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Coral bleaching as indices for global warming effect to coastal ecosystem
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Coral bleaching is the obvious effect of global warming SST increase on coastal organism and ecosystem at tropical and sub
tropical area. In turn, at temperate coast, scallop and oyster were reported to be died last 2010 hot summer in Japan. However,
ecosystem change in urbanized temperate coastal area could be caused not only by water temperature rise but also by other
environmental factors, thus it is difficult to derive these mass mortality solely to be related to global warming. To evaluate the
index appropriateness of coral bleaching as global warming effect on other coastal ecosystem, we used the same in-situ type
underwater respirometer at Okianwa and Kochi at Japan main island to evaluate metabolic response to high water temperature,
both in coral being sensitive to high SST and blue mussel being extinction because of not tolerant to high water temperature,
The result suggested that energy balances of both species turned to be minus at high water temperature, indicating correlation
of both species extinction in each coastal ecosystems, within especially large scale warming trends. However, reef ecosystem
degradation and topical local high temperature may prevent to one to one event correlation between coral bleaching and blue
mussel mass mortality.
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Ocean acidification impact on calcification of reef-dwelling foraminifera
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Ocean acidification in response to rising atmospheric pCO2 is generally expected to reduce calcification by reef calcifying
organisms, with potentially severe implications for coral reef ecosystems. Algal symbiont-bearing, reef-dwelling foraminifers
mainly produce high-Mg calcite shells and are one of the most important primary and carbonate producers in coral reefs. Our
previous laboratory experiments have shown that a decrease in pH causes Marginopora individuals to reduce their calcification
rates [Kuroyanagi et al., 2009]. Here we report results of culture experiments using a high-precision pCO2 control system (the
AICAL system) to investigate the effects of ongoing ocean acidification on foraminiferal calcification with possible near-future
pCO2 conditions. We cultured asexually produced individuals of two foraminiferal taxa (Calcarina and Marginopora). These
foraminifers were subjected to seawater with five different pCO2 levels from 300 to 1000 ppm for 4 weeks in an indoor flow-
through system under constant seawater temperatures, light intensity, and photoperiod. After experiments, the shell weight of
each cultured specimen was measured. The results showed that net calcification of Calcarina, which secretes a hyaline shell and
is host to diatom symbionts, generally increased as pCO2 elevated. Contrary, Amphisorus, which secretes a porcelaneous shell
and is host to dinoflagellate symbionts, tended to show reduced net calcification with higher pCO2 conditions. These different
responses among taxa are possibly attributed to the decrease in carbonate ion concentration, an enhancement of calcification
by CO2-fertilized photosynthesis of algal symbionts, and/or different calcification mechanisms among taxa. Our finding sug-
gests that ongoing ocean acidification will be favorable for some hyaline taxa, but unfavorable for porcelaneous shells at higher
pCO2levels.
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Effects of rising sea surface temperature and ocean acidification on corals
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Increasing atmospheric CO2 concentration is considered to change distribution of corals in various ways via global warming
and ocean acidification. For example, poleward range expansion of coral habitats is caused by rising sea surface temperature in
response to global warming. On the other hand, lower saturation fraction of aragonite due to ocean acidification is presumably
prominent with lower sea surface temperatures in higher latitudes. Therefore, the future distribution of coral habitats is consid-
ered to be determined by the net effects of global warming and ocean acidification. In this study, using climate model results
cited in the IPCC 4th Assessment Report along with simplified indicators for coral habitats, we estimated future potential effects
of global warming and ocean acidification on coral distributions in seas close to Japan. The model results suggest that the coral
habitats will be strongly controlled by the poleward range expansion by rising sea surface temperature and the equatorward range
impansion by ocean acidification at the same time, and that the effects will appear earlier, by the middle of the 21st century, than
estimated in previous studies.
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SSpCO2 Distribution in Tropical Indonesian Seas and Its Implication to Blue Carbon Pro-
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Blue carbon mechanism proposed by UNEP is one of the most powerful approaches to intelligently measure the role of ocean
in binding polluted atmospheric CO2. With a basic assumption of nature

′
s ingenuity of ocean as carbon capture and storage,

the proposal brings spirit to keep the healthy ocean away from anthropogenic environmental threat. From our observation data,
we found that during northwest and first transition monsoon season, surface water of Java, Flores and Banda Sea had pCO2 of
around 391 ppm. In average, ocean had 11 ppm higher than the mean of CO2 in Indonesia

′
s atmosphere during these periods,

380 ppm. That means that 13 billion tons of CO2 per month were emitted to the atmosphere during these periods from the area
of the measurements of 2500 km2. Those results agree with predictive assumption that tropical oceans act as CO2 source rather
than CO2 sink. The condition is worse in coastal area, where biological pump never take place, even though photosynthesis
from marine vegetation in coastal tropical sea is abundant. Therefore, policy instruments of carbon credit in marine, especially
for tropical oceans that naturally emit CO2, should be different from those for land. The policy should take into account the
capability of tropical ocean to absorb anthropogenic CO2.
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A simulation model for coral reef formation: growth patterns responding to relative sea-
level histories
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Coral reef topographies and reef growth patterns are influenced from relative sea-level histories. Several types of reef growth
patterns responding to the relative sea-level histories, e.g. balanced aggrading/onlapping, seaward prograding, back stepping,
etc., have been identified in previous studies. Recently, Nakamura and Nakamori (Coral Reefs 2007, 26, 741-755) developed a
geochemical model for coral reef formation based on diffusion-limited and light-enhanced calcification, and the model recon-
structed well the reef topography and Holocene reef-growth history. In this presentation, the model is modified, and simulated
it on four scenarios of relative sea-level histories. The simulation result on the first scenario, which is similar with global sea
level history between 8,000 years B.P. and present, is very similar with balanced aggrading/onlapping type of Holocene fringing
reefs. The simulations on the scenarios of stable sea level and gradual sea level falling are well-reconstructed seaward prograding
type reefs. The result of the simulation on the scenario of faster sea-level rising is similar with back-stepping type reefs. There-
fore, the reef topographies and growth pattern responding to relative sea level histories simulated by the model were in general
well-reconstructed concerning Holocene reefs observed in nature.



BBG020-06 Room:201B Time:May 24 17:45-18:00

Atmospheric nitrogen deposition: magnitudes, seasonal variation and potential impacts
on Yaeyama coral reefs
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Roughly half of nitrogen (N) emitted anthropogenically to the atmosphere is said to be deposited on the coastal sea, with depo-
sition rates depending on the proximity to pollution sources and the wind regime. Ecological impacts of N deposition would be
particularly large in originally oligotrophic coastal areas including coral reefs. However, few studies have ever been conducted on
N deposition on reef areas. We studied wet deposition of dissolved inorganic nitrogen (DIN) on coral reefs around Yaeyama Is-
lands (southwestern Japan) that are close to large pollution sources (Continental China and Taiwan). Rain waters were collected
at 11 coastal sites surrounding Ishigaki and Iriomote Islands during 12 survey periods spanning from March 2009 to January
2011 and analyzed for DIN concentration and related parameters. The deposition rate of DIN was usually high in winter (up to
>100 uM as concentration in rain water) and low in summer (normally<10 uM). However, ephemeral increases to>50 uM
have been observed in summer months of 2009. In most case 50% - 80% of the rainwater DIN was nitrate, with the rest being
ammonium. Concentrations of nitrate and ammonium were correlated to each other (r = 0.908). Rainwater pH was often as low
as 4.3 in winter. The delta-18O of deposited nitrate was typically high (70 - 80 permil vs. VSMOW), although it was as low as 50
permil when the deposition rate was lowest, indicating at least two pollution sources with different isotopic signatures. We are
now identifying source locations and transport pathways of atmospheric DIN using both wind regime simulation by the regional
meteorological model and the O/H isotopic compositions of rainwaters. On the annual basis, the calculated DIN deposition rate
on Shiraho reef area (well-studied fringing reef of Ishigaki Island) was roughly comparable to the biological nitrogen fixation
rate estimated from literature data, when only direct precipitation to the reef area was considered. The range of delta-15N of
deposited nitrate (-3 to +3 permil vs. atm. N2; -1.4 permil on average) was also similar to that of N delivered by biological N2

fixation (-2 to 0), which makes it difficult to discriminate the provenance of N for reef biota using the tissue delta-15N. The high
DIN deposition rates would cause eutrophication of the water column of reef areas, which might benefit temporarily reef corals
that can utilize DIN. However, eutrophication also leads to higher abundance of phytoplankton, which may enhance the larval
survival of crown-of-thorns starfish and consequently lead to coral degradation. The influential area of atmospheric N deposition
extends far offshore compared to that of terrestrial nutrient loading due to rivers and groundwaters. Close examination of ecosys-
tem responses of coral reefs to the atmospheric N deposition is needed in future studies.
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Tropical Northwest Pacific pH Variability Inferred from Boron Isotope Composition in
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Ocean acidification has been accelerated due to adsorption of increasing anthropogenic carbon dioxide emissions from the
atmosphere since the Industrial Revolution [Intergovernmental Panel on Climate Change, 2007], probably causing a serious de-
crease in surface ocean pH in the future [Zeebe et al., 2008 Science]. This issue may bring critical threat to calcifying organisms
and coral reef ecosystems [e.g., Orr et al., 2005 Nature]. Our current knowledge of ocean acidification is mainly the result of
model simulation studies [e.g., Cao and Caldeira, 2008 Geophys. Res. Lett.]. In the Pacific Ocean, a continuous observation of
sea surface pH has been conducted only at the offshore site of Hawaii (Hawaii Ocean Time-series: HOT), which shows a decrease
trend of seawater pH during the last 2 decades, in accordance with an increase in surface water partial pressure of carbon dioxide
followed by the atmospheric carbon dioxide rise [Takahashi et al., 2006 J. Geophys. Res.]. However, the actual long-term trend
and variability of seawater pH for the last several centuries remains unknown.

Massive Porites sp. corals, one of the most informative archive for past ocean environments, precipitate annually-banded arag-
onite skeletons and grow rapidly, which can allow accurate chronological control and high-resolution sampling. Due to isotopic
fractionation between the two dominant boron species in seawater, boron isotopic systematics in marine carbonates provides
a potential proxy for pH of ancient oceans [e.g., Hemming and Hanson, 1992 Geochim. Cosmochim. Acta]. Up to now, there
are a few studies conducting reconstruction of seawater pH using boron isotopic composition of modern and fossil corals. Only
the two previous studies [Pelejero et al., 2005 Science; Wei et al., 2009 Geochim. Cosmochim. Acta] reported boron isotope
composition time series of long-lived Porites corals from the Great Barrier Reef that showed significant paleo-pH variability
at sea surface in the southwestern Pacific Ocean for the last 300 years. Nevertheless, unlike seawater temperature and salinity
records, no coral-based reconstruction of long-term pH variability in the North Pacific Ocean has been reported yet. To better
understand natural variability of the ocean pH and predict its future trend more accurately, long time series of pH proxy records
during periods before the instrumental data accumulation are needed.

Here, we present annually resolved boron isotope composition time series of a modern Porites coral from Guam and recon-
struct interannual variability and trend of sea surface water pH in the tropical northwest Pacific Ocean since 1940. The pattern of
reconstructed time series for Guam coral is significantly different from those reconstructed from the Great Barrier Reef corals,
which appears to reflect regional variability on response to ocean acidification together with the El Nino events-associated fluc-
tuation.
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Monitoring, assessment and impacts of the seasonal and spatial sedimentation patterns/rates
around coral reef ecosystems
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Seasonal and spatial patterns and rates of sedimentation; total mass flux, sediment types, size grades, physical and chemical
characteristics (total/organic carbon, total nitrogen and carbonate) contents, have been monthly monitored around the coral reefs
of southern Japan Marine Park Areas (MPAs), using sediment traps deployed in the ocean bottom around coral reefs in the coral
moat and reef slope in the MPAs of the Ryukyu islands (Ishigaki, Iriomote, Kohama and kuro) during a one year monitoring
project. The traps monthly retrieved and analyzed for their sedimentation rates, size grades, physical and chemical characteris-
tics.

The total mass flux ranged between 0.54 to 872 gm-2d-1, and showed a pronounced seasonality (high in summer-autumn and
low in spring) at each site, which was consistent with the rainfall and typhoon regime. On the reef flat (Todoroki South and North;
Ishigaki), values obtained in July-August (872 gm-2d-1) and August-September (800 gm-2d-1) indicate the high terrestrial dis-
charge from Todoroki River. The size distribution of trapped sediments revealed mostly uni-modal fine sand to mud in the reef
flat and gravelly to coarse sand in the reef slope. Trapped sediment particles consist of CaCO3 (1.2-27.1%) and a non-carbonate
fraction (98.8-72.9%), which contains total carbon (4.9-26%), carbonate carbon (CO2-C) (0.2-3.1%) and non-carbonate carbon
(NC-C) (7.9-25.6%). Total nitrogen content was in the range 0.02-0.48%. TN is contained mainly in the carbonate fraction and
NC-C may be contained in the non-carbonate fraction. The low TN/OC ratio of the trapped sediments suggests that they were
mostly of terrestrial origin and that both fractions migrated. The high total mass flux derived from Todoroki River exceeded the
threshold at which a lethal effect on coral community is caused (Ismail et al., 2005).

Mass mortality of some coral species was markedly recorded around Todoroki River mouth in the moat area. Mortality percent-
ages were estimated along transect lines in the study area using scuba diving and manta tow technique, then plotted on satellite
images. The coral mortality correlated with the measured sea water physical, chemical and oceanographic characteristics as well
as the prevailed measured meteorological parameters during the course of study. Using time series analysis techniques, the results
showed a strong correlation of the coral mortality with the prevailed high sedimentation rates, turbidity, low tide, rainfall, and
high water temperature. The study revealed the importance and the role of using sediment traps in the monitoring around the
coral reef ecosystems health, reef management and conservation.
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