BRDORSAZ &R LT
W,

F—U— R U U, RNARRHER, B 2E FINA, EHEY > O, InFirE ek
Keywords: Phosphate, Isotope effect, Stable isotopes of oxygen, Hermatypic coral, Coastal marine ecosystem
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:—I?Iogene sea-level record from a drilled core at land reclamation on reef crest in Okinaw:
slan

A HEL b R FZ L IR - L REHE AR L AR Y
HONGO, Chukl* ; FUJITA, Kazuhikd ; KAWASAKI, Yuko! ; MINEI, Shogd ; SASAKI, Toru!

L BRERR A B2 S B kA 2 )
!Dept. Physics & Earth Sciences, University of the Ryukyus

Holocene sea level records provide the opportunity to understand reef formation history, mangrove development, and se
tlement by ancient people. Especially, the mid-Holocene sea-level record is important to accurate forecast coastal response
sea-level change in the near future because the amplitude of sea-level rise is similar to that of future sea-level rise. However, tt
magnitude and timing of Holocene sea-level records display great variability, inflecting ice sheet uploading and the redistribu-
tion of water masses in the global ocean, and glacio-isostatic and hydro-isostatic effects. Therefore, the local sea-level recol
is fundamental to a geological evidence for understanding the above topics. In the present study, we analyzed a drilled cot
and five radiocarbon ages at land reclamation on reef crest in Okinawa Island, Ryukyu Islands. Analyses asopais (
sp. andGoniastrea reriformisenable the reconstruction of a sea-level curve because these species are distributed in a shallow
water depth. The Holocene sea-level curve reconstructed based on the drill core data reveals a sea-level rise until ca. 7000 ¢
years BP. A mid-Holocene highstand occurred at 6760 cal. years BP, at a level of 2.7 m above the present mean sea level. T
reconstructed mid-Holocene highstand is characterized by one of highest and oldest records in the Ryukyu Islands. The findir
reflects the hydro-isostatic effect in response to size and volume of islands because Okinawa Island is the biggest island in t
Ryukyu Islands.
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