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Functions of mangrove plants-roots and soil chemicals
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The soils of coastal areas in tropical and sub-tropical regions are often low in nutrients and therefore have
low fertility. First, tidal fluctuations wash out considerable quantities of organic matter such as plant
detritus into the ocean, leading to low nitrogen soils. Second, minerals necessary for plant growth, such as
iron and phosphorus, tend to be adsorbed on soil particles and oxide complexes in tropical oxidized soils,
and thus plants cannot uptake these immobilized minerals. Under such infertile growth conditions, how
do mangroves get enough nutrients to correspond to their high productivity? This presentation focuses on
functions of mangrove plants which are keys to the highly productive mangrove ecosystems-that is, what
happens to soil chemical properties after mangrove plants colonize? In order to characterize mangrove
ecosystems and provide scientific guidelines for their conservation, knowledge of their soil chemical
properties is necessary, because these properties are the basis of the ecosystems.

When plant seeds germinate and start to grow, soil chemical properties are affected. It is known that
plants excrete a variety of substrates that facilitate the availability of macro- and micronutrients in the root
zone, by enhancing absorption of appropriate nutrients even under nutrient deficient conditions. For
instance, organic acid exuded from plant roots, such as citrate and malate, are known to mobilize P from
sparingly soluble Fe, Al and Ca phosphates. Therefore, greater amounts of nutrients such as P and Fe are
sometimes observed in a plant root zone compared with the bulk soil. Besides root exudates, plant roots
continuously provide organic matter such as decaying root parts. These organic matter-rich root zones are
different from the bulk soil and provide niches in which bacteria thrive, because heterotrophic bacteria
can use these plant-derived carbon compounds as electron donors to generate energy. Therefore, soil
microbial metabolic processes also change in association with plant colonization.

So far, root exudates from four mangrove species (K. obovata, B. gymnorrhiza, E. agallocha and H. fomes)
have been characterized. In field work, there are some reports that Fe®* concentration in mangrove soil
pore water is positively correlated with live root density. These observations indicate that mangrove roots
lead to enhanced Fe mobilization. We conducted a pot experiment and found that A. marina has high
ability to move Fe and P in soil pore water, suggesting that mangrove roots provide Fe- and P-solubilizing
substrates. In the pot experiment, we also found that three mangrove species (A. marina, R. stylosa and B.
gymnorrhiza) have a function to enhance soil nitrogen content. During the six months’ cultivation

period, amounts of nitrogen in the mangrove soils increased four times more than in uncolonized soil. At
the end of the cultivation, bacterial nitrogen fixation was significantly higher in the mangrove soil than in
uncolonized soil, leading to an interpretation that the mangrove plants induced nitrogen fixing bacteria
around them.

These self-supporting abilities observed in mangroves could be key functions so that they can form highly
productive ecosystems even under sterile environments. There are more functions in mangroves that we
do not yet know, so there is much more to discover.
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Carbon sequestration and storage in seagrass meadows
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Seagrass meadows are one of the most productive ecosystems and play an important role as carbon
reservoirs, storing large amount of organic carbon in the sediments. Estuaries are considered to be a net
source of atmospheric CO, due to the mineralization of terrestrial carbon but recent studies
demonstrated that seagrass meadows in estuaries can be sinks for atmospheric CO,. The flow of organic
and inorganic carbon derived from multiple sources regulates these processes but the knowledge about
these relationships is limited. In this study, we evaluated the flow of carbon derived from multiple sources
in seagrass meadows using isotopic approaches and associated the flow with the processes of both
atmospheric CO, uptake and carbon storage in sediments. We estimated the contribution of atmospheric
CO, to assimilated seagrass carbon by a carbon-source mixing model using radiocarbon concentrations
(A'*C). The model indicated that the seagrass assimilated 0-40% of its inorganic carbon as atmospheric
CO,. The stable isotopic signatures (& 13C and & '°N) of both particulate organic carbon (OC) and
sedimentary OC suggested that the efficiency of OC storage in sediments would be dependent on OC
derived from multiple sources. We will also present the historical changes in carbon storage using
sediment core analyses.
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Rising temperature has resulted in a poleward shift/expansion of corals in Japan (Yamano et al., 2011).
However corals at high latitude are confronted to environmental conditions that differ from tropical
conditions with lower temperature in winter, lower light levels, higher nutrients concentrations, etc.
Moreover due to the increase in CO,, aragonite saturation state of the ocean is decreasing (Kleypas,
1999) and this trend may counter the expansion of corals. We conducted chamber experiment at
Shimoda located on the tip of the Izu peninsula, Shizuoka, Japan. To understand the influence of seasonal
variation on the physiological response (such as photosynthesis, respiration, calcification, antioxidant
enzyme activities, etc.) of temperate corals, colonies of Porites heronensis and Alveopora japonica were
transplanted in the field. Every three months for 1.5 year, three colonies of each species are sacrificed:
their metabolisms is first measured in situ and then different physiological parameters are measured.
Bleaching during winter was observed for both species. In winter, bleached A. japonica and P. heronensis
showed reduced metabolic rates compared to summer. Once the temperature re-increased, all colonies
of A. japonica recovered and all except one P. heronensis recovered. Antioxidant enzyme superoxide
dismutase (SOD) in host coral of both A. japonica and P. heronensis also clearly increased in summer and
decreased in winter.

In P. heronensis the mitochondrial electron transport activity per protein ratio was higher in summer than
in winter and the zooxanthellae mitotic index reached values as high as 30% during the warmer months.
These observations suggest that A. japonica is resilient to low temperature with a high chance of recovery
after bleaching whereas P. heronensis compensate for the reduced growth rates in winter with a highly
active metabolism and high growth rate in summer.
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Modeling coral bleaching based on dynamics of zooxanthellae
population and reactive oxygen species inside a coral polyp

it B HE X B0 EEZS 5B MR WA BA EE
*Takashi Nakamura', Kazuo Nadaoka', Tomihiko Higuchi?, Toshihiro Miyajima® Takahiro
Yamamoto®, Atsushi Watanabe'

1. REIZEARY BE - #RETI¥RKR. 2. RRA¥ AK[UBEREM. 3. 77— MNRZEMRM
1. School of Environment and Society, Tokyo Institute of Technology, 2. Atmosphere and Ocean Research Institute,
The University of Tokyo, 3. Kuwait Institute for Scientific Research

Coral bleaching is a phenomenon in which corals expel/digest a large amount of their symbiotic algae
(zooxanthellae), and it is caused by some stresses, e.g., thermal stress. In the summer of 2016, mass
bleaching induced by higher seawater temperature and resultant mass mortality had catastrophically
damaged coral communities on many coral reefs all over the world. Such mass bleaching events will likely
occur more frequently in near future due to global warming. But the reason and mechanism of the
bleaching are still unclear. Therefore, for projecting near future status of coral communities precisely, it is
important to elucidate the bleaching mechanism and to develop a numerical simulation model.

It is observed that corals expel zooxanthellae even under normal thermal conditions (e.g. Hoegh-Guldberg
et al., 1987). The number of zooxanthella cells increases due to reproduction, but the zooxanthellae
density in the coral tissue is kept around the order of 1 0° cells cm™ under normal thermal conditions.
Therefore, it is considered that the zooxanthella density of “10° cells cm™ is optimal and coral is
controlling the density to be an optimal value by expelling zooxanthellae. Now, how is the coral
determining the optimal value of zooxanthella density? Zooxanthellae produce photosynthate which is an
important energy source for corals, but these also produce reactive oxygen species (ROSs), which damage
coral cells, through their photosynthesis (e.g. Weis 2008). It is considered that corals basically want to
keep the density of zooxanthellae as high as possible for improving photosynthate availability. But when
the zooxanthella density increases, the concentrations of harmful ROSs also increase in the coral cells
because of zooxanthellae ROS production. Therefore, coral may control zooxanthella density for keeping
ROS concentration within tolerable levels by expelling/digesting zooxanthellae. Additionally, it is reported
that the production rate of ROS increases with increasing light intensity and temperature (e.g. Saragosti et
al. 2010; McGinty et al., 2012). When temperature increases, ROS release rate per individual zooxanthella
cell also increases, then the ROS concentration increases. Thus, corals have to decrease zooxanthellae
density for keeping the ROS concentration at tolerable levels. This is our hypothesis for the coral
bleaching mechanism. In this sense, the bleaching action might be an emergency measure of corals.
Based on this hypothesis, coral bleaching model was developed based on the coral polyp model
(Nakamura et al., 2013) by incorporating both ROS dynamics and zooxanthella population dynamics. The
ROS dynamics includes light and temperature dependent ROS release process and detoxification of ROS
by antioxidant substances, and the zooxanthella population dynamics includes processes of reproduction,
mortality, and expelling/digesting rates that depend on the ROS concentration in the coral cell. These
dynamic processes are linked with coral internal environments reproduced by the coral polyp model.
Results of simulated 30 day incubation experiments under different temperature conditions by the
bleaching model well reproduced coral bleaching phenomenon dependent on temperature. Moreover, it
is notable that the simulation result under a higher incubation temperature for first 5 days followed by
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incubation under normal temperature for 25 days well reproduced recovery process following bleaching
process. It is one of very unique features of this model.

Moreover, the bleaching model was coupled with a hydrodynamic-biogeochemical model based on the
Regional Ocean Modeling System (ROMS; Shchepetkin and McWilliams 2005), and the coupled model
system was applied to the Shiraho coral reef, Ishigaki Island, Japan. From these results, it was confirmed
that the zooxanthella density decreases with increasing offshore temperature, and clear spatial variation
was confirmed that coincided with spatial variation of water temperature inside the reef.
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INEW, EROARIEEDRETIE, [Ca™ |DpHEFE DA RE R TH > TKAMREBIELEDIIZDH
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Genetic connectivity and speciation of reef-building coral
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NTVLWBIHE, BREMAEZRYRIALEREATHLURESEEH D, 207D, LLEFDOBEEHNZHRMYE
P, MESEEBUELERE OFEEEEBALNIT ST E1E, BEATE L TOMBERIIZESNCT S L
THEETHD, TITEMETIE,. OV Y TORENZRLTH 2 AEEHEDOEE COEICEERNESD
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FrE L TDRENEBRASLSNCT B0IC, BRFTETHOEFEHETIELL OBL WS EBETHY ., BE
SOFICEVWTIHELTWRIINY IR, BLUET - BRAEETH Y EFILLIEREINLETA Y Y
JAaNRE L. AREHEDEES KOEBRIA > BRSNS EHICHIEZEHICOVWTEESRERLF
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HECTEAIrERICHELTSEY, 7PAH Yy I0EWHELBEBICER T % &E X 517z, HC-AIX19904F
RICMHDTEASTRILRICOFE T 2B EDIFEROARON > 7,

JONTIRYADTRBEREICEY., BRTELRZEGHNIL—RKHPEFEELTWVWR I EA/EREINTYL
% (Launder and Pulmbi 2012, Suzuki et al. 2016), ZD7=&. 3. BAERDOEE R ICEFET RN
BILEIL—RODHERALSMI L, RAEERAWEZISRY )V TBFICEY, JONTIRYALIDE
EHI L —ROEEEZTER. REMTIEIDDEGH I L —RKIPHERIN. ZDD5 5DV & DHETE
EFTHMLTCWE, ZDED, 1T2OFRMICOVTIE, BFENBETERYBZ I ENTBINE, —

. BABUE ELUIAETIHEGCDEREAKRE WD, EFEOFATENSBATEHAOIMAEHEYZ RN
EEZoN, AAEERRNICIE. ER22R[AFEET 2 EMHERIN, AAEEHBIETIEES 5DXRF
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NoDBEAEAICRE2T2IENENTHZ EEA N, EFICH > BT EHETCEUEATIE. BAE
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EEFUVIRLTWARZENTRBI NG, FEEBHNKEICEELTTEAABISOERIIE. BEEELI S D
MEMADHTEMEIMEL, 70—V EXREFGWVWIZ &S, KFEFATIE L L TWR A EMER & EERERDE
WRIBE LY H, HhigiR L 215500 EICIERWVWESHEZEST 28BS’ HZ EEZ 5N,
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Evidence of chronic anthropogenic nutrients within coastal lagoon
reefs, adjacent to urban and tourism centers, Kenya: A stable isotope
approach
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The sources of anthropogenic nutrients and its spatial extent in three fringing reefs with differing human
population gradients in Kenya were investigated using stable isotopes approaches. Nutrient
concentrations and nitrate 8 '°N in seepage water clearly indicated that population density in the
catchment and tourism along the coast contributed greatly to the extent of nutrient loading through the
groundwater to adjacent reefs in Kenya. Although water column nutrient analyses did not show any
significant difference among the 3 studied reefs, the chemical contents (i.e., § N and N contents) in the
macroalgae and complementary use of seagrasses and sedimentary organic matter clearly indicated the
different nutrient regime among the sites in higher special resolution. Higher & >N and N contents in
macrophytes showed terrestrial nutrients affected primary producers at onshore areas in Nyali and
Mombasa reefs, but were mitigated by offshore water intrusion especially at Nyali. On the offshore reef
flat, where the same species of macroalgae were not available, complementary use of § '°N in
sedimentary organic matter suggested input of nutrients originated from the urban city of Mombasa. If
population increases in future, nutrient conditions in shallower pristine reef, Vipingo, may be dramatically
degraded due to its stagnant reef structure. This study represent the first assessment of the Kenyan coast
that integrates water column nutrients and macrophyte 8 '°N analyses, showing direct evidence of the
use of terrestrial nutrients by macrophyte and providing basic information for surveying the link between
anthropogenic enrichment and ecosystem degradation including macroalgae proliferation in nearshore
reefs.
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Relationship of coral distribution with bottom flow speed and soil
particle quantity in Sakiyama Bay, Iriomote Island, Japan
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BILETIE, 21K, FR, BBRY Y IEHEEIC, SRY Y TE3EEEEOMIC, RY Y ITBORHS
BREIC, EICAHLTWE., Y JOBFRBRIOHRBREEFHRER, KR IT/4IMRUICSENT
39%, BRY Y TF28MRICHNTI5%, HMRY Y TRATHRICEWTT7%, FRY > ITIF19MRICEWNT
6%, WERY Y JIF25MRUCEVTTI%TH > 7.

BIUETIE, 7HRRORRY Y TRELANFROERY Y THENERI N, R Y TREDOY Y TD
ROEZETWREZANLTEREFTORI EBRITOBOFEEZTTIC, FRY Y TEHEERVER, UK
K, EB<HORRICOELEZ., RUERK, BUR, E<HVER, SR Y IBREOERDMIGAT - H#E
- mEIE, ThENEEDISPPEBRAICAS/EOL - 284K - 16ha, RH7/Y DEW) —7 £ - 48
% - 11ha, ERIPEESFY OERN200mTHKEIIMDEBZRY BT &L S ICHFE - 1845 - 2ha, REEDH
Y DWW —7 £ - A& - dhaTH o7z, o, BREHSBHEIPICHNTTIE, KBH1.2mIEELLTDIE
BICTHGERF R >THEY, TOEETI, 7I2 37D EL2Hm LTV,
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0%, 1%-30%, 30%LAEDMRICTEEL, YMERE (EEMEE THFH) & ONISBERE R,

EERZEE, FHICESY, 2K, BRR, EHEEK, REKOIEICKE, &YV IHE30%LU
£, 1-30%, 0%DMKRDIBICKE <, FICXFOEEREIEL, WE30NULOMRTIE, HEO%DHMRDK
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BREzFEHD t J;L"FO)J: DL, ) Y ITEBFBAORERENKEWEE, YV IREIEV. X
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between coral distributions and physical variables in Amitori Bay, Iriomote Island, Japan, J. Geophys. Res.:
Oceans, 119, 8336-8356 (doi: 10.1002/2014JC010307).
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A dynamic model to assess mariculture-induced environmental
impacts on seagrass beds along coasts of Bolinao and Anda,
Philippines

*Yoshikai Masaya1, Takashi Nakamura', Yoshiyuki TANAKAZ?, Masahiro Nakaoka®, Atsushi
Watanabe', Toshihiro Miyajima®, Eugene Herrera®, Ariel Blanco®, Miguel Fortes®, Maria San
Diego-McGlone®, Kazuo Nadaoka'

1. Tokyo Institute of Technology, 2. Hachinohe Institute of Technology, 3. Hokkaido University, 4. The University of
Tokyo, 5. University of the Philippines

A dynamic model which reproduces the physical and biogeochemical environmental conditions and
associated factors, can be an effective tool in determining coastal management strategies in an area
influenced by intensive human activities. The outputs of the model suggest the need for proper
assessment of the effectiveness of coastal management efforts which is made difficult by multiple
environmental stressors such as pollutant discharge from rivers and from unregulated mariculture, the
effects of which vary in space and time.

Seagrass beds are found in many coastal areas and their responses are regarded as key indicators of
ecosystem health, are nursery grounds for fishes and invertebrates, and are major sources of primary
production in coastal waters. However, their recent disappearance along many coastal areas in the world
caused by anthropogenic stressors has become a serious global concern.

Our study site is located along the coastal towns of Bolinao and Anda in northwestern part of Luzon Island
in the Philippines. Bolinao alone has at least 34 sg.km. seagrass area, an important resource for local
communities as habitat of local fishes and invertebrates of economic value. However, the coastal waters
of Bolinao and Anda are also a sites where mariculture has intensified. The area is known as one of the top
producers of Chanos chanos (milkfish), an important food fish in the Philippines. The unregulated milkfish
culture characterized by high feed input resulting in feed wastage, and proliferation of fish farm structures
continue to degrade water quality in the area. Nutrient enrichment have resulted in excessive growth or
blooms of phytoplankton and reduced light availability for the seagrass bed. Such environmental impacts
due to excessive mariculture activities led to the decline and loss of seagrass species number and area at
the site.

In order to assess the mariculture-induced environmental impacts on the seagrass bed ecosystem, a
modeling system was developed to reproduce the spatial and temporal variation of water quality and
associated light environment at the site, and evaluate the ecosystem responses to the environmental
stressors. The modeling system is composed of a hydrodynamic-water quality model, a light attenuation
model, and a seagrass bed dynamics model that computes seagrass growth using mass balance equation.
This seagrass model was applied to Thalassia hemprichii (Th) and Enhalus acoroides (Ea), which are
dominant seagrass species in the area. Results of the model indicate good agreement between observed
and modeled values of seagrass biomass for Th and Ea, with coefficient of determination R®=0.68 and
0.53, respectively.

To help implement proper mariculture regulation to conserve the seagrass ecosystem, the effectiveness of
feed reduction was assessed by testing feed reduction scenarios for different combination of target areas.
The results demonstrate that decreasing feed amount is an effective way to improve light conditions in the
reef area. Results show that by reducing the feed amount in Bolinao aloneg, the biomass of both Th and Ea
will increase (figure b, e), relative to the case of keeping present feed input amount (figure a, d), and there
is recovery of seagrass in the mariculture site where seagrass has disappeared (figure e, area enclosed by
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a circle). However, a remarkably greater increase in biomass and wider area of seagrass recoveries will
happen if feed reduction is carried out by both Bolinao and Anda (figure c, f). These results clearly suggest
the importance of mariculture management efforts through inter-municipality cooperation. The model can
thus provide technical information that will be useful input to coastal management schemes for a
sustainable coastal ecosystem.

Keywords: seagrass bed modeling, hydrodynamic-water quality model, eutrophication, mariculture,
coastal management

119:’55' 12(?"0'

. Increased values of shoot biomass relative to the
Shoot biomass

AT Ty case of keeping present condition
( Seagrass™.,
bed ) Case of keeping present Case of feed input Case of feed input reduction

Environmental | . i i & . .
imp'a:ts of feed input reduction only in Bolinao in Bolinao and Anda

intensive
mariculture
activities

TN
5
(mg/m?)
6800

5100

Thalassia hemprichii

3400

1700

Long-term scenarios of mariculture
+  Amount of feeding

+ Presence of cooperation with adjacent
municipalities

Particulate
matterin the
water column

Hydrodynamic-
water quality
model

Light

Seagrass bed :
environment

dynamics model

Enhalus acoroides

Abundance of
seagrass

Quantitative assessment of
environmental impacts of mariculture
activities on seagrass bed ecosystem

©2017. Japan Geoscience Union. All Right Reserved. - ACG50-09 -



ACG50-10 JpGU-AGU Joint Meeting 2017

SAFRERRORFLM : FFmAaf A e RE2OBILICAIITT
Economic valuation of coastal ecosystem: balancing sustainable use
and conservation

* AR IR
*Takahiro Kubo'
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Coastal ecosystem is one of the most valuable ecosystems on Earth; however, the ecosystem faces various
threats from environmental changes due to anthropogenic activities and natural events including climate
change. To conduct the sustainable management, the recognition of benefits from the ecosystem has
become increasingly essential.

The objectives of this paper are to provide a review of the environmental valuation studies concerning
coastal ecosystem and introduce some contributions of the economic analysis to sustainable coastal
management and the associated policies. Furthermore, this paper illustrates two empirical environmental
valuation studies of coastal ecosystem in Amami Islands, Japan. One addresses recreational values of the
ecosystem; the other shows residents’ preference for climate change adaptation in the coastal areas.
The review and the findings of empirical studies point out that integrating economic values into
decision-making is still challenging. Further work is required to establish integrated approaches
considering local ecosystem management.

F—7— R OARERR. REFME. BEFLW. EBRRT-ER B FRBFA

Keywords: Coastal ecosystem, Environmental valuation, Economic analysis, Ecosystem service, Islands,
Sustainable use
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Dissolved carbon dynamics in rivers and coastal areas of the
Philippines: evaluation of terrestrial inputs using dissolved inorganic
carbon stable isotopic composition

*Naoko Morimoto', Atsushi Watanabe?, Yu Umezawa®, Maria Lourdes San Diego-McGIone4,
Charissa M. Ferrera®, Toshihiro Miyajima'

1. Department of Chemical Oceanography, Atmosphere and Ocean Research Institute, The University of Tokyo, 2.
Department of Transdisciplinary Science and Engineering, School of Environment and Society, Tokyo Institute of
Technology, O-okayama 2-12-1 W8-13 Meguro, Tokyo 152-8552, Japan, 3. Faculty of Fisheries, Nagasaki University,
1-14 Bunkyo, Nagasaki 852-8521, Japan, 4. Marine Science Institute, University of the Philippines, Diliman, Quezon
City 1101, Philippines

River load of anthropogenic materials is one of key sources for degradation of coastal habitats as with
aquacultures. They change coastal water quality directly and indirectly, and local multiple organic sources
such as mariculture fish feeds/feces, resuspended sediment and coral mucus complicate those
influences. To assess the effect of allochthonous inputs, isotope signatures of dissolved inorganic carbon
(DIC) and particulate organic matter (POM) were examined to identify sources and their loading
processes. In Bolinao, where mariculture is densely deployed in semi-closed embayment, & '3c-DIC and
8 13C-POC values of river water were almost similar between the wet and dry seasons, and were
decreased as decreasing salinity. However, the relationship between & '*C-DIC and & '*C-POC was
unclear. In the coastal area, large decrease of salinity was observed in the wet season. The negative
correlation between salinity and each parameter suggests that river inputs mainly decreased & 3c-pIC
(-5.8%0 ") and & '*C-POC (-28.5% ~) in the wet season. In the dry season, mariculture, maybe fish
feeds/feces, was mainly attributed to the decrease of & '*C-DIC values especially in the surface layer
through their decomposition. In contrast, in lloilo, where some rivers input to the strait among islands, the
character of river 8 ">*C-DIC and & '*C-POC was similar as Bolinao. In coastal area, the decrease of §
C-DIC was not so serious in the wet season (-1.4% ~) compared to Bolinao, however low & 13C-POC value
was observed in the bottom layer (-27.7%o 7). It may be ascribed to resuspension of settled materials
which was originated from river inputs. We try to unravel their underlying multiple processes and discuss
the relationship between river and coastal area in terms of dissolved carbon dynamics in those areas.

Keywords: terrestrial inputs, stable isotopic composition, dissolved inorganic carbon, particulate organic
matter, tropical coastal area
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Photosynthesis, calcification, and organic carbon and nitrogen fluxes
from coral reef primary producers measured with in-situ chamber
experiments

“EE . PN R B EMS OHE FX

*Atsushi Watanabe1, Takashi Nakamura1, Yoshikatsu Nakano?, Kazuo Nadaoka'
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HYIEOEE—REEZEDONENR. AKE. BLIUVERRE -BRITVIRERGF v U N—FRICK
VAEIE L, TE—REEZEE L C2EBOEHEY >~ T (Acropora pulchra& Porites cylindrica) . iBE%E
Y. KEUEFE (Sargassumsp.) . Withd 5 D %RV, HBEGEEDARY Y I TERREERL -, =8
1$20125F7-88 DY Y IHLUMH) SLU10A CBERESS K UOKRESEHE) I, BEEETRIC248F
B (2BFfEx12[E) EfEL, XERS L VCAREEREFHRKLZKER (£7IVH)ESLURKE) 09
HEFrN—RICTEYY—%FAL TI2BERTRAE L/ZpH-DOT—49 ZAWVWTEH L=, RKEARDOL
EHixE (TOC) . £8% (TN) SLURER (NH,", NO,,NO,) HHbhSEMKREKR. BRITVIREE
H L7,

BHhONEBEE XihE S, KNERBRE (PAR) ICHELEL LKL, BITRIIAZERICERER
Y, TORERBEISHD Lz, TOERIEF v Y NN—RAKEDRDEFBHLTW, BRORKEREIX2FED
H Y I TPARICEARRICIGE L. MBS LUKRESRBIEIP PP EDAGIRKILEEEZ R LD, BERBIEADE
HRURBEDRBRARLZ, REICEWTIEY Y I2BOAIKILZEE ILpHDFED & & 6 ISHEOER %

L. REORAIKILEEIZA. pulchra® 5B P. cylindricak W BEICED 27, W TIEpHA8.1% FE% & A7
MR I N, BERGCIEMIL Y KRELAEIpHICK STHASINL, CThITBERSG T, BEREDE
B ONRICE Y RBIEDBAENMEEINTWVWE I EA2TRET D,

B¥MT Sy 0 RICEALTE. A pulchrald BRICEB E LR TR ELATOCKHEEEN MR I N, BEER
BELUARBERFIIBREABHDITOCEKRELTHY ., ZOMEEREF Yy I2F LY KEh o7, ARER
DHHEESBERGPRERECH v I2L Y KEREE R LE, INLOEARERIZ. BERBVAR
SRENBHET IHEIIT L CTEELERKR - ERHBRICA->TWSZEEREBLTWS,

F—T— R HUIH —REEE. KER. AKIL. FvoN—XR

Keywords: Coral reef, Primary producers, Productivity, Calcification, Benthic chamber
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AEBIEEICE T2 I0RBIRKR EEY I K 250K O EE
The high turbidity reduced mortality of coral bleaching in Kabira Bay,
Ishigaki Island

RS EAB & F—° BN BT

*Kotaro Yashiro', Koichi Kinjoz, Yoshiyuki Nakamura®
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NMEBSHBEAIESOITEIRICAES 2ZEOL 5ERFE THI.5 km, 1EHNO0.5-1 kmD/NMIELBRWETH
3. BORKNDEATELIN, HRWKEICE > THBIOEL 2E#ENARBRIEICHS. BERIIFHET, B
BEAERMIVILNDDEZVWKREDNEN > TWS. HE, MTERENS, BROSHEDEKT, BFES
Hrd (UTF, Hvd) BEORENEHINTWS.

2012-2013FICJIEZEDY Y THEDRRAEE1T o7/, HMHEABEORRK - ERITZVRI NV 1>
&, 1970 FERBHEICITZENRFDIFIFLETESREE A >TWED (B# 1979) , BERXZTOREN LD
N, BRRETIFILEL T Y IMER>TWE, —AT, BRIBOKRE2-6 mTIFEHKL, BHETOTL
TUW =,

WHDERICOWT, KEEGSRAUAT—4, MEFE, BUBEOYYIHEE=-5) Vv I/7—%, HEEF
WICEDOVWTERT &, BAT007FOEZICEKERICE 2 RFELRACNEE, LREETY Y IBED
WL EEZL N, BERIEEIOEKEICEINAD, MOSIOERTERREI/BEEINLEEIOSND.

EROERERICDOWT, RAERMMERM LT ZMRET L. 2006-201 1 FDBREBBOKEE, BFE7H
ZTAIC30°CEBA, EFEMICK Y2 CIEERT L THERICRZ2ZEN & ol BEREDKRES mETIE
100 mm/BLA EDEMT1.5+0.6°C (3HBEDIFEHE+HZRERE) KEMET LD, %*ambﬁV% IFE &
A EKBEEIN LD o7z, 2013FE8H27H-98308 ICEHE L 72 KR EHKER (HEFDOMEMIE&EK15
mm/H) Tl&, KE5 mDKEBIFERREET28.7+0.7°C (BT +EARZE) , BHEET28.7+0.8°CL &
NEMSTZ. INHDZENS, JIIFBICBVWTERBOAMNMEREWRBICIE, EFRMAIERICES Z &N
FHEERBEEZON. 2007FOAFERLAIEE -HE, FH=RMIF60m/BATHEANZN-DH
T, BRERIICEWTHHENICAKEMET LZmTge IRV, /> T, FERDOELEIZ, SKEDEMUADER
IC&BEEZIONS.

AILICE BB A BB I EZ2ERIC, BYICKZRENDHSD. Goreau et al. (2000)1, 1998FDKMBIEH
ICBEWT, BohIBACHLLICKZRERNMEN 2 & ERELL. BYIZ, REYMETH 3 ZERBY
B (LT, SS) " NAEBESEZRELTHAMLRAEERL, BILICKZRTXRETS2580H 5.

NEEDERIIFIESHICBENEWBIEICH >7-. 2013FE8827H-9830R ICEHE L 7= /B D& #£30
T, BHET L2 TOKEBTERBOBENZEAEN 27, KBS mOKEHDEE L, BRRETIE
BEIODKE.5 %THDD, BRIBTIEN2.7EEEIETLTEY, BYICLZREAIROONE. FLEE
DEFEAITIE, BERBICEVWTHHRDOTHEICEEN LRI 2ERIFHO5NE. ZOBRRIE, KLAETICH
IERICK ZEZ LIFP, TRICHBLAFRLIZDSSE LTORZEEEZ LN, BAROTEHRFIFESICLS
HENMZRERVEETHY, BYICKDIBNOMRIEISISICEVELHIETE 3.

—7, &YIESSTI10- 20 mg/IC7 2 ERIRI KA P ARLETEE VWL BEENRFELFESIT S
(Erftemeijer et al. 2012). ERIFOBE LT TH2 FTUT, SSEEETIZ23 mg/ITho7=. chsDZ En
5, IIFEED? Q%@%UM,H%@%%# UODHEEMNEENMNREARWVWERICH L EELAONS.

BE, BRIPICBWTHFIEZDRAENEMLZE WS EHEIDHY, BLICEZBROEBEN RREPT
NoltEAibhd., FETZEDORAEAFAEL T Y IHEITFELBY REE#HIFTCENE, BRI AL
oYY IBELATIREFERERYED
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Erftemeijer et al. (2012) Mar. Pollut. Bull. 64, 1737-1765

Goreau et al. (2000) Conserv. Biol. 14, 5-15
PE# (1979) RIERIF L L TOBFF3, RBRFHIR, RE, 145-169

F—T7— N GESIFEE &K-HRTSVRIRY A2 Bk, BY
Keywords: Kabira Bay, Acroporidae, Coral bleaching, Turbidity
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Verification of Seagrass Beds recovery in the inner part of Otsuchi Bay,
Iwate prefecture, where the distribution decreased due to the tsunami
associated with the 2011 off the Pacific coast of Tohoku Earthquake

*H x| BE B/ =8 AR
*Yoshiyuki TANAKA', Hideki FUKUDA?, Toshihiro Miyajima®
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BEBOEBERICEET 27 YT (Zostera marina) DNAD EE D H75%
Quantitative DNA assays for detecting Zostera marina DNA in coastal
Sediments

HEEM' RO S0 BRBER. BN EHE. =28 NE°
*Masakazu Hori', Masami Hamaguchi1, Hiromori Shimabukuro', Goro Yoshida', Toshihiro
Miyajima®
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1. National Research Institute of Fisheries and Environment of Inland Sea, Fisheries Research and Education Agency,
2. Division of Ocean-Earth System Science, Atmosphere and Ocean Research Institute, The University of Tokyo,

The sequestration of organic carbon (OC) in seagrass meadows has been attracting more attention as
global actions to climate change mitigation and adaptation increase. A direct method to detect Zostera
marina DNA in coastal sediments, which is essential to unravel long-term Z. marina-derived OC
accumulation, was developed as an environmental DNA (eDNA) detection techniques. Quantitative
real-time PCR (qPCR) and droplet digital PCR (ddPCR) were applied to quantify ancient Z. marina DNA in
coastal sediments, using specifically-designed dual-labeled probes (DLPs) and primers for one nuclear
and one chloroplast gene. Suitable pretreatments and methods for extracting Z. marina DNA from coastal
sediments were examined and their applicability to environmental samples was determined. Surface
sediments collected from Z. marina meadows contained about 2000 times more DNA than the adjacent
unvegetated tidal-flats in the Seto Inland Sea. Moreover, both gPCR and ddPCR successfully detected Z
marina DNA in ancient sediments (up to 5000 calibrated years before present (yr cal BP)), evidencing that
Z. marina DNA can be sequestrated in temperate coastal sediments for several millennia. In addition,
gPCR and ddPCR results obtained in the present study were highly correlated, although the later was
more accurate than gqPCR, particularly at low eDNA concentrations and in PCR inhibitor-rich samples.
Thus, the present study sets the basis for clarifying the process of Z. marina-derived OC sequestration and
demonstrates that seagrass meadows have been present in the Seto Inland Sea for at least 5000 years.

F—7—R:TI—h—Kr, BET7IE BREDNA
Keywords: Blue carbon, Seagrass, eDNA
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Application of deuterium tracer techniques to food-web analysis of
seagrass meadows

BB R IR EMS (£ AR ER BT ER B
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BEEFERROEYEE . Hitt - EMEOSKRLEROBBICKEFELEEFTEZEATWS, £MEHE
ICRAICHBREINDRE - TRIVF—E%basal resource (BREZR) MR EICTBE, FIZAIETYER
SYBEDHZE. PYEBR. TYEICNET 2WlRE. HBEYRAOKRERHEL L, RittoREKEERIC
MAT. 720 N VHKRORS - EEEHMAL TP, B - AFEMEFICHR T 288 R L. IR MeIC
IS TEHRAREMEDEEERMHEINTWE Z &b 3, FEEERIMEZNA RGP THRERIE
BB, TIHDLHET ZEMEHDOOEGREPEHRRNERL FLEEERILICKECER > TWVWS, 20D
£, BRZIMFTIVREFOBEHOERE R’/ EMBEICHRBINTVEIEWVWIEEN, £FEBROELE
MPETAICKELGFEEBEZZATWVWEEEZILNTWS,

REBMALET Y EV I RBEIEERNRYOTEOREDOBYBHAITEIE. COEMNEDEKEE RN SHET
ZEELEICHBENE WD BEREMEIPAT 21-DICIEEMNRAETHZD,. BRTIEIEEHROY 1 FTIVR%EH
LMY BDDERNAFEREIER/VICKVEVIBREREF>TWVWS, —A, MEMPTIVI NV DERE
2D HHF T, DR CERMERAERNT Z-ODFEE LT, BMEHRAE Y RERE R % G A
LML —H—FROBMIPELERLTWS, TZITEARETIE., BERGEMBEICSIZERERI &
DEIAFTIVRERATZODO—FEE LT, ALK —H—ICLB/0LR - FIAREEAYVIRLE
BICISAT 22 adlHb, PL—Y— L TEEKE CH) 2FEAL. BEESOYI/ORY MR (FR1
mmll EDESEY)) BHRICHIT2RMHERER CBEEBR L ZONERE) OFRARREZHEBHT 2HBEIC
WAL 7=,

MOICFIEERRE LT, BERBMBED Thalassia hemprichii& Cymodocea rotundata’®H, '°C, "> N CREBS
IC/NLR - SRV TBEADEUALERONY — U DR INSDTHEETEDLI ICERDI M AR, T
ARICZEEOINIVE LAEBEEAERR2EEIMICERSE. IMICK 2RAIERNSTRE TRER S HHE
Rtzo RICEAEERE LT, [ UEBER & Syringodium isoetifolium% BEXFREBEM TNV L TEEEMICESR
St, ERREHIIMOTRORERBMALICIEHFELAVDT, FBEMEOERMTPICE IFEMEEMKKD
C-NRERMALLY Yy EV I THEL., ARFICALCHENOKRAMAELEZRBVWTINILINZERDZDEY
ICLBHAREHETZ2EVIEESNAT IO—FHIAEICK S, ISINARE LT, ZB{ERFREFICE
ZEMAEXYVIARLZFALT, PYELZTONERRAZERE T 2EBYMEHRIBMELCICEI >TEDL S A
HEEZIIINEMPTEHIEEAEMNE LERRICKAFEZIGAT 22 2R A7, SEADRERKRTIE. Ihd
DEBOFELEONHBROBELFAT 2 & HIC, BEXKFRE M —HY—& LTHWRHBEOEMTHAEE
REZDEZLNZEBEKEICDOVWTEHRL 2,

F—T7— KN : BYREENR, NILR - FARAER RERGMATY EV Y, AEBEEERR. £ERRE
fE. XVIXA
Keywords: Food web analysis, Pulse-chase experiment, Stable isotope mapping, Coastal benthic
ecosystem, Ecosystem functioning, mesocosms
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