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Field investigation and the path analysis of air-sea CO2 flux in shallow waters of Ishigaki
Island

TADA, Kazufumi1∗ ; TOKORO, Tatsuki2 ; WATANABE, Kenta2 ; MOKI, Hirotada2 ; KUWAE, Tomohiro2

1Chuden Engineering Consultants Co., Ltd.,2Port and Airport Research Institute

The Blue Carbon, which is carbon captured by marine living organism, is recently focused as an important option for climate
change mitigation initiatives. The Blue Carbon is equivalent to approximately 55% of carbon fixed by photosynthesis activity of
the earth. In particular, vegetated shallow waters have been recognized as significant carbon stocks due to the high burial rates
and long term sequestration. However, the contribution of Blue Carbon sequestration to atmospheric CO2 in subtropical shallow
waters is unclear, because the investigation and analysis technologies are unmatured.

In this study, using an approach combining field investigations and path analysis, we examined the mechanisms by which envi-
ronmental factors directly and indirectly affecting air-sea CO2 flux. Field investigations were performed to examine air-sea CO2

flux and environmental factors (e.g., wind speed, water temperature, salinity, total alkalinity (TA), dissolved inorganic carbon
(DIC)) in shallow waters (Fukido, Shiraho, Nagura, and Kabira) of Ishigaki Island, July 2013. In addition, we implemented the
path analysis to infer important environmental factors and interactions affecting the air-sea CO2 flux.
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Spatial distribution and its characteristics of stable nitrogen isotopic composition of macroal-
gae in Nagura Bay
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This study, focusing on Nagura Bay in the west of the Ishigaki Island, conducted a field sampling and measurement ofδ15N
values of macroalgae,Padinaspp. and sea grass,Thalassia hemprichiiin order to evaluate effects of land-derived nitrogen load
on the coral reef ecosystem, and to discuss the reasons for the nitrogen load distribution in the bay.

In June 2013, 55 samples for each species were collected at about 50 m intervals on 7 transect lines, and theirδ15N andδ13C
values were measured in the laboratory. At the same time, water samples at stream, spring and sea were collected and their
water qualities were measured. Moreover, areas for each land use in related watershed were calculated using GIS to examine
the relationship between the nitrate concentration in river water samples and land use, and to identify the source of land-derived
nitrogen.

As a result, most of theδ15N values of macroalgae and sea grass linearly decreased from +6 to +2‰ with increasing distance
from the shoreline. However, the transect lines around the river mouth of Nagura River relatively showed highδ15N values by
about 1 km away from the shoreline comparing with the other transect lines. One of the reasons is probably water flow condition
around the river mouth. Some previous studies had showed that the water flow stagnates around there due to the south monsoon
wind in spring and summer. Before this field sampling, the mode of wind direction for 3 months was surely south wind. This
is why the land-derived nitrogen loads through Nagura River remained around river mouth due to water stagnation and lower
dilution in seawater, and the plants could have higherδ15N values.

On the other hand, NO3-N concentrations have high correlations with ratios of farm land and cultivated areas. Thus, they were
perhaps the main nitrogen sources in this study area. Additionally, NO3-N flux [mg/s], which calculated by flow rate [m3/s] and
NO3-N concentration [mg/l], estimated 81.9 mg/s at the river mouth of Nagura River, and 59.4 mg/s at the upstream. Mangrove
swamps and tidal flat exist between the two locations. Thus, the nitrogen source increasing the flux 22.5 mg/s could come from
the swamps or their upstream.

Keywords: Padina spp., Thalassia hemprichii, Stable nitrogen isotopic composition, land-derived nitrogen, Nagura Bay, man-
grove swamps and tidal flat
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Propagation of suspended matter from aquacultures as traced by stable C and N isotope
ratios of bivalves
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Recently there is growing concern about the impact of densely-deployed aquacultures on coastal marine ecosystems in the
Philippines. As suspension-feeding bivalves are expected to reflect local food sources, their effectiveness as an environmental
indicator were examined by analyzing stable carbon and nitrogen isotope ratios of bivalves living in aquaculture and neighboring
seagrass areas. As a whole, theδ13C andδ15N of bivalves collected in the seagrass areas ranged from -13.1 to -11.0 and from
+4.0 to +6.6, respectively, but in seagrass area where water mass from aquaculture area passed through typically lower values
(-18.9 ˜-16.1 and +2.7 ˜+5.2, respectively) were observed, and they were the lowest in the aquaculture area (-24.4 ˜-19.8 and +3.4
˜+4.3, respectively). It suggests that bivalves mainly fed on sinking particles, and presumably also seagrass-derived particles in
seagrass areas. Higher C/N ratio was observed at sites where impact of aquaculture was larger. Although the interspecies differ-
ences and food selectivity etc. may affect the variability of the bivalveδ13C andδ15N to some extent, these results demonstrated
that stable isotope ratios of bivalves could be used as an effective indicator to evaluate propagation areas and actual effects of
suspended matter resulting from anthropogenic source on ecosystems.
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Organic carbon preservation in tropical seagrass-bed sediments: importance of sorptive
vs. non-sorptive mechanisms
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Large benthic primary producers such as seagrasses and seaweeds often exhibit extremely high CO2-fixing ability and are
expected to have a potential to mitigate the deteriorative influence of ocean acidification on local communities. In particular,
the seagrass community has also a capacity of accumulating and sequestering organic carbon (OC) in the sediment underlying
it, which implies that it functions as a self-complete, long-term CO2 sink in the biogeochemical carbon cycle. This feature has
been recognized as one of the major ecosystem services of the coastal marine ecosystem. In this study, we investigated the
distribution, the physical state, and the potential origins of OC stored in the sediments from tropical, subtropical, and temperate
seagrass communities.

The concentration of OC per salt-corrected dry weight of sediment normally ranged between 500 and 1300µmol C g−1 in
both temperate and subtropical seagrass beds, although extremely high values up to 4000µmol C g−1 have been found in some
tropical seagrass sediments that were affected by OC inputs from adjacent mangrove forest. The carbon isotopic composition
(δ13C) of OC varied broadly from -28‰ to -12‰ (vs. VPDB), although the majority of seagrass bed sediments exhibited -20
± 3‰. The variability inδ13C could be interpreted by varying contribution of multiple OC sources to the sediment, including
seagrasses (c. -10‰), sinking particles derived from phytoplankton (c. -22‰), and allochthonous OC including terrestrial plant
and mangrove detritus (c. -28‰).

The specific surface area (SSA) of sediment grains ranged between 1 - 20 m2 g−1 for seagrass bed sediments. In the case of
temperate seagrass sediments, the concentration of OC was closely correlated to SSA (r = 0.9405), with the average OC/SSA
ratio being 0.72 mg C m−2. This trend, as well as the OC/SSA ratio, is consistent with the well-known sorptive preservation
model of sediment OC originally proposed for shelf sediments (OC/SSA = 0.6 - 0.9 mg C m−2; Keil et al. 1994, Mayer 1994). In
contrast, no clear relationship between OC and SSA was detected for subtropical and tropical seagrass sediments. The OC/SSA
ratio was generally higher for subtropical (up to 4.2) and tropical (up to 8.5) samples than temperate ones. Two clearly different
trends of theδ13C of OC vs. the OC/SSA ratio could be distinguished for tropical and subtropical samples. In one trend, the
δ13C converged to between -28‰ and -26‰ with increasing OC/SSA ratio. This trend was typically observed in mangrove-
affected tropical seagrass beds and therefore could be ascribed to accumulation of mangrove-derived OC particles within seagrass
sediments. The other trend, in which theδ13C gradually increased up to -12‰ with increasing OC/SSA, was found mainly in
subtropical seagrass beds. This trend indicates an accumulation of OC particles of relatively highδ13C, putatively derived from
the underground parts of seagrasses.

Overall, the above results demonstrated that the seagrass community actually has a large capacity to accumulate and store
organic carbon of both autochthonous and allochthonous origins. However, the physical state of OC stored in the sediment
seemed contrasting between temperate and tropical/subtropical seagrass communities. In the former, OC seemed to be stabilized
by adsorption onto mineral particles as suggested by the consistent OC/SSA ratio. In the latter, accumulation of refractory detrital
OC particles apparently played the major role in the OC storage in the sediment. The source of refractory OC particles could
have been autochthonous (e.g. seagrass roots) or allochthonous (e.g. mangrove debris) depending on the environment. We are
now investigating what causes such a difference in the accumulation state of OC depending on climatic and/or biological factors.
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Inorganic carbon cycle at the Fukido estuary in Ishigaki Island
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″ Blue Carbon″, which is carbon captured by marine living organisms and about 55 % of biological captured carbon in the
world, is an important carbon budget in the global carbon cycle. The Blue Carbon in coastal regions is recently focused as an
effective option for the climate change initiatives because the part of the Blue Carbon is separated from the atmosphere for long
periods as the sediment in the soil. The potential of the carbon sequestration in tropical-subtropical coastal regions is expected
to be high due to the abundant vegetations such as seagrass meadows and mangroves. Meanwhile, there is the potential that the
coastal regions release CO2 to the atmosphere due to the high decomposition rate of organic matters in vegetations and from
land.

The precise measurement of the carbon cycle including the air-sea CO2 flux is necessary for the evaluation of tropical-
subtropical coastal regions related to atmospheric CO2. Because the temporal variation in tropical-subtropical regions is generally
larger than that in other climate regions, the measurement should have a certain level of continuity for long periods. In this study,
we analyzed the subtropical inorganic carbon flow base on the measurement of air-sea CO2 flux by the eddy covariance method
and the biomass of seagrass at an estuary in Ishigaki Island.

The measured air-sea CO2 flux by the eddy covariance method (-1.00± 0.11µmol/m2/s; 95 % confidential limit) indicates
that the estuary was atmospheric CO2 sink during the measurement period; the value is almost the same as the flux measured by
other method such as the bulk formula method or the floating chamber method. In addition, the measured flux shows different
tendency before and after a typhoon approach at the site. Because the seagrass was autotrophic during the measurement period,
the linkage between the Blue Carbon production and the absorption of atmospheric CO2 was confirmed at the measurement
site. The presentation will discuss about the potential of the Blue Carbon fixation at subtropical coastal regions based on the
comparison of the carbon flow measurement in other climate zone.

Keywords: Carbon cycle, Blue Carbon, Air-sea CO2 flux, Seagrass, Eddy covariance method
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Skeletal records in sclerosponges from Miyako-jima, Ryukyu Islands
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Sclerosponges, living in dark environments of tropical to subtropical shallow oceans, precipitate calcium carbonate skeleton
with growth bands. They grow slowly at an approximate rate of<1 mm/year unlike corals (about 1 cm/year) but can be so
long-lived for several decades to hundred years like corals (e.g., Benavides and Druffel, 1986). Skeletal oxygen isotopic ratios
(δ18O) reflect variations in sea surface temperature and seawaterδ18O with the latter being closely related to salinity reflecting
the precipitation-evaporation balance at the sea surface and changes in water mass transport (e.g., Wu and Grottoli, 2009). In
contrast to zooxanthellate corals, which commonly show positive correlations between skeletalδ18O and carbon isotopic ratios
(δ13C), there do not exist vital effects in the secretion of sclerosponge skeleton (Druffel and Benavides, 1986). Previous studies
showed significant decrease trends in theδ13C records toward the present, which is probably a result of12CO2 added into the
atmosphere/ocean from fossil fuel burning (e.g., Bohm et al. 1996). Therefore, sclerosponges are shown to provide annually
resolved time series of proxy records of ocean environments since the Industrial Revolution. However, longer (>100 year) proxy
records from sclerosponges were derived only from the Atlantic Ocean.

Here we presentδ18O andδ13C records from high-Mg calcite skeleton of two sclerosponges (Acanthochaetetes wellsi) col-
lected at a water depth of about 10 m from Miyako-jima, Ryukyu Islands in the North Pacific. The samples were slabbed to
a thickness of 5 mm parallel to the skeletal growth and subsamples for stable isotope measurements were taken every 1 mm.
External precision of replicate measurements of interlaboratory calcite material throughout the stable isotope analysis using a
continuous flow isotope ratio mass spectrometer system (Delta V Advantage and Gasbench II: Thermofisher Scientific Inc.) of
Ryukyu University was±0.05 per mil forδ18O andδ13C. Soft X-ray images showed highly developed skeletal growth bands with
>100 high/low density layers. The secular changes inδ13C of the two sclerosponges were quite similar to previously reported
δ13C records from Atlantic and Pacific corals and sclerosponges. The long-termδ18O trends of the two samples are character-
ized by slight depletions throughout their living periods, indicative of an overall trend toward warmer ocean environment around
Miyako-jima. Our sclerosponge-based estimates of sea surface temperature and salinity may document thermal and hydrologic
variations in the Ryukyu Islands, furthering a good understanding of northwestern tropical-subtropical Pacific climate change for
the last several centuries in conjunction with coral-based long proxy records.

Keywords: sclerosponge, skeleton, oxygen isotope composition, carbon isotope composition, paleoenvironment, Ryukyu Islands
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Paleoenvironmental analysis using Tridacnidae shells from archaeological sites in Okinawa-
jima, subtropical southwestern
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Symbiont-bearing Tridacnidae giant clams living in shallow waters of the Indo-Pacific tropical and subtropical regions can be
a used as an archive for documenting high-resolution record of thermal and hydrologic variations in coral reef environments for
the past. Their shells, composed of dense aragonitic increments, are less sensitive to diagenetic alteration than porous skeleton of
corals. They have annually and daily banded shells structure, providing chronological controls (e.g., Bonham 1965). The oxygen
isotope composition (δ18O) of shells, which are precipitated isotopically equilibrium with seawater, can reflect the temperature
and seawaterδ18O (e.g., Aharon & Chappell 1986). Several studies on paleoenvironmental reconstructions around the Ryukyu
Islands were performed using geochemistry in fossil corals from Okinawa-jima (Mitsuguchi et al. 1998), Yonaguni-jima (Suzuki
et al. 2001), Kikai-jima (Morimoto et al. 2007), and Kume-jima (Seki et al. 2012). However, only aδ18O record has been
published from 6.2 ka giant clams from Kume-jima (Watanabe et al. 2004).

Here we present seasonally resolvedδ18O time series of fossil Tridacnidae shells recovered from two archaeological sites (the
Kogachibaru Shell Mound and the Second Aragusuku-Shichabaru Ruin) in Okinawa-jima, southwestern Japan to reconstruct
subtropical coral reef environments of the past. The samples, mainly composed of aragonite shells with limited amounts of
calcite cements, were selected for geochemical analyses. The radiocarbon dating results indicated that they lived during the early
and middle Shell Mound periods in Okinawa-jima, corresponding to the middle-to-late Holocene, which is in good agreement
with ages inferred from excavation (Okinawa Prefectural Board of Education 1987; Okinawa Prefectural Archaeological Center
2006). The shellδ18O values roughly showed seasonal variations, coincident with the occurrence of annual growth bands. The
averages of annual, summer, and winterδ18O values of fossil shells were significantly lower than aragonite theoretically pre-
cipitated in present-day coral reef water of Okinawa-jima. These results demonstrate that the seawater temperature was higher
and/or salinity was lower at the sites than today. It is likely that the giant clams lived in relatively small and/or closed coral-reef
lagoons with less water circulation where seawater is highly susceptible to insolation-induced temperature increase and input
of fresh water; the effect could be enhanced by the fisheries lifestyle that stonewalling would be constructed at shallow waters
through the use of tidal variation during the Shell Mound period in Okinawa-jima.

Although it is extremely difficult to find well-preserved fossil Tridacnidae shells from carbonate sediments that are not frag-
mented, archaeological ruins and shell mounds can yield many fossils. Results of our study suggest that the use of fossil shells
from archaeological sites can enable the reconstruction of temporal and spatial variations in coral reef environments and of the
history of lifestyles and culture during prehistoric and protohistoric ages.

Keywords: coral reef, Tridacnidae, shells, fossil, oxygen isotopic composition, archaeological site
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Evaluation of natural break water of coral reefs affected by typhoons in the near future
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Tropical cyclones are one of the most extreme natural catastrophic events over the world and devastate coastal areas affected by
floods and coastal erosions. Ryukyu Islands in the northwest Pacific is especially prone to many typhoons every year (Emanuel
et al. 2008 Bull Amer Meteor Soc). However, the region is moderately protected from storm surge and wave during typhoons
because coral reefs play a role in natural break water. For the last several decades, coral cover and species diversity on coral reef
have shown dramatic declines in the region, influenced by global and local stresses (e.g., Hongo and Yamano 2013 PLoS ONE).
According to the numerical modeling of global warming at the end of 21 st century, moreover, the mean intensity of tropical
cyclones will probably increase significantly in the near future (Meehl et al. 2007 IPCC 4th Report). It is thus of some interest
to understand the impact of tropical cyclones on the coastal areas in the region and the evaluation of coral reefs as natural break
water.

To calculate a hydraulic force on a natural break water, we measured 9 transects using the echo sounder system (HFD-1000;
Hongo et al. 2013 The Quat Res) on from the coast to the reef crest at Ishigaki Island in Ryukyu Islands during November 2013.
To evaluate a contribution to reef formation by corals, moreover, we observed species abundance (cover) of tabular corals at the
island. We shows that a change of role in natural break water of coral reefs in the island from present to end of 21 st century.
Furthermore, we suggest necessary information of corals (e.g., cover and species) for maintenance of natural break water in the
near future. The information are like to be one of basic criterion for determination of species in terms of direct transplantation of
juvenile or adult corals, if the coral reefs will decline in the near future.

This research was supported by Nippon Life Insurance Foundation and JSPS Research Fellowships for Young Scientists (24-
4044).
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