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Sub-theme A:
Ocean Processes and Climate Change

Session A1:
Unveil the Kuroshio and its role in climate and ocean:
Observational and modelling perspectives on multi-scale variability
and multi-disciplinary aspects of the Kuroshio
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Session A1: Unveil the Kuroshio and its role in climate and ocean: Observational and modelling
perspectives on multi-scale variability and multi-disciplinary aspects of the Kuroshio

On regime shift of the Kuroshio Extension system after 2018

Bo Qiu’, Shuiming Chen’, and Eitarou Oka?

"Department of Oceanography, University of Hawaii at Manoa, Hawaii, USA
2Atmosphere and Ocean Research Institute, The University of Tokyo, Tokyo, Japan

Abstract

The Kuroshio Extension (KE) system constitutes the western boundary current outflow
after the Kuroshio separates from the coast of Japan. In the past 40 years following
the 1976/77 climate regime shift in the North Pacific climate system, the KE system
has been observed to oscillate between a stable and an unstable dynamic state with
a preferred period of ~10 years. This decadal modulation has been argued to result
from a delayed negative feedback process involving the KE variability, its impact upon
the overlying storm tracks, the basin-scale wind-forced main thermocline adjustment,
and the response of the KE system to the westward-propagating thermocline
anomalies. In August 2017, the Kuroshio south of Japan developed a large meander
(LM) path which has persisted over the past 6 years. By analyzing eddy-resolving sea
surface height data and by adopting a wind-forced linear vorticity model, we
demonstrate that the on-going persistent LM is maintained by an exceptionally stable
dynamic state of the KE that is both forced by wind stresses across the Pacific basin
and by the occurrence of the Kuroshio LM. Through the nonlinear mutual
enhancement between the KE and its upstream LM, the KE system has entered a new
regime with a super dynamic stability.

Keywords: Kuroshio, Kuroshio Extension, regime shift, super stability, delayed
negative feedback
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Session A1: Unveil the Kuroshio and its role in climate and ocean: Observational and modelling
perspectives on multi-scale variability and multi-disciplinary aspects of the Kuroshio

Predictability of oceanic variability off the eastern coast of Japan
by eddy-resolving forecasting system

Yukito Tamura' 2, Masami Nonaka’, and Shoichiro Kido'

" Application Laboratory, VAIG, JAMSTEC, Japan
2 The University of Tokyo, Japan

Abstract

Warm sea surface temperature anomalies have been frequently observed off the east
coast of Japan since the 2010s, and suggested to affect regional marine ecosystems
and climate. For the anomalies, previous studies have suggested the influence of
increased anticyclonic mesoscale eddies. In the present study, we investigate the
predictability of interannual temperature variability in the region with seasonal to
interannual lead time using a prediction system based on an eddy-resolving ocean
general circulation model (Kido et al. 2023, Geophys. Res. Lett.). From the 36-month
prediction experiments initialized on January 1st of each year from 1994 to 2020, we
found moderate forecast skill in predicting surface and subsurface temperature at 1-
year lead time over the region south of Hokkaido, the northernmost main islands of
Japan. Further analysis suggests that a source of the predictability is an anticyclonic
eddy shed from the Kuroshio Extension and its northward propagation to the high-skill
region, which is found in both the observation and the prediction.

Keywords: prediction, Kuroshio Extension, warm temperature, anticyclonic eddy
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Session A1: Unveil the Kuroshio and its role in climate and ocean: Observational and modelling
perspectives on multi-scale variability and multi-disciplinary aspects of the Kuroshio

Diurnal variation of mixed layer depth at ocean climate station KEO
in the northwestern Pacific

Na Feng' 2, Jingjie Yu', Zhaohui Chen’ 3, Yongzheng Liu*®, Bolan Gan’,
and Haiyuan Yang'

" Frontier Science Center for Deep Ocean Multi-spheres and Earth System (FDOMES) and
Physical Oceanography Laboratory, Ocean University of China, Qingdao, China
2 Academy of the Future Ocean, Ocean University of China, Qingdao, China
3 Laoshan Laboratory, Qingdao, China
4 Harbin Engineering University, Harbin, China
® Qingdao Innovation and Development Center of Harbin Engineering University, Qingdao,
China

Abstract

The mixed layer depth (MLD) is important for both physical and biological
oceanography. Nevertheless, the variation and mechanism of diurnal MLD remain
uncertain. The diurnal variation of MLD (k") within the Kuroshio Extension region is
investigated utilizing observations from Kuroshio Extension Observatory (KEO) buoys.
The prominent diurnal cyclic pattern is found in MLD with its maximum depth
occurring prior to sunrise and shallowest arriving before sunset. Furthermore, the
most pronounced h’ occurs in April, whereas the weakest fluctuation is observed
during the summer, exhibiting seasonal variations. A one-dimensional mixed-layer
model is employed to assess the relative contribution of atmospheric forcing and
oceanic stratification to h'. It is found that k' is primarily governed by high-frequency
solar radiation, demonstrating contribution of 41% at least, and intensifies with
strengthening diurnal fluctuations in shortwave radiation. In contrast, the low-
frequency variations in wind stress exert a greater influence on h' than its high-
frequency variations, accounting for no more than 20%. The oceanic stratification,
including the initial upper ocean MLD and thermocline slope, contributes 22% and 7%
to h', respectively. It is found that the diurnal fluctuations in MLD weaken with
enhanced oceanic stratification.

Keywords: mixed layer depth, diurnal variation, Kuroshio Extension
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Session A1: Unveil the Kuroshio and its role in climate and ocean: Observational and modelling
perspectives on multi-scale variability and multi-disciplinary aspects of the Kuroshio

Daily monitoring of the Kuroshio over the Izu Ridge using GNSS
on a ferryboat

Kaoru Ichikawa, J. Noda, K. Yufu, and R. Sakemi
RIAM, Kyushu University, Japan
Abstract

The Kuroshio, the western boundary current of the North Pacific, has stably taken a
large meandering path south of Japan since August 2017. Variations of the wind
Sverdrup transport and mesoscale eddy activities are considered major causes of the
large meander, but the significant bottom topography of the Izu-Ogasawara Ridge
should be one of the key factors controlling formation and deformation of the large
meander of the Kuroshio. However, because of the absence of dense satellite
altimeter tracks over the Izu Ridge, sea surface height (SSH) and geostrophic velocity
observations over the Izu Ridge are not frequent, which would prevent accurate
prediction of non-linear rapid Kuroshio path changes. Therefore, since 2022 June, we
have deployed the Global Navigation Satellite System (GNSS) receivers on the
ferryboat “Tachibana Maru” (Tokai Kisen, 5681t) cruising between Takeshiba Port,
Tokyo to Hachijo-jima Island, which crosses the Kuroshio over the Izu Ridge twice a
day. Using precise point positing (PPP) and post processed kinematic (PPK)
positioning referring to fixed land GNSS stations operated by the Geospatial
Information Authority of Japan, SSH variations along ship tracks are determined. After
removing the EGMO08 geoid height, along-route sea surface dynamic height (SSDH)
variations are obtained of several tends of centimeters. The measured SSDH
describes variations of the Kuroshio axis position due to its meanders, together with
presence of branch currents. However, better geoid model is required, especially
around islands, to increase the accuracy of absolute geostrophic velocity.

Keywords: the lzu-Ogasawara Ridge, Kuroshio large meanders, GNSS, ferryboat
observations
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perspectives on multi-scale variability and multi-disciplinary aspects of the Kuroshio

Seamount wake and turbulent mixing induced by the Kuroshio and
tides in Tokara Strait

Eisuke Tsutsumi' 2, Ryuichiro Inoue?, Takeyoshi Nagai? Hirohiko Nakamura',
Ayako Nishina, Takahiro Endoh®, Anne Takahashi?®, Ren-Chieh Lien®, Eric Kunze’,
Sachihiko Itoh?, and Daisuke Hasegawa®

" Faculty of Fisheries, Kagoshima University, Kagoshima, Japan
2 Atmosphere and Ocean Research Institute, The University of Tokyo, Chiba, Japan
3 Research Institute for Global Change, Japan Agency for Marine-Earth Science Technology,
Kanagawa, Japan
4 Department of Ocean Sciences, Tokyo University of Marine Science and Technology,
Tokyo, Japan
° Research Institute for Applied Mechanics, Kyushu University, Fukuoka, Japan
¢ Applied Physics Laboratory, The University of Washington, Seattle, Washington, USA
7 NorthWest Research Associates, Redmond, Washington, USA
8 Fisheries Resources Institute, Japan Fisheries Research and Education Agency,
Shiogama, Japan

Abstract

Current, stratification and turbulence were measured with an ADCP/CTD mooring and
shipboard microstructure profiler to investigate mixing due to interaction between
seamount topography, the Kuroshio and tides. Measurements were conducted in the
downstream wake of Hirase Seamount in Tokara Strait, a 550-meter-tall seamount
rising from the 600-m deep seafloor, during November 2019, November 2020 and
November 2021. The flow is characterized by topographic Rossby Number Ro > 1 and
topographic Froude number Fr, = U/Nh < 1. An intense turbulence layer at 150-200
m depth has average TKE dissipation rate e = 0(10°%) W kg’ and vertical eddy
diffusivity K, = 0(10®) m? s™. Turbulence is also enhanced at greater depths,
e =0(107) W kg™ and K, = 0(10%-10%) m? s™. Turbulence is enhanced at ebb tide
and low water when surface tidal flows are with the Kuroshio along banded vertical
shear layers in the seamount wake where Kelvin-Helmholtz billows were observed,
suggesting shear instability. The banded shear structure likely forms due to the tidally-
accelerated surface Kuroshio jet and tilted tide-induced wake vortices. Although our
sampling is unlikely to capture all phases of the turbulence evolution with the shear
instability, estimates of mixing efficiency I' based on the microstructure shear and
temperature suggest that the turbulence in the seamount wake may cause more
efficient mixing (F'~0.5) at ebb tide and low water than at high water (F'~0.2). Our study
highlights the importance of tidally-generated wake vortices for dissipation and mixing
in the Kuroshio.

Keywords: Turbulent mixing, Seamount wake, Kuroshio, tides, Tokara Strait
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Dynamical and ecological interaction between the Kuroshio and
coastal circulation

Kiyoshi Tanaka', Toru Miyama?, Takahiro Toyoda?, Kunio Kutsuwada*, Masato Niki?,
Daisuke Takahashi? Kazuyuki Uehara?, Yukio Unno?®, Kenichi Kobayashi®

" Atmosphere and Ocean Research Institute, The University of Tokyo, Japan
2 Japan Agency for Marine-Earth Science and Technology (JAMSTEC), Japan
3 Japan Meteorological Agency, Japan
4Tokai University, Japan
®Shizuoka Prefectural Research Institute of Fishery and Ocean, Japan

Abstract

Coastal circulation off the south coast of Japan interacts strongly with the Kuroshio
current. The interaction process plays an important role in ecosystems along the
Kuroshio Current and adjacent coastal seas, because large amounts of water
including heat and nutrients are exchanged between them through the interaction.
Therefore, we are currently conducting a research project designed to investigate this
interaction. The area around Suruga Bay is one of the study areas where strong
dynamical and ecological interaction occurs between the coastal circulation and the
Kuroshio Current, and ecology of Sakura-shrimp is targeted as a representation of
coastal ecosystem study in the area. It should be noted that catches of the Sakura-
shrimp have rapidly decreased to almost zero recently, and one of the most plausible
causes of the rapid decrease is marine environmental change due to drastic change
of the Kuroshio Current from the straight path to the large-meander one. In this
context, our study has three objectives: development of advanced numerical
simulation, establishment of sustainable in situ observation, and collaboration with
stakeholders. With regard to the numerical simulation, high-resolution ocean
circulation models with data assimilation (JCOPE and MRI.COM models) have started
simulating the processes directly. Moreover, recent downsized instruments (ADCPs,
CTD-profilers, loggers for temperature, salinity, and flow velocity) enable the
observation to be conducted easily and sustainably utilizing ordinary fishing boats,
aquaculture facilities, and commercial ships. These observations are vital for
validation of the numerical simulation. Moreover, establishment of synergistic
collaboration with stakeholders, such as local fishers and a shipping agency, is
essential to the project. Frequent scientific observations with high spatial and
temporal resolution cannot be made without stakeholder’s support. At the same time,
many social problems, such as the poor catch of the Sakura-shrimp in recent years,
cannot be solved without advanced scientific knowledge. Therefore, sustainable
observation system is being developed with the stakeholders. The final goal of our
project is to present a clear vision for future ocean science, meeting the expected
outcome of the UN Decade of Ocean Science.

Keywords: Future ocean science, Advanced numerical simulation, Sustainable
observation, Collaboration with stakeholders
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Amami-Kuroshio project: baseline assessment of subtropical
environment of the Amami Islands and the influence of the Kuroshio
on the biosphere and humanosphere

Yusuke Yokoyama and Hiroaki Saito
Atmosphere and Ocean Research Institute, The University of Tokyo, Japan
Abstract

The Amami Islands (N27° 02'-N29° 22') locate between Kyushu and Okinawa
consisting of 56 small islands including 8 inhabited islands. The Kuroshio flows west
of the islands in the East China Sea and outflows to the North Pacific Ocean through
the Tokara Strait north of Amami Island (the largest island). Marine and terrestrial
ecosystems are greatly influenced by the Kuroshio and its variability. It also has major
impact on fishery and tourism, which are the most important industry in the islands,
and also nurturing their unique culture.

The effects of global warming on the marine environment of the Amami Islands and
also mainland Japan, such as coral bleaching, loss of seagrass, northward migration
of subtropical fish, etc., are evident. Understanding the influence of the Kuroshio,
which transports warm and nutrient-depleted water and subtropical organisms
northward, is a pressing issue for the sustainable use of marine ecosystem services.
Considering the long-term and recent rapid changes in the environment around the
Kuroshio, understanding the past, present and future of the Amami Islands is useful
for developing countermeasures to global warming in the Amami Islands and also for
the mainland Japan in which “subtropicalization” is underway.

In 2022, we launched the Amami-Kuroshio Project for the baseline assessment of the
subtropical environment of the Amami Islands and the influence of the Kuroshio on
the biosphere and humanosphere. The project is led by AORI, University of Tokyo, in
collaboration with scientific institutions in Japan and WESTPAC member countries
and local communities of the islands. We investigate the status and change of the
Kuroshio and its influence on the structure and dynamics of the marine ecosystem as
well as marine ecosystem services using physical, chemical, and biological
oceanographic approaches. We also investigate the past Kuroshio by means of
geochemical and paleoceanographic approaches. We work closely with the local
community, including high schools, to disseminate scientific knowledge and support
citizen science to know the environment of each island and/or embayment, to identify
the unique ecosystems and ecosystem services, and to establish local identity. In the
presentation, we will show how to examine the present and past environment of the
islands and how to contribute to the society through the preparation of best scientific
knowledge and education/outreach activities.

Keywords: Amami Islands, Kuroshio, subtropical, ecosystem, humanosphere
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The stronger Kuroshio intrusion leads to higher chlorophyll a
concentration in the northern South China Sea

Weinan Li', Yiwei Shang?, Changlin Li', Edward A. Laws?, Xin Liu?, and Bangqgin Huang'

! State Key Laboratory of Marine Environmental Science; College of the Environment and
Ecology, Xiamen University, Xiamen, China
2 Department of Biological Sciences, University of Southern California, Los Angeles, CA, USA
3 Department of Environmental Sciences, College of the Coast & Environment, Louisiana State
University, Baton Rouge, LA, USA

Abstract

The Kuroshio intrusion from the Luzon Strait is considered to significantly influence
the ecosystems in the South China Sea (SCS). However, when the Kuroshio intrusion
is strongest during the Northeast Monsoon, field observation data are limited, and the
vertical mixing caused by the strong wind may also mask the effect of Kuroshio
intrusion. Here, we reanalyzed the published data of 20 cruises (5,338 samples) in the
SCS from 2004 to 2015, and specifically conducted two field cruises during the
Northeast and the Southwest Monsoon in 2018, respectively. Field observations of
both cruises indicated a unimodal pattern of the upper 50 m total chlorophyll a (Chla)
concentrations with Kuroshio intrusion index, and the stronger Kuroshio intrusion in
the Northeast Monsoon more significantly enhances the Chla concentration. This
higher enhancement during Northeast Monsoon was attributed to the contributions of
Synechococcus and nanophytoplankton, which was Prochlorococcus in the other
monsoon. Furthermore, the long-term remote sensing data confirmed a consistent
result that Kuroshio intrusion leads to an increase in Chla concentration especially in
the Northeast Monsoon, and a significant positive correlation between the intensity of
Kuroshio intrusion and Chla increase was found. Along with the significant weakening
trend on the intensity of Kuroshio intrusion, we suggested that the biogeochemical
effect on the South China Sea ecosystem may be weaken in the future.

Keywords: Monsoon, Biogeochemical, Ecosystem, Phytoplankton, South China Sea
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ENSO-related water mass modification in the Kuroshio origin region,
east of the Philippines

Akira Nagano, Iwao Ueki, Masaki Katsumata, and Masahide Wakita
Japan Agency for Marine-Earth Science and Technology (JAMSTEC), Japan
Abstract

Sea surface temperature variation in the western tropical and subtropical North
Pacific is related to atmosphere and ocean variations on various timescales from days
to decades. In addition to variations of sea surface forcing, the entrainment of deep
water from the subsurface layers is responsible for the sea surface temperature
variation. Deploying a mooring buoy at 13°N, 137°E, named the Philippine Sea mooring
observation (PHSMO) site, we initiated the observation in December 2016. As of now,
we obtained temperature, salinity, dissolved oxygen concentration, and current
velocity data down to a depth of 300 m for longer than 5 years at PHSMO site, and
observed their interannual variations at the site. We examined the time series data at
the site, focusing on El Nifio-Southern Oscillation timescale variation. After the
precedent La Nifa, the main thermocline and saline tropical water layer was displaced
upward from mid-2018 to early 2019. Associated with this, the apparent oxygen
utilization (AOU) at 150 m depth increased, so that deep old water was uplifted.
Despite that afterward, the main thermocline was displaced downward, the AOU was
persistently high until early 2020. This implies that the old deep water was upwelled
and advected from the east in addition to the local uplift. As the negative phase of the
Pacific decadal oscillation (PDO) are accompanied by frequent occurrences of La Nifia
events, our finding supports the suggestion by Nagano et al. (2022) that the strong
(weak) upwelling of deep water cools the upper ocean in the western tropical Pacific
and affects the phase reversal of the PDO. Our observation contributes to monitor the
upper-ocean conditions in the western North Pacific tropical and subtropical region
and leads to the improvements of predictions of the regional and global climate
changes and marine ecosystems, the main goals of the 2nd Cooperative Study of the
Kuroshio and the Adjacent Regions (CSK-2) programme registered to the UN Decade
of Ocean Science for Sustainable Development.

Keywords: Philippine Sea, Kuroshio, air-sea interaction, ENSO, PDO
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Observations of upstream-downstream connectivity of the Kuroshio
current variability in the East China Sea

SeungYong Lee’, Hanna Na', Hong Sik Min?, Dong Guk Kim?, Hirohiko Nakamura?,
and Ayako Nishina?®

" Seoul National University, Seoul, Republic of Korea
2 Korea Institute of Ocean Science and Technology, Busan, Republic of Korea
3 Kagoshima University, Kagoshima, Japan

Abstract

The Kuroshio Current in the East China Sea (ECS) was observed from June 2020 to
June 2022 using four moorings of the Acoustic Doppler Current Profile (ADCP). The
moorings were located in the Okinawa Trough, across and along the path of the
Kuroshio: southwest (upstream and onshore), southeast (upstream and offshore),
northwest (downstream and onshore), and northeast (downstream and offshore),
respectively. The mean currents in the upper 500 m are northeastward following the
steep continental slope of the Okinawa Trough, and the current speeds decrease with
depth, presenting near bottom countercurrent at the onshore stations. The observed
current velocities show significant variance in the 8—32 day band, and the amplitude
of the band-pass-filtered cross-path velocity is comparable to that of the along-path
component in the upper 100 m, implying a strong meandering of the Kuroshio in this
frequency band. However, the along-path velocities at the southwestern and
northwestern sites present a positive relationship with a time lag of about 11 days
(southern site leads). It suggests that the meandering of the Kuroshio propagates in
the downstream direction, possibly with some frontal feature, which provides
observational evidence for the connectivity of the Kuroshio variability between
upstream and downstream regions in the ECS. The details of the horizontal and
vertical structures of the Kuroshio frontal meander will be discussed using high-
resolution numerical model output.

Keywords: Kuroshio, East China Sea, ADCP, meander, upstream-downstream
connectivity
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Weakening of the Kuroshio by cyclonic cold eddies enhanced
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Abstract

An array of five pressure-recording inverted echo sounder (PIES) moorings spanning
a distance of 420 km around the subtropical countercurrent and North Equatorial
Current regions of the western Pacific detected extraordinary sea level drops from
November to December 2013. In October 2013, three typhoons, namely, Danas, Wipha,
and Francisco, consecutively passed east of the PIES sites, which significantly
strengthened pre-existing cyclonic cold eddies to create the observed sea level drops.
The typhoon-strengthened cold eddies propagated westward over approximately
1000 km for approximately 4 months and eventually met the Kuroshio offshore
Taiwan. The approaching eddies interacted with the Kuroshio upstream for ~3 months
and reduced the Kuroshio intensity by up to 24% in February—May 2014, the lowest
record for the last 26 years of satellite measurements. Our results can provide a new
mechanism linking typhoon-to-eddy-to-Kuroshio variability through oceanic
processes.

Keywords: Typhoon, oceanic cold eddies, Kuroshio, Typhoon-to-eddy-to-Kuroshio link,
Pacific Ocean
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Long-term variation of the eddy kinetic energy in the northeastern
South China Sea modulated by the enhanced Kuroshio looping pathway

Baolan Wu' and Jianping Gan' 2

" Thrust of Earth, Ocean and Atmospheric Sciences, The Hong Kong University of Science and
Technology, Guangzhou, China
2Center for Ocean Research in Hong Kong and Macau, Department of Ocean Science and
Department of Mathematics, The Hong Kong University of Science and Technology,
Hongkong, China

Abstract

The seasonal to interannual variability of eddy kinetic energy (EKE) in the Northeastern
South China Sea (NE-SCS) has been widely studied and it is recognized that they are
strongly related to the state of the Kuroshio pathway in the Luzon Strait. While, due to
the lack of long-term observations and high-resolution simulations, the decadal
change of EKE in NE-SCS remains unexplored. In this study, we show the EKE trend in
the past 30 years in the NE-SCS by using satellite observation and high-resolution
simulation (daily Hybrid Coordinate Ocean Model Global Analysis). It is found that due
to the weakening of the Kuroshio in the Luzon Strait since 1990s, the Kuroshio shows
an enhanced looping path in the NE-SCS, inducing stronger EKE in this region. Further
analysis confirms that the energy transfer by baroclinic instability is dominant for the
increasing of EKE, when the Kuroshio intrudes into the NE-SCS and brings more
potential energy inside the circulation. The Kuroshio state along the Luzon Strait is the
key for modulating the EKE in the NE-SCS. Furthermore, the long-term weakening of
Kuroshio current along the Luzon strait in the past 30 years is determined by the
decreasing of subtropical mode water, corresponding to the positive phase of the
Atlantic Multidecadal Oscillation. This study provides insight into the interaction
between marginal sea (i.e., the SCS) and open ocean (i.e., the western Pacific Ocean),
finally linking to the global climate change.

Keywords: Long-term Variation, South China Sea, Kuroshio Looping Pathway, Eddy
Kinetic Energy, Mode Water
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Dynamics of the vertical phytoplankton distribution in the Philippine Sea
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Abstract

Satellite derived productivity gives us a quick glance of biological activity from the
ocean surface. The occurrence of the subsurface chlorophyll maximum (SCM) is
overlooked in such satellite information as it occurs at depths greater than optical
capability. We attempted to explain how the plankton in Philippine Sea are distributed
vertically within the water column by determining mechanisms that regulate their
distribution. As climate change is affecting the hydrodynamics of the world's oceans,
studying how these changes will influence the productivity, distribution and
abundance of phytoplankton communities is an urgent research question. We found
that the vertical phytoplankton profiles and community structure distinctly responded
to variations in the oceanographic features and conditions, wherein a more southern
location of the NEC bifurcation corresponded to a decrease in chlorophyll-a levels as
the water masses changed from predominantly North Pacific subtropical water to
NEC tropical water. Also, we were also able to provide two predictive relationships that
may be useful in determining phytoplankton productivity in the offshore areas of
eastern Philippines: the first equation presents an alternative equation to calculate the
integrated chlorophyll-a biomass from remotely-sensed wind stress and wind speed
estimates while the second provides an estimation of the depth of the SCM based on
surface chlorophyll-a, wind stress and wind speed. The equations may provide a more
accurate estimation for primary production in the Philippine Sea and may eventually
be scaled up to estimate potential fishery productivity at depth. Overall, we conclude
that changing environmental conditions would most likely influence the phytoplankton
community at the SCM: higher temperatures may favor the proliferation of
dinoflagellates that may thrive in more stratified water while frequent mixing due to
passage of storms would momentarily enhance phytoplankton productivity in the
area. These findings imply that in the highly variable Philippine Sea, alternate periods
of calm and intense mixing periods would most likely allow trophic cascade leading
to succession of plankton groups that could ultimately cascade the food web. This
could give light to the potential productive fishing zones in the country that may
contribute to food security.

Keywords: subsurface chlorophyll maximum (SCM), Philippine Sea, phytoplankton
productivity
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Onshore intensification of subtropical western boundary currents
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Abstract

Subtropical western boundary currents (WBCs) refer to swift narrow oceanic currents
that flow along the western edges of global subtropical ocean basins. An anomalous
onshore intensification is found to induce anomalous warming that exacerbates
coastal marine heatwaves, reduces ability of the oceans to absorb anthropogenic
carbon dioxide, and destabilizes methane hydrate stored below the sea floor in shelf
regions. Owning to limited observations and coarse resolution of climate models, how
greenhouse warming may affect the zonal structure of global WBCs remains
unknown. Using seven high-resolution climate models, we find an onshore
acceleration of the WBCs in a warming climate. The multi-model ensemble means
onshore acceleration ranges from 0.10£0.08 to 0.51+0.24 cm s per decade over
1950-2050. Enhanced oceanic stratification associated with surface warming
induces an uplift of the WBCs and leads to the projected changes. Our finding
highlights the urgent needs for a comprehensive assessment of the associated
impacts.

Keywords: WBCs, onshore intensification, global warming
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Surface wave height regulated by ocean currents
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Abstract

Ocean currents exert notable influences on surface wave height through wave-current
coupling. In this paper, we provide solid evidences that ocean currents can regulate
the significant wave height (SWH) by comparing measurements of a fleet of surface
drifting wave buoys (DrWBs) with GFS-WW3 model product. In the Kuroshio Extension
(KE) of Northwestern Pacific, the SWH observed by DrWBs are shown to be generally
lower (higher) than that simulated by GFS-WW3 when waves propagate towards
(against) the direction of surface currents. It is indicated that the GFS-WW3 product
could be underestimated/overestimated by up to 5% compared with observed SWH if
the forcing from current field is not involved. Adopting altimeter derived data, further
analysis shows consistent relationship between observed and modelled SWH in the
global ocean, except for regions where ocean swells dominate. The findings may help
improve wave model simulations without increasing computational burdens if this
relationship is considered.

Keywords: significant wave height, current effects on waves, drifting wave buoy,
Kuroshio extension
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Hydrographic measurement during BUDEE cruise 2022 in Maluku Sea
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Abstract

A multi-disciplinary study on physical processes and dynamics of upwelling and
Maluku Indonesia Throughflow, paleoclimate/paleo-upwelling, biogeochemistry,
ichthyoplankton and fisheries acoustics has been conducted successfully in
September 2022 onboard R.V. Baruna Jaya VIl in Banggai Maluku Sea. This study
aims to investigate stratification and structure of Indonesian Throughflow water,
ocean circulation and upwelling structure. About 40 casts of SBE CTD 19 plus and
along-track RDI shipboard ADCP 75 kHz datasets have been acquired during the
cruise. Relatively weak upwelling intensity is found in the southwesternmost Maluku
Sea - Banggai waters, indicated by outcropped of isotherms and isohalines from 40
m depth to the sea surface, as well as a high chlorophyll-a concentration from sea
surface down to depth. Weak upwelling intensity during BUDEE cruise 2022 is
modulated by interannual climate variability of El Nino. Upper 300 m circulation
indicates anti-clockwise circulation in the Maluku Sea, associated with zonal variation
of ITF water. Observed strong northeastward flows are found in Lifamatola Strait, as
well as strong northward flow in the narrow Bote Strait (~300 m depth) that disrupts
Banggai upwelling with fresher and warmer water from northern Banda Sea.

Keywords: BUDEE cruise, Indonesian Throughflow water, upwelling, Banggai Maluku
Sea, CTD and SDCP datasets
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Vertical structure and interannual variability of upwelling in Banggai
waters, Maluku Sea: a model study
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Abstract

The Indonesian Throughflow (ITF) entering via its eastern path may recirculate within
the Maluku Sea and modulate upwelling intensity there. However, it is still less
understood on ocean circulation changes related to ENSO events may lead to disrupt
vertical structure of upwelling. This study aims to investigate anomalies of ocean
circulation and the vertical structure of upwelling during five different ENSO events
between 2008-2023 (15 years). The daily averaged ocean circulation model outputs
from Marine Copernicus are analyzed in this study. It is shown that there is an
increased meridional component, leading to larger northward meridional currents
during the El Nifio event in 2015 (strong), 2019 (weak), and 2023 (strong), as revealed
by its stronger positive anomaly compared to the negative anomaly during the strong
La Nina in 2010 and weak La Nifia in 2022. Negative ocean temperature anomalies
occurred during the El Nifio events. The lowest seawater temperature minimum
occurred during super El Nifio events in 2015, while the highest seawater temperature
maximum occurred during strong La Nifia events in 2010. In contrast to temperature,
the highest surface salinity occurred during a weak El Nifio in 2019 in August. In El
Nifio events, minimum temperatures with an isotherm of 260°C appear below the
surface layer in 2015, 2019, and 2023, but 2023 still tends to be warmer. While in the
La Nina event, the 260°C temperature is more than 50 m deep, or around 60-70
meters. The vertical structure of the meridional current component shows an
upwelling jet in El Nifio years (2015 and 2019) and La Nifia years (2010) from a depth
of 100 towards the nearshore surface. In the year of El Nifio 2023, weak upwelling was
formed and only northward flow occurred in the upper 50 m depth.

Keywords: Banggai-Maluku Sea, interannual variability, ENSO, seasonal upwelling,
Maluku throughflow, reanalysis datasets
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Anomaly of Maluku Indonesian throughflow circulation during different
ENSO year in the last 15 years (2008-2023)
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Abstract

Connecting between the Indo-Pacific Oceans, the Indonesian Throughflow (ITF) in the
Maluku Sea (MS) plays an important role in transferring heat and freshwater via its
secondary eastern path which impacts ocean-atmosphere dynamics and climate
variability. However, there is still a lack of in situ observation there. This study aims to
investigate Maluku ITF circulation and its response to the ENSO events during the last
15 years, using global ocean reanalysis datasets between 2008-2022 from
Copernicus. An anomaly of strong southward transport volume in the upper 550 m
depth appeared during a strong La Nifia 2010, in contrast to that during super El Nifo
2015. In the northern entrance of MS, the southward Maluku throughflow intensifies
in the western side, and then recirculates back northward in the eastern side. However,
during super strong El Nifo, a weakened southward flow is found in the western side
in the upper layer and between 200-500 m depth, and southward flow in the upper
150 m depth in the eastern side. This ocean circulation anomaly impacts heat and
freshwater budget, in turn to ocean-atmosphere in the basin-scale of Maluku Sea.

Keywords: Maluku Sea, Indonesian Throughflow, ENSO, transport volume, reanalysis
datasets
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Abstract

The secondary pathway of Indonesian Throughflow (ITF) that enters from its inflow
portal of the northern Maluku Sea is assumed to recirculate in the Banggai-Maluku
Sea, where its upper-layer circulation returns into the Pacific and deeper flows
continue southward into Seram/Banda Sea via Lifamatola Strait. This study aims to
identify the type of water mass, stratification, and currents in the Banggai-Malucca
Sea using direct CTD casts and shipboard ADCP measurement datasets from the
BUDEE cruise in September 2023. The result shows the water mass stratification of
the mixed layer having a depth of 0—75 m with a temperature range of 26—29°C, while
the thermocline layer has a depth of 28—-407 m with a temperature range of 23-26°C,
and the deep layer has a depth of 407-1000 m with a temperature value of 4-12°C.
The current pattern of the Banggai Sea Maluku Sea at a depth of 52-400 m is more
dominantly influenced by non-tidal currents, the influence of tidal currents only covers
a depth of 148m less than non-tidal currents. Instantaneous current transport at each
depth is more dominant currents moving out of the Maluku Sea with a total of 4.1Sv.

Keywords: water mass characteristics, current direction, instantaneous current transport
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Water and nutrient transport between land and ocean: toward
the healthy, productive, and sustainable Asian marginal seas

Jing Zhang
Faculty of Science, University of Toyama, Japan
Abstract

Given the unrelenting advance of climate change, significant changes in the
hydrological and biogeochemical cycles, together with increasing human economic
activities, are affecting the ocean structure and ecosystem in the Asia Marginal seas.
In addition, oceanographic physical conditions, such as stratification, vertical mixing
and horizontal transport, are important in controlling the behavior of nutrients. Here,
current studies focusing on the material transfer between land and ocean and the
influence of global warming will be introduced. As one of the western boundary
currents, the Kuroshio with its nutrient-rich subsurface water plays a crucial role in
carbon circulation, shaped by topography and ocean mixing processes. Chemical
tracers as developed by the GEOTRACES program, and its related studies are excellent
tools to identify and quantify water masses mixing and material sources at different
spatial and temporal scales. Our results indicate that the dominant sources and supply
of nutrients are from cross-shelf Kuroshio; and the well mixed nutrient-rich water on
continental shelf continues downstream, boosting primary production, thriving fishing
grounds east of Japan. It needs to be emphasized that all data have gone through the
calibration and comparison between different labs/cruises, ensuring its accuracy and
reliability. An ongoing ten-year WESTPAC program, "Healthy, Productive and
Sustainable Asian Marginal Seas: Understanding changes in the marine environment
in response to global climate change’, will also be briefly introduced in this talk. The
global warming effects have also begun to appear in the weather and the water cycle
of some coastal cities. In Japan, the temperature is rising 1.7 times faster than the
world's average, and this has turned snowfall into rainfall, and as a result, the amount
of snowfall in these areas has decreased by up to 50% over the past 40 years. The
reduction in the snowfall caused a deterioration in the function of water storage and
groundwater recharge. These shifts are expected to increase river water and shallow
groundwater volume and a shortened residence time before flowing to the coastal
ocean, eventually decreasing nutrient concentrations in the terrestrial water. In this
area, it is vital to understand the status of the water and nutrient dynamics and then
adopt appropriate measures based on scientific evidence in cooperation with the
government. A three-year ongoing project (Environment Research and Technology
Development Fund) will also be introduced, with the goal to conserve sustainable
water and implement appropriate nutrient management.

Keywords: nutrient transport, water cycle, climate change, productive and sustainable,
Asian Marginal Seas,
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FATIMA Yellow Sea 2023 experiment: a sea fog study
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Abstract

The FATIMA (Fog and Turbulence Interactions in the Marine Atmosphere) project is
underway to understand and quantify the complex interactions between processes
that underlie the life cycle of sea fog in shallow seas. As a field experiment of the
project, FATIMA-Yellow Sea (YS) field campaign was conducted in the eastern YS and
northern East China Sea (ECS) during June 20 to July 09, 2023 using R/V Onnuri of the
Korea Institute of Ocean Science and Technology. In this presentation, the highlights
of the YS campaign are summarized from four perspectives. First, a vast number of
platforms and methods of observation were used. The R/V Onnuri played a key role in
observation as a moving air-sea research laboratory, and time series data of ocean-
atmospheric variables were collected on three Korea Ocean Research Platforms in the
YS and ECS. Various unmanned observation methods, i.e., satellite (Geostationary
Ocean Color Imager-Il), wave glider and ocean current moorings were mobilized to
obtain data such as sea fog, cloud and sea-level temperature images, ocean currents,
and ocean-atmosphere fluxes. In addition, with the cooperation and participation of
the National Institute of Meteorological Sciences (NIMS) of Korea, observations using
the aircraft Nara and NIMS' R/V Gisang-1 were taken. Second, a vast suite of
observational equipment was deployed covering from turbulence to synoptic survey
both in ocean and atmosphere: it included CTD/LADCP, VMP 250, ROSR, etc. for
oceanographic observation and doppler lidar, W-band radar, micro rain radar, visibility
sensor, disdrometer, etc. for meteorological observation. Third, to make the best of
shipboard observations, online meetings focused on the exchange of weather
condition and forecast information including sea fog from different numerical model
products, which were held daily during the period of experiment. It was a tripartite
operational meeting involving local laboratories in Korea, the United States, and
Canada with the research team on R/V Onnuri. As a result of these meetings, eight
intensive operational periods (IOPs) were identified, which exceeded initial
expectations based on climatology. Third, based on observed field information and
results from an atmosphere-ocean coupled model, COAMPS, some ocean-
atmospheric phenomena that control sea fog generation in the YS were identified. The
behavior of Jangma front, strong tidal mixing in the coastal area, especially off the
southwestern tip of the Korean Peninsula, and distribution of low salinity water which
appeared in the southwestern YS were suggested as top contenders for the
background of ocean-atmospheric condition for sea fog formation, maturation and
extinction.
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Ocean currents in the Philippine internal seas as simulated by
1/36° SURF-NEMO model

Aiko Love B. del Rosario, and Cesar L. Villanoy

The Marine Science Institute, University of the Philippines Diliman, Diliman, Quezon City,
The Philippines

Abstract

Current global ocean models are limited to spatial resolution of 1/8° to 1/12° which is
around 8-14 km in grid size. Due to the presence of islands, shallow depths and
narrow straits surrounding the Philippines archipelago, global models cannot resolve
and explain the internal sea surface currents. Several high-resolution models are
available for describing the internal seas, however, setting up boundary conditions for
these models is a challenge. A Relocatable Ocean Model such as SURF (Structured
and Unstructured grid Relocatable ocean platform for Forecasting) allows for easier
setting up high resolution models because it automatically uses coarser regional
ocean models as boundary conditions for a high resolution, re-gridded nested model.
This study investigates the movement of ocean currents and tides within the internal
seas of the Philippines using SURF-NEMO (Nucleus for European Modelling of the
Ocean). An internal seas model with horizontal grid resolution of 1/36° and 100
vertical levels is nested within the large-scale Global Ocean Physics Analysis and
Forecast system at 1/12° resolution. The model presents the reasons for the
productivity in the region through exploration of possible tidal resonance, and shallow
sea dynamics within the internal seas.

Keywords: Internal Seas, Ocean Modelling, SURF-NEMO
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Seasonal variability of Primorye current system

Vyacheslav Lobanov, Svetlana Ladychenko, Aleksandr Sergeev, Olga Trusenkova,
and Pavel Scherbinin

V.I. Il'ichev Pacific Oceanological Institute, Far Eastern Branch, Russian Academy of Sciences,
Vladivostok, Russia

Abstract

Primorye (Liman) current is a boundary flow along the northwestern coast of the
Japan Sea which transports colder and less saline water from Tatar Strait area to the
south-west down to the Peter the Great Bay area. Its continuation to the south-west
along the northern coast of Korea is the North Korea Cold Current. We study structure
and seasonal variability of Primorye Current based on ship CTD observations, satellite
data, surface drifters and moorings. Variability of Primorye Current is especially
prominent in the fall season (September-December) when the monsoon winds over
the region change from summer to winter phase. A reversal current flowing in opposite
direction (to north-east) is observed in September-October along the southern
Primorye coast. Then in November-December it changes to normal mode of the south-
westward flow. However, it also transports warm and high salinity water of North-
western Branch of Tsushima Current directed from the area off Hokkaido toward the
Russian coast. This flow is important for water mass formation in the northwestern
part of the Japan Sea as it brings relatively warm water to the Russian coast
controlling local climate of the coastal area and it brings high salinity water into the
area of strong cooling off Peter the Great Bay in winter which provides preconditions
to deep convection.

Keywords: Primorye Current, seasonal variability, ship and satellite observations,
moorings, Mesoscale Eddies in the Kuril Basin of the Okhotsk Sea
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Mesoscale eddies in the Kuril basin of the Okhotsk Sea

Sergey Prants, Aleksandr Udalov, and Maxim Budyansky

V.I. Il'ichev Pacific Oceanological Institute, Far Eastern Branch, Russian Academy of Sciences,
Vladivostok, Russia

Abstract

We conducted the first altimetry-based systematic census of mesoscale eddies in the
Kuril Basin in the Okhotsk Sea in 1993-2021 using the automatic eddy tracking
algorithm AMEDA. The dominance of cyclonic eddies over anticyclonic eddies was
observed, which contradicts to the common opinion that anticyclonic eddies prevalil
over cyclonic ones in the Kuril Basin. We focused mainly on long-lived eddies with
lateral size in the range from several tens of kms to some hundreds of kms and with
a lifespan longer than 30 days. It was found that such eddies were inhomogeneously
distributed over the study area with increased occurrence frequency in some domains.
It is explained by peculiarities of the circulation and topographic features in the Basin
where a transformed subtropical water of the Soya Warm Current, specific Okhotsk
Sea water transported by the offshore branch of the East Sakhalin Current and
subarctic Pacific water circulate and mix. The content of these water masses and its
seasonal and interannual variations inside the surface cores were estimated using a
novel particle-tracking technique. The kinematic characteristics of these eddies have
been computed for the long observation period of time. The vast majority of the
anticyclonic and cyclonic eddies have the nonlinearity parameter exceeding one
implying that they are coherent features transporting water with its properties.
Peculiarities in distribution of formation, occurrence and decay locations have been
analyzed. The comparison of our results with observation and numerical simulation
of eddies in the Kuril Basin have been discussed. The work was supported by the
Russian Science Foundation (project no. 23-17-00068).

Keywords: Okhotsk Sea, Kuril Basin eddies, detection and characteristics, core water
origin
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Research on the East sea current field and the intersection of vortex
belts affecting upwelling water in the south central region of Vietham

Nguyen Do Vinh*, Duong Pham Xuan, and Hoan Pham Sy

Institute of Oceanography, Vietnam Academy of Science and Technology, 07 Cau Da,
Nha Trang City, Vietham

Abstract

Many research works have mentioned the upwelling phenomenon; researchers have
studied it in many different directions and concentrated their research mainly on the
South Central Sea. The research results indicate several causes and mechanisms of
upwelling, and the results have explained most of the consequences of the
phenomenon. However, there are some consequences of the phenomenon, which the
explanation still needs to be convincing, such as why the phenomenon of upwelling
often occurs in Khanh Hoa - Binh Thuan. Those consequences of upwelling in that
region are: The sea has a high source of nutrients favorable for developing biological
life. Approaching the direction of studying the phenomenon of upwelling in the South
Central Sea is due to the convergence of mesoscale eddy belts in the area, which
forms the phenomenon of upwelling. Based on the assessment of the size, bottom
topography, and meteorological regime in the South China Sea, there is a basis to
confirm that the South China Sea has large-sized vortices. Through calculation and
simulation of the dynamics of the South China Sea by ROMS (open-source software)
for a long time every year. The results show that the current field evolution has many
different forms, especially the disturbance pattern in forming large vortices, often
repeating mesoscale eddy belts in the South Central Sea - Vietham. When no
mesoscale eddy belts converge in this area, the vertical flow rate at the mid-section
has a dominant negative value. When mesoscale eddy belts link here, the vertical flow
velocity at the mid-section section has a positive value.

Keywords: Mesoscale eddy, South Central Vietnam, Upwelling phenomenon

*Corresponding author: vinhnguyen4481338@gmail.com
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Formation and fate of internal waves on the northern shelf
of the South China Sea

Xiaolin Bai

State Key Laboratory of Marine Environmental Science, and College of Ocean and Earth
Sciences, Xiamen University, Xiamen 361102, China

Abstract

Internal waves have a wide range of scales but are typically unresolved in climate or
global models. With an unprecedented capability of observing and simulating these
processes, they are becoming increasingly important to quantify the upscale effect of
these processes. As the largest marginal sea in the western Pacific, the South China
Sea has the most energetic and frequent internal waves around the world. These
waves are also affected by multiscale processes, climate changes and anthropogenic
impacts. There have been considerable advances in exploring generation and
propagation of internal waves in recent years. However, the understanding on the
process and implication of shoaling internal waves on the continental shelf is still very
limited.

This presentation will summarize and share the authors' research progress in internal
waves and their impacts in ocean mixing and shelf ecosystem in recent years, as well
as future research direction in the study region. This talk focuses on the processes
and implications of shoaling internal waves over the shelf of the northern South China
Sea. By combining the field measurements, satellite observations, theoretical analysis,
and nonhydrostatic numerical simulations, we present the features of these internal
waves, their shoaling process, and the environmental impacts on the shoaling waves.
The talk will include four parts: 1) review of recent results on investigating shoaling
ISWs process, 2) fission process and its implication on wave breaking and energy
cascade, 3) the local generation and dissipation of the nonlinear internal waves on the
continental shelf, and 4) the implications of shoaling internal waves on marine
ecosystems. The related contents for each part can be referred to the speaker’s
publications (https://mel2.xmu.edu.cn/staff.asp?tid=1468).

| have focused on researching nonlinear internal waves for a decade to improve our
understanding on the formation and fate of internal waves on the continental shelf.
My contribution is not only on the fundamental and theoretical studies, but also on
improving and developing new observations.

Keywords: internal waves, multiscale interactions, physical-biological coupling,
continental shelf, South China Sea
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Variable ecosystem responses in western North Pacific LMEs
to the warming after 2014

Sinjae Yoo 23

" Marine Life Science, Jeju National University, Jeju-Si, Republic of Korea
2Korea Institute of Ocean Science and Technology, Republic of Korea
3 InfoMarine, Yong-in, Republic of Korea

Abstract

An extraordinary warming event, dubbed as “The Blob”, occurred in 2014-2016 in the
eastern North Pacific. During this period, the eastern North Pacific has experienced
wide-ranging ecosystem impacts from the marine heat wave. On the other hand, not
much is known about the response on the other side of the North Pacific. Here, the
long-term trends of chlorophyll-a, primary productivity and environmental variables in
four LMEs in the western North Pacific are analyzed using satellite and in-situ data.
SST has invariably increased after 2014 in the Yellow Sea, East Sea, East China Sea
and Kuroshio LMEs. However, chlorophyll a and primary productivity showed different
responses among the four LMEs. While these decreased in the Yellow Sea, East China
Sea, and Kuroshio LMEs, they increased in the East Sea LME. Such trends cannot be
explained by the euphotic depth, PAR, or SST. Possible causes of the change are
discussed here.

Keywords: ecosystem response, chlorophyll a, primary productivity, warming
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Seasonal hydrographic patterns of the Gulf of Thailand and interactions
with the South China Sea: insights from a numerical Model
utilizing the novel dataset

Tanuspong Pokavanich™ * and Kittipong Phattananuruch?

" Department of Marine Science, Faculty of Fisheries, Kasetsart University, Thailand
2 Faculty of Fisheries, Kasetsart University, Thailand

Abstract

Based on recent three-dimensional hydrodynamic modeling with higher grid
resolution, more realistic spatial meteorological forcing, river and offshore boundaries
with model validating by long-term in-situ measurements, this study presents
seasonal hydrographic features of the Gulf of Thailand (GOT) with additional details.
The model applied the ECMWF-ERAS5 data, modified GIoFAS river discharge data,
HYCOM water temperature and salinity, TPXO tidal data and best available
bathymetric data combined from over 77 local nautical charts. The model was
calibrated and validated against measured several water levels at measurement
stations around the GOT, 3 water temperature stations, 2 salinity stations and 2 flow
velocity stations. Moreover the model was validated with near-surface current
measurement with in-house developed more than 10 satellite drifters released at
different times around GOT. Seasonal three-dimensional features of the GOT was
extracted from the modelling results after 3 years spin up period and present
according to different monsoonal phases, i.e., the Northeast monsoon (November-
February), 15t monsoon transition (April-May), the Southwest monsoon (June-
September) and 2" monsoon transition (October). Results indicate seasonal
stratification within the GOT, governed by halocline during the southwest monsoon
and the 2nd monsoon transition, and by thermocline during the 15t monsoon transition.
The model captures intricate circulation patterns, revealing multiple clockwise gyres
and counterclockwise gyres during monsoon seasons. Noteworthy alongshore
currents, such as the southward strong current along Prachuap Khiri Khan province,
referred to as the 'Prachuap Coastal Jet, are observed during the 29 monsoon
transition. Furthermore, the model highlights significant seasonal variations in the
interactions between the GOT and the South China Sea (SCS). During the southwest
monsoon, low-density water flows out of the gulf at the upper layer, while higher
density water enters through the mouth at deeper layers. Conversely, during the
northeast monsoon and the 1st monsoon transition, water from the SCS enters the
GOT at the eastern side of the mouth, coinciding with the exit of water from the GOT
at the western side. The SCS influx area is broader during the 15t monsoon transition
compared to the northeast monsoon. The model also indicates that the interactions
GOT and SCS vary significantly seasonally. At the southwest monsoon, low density
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water flows out of the gulf at the upper layer while higher density water enters through
the mouth at the deeper layer. However, water from the SCS enters to the GOT at
eastern side of the mouth at the same time water exits from the GOT at western side
during the northeast monsoon and the 15t monsoon transition. The SCS influx area is
broader during the 15t monsoon transition contrasted with the northeast monsoon.
The outcomes underscore that despite its shallow nature and strong tidal mixing, the
GOT exhibits robust three-dimensional and seasonal features influenced by salinity
and water temperature.

Keywords: Gulf of Thailand, South China Sea, seasonal variation, three-dimensional
model, Prachuap Coastal Jet

*Corresponding author: ffistop@ku.ac.th
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18 years of the upper Gulf of Thailand observations: physical and
chemical properties

Arachaporn Anutaliya
Institute of Marine Science, Burapha University, Thailand
Abstract

The upper Gulf of Thailand (uGoT), an extension of the South China Sea serving as a
marginal sea of the equatorial Pacific Ocean, experiences significant seasonal and
interannual forcings, e.g. monsoon winds and the El Nifio-Southern Oscillation (ENSO).
Moreover, the seawater quality is increasingly affected by eutrophication and dense
aquaculture in the area. Despite these dynamics, variabilities of seawater
physicochemical properties, particularly on an interannual timescale, have not been
previously studied.

The study utilizes data collected from stations along the Chonburi coast, which serves
as the eastern boundary of the uGoT, from 2005 to 2022. Among the measured
parameters, sea surface temperature (SST), salinity, suspended solids and silicate
exhibit pronounced seasonal variations. At interannual timescale, SST, salinity, and
suspended solids tend to be low, while pH tends to be high during La Nifia events.
These deviations generally reverse during El Nifio events. Interestingly, SST
measurements along the Chonburi coast can explain 42% of Nifio3.4 SST, an ENSO
indicator, when the Chonburi coast SST leads by one year.

The measurements along Chonburi coast also reveal spatial variation, although the
stations only span 26 km. In the northernmost stations, influenced by freshwater
runoff and dense aquaculture farming, low dissolved oxygen and pH, along with high
nutrient concentrations are present. During the travel restrictions in the 2020-2021
period due to the coronavirus 2019 pandemic, concentrations of total ammonia,
nitrite, nitrate, and phosphate are anomalously low, reflecting the impact of
eutrophication from the travel and tourism industry on seawater quality.

Over the 2005-2022 period, long-term trends of SST and seawater pH are assessed.
The measured SST increases at a rate of 0.06°C per decade, which is lower than the
global SST increase of 0.13-0.17°C, although the dataset used here is much shorter
than those used for global estimates. Additionally, a period of rapid SST increase of
1.9°C from 2005 to 2012 is observed. Over the 18-year period, seawater pH decreases
by 0.12, comparable to the global change in surface pH over the past 70 years;
however, the trend could be masked by the presence of low pH at the end of the
observations. To obtain a more robust estimate of the long-term SST and pH trends
in the uGoT, longer observations are necessary. Nonetheless, the observations reflect
seawater warming and acidification in the region that have a negative impact on the
local ecosystem; hence, policy plans and actions are necessary.

Keywords: Gulf of Thailand, seawater quality, physicochemical variabilities,
acidification, El Nifio-Southern Oscillation
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Scenarios for water transport from the Tyumen river to marine
economic and protected areas based on field measurements, satellite
data, ROMS modeling and Lagrangian analysis

Lipinskaya N.A., Salyuk P.A., Budyansky M.A., and Fayman P.A

Pacific Oceanological Institute by V.I. llichev Far Eastern Branch of Russian Academy of Science,
Vladivostok, Russia

Abstract

The work focuses on identifying and studying the scenarios of water transport of the
Tyumen River in the northeastern direction towards the Far Eastern Marine Reserve
and areas of mariculture development. This is done through satellite and in-situ
measurements, as well as oceanographic modeling using the ROMS model and
Lagrangian analysis. The main direction of the Tyumen River flow is to the south.
However, analysis of multi-year archival measurements from GOCI-COMS-1 and
MODIS-Aqua/Terra satellite radiometers has revealed cases where the flow direction
changes towards the north. Additionally, anomalous patches with a diameter of about
10 km and increased concentration of chlorophyll a have been observed in the study
area. Analysis of in-situ and model data has demonstrated that these patches are
submesoscale eddies with increased levels of colored dissolved organic matter and
chlorophyll a, indicating the presence of river water in these eddies. The identified
eddies play an important role in transporting water from the Tyumen River in the
northeast direction. Furthermore, Lagrangian analysis has been employed to study the
trajectories of the main water flow in this direction. It was determined that the main
seasons of water transfer of the Tumannaya River in the northeastern direction are
spring and fall. At the same time, such cases were practically not observed in the
middle of summer. The transport can be carried out both by river plume propagation
and by submesoscale eddies.

Keywords: satellite data, water transfer, river plumes, sub-mesoscale eddies,
Lagrangian analysis
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Observation of upwelling and chlorophyll-a spatio-temporal distribution
in relation to physicochemical parameters in the Flores Sea and
Pantar Strait, Indonesia

lis Triyulianti', Dessy Berlianti?, Dwiyoga Nugroho? Abd.Rahman As-Syakur?,
Faisal Hamzah?, Bayu Priyono?, Teguh Agustiadi?, Rafidha Dh Opier’, and Danar*

"Research Center of Deep Sea, BRIN, Indonesia
2 Research Center Of Oceanography, BRIN, Indonesia
3 Faculty of Marine and Fisheries, Udayana University, Indonesia
4PUSHIDROS TNI AL, Indonesia

Abstract

The Flores Sea and Pantar Strait waters are Indonesian deep waters that are passed
by the Indonesian Throughflow (ITF), which originates in the Pacific Oceans and flows
to the Indian Ocean through Lombok Strait. These water masses have distinct
properties thought to impact the mechanisms and processes of marine physics and
biogeochemistry in Flores Sea and Pantar Strait waters. This study provides a
preliminary result of the Jala Citra 3 Expeditions 2023 in the Flores Sea and Pantar
strait for the observation of upwelling and the measurement of chlorophyll-a and
physic-chemical parameters as part of their program in Indonesian waters ecology
and oceanography. The purpose of this study is to investigate satellite and in situ data
observation for chlorophyll-a and physics-chemical parameters in the Flores Sea and
Pantar Strait waters. The expeditions were conducted using KRI SPICA 934 in April
2023. The processing of temperature satellite imagery data revealed that upwelling
events in April 2023 appear to be weak. Upwelling affects the region's hydrology by
lowering temperature and dissolved oxygen while increasing salinity, density, and
nitrate-nitrogen concentrations. Temperature, salinity, Total Suspended Solid (TSS),
chlorophyll-a, and dissolved oxygen (DO) value distributions all showed spatial
heterogeneity. All physico-chemical datasets that underwent cluster analysis
produced two unique clusters, demonstrating the existence of two distinct regions
that are highly impacted by physico-chemical parameters.

Keywords: Upwelling, Chlorophyll-a, Physic-Chemical Parameters, Flores Sea,
Pantar Strait
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The decline of the nutrient concentrations in the marginal seas around
the Korean peninsula over the past 30 years

Sojin Park and Guebuem Kim

School of Earth and Environmental Sciences, Seoul National University, Seoul,
Republic of Korea

Abstract

We examined the changes in the concentrations of dissolved inorganic nitrogen (DIN)
and phosphorous (DIP) in the surface seawater (0—-3 m) of the Yellow Sea (YS), the
southern sea (SS) of Korea, and the East/Japan Sea (ES) from 1995 to 2021. Each
study region was divided into the coastal and remote areas based on the distance (10
km) from the coastline. In general, the DIN concentrations in the marginal seas were
an order of magnitude higher than those in the Kuroshio Current (KC), indicating large
terrestrial source inputs. The coastal areas adjacent to the Korean Peninsula in the
three marginal seas showed a rapid decline in nutrients by up to 50% during 1997-
2021, mainly due to decreased terrestrial input from the Korean Peninsula. In the
remote YS, DIN concentrations have doubled due to an increased DIN supply from the
Changjiang River, while DIP concentrations showed no significant change due to its
scavenging near the Changjiang River estuary. In the remote SS, the DIN
concentrations increased notably around 2005 and declined afterward, while the DIP
concentrations gradually decreased by about 10%. The nutrient trends in the SS seem
to be associated with freshwater dynamics and water-column stratification. In the
remote ES, the DIN and DIP concentrations decreased by 50%, perhaps due to
enhanced stratification. In addition, we further observed a reduction in nutrients in the
subsurface (200-500 m) ES by 20%, comparable to those in the subsurface Kuroshio
Water. This nutrient decline in the subsurface may be associated with a regional
climate regime shift. The large changes in nutrient concentrations in the study region
may alter biological production as well as coastal farming activities around the Korean
Peninsula.

Keywords: Oligotrophication, Nitrogen, Phosphorus, East China Sea, East/Japan Sea

2" UN Ocean Decade Regional Conference & 11t" WESTPAC International Marine Science Conference



K|

Session A2: Western Pacific Marginal Seas: Physics, biogeochemistry and ecosystem

Isotopic composition of nitrate in the western Pacific Ocean:
biogeochemical signals and their transport

Wentao Wang, Zhiming Yu, Xiuxian Song, and Yongquan Yuan

CAS Key Laboratory of Marine Ecology and Environmental Sciences, Institute of Oceanology,
Chinese Academy of Sciences, China

Abstract

The Western Pacific Ocean, which has a complicated circulation system, plays a
significant role in regulating the global marine nitrogen cycles and budgets. By using
nitrate isotope (8'°N-NOs and 6'®0-NOs) techniques, powerful insights can be
provided. In this study, nitrate concentrations and 6">N-NO3"and 6'80-NQ3" values were
obtained along meridional (130°E) and zonal (20°N) transects in the Western Pacific
Ocean. The 6"°N-NOs and 6'80-NO3" values ranged from 2.92 to 10.88% and from 1.96
to 5.67%, respectively. For the water mass originating in the Northern Hemisphere, the
relatively low 6™N-NOz and high N* in the intermediate water indicated the
remineralization of sinking organic matter produced by N2 fixation at shallow depths,
while the simultaneously elevated §'°N-NO3z” and §'80-NOs in thermocline suggested
significant assimilation. For the water mass originating in the Southern Hemisphere,
remineralization of high-6'°N particles was observed in both the thermocline and
intermediate water, and the thermocline was also potentially influenced by lateral
advection. Based on end-member mixing calculations, at least 62% of the nitrate in the
water of the North Subsurface Countercurrent was contributed from the Southern
Hemisphere, while North Pacific Tropical Water, South Pacific Tropical Water and
nutrient-rich upwelling probably accounted for 21.7%, 30.5% and 47.8%, respectively,
of the nitrate in the water of the North Equatorial Countercurrent. Furthermore,
intensive N2 fixation introduced lower &'°N into the thermocline from the North
Equatorial Current to the Kuroshio Current, while this biogeochemical process was not
obvious in the intermediate water. These results filled in gaps in the nitrate transport
and biogeochemical process in the Western Pacific Ocean, providing important details
for establishing the global nitrogen cycle model.

Keywords: Western Pacific Ocean, nitrate isotopes, nitrogen fixation, remineralization,
nitrate sources quantification
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Lateral transport of dissolved inorganic carbon in a mangrove-creek-
estuary system: implications for ocean acidification

Qian Liu", Na Zhang', Nengwang Chen?, Xianghui Guo?, and Jing Zhang™ 3

" Frontiers Science Center for Deep Ocean Multispheres and Earth System, and Key Laboratory
of Marine Chemistry Theory and Technology, Ministry of Education, Ocean University of China,
Qingdao 266100, China
2 State Key Laboratory of Marine Environmental Science and College of Ocean and
Earth Sciences, Xiamen University, Xiamen 361000, China
3 Faculty of Science, Academic Assembly, University of Toyama, Toyama 9300885, Japan

Abstract

Mangroves are highly efficient carbon sinks that play a critical role in global carbon
cycling, but the lateral transport of carbon from mangroves to the coastal ocean
through surface water and groundwater is not well understood. This study aimed to
investigate the variations and fluxes of dissolved inorganic carbon (DIC) across a
mangrove-creek-estuary continuum in southeast China (Zhangjiang) through four
seasonal cruises. Our findings revealed a strong positive correlation between DIC and
radium, a natural tracer of submarine groundwater discharge (SGD), which followed
tidal variations. Groundwater export of DIC from the mangrove to the creek was found
to be a major contributor (56-89%) to the total DIC input, with tidal amplitude being
the dominant factor in seasonal variations of DIC flux. Lateral transport of DIC from
the creek to the estuary was significant, accounting for half of the Zhangjiang
mangrove net ecosystem exchange of carbon dioxide, equivalent to the global
mangrove missing carbon sink. Both water flux and DIC concentrations modulated the
lateral transport of DIC from the creek to the coastal ocean. Contrary to previous
studies, SGD in the Zhangjiang mangrove estuary was found to reduce pH values,
potentially worsening coastal ocean acidification. These findings suggest that
mangrove-derived DIC outwelling represents an important additional carbon sink
beyond carbon burial and could play a significant role in the carbon budget of coastal
areas.

Keywords: mangroves, dissolved inorganic carbon, submarine groundwater
discharge, lateral transport, ocean acidification
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Detecting terrestrial organic carbon contribution to the shelf sea
dissolved organic matter using deuterium stable isotope signatures

A’an Johan Wahyudi® 2", Nikita Kaushal-3, Cristian Gudasz*, and Patrick Martin’

! Asian School of the Environment, Nanyang Technological University, Singapore
2 Research Center for Oceanography, National Research and Innovation Agency, Indonesia
3 Exeter college, University of Oxford, United Kingdom
4 Department of Ecology and Environmental Sciences, Umea University, Sweden

Abstract

Examining the context of coastal biogeochemical cycles, this study explores the
applicability of deuterium stable isotope (6°Hn) as an alternative to carbon stable
isotope (6'3Cpoc) in quantifying terrigenous dissolved organic carbon (tDOC).
Conducted in Southeast Asia's Sunda Shelf Sea, the study establishes a robust
correlation (r2 = 0.42) between 6°Hn and 6"3Cpoc, revealing the terrigenous fraction of
DOC over a year-long monthly time series. Notably, 6°H, demonstrates stronger
associations with salinity and chromophoric dissolved organic matter (CDOM) optical
properties than 6'3Cpoc. Considering the key role of Dissolved Organic Carbon (DOC)
in coastal biogeochemical cycles, the research suggests that 6?H, offers an effective
solution to the limitations of 6'3Cpoc, providing enhanced sensitivity in quantifying
tDOC across coastal gradients. This work emphasizes the potential of 6%H, as a
valuable tool for comprehending the dynamics of terrigenous organic carbon in
complex coastal marine ecosystems.

Keywords: terrigenous dissolved organic carbon, Sunda Shelf Sea, deuterium, marine
biogeochemistry, carbon cycle
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Determination of copper (ll)-binding ligands in tropical coastal area

Ng Li Qing and Khairul Nizam Mohamed

Department of Environmental, Faculty of Forestry and Environment,
Universiti Putra Malaysia, 43400 UPM Serdang, Selangor, Malaysia

Abstract

Seawater samples were collected during pre and post Northeast monsoon season
along the East coast of Peninsular Malaysia in this study. The concentration of copper
(I)-binding organic ligands (CuL) and conditional stability constants (log K) were
determined by using competitive ligand exchange-adsorptive cathodic stripping
voltammetry. This method involves titrating the natural organic ligands in the sample
with added Cu (ll) standard and added ligands, salicylaldoxime (SA) to compete with
the natural organic ligands (L"). The concentration and classes of the organic ligand
that can form complexes with Cu (ll) were identified by using the log K through Van
den Berg linearization. It is found that the strong complexing ligands in the sample
with log K>12. This study provides an insight of the condition of the bioavailability of
dissolved copper in the coastal area. This study could highlight the role of the organic
ligands in the coastal water which could contribute to the bioavailable and toxicity to
the organism.

Keywords: Copper speciation, organic ligands complex, dissolved copper, competitive
ligand exchange-adsorptive cathodic stripping voltammetry
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Harnessing earth observations for assessing optical water quality
in Asian coastal oceans

Eko Siswanto
Japan Agency for Marine-Earth Science and Technology, Japan
Abstract

Due to the high population density and human activities in the coastal zones, coupled
with vulnerability to climate change, Asian coastal oceans face significant
environmental pressure. Eutrophication and red tide are among the challenges
causing harm to marine ecosystems and fisheries resources, consequently leading to
socioeconomic impacts. To support mitigation and adaptation efforts, a satellite-
based Earth observation providing information relevant to water quality over a large
spatial scale in near-real-time is highly demanded. Optically, coastal oceans can be
categorized into three main water types dominated by suspended sediment, colored
dissolved organic matter, and phytoplankton biomass, as they are in-water
substances, due to their absorption and backscattering properties, determining the
color of coastal waters. Waters dominated by phytoplankton may experience normal
seasonal blooms or abnormal red tide outbreaks, causing water column hypoxia and
other detrimental effects to life below the waters. Eutrophication and red tide
commonly occur in coastal regions and small embayments. Therefore, satellite
observation with finer spatial resolution is essential for their observation and
monitoring. This study utilized ocean color observation data from the Japanese
GCOM-C/SGLI, providing data with a 250-m resolution suitable for coastal water
observation and monitoring. The SGLI-retrieved remote sensing reflectance spectral
shapes and a Quasi-Analytical Algorithm (QAA)-based inherent optical properties were
inspected to classify coastal waters based on the mentioned optical water quality. The
potential use of Earth observation for red tide detection will also be demonstrated.

Keywords: ocean color, remote sensing, optical properties, phytoplankton, water
quality
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Projecting physical-biogeochemistry changes (1990-2060)
inthe South China Sea under RCP8.5 climate change scenario

Nur Hidayah Roseli'2*, Winfred Marshal? Mohd Fadzil Mohd Akhir?, Poh Seng Chee’,
Roswati Md. Amin', Anna Katavouta?, and Jeff Polton?

" Faculty of Science and Marine Environment, Universiti Malaysia Terengganu, 21030,
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2 Institute of Oceanography and Environment, Universiti Malaysia Terengganu, 21030,
Kuala Nerus, Terengganu, Malaysia
3 National Oceanographic Centre, Joseph Proudman Building, 6 Brownlow Street,
Liverpool L3 5DA, United Kingdom

Abstract

South China Sea (SCS) is a semi-enclosed water body located in the Southeast Asia
regions. SCS was susceptible to climate change with previous studies had shown
increasing trends of SST in the region. In this study, our aim was to explore the
changes of temperature, salinity and biogeochemistry components induced by
climate change. Forecast model, NEMO-ERSEM, simulated under RCP8.5 scenario is
used to study the changes of physical-biogeochemistry in the SCS from year 1990 to
2060. Data were extracted and analyzed for winter monsoon (DJF) and summer
monsoon (JJA) seasons at three upwelling areas; western SCS (near Vietnam),
eastern SCS (near Borneo) and southern SCS (near Peninsular Malaysia). The
anomalies showed that the sea surface temperature (SST) had an increasing decadal
trend (6.9% during summer monsoon and 7.1% during winter monsoon). Meanwhile,
sea surface salinity (SSS) anomalies showed declining trends (-0.8% during both
seasons). During summer monsoon, surface oxygen concentration decreased (-2.6%).
Similar trends were observed in the diatom nitrogen (-8.6%), microphytoplankton
concentration (-8.6%) and microzooplankton concentration (-8.4%). Nitrate (11%) and
ammonium (7.6) concentration are predicted to be increased by the end of 2060. The
trends are varied during winter monsoon where surface oxygen is expected to be
decreased (-2.3%). Diatom nitrogen, nitrate, ammonium and microphytoplankton
concentration are predicted to increase by 5.1%, 29%, 6.4% and 4.5% respectively.
Microzooplankton showed negative percentage anomalies (-11.3%) by the end of
2060 during winter monsoon. On the discussion for upwelling regions, eastern SCS
had different anomalies distribution than the western and southern SCS because
upwelling in eastern SCS occurred during winter monsoon and upwelling in western
and southern SCS occurred during summer monsoon. Despite variability in the
seasons, the decadal trends showed most of the changes in the physical and
biogeochemistry components will have significant changes by 2060 and mostly
occurred after the 2020-2029 periods.

Keywords: Biogeochemistry; South China Sea; NEMO-ERSEM; Climate Change;
RCP8.5 scenario
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Control factors of nutrient concentration and material cycle
in the eastern part of Seto Inland Sea Japan

Akihiko Morimoto’, Siraporn Tong-U-Dom?, Qian Leng?, Xinyu Guo', Naoki Yoshie',
Kuninao Tada3, and Masatoshi Nakakuni®

T Center for Marine Environmental Studies, Ehime University, Japan
2 Graduate School of Science and Engineering, Ehime University, Japan
3 Faculty of Agriculture, Kagawa University, Japan

Abstract

Seto Inland Sea (SIS) is a semi-enclosed coastal sea in Japan connected to the Pacific
Ocean. SIS was in a severe eutrophic condition in 1960’s and 1970’s and is in an
oligotrophic condition at the moment due to reduction of nutrient load from land. In
order to attain a suitable nutrient condition, we have to understand nutrient and
material cycles in the SIS. Especially, nutrient condition in the eastern part of the SIS
(ESIS) might be controlled by nutrient load from land because large cities like Osaka
and Kobe are facing the SIS and several rivers supply nutrients into the SIS. We
developed a physical-ecosystem coupled model to understand material cycle related
to lower trophic ecosystem in the ESIS and then calculated contributions to dissolved
inorganic nitrogen (DIN) in the ESIS from major nutrient source, namely, land (rivers),
bottom sediment, and the Pacific Ocean using a tracking technique for ecosystem
variables. In addition, we revealed the contribution ratio of nutrient load from each
river to DIN in the ESIS. The numerical model well reproduced temporal and spatial
variations in observed DIN and chlorophyll-a concentrations. Dominant nutrient source
was land (rivers) in Osaka Bay but bottom sediment in Harima-Nada. In Harima-Nada,
although several rivers supply nutrients there, the highest contribution to DIN
concentration was Yodo River which does not directly supply freshwater and nutrients
there. We carried out sensitive analysis to know ecosystem response related to
nutrient concentration change. When nutrient load from all rivers in the model domain
are increased, response of phytoplankton both Osaka Bay and Harima-Nada was
different; phytoplankton increased with nutrient load increase in Osaka Bay and no
response of phytoplankton in Harima-Nada. In Harima-Nada, we found that total
chlorophyll-a concentration was not so much changed with increase of nutrient load
from rivers but composition of phytoplankton was changed; large size of
phytoplankton increased and middle and small size phytoplankton decreased.

Keywords: Nutrient cycle, Seto Inland Sea, Ecosystem model
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Impacts of tropical cyclone Seroja on the phytoplankton chlorophyll-a
and sea surface temperature in the Savu Sea, Indonesia

Riza Yuliratno Setiawan®*, R. Dwi Susanto?, Inovasita Alifdini3,
and Ardiansyah Desmont Puryajati*

" Department of Fisheries, Faculty of Agriculture, Universitas Gadjah Mada,
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2 Department of Atmospheric and Oceanic Science, University of Maryland, College Park,
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3 Institute of Meteorology and Climate Research, Karlsruhe Institute of Technology,
Karlsruhe, Germany

4 Physical Oceanography Laboratory, The Graduate School of Science, Tohoku University,

Sendai, Miyagi, Japan

Abstract

Tropical cyclone (TC) Seroja was a rare climatic event in the Indonesian Seas,
particularly in the Savu Sea. This unprecedented event, which occurred on April 4,
2021, caused fatalities and severe damage to the region’s infrastructure and
economy. High spatio-temporal resolution satellite measurements of surface winds
(Cross-Calibrated Multi-Platform), surface chlorophyll-a (Himawari-8), and sea surface
temperature (SST; RSS OISST) are used to disentangle the impact of extreme wind
speed (>10 m-s™) on chlorophyll-a and SST. High wind speed associated with TC
Seroja induced strong upwelling and vertical mixing in the Savu Sea, which led to
phytoplankton blooms and SST depression. An abrupt change of daily variability and
positive anomaly in phytoplankton chlorophyll-a concentrations reaches 13 mg-m3
and 0.3 mg-m=3, respectively. At the same time, the SST shows significant cooling up
to 3 °C. Our results provide novel insights on the exceptional occurrence of a TC within
the Indonesian Seas and highlight its impact on chlorophyll-a and SST.

Keywords: Tropical cyclone Seroja, Ekman pumping velocity, chlorophyll-a, sea
surface temperature, Savu Sea
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Noctilucared tide and hypoxia in the upper Gulf of Thailand in 2023

Anukul Buranapratheprat® *, Akihiko Morimoto?, Yoshihisa Mino?,
Jutarak Luang-on?, and Joji Ishizaka?

" Department of Aquatic Science, Faculty of Science, Burapha University, Thailand
2 Center for Marine Environmental Studies (CMES), Ehime University, Japan
3 Institute for Space-Earth Environmental Research, Nagoya University, Japan
4 Japan Agency for Marine-Earth Science and Technology (JAMSTEC), Japan

Abstract

Noctiluca red tide in the northeast of the upper Gulf of Thailand during the southwest
monsoon in 2023 was very severe compared to previous records. This dark-green
algal bloom lasted for a long period for several months and extended over a very wide
area that has never been seen before. The mass die-off of coastal marine life was a
critical effect that occurred when dissolved oxygen was consumed by the
decomposition of dead plankton cells. This impact included the loss of cultured
shellfish in the blooming area. Satellite data show the evidence of strong
phytoplankton bloom that is connected to river discharge, monsoonal wind and
current. The blooming areas were initiated offshore by surface current convergence
off the river mouths and then transported to the east coast of the upper gulf where
strong blooms were observed. Landward winds result in intense and long-lasting
blooms. Field observations in the upper gulf reveal the development of hypoxia in near-
bottom water in a very wide area in early October 2023, the transition period from the
southwest to the northeast monsoon. This evidence may be related to the strong
green Noctiluca bloom that happened earlier during the southwest monsoon, a few
months earlier. It is also related to strong water column stratification from freshwater
discharge from large rivers in the same period. We observed millions of Noctiluca cells
during the cruise in August 2023, but hypoxia did not develop because of water column
well-mixing. The mechanism of interannual variations is still unknown, and the impact
of climate change is unclear. This requires a long-time monitoring system and an
ecosystem prediction model that can be used not only for the investigation of this
eutrophic mechanism but also for red tide and hypoxia warning to minimize the
resulting severe impact at the same time.

Keywords: red tide, hypoxia, Noctiluca, seasonal variations, Gulf of Thailand
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Temporal variability of phytoplankton community structure in relation
to marine environmental dynamics in temperate coastal waters

Koichi Yano' ", Shinji Shimode?, Robel M. Ashenafi', Hiroshi Murakami?,
and Victor S. Kuwahara'

" Graduate School of Science and Engineering, Soka University, 1-236 Tangi-machi, Hachioji,
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2Manazuru Marine Center for Environmental Research and Education, Graduate School of
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2-1-1 Sengen, Tsukuba-shi, Ibaraki 305-8505, Japan

Abstract

Phytoplankton form the foundation of the aquatic food web and are the primary driver
of biogeochemical processes including the export of carbon to the deep ocean. During
the last decades, sea surface temperature (SST) has been experiencing warming
under climate change scenarios, and phytoplankton communities are predicted to
change accordingly. Therefore, in the context of global climate change, knowledge of
the distributions, compositions, and biomass of phytoplankton communities are
crucial to understand biogeochemical cycles. Previous studies have emphasized the
importance of focusing on regional-scale studies due to the contrasting warming rates
between global and regional levels. Sagami Bay is a temperate coastal area located
on the southern coast of central Japan, and faces the northwestern Pacific Ocean.
The open bay has been well studied from oceanographical viewpoints, and can be
regarded as the most stable ground for fishery production in Japan. Thus, in order to
maintain the fishery ground, it is important to understand the contribution of different
phytoplankton groups to primary consumers and biogeochemical cycles. The purpose
of this study is to clarify temporal variability of the phytoplankton community structure
in relation to marine environmental dynamics (temperature, salinity, nutrients, etc.) in
the temperate coastal waters. The specific objectives are (1) to characterize the
regional phytoplankton biomass and communities which co-vary with environmental
factors (in situ), (2) to evaluate the spatial and temporal variability of regional water
masses (remote sensing), and (3) to assess the impact of climatological indices
(Kuroshio intrusion, El Nifio Southern Oscillation, Pacific Decadal Oscillation, etc.) on
regional phytoplankton communities and environmental factors. The in situ
observations were carried out at Station M (35° 09’ 45" N, 139° 10’ 00” E) in Sagami
Bay from 1995 to 2023, and remote sensing data from 2002 to 2023 were also
evaluated by MODIS-Aqua. Preliminary results show a significant warming trend (P <
0.0017) of SST, increasing 1.32°C during 20 years. Further, the median value of the
haptophyte’s signature pigment (19'-hexanoyloxyfucoxanthin) increased from 2017 to
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2020. The results suggest that temporal SST variability affects phytoplankton
community biomass. Our investigation will reveal that other environmental factors,
such as euphotic depth, salinity and nutrients, also vary temporally with climatological
indices under global climate change, which drive phytoplankton community
succession.

Keywords: climate change, temporal trend, in situ observations, remote sensing,
Sagami Bay
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Spatial heterogeneity of seasonal phytoplankton blooms
in the Yellow Sea: physical drivers and biological responses

Hongjun Song
First Institute of Oceanography, Ministry of Natural Resources, China
Abstract

Seasonal phytoplankton blooms and associated biological-physical drivers have been
studied in various marine systems throughout the world. In the present study, satellite
and in situ observations are used to examine spatial heterogeneity in the timing and
magnitude of phytoplankton blooms in relation to local and remote physical
processes in the Yellow Sea (YS), a marginal sea in the northwestern Pacific Ocean.
Satellite ocean color data reveal that annual chlorophyll maximumes vary significantly
in both timing and magnitude over different subregions of the YS. Strong summer
blooms were found off estuary regions, and widespread spring blooms were found in
the central trough. Localized autumn and winter peaks were found in small patches
around Jeju Island and in nearshore regions. A statistical analysis of in situ
measurements of the western YS suggests that variability in hydrographic properties
could explain most of the spatial heterogeneity observed in both bloom timing and
magnitude. The spatial heterogeneity of hydrographic properties, such as thermal or
haline stratification and nutrient availability, are controlled by a suite of physical
forcings, including the extent of the YS Cold Water Mass, river discharge, warm slope
water intrusion, and seasonal warming/cooling. Our results imply that the spatial
heterogeneity of marginal seas must be carefully considered when assessing
phytoplankton responses in the context of climate change, due to the uncertainty and
complexity of underlying mechanisms.

Keywords: phytoplankton blooms, spatial heterogeneity, physical processes, Yellow Sea
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Increasing dolphins appearances during extreme upwelling events:
a potential marine wildlife tourism in Alor Kecil, Alor Island, Indonesia

Anindya Wirasatriya', Arthur Mattews Basana’, Elis Indrayanti’,
Agus Anugroho Dwi Suryoputro’, Retno Hartati?, Nur Taufig SPJ?,
and Jahved Ferianto Maro?
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Semarang, Indonesia
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Abstract

The seas of Alor Kecil Village, Alor Island, Indonesia is as an area with the occurrence
of Extreme Upwelling Event (EUE) as denoted by the extreme and sudden drop of sea
surface temperature (SST) to less than 15°C. The EUE occurs in August to November,
twice a day and lasts for 1 to 4 days with the duration only about an hour. This unique
oceanographic phenomenon becomes the only one in the world since cannot be found
in other tropical seas. The dramatic temperature drop during EUE makes the small
fishes unconscious and then attracts dolphins to come and feed. This is the first study
that quantifies the dolphin appearance during EUE using daytime CCTV observation.
Full month observation was conducted in May and September 2022 which represent
the month with and without EUE. In May 2022, the minimum SST is only 21.47°C on 19
May 2022. The total appearance of dolphin in May 2022 is 54 appearances. In
September 2022, the minimum SST of 17.34°C occurs on 13 September 2022. The total
dolphin appearance increases into 82 appearances. Furthermore, we focus the
observation on the EUE period on 2—4 September 2023 and 30 September—2 October
2023 which has much lower SST than September 2022. The SST drops in September
and October 2023 reach ~12°C. The dolphin appearance on 2-4 September 2023 and
30 September—2 October 2023 are 105 and 90 appearances, respectively, which occurs
mostly within one hour during the peak of EUE. The frequent dolphin appearances
during EUE is potential to be developed as a marine wildlife tourism, since people can
watch dolphin attraction only from the seashore along the Alor Kecil Village.

Keywords: extreme temperature drop, dolphin appearance, Alor Island, CCTV
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A review of impacts of reclamation activities on water quality - towards
environmental impact assessment strategy for Manila Bay

John Darryl B. Lagdameo, Charissa M. Ferrera, and Gil S. Jacinto
Marine Science Institute, University of the Philippines Diliman, The Philippines
Abstract

As the global population is expected to rise in the coming years, the demand for
housing and land needs will continue to increase, and reclamation activities in coastal
wetlands to meet this demand are becoming more common. In highly developed
countries, land reclamation is being recognized as one of the popular urban planning
strategies for boosting their economy and expanding their tourism industries. It helps
address growing population problems by creating more urban spaces and providing
better job opportunities. Reclamation creates new land mass and alters the
topography of coastal areas. During reclamation, sediments are transported to new
locations through dredging activities which may induce turbidity, increase in total
suspended solids (TSS), increase in nutrient concentration, and decrease
photosynthetically active radiation (PAR). Through time, reclamation activities may
heavily influence the geological state, ocean dynamics, nutrient distribution, and
biogeochemical patterns that naturally exist near the reclaimed sites. This study will
present a comparison of reported reclamation activities done in different regions of
the world, their extent of coverage, typical sediment material used, and reported direct
implications on water quality and indirect implications on biological organisms,
among others. Environmental conditions such as dissolved oxygen content and pH of
seawater and other factors will be taken into consideration when assessing the
impacts of reclamation activities on the water quality of Manila Bay, a tropical
estuarine embayment that serves as a drainage area of surrounding sub-watersheds.
Based on the synthesis of available information, a framework will be created as a
strategy to best approach the assessment of water quality impacts of reclamation in
Manila Bay. This could serve as inputs for models that can address the long-term
effects of reclamation in the area.

Keywords: Reclamation, environmental impact assessment, water quality
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Reproductive strategies among the Paracalanidae copepods
in Sagami Bay, Japan and Sepanggar Bay, Malaysia

A. Kawano', T. Yoshida3, K. Yano?, H. Itoh4, V. S. Kuwahara?, and S. Shimode'

"Manazuru Marine Center, Graduate School of Environment and Information Sciences,
Yokohama National University, Manazuru, Kanagawa 259-0202, Japan
2 Graduate School of Engineering, Soka University, Hachioji, Tokyo 192-8577, Japan
3 Unit for Harmful Algal Bloom Studies, Borneo Marine Research Institute,
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4Suidosha co. Itd., Kawasaki, Kanagawa 214-0038, Japan

Abstract

The egg production rate (EPR) and reproductive strategies of the marine planktonic
copepods are essential to understanding their population dynamics. The
Paracalanidae copepods are one of the essential food items for many fishes, including
commercially important species, because they are a dominant group in the
zooplankton community of coastal waters worldwide. In the temperate coastal water
of Sagami Bay, Japan, although several sub- and tropical paracalanids appear
seasonally, Paracalanus orientalis exhibits high population density regardless of
seasons. The objective of this study is to reveal differences in reproductive strategies
of the Paracalanidae species collected between temperate and tropical coastal
waters. We collected plankton samples at St. M in Sagami Bay, Japan, and St. 5 in
Sepanggar Bay, Malaysia. The depths of St. M and St. 5 are 120 m and ca. 30m,
respectively. The two genera, Paracalanus and Acrocalanus, were collected using a
plankton net with a diameter of 30 cm and a mesh size of 30 pm, towed vertically from
a depth of 30 m to the sea surface. Vertical profiles of water temperature, salinity, and
Chl a were recorded using sensors. Each adult female was incubated for 24 hours
under a light cycle (12L:12D) with in situ water temperatures. Eggs were checked and
counted at 18:00, 6:00 (local time), and at the end of the experiments to measure
clutch sizes and numbers of clutches. Additionally, the prosome length (PL) of adult
females and egg diameter (ED) were measured to convert their carbon contents. In
Sagami Bay, the species with high EPR spawned regardless of the day-night cycle.
Among the higher EPR species, the Acrocalanus spp. and P. orientalis had shorter
clutch intervals. On the other hand, lower EPR species in Sagami Bay and the species
collected in Sepanggar Bay mainly released their eggs during the night with relatively
longer clutch intervals. Among these species, P. aculeatus major showed the largest
clutch size, while its clutch intervals were longer. Considering the higher carbon
investment per egg in P. gracilis, this species was considered a K-strategists.

Keywords: Egg production, clutch size, clutch interval, daily cycle, r/K reproductive
strategies
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Significant impact of ocean current variability on marine heatwaves
around Japan

Toru Miyama, Yasumasa Miyazawa, and Hakase Hayashida
Japan Agency for Marine-Earth Science and Technology, Japan
Abstract

Marine heatwaves have been progressively intensifying and escalating around Japan
in recent years, in a manner analogous to other regions of the world. A noteworthy
characteristic of this region is the significant influence of the western boundary
current system of the North Pacific, including the Kuroshio, Oyashio, and Tsushima
Warm Currents, which play a crucial role in the occurrence of marine heatwaves. To
gain a comprehensive understanding of the ocean heatwaves in this region, we have
developed the dataset of marine heatwaves and cold spells around Japan using the
JCOPE2M ocean reanalysis system, created by the Application Laboratory of the
Japan Agency for Marine-Earth Science and Technology. In recent years, there has
been a considerable increase in the frequency and intensity of marine heatwaves in
this dataset, both at the surface and in the subsurface layer, particularly since around
2015. Marine heatwaves increased, particularly at the thermocline depth, which was
affected by ocean currents. It is worth noting that marine heatwaves at the surface
have been considerably influenced by El Nifio and tend to intensify towards the end of
an El Nifio event. In the Oyashio region, marine heatwaves have been on the rise since
2010, attributed to the warm-water eddy emanating from the Kuroshio Extension.
Along the southern coast of Japan, marine heatwaves have seen a surge due to the
Kuroshio large meander that began in 2017. Offshore, the Kuroshio meander has been
causing intense marine cold spells. The Sea of Japan has been experiencing a
warming trend in recent years, and the augmentation of the Tsushima Warm Current
has contributed significantly to this warming.

Keywords: marine heatwaves, Kuroshio large meander, Oyashio, Japan Sea, Tsushima
Warm Current
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Progress on the evolutionary characteristics and climatic causes
of warming and marine heatwaves in the coastal China Seas

Rongshuo Cai and Hongjian Tan
Third Institute of Oceanography, Ministry of Natural Resources, Xiamen, China
Abstract

Robust warming and frequent extremely high sea temperature events (marine
heatwaves, MHWs) have been observed in the coastal China seas (CCS) over the past
decades, causing a series of ecological disasters, including mass mortality of marine
organisms and outbreaks of harmful algal blooms. This study presents a
comprehensive review of the research progress involving the warming and MHWs in
the CCS, including the characteristics and causes of long-term warming trend and
MHWs. Under the combined influences of the East Asian monsoon and Kuroshio, the
sea surface temperature (SST) in the CCS, especially in the East China Sea (Bohai,
Yellow and East China Seas, hereafter ECS), has shown an enhanced response to
global warming, with annual mean increases of 1.02+0.19°C and 1.45+0.32°C during
the period of 1960-2022, respectively, with significant inter-decadal and inter-annual
variability. In addition to the influence of large-scale air sea interaction such as ENSO
and PDO, SST changes are also directly affected and jointly affected by the East Asian
Monsoon changes and the Kuroshio meridional transport. Since 1982, the MHWs in
the CCS has obviously increased in frequency, intensity, and duration, and are
projected to be likely further increase in the future. Among them, the frequency of
MHWs in the ECS and SCS is 20 times and 4 times higher than that in the 1980s,
respectively, and there are high correlations between them and the negative Indian
Ocean Dipole and the El Nifo. Frequent extreme MHWSs have caused devastating
disasters to some marine ecosystems such as coral reefs and aquaculture. There is
an urgent need for in-depth research on the physical processes and predictability of
marine heatwaves, as well as the forecasting and early warning systems.

Keywords: the coastal China seas, warming, marine heatwaves, I0D
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On the calculation of solar radiation at the bottom of mixed layer
in the global ocean based on ocean color satellites

Zhongping Lee, Zuoran Wei, and Shaoling Shang

State Key Laboratory of Marine Environmental Science, College of Ocean and Earth Sciences,
Xiamen University, Xiamen, Fujian, China

Abstract

Solar radiation is the fundamental energy source of the earth systems, especially the
visible part of solar radiation (Evis) that can reach as deep as ~300 m into the ocean
to heat up waters beneath the mixed layer, subsequently affecting ocean circulations
as well as the atmosphere. To adequately quantify the penetration, or vertical
distribution, of Evis in the global ocean, it is required to use products obtained from
satellite ocean-color remote sensing, and traditionally this is based on the empirically
estimated chlorophyll concentration (Chl). Because of the inherent biological nature
of Chl, it is associated with large uncertainties when Chl is converted to the attenuation
coefficient of Evis, consequently the estimated Evis at the bottom of the mixed layer
is of large errors. A more robust approach is to quantify the vertical distribution of Evis
based on waters’ inherent optical properties, along with a model following radiative
transfer. In this report, a comparison of the two approaches in obtaining Evis at the
bottom of the mixed layer over the global ocean is presented, where large differences
in Evis at the bottom of the mixed layer are evident. We strongly advocate the
utilization of physics-based models/systems for the calculation of Evis in the upper
water column.

Keywords: Solar radiation, upper water column, chlorophyll concentration, inherent
optical properties
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Evaluation of marine heatwaves in the North Pacific Ocean simulated
by CMIP6 models: a clustering-based approach

Wonkeun Choi'-2, Heeseok Jung’, Zhenya Song?® 4, and Chan Joo Jang-2

" Ocean Circulation Research Center, Korea Institute of Ocean Science and Technology, Busan,
49111, Republic of Korea
2Department of Ocean Science, Korea University of Science and Technology, Daejeon,
34143, Republic of Korea
3 First Institute of Oceanography, and Key Laboratory of Marine Science and
Numerical Modeling, Ministry of Natural Resources, China
4 Laboratory for Regional Oceanography and Numerical Modeling, Pilot National Laboratory
for Marine Science and Technology, China

Abstract

Climate models are the primary tool for projecting marine heatwaves (MHWs). Before
projecting future changes in MHW, the simulation performance of the climate model
should be evaluated to understand the impact of model bias on the interpretation of
future changes. Previous studies have mainly focused on evaluating the common bias
simulated by multi-model ensembles of climate models. However, when evaluating
individual models, there are some groups with similar bias patterns, and clustering
them can provide more diverse representative biases than the common bias. In this
study, we aimed to evaluate the MHW characteristics (total days, frequency, and mean
intensity) in historical simulations from 30 Coupled Model Project Intercomparison
Phase 6 (CMIP6) models in the North Pacific Ocean (NPO) compared to OISST
reanalysis data for 33 years (1982-2014), and to cluster CMIP6 models with similar
bias patterns in order to understand the representative bias. The 30 CMIP6 models
were clustered into five groups using hierarchical clustering based on similar MHW
bias patterns. For total MHW days, each group showed a spatial distribution of
overestimation similar to the Pacific decadal oscillation pattern, and a spatial
distribution of overestimation, concentrated in the Kuroshio Extension, the
southwestern North Pacific and the Bering Sea, respectively. In the mean MHW
intensity bias, over 80% of the CMIP6 model showed a dipole pattern in the Kuroshio
extension. This dipole pattern is likely caused by the simulation of the Kuroshio
Current flowing further north in the CMIP6. To identify whether the climate model
simulated the Kuroshio Current to flow further north than observed, the performance
of the ocean current simulation was evaluated using the same model for each of the
clusters. The same clusters that showed a dipole pattern in the mean MHW intensity
also showed a more northerly simulation of the Kuroshio Current compared to
observations. This study suggests that clustering is necessary to identify the
representative bias of climate models and to understand the characteristics of the
climate models used before projecting future marine heatwaves.

Keywords: hierarchical clustering, extreme climate, ocean dynamics, atmospheric
forcing, Kuroshio overshooting.
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Variations of surface marine heatwaves in the Northwest Pacific

Chen Xingrong and Wang Haiyan

Key Laboratory of Marine Hazards Forecasting, National Marine Environmental Forecasting
Center, Ministry of Natural Resources, Beijing 100081, China

Abstract

Parameters of surface marine heatwaves (MHWs) in the Northwest Pacific (NWP)
during 1993-2019 are derived from sea surface temperature (SST) based on satellite
remote sensing and a data-assimilative global ocean reanalysis product (i.e., OISST
V2.1 and GLORYS12V1). Analysis of the two SST datasets obtains similar spatial
distributions of the mean annual MHW total days, frequency, duration, mean intensity
and cumulative intensity, and interannual variations of these parameters. The MHW
total days and duration from GLORYS are usually higher than that from OISST.
According to GLORYS, the larger than 7 MHW total days are found over the largest
area of both the shelf and deep waters in summer, while over the smallest area in
spring. In selected representative regions, interannual variations of the MHW total
days are positively correlated with the SST anomalies. In summer, the MHW total days
have positive correlations with the Western Pacific Subtropical High (WPSH) intensity,
and negative correlations with the East Asia Monsoon (EAM) intensity, over nearly the
whole South China Sea (SCS) and in low-latitude NWP. In winter, positive correlations
with both the WPSH and EAM intensities present over the western part of SCS.

Keywords: surface marine heatwaves, seasonal-mean statistics, inter-annual
variation, correlation with atmosphere-ocean indices
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Marine heatwave during the El Nino Southern Oscillation based on
satellite derived in the Banda Sea

Choerunnisa Febriani 2, Qurnia W Sari’, Martono?®, Rahaden B Hatmaja®, Subiyanto’,
dan Noir P. Purba™ 4

"Department of Marine Science, Universitas Padjadjaran, West Java, Indonesia
2Komitmen Research Group, Universitas Padjadjaran, West Java, Indonesia
3 Climate and atmosphere research center, National Research and Innovation Agency,
West Java, Indonesia
4Jack Dn’t Swim, Universitas Padjadjaran, West Java, Indonesia

Abstract

The Banda Sea holds significant potential in the field of fisheries and is one of the
largest fishing grounds in Indonesia, with a total catch potential of 4,669,030 tons per
year. However, the escalating anthropogenic global warming over the past few
decades has led to the occurrence of Marine Heatwaves (MHWSs), posing a threat to
the ecosystem. This research aims to analyze the categories, characteristics, and
trends of MHWs in the Banda Sea during the El Nifio Southern Oscillation (ENSO)
phases. The study utilizes descriptive statistical methods, including the calculation of
averages, percentiles to determine MHWs characteristics, and linear regression
methods to identify trends. The average characteristics of MHWs in the Banda Sea
waters are found to be a frequency of 2.3 events per year, a maximum intensity of
1.4°C per year, and a duration of 9.3 days. The average frequency of MHWs shows a
positive linear trend ranging from 0.03 to 0.2 events per year, the range of linear trends
for maximum intensity varies between -0.03 to 0.03°C per year, and the duration of
MHWs indicates a predominantly positive linear trend ranging from -0.3 to 0.7 days
per year. Almost all of them show an increase or a positive trend. In the years 1997
and 2015, during El Nifio events, the average frequency was 0.5 events per year,
maximum intensity was 1.3°C, and average duration was 7 days. In La Nifia events,
specifically 1998 and 2015, the average values were high, with a frequency of 8 events
per year, maximum intensity of 1.5°C, and duration of 15 days. This is attributed to the
influence of ENSO, where temperatures decrease during the positive phase (El Nifio)
and increase during the negative phase (La Nifa).

Keywords: Nino Index, global warming, Indonesian seas, sea surface temperature
anomalies, Indonesian throughflow

2" UN Ocean Decade Regional Conference & 11t" WESTPAC International Marine Science Conference



K6

Session A3: Advance the understanding of marine heatwaves and their impacts

Upper ocean stratification preconditions Marine Heat Wave (MHW)
events in marginal seas

Dong Eun Lee’, Eun Young Lee', Young-Gyu Park?, Hyunjin Kang', and Haedo Baek

" Chungnam National University, Daejeon, Republic of Korea
2 Korea Institute of Ocean Science and Technology, Busan, Republic of Korea

Abstract

The major events since 1982 in the marginal sea area west and south of the Korean
Peninsula have been led by abnormally strong stratification in the vicinity, which was
detected at least two months in advance. This robust coincidence provides
substantial control over mid-summer events through local stratification in early
summer. Such heatwave-leading stratification can be attributed to various oceanic
factors during early summers, including anomalous sea surface temperature,
freshwater flux, and wind mixing. Knockout-style experiments using a 1-dimensional
ocean model revealed that the upper ocean stratification in the preceding months,
mostly through wind mixing, is capable of regulating MHWSs. Meanwhile, in the longer
historical records, gradual decreases in the intensity and frequency of the daily wind
gusts were found, possibly as a mixed result of anthropogenically induced climate
change and strong natural variability of the midlatitudes. This might have dominated
in enhancing the occurrence of MHWSs, combined with the rising background surface
temperature.

Keywords: Marine Heatwave, Vertical Stratification
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Causes of 2022 summer marine heatwave in the East China Seas

Hongjian Tan and Rongshuo Cai
Third Institute of Oceanography, Ministry of Natural Resources, Xiamen 361005, China
Abstract

Recent occurrences of marine heatwaves (MHWSs) in coastal China seas have caused
serious impacts on marine ecosystem services and socio-economics. Nevertheless,
the underlying physical process, including local drivers and remote associations,
remains poorly understood, thereby hindering accurate predictability. In this study, we
reported an extreme MHW event in the East China Seas (ECSs, including the Bohai,
Yellow, and East China Sea), lasting for 75 d with a maximum intensity of 1.96°C above
climatology (1982-2011) during the summer 2022. This ECSs MHW event was
triggered by a combination of anomalous atmospheric and oceanic conditions,
including enhanced insolation, weakened surface wind speed, suppressed latent heat
loss from ocean, a shallower mixed layer, and upper ocean current anomaly. Mixed-
layer temperature budget diagnosis suggested that changes in the ECSs temperature
were dominated by the surface net heat flux, largely due to strong shortwave radiation
flux, during the development and decay of the MHW event. Oceanic advection also
created favorable conditions for the maintenance of the MHW. These physical drivers
were further regulated by the westward expanded and intensified western Pacific
subtropical high (WPSH), potentially linked to the negative phase of Indian Ocean
Dipole (I0D). Despite the three years (2020-2022) consecutive La Nifa events, the
ECSs summer MHWSs appeared to be more closely linked to negative 10D events, with
a lagging period of 1-3 months. The seasonal precursor signals of the negative I0D
have the potential to affect local physical drivers of ECSs MHWSs through regulating
the strength and position of WPSH, thus serving as a promising predictor for the ECSs
MHWSs. The future likelihood and intensity of the ECSs MHWs are projected to increase
substantially in the coming decades, largely due to broad-scale warming attributed to
anthropogenic climate change. Consequently, there is an urgent need to develop MHW
forecasting and early warning systems, and robust approaches to mitigation and
adaptation.

Keywords: Marine heatwaves, East China Seas, Indian Ocean Dipole, Western Pacific
subtropical high

2" UN Ocean Decade Regional Conference & 11t" WESTPAC International Marine Science Conference



k70

Session A3: Advance the understanding of marine heatwaves and their impacts

Prolonged marine heatwaves in the East Korea Bay in the East Sea:
characteristics and mechanisms

Subi Lee 2, Wonkeun Choi' 2, Minkyoung Bang'- 3, Heeseok Jung’,
and Chan Joo Jang" 23

" Ocean Circulation and Climate Research Department, Korea Institute of Ocean Science
and Technology, Busan, 49111, Republic of Korea
2 Department of Ocean Science, Korea University of Science and Technology,
Daejeon, 34143, Republic of Korea
3 Ocean Science and Technology School, Korea Maritime and Ocean University,
Busan, 49112, Republic of Korea

Abstract

Marine heatwaves (MHWSs)—prolonged extremely high ocean temperature events—
have become more intense, frequent, and longer in recent years, destructively
impacting marine ecosystems and subsequent socio-economic consequences. The
East Korea Bay (EKB) in the northwestern East/Japan Sea (EJS) has experienced 32%
longer MHWSs (16.8124.0 days/event) compared to those of the whole EJS (12.6+11.5
days/event), especially with two extremely long-lasting MHWs of more than three
months (161 and 126 days). In this study, we investigate the distinct characteristics
of the long-lasting MHWSs in the EKB for 37 years (1982-2018) and their possible
physical mechanism using satellite and reanalysis products. During the long-lasting
MHWs (top 20% duration, >18 days) in the EKB, an enhanced ocean surface cooling
dominated by latent heat flux anomaly (-51W/m?) and the weak positive solar
radiation anomaly (3.6 W /m?) suggest a predominant role of oceanic processes. The
spatiotemporal distribution of sea level anomalies shows that the long and strong
anticyclonic eddies with higher amplitude seem to be associated with extremely long-
lasting MHWSs. There is a significant positive correlation between the MHWSs duration
and the eddy intensity in the EKB (r= 0.32; p<0.05), especially during the long-lasting
or consecutive MHWSs in the EKB. A heat budget analysis further supports the
dominant role of advection by the anticyclonic eddies for maintaining long-lasting
MHWSs. Our findings suggest that the ocean processes including eddies can contribute
to driving extremely long-lasting MHWs in the EKB in the EJS.

Keywords: long-lasting marine heatwaves, anticyclonic eddies, East Korea Bay, mixed
layer heat budget
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Understanding marine heatwaves in the Bay of Bengal:
progresses and future endeavors

Yun Qiu, Xinyu Lin, and Kunming Liang

Fujian Provincial Key Laboratory of Marine Physical and Geological Processes,
Third Institute of Oceanography, Ministry of Natural Resources, Xiamen 361005, China

Abstract

Marine heatwaves (MHWSs), characterized by extremely warm water events, are
increasingly prevalent globally, posing significant threats to marine ecosystems. The
Bay of Bengal (BOB), witnessing one of the fastest warming rates among tropical
oceans since 2005, coupled with shallow mixed layer induced by low-salinity water,
favors the occurrence of strong MHWSs. Consequently, coral reefs in the BOB are
facing escalating bleaching threats due to the dramatic increase of these extreme
events under such a warming climate. Supported by the Asian Cooperation Fund
Project, we have conducted a very successful joint survey in winter 2019, to investigate
MHWSs and its potential influence on coral reefs along Myanmar coasts, in cooperation
with Pathein University. The related work has also been conducted in the BOB in the
recent years, to explore on some vital issues, including regionality and seasonality of
MHWs, relationship between interannual variability of MHWs and El Nifio-Southern
Oscillation (ENSO) & Indian Ocean Dipole (I0D), and their influence on ecosystems.
The main achievements on these issues are introduced in this talk. Moreover,
comprehensive future research plans and international cooperation are suggested to
enhance the monitoring, understanding and prediction of MHWs in the BOB.

Keywords: Marine heatwaves, ENSO, 10D, coral reefs
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Comparative analysis of Marine Heatwave (MHW)
and Degree Heating Week (DHW) and its applicability to Philippine Seas

Rachel Francisco, Charina Lyn Repollo, and Cesar Villanoy

University of the Philippines, Marine Science Institute, The Philippines
Abstract

Increasing sea surface temperature has been shown to expose both tropical and high
latitude organisms beyond their thermal limits causing stress and even mortality. In
order to assist the survival of marine organisms against thermal stress, we need to be
able to quantify how heating progresses in the Philippine seas and determine the
organism-specific threshold against thermal stress. Marine heatwave (MHW) is a new
measure of heat stress that is able to capture extreme and short-lived temperature
anomalies which were documented to have had a large impact on marine organisms
globally. On the other hand, Degree Heating Week (DHW) is the widely-accepted
measure of heat stress able to detect the long-term gradual accumulation of heat that
eventually leads to bleaching. This study aims to provide an analytical comparison of
marine heatwaves and degree heating week in terms of their climatology, intensity,
frequency, and spatial distribution within the Philippine seas. Archived DHW data from
NOAA Coral Reef Watch, as well as detected marine heatwaves from 1982-2021
using Operational Sea Surface Temperature and Ice Analysis (OSTIA) will be used as
a dataset. Results of this study can be a reference for marine biologists on developing
strategies to help various marine organisms cope with increasing sea surface
temperature for a specific region in the Philippines.

Keywords: marine heatwaves, degree heating week, sea surface temperature, thermal
stress
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Seasonal trends in marine heatwaves and its impacts
on coral reef connectivity

Yi Guan and Tianyu Zhang
Guangdong Ocean University, China
Abstract

Marine heatwaves (MHWs) are extreme climatic events that can have devastating
impacts on ecosystems, often causing abrupt ecological changes and socioeconomic
consequences. It has been estimated that MHWs has increased in intensity,
frequency, and duration globally. However, the predominant focus of current research
has been on summertime occurrences within specific regions or global oceans, with
limited attention to the seasonal trends of MHWSs and their potential impacts for coral
reefs. To address this research gap, our study examines seasonal trends in MHWSs
within major coral reefs, regions characterized by high biodiversity. We use Daily
Optimum Interpolation Sea Surface Temperature data (OISST) to identify the number
of MHW events and MHW days, and mean, maximum, as well as intensity of MHWs
for major coral reef regions in each season between 1982 and 2021. Additionally, we
employ a Lagrangian trajectory model to simulate the potential changes in coral reef
connectivity if marine heatwaves occur in coral spawning season. Our analyses aim
to inform management practices that may enhance the resilience of coral reefs.

Keywords: marine heatwave, seasonal trend, coral reef connectivity
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Analysis of marine heatwaves in China’s coastal seas
and adjacent offshore waters

Zhijie Li" 2 and Liying Wan™2

" National Marine Environmental Forecasting Center, Beijing 100081, China
2Key Laboratory of Marine Hazards Forecasting MNR, Beijing 100081, China

Abstract

Marine heatwaves (MHWSs) are changing global ecosystems and bearing profound
socio-economic impacts, yet our understanding of the spatial features, temporal
evolution characteristics, and regional differences in China's marginal seas remains
insufficient. In this study, the spatio-temporal variation characteristics of the
frequency, mean intensity, maximum intensity, cumulative intensity, duration and total
days of MHWs are systematically analyzed based on daily sea surface temperature
data from Operational Sea Surface Temperature and Ice Analysis (OSTIA) for the
period of 1983-2020. The results show the following: The annual mean frequency of
MHWSs in China’s coastal seas is 1.4-4.6 counts per year, and increases gradually from
north to south. The annual mean of mean intensity, maximum intensity and cumulative
intensity are respectively in the ranges of 0.3-2.9°C, 0.4-3.7°C and 3.9-41.7°C days,
all of which show a significant decreasing trend from north to south. The annual mean
of duration and total days of MHWs are in the respective ranges 8.7-19.7 and 18.9-
69.1 days. The annual mean of frequency, cumulative intensity, duration and total days
all show a clear increasing trend, with respective linear increases of 1.03 counts,
3.57°C days, and 1.98 and 17.58 days per decade. The annual mean of the mean
intensity and maximum intensity have no obvious upward trend with the exceptions of
the Bohai and Yellow Seas. Finally, MHWs were divided into the four categories of
moderate, strong, severe and extreme, with the results showing that moderate ones
account for more than 70% of all heat wave events, while strong, severe and extreme
ones respectively account for about 25, 2, and 0.02%.

Keywords: marine heatwaves, frequency, mean intensity, maximum intensity, duration
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latitude connections in the Asian Continental Margins

Quaternary organic biomarkers western Indo-Pacific warm pool
paleoceanography: new progress

Min-Te Chen
Institute of Earth Sciences, NTOU
Abstract

The tropical Indo-Pacific warm pool (IPWP) is key to global climate change. The Banda
Sea, which is located at the central IPWP, would be essentially important in advancing
our understanding of controlling mechanisms in determining the timing and amplitude
of the prevailing Asian-Australian monsoon (AAM) and the interactions with changes
in seasonal and latitudinal incoming solar insolation, Northern Hemisphere (NH) ice
volume, cross-equatorial flows from the Southern Hemisphere, and any ENSO-like
processes in the IPWP. The sediment cores from the Banda Sea provide excellent
climate archives for documenting climate responses relevant to IPWP to any
processes mentioned above. This talk will present initial results from analyzing an
IMAGES core MD012380 collected from the central Banda Sea. This analysis aims to
find data evidence of surface and sub-surface hydrographic responses, mainly at
orbital time scales in the central IPWP during the late Quaternary. By precisely tuning
the MD012380 benthic 680 to the LR04 stack, we have successfully established an
astronomically tuned age model of the past 800ka. We evaluated the uncertainty of
phase estimation of mainly precession frequency band in the time interval of 0—400k
with the age model where most Asian speleothems monsoon records exist for
comparison. The results of our studies suggest that, despite the ~3kyr uncertainty
associated with oxygen isotope stack tuning, there is a ~7-8kyr lag of AAM maxima
relative to the NH summer insolation maxima at the precession frequency band. Our
studies suggest that it remains difficult to reconcile the phase differences between
marine and speleothem monsoon records. We will also present the results of our
GDGTs (TEX86) temperature estimates from the core as well as ground-truth
experiments of the organic biomarker proxies based on suspension particulate matter
and box samples that indicate the temperature proxies are faithful indicators for
annual mean averaged climate. We conclude that using GDGTs organic biomarkers
opens a new reliable window for IPWP paleoceanographic studies.

Keywords: Indo-Pacific warm pool, hydrography, GDGTs, TEX86, SST, monsoon
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Depth of thermocline changes at the Makassar Strait based on
planktonic foraminiferal abundance during the last glacial maximum

Oktavira Dwi Demia Larasati’, Marfasran Hendrizan? and Rima Rachmayani®

" Earth Science Study Program, Faculty of Earth Science and Technology, Institut Teknologi
Bandung, Bandung, Indonesia
2 Paleoclimate and Paleoenvironment Research Group, Research Center for Climate
and Atmosphere, Research Organization for Earth Sciences and Maritime, National Research
and Innovation Agency Republic of Indonesia (BRIN), Bandung, Indonesia
3 Oceanography Research Group, Faculty of Earth Science and Technology, Institut Teknologi
Bandung, Bandung, Indonesia

Abstract

The Indo-Pacific Warm Pool (IPWP) exerts a strong influence on the global climate
system as it partially controls the heat and moisture exchange (pressure gradient)
between the atmosphere and ocean, and thus, the intensity of the Indonesian
Throughflow (ITF). ITF is a vital route for the transfer of heat and water from the
equatorial western Pacific Ocean to the eastern Indian Ocean and thus to maintain the
IPWP extent and intensity in the western Pacific and the eastern Indian Ocean. The
circulation of the ITF is complex and depends on the thermocline structure. Changes
in thermocline depth (DOT) off the Makassar Strait are poorly known than in other part
of ITF pathways, such as in the Timor Sea, which is the outflow pathways of the ITF.
Here, we present a high-resolution planktonic foraminifera-based proxy study at the
main entrance of the Indonesian Throughflow in the Makassar Strait to reconstruct
the ITF variability and to understand the ITF changes during the last glacial maximum
(LGM). Planktonic foraminiferal assemblages in cores collected from the Delta
Mahakam offshore coded TR 1926 (0°13.664' N/ 117°47.436' E, 616 m depth) from
the TRIUMPH 2019 cruise were used to reconstruct the DOT changes at the Makassar
Strait. The DOT change is obtained by the ratio of thermocline dweller species
compared to mixed layer dweller species. We suggest that during the LGM (23-18 ka)
the DOT was shoaling than during the Holocene. This shoaling indicates that there
was a decrease in the intensity of the ITF during the LGM, which we hypothesize that
is influenced by the glacio-eustatic sea-level changes that have modified the geometry
of the pathways within the Indonesian Seas, as well as by the monsoon activity which
was modulated by the changes in the insolation with a precessional cyclicity.

Keywords: ITF, planktonic foraminifera, LGM, DOT
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Dynamics of dissolved methane and organic matter in water
in the Chukchi Sea summertime in 2015 and 2016

Oanh Thi Ngoc Bui', Sohiko Kameyama?, Urumu Tsunogai®, Shigeto Nishino?,
JinYoung Jung?®, Eun-Jin Yang?®, and Sung-Ho Kang®

"University of Science — Vietnam National University Ho Chi Minh City, Vietnam
2 Hokkaido University, Japan
3 Nagoya University, Japan
4 Japan Agency for Marine-Earth Science Technology, Japan
°Korea Polar Research Institute, Republic of Korea

Abstract

In the Arctic Ocean, massive CHs hydrates from marine sediments released, and
methanogenic CH4 produced in an anaerobic environment with high organic matter on
the seafloor and then diffusion into the water column were examined. High methane
emissions in the Chukchi Sea are from the surface seawater and bottom areas
observed during the Arctic Ocean expedition belonging to R/V Mirai and IBRV Araon
cruises. High methane concentrations were observed in the continental shelf in the
summertime of 2015 and 2016. Higher dissolved methane concentration was found
here, resulting from high in situ methanogenesis of organic matter. Relations between
CH4 and nutrients, as well as its precursors, are considered. Both physical factors,
such as water masses, cold-core eddies and biogeochemical factors, are deemed to
control methane distribution in the region.

Keywords: methane emission, Chukchi Sea, Arctic Ocean
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latitude connections in the Asian Continental Margins

Variations in the Kuroshio current and the North Pacific Intermediate
Water during the late quaternary

Jianjun Zou and Xuefa Shi
First Institute of Oceanography, Ministry of Natural Resources, China
Abstract

The Kuroshio Current and North Pacific Intermediate Water have significant impacts
on the marine environment, ecosystem, and climate in the North Pacific. By examining
sedimentary cores from the western subtropical North Pacific, it has been observed
that the dynamics of the Kuroshio Current weaken during glacial periods and
strengthen during interglacial periods. The changes in the Kuroshio are influenced by
both low latitude and extratropical climate processes. Additionally, research on the
ventilation changes in the subtropical intermediate water mass reveals that its
strength varies on millennium timescales, being stronger during colder periods and
weaker during warmer periods. These fluctuations are mainly controlled by the
teleconnection processes between the ocean and the atmosphere, which is driven by
the meridional overturning circulation in the North Atlantic. During the late Quaternary,
the North Pacific Intermediate Water and Kuroshio Current have alternately influenced
environmental changes in the western subtropical waters over glacial and interglacial
cycles. The interaction between these water masses and their effects on the
environment and climate warrant further investigation.

Keywords: Kuroshio Current, North Pacific Intermediate Water, late Quaternary
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latitude connections in the Asian Continental Margins

A Storm surge hazard indicator and hazard evaluation in China
Xiang Fu, Jingming Hou, Qiuuxing Liu, Mingjie Li, and Sendong Liang
National Marine Environmental Forecasting Center, Beijing, 10081, China
Abstract

Risk is a complex outcome that is depicted as a function of the combined effects of
hazards, the assets or people exposed to hazard and the vulnerability of those
exposed elements. Hazard, as “an event or occurrence that has the potential to cause
harm to people and/or property” (Shepard, et al., 2011), is a determining factor when
assessing disaster risk. Since storm surge disasters are mainly caused by high tide
inundation or destruction, either directly physical causing factors: storm surge and
high-water level, should be considered in surge hazard evaluation. A storm surge
hazard indicator was developed based on the analytic hierarchy process (AHP) with
both the storm surge index and high-water index. Using this indicator, the storm surge
hazard along the Chinese mainland coast was evaluated. Storm surges were
simulated by the GPU-based high-resolution 2-D hydrodynamic operational storm
surge model, driven by ERA5 reanalysis data. High waters were calculated from
coastal warning water, a threshold at which storm surge hazards probably occur. The
results show that the annual maximum storm surges increasing along almost the
entire east coast and along Guangdong coast. Meanwhile, the range of where annual
maximum storm surges exceed 2 meters expands in the last 40 years. The storm
surge hazard for more than 80% of the mainland coast are moderate and low. The
coasts with high-level storm surge hazard represent less than 20% of the whole
coastline of mainland China and included the three bays of Bohai, the head area of
Hangzhou Bay, in the Pearl River Estuary, the areas along the eastern coast of the
Leizhou Peninsula and the coastal area of Guangxi Province.

Key words: storm surge, hazard index, evaluation, Chinese mainland
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Comparison of sediment source to sink process in high and low latitude
areas of Asian continental margin

Xuefa Shi'-2, Shuging Qiao’ 2, Shengfa Liu" 2, Jianjun Zou™?, Yanguang Liu'?,
Zhengquan Yao'?, Kunshan Wang™ 2, Limin Hu? 3, Jingrui Li?, and Gang Yang’

"Key Laboratory of Marine Geology and Metallogeny, MNR, First Institute of Oceanography,
Qingdao 266061, China
2Laboratory for Marine Geology, Qingdao National Laboratory for Marine Science and
Technology, Qingdao 266237, China
3 College of Marine Geosciences, Key Laboratory of Submarine Geosciences and Prospecting
Technology, Ocean University of China, Qingdao 26100, China

Abstract

As the largest continental margin in the world, the Asian continental margin (AM) is
under the influence of the strongest land-sea interaction and the most frequent
exchanges of material and energy. The rivers in the AM contribute about two-thirds of
the global fluvial sediments to the ocean, which has a great impact on the
sedimentation, biogeochemical processes and marine ecology of the marginal seas
and the global oceans. Through international cooperation during the past 20 years, we
have systematically carried out sedimentological investigation from the East Siberian
shelf in the north to the Bay of Bengal in the south of the AM. Based on these data, we
compiled a 1:3000000 sediment type map of the AM and several 1:1000000 sediment
type maps of the key areas, and elaborated the distribution pattern of sediments; We
established a set of effective provenance proxies to elucidate the properties of fluvial
sediments, identified the sediments provenance in the Gulf of Thailand, Andaman Sea,
Bay of Bengal, South China Sea, Sea of Japan, Sea of Okhotsk and East Siberian Sea,
described the processes of transportation and deposition of fluvial sediments in the
ocean; We clarified the sediment source to sink processes and controlling factors in
the marginal seas within different latitudes and established the sedimentation model;
The source, input and burial of organic carbon on the shelf at different latitudes and
their response to natural processes and human activities have been quantitatively
evaluated; The mechanisms controlling the sediment source to sink process, driven
by the Asian monsoon, sea-level change, uplift of Tibetan Plateau, ocean current and
sea ice, were revealed.

Keywords: East Siberian Sea, Bay of Bengal, Sediment, Asian Continental Margin,
Source to Sink
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A review of /n s/itu marine environment research
and efforts in Southeast Asia

Wai Leong', Joleen Chan', Shaun Gabriel Jiaxiu Wee', Chen Mengli', Shermaine Than',
Tries Razak?, Rindah Talitha Vida?, Cut Aja Gita Alisa? Tran T M Hang?,
Justine Perry Domingo?, Lalita Putchim?®, Chalermrat Sangmanee®,

Anukul Buranapratheprat’, Lee Jennie®, Aazani Mujahid®, Cherry Aung'®,
Matthew Glue'", and Jani Tanzil’

" Tropical Marine Science Institute, National University of Singapore, Singapore
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4 Department of Science and Technology, Philippine Nuclear Research Institute, Quezon City,
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’ Department of Aquatic Science, Faculty of Science, Burapha University, Thailand
8School of Marine & Environmental Sciences, Universiti Malaysia Terengganu. Terengganu, Malaysia
? Faculty of Resource Science and Technology, Universiti Malaysia Sarawak, Sarawak, Malaysia
19 Marine Science Department, Pathein University, Pathein, Myanmar
" Fauna & Flora International, Cambodia

Abstract

Southeast Asia (SEA) consists of many nations with extensive coastlines and marine
territories, as well as the Coral Triangle — the global marine biodiversity hotspot. With
climate change and increasing coastal urbanization, changes in the marine environment
are expected to significantly impact this region’s biodiversity and the many coastal
communities dependent on healthy seas. To date, long-term marine water quality records
for SEA are considered sparse, with few contributions to global ocean databases. There
are, however, active and long-standing research conducted in this region that incorporate
observing and/or characterizing the marine environment as part of their efforts. Here, we
review published academic literature for SEA, focusing on ASEAN countries, to provide
an overview of marine environment research and monitoring, and data availability in this
region. A total of 521 scientific articles (1970-2021) were filtered from Web of Science
and Scopus. 1,421 additional papers were contributed by invited country experts via
recommendation or from additional Google Scholar searches. Studies were distributed
around the seas in the region, with largest numbers from the Java Sea (23.5%) and South
China Sea (14.7%), followed by the Gulf of Thailand (9.4%), Indian Ocean (6.2%), Malacca
Strait (6.2%), Makassar Strait (5.7%), Bali Sea (5.2%), Banda Sea (4.1%), Andaman Sea
(3.9%), Johor Strait (3.3%). Most of the studies arose from research that focused on
pollution (40.4%) and ecological monitoring (43.3%), and a majority were short-term in
nature (60.7% as one-off observations). Results of this study will provide valuable insights
on the extent of marine environment research in SEA, and identify gaps needed to
strengthen collective efforts to better assess the health of our shared seas.

Keywords: Southeast Asia, in situ, marine, data, review
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Session A5: Sediment source-to-sink processes responding to rapid climate change

Source-to-sink transport processes of fluvial sediments
on the Gulf of Thailand

Zhifei Liu", Penjai Sompongchaiyakul?, Baozhi Lin?, Christophe Colin?, Shuo Feng’,
Yulong Zhao', Rithy Meas*, Khanh Phon Le?®, Edlic Sathiamurthy®

! State Key Laboratory of Marine Geology, Tongji University, Shanghai 200092, China
2 Department of Marine Science, Chulalongkorn University, Bangkok 10330, Thailand
3 Universit’e Paris-Saclay, CNRS, GEOPS, Orsay 91405, France
4 Faculty of Petroleum, Hanoi University of Mining and Geology, Hanoi 11910, Vietnam
> Department of Coastal Zone and Marine Conservation, Ministry of Environment,
Phnom Penh 12301, Cambodia
¢ Faculty of Science and Marine Environment, Universiti Malaysia Terengganu,
Kuala Nerus 21030, Malaysia

Abstract

Terrigenous detrital fractions of marine sediments usually carry important
environmental information about conditions on adjacent continents and transport
dynamic mechanisms from land to sea. Sediments on the continental shelf
particularly in semi-closed gulf or bay with relatively stable hydrodynamic
environments may play a significant role on source and transport study through their
source-to-sink processes. We here provide an excellent example of the Gulf of
Thailand in the southwestern South China Sea to address transport processes and
potential differential settlement once fluvial sediments enter the gulf. More than 200
surface samples collected from the seafloor throughout the gulf and surrounding
major river mouths were analyzed for clay mineralogy, major element geochemistry,
and neodymium and strontium isotopes. The results show that major rivers
surrounding the Gulf of Thailand provide different clay mineral assemblages and
major and isotope geochemical compositions that present several characteristic end-
members. The clay mineral assemblages vary strongly from the river mouths to the
shallow shelf, indicating potential differential settlement of individual clay mineral,
mainly as preferred settlement of kaolinite and illite and long-distance transport of
smectite. Major and isotope geochemical compositions also show a land to sea
gradient but are largely unified in the center of the gulf. Tides and seasonal surface
currents play major rules on fluvial sediment transport and unified components in the
gulf. The study draws attention on provenance analysis and environment application
of marine detrital sediments, because the preferred settlement of clay minerals may
strongly change the fine-grained components of marine deposits from fluvial
sediments of their source areas.

Keywords: surface sediments, clay mineralogy, Nd-Sr isotopes, source-to-sink
processes, Gulf of Thailand
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Geochemical characterization of marine sediment cores
from the Gulf of Thailand: constraints on provenance and weathering

H. M. Zakir Hossain" 2*, Hodaka Kawahata?, Atsushi Kamei3, Daisuke Araoka*

" Department of Petroleum and Mining Engineering, Jashore University of Science and
Technology, Jashore 7408, Bangladesh
2 Atmosphere and Ocean Research Institute, the University of Tokyo, 5-1-5 Kashiwanoha,
Kashiwa, Chiba 277-8564, Japan
3 Department of Geoscience, Shimane University, 1060 Nishikawatsu, Matsue 690-8504, Japan
4Geological Survey of Japan, National Institute of Advanced Industrial Science and
Technology, Tsukuba Central 7, 1-1-1 Higashi, Tsukuba, Ibaraki 305-8567, Japan

Abstract

The geochemical compositions of marine sediment cores collected from the Gulf of
Thailand (GOT) were studied to determine the change in elemental distribution,
provenance, and intensity of chemical weathering. The major, trace, and rare earth
element (REE) contents show high enriched in Pb, Th, Ce, Sr, Zr, Sc, and Y and
systematically depleted in K20, Na>0O, MgO, Fe203T, Sr, and Ba relative to average
upper continental crust (UCC). Marked depletion of these elements relative to UCC
signifies the destruction of plagioclase and K-feldspars in the weathering profiles of
the source region. Similarly, high contents of Zr, Th, Ce, and Y relative to UCC, imply
their mobility and availability likely controlled by the resistant heavy minerals.
Abundances of SiO2 and Al;03 in the sediment samples differ from 51.94 to 56.31
wt.% (average 54.12 wt.%) and 10.64 to 13.14 wt.% (average 12.11 wt.%), respectively.
SiO2 shows a marked negative correlation with Al203 (r = -0.95) and a strong linear
trend which is consistent with the high quartz content. Among the other major oxides,
a positive correlation exists between Al,03 and TiO», Fe203T, MgO, and K20 suggesting
phyllosilicates as well as heavy minerals may influence their abundances. The
chondrite-normalized REE patterns for GOT sediments reveal LREE enrichment
(Lan/Ybn, 7.86-9.13), nearly flat HREE (Gdn/Ybn, 1.42-1.71), and significant Eu
anomalies (Eu/Eu*, 0.53-0.69), indicating felsic provenance. Geochemically, the GOT
sediments have low compositional maturity and are classified as greywacke. The
provenance discriminating diagrams, immobile trace element ratios (Th/Sc, La/Sc,
Zr/Sc, Cr/Th, and Th/Co), and REE (ZLREE/HREE, Eu/Eu*, and Gdn/Ybn) parameters
represent that the GOT sediments were primarily originated from felsic source rocks,
with the composition close to average granodiorite, rhyolite, I-type and S-type granites.
The ICV, CIA, and PIA proxies, and Rb/Sr and K0/Rb ratio values of the marine
sediments reveal a low to moderate intensity of chemical weathering in their source
area. The overall weathering pattern in the sediments could be influenced by the
strength of East Asian monsoon circulation over the upland areas.

Keywords: Geochemistry, provenance, weathering, marine sediments, Gulf of Thailand
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Suspended sediment transport along tropical river catchment-estuary-
coastal shelf continuum system: a case study from the Selangor River,
Malaysia

Aijun Wang' 2", Chuiwei Bong® 4, Shugin Tao" 2, Xiang Ye' 2, Xinging Zheng'?,
and Keliang Chen’

" Third Institute of Oceanography, Ministry of Natural Resources, Xiamen 361005, China
2 Fujian Provincial Key Laboratory of Marine Physical and Geological Processes,
Xiamen 367005, China
3 Institute of Ocean and Earth Sciences, Universiti Malaya, Kuala Lumpur 50603, Malaysia
4Institute of Biological Sciences, Faculty of Science, Universiti Malaya, Kuala Lumpur
50603, Malaysia
®Key Laboratory of Marine Ecological Conservation and Restoration, Ministry of Natural
Resources, Xiamen 361005, China

Abstract

With the increase of intense human activities, the degradation of ecosystems in
tropical regions is significant. Due to the high rainfall in tropical watersheds, terrestrial
substances such as freshwater, sediment, and pollutants are rapidly released into the
sea, which has a significant impact on the evolution of typical ecosystems in estuaries
and adjacent coastal zones. This study takes the Selangor River Catchment-Estuary-
Coastal Sea System in Malaysia as the study area and discusses the transport
processes and fate of terrestrial substances after entering the sea through field
observations and indoor experiments. The research results indicate that terrestrial
material delivered by Selangor River are mainly trapped in the estuary area, and the
fine sediment transport seaward by the river plume and transport landward again by
tidal current, resulting in the development of extensive tidal flats on both sides of the
river mouth.

Keywords: river catchment-estuary-coastal shelf continuum system, sediment
transport, pollutants, river plume, Selangor River
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Sediment accumulation rates in the eastern upper Gulf of Thailand
using 2'°Pb dating method

Ratsirin Supcharoen, Chawalit Charoenpong, and Penjai Sompongchaiyakul
Department of Marine Science, Faculty of Science, Chulalongkorn University, Thailand
Abstract

Sediment accumulation rates were determined for sediment cores from the eastern
upper Gulf of Thailand by using 2'9Pb dating method. Four cores (64-74 cm long) were
collected in November 2020 from the area from the river mouth of Bangpakong River
to the east of Sichang Island. Additionally, one sediment core (58 cm long) was
collected near the coast of Siracha in March 2020. All five sediment cores were sub-
sectioned into 2-cm depth intervals. Eight sediment layers in each core were selected
and analysed for 21°Pb activities via the measurement of 2'°Po and the internal tracer
209pg by alpha spectrometry. Sediment accumulation rates were estimated from
excess 2'9Pb profiles by applying constant flux and constant sedimentation (CFCS)
model. Sediment accumulation rate at the station closest to the Bangpakong River
mouth (~10 km from the mouth) cannot be estimated because the 2'°Pb values were
nearly constant for more than half of the core potentially resulted from the sediment
disturbance. Based on the CFCS model, sediment accumulation rate at the station ~20
km from the river mouth is 0.40 cm/yr, which is comparable to the sediment
accumulation rate of 0.43 cm/yr at the station ~4 km north of Sichang Island. At the
station ~2 km east of Sichang Island, sediment accumulation rate slightly increased
to 0.48 cm/yr. Across from the east of Sichang Island station, distinctively high
sediment accumulation rate of 1.68 cm/yr is found at the station ~3.5 km from
Siracha coast. Sediment accumulation rates in this study are within the previous rates
reported in the Gulf of Thailand, except one core with maximum rate near Siracha
coast. The surprisingly high sedimentation rate near Siracha coast could be explained
by numerous processes/activities nearby including coastal erosion, aquaculture, and
ship transport near the pier at Siracha coast. Sedimentation rates determined in this
study can be used to study carbon burial rates in order to provide better understanding
of biogeochemical degradation of organic matter in marine sediment in the eastern
upper Gulf of Thailand.

Keywords: radiometric dating, alpha spectrometry, Bangpakong River, Sichang Island,
Siracha
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Anthropogenic lead (Pb) sources in the atmosphere and deposition
trends in the Indian Ocean

Reshmi Das and Iravati Ray
School of Environmental Studies, Jadavpur University, Kolkata, India
Abstract

Aerosols play a crucial role in regulating biogeochemical cycles of metals. Once these
aerosols are deposited into the ocean, they can influence marine ecosystems in
various ways. For instance, certain metals can serve as nutrients for marine
organisms, while others may be toxic in higher concentrations. Understanding the
sources and dynamics of atmospheric aerosols is essential for assessing theirimpact
on ocean ecosystems and overall environmental health. South and South East Asian
countries have recently come under scrutiny of Pb pollution due to several reasons. In
India, Thailand and Vietnam, more than 250 million children have blood lead level >5
microgram/decilitre (ug/dL). Additionally, present day Pb emissions have surpassed
past century emission from leaded gasoline used in these countries. Lastly, several
countries including Indonesia and Myanmar in the region were using leaded gasoline
until this century. Pb isotopic compositions of aerosols (n=341) were compiled along
with well documented (coal, ore, unleaded and leaded fuel, solid waste and biomass
burning, upper continental crust) and previously excluded (tertiary coal & wood
charcoal, ship emission, sea spray) sources for Singapore, Thailand and Vietnam
(SEA) & India. The compiled data was subjected to Bayesian 3D isotope (2°°Pb/27Pb
-208ph/207ph -208ph /206ph) mixing model (MixSIAR) simulation that takes into account
the standard deviations in the multiple end member isotopic data. MixSIAR estimates
reveal consistent contribution from natural background (52% for SEA and 35% for
India). Leaded gasoline is the largest contributor in SEA (median contribution up to
39%). Tertiary coal/fuelwood combustion and ore processing dominate in India.
Vehicular combustion contributes up to 6% in SEA and India. Ship emission, an
underdetermined source in India contributes up to 15%. Corals faithfully record
changes in both the concentration of Pb and its isotopic compositions in seawater
across different temporal and spatial scales. In light of the atmospheric Pb emissions,
Pb/Ca and Pb isotopic ratios of corals from Phuket (1945-2010), Sumatra (1951-
2004), Jung Island (1962-2009), Chagos (1989-2010), Salomon (1989-2010), Diego
Garcia (1999-2010) and Lakshadweep (1989-2013) from literature will be discussed.
This provides an insight into the dynamic evolution of Pb sources, transport, and
depositions within the Indian Ocean.

Keywords: Atmospheric particulate matter, anthropogenic lead (Pb), Pb/Ca ratios and
Pb isotopes, coral records, Indian Ocean
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Distribution and elemental composition of atmospheric aerosols over
the Gulf of Thailand during the southwest monsoon

Jariya Kayee' 2, Sujaree Bureekul?, Reshmi Das' 3, Xianfeng Wang'4,
Sukchai Arnupapboon?®, and Penjai Sompongchaiyakul?

" Earth Observatory of Singapore, Nanyang Technological University, Singapore
2 Department of Marine Science, Faculty of Science, Chulalongkorn University, Bangkok,
Thailand
3 School of Environmental Studies, Jadavpur University, Kolkata, India
4 Asian School of the Environment, Nanyang Technological University, Singapore
® Southeast Asian Fisheries Development Center/Training Department (SEAFDEC/TD),
Thailand

Abstract

Elemental in aerosol can be natural (crustal dust, sea spray, volcanoes, forest fire) and
anthropogenic (industrial emission, high temperature combustion, vehicle emission)
sources. After being spewed up into the atmosphere, they often travel long distances
to remote ocean regions via precipitation or dry deposition. Marine aerosols were
collected over the Gulf of Thailand (GOT) during the 2018 Southwest monsoon on
board of M.V. SEAFDEC2 while cruising. During the southwest monsoon, the wind
mainly blows over the Indian Ocean to the GOT. Elemental concentrations (i.e., Al, As,
Ba, Ca, Cd, Cu, Cr, Fe, Mg, Mn, Na, Ni, Pb, Sr, V, and Zn) were determined to investigate
for their distribution. The elements were determined by inductively coupled plasma-
mass spectrometry (ICP-MS) after acid digestion and preconcentration. The results
reveal that Al, Ca, Fe, Mg and Na were presented in high concentration (average >290
ng/m?3), while As, Ba, Cr, Cu, Mn, Ni, Pb, Sr, V and Zn were presented in low
concentrations (average <40 ng/m?). Enrichment factor (EF) values indicate that
elements are originated from oceanic, crustal, and anthropogenic sources. The
oceanic source (Sr, Ca, Mg and Na) explains 95% (range 81-99%) of total elements in
the aerosols. Elements such as Al, Fe, Mn and Ba explain 4.6% of the total elements.
These elements associate with the crustal source. Only a minimal amount (0.63%,
range 0.02-4.5%) of the total elements is originated from anthropogenic activities
over or nearby the GOT that shown by loading of As, Cd, Cu, Cr, Ni, Pb, V and Zn.

Keywords: PMcoarse, PM2 s, trace element, the Gulf of Thailand

2" UN Ocean Decade Regional Conference & 11t" WESTPAC International Marine Science Conference



ko

Session A5: Sediment source-to-sink processes responding to rapid climate change

Compositions and sources of sedimentary organic carbon
on the Gulf of Thailand
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Abstract

The deposition of fluvially derived terrestrial organic carbon (OC) together with marine
OC in marine sediments has important implications for the global carbon cycle.
However, dispersal extent and fates of terrestrial soil and petrogenic OC on the
continental shelf have remained unclear and debated. Here, we present OC
compositions and mineral properties of marine sediments from the Gulf of Thailand
and the adjacent Mekong shelf, as well as river sediments from continents
surrounding them in order to determine the provenance of sedimentary OC in this
tropical epicontinental sea. We find that stable carbon isotope composition (6'3C) and
radiocarbon activity (A'#C) of sedimentary OC fall between those of marine OC and of
river sediments, mainly composed of C3 plant-dominated pre-aged soil and petrogenic
OC. Mixing model reveals that the OC in river sediments is predominantly sourced
from pre-aged deep soils, accounting for 73+5%, with the remaining consisting of
modern surface soil (25+6%) and bedrock (2+1%). The sedimentary OC on the shelf is
primarily derived from marine OC, accounting for 65+15%, with terrestrial soil OC and
petrogenic OC contributing 24+14% and 10+5%, respectively. The sources,
degradation, and aging of OC and mineral surface area determine the spatial pattern
of sedimentary OC compositions in the Gulf of Thailand and the Mekong shelf. The
contents of marine, soil, and petrogenic OC decrease with increasing distance
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offshore, consistent with changes in spatial patterns of sedimentation rate of
terrestrial materials and of marine primary production in the overlying water column.
Extensive degradation of terrestrial OC and extremely low OC burial rate in this tropical
epicontinental sea suggest a minor role on OC sequestration in marine sediments, but
an important CO; source to the atmosphere in the context of the global carbon cycle.

Keywords: Radiocarbon, Organic carbon, River sediment, Marine sediment, Tropical
epicontinental sea
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Coastal erosion along the northwest coast of Luzon: trends and causes

Fernando P. Siringan’, Ma. Yvainne Sta Maria', Jamela Jirah Clemente’,
Angelo Maon’, Ellen Mae Carmelo’, Rodel Ducao’, Louis Philippe Facun',
Ara Rivina Malaya?, and Floribeth Cuison?

"Marine Science Institute, University of the Philippines Diliman, Quezon City, The Philippines
2College of Computer Sciences, DMMMSU-SLUC, Agoo, La Union, The Philippines

Abstract

Coastal erosion is a prevalent problem along an almost 600 km long coastline of
northwest Luzon. In this study, satellite images and maps complemented by field
surveys were used to establish trends of shoreline change. The possible causes of
erosion are identified using ancillary oceanographic and meteorological data, and
anecdotal accounts. The largest and fastest shifts in shoreline position, which can be
within a kilometer of either erosion or accretion, are in delta shorelines. A shift in river
mouth position, mostly natural, is the main driver of these changes. However, co-
seismic subsidence caused by an 8.1 magnitude earthquake in 1990 combined with
eustatic rise of sea level andt natural compaction, is likely a major contributor to
continuing extensive erosion in the delta plain shorelines in the southern part of the
study area. Shorelines fringed by extant or relict coral reefs, although dominated by
erosion, have mostly only undergone several meters of shoreline shift. This low
magnitude of erosion is attributed to the attenuation of waves by extant or relict reef
platforms. Storms led to large changes as well, mostly erosion, but the shorelines tend
to recover after a while. However, more frequent passage of storms tends to result in
more widespread erosion. Seawalls and groins, meant to mitigate erosion, and solid-
based piers contribute to erosion. Other contributors to erosion include beach mining
and quarrying, degradation of coral reefs, and removal of beach vegetation. Coastal
erosion is expected to worsen with the acceleration of eustatic sea level rise and
increase in frequency and intensity of typhoons.

Keywords: coastal erosion, relative sea level rise, river mouth shifts, storms, hard
structures
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Disturbance of marine sediments by tsunami and its effect on water quality
Mitsuru Hayashi', Satoshi Nakada?, Tetsunori Inoue?, and Shunichi Koshimura*

" Kobe University, Japan
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4 Tohoku University, Japan

Abstract

Tsunami may disturb marine sediments and various materials in the water column.
The environment of sediments after redeposition will be different from that before the
tsunami. Considering the case of a tsunami caused by the Nankai Trough earthquake
hitting Osaka Bay, tsunami, suspension of sediments, changes in heavy metal and
nutrient concentrations in seawater, redeposition sites and dissolved materials flow
out of Osaka Bay were predicted using numerical models. In addition, an incubation
experiment was conducted to simulate post-redeposition. It was suggested that
sediments will be suspended in the inner part of Osaka Bay by the tsunami, and that
heavy metal and nutrient concentrations in seawater will be much higher than
environmental standards after the tsunami. It was predicted that suspended
sediments would be redeposited along the shore line and near the ocean front due to
tidal residual currents within a month. About 80% of fine particulates and dissolved
materials would be discharged to the open ocean in about two months. The release
rate of redeposited sediments after exposure to the aerobic environment caused by a
tsunami may decrease to approximately 70% of the current level for NHs-N and 60%
for POs-P. If the nitrogen and phosphorus accumulated in the sediments of Osaka Bay
are released to the water column all at once by the tsunami, Osaka Bay may become
oligotrophic like other bays of the Seto Inland Sea.

Keywords: Osaka Bay, Nankai Trough Earthquake, nutrient, redeposition, release
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Typhoon Chan-Hom (2015) induced sediment cross-shore transport
in the mud depo-center of the East China Sea inner shelf

Yunhai Li"*, Yunpeng Lin? Meng Liu?, Liang Wang’, Binxin Zheng?, Jingping Xu?

" Third Institute of Oceanography, Ministry of Natural Resources, China
2 Department of Ocean Science & Engineering, Southern University of Science and Technology,
China

Abstract

The erosion, transport, and deposition processes of sediments that are influenced by
typhoons are significant constituents of the sedimentary source-sink processes in
marginal seas. Nevertheless, the genesis of storm deposit layers in the continental
shelf and their subsequent development and preservation after typhoons have not
been comprehensively investigated. In this study, we have conducted a systematic
investigation of the processes related to sediment transport and deposition, which
were primarily induced by Typhoon Chan-Hom, and analyzed the evolution and
preservation of storm deposits utilizing grain-size analysis, radionuclides ('3’Cs,
210Ph, and ’Be), and organic geochemistry (TOC, TN and 8'3C). The '%’Cs, 2'°Pbe,, and
’Be inventories of surface sediment and total 2'°Pb inventory of short sediment cores
measured three days after the typhoon suggest that the sediments in the water depth
<30 m were eroded, resuspended, and then transported offshore to deposit in the
deeper areas (water depth >50 m) of the Mud Depo-center of Zhejiang-Fujian Coast
(MDC-ZFC), resulting in the formation of significant storm deposits with high 2'%Pbe
and ’Be. In addition to sediment transport, the offshore area also received organic
matter generated by typhoon-induced phytoplankton blooms. Hence, in the present
study area, the features of marine organic matter that possess high total organic
carbon (TOC) content (>0.4%), low carbon to nitrogen (C/N) ratio (<7.5), and high 63C
value (>-22%) are crucial for identifying the storm deposit formed by cross-shore
sediment transportation. Furthermore, the radionuclides and organic geochemical
signals of the sediments revealed that no significant disturbance or transport of the
storm sediments occurred three weeks after the passage of Typhoon Chan-Hom due
to the high water depth, indicating that these storm deposits could be effectively
preserved in this area. This study provides a valuable basis and reference for
accurately identifying and interpreting typhoon sedimentary records in the MDC-ZFC.

Keywords: radionuclides, cross-shore transport, storm deposit, Typhoon Chan-Hom
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Integrated assessment of total mercury distribution in water,
sediment, and biota of Thai river estuaries

K. Prabakaran, Penjai Sompongchaiyakul, and Chawalit Charoenpong

Department of Marine Science, Faculty of Science, Chulalongkorn University, Bangkok 10330,
Thailand

Abstract

The study investigated the Total Mercury (T-Hg) content in water, sediment, and biota
samples collected from the estuaries of Bangpakong, Rayong, and Prasae rivers in
Thailand. Water samples from these locations displayed T-Hg concentrations within
the ranges of 36.500 to 81.200 ng/L in Bangpakong, 3.058 to 32.520 ng/L in Rayong,
and 6.668 to 29.075 ng/L in Prasae River. These concentrations were found to be
below the NEB seawater quality standards, specifically Class | (Natural Resource
Preservation) and Class V (Industry or Ports), with a limit of <100 ng/L. Sediment
samples revealed T-Hg content ranging from 0.016 to 0.109 mg/kg in Bangpakong,
0.002t0 0.095 mg/kg in Rayong, and 0.004 to 0.207 mg/kg in Prasae river. Importantly,
these values remained below the PCD sediment quality guidelines of 0.4 mg/kg.
Additionally, fish and crustacean samples from a fish landing center near Bang
Pakong were analyzed for T-Hg levels in muscle, gill/carapace, and gut tissues. Fish
muscle tissues exhibited T-Hg concentrations ranging from 4.426 to 187.13 pg/kg, gill
tissues from 1.515 to 141.134 pg/kg, and gut tissues from 5.205 to 42.937 pg/kg.
Crustaceans showed T-Hg concentrations in muscle tissues ranging from 9.414 to
40.741 pg/kg and gill/carapace tissues from 0.0657 to 3.021 pg/kg. Notably, these
recorded mercury concentrations in the biota tissues did not exceed stipulated
guidelines. Human health risk assessment was performed using the Target Hazard
Quotient (THQ), and the THQ values were found below 1 (THQ <1), indicating no
significant human health risk through the consumption of these fishes. This
comprehensive assessment provides valuable insights into mercury distribution in the
studied estuaries, reassuring that the examined water and sediment samples meet
regulatory standards while highlighting the necessity for continued monitoring to
ensure environmental sustainability.

Keywords: Mercury contamination, Thai estuaries, environmental monitoring, water
and sediment quality, bioaccumulation, human health risk assessment
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Environmental disturbances could affect sediment trapping
in tropical coastal seagrass beds

Ow Yan Xiang, Pavarne Shantti, and Chew Jing Yi
Tropical Marine Science Institute, National University of Singapore, Singapore
Abstract

Coastal seagrass meadows can function as sediment sinks by trapping and storing
sediments underneath the vegetation. This function plays an important role in limiting
the movement of sediments and nutrients from land to coastal ecosystems that are
further offshore, such as coral reefs. In this study, we aim to understand features of
the seagrass canopy that contribute to sediment trapping. In various seagrass beds
around Singapore, we quantified the amount of sediments deposited within and
around seagrass beds. Sediment deposition varied across sites and was strongly
influenced by local hydrodynamics. Within sheltered environments, a low seagrass
canopy (~17mm height, 0.29 Leaf area index (LAIl)) trapped more sediments than bare
substrate. However, in areas with strong tidal flushing or water flow, there were no
significant differences in sediment deposition between a tall and dense seagrass
canopy (~58mm height, 1.6 LAI) and adjacent bare substrate. Seagrasses are
vulnerable to climate change, notably the exposure to acute temperature rises, as well
as to human activity-induced changes to water quality that results in light attenuation
and nutrient inputs. Our mesocosm experiments demonstrated a strong impact of
these environmental changes to seagrass canopy structure. In heated treatments
(31°C), tropical seagrass (Cymodocea serrulata) reduced shoot size (cm?) by 12% and
shoot density (m?) by 9% compared to ambient treatment (28.5°C) after 12 weeks.
This translated to ~19% reduction in LAI (total green leaf area per unit of ground
surface area). In a separate experiment, tropical seagrass Thalassia hemprichii
displayed significant reductions in shoot density (16%), shoot size (8%) and LAI (19%)
when subjected to ~50% light reduction. The enrichment of background nutrients
increased the LAl of T. hemprichii by 21%, affecting higher shoot density (4%) and
shoot sizes (20%). To investigate how such changes to the seagrass canopy could
affect sediment trapping, we replicated the canopy structure measured under different
temperature and light-nutrient treatments using plastic mimics, and quantified
sediment deposition within and in the wake of the canopy in controlled flume studies.
Overall, our findings illustrated that not all seagrass beds are effective ‘sediment traps’
along the land-sea interface; the ones that tend to be, were of higher plant cover and
shoot density in sheltered environs. This suggests that the decline in seagrass cover
due to both global (climate change) and local (local water quality change) stressors,
could adversely impact sediment retention by seagrass beds.

Keywords: seagrass, sediments, deposition, flume experiment, climate change.
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Chemical weathering in the Mekong river basin: clay mineralogy
and element geochemistry of lower-reach river sediments
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Abstract

Chemical weathering of parent rocks in river basins plays a significant role in
controlling the global geochemical cycle and climate change, especially in the world'’s
largest river basins such as the Mekong River basin in the tropical region. However,
the chemical weathering process of the Mekong River basin is still not well
understood. In this study, clay mineralogy and major/trace-element geochemistry of
fluvial sediments (clay, silt, and sand fractions) collected from the lower Mekong River
basin (Cambodia and Vietnam) were utilized to investigate the sediment provenance
and chemical weathering process. Major-element compositions of clay, silt, and sand
fraction sediments from both the mainstream and tributaries consist of dominant
SiO2, Al203, and Fe20s3, (84%, 89%, and 95%, respectively) and minor K20, Na20, MgO,
CaO0, TiO2, P20s, and MnO. The clay mineral assemblages in mainstream sediments
are high in illite (36%), moderate in kaolinite (28%) and chlorite (26%), and low in
smectite (10%), whereas those in tributary sediments are high in smectite (37%),
moderate in kaolinite (26%) and chlorite (22%), and low in illite (15%). Based on clay
mineralogy and elemental geochemistry, river sediments of the mainstream in the
lower reach may be derived mainly from the lower part of the middle reach of this
basin, with secondary contributions from the upper and lower reaches as well as the
upper part of the middle reach. The clay mineral proxies (smectite/(illite + chlorite)
and kaolinite/(illite + chlorite)) combined with elemental geochemistry (CIA, a*'E
values, and weathering trends) of clay fraction sediments indicate intensive chemical
weathering in the lower and middle reaches. High-relief topography and cold and dry
climatic conditions in the upper reach result in high illite and chlorite of the soil and
moderate chemical weathering. Relatively, the chemical weathering intensity
increases from the upper reach to the middle reach and further to the lower reach.
Tectonics in the middle and upper reaches of the Mekong River basin play the most
important role in controlling weathering and erosion processes, while the East Asian-
Indian monsoon climate condition with warm temperatures and predominant rainfall
throughout the year and the lithology are the main forcing factors for the intensity of
chemical weathering in the lower reach.

Keywords: clay minerals, major elements, trace elements, chemical weathering,
Mekong River.
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Plio-pleistocene structures and deposition in the southern Java Sea
Susilohadi Susilohadi

Research Center for Geological Resources, National Agency for Research and Innovation (BRIN),
Indonesia

Abstract

The south Java Sea forms a submerged part of the Sunda Shelf and lies on a relatively
stable continental shelf, which reached its final form during the Quaternary. Marine
geological investigations in this area have mostly been carried out as part of regional
studies on the Sunda Shelf. Detailed studies, particularly for Plio-Pleistocene
geological structures and sedimentary sequences, are lacking, and, as a result, the
response of the shelf area to the present geological development and extreme sea
level fluctuations during Plio-Quaternary times is poorly known. The Marine Geological
Institute of Indonesia (MGI) has run single-channel seismic surveys in the Sunda Shelf
as a part of the routine mapping program within the Indonesian region. Some of the
data, particularly on the southern part of the Sunda Shelf, have been interpreted in
order to delineate shallow geological structures and define sedimentary sequences
developed within the shelf. The data shows that until the Middle Pleistocene,
geological structures in the southern Java Sea inherited previous structural grains:
northeast (NE) trending structures are related to the regional suture belts running from
central Java to south Kalimantan, and east (E) trending structures developed since the
Mio-Pliocene along the northern Java, Madura, and Kangean Islands. The NE-trending
structures formed half-graben basins and controlled sedimentary deposition in the
north of east Java and Madura until the Middle Pleistocene. While E-trending synclinal
basins formed along the northern coast of Java, Madura, and Kangean may still be
active, as indicated by some local thickening of Pleistocene deposits. This structural
orientation indicates the recent dominance of a northward tectonic compressional
stress. Even though Quaternary sedimentation gradually changed the basin
morphology into a relatively flat plain characterized by multiple erosional features
resulting from extreme sea level fluctuations.

Keywords: Plio-Pleistocene, Java Sea, shallow geological structures, sea level
fluctuation, seismic stratigraphy.
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Sea level and East Asian monsoon influenced chemical weathering
records in the southern South China Sea over the past 21 ka

Hongchao Zhao, Zhifei Liu, and Yulong Zhao
State Key Laboratory of Marine Geology, Tongji University, Shanghai 200092, China
Abstract

High-resolution major element geochemistry of Core MD05-2892 from the lower
Sunda Slope was analyzed to investigate the variation of chemical weathering records
and its controlling factors in the southern South China Sea since the last glaciation.
Chemical index of alteration (CIA) and SiO2/Na20 ratio were selected as chemical
weathering proxies. The values of the proxies are higher during the last glaciation than
during the Holocene. We attribute this to the provenance shift caused by sea level
change. Provenance analysis indicates that the Malay Peninsula and Sumatra were
the major sediment sources for the study region during the last glaciation, while the
Indochina Peninsula has been the major source since the early Holocene. Accordingly,
the weathering evolution analysis reveals increased physical erosion in the Malay
Peninsula and Sumatra during enhanced East Asian summer monsoon rainfall, while
increased chemical weathering in the Indochina Peninsula during the intensified
monsoon rainfall. Therefore, the chemical weathering records of the deep-sea
sediments in the southern South China Sea were regulated by monsoon rainfall-driven
physical erosion in the Malay Peninsula and Sumatra during the last glaciation, while
the records have been influenced by monsoon rainfall-induced chemical weathering
in the Indochina Peninsula since the early Holocene. This study emphasizes that
higher weathering values of the deep-sea sediments during the last glaciation could
be related to the provenance variation driven by sea level change, rather than to
enhanced chemical weathering in the same provenance.

Keywords: major elements, sea level, East Asian monsoon; chemical weathering,
southern South China Sea
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Optical properties of dissolved organic matter from Bangpakong River
to Sichang Island, Thailand

Warasyn Boontanapibul, Chawalit Charoenpong, and Penjai Sompongchaiyakul
Department of Marine Science, Chulalongkorn University, Bangkok 10330, Thailand
Abstract

Dissolved organic matter (DOM) plays an important role in oceanic and global carbon
cycling. DOM input into the ocean can be land-derived (i.e., allochthonous DOM) or
produced in-situ (i.e., autochthonous DOM). Here we investigated the eastern section
in the upper Gulf of Thailand that often faces eutrophication and hypoxia/anoxia. The
area under investigation covers Bangpakong River to the north all the way south to
Sichang Island. Surface water samples were collected during wet season (November
2022) and dry season (March 2023) and they were analyzed using fluorescence
excitation-emission matrix (EEM) spectroscopy combined with a parallel factor
analysis (PARAFAC) model. We applied different indices including fluorescence index
(F1), humification index (HIX), and biological index (BIX) along with the quantified
dissolved organic carbon (DOC) concentration to explore the temporal and spatial
variation in DOC in the study area. The results showed that values of Fl, HIX, BIX, and
DOC concentration in the wet season are 1.71+0.21, 0.66+0.24, 1.41+0.70, and
6.5612.59 mg/L, respectively. Furthermore, values during the dry season are
1.61£0.11,0.771£0.14, 1.00+0.23, and 6.08+2.59 mg/L, respectively. The values of BIX
in wet season were higher than dry season at high salinity samples due to the
presence of OM fleshly released into the water. The source of this OM pool was likely
microbial-derived organic matter. In contrast, HIX values were high in low salinity
samples substantiating the rise in terrestrial humic substance flushed into the river
system along with the runoff. DOC concentration in the wet season is slightly higher
than that in the dry season and we could observe the peak of DOC concentration which
corresponds to the blooms of phytoplankton. This study demonstrates that the
combination of these biogeochemical techniques can serve as an effective means to
trace the origins and attributes of DOM in coastal environments.

Keywords: FDOM, EEM, fluorescence index, biological index, humification index
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Multi-annual change of Jakarta Bay's carbonate system
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A’an Johan Wahyudi?3, Patrick Martin3, and Meilun Zhang?
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Abstract

Coastal regions are highly susceptible to acidification, which is primarily caused by
organic matter input from rivers. The process of remineralizing this organic matter
has significant implications for the carbonate system within coastal ecosystems.
Jakarta Bay, located in Indonesia, is an estuary that receives an exceptional amount
of organic materials from 13 river estuaries in the metropolitan area. While much is
known about the environmental dynamics and ecological conditions, the variability of
the carbonate system in this tropical coastal region remains relatively unknown. This
study aimed to analyze the multi-annual changes in the carbonate systems in Jakarta
Bay by examining model product datasets of pH and the partial pressure of carbon
dioxide (pCO2) and data fields of total alkalinity (Talk) and dissolved inorganic carbon
(DIC). Our discussion begins with the evaluation of the Copernicus Marine
Environment Monitoring Service (CMEMS) model product datasets using in situ
observation data from multiple periods. We then conducted spatial distributions,
seasonal patterns, and interannual variability analyses. Finally, we discussed the
response of the carbonate systems to extreme climatic phenomena to gain a better
understanding of the variability of carbonate systems in the nearby estuarine system.

Keywords: pH, total alkalinity, dissolved inorganic carbon, partial pressure of carbon
dioxide, Jakarta Bay
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Chromophoric dissolved organic matter in Bangpakong estuary,
Thailand

Chirawat Duangthong and Chawalit Charoenpong
Department of Marine Science, Faculty of Science, Chulalongkorn University, Thailand
Abstract

Bangpakong River is one of the four major rivers draining into the Gulf of Thailand. It
transports sediments and other materials both in dissolved and particulate forms
through the estuary before reaching the eastern side of the upper Gulf of Thailand.
Chromophoric dissolved organic matter (CDOM), a significant fraction of dissolved
organic matter (DOM), plays an important role in mediating biogeochemical processes
in natural waters. Here, we investigated the seasonal and spatial distribution of light
absorption coefficients of CDOM by sampling surface water samples in November
2022 (wet season) and March 2023 (dry season). In the wet season, the absorption
coefficient of CDOM at a wavelength of 355 nm, acpom(355), ranged from 2.54 m™ to
7.96 m" and the slope ratio (Sr), a proxy for DOM molecular weight, ranged from 0.891
to 1.685. In the dry season, acpom(355) ranged from 2.64 m™ to 6.52 m™ and Sg ranged
from 0.919 to 1.161. The relationship between acpom(355) and salinity indicated that
CDOM was behaving mostly in a conservative manner with acoom(355) being higher in
river water than in seawater. We also observed a spike in acoom(355) and marked
changes in other absorption parameters associated with phytoplankton bloom during
the wet season.

Key words: CDOM, Seasonal variation, Salinity gradient, Slope ratio, Absorption
coefficient
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Investigating the geochemical characteristics and associated toxicity
of bioavailable metals around Singapore intertidal zones by diffusive
gradients in thin films (DGT)

Iravati Ray’, Ling Li Seang?, Ryan Bettens?, Mengli Chen?, and Reshmi Das’
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Abstract

Intertidal zones (ITZ) harbour rich biodiversity and are also extremely dynamic
environments due to rigorous interactions among air, water and sediment.
Additionally, ITZs near coastal cities may receive metal pollutants from anthropogenic
sources due to its vicinity to coastal cities like Singapore. The metals in the ITZ are
expected to undergo rigorous changes among sediment and water. To understand the
dynamics of metals in the ITZ, assessing the sources, and the associated toxicity of
the bioavailable metals, the diffusive gradient in thin films (DGT) are deployed in
sediments. DGTs are capable of measuring labile metals from different depths of the
sediments and porewaters. DGT probes with chelex100 resin gels were deployed at
the ITZs of 5 sites, including Bendera Bay (sandy sediment), West Coast (sandy-muddy
sediment), Check Jawa (sandy-muddy sediment) and Mandai Mudflats for 48 hours
to a depth of about 12-15 cm. The gels from the harvested DGT probes were
sectioned at intervals of 0.5 cm to analyse bioavailable concentrations and fluxes of
Al, Cr, Mn, Fe, Co, Ni, Cu, Zn, As and Pb. The general order followed by the fluxes is
Fe>Mn>(Al, Zn)>Cu>Ni>As>Pb>Cr>Co. The region of reductive dissolution inferred
from peak fluxes of Fe and Mn are generally shallow (<4cm). This subsurface Fe
maxima drives subsurface peaks in a series of other elements like As. At all the sites,
bioavailable [Co] and [Pb] exceeded [Co] and [Pb] in seawater, suggesting the sediment
might be a large reservoir for these metals, where possible disturbances (like
dredging) may trigger release of metals. Pb and Al were highly correlated at all the
locations (r=0.63-0.80), suggesting coherent processes governing the bioavailable Pb
in the intertidal zones around Singapore coast. Pb also demonstrated high
correlations with Co (r=~0.85), at West coast and Check Jawa. The cumulative flux of
Cu, Ni, Pb and Zn normalised to water quality guideline (WQG) thresholds (DGTwqg) for
survival of 95 % of benthic organisms is a parameter for determining toxicity. DGTwaqc
>36 DGT Toxic Units (DGTry) is deemed hazardous. However, the DGTwqe around
Singapore coasts ranged from 124-867 DGTru. The order of contribution percent
towards the DGTwqc follows Cu>Zn>Pb>Ni.

Keywords: intertidal zone, diffusive gradient in thin films, metal fluxes, bioavailable
fraction
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Comparison of FNL and ERA5 as WRF model input with incorporation
of Reynolds OI SST in the simulation of atmospheric conditions during
rain-induced flood events in Tangerang

Dendi Rona Purnama, Yosafat Donni Haryanto, Nelly Florida Riama,
Praditya Tito Yosandi, and Bagas Briliano

Indonesian Agency for Meteorology Climatology and Geophysics, Indonesia
Abstract

On 13™ November 2022, the Tangerang area suffered from flooding due to very heavy
rain. To reduce the impact caused by hydrometeorological disasters, improving the
quality of weather prediction is one of the essential factors that can be used as a
reference for early action in disaster emergency response. Various numerical weather
modeling platforms have been widely studied and used operationally, including the
WRF model. This study used the WRF model to analyze the atmospheric conditions
on 13" November 2022 in Tangerang. The experiment conducted in this study was to
provide different model input data into the WRF model. The model input data used
include FNL and ERAS5, with an SST update option using Reynolds Optimum
Interpolation. The results showed that the WRF model with ERAS provided a lower
RMSE value and higher correlation than FNL. Experiment with ERAS is able to show at
which hours the highest rain intensity has occurred. The results of the WRF model
analysis using ERA5 data show that there are convergence and shear lines, and this
has resulted in strong convective activity, especially around the Tangerang area.

Keywords: heavy rain, WRF, FNL, ERA5, Reynolds Ol SST
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Reef temperature dynamics in the West Pacific from coral carbonate
elemental ratio geochemistry

Timothy Glenn Iringan’, Christopher Standish?, Charissa Ferrera’,
and Fernando Siringan’

" University of the Philippines Marine Science Institute, The Philippines
2 University of Southampton, United Kingdom

Abstract

Carbonate biomineralization contains geochemical information of past seawater
conditions from whence it was formed. Numerous studies have investigated
elemental ratios such as sea surface temperature (SST) proxies used in the context
of climate fluctuations, ocean warming, and in the calibration of other parameters
such as §''B-derived pH. Analysis of these indicators is especially useful for periods
before instrumentation and in areas without continuous monitoring, as is the case for
most regions in the West Pacific. In this study, a suite of temperature proxies (Sr/Ca,
Mg/Ca, U/Ca, Li/Mg) were measured using laser ablation-inductively coupled
plasma—mass spectrometry (LA-ICP-MS) on a Porites sp. core sampled in Surigao
del Norte, eastern Philippines, which is influenced by large-scale processes such as
the El Nifio Southern Oscillation (ENSO) and Pacific Decadal Oscillation (PDO) along
with local variations. A core with a temporal range of approximately 40 years is
selected and is measured at a submonthly resolution. These proxies were calibrated
against MUR-SST (Multi-scale Ultra-high Resolution Sea Surface Temperature
Analyses) temperature data of daily resolution and were compared using Pearson’s
correlation to determine the best-fitting temperature indicator for the locality. Among
the proxies, both Mg/Ca and Sr/Ca showed high correlation with satellite data while
Li/Mg showed poor correlation. This discrepancy between Mg/Ca and Li/Mg, both
utilizing magnesium, may be due to impingement of fluvial plumes to the reef, as
suggested by Ba/Ca ratios, which subsequently altered chlorinity and thus Li
concentrations. Both geochemical and remotely sensed data were subjected to low
pass filtering to quantify variations due to ENSO and/or PDO, while power spectral
density analysis was used to confirm these variations. Finally, interdecadal SST trends
were analyzed and compared with contemporary data in the region.

Keywords: sea surface temperature, carbonate geochemistry, Porites, West Pacific
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Andaman local responses to 2016 super El Nifio

Chanthasiri Nuttida', Yu Weidong?, Liu Yanliang?®, Guo Jingsong?,
and Chalermrat Sangmanee*

" Ocean University of China, Qingdao, China
2 Sun Yat-Sen University, Zhuhai, China
3 First Institute of Oceanography, Ministry of Natural Resources, China
4 Department of Marine and Coastal Resources, Ministry of Natural Resources
and Environment, Thailand

Abstract

Distinctive coral bleaching events in the Andaman Sea were noticed in spring 1998,
2010, and 2016, synchronously with El Nifio decaying phase. However, the critical
severity was announced in 2010, which was not a super El Nifo year like the other two.
Besides coral adaptation, the physical background that gives negative feedback in
super El Nifio year therefore needed to be understood. Evidence of lagging between
Optimum Interpolation Sea Surface Temperature (OISST) based primarily on satellite
data from the Advanced by High Resolution Radiometer (AVHRR) and sea temperature
logger located 10-20 meter beneath the surface in the coral reef areas was intensely
distinguished in 2016. Upwelling-like subsurface structure during 2016 El Nifio decay
were also captured from Thailand-China Joint cruise observations. Equatorial remote
forcing and local dynamics are thereby hypothesized as subsurface colder
attributions. Strong easterly wind anomalies are captured in the Equatorial Eastern
Indian Ocean (EEIO) during El Nifio peak (DJF) of 1998 and 2016. Besides strong
positive SLA in the following El Niflo decay phase, westerlies favorable Wyrtki Jet
could be opposed by anomalous easterlies. WJ in 2016 therefore came late compared
to strong WJ year in 2003, resulting in delay deepening thermocline in EEIO. Regarding
SLA waveguide, cold subsurface water in Andaman Sea therefore remained longer
before deepened thermocline arrived. SLA not only indicate equatorial Kelvin wave
pathway, but also capture meso-scale eddies in then Andaman Sea. Daily-snapshots
SLA show meso-scale eddies north and south of 8.5°N of Andaman Sea during spring
2016. Colder subsurface could be attributed to anomalous easterly wind stress
occupied in Andaman Sea, promoting cyclonic eddies and lowering SLA between the

gyres.

Keywords: Andaman Sea, coral bleaching, Wyrtki Jet, meso-scale eddies, upwelling-like
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Exploring the spatiotemporal variations in soil moisture-precipitation
relationship in the Maritime Continent

Pallav Ray', Sreedevi Puthiyamadam Vasu', Xin Zhou', Nathaniel C. Johnson?,
Efthymios I. Nikolopoulos® and Sopia Lestari*

" Florida Institute of Technology (FIT), 150 W. University Blvd., Melbourne, FL 32904, USA

2 Geophysical Fluid Dynamics Laboratory (GFDL), NOAA, Princeton, NJ 08540-6649, USA

3 Rutgers University-New Brunswick, 500 Bartholomew Road, Piscataway, NJ 08854, USA
4National Research and Innovation Agency, Jakarta, Indonesia

Abstract

The Maritime Continent (MC) plays a vital role in modulating global weather and
climate through the release of latent heat of condensation. Precipitation is one of the
primary parameters controlling soil moisture (SM), and, in turn, is affected by SM. Yet,
the spatio-temporal variations of the SM-precipitation relationship in the MC have
rarely been studied. We aim to understand the SM variabilities and their local and
remote drivers over the MC using Soil Moisture Active-Passive (SMAP) satellite data
from 2015 to 2022. The annual SM climatology resembles the annual rainfall pattern,
with high SM (above 0.4 mm3/mm?3) across the equatorial belt, particularly over the
central part of Papua New Guinea. The seasonal evolution of SM follows the
monsoonal migration of rainfall, with higher SM during boreal winter (DJF) and lower
during April and August. However, the diurnal cycle of SM contrasts that of
precipitation: the precipitation tends to peak in mid-afternoon, SM rises through late
afternoon, peaks early the following morning, and then reaches a minimum around
noon. The SM also shows significant intraseasonal variability with a 3-day lag with
precipitation over the MC. Interestingly, SM also shows a 13-day negative correlation
with precipitation in the intraseasonal timescale, where the SM leads precipitation. We
also explore the role of major climate drivers that influence the SM in the MC using
the Empirical Orthogonal Function (EOF) analysis. The first EOF mode is dominated
by interannual variability connected with the EI-Nifio Southern Oscillation (ENSO) and
Indian Ocean Dipole (I0OD). There is a sharp decrease in SM due to decreased
precipitation during the combined EI-Nino-positive IOD years. The second EOF mode
exhibits pronounced intraseasonal variability and is influenced by the Madden-Julian
Oscillation (MJO). The results suggest that a decrease in MC soil moisture tends to
precede MJO phases 1 and 2 when convection is generally enhanced over the Indian
Ocean but suppressed over the eastern MC and western Pacific region by about two
weeks. The implications of these results are discussed.

Keywords: maritime continent, soil moisture, MJO, diurnal cycle, ENSO
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Identification of ENSO and IOD Impact on average monthly rainfall
in Indonesia Maritime Continent by machine learning

Richard Mahendra Putra, Nelly Florida Riama, and Nurhastuti Anjar Rani
Indonesia Agency for Meteorology Climatology and Geophysics, Indonesia
Abstract

For Indonesia Maritime Continent region, large-scale climate conditions are a highly
significant factor influencing the rainfall intensity. Not only affected by conditions in
the Pacific Equator (ENSO), the climate condition of Indonesia is also influenced by
sea conditions in the Pacific known as the Indian Ocean Dipole (IOD). Recently,
machine learning techniques have become a method used to detect and predict future
climate conditions, as well as reproduce historical climate conditions. For these
reasons, we conduct the study to identify the role of machine learning in analyzing
historical conditions and the influence of ENSO and IOD on the monthly average
rainfall in the Indonesian Maritime Contingent region. The dataset used in this
research are monthly data from January 2001 to December 2020. The machine
learning methods employed include Neural Network (NN), Linear Regression (LR), and
Random Forest (RF). Monthly rainfall intensity is less simulated using NN and LR
methods, with correlation values ranging from 0.058 to 0.382 for the Training Dataset
and Testing Dataset with Cross Validation Fold-10. Meanwhile, the RF technique can
simulate monthly rainfall intensity well over the 20-year historical climate data period
with a correlation value of 0.9534.

Keywords: ENSO, 10D, machine learning
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Characteristics of Jakarta rain rate associated with the Madden-Julian
Oscillation and topography

Sopia Lestari!, Andrew King?3, Claire Vincent?3, Alain Protat*, and David Karoly*

" National Research and Innovation Agency (BRIN), Jakarta, Indonesia
2 School of Earth Sciences, University of Melbourne, VIC, Australia
3 ARC Centre of Excellence for Climate Extremes, Melbourne, VIC, Australia
4 Bureau of Meteorology, Melbourne, VIC, Australia

Abstract

The Madden-Julian Oscillation (MJO) has been known to cause an increase of rainfall
in Jakarta and surrounding regions. However, study on the interaction between MJO
and rainfall in this region is limited. This research explores variations of local rainfall
around Jakarta during MJO. We used C-band Doppler radar in October—April between
2009 and 2012 to characterize rain rate at much higher resolution than previous
studies. Results show that MJO regulates rain rate over the region, but its influence
varies in different topography. In phase 2 of strong MJO, the largest increase in mean
and extreme rain rate is found. The MJO might generate lighter rain rate once it passes
through Indonesia and higher rain rate when it comes nearer and departs Indonesia.
The peak of hourly rain rate occurs at phase 2 over mountain and lowland areas in the
southern radar domain, but later in phase 3 over the northern coast. In phase 5, over
the northern coast and western part of radar domain, the strong MJO seems to initiate
the maximum of hourly rain rate occurring in the early morning (02-03 LT) while over
the eastern radar, MJO delays the peak by about 4 hours (18-21 LT) relative to the
average. Our study has shown the advantages of using high-resolution radar for
identifying local responses to the larger-scale forcing of the MJO in Indonesia.

Keywords: C-band Doppler radar, Jakarta, MJO, diurnal rainfall, topography
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Relationship between the Hadley circulation and tropical SST meridional
structures under different thermal conditions in the Indo-Pacific warm pool

Xuanliang Ji"2, Juan Feng’, Jianping Li* 4, and Xingrong Chen?

' State Key Laboratory of Remote Sensing Science, College of Global Change and Earth
System Science, Beijing Normal University, Beijing, China
2Key Laboratory of Research on Marine Hazards Forecasting, National Marine Environmental
Forecasting Center, Ministry of Natural Resources, Beijing 100081, China
3 Frontiers Science Centre for Deep Ocean Multispheres and Earth System (FDOMES)/Key
Laboratory of Physical Oceanography/Institute for Advanced Ocean Studies,

Ocean University of China, Qingdao, China

“4Laboratory for Ocean Dynamics and Climate, Pilot Qingdao National Laboratory for Marine
Science and Technology, Qingdao, China

Abstract

The Hadley circulation (HC) induced by tropical underlying thermal conditions acts a
significant role in the changes of global climate. The modulation of Indo-Pacific warm
pool (IPWP) thermal conditions on the relationship between the HC and different
tropical sea surface temperature (SST) meridional structures was investigated. Based
on the two components of HC and SST, one equatorially asymmetric component (HEA
for HC, SEA for SST) and one equatorially symmetric component (HES for HC, SES for
SST), the connections of HC to different SST variations in the warm and cold IPWP are
explored. The result demonstrates that the relationship of the HC to tropical SST is
suppressed in the cold IPWP conditions, whereas it is equivalent to the climatology in
the warm IPWP conditions. The plausible mechanism is that the cold (warm) IPWP
events are in concordance with the La Nifia (El Nifio) decay phase. The La Nifia decay
phase are associated with significant equatorially asymmetric SST anomalies within
the IPWP, generating an anomalous meridional circulation and favoring a
strengthened equatorially asymmetric anomalous meridional circulation. By contrast,
the SST anomalies associated with the El Nifio decay phase are insignificant. The role
of La Nina decay conditions in determining the suppressed connection between SST
and HC is further verified by exploring the result after 1979. A similar suppressed
response contrast has been detected. Therefore, the results demonstrate that warm
and cold ENSO events have impacts on the interannual thermal conditions of IPWP,
whereby it plays a considerable role in impacting the relationship between the HC and
tropical SST. Particularly, with the rapid warming, the interconnection between ENSO
events and thermal conditions of IPWP under different time-scales could be altered,
the influence of which on the responses of the HC to tropical SST remains uncertain
and is worthy further researching.

Keywords: Hadley circulation, sea surface temperature, Indo-Pacific Warm Pool,
El Nifio, La Nifia
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Investigating inter-annual precipitation variability using moisture budget
analysis in northern Sumatra Island during boreal summer and winter

Yahya Darmawan’, Nelly Florida Riama?, Huang-Hsiung Hsu?, and Jia-Yuh Yu*

"Indonesia State College of Meteorology Climatology and Geophysics (STMKG), Indonesia
2 Education and Training Center, Indonesia Agency for Meteorology Climatology and
Geophysics (BMKG), Indonesia
3 Research Center for Environmental Changes (RCEC), Academia Sinica
4 Department of Atmospheric Sciences, National Central University (NCU)

Abstract

This study aims to investigate the characteristics of precipitation anomalies in the
northern parts of Sumatra Island during boreal summer and winter. Additionally, it
examines the monsoon's varying impact on triggering precipitation variability in the
study area. The analysis applies a moisture budget analysis to quantify the dominant
component inducing precipitation variability during the JJA (June, July, and August)
and DJF (December, January, and February) periods. Specifically, the moisture budget
focuses solely on land precipitation, accounting for removing topographical effects in
the budget model. Composite analysis and statistical approaches validate the
moisture budget results. Utilizing the European Centre for Medium-Range Weather
Forecasts (ECMWF) Re-Analysis Interim (ERA-Interim) data from 1981 to 2016, this
study identifies nine dry and six wet years based on precipitation anomalies during
JJA. For DJF it identifies eight dry and eight wet years based on precipitation
anomalies. During both Boreal Summer and Winter, dry (wet) year anomalies over the
study area predominantly correlate with downward (upward) vertical velocity
anomalies rather than other variables like specific humidity, horizontal velocity, or
evaporation. Furthermore, the moisture budget analysis shows the difference in
magnitude of precipitation anomalies between boreal summer and winter, where the
anomalies during summer are higher than in winter. The study demonstrates the
significant role of monsoon Asian-Australian Monsoon (AAM) variability in influencing
precipitation variability in the study area, especially during boreal summer. Moreover,
it implies the precipitation variability over the northern part of Sumatra Island as a
regional phenomenon. The study also highlights the possible relationship between
large-scale tropical circulation and the Pacific Walker Circulation (PWC) modulation.

Keywords: Moisture Budget, Inter-Annual Precipitation, Monsoon, Sumatra Island,
ERA-Interim
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The effect of climate variability to the air-sea carbon flux
in Indonesia Waters

Avrionesti, Naufal Kamil Fauzi, Purwanti Lelly Sabrina, and Marzuki Sinambela
Indonesia State College of Meteorology, Climatology, and Geophysics, Indonesia
Abstract

The ocean as one of the global carbon reservoirs has the largest capacity among other
carbon reservoirs, the biosphere and atmosphere. The ratio of reservoir capacity
among the three is approximately 53:3:1, causing the ocean to play an important role
in controlling the carbon globally, especially in the atmosphere. Here, we examine how
carbon flux is influenced by climate variability in Indonesia, namely the ENSO and MJO
phenomena. The carbon flux calculations are carried out using the open-source
model, the FluxEngine. The carbon exchange process from the ocean to the
atmosphere is determined by solubility, wind speed, and the partial pressure of carbon
dioxide. In general, warmer ocean water during La Nina and active MJO conditions
leads Indonesian waters to release more CO2 than during El Nino conditions due to
reduced gas solubility in the water. An increased wind speed due to increased trade
winds and convective activity when La Nina and MJO also strengthens the release of
carbon from the ocean into the atmosphere.

Keywords: carbon flux, air-sea interaction, ENSO, MJO
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The study of ocean wave climate variabilities around Indonesia Seas

M A Rahman, S R Adiprabowo, M F Geonova, S Prasetyo, A Ramdhani, E Prasetyo,
D S Permana, and N. F. Riama

Agency for Meteorology Climatology and Geophysics (BMKG), Indonesia
Abstract

This study investigates the spatial-temporal variability of ocean wave climate in the
Indonesian seas based on 20 years of wave data from a wave model hindcast called
Ina-waves. The wave hindcast dataset is forced with the GFS and NCEP-NFL surface
winds for the coarse domain and a 10 km resolution WRF model for the Indonesian
high-resolution domain. The hindcast data provides information on significant wave
height, wave period, and wave direction, allowing for a comprehensive analysis of
wave climate dynamics over an extended period. The study focuses on the influence
of regional climate factors on wave patterns, such as monsoonal winds, tropical
cyclones, and large-scale climate oscillations such as the Madden-Julian Oscillation
(MJO), El Nino-Southern Oscillation (ENSO), and Indian Ocean Dipole (I0D). In addition,
wind speed analysis was carried out to improve the assessment of the impact of
regional climatic drivers. The key findings indicate that the 10D, ENSO, and MJO all
have a significant impact on wave conditions in Indonesian seas. Positive phases of
the 10D and El Nino events are related to high wave activity in specific regions of the
Indonesian seas as a result of changes in atmospheric circulation patterns, which
impact trade wind patterns and result in higher wave heights in particular regions. On
the other hand, negative phases of the IOD and La Nina occurrences may result in
lower wave activity due to weaker trade winds. Because of its influence on
atmospheric convection and wind patterns, the MJO can contribute to the variation of
wave conditions in the region. It should be noted that the combined effect of these
climate drivers on ocean wave height varies regionally and seasonally. Furthermore,
understanding these complex relationships is essential for improving wave height
forecasting and assessing the impact of climate change on coastal regions and
maritime activities.

Keywords: ocean wave, spatial-temporal variations, Ina-waves, Indonesian seas
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Predictability of the ocean-atmosphere coupled system
of the Indo-Pacific Maritime Continent

Chidong Zhang
NOAA Pacific Marine Environmental Laboratory, Seattle, WA, USA
Abstract

Because of its critical role in global weather and climate, the Indo-Pacific Maritime
Continent (MC) is a primary target of global weather-climate prediction. Interactions
between the ocean, atmosphere, and land in the MC, however, are not well understood.
Particularly, the role of this interaction in the predictability of many important
phenomena related to the MC, for example, the Madden-Julian Oscillation, is mostly
unknown. This study discusses issues related to the study of predictability of the
ocean and atmosphere of the MC and its possible connection to the predictability on
broader basin and global scales.
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Response of sea surface temperature on west coast of Sumatra Island
during El Nifio event in 2023

Ferdy Gustian Utama, Fara Diva Claudia, and Nelly Florida Riama
Meteorology, Climatology, and Geophysic Agency of Indonesia (BMKG), Indonesia
Abstract

The Nino 3.4 Index in 2023 shows a gradual increase from March until the end of the
year. This condition illustrates the strengthening of the El Nifio phenomenon in the
Pacific region and reaches the Indonesian Maritime Continent. The response of sea
surface temperature on the west coast of Sumatra Island due to the ongoing El Nifio
phenomenon was analyzed using descriptive methods based on ODYSSEA Global Sea
Surface Temperature Gridded Level 4 Daily Multi-Sensor Observations data image. This
research also uses the Fast Fourier Transform and power spectral density method as
part of time series analysis. Time series analysis aimed to determine how strong the
influence of the El Nino signal affects the variability of sea surface temperature on the
west coast of Sumatra. The sea surface temperature image shows negative
anomalies, especially at the southern equator area of the west coast of Sumatra
Island. The temperature drop reaches approximately 3°C which occurred in October -
November, indicating the occurrence of coastal upwelling phenomena.

Keywords: Sea Surface Temperature, El Nino, West Coast Sumatra
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Detection of MJO characteristics in the Indonesian Maritime Continent

Ivonne M. Radjawane' %3 and Vidiani Setyaningrum?

" Environmental and Applied Oceanography Research Group, Bandung Institute of Technology,
Bandung, Indonesia
2 Oceanography Study Program, Bandung Institute of Technology, Bandung, Indonesia
3 Korea-Indonesia Marine Technology Cooperation Research Center (MTCRC), Jakarta,
Indonesia

Abstract

The Indonesian Maritime Continent (IMC) is a unique archipelagic country surrounded
by several ocean-atmosphere interaction phenomena, including the intraseasonal
Madden Julian Oscillation (MJO) events marked by strong convection propagates in
equatorial area from Indian to Pacific Oceans. This study is focused on detecting the
MJO characteristics which cross IMC in phases 3 to 5. The data used in this research
includes Outgoing Longwave Radiation (OLR), SST, real-multivariate MJO (RMM) or
RMM index, SST and wind of 850 hPa from the years 1988-2017. The research was
conducted using several methods e.g. energy spectrum analyses, zero down crossing
methods, and Hovmoller diagrams to review the characteristics of MJO. The results
of analysis of OLR anomaly using the zero down crossing method show that there are
274 negative OLR anomaly events that propagate eastward but only 93 events (33.9%)
are detected as MJO phenomenon. From the data analysis, there is 80.6% of MJO
events can cross the IMC (Maritime Continent Crossing or MC-C) and 19.3% cannot
cross the IMC (Maritime Continent Non-Crossing or MC-NC). This condition is also
influenced by seasonal factors where during boreal winter more MC-C cases are
found. The incidence of MC-C in boreal winter (53.3%) is higher than MC-NC (46.6%).
There is suspected influence of IOD and ENSO phenomenon on the transmission of
MJO that need to be studied further.

Keywords: Madden Julian Oscillation (MJO), Indonesian Maritime Continent (IMC),
Outgoing Longwave Radiation (OLR)
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The Influence of MJO and tropical waves during mesoscale convective
complex (MCC) as an indicator of tropical cyclone development
(case study: Tropical Cyclone Seroja)

Rion Suaib Salman, Ayufitriya, and Nelly Florida Riama
Indonesia Agency for Meteorology Climatology and Geophysics (BMKG), Indonesia
Abstract

As an early initiation of convective system in tropical region, Madden Julian Oscillation
(MJO) and Tropical Waves, such as Kelvin and Rossby Wave play important role to
produce an extraordinary formation of cloud, comprise the distinct life cycles of
individual convective cells, bow echoes, and squall lines. Despite being separate
entities, they come together to create a more extensive cloud system. Tropical
Cyclone (TC) Seroja detected on 2" April 2021 in East Nusa Tenggara province,
Indonesia. It caused tremendous natural hazards, such as flooding, flash flooding,
storm surge and landslides on some small islands. However, before the TC developed,
Mesoscale Convective Complex (MCC) was spotted in Banda Sea on 30 March—1 April
2021. To analyze the MCC growth, MJO and tropical wave from North Carolina
Institute for Climate Study (NCICS) data were used to determine the mesoscale
dynamic. After that, by using weather satellite data (Himawari-8) from Japan
Meteorological Agency (JMA) to observe the convective initiation of each cloud
formation from 30 March to 1 April 2021. The result showed that the cloud formation
developed by MCC in Banda Sea with intensive and massive four stages from
initiation, development, mature stage, and dissipating. Another important point is that
the main sources supporting the instability in the area is the active phase (4 and 5
phase) of MJO in the maritime continent. For the tropical waves, significant increase
was observed for Kelvin and Rossby waves. This means MJO and tropical wave
support the MCC to develop in Banda Sea and give chance to warm advection and low-
level winds with strong vertical veer. Also, low-level convergence and upper-level
divergence low-level warm temperature advection together with cyclonic vorticity
advection increasing with height throughout the troposphere, causing maximum
upward motion maximum at the mid-levels. In addition, from weather satellite data
detected cloud formation and overshot in each development of Cumulonimbus (CB).
Some areas of development showed minimum temperature of the top cloud and deep
convection mixing with moisture of the environment. To conclude, MJO and tropical
wave activities directly support MCC development and it becomes an important signal
for tropical cyclone development.

Keywords: MJO, tropical waves, MCC, tropical cyclone

2" UN Ocean Decade Regional Conference & 11t" WESTPAC International Marine Science Conference



A 124

Session A6: Climate variability in the Indo-Pacific Maritime Continent (IPMC):
Understanding impacts on atmosphere-ocean dynamics

Discovering ENSO modulation in the Indo-Pacific Maritime Continent
(IPMC) through sparse identification of nonlinear dynamics (SINDy)
Model using MJO Data

Widya Ayuningtiyas, Eko Prasetyo, and Rodhi Janu Aldilla Putri

Centre for Marine Meteorology, Indonesia Agency of Meteorology, Climatology, and
Geophysical (BMKG), Indonesia

Abstract

The Madden-Julian Oscillation (MJO) is an atmospheric planetary scale phenomenon
that exists over the tropical region with global impacts. Investigating MJO behavior
can be conducted through the inferred models, revealing its main kinematic
characteristics, the relevance of non-linear dynamics, and MJQO’s dependency on
ENSO. Understanding ENSO modulation in the Indo-Pacific Maritime Continent helps
in predicting and recognizing temperature variations, rainfall patterns and extreme
weather in the affected hemisphere. This research infers low-dimensional models of
MJO data by applying the Sparse Identification of Nonlinear Dynamics (SINDy)
algorithm. This research uses the daily-mean outgoing longwave radiation MJO index
(OMI) from December to March within the period from 1980 to 2022 as input data for
climatological models of the MJO and analyzes the inferred models during El Nifio and
La Nifia years. This aims to analyze the MJO'’s behavior in OMI’s phase space. The
findings from this research reveal that the MJO is most commonly characterized by a
harmonic oscillator, representing its eastward propagation and characteristic period.
Additionally, SINDy can effectively model the MJO’s evolution as a linear oscillator,
contributing to the comprehension of MJO dynamics and its dependency on ENSO.

Keywords: ENSO Modulation, IPMC, MJO, SINDy
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Effects of Indian Ocean Dipole initialization on the forecasting
of La Nifia one year in advance

Shouwen Zhang', Jing Wang? # ¢, Hua Jiang’, and Dongliang Yuan2 3456

" Southern Marine Science and Engineering Guangdong Laboratory (Zhuhai), Zhuhai, China
2CAS Key Laboratory of Ocean Circulation and Waves, Center for Ocean Mega-Science,
Institute of Oceanology, Chinese Academy of Sciences, Qingdao, Shandong, China
3 Key Laboratory of Marine Science and Numerical Modeling, First Institute of Oceanography,
Ministry of Natural Resources, Qingdao, China
“Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao, Shandong, China
Shandong Key Laboratory of Marine Science and Numerical Modeling, Qingdao, China
¢ University of Chinese Academy of Sciences, Beijing, China
’National Marine Environmental Forecasting Center, Ministry of Natural Resources, Beijing, China

Abstract

The climate systems over the Indian and Pacific oceans interact with each other at the
interannual time scales. The Dipole Mode Index (DMI) is found to lead the Nifio3 index
by more than one year. Traditional understanding of this precursory relationship is
thought through the atmospheric bridges, a.k.a. the Walker Cell variability. Latest
studies suggest that the oceanic channel process, i.e. the Indonesian Throughflow
(ITF) variability, plays a dominant role in the inter-basin interactions, which quickly
emerges as a hot research topic. However, due to the concurrent ENSO and Indian
Ocean Dipole (IOD) events in history, the effects of an 10D on the evolution of ENSO
are contaminated by the repercussions of the ENSO. In 2019, a strong I0OD took place
in the Indian Ocean, with the tropical Pacific in a neutral state throughout that year,
which provides an opportunity to test the effectiveness of the oceanic channel
dynamics. A strong La Nifia event indeed took place at the end of 2020, the dynamics
of which are investigated using the China National Marine Environmental Forecasting
Center (NMEFC) operational seasonal forecasting system. The strong subsurface
cooling in the Indian Ocean is found to propagate to the eastern equatorial Pacific
Ocean through the Indonesian seas and induce a strong La Nifia event at the end of
2020, suggesting the dominance of the oceanic channel in the inter-basin forcing
leading to the outburst of the 2020/2021 La Nifia. In comparison, experiments
initialized with only surface temperature anomalies over the tropical Indian Ocean
show that the atmospheric bridge alone is unable to induce the onset of the
2020/2021 La Nifa. Forecasting experiments of historical ENSO events with and
without the 10D initializations suggest that both the delayed feedback of ENSO and
the Indo-Pacific oceanic channel dynamics are important in forecasting the ENSO. Our
study has underscored the effectiveness of Indian Ocean subsurface temperature
initialization in ENSO prediction at the one-year lead time and suggested the
importance of the Indo-Pacific oceanic channel dynamics in ENSO evolution.

Keywords: Indian Ocean Dipole, La Nifia forecast, oceanic channel, atmospheric bridge
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The freshwater distribution on the southern part of the Indonesian
Throughflow during the Indo-Pacific climate anomaly using OFES data

Amirotul Bahiyah', Yukio Masumoto? Muhammad Rizki Nandika?,
Anindya Wirasatriya*, Wijaya Mardiansyah®, and Iskhaq Iskandar’:®

! Graduate School of Science, Faculty of Mathematics and Natural Science, Sriwijaya
University, Indonesia
2 Department Department of Earth and Planetary Science, Graduate School of Science, The
University of Tokyo, Japan
3 Research Center for Oceanography, National Research and Innovation Agency, Indonesia
4 Department of Oceanography, Faculty of Fisheries and Marine Science, Diponegoro
University, Indonesia
°> Department of Physics, Faculty of Mathematics and Natural Science, Sriwijaya University,
Indonesia, University of Sriwijaya, Indonesia

Abstract

The freshwater plug in the main routes of Indonesian throughflow (ITF) is a powerful
phenomenon that has significantly affected the water mass characteristics of the
southern Indonesian Sea, notably from the Java Sea to the Banda Sea. The Indo-
Pacific climatic anomalies also influence this ocean-atmospheric change. Using OFES
data, this study explores freshwater flow at the surface and subsurface over the Java
Sea to the Flores Sea. The salinity front and salinity budget formula were used in
research studies to quantify the influence of surface flux, river discharge, and zonal
advection in varying freshwater distribution over the study period. The Karimata Strait
contributes to freshwater advection in the Makassar Strait and reaches the Indonesian
Sea's deepest basin. Whereas, rainfall on Borneo Island has a substantial influence on
the freshening sea through precipitation and river flow in the southern and eastern
sections. Due to the lack of river discharge data, the contribution fluctuation of its
parameter to sea freshening and the phenomena of freshwater plug under Indo-Pacific
climatic events in Indonesian seas was previously unknown. The study area widely
showed a salinity front with the value reaching more than 1 PSU. Shorter existence
periods (Jan to May) were discovered in 2015 and 2016 as the result of extreme El
Nifio 2015-2016 and low positive 10D 2015 events, whereas the anomalies along Jan-
May 2019 and 2020 were influenced by moderate El Nifio 2018-2019 and extreme
positive 10D 2019 events. This condition was followed by a lower total of front less
than 1x102 PSU. The longer periods occurred from January to June 2017 and 2018
attributed to moderate negative 10D 2016 and low La Nifia 2018. However, wider
frontal areas were illustrated in 2017 than in 2018 due to heavier rainfall anomalies on
Borneo Island with a difference of total front value around 0.6x102 PSU. Input sources

2" UN Ocean Decade Regional Conference & 11t" WESTPAC International Marine Science Conference



4127

of river run-off are identified from Borneo Island, particularly from the eastern
(southern) of Borneo where drainage actively supplied river runoff during Jan—-Jun
(Apr—May). It can be concluded that the low salinity water mass with its distribution
is influenced a lot by river discharge from Borneo Island with its energy determined by
Indo-Pacific climate anomalies.

Keywords: River discharge, Salinity Budget, Salinity Front, Salinity Flux, The main
pathway of ITF
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The new operational of Indonesian Ocean Forecast System based on
high resolution couple atmosphere-wave-ocean model (InaCAWO)

Furgon Alfahmi
Indonesian Agency for Meteorology Climatology and Geophysics, Jakarta, Indonesia
Abstract

InaCAWO is a new part of the Indonesian Ocean Forecast System (BMKG-OFS) that
was developed by the Indonesian Agency for Meteorology, Climatology, and
Geophysics in collaboration with NC State University and Baron Weather in 2023.
BMKG-OFS has been operated since 2004 to provide marine weather predictions and
ocean modeling, especially for the Indonesian sea area continuously and in real-time
conditions. In earlier stages, BMKG-OFS used wave modeling (Windwave-05,
Wavewatch-lll) with atmospheric modeling (WRF, GFS) as a forcing, separately.
Couple modeling in these stages has the purpose of creating simulations with more
accurate and more realistic conditions. The InaCAWO model is built upon the COAWST
model. It includes the regional oceanic model (ROMS), the atmospheric model (WRF),
and the Simulating Wave Nearshore (SWAN) model. The system is linked to the Model
Coupling Toolkit (MCT), a compilation of information modeling procedures. The
spatial and temporal resolution of the model InaCAWO is approximately 3 km, with an
hourly timestep, a 2036 x 1116 grid, and 70 vertical layers. ECMWF is used for initial
and boundary conditions in atmospheric modeling, while MERCATOR is used for
ocean modeling. The atmospheric parameters of InaCAWO have been evaluated using
mean sea level, surface wind speed, and daily precipitation based on synoptic
observations over a period of one year despite the evaluation of ocean parameters
based on satellite and drifter observations. The result indicates that the model's
accuracy with contingency methods for all parameters is approximately 80%.
InaCAWO is also capable of capturing a variety of unique Indonesian phenomena,
such as the mixing process in Indonesian Throughflow with T-S Diagram, Eddy
Circulations, flow Intensifications in narrow straits, and freshwater discharge.
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Study on ocean heat content during the n-IOD 2010 and p-10D 2012
events along the western Sumatra until southern Java Islands waters

Ivonne M. Radjawane' ? and A.R. Khairun Nisa?

"Environmental and Applied Oceanography Research Group, Bandung Institute of Technology,
Bandung, Indonesia
2 Graduate Program in Earth Sciences, Bandung Institute of Technology, Bandung, Indonesia

Abstract

Ocean heat content is one of indicators that can be used to predict the Indian Ocean
Dipole phenomenon. This research aims to assess the changing of ocean heat
contents and temperature profile during negative 10D 2010 and positive IOD 2012
along the western Sumatra until south Java Islands waters. The temperature data was
obtained from HYbrid Coordinate Ocean Model (HYCOM) reanalysis model, while
ocean heat content was calculated from temperature data. Based on the results, it has
shown that the negative temperature anomaly at the n-IOD 2010, formed in the
subsurface layer four months earlier of the n-IOD event and ended about six months
after n-IOD event ended. For p-IOD 2012, the positive temperature anomaly in the
surface layer has formed since the beginning of the year and coincides with the onset
of p-IOD in the subsurface layer. Enhancement positive (negative) temperature
anomaly in n-10D (p-I0D) events was followed by increasing (decreasing) of the ocean
heat content. The La-Nifia phase coinciding with 2010 IOD caused the positive
temperature anomaly to still occur even though the n-10D event had ended. In contrast,
the La-Nina phase that precedes the p-lIOD event inhibits the formation of temperature
anomalies, especially in the subsurface layer.

Keywords: Indian Ocean Dipole (I0D), ocean heat content, sea surface height, South
Java Seas, West Sumatra Seas
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Impact of Indonesia Throughflow on tropical cyclone genesis
in the Banda Sea

Khafid Rizki Pratama’, lvonne Milichristi Radjawane?, and Nelly Florida Riama’

"Indonesia Agency for Meteorology Climatology and Geophysics (BMKG), Indonesia
2 Earth Sciences, Bandung Institute of Technology (ITB), Indonesia

Abstract

This study aims to determine heat transport in the Indonesian Throughflow (ITF)
passages that have an impact on changes in ocean heat content (OHC) and their
relation to tropical cyclone genesis in the Banda Sea over the 2009-2019 period.
During El Nifio, meridional currents and ITF transport with an average depth of 0-300
meters experience a weakening, while during La Nifia, they tend to strengthen. In terms
of the vertical profile, heat transport in the Makassar Strait during La Nifia was
detected to be stronger in the Labani Channel and near the coast of Central Sulawesi,
with values of 1.2 PW and 0.6 PW, respectively. The Lifamatola Strait was identified
as strengthening in the Lifamatola Channel and the Halmahera Strait with a value of
0.5 PW and 0.3 PW, respectively. The results of the lag correlation between heat
transport and the Oceanic Nifo Index (ONI) show that the time lag during El Nifio (La
Nifia) is around 7-8 (3—4) months. The correlation between the heat transport in the
two straits and the ocean heat content in the Banda Sea results in a time lag of 3—-4
months. OHC increased along with the strengthening of heat transport due to the
strengthening of the ITF. During El Nifio (La Nifia) causing SSH elevation to decrease
(increase), ITF and heat transport to weaken (strengthen), and OHC to decrease
(increase). The intensity of tropical cyclone events shows that there are differences
related to fluctuations in heat transport and ITF transport. The characteristics of a
strong tropical cyclone in Category 1 with a short duration of movement are affected
by an increase in OHC. In contrast, long-duration tropical depressions (TD) are
affected by decreasing OHC. TD and tropical cyclone events in the Banda Sea have
been identified to occur along 5°S to 6°S.

Keywords: heat transport, ocean heat content, Indonesia Throughflow, tropical
cyclone
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Seasonal and interannual variability of fronts and their impact
on chlorophyll-a in the Indonesian seas

Hao-Ran Zhang', Yi Yu' 2, Zhibin Gao' 5, Yanwei Zhang?, Wentao Ma'-?,
Dezhou Yang? Baoshu Yin# and Yuntao Wang'

" Second Institute of Oceanography, Ministry of Natural Resources, Hangzhou, China
2 Donghai Laboratory, Zhoushan, China
3 School of Ocean and Earth Science, Tongji University, Shanghai, China
4 Institute of Oceanology, Chinese Academy of Science, Qingdao, China
% School of Oceanography, Shanghai Jiao Tong University, Shanghai, China

Abstract

The spatiotemporal variability of oceanic fronts in the Indonesian seas was
investigated using high-resolution satellite observations. The study aimed to
understand the underlying mechanism driving these fronts and their impact on
chlorophyll-a variability. A high value of frontal probability was found near the coasts
of major islands, exhibiting a distinct seasonal cycle with peaks occurrences during
austral winter. The distribution variability of chlorophyll-a was generally consistent
with the presence of active frontal zones, although a significantly positive relationship
between fronts and chlorophyll-a was limited to only some specific areas, e.g., south
Java Island and the Celebes Sea. Wind-driven upwelling played a major role in front
generation in Java upwelling region and enhanced frontal activity can promote the
growth of phytoplankton, leading to higher chlorophyll-a. Furthermore, the study
demonstrated that wind patterns preceded variations in front probability and
chlorophyll-a by approximately two months. This lag suggests that the spatiotemporal
variability of fronts and chlorophyll-a in this region is primarily influenced by the
monsoon system. In addition, the sea surface temperature (SST) simultaneously
modulated the chlorophyll-a variability. Negative SST anomalies were typically
associated with positive anomalies in front probability the chlorophyll-a in most areas.
Notably, the interannual variability of fronts and chlorophyll-a are prominent in the
Java upwelling region. During El Nifio years, this region experienced an enhanced
monsoon, resulting in a negative SST anomaly alongside positive anomalies in front
probability and chlorophyll-a. A comprehensive description and underlying dynamics
of frontal activity in the Indonesian seas are provided by this study. The findings are
helpful to delineate the variability in chlorophyll-a, thereby facilitating the future
understanding of local primary production and the carbon cycle.

Keywords: frontal probability, chlorophyll-a, wind stress, Indonesian seas, interannual
variability
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Diversity of reef-associated fishes of Saint Martin's Island
in the Northern Bay of Bengal, Bangladesh through DNA barcoding

Kazi Ahsan Habib"2, Md. Jayedul Islam’, Md. Nazmus Sakib™ 2, and Amit Kumer Neogi’

'Aquatic Bioresource Research Lab, Department of Fisheries Biology and Genetics,
Sher-e-Bangla Agricultural University, Dhaka-1207, Bangladesh
2Department of Fisheries Biology and Genetics, Faculty of Fisheries, Aquaculture and Marine
Science, Sher-e-Bangla Agricultural University, Dhaka-127, Bangladesh

Abstract

The Saint Martin's Island is the only island in Bangladesh that supports coral
communities with diversified reef-associated flora and fauna. It is an ecologically
critical area (ECA) and a Marine Protected Area (MPA) in Bangladesh. This study
employs the DNA barcoding approach to make a taxonomic catalogue of reef fishes
of Saint Martin’s Island (SMI) based on Morphology and DNA barcoding tools. Fish
specimens were collected from the Saint Martin’s Island between May 2017 and July
2019, and DNA barcoding, along with morphological analysis were performed with the
support of NATP-2 project of Bangladesh Agricultural Research Council and DRMREEF
project of WESTPAC. The study confirmed 99 reef-associated fish species in Saint
Martin's Island belonging to 17 orders, 42 families, and 74 genera. A total of 221 DNA
sequences were obtained from these species out of which 179 sequences (96
species) were obtained from the COI gene and 42 sequences (26 species) were
obtained from the 16S rRNA gene region. All of these sequences were submitted to
the GenBank and Barcode of Life Data System (BOLD). Among these sequences, 70
sequences of the COI gene and 16 sequences of 16S rRNA gene region from 41
species were submitted for the first time into the GenBank from Bangladesh. The COI
sequences contain 145 haplotypes with 337 polymorphic sites, and the mean genetic
distances within species, genera, and families were calculated as 0.34%, 12.26% and
19.03%, respectively. On the other hand, 16S rRNA sequences comprised 31
haplotypes with 241 polymorphic sites, and the mean genetic divergences within
species, genera and families were 0.94%, 4.72% and 12.43%, respectively. In this study,
37 species of reef fishes are recorded for the first time in Bangladesh and one is
discovered as a species new to the science. This study is a significant contribution to
the marine biodiversity of Bangladesh which would facilitate the assessment of
species diversity for strategizing management action. It is also an important input to
the DNA barcode library of reef fishes of the northern Bay of Bengal.

Keywords: reef associated fish, Saint Martin’s Island, DNA barcoding, COI, 16S rRNA
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Diversification and biogeography of Kappaphycus
(Gigartinales, Rhodophyta)

John Michael L. Lastimoso and Wilfred John E. Santiafiez

Gregorio T. Velasquez Phycological Herbarium (MSI) and The Marine Science Institute,
College of Science, University of the Philippines Diliman, Quezon City 1101, The Philippines

Abstract

The Western Pacific Ocean has been a vital area in the development of techniques for
tropical seaweed farming. Among the wildly cultivated crops in the region are
Kappaphycus species, which are known for their prized gelling agent, kappa
-carrageenan. This compound supported a burgeoning global industry in the early
1960s and has continued to significantly contribute to several maritime economies,
notably those of the Philippines and Indonesia. However, years of extensive research
on the farmed Kappaphycus have mainly focused on their physiology, farming
optimization, genetic diversity, and species delineation. Studies on the historical
environmental processes that shaped the emergence, diversification, and
biogeographical distribution of this economically important group have not yet been
fully explored using molecular techniques. Thus, we aim to fill that gap by first creating
a multi-gene phylogeny of the red algal family Solieriaceae using publicly available
datasets to infer phylogenetic relationships between Kappaphycus species and other
euchuematoids. Subsequently, we calibrated the multi-gene tree of Solieriaceae using
both primary (fossil) and secondary calibration points to evaluate the divergence
times and historical events that may have influenced diversification among the
Kappaphycus lineages. Finally, we used distributional data of wild Kappaphycus
species, along with the multi-gene time-calibrated tree, to model the historical
biogeographical patterns of these taxa. We examined both the temporal and
geographic origins of Kappaphycus species and highlighted the evolutionary events
that shaped their lineages. The biogeographical information resulting from our work
also provided vital evolutionary information in understanding the past processes and
historical events that may have impacted the distribution and speciation of this
commercially important marine resource. Lastly, our work adds to the body of
knowledge on Kappaphycus that may influence future seaweed farming practices in
the Western Pacific Ocean.

Keywords: biogeography, Kappaphycus, Western Pacific, time-calibration, seaweed
farming
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Evidence of fish following towed oil and gas platforms to a reefing site
and rapid colonization

Michael J. Marnane', Karl D. Schramm?, Damon Driessen?, Laura A. Fullwood?,
Benjamin J. Saunders?, Se Songploy? 4, Jes Kettratad®#, Paweena Sitaworawet®,
Sarin Chaiyakul®, Anchalee Chankong®, Nararat Chantarawat®, Travis S. Elsdon’,
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" Chevron Energy Technology Company, Perth, Western Australia, Australia
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Bangkok, Thailand
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Abstract

We investigated the composition and abundance of fish assemblages associated with
seven offshore oil and gas platform jackets in the Gulf of Thailand before (pre-lift and
pre-tow), and immediately after relocation (post-tow and reefed). Jackets were cut,
lifted until partly out of the water, and attached to the rear of a heavy lift vessel. They
were towed at speeds of 2.7-3.3 knots for between 133.9 and 205.4 km before being
placed on the seafloor at an artificial reef site. Sixteen species of fish were observed
both before and after jacket towing. We believe these species have sought refuge in
the complex structures out of the current and have remained with the jackets. Ten
species of fish were observed before towing, but not after. A further seven species of
fish were only observed after the jackets were relocated onto the seafloor and were
assumed to be early colonizers to the structures. The paper provides empirical
evidence of a much-discussed paradigm that fish can swim great distances following
moved structures, and further evidence of the ability of fish to rapidly colonize reefed
structures.

Keywords: oil and gas platform, artificial reef site, colonization, Gulf of Thailand
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Variability of hard coral diversity and their endosymbiont algae
(Symbiodiniaceae) in mesophotic reefs around Peninsular Malaysia

Nurzahirah Kamarudin', Chun Hong Tan’, Zainudin Bachok?, and Po Teen Lim3

"Research and Education on Environment for Future Sustainability (REEFS) Research Interest
Group, Faculty of Science and Marine Environment, Universiti Malaysia Terengganu, Malaysia
2 Institute of Oceanography and Environment, Universiti Malaysia Terengganu, Malaysia
3Institute of Ocean and Earth Science, Universiti Malaya, Malaysia

Abstract

Mesophotic reefs are currently receiving an increase in attention as this deep water
habitat potentially to serve as refugee for organisms from shallow areas especially
under the unprecedented impacts of climate change. Mesophotic coral ecosystems
(MCEs) are commonly found at depth of 30 to 50 m, and some MCEs can be found up
to 170 m depth. Hard corals at MCEs are also light-dependent organisms. They
harbour endosymbiotic algae (Symbiodiniaceae) which perform photosynthesis thus
help hard corals to grow and survive. Studies on mesophotic reefs are limited and
scarce, and there is no information about this ecosystem in Malaysia. This study
aimed to identify mesophotic reef around Peninsular Malaysia, and to examine the
species diversity of endosymbiont algae in hard corals at the mesophotic reefs. Since
2022, surveys were conducted by SCUBA at six selected islands around Peninsular
Malaysia for both shallow and mesophotic reefs. Then, hard coral samples from the
surveyed reefs were photographed and collected using hammer and chisel. All
samples were preserved in 95% ethanol, further laboratory analysis prepared for CO1
coral barcoding and Symbiodiniaceae ITS2 amplicon sequencing. Off the six islands
surveyed, four were found to have mesophotic reefs which are Pulau Tenggol, Pulau
Yu and Pulau Tioman and Pulau Perak. Generally, mesophotic reefs around Peninsular
Malaysia are at depth of 30 to 40 m depth. The hard corals at mesophotic reefs were
lower in abundance and diversity compared to shallow reefs. Also, hard corals at
deeper depth appeared in growth forms of plate, foliose, encrusting, massive and
some solitary types. The corals have larger surface area in order to adapt in deeper
reef with limited light source. Interestingly, there were same coral species found
across shallow and mesophotic reefs, such as the Hydnophora exesa, Turbinaria
mesenterina, Favites pentagona, Duncanopsammia peltata, and Pachyseris speciosa.
As for species diversity of endosymbiont algae, most hard corals from both shallow
and mesophotic reefs harboured genus Cladocopium, and some harboured genus
Durusdinium. Moreover, hard corals that existed at shallow and mesophotic reefs,
harbouring same genus of endosymbiont algae. In contrary, Pachyseris sp. coral
founded to have genus Durusdinium at shallow reef, and genus Cladocopium at the
mesophotic reef. The differences of endosymbiont algae may give further information
regarding corals’ adaptation in different environment. More studies would be needed
to further elucidate the adaptability of hard corals from shallow to deep and to
understand the role of MCEs in Malaysia water.

Keywords: mesophotic reef, coral reef, Symbiodiniaceae, hard coral, Malaysia
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Monsoonal dynamics and dietary influence on Omega-3 variability
in Bali Sardines (Sardinella lemuru): implications for fisheries
management and sustainable development goals
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Abstract

Sardinella lemuru (1853), or Bali Sardines, are well-known as a high-nutritional-value
source of omega-3 fatty acids. This omega-3 level has been linked to dietary sources,
specifically plankton. Because the food of S.lemuru fluctuates according to the
monsoon season, it is hypothesized that the omega-3 level varies as well. This is the
first study to look at fluctuations in omega-3 concentration in S.lemuru based on full
monsoon variations across a year. Here we used a combination of the plankton in
stomach contents of S.lemuru, omega-3 content, and monsoonal oceanographic
changes at Bali Strait to determine the dynamic of diet composition and omega-3
content of S./lemuru in four fishing seasons of 2012-2013. The findings reveal that the
omega-3 content of S.lemuru is related to its food and follows the monsoon pattern.
S.lemuru contains omega-3 of 11.8% and 25.35% of total fatty acids in the SE
monsoon, Transition-2 season, and 14.9% of total fatty acids in the NW monsoon.
Meanwhile, during the Transition-1 season, S.lemuru had the least quantity of omega-
3, accounting for 0.23% of total fatty acids. The low omega-3 fatty acid concentration
in Transition-1 season is thought to be related to zooplankton feeding in the previous
season (NW monsoon) and the necessity for energy intake during the reproductive
process. The role of monsoonal patterns on sardinella lemuru omega-3 content will
be important in fisheries management, particularly to assist the Sustainable
Development Goals program.

Keywords: Monsoon, Sardinella lemuru, Fatty acids, Bali Strait
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A case study on the sea slugs (Order: Nudibranchia) with citizen
science approached in marine biological data collections
in Terengganu waters, Malaysia

Siti Nabila Ayu Jasni, Henry Yap, Nur Farahanani Hussaini, Sabrina Helmy,
and Muhammad Hafiz Borkhanuddin*

Faculty of Science & Marine Environment, Universiti Malaysia Terengganu, 271030,
Kuala Nerus, Malaysia

Abstract

This study sheds light on the often-overlooked nudibranchs, shell-less marine snails,
utilizing an innovative citizen science approach to glean comprehensive insights.
Nudibranchs are known for their aesthetic appeal, and understanding their biological
and ecological aspects is crucial for determining their conservation status, especially
since most of their presence in Malaysia is in lacks proper documentation. Owing to
their delicate constitution and reliance on specific ecosystems, nudibranchs are highly
susceptible to environmental shifts and the impacts of human activities. With the
active participation of virtual citizens, we collected significant nudibranch data,
including photographs and locality information, through platforms such as Google
Forms and Instagram. A total of 77 species from 13 islands in Terengganu waters
were identified and documented, with 21 species belonging to the Clad branchia
suborder, 51 species to the Doridina suborder, and 5 species falling outside these
suborders. Most species were deemed harmless to humans and were categorized as
"Not Evaluated" on the IUCN Red List. The study was then shifted to further elucidate
the biological and ecological data of nudibranch from Pulau Bidong and Pulau Kapas
of Terengganu, where SCUBA diving and visual observations were utilized to verify the
diversity, size range, and habitat preferences of aeolid and dorid nudibranchs. Pulau
Bidong documented 25 species belonging to 11 genera and 7 families of nudibranchs,
with the Phyllididae family emerging as the most dominant, and Phyllidia elegans being
the most abundant species. Pulau Kapas recorded 13 species of nudibranchs,
consisting of 6 genera and 5 different species identified from 9 sampling sites during
the diving surveys and photo quadrate analysis. The Phyllididae family was
predominant on Pulau Kapas, with Phyllidiella pustulosa as the most abundant
species. The study revealed diverse size ranges, with the largest nudibranch
measuring 60 mm, and an absence of specimens over 60 mm. Habitat preferences
were established through ecological indices and software analysis, indicating a
preference for algae, coral, and dead coral with algae. Nudibranch play a pivotal role
in ecosystem equilibrium by consuming organisms like sponges and algae, thereby
averting excessive proliferation. Throughout this study, the positive engagement of
citizen scientists proved invaluable in building a robust scientific foundation, aiding in
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nudibranch conservation efforts, and enhancing scientific knowledge about these
captivating marine creatures. In essence, this research demonstrates the power of
citizen science in expanding our understanding of marine biodiversity and contributing
to its sustainable preservation.

Keywords: citizen science, nudibranchs, conservation status, diversity, tropical islands
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Species distribution modelling of octocorals within
the Asia—Pacific region
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2Independent researcher, Diliman, Quezon City, 1101, The Philippines

Abstract

Asia-Pacific hosts an extensive and diverse coral reef area across its tropical and
warm-temperate regions. Scleractinians, and their octocorallian counterparts, not
only dominate these reefs but are also the most diverse components of the benthos
within the region. While hard coral distribution patterns are widely documented,
information on suitable octocoral habitats within the Asia-Pacific is limited due to
inadequate support, lack of interest, and insufficient documentation efforts.
Moreover, with the ever-looming threat of marine biodiversity decline across the
globe, identifying the possible conservation areas for these important marine
resources is imperative. Thus, using maximum entropy modelling, we processed
occurrence records and environmental spatial data to predict the potential patterns
and environmental factors that may define shallow water octocoral distribution.
Herein, we present the habitat suitability maps of octocorallian taxa. This work
provides a baseline upon which more informed biodiversity surveys and marine
spatial planning can be performed in the future.

Keywords: modelling, octocorals, MaxEnt, Asia-Pacific
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Comparison of diversity of marine fish in Bali Strait
and Sempu Strait-East Java based on environmental DNA:
implication to sustainable fishery
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4Singapore Centre for Environmental Life Sciences Engineering,
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Abstract

Biodiversity has become a global issue that occurs locally, especially in East Java
waters (Bali and Sempu Straits). The issue of biodiversity in East Java waters can be
observed in the case study of S. lemuru, which experienced a shortage in the year La
Nina occurred. Subsequently, it could impact the diversity of the fish community,
especially the trophic level above it, due to the scarcity of food sources in the food
web. This study performs Environmental DNA (e-DNA) from three liters of seawater
samples in the distribution area of S. lemuru and other fish in Bali Strait (Kedonganan
(KD) in 2020 and Muncar (MCR) in 2020 and 2022) and Sempu Strait-East Java in
2020. The result of the Anacapa pipeline representing 213,876 sequence reads of
MiFish 12S rRNA from 4 sites spanning two Southern East Java-Bali Strait regions
revealed 99 fish amplified sequence variants (ASVs), 58.58% of which could be
identified as species. Moreover, the MiFish pipeline represents 79 species, 63 genera,
39 families, and 23 orders. The result of eDNA based on the Mifish pipeline
successfully identified 55 commercially important species in fisheries. The alpha
diversity based on Shannon indices between sites was ranked as follows: KD (3.157)
>MCR-2020 (2.238) >Sempu Strait (1.639) >MCR-2022 (1.373). Furthermore, samples
plotted in the PCoA plot show that MCR-2022 and Sempu Strait are more similar in
their taxonomic composition. Meanwhile, MCR-2020 and KD plotted distantly,
indicating significantly different species lists. From the present study, we can
calculate fish diversity by eDNA, and this finding will be helpful for baseline data for
the future effective management of fisheries in these areas.

Keywords: ASVs, Dispersion, Diversity indices, eDNA, Marine fish
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Geographic distribution pattern and genetic connectivity of Chinese
Silver Pomfret (Pampus chinensis) populations across the northern Bay
of Bengal and Indo-west Pacific region

Md. Nazmus Sakib, Md Jayedul Islam, Umme Khadija, Sadia Afrin Kamal,
and Kazi Ahsan Habib

Aquatic Bioresource Research Lab (ABR Lab), Department of Fisheries Biology and Genetics,
Faculty of Fisheries, Aquaculture and Marine Science, Sher-e-Bangla Agricultural University,
Dhaka, Bangladesh

Abstract

Chinese Silver Pomfret Pampus chinensis is a commercially important fishery species
throughout its distribution area from Northern Indian Ocean to West Pacific region. In
this study, we investigated the population genetic structure of P. chinensis using
nucleotide sequence variation of the mtDNA D-loop region in the two different
populations of the east and west coast of Bangladesh namely Cox’s Bazar (CP) and
Kuakata (KP), respectively in the northern Bay of Bengal (BoB). Then the sequence
data were compared with another four regions of the Indo-west Pacific viz., Sonmiani
and Omara of Pakistan coast in the Arabian Sea (AS), Beihai and Xiamen of China in
the South China Sea (SCS). All of the 130 sequences defined 35 haplotypes where 10
haplotypes were found in the BoB populations. Among them nine haplotypes were
unique for the BoB that are not present in other seas. The rest one haplotype of the
BoB shared with AS populations. The nucleotide diversities (1) were very low in each
population of BoB as 0.003 and 0.007 while the haplotype diversities (h) were relatively
high, 0.632 and 0.855 for KP and CP populations, respectively. Population statistics
(Fst) value between KP and CC populations showed no significant deviation which
implies no population genetic structure within the marine water of Bangladesh.
However, estimates of Fst between BoB populations (KP and CP) and each of the
compared populations from other seas (AS, SCS) ranged from 0.132 to 0.269 with
significant differences (P<0.01). This result indicates a unique population genetic
structure was established in the BoB region compared to other seas of Indo-west
Pacific. The Exact test of population differentiation showed that the fish populations
are panmixic within the area of each sea (random mating) but they belong to separate
breeding units in different seas. Tajima's D value and Fu's Fs values of the neutrality
test exhibit positive value implies a demographic equilibrium for BoB populations. So,
the emphasis should be given on maintaining the natural dynamics of the BoB as a
single population and preventing human-induced disruptions that could compromise
the genetic diversity and overall population health of P. chinensis.

Keywords: Chinese silver pomfret, Rupchanda, genetic stock, population structure,
mitochondrial DNA
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Catch efficiency of squid jigging fisheries in the Oyashio Extension Regions

Zixuan Niu 3, Zhaohui Chen'?, Wei Yu#, Haihong Guo' 2, Ruichen Zhu?,
and Xiaoyi Zhang'

" Frontier Science Center for Deep Ocean Multispheres and Earth System (FDOMES) and
Physical Oceanography Laboratory, Ocean University of China, Qingdao, China
2 aoshan Laboratory, Qingdao, China
3 Academy of the Future Ocean, Ocean University of China, Qingdao, China
4 Shanghai Ocean University, Shanghai, China

Abstract

The ratio of fishing effort to harvest is significantly influenced by the abundance of
fishery resources. However, traditional statistics of fishery catches or commonly used
Catch per Unit Effort (CPUE) metrics cannot accurately capture the complexity of
resource abundance in the ocean. To address this issue, we propose here a novel
approach that integrates the actual fishery catch and fishing duration and introduce
Catch Efficiency (CE) as a metric for evaluating the efficiency of fishing operations,
which can reflect the resource abundance in a more reasonable way. In this study, we
focus on the CE of squid in the Oyashio Extension region in the Northwestern Pacific,
and analyze the temporal and spatial variations of CE. Results show that CE of squid
in this region is characterized by strong seasonal and interannual variability in terms
of intensity and spatial distribution. Meanwhile, we find a close relationship between
CE and background water mass distribution, chlorophyll-a concentration, and
micronekton biomass, which implies the resource abundance of squid can be inferred
from varying environmental factors in the fishing area.

Keywords: catch efficiency, CPUE, Oyashio Extension region, resource abundance,
squid jigging
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The long-term monitoring of Ciguatera-causing dinoflagellates
Gambierdiscus and Ostreopsisin Korean coastal waters
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Abstract

Due to the combined effects of climate change and human activities, the marine
environment and ecosystem of South Korea are undergoing rapid changes. The rate
of water temperature increase in Korea exceeds the global average, leading to the
influx and spread of Ciguatera-causing dinoflagellates. Subtropical toxic marine
plankton, specifically Gambierdiscus spp. and Ostreopsis spp., known for causing
ciguatera fish poisoning (CFP), were initially reported on Jeju Island in 2008. Since
their first detection, they have been observed spreading to the northeastern part of
Korean coastal waters with higher concentrations. As concerns grow regarding the
expansion of their habitat due to climate change, understanding the potential risk of
CFP in Korean waters becomes crucial. This study involved long-term monitoring of
ciguatera-toxic dinoflagellates based on region, season, and water depth to confirm
the distribution status and changes in South Korea. The results will provide essential
data for predicting damage through early detection research and exploring future
management measures.

Keywords: climate change, ciguatera-toxins, harmful algae, marine ecosystem, UN
ocean decade
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Garden of polychaetes: new ecosystem engineer in rocky ocean
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Abstract

Based on the complex structure of coral, many small fish find refuge in it, and the
ecosystems support a diverse range of life forms. With an increase in the diversity of
habitats such as sandy areas, rocky outcrops, and coral reefs, there is an increase in
the opportunity for species to specialize in different resources and coexist, leading to
an increase in the diversity of animal populations, as predicted by Messmer et al.
(2011). In areas where reef-building corals cannot survive, seaweed, brown algae, and
red algae mainly play that role and contribute to the creation of biodiversity by
providing a unique habitat through the formation of three-dimensional structures
underwater, as observed by Chemello & Millazo (2002).

During a dive survey of a seaweed bed in Mie Prefecture, the presenter discovered that
upright, tree-like nests were growing in clusters at depths deeper than 20 meters
where the seaweed bed ended and the rocky outcrops emerged. Many small
crustaceans, polychaetes, and other organisms were found to be attached to the
parchment-like surface of the nests, which did not exist on the surrounding rock
surfaces. The nests ranged widely in both the horizontal and vertical directions
(between Sugashima and Ishikagami at depths of 15 to 40 meters) with 4 to 15
uprights per square meter, creating a situation that is appropriately called the "Forest
of Polychaetes" This presentation will discuss the forest of polychaetes and the
diversity of attached organisms that it supports.

Keywords: ecosystem engineer, biodiversity, invertebrates, annelida
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Taxonomic problems of the Acanthocephalan genus Echinorhynchus
revealed by a molecular phylogenetic analysis of species
from Japanese coastal waters

Yuki Kita' and Hiroshi Kajihara?

'Department of Natural History of Sciences, Graduate School of Science,
Hokkaido University, Japan
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Abstract

The genus Echinorhynchus is a group of fish-parasitic acanthocephalans known
primarily from marine and fresh waters of the Northern Hemisphere. Currently, more
than 50 species are known from around the world, most of which are parasites of
demersal fish. In Japan, nine marine species and one freshwater species are known,
and their distribution area is generally biased toward northern Japan. Of these, marine
species are commonly found in cod, sculpin, and greenling. In this study,
morphological information on two species of Echinorhynchus, obtained from north-
western Pacific coastal area of Japan, were compared with existing data and
specimens, and molecular phylogenetic analysis was conducted. As a result, the
phylogenetic relationships between obtained specimens and closely related species
were clarified, but some instances were observed where the phylogeny and
morphology-based species identification were inconsistent. These results showed the
difficulty of using the arrangement of the hooks on the proboscis, which has generally
been regarded as an important morphological feature that distinguishes species, as a
taxonomic key to the species of Echinorhynchus.

Keywords: Acanthocephala, fish parasite, Western Pacific, systematics
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Molecular phylogeny of the Monostilifera with insights
into the evolution of commensalism in Nemertea
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Abstract

Ribbon worms (Phylum Nemertea) are commonly known as predators or scavengers
in a wide variety of marine, freshwater, and terrestrial ecosystems. Traditional
classification of monostiliferous nemerteans solely based on morphological
characteristics (especially internal morphology) has turned out to be not necessarily
stable. Instead, a DNA-based approach is now commonplace to untie tangled knots of
monostiliferan systematics. In the present study, we performed phylogenetic analyses
based on 16S, COI, 18S, 28S, and H3 using monostiliferan specimens collected from
30 localities in Northwestern Pacific (including East China Sea, Pacific Ocean, the Sea
of Japan, and the Sea of Okhotsk), aiming to clarify phylogenetic relationships
between each monostiliferan family. In the resulting tree reconstructed with the multi-
locus analyses, Malacobdellidae was nested in Prosorhochmidae. To further
investigate the relationship, a preliminary analysis was performed based on an
increased 12,841 bp of nucleotide sequences obtained from the mitochondrial
genome (mitogenome, mMtDNA); it has not been widely applied to molecular
systematics in Nemertea. Based on the tree topology newly obtained, the present
study explores morphological similarities between Malacobdellidae and
Prosorhochmidae by observing not only the adult but also the larval morphology with
a discussion on the evolution of endocommensal lifestyle in Nemertea.

Keywords: commensal, Japan, phylogeny, ribbon worm, systematics
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of polymorphic marine worms: the case of nemerteans in the genus
Oerstedia Quatrefages, 1864 (Nemertea, Hoplonemertea)
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Abstract

The monostiliferous hoplonemertean genus Oerstedia Quatrefages, 1864 is currently
composed of 30 valid ribbon worm species, of which, four valid species are currently
recognized from Japanese waters—O0. dorsalis sensu lwata; O. fuscosparsa Abato,
Kajihara and Yoshida, 2022; O. polyorbis Iwata, 1945; and O. venusta lwata, 1954.
Members of the genus Oerstedia are highly polymorphic, making the taxonomy and
systematics of the species challenging and problematic. Thollesson and Norenburg
(2003) applied two different names to the Oerstedia specimens collected from
Akkeshi Bay, Hokkaido—0. zebra (now O. oculata) and O. venusta, the former was
dorsally banded while the latter was not. However, the specimen they identified as O.
venusta lacked the notable anterior cephalic furrows as in O. venusta s.str. Seven
Oerstedia specimens which are morphologically similar with a Russian species O.
oculata (Kulikova, 1987) and with the two Oerstedia from Akkeshi Bay were collected
from Oshoro Bay, Hokkaido and Aniwa Bay, Sakhalin Island. The COI sequences
generated from these species and the subsequent haplotype network analysis
revealed that the Oerstedia from Akkeshi Bay, Oshoro Bay, and Aniwa Bay are
conspecific (COIl p-distance = 0-0.8%) and are different from O. oculata (COIl p-
distance = 4-7-4.8%). The phylogenetic tree based on the 16S, 18S, 28S rRNA, COlI,
and H3 genes revealed that the Oerstedia from Hokkaido and Sakhalin Islands are
sister with the O. oculata and are nested in the clade Paroerstediella of the genus. We
therefore establish the “O. oculata-like” Oerstedia reported in this paper as a new
species—Oerstedia pseudoculata sp. nov. O. pseudooculata sp. nov. and O. oculata are
very similar in their external features—both have the zebra and non-banded forms.
Limited morphological differences between the two species can be observed. In this
study, we emphasized the importance of molecular sequences in the taxonomy and
systematics of the polymorphic marine worm species. Employing only the so-called
traditional taxonomy for Oerstedia species is undoubtedly inadequate and can
possibly result in some taxonomic problems and inconsistencies. The role of DNA
sequence data in the taxonomy and systematics of the genus Oerstedia is always
indispensable.
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Recent progress in the taxonomy and phylogeny of Anthuroidea
(Crustacea: Isopoda) in Japan

Shoki Shiraki' and Keiichi Kakui?

"Graduate School of Science, Hokkaido University, Japan
2Faculty of Science, Hokkaido University, Japan

Abstract

The superfamily Anthuroidea Leach, 1814 is a group of small (usually <10 mm),
benthic isopod crustaceans, characterized by having an elongate body and widely
expanded tailfan. It currently comprises six families, 63 genera, and over 600
described species worldwide. Anthuroids are mostly marine and have been reported
from the intertidal zone to depths of about 6500 m. They occupy various substrates,
including marine algae, sand, rocks, and coral rubble. As of 2020, 39 species had been
reported from Japanese waters. Most of these are shallow-water species from the
temperate region, with few studies of anthuroids having been conducted in the
subtropical region or deep sea. In this talk, we discuss our recent taxonomic research
including representatives from subtropical and deep waters around Japan and present
the first global molecular phylogeny of anthuroid isopods.

Keywords: morphology, undescribed species, phylogeny, systematics, taxonomy
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Unraveling the taxonomic identity and phylogenetic relationships of sea
cucumber from the genus Stichopus (Holothuroidea: Stichopodidae)
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Annette Jaya-Ram?, and Sau Pinn Woo?

"Monash University Malaysia Genomics Platform, School of Science,
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Abstract

The correct taxonomic classification of Stichopus species is crucial for their
management and conservation, given the expanding fishery of these species.
However, the taxonomic classification of the family Stichopodidae, including the
genus Stichopus, has long been a challenge, leading to frequent misidentification of
species. For example, Stichopus naso and Stichopus monotuberculatus, commonly
harvested in the Indo-Pacific region, are often misidentified as "Stichopus horrens." In
this study, we investigated the taxonomic identity of a Stichopus species harvested in
Pangkor island, which had long been assumed to be Stichopus horrens. Our ossicle
examination raised questions about its species identity as it lacked the characteristic
tack-like table ossicles in the papillag, which are a definitive feature of S. horrens.
Additionally, we observed fusiform ossicles in its tentacles, suggesting that the
Stichopus species harvested in Pangkor island is actually Stichopus fusiformiossa. To
further investigate the taxonomic status of this species, we extracted DNA from the
collected sea cucumber for genome sequencing and mitochondrial genome
assembly. The full mitochondrial genome sequence and the Cytochrome ¢ Oxidase
Subunit | (COI) sequence were submitted for NCBI BLAST search. Phylogenetic
analyses were conducted via the multiple sequence alignment of partial COI
sequences and complete mitochondrial genomes (13 coding sequences and 2 rRNA
sequences) of different Stichopus species for phylogenetic tree construction using
maximum likelihood with 1000 bootstraps. The NCBI BLAST result shows that S.
monotuberculatus had the highest percentage of identity (>99%) with 100% query
coverage. Both the COl-based tree and the mitogenome-based tree show that the sea
cucumber collected by our group in Pangkor island is clustered with S.
monotuberculatus instead of S. horrens. S. monotuberculatus is a variable assemblage
that includes several sub-clades with regional differences in body wall ossicles,
morphology, and colors. Previous haplotype network analyses with COIl and 16S for S.
monotuberculatus suggest the presence of cryptic species within S.
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monotuberculatus. Additionally, the sea cucumber collected in this study has unusual
fusiform ossicles in its tentacles, which are not found in other Stichopus species.
Therefore, further research is needed to determine if the variable ossicle shape and
genetic relatedness with S. monotuberculatus are associated with different yet closely
related species, such as S. fusiformiossa. In conclusion, this study provides valuable
insights into the phylogenetic relationships and taxonomic classification of Stichopus
species. These findings have important implications for conservation initiatives and
further investigations involving these distinct marine invertebrates.

Keywords: sea cucumbers, Stichopus, taxonomic classification, phylogenetic analysis
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The cryptic diversity of the genus Andrometra (Echinodermata,
Crinoidea, Antedonidae): taxonomic importance of cirri
and arm ossicles
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'Department of Biological Sciences, Graduate School of Science, The University of Tokyo,
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2Department of Zoology, National Museum of Nature and Science, Tsukuba, Japan

Abstract

The feather star genus Andrometra AH Clark, 1917 (Crinoidea, Comatulida,
Antedonidae) is very rare and only accommodates two species: A. psyche (AH Clark,
1908) in the Pacific Ocean and A. indica (AH Clark, 1909) in the Indian Ocean. The
Pacific species, A. psyche has been recorded from Japan and Australia. Previous
studies reported two brachial (arm ossicle) morphotypes in the species: “everted
brachial” and “smooth brachial” types; however, they have been recognized as
conspecific. In this study, analyses of mitochondrial cytochrome oxidase | (COI)
sequences indicated that the genetic distance between “everted brachial” and
“smooth brachial” morphotypes was 6.9%, suggesting that they should be treated as
separate species. We examined ossicle microstructure using a scanning electron
microscope to reveal the morphological differences between these two morphotypes.
Consequently, cirri, division series, and pinnule ossicles as well as brachials
successfully distinguished the two types. Morphological characteristics also clearly
suggests these two morphotypes are separate species, and "smooth brachial
morphotypes should be an undescribed species.

Keywords: Andrometra, Antedonidae, taxonomy, diversity, ossicle microstructure
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Diversity of octocoral species in submarine groundwater discharge
(SGD) influenced sites in Mabini and Tingloy, Batangas, Philippines

Aubrey Jacklynn Abadiano and Maria Vanessa Baria-Rodriguez
The Marine Science Institute, University of the Philippines- Diliman, The Philippines
Abstract

Submarine groundwater discharge (SGD) sites are known to alter water chemistry
such as salinity and nutrient availability that are essential to coral reef organisms and
may hold detrimental effects to the diversity of reef building organisms. On the other
hand, octocorals have been observed to be more tolerant to different disturbances
such as nutrient loading, increased temperature, and decreased salinity as they may
acquire food or nutrients from multiple sources such as harbored zooxanthellae,
plankters, dissolved organic matter, or available food in the water column. The SGD
areas in Mabini, Batangas, Philippines are known to host multiple types of SGD such
as vent, sporadic, continuous, and curtain type related to hydrothermal activities.
Octocoral colonies encountered through SCUBA diving within or near established 5x5
m transects, at depths between 2 to 13 m, were documented and sample tissues were
collected for morphological analysis for species delimitation.

A total of thirteen (13) species of octocorals were preliminarily identified in all SGD
sites namely, Ovabunda sp., Xenia spp., Heteroxenia spp., Briareum spp., three (3)
morphotypes of Tubipora musica, Sarcophyton spp., Klyxum spp., Lobophytum spp.,
Sinularia cf. flexibilis, Paralemnalia sp., Lemnalia sp., Litophyton sp., and Scytalium sp.
These soft coral identifications are yet to be confirmed using a combined analysis of
28S and mtMutS markers for the molecular analysis. It was observed that colonies of
Xeniid species were present in almost all SGD-influenced sites, and one site with a
shallow vent is dominated by carpets of Conglomeratuslera coerulea and Anthelia sp..
These results indicate that select octocoral species could thrive in these
environmental conditions and may help in the management plan of SGDs.

Keywords: Soft corals, Biodiversity, 28S, mtMutS

2" UN Ocean Decade Regional Conference & 11t" WESTPAC International Marine Science Conference



4 | 159

Session B2: Systematics, taxonomy, and phylogenetics of marine life in the Western
Pacific
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monitoring: preliminary surveys at the Malaysian mangrove ecosystems
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Abstract

Although over 200 fish species are known to use mangrove-line estuarine ecosystems
in Malaysia for part of or throughout their life history, traditional monitoring of these
fish communities can be challenging due to considerations of gear suitability, labor,
and spatio temporal variability. Using the Kuala Selangor Nature Park (KSNP)
ecosystem as a case study, the current state of fish reference database and the
feasibility of environmental DNA (eDNA) metabarcoding as biodiversity monitoring
tool was assessed. A two-days concurrent sampling of fish specimens using drift net
and trammel net, and samplings of eDNA using sterivex filters were done along the
Selangor River, from the river mouth (with salinity of 26 ppt) up to Kampung Bukit
Belimbing (0.04 ppt) in November 2021. Then, separate samplings of fish specimens
were done along the same river in March 2022, and along the coastal area of Kuala
Selangor in May 2022. Whereas, another eDNA collection was done along the river in
April 2022. In the field collections, we obtained 183 fish specimens that represented
18 fish families from 30 genera and 35 species. Out of this, we sequenced 23 species
from 11 families in our collection that lack reference sequences in the Genbank. In
total, 30 sequences of the 12S gene markers and another 30 corresponding COI
sequences were generated through sanger sequencing. There is no ambiguous
identity between the 12S and COIl gene markers at the family level, but the COI
sequences have higher percentage of sequence matches in the Genbank compared
to the 12S sequences. DNA from the water samples from the eDNA collections were
obtained using Next-Generation Sequencing (NGS). Out of the 176 OTUs (operational
taxonomic units) generated from the eDNA sequencing, 7 exact matches were found
between the 12S sequences of our fish specimens and the 12S MiFish region of the
eDNA from our water collections. The gaps in the reference database was very much
evident, especially for speciose and/or non-commercial fish families such as Ariidae,
Gobiidae, Ambassidae, and Butidae, but dedicated effort into sequencing these fish
specimens can help to improve the effectiveness of future monitoring effort through
eDNA collection.

Keywords: Kuala Selangor, MiFish, 12S, DNA barcoding, COI
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Species diversity of marine fishes in the Sulu Archipelago, Philippines:
Building a DNA barcode reference library at the heart of Coral Triangle
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Abstract

Recently, two DNA barcode reference libraries of marine fishes were published based
on market surveys conducted in the Philippines. One documented marine fishes from
several sampling localities all over the country, while the other focused on marine
fishes of Cebu Province. Despite these extensive works, there is still lacking
representation for marine fish diversity in Mindanao, Philippines. Given this paucity of
information, intensive market surveys and application of integrative taxonomic
approach were done to document the commercially important marine fishes in the
major islands of Sulu Archipelago in southern Mindanao, Philippines from 2018 to
present. Our market survey efforts reveal a total of 360 marine fish species
representing 51 families from Basilan, Sulu, and Tawi-Tawi. To date, we produced 246
DNA barcodes representing 216 marine fish species. These DNA barcodes
correspond to whole fish specimens, colored photographs, and preserved tissue
samples that may be used for future studies. We also confirm the occurrence of
Pristigenys meyeri in Tawi-Tawi and recollected the newly described razor wrasse
species, Iniistius bakunawa, in Jolo, Sulu. Combining the market survey data of Davao
Gulf and Sulu Archipelago, we report a total of 662 species of marine fishes in the
Celebes Sea marine biogeographic region. This suggests that the area hosts a diverse
assemblage of marine fishes despite of persisting anthropogenic threats.
Documenting marine biodiversity and developing a DNA barcode reference library for
these marine resources are important to inform policies and strengthen management
strategies, especially in species-rich but data-poor countries like the Philippines.
Moreover, an ecosystem approach to fisheries management is ultimately necessary
to ensure the sustainability of marine fishery resources in these biologically diverse
islands.

Keywords: DNA barcoding, local fisheries, marine conservation, species richness
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DNA barcoding elasmobranchs of Bangladesh:
discovery of a new guitarfish species and potential uses in conservation
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Sher-e-Bangla Agricultural University, Dhaka-1207, Bangladesh

Abstract

Elasmobranchs are the most threatened marine megafauna in the world. There is a
global need for stock management and sustainable conservation of elasmobranch
species to balance the ocean ecosystem. Appropriate taxonomic information is the
first step for a proper conservation plan for any species. The present study aims DNA
barcoding of elasmobranch species of Bangladesh by amplifying the mitochondrial
gene sequences i.e., COI for accurate identification. The fish samples were collected
between August 2018 to July 2022 from different fish landing centers of Bangladesh
namely Pathorghata, Kuakata, Chattogram and Cox’s Bazar. In the study, we identified
a total of 37 species of elasmobranchs (i.e., sharks and rays) belonging to 22 genera,
15 families and 5 orders, where 19 species were sharks and 18 species of rays. Among
the morphologically identified species, we obtained a total of 59 DNA sequences from
29 species comprising 43 haplotypes with 228 polymorphic sites. The nucleotide
diversity was calculated as 0.18 and the haplotype diversity was 0.98. The overall
mean nucleotide base frequencies observed for 59 COl sequences were 25.8%, 26.0%,
32.4%, and 16.0 % for adenine (A), thymine (T), cytosine (C) and guanine (G),
respectively. Genetic distances among the studied COIl sequences ranged from 00%
to 32.6%. The overall mean distance of the sequences was 22.1%. From this present
study, we also identified a world-new species of giant guitarfish, Glaucostegus
younholeei sp. nov., which was described from 13 specimens of 730-933 mm total
length, collected from a fish landing canter in Cox’s Bazar district of Bangladesh. This
new species is distinguished from congeners in having the following combination of
characteristics: Body brownish or greyish with a narrowly wedge-shaped disc, long
narrow bluntly pointed snout (angle 31-40°), and broad oblique nostrils with a narrow
anterior opening. Phylogenetic analysis of DNA barcode sequences also shows the
clear divergence of G. younholeei from other congeneric species obtained from
GenBank. The present barcoding study holds out great hope for the ready
identification of sharks, shark products and shark fins, and also highlights some
taxonomic issues that need to be investigated further. This ongoing study has also
planned to construct mitochondrial 12S rRNA reference sequences for
elasmobranchs of Bangladesh. The built DNA barcode library of this study will
contribute as the reference sequences to the eDNA-based biomonitoring study of this
vulnerable animal group which has recently been initiated by the ABR Lab.

Keywords: Sharks, rays, new species, DNA barcoding
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Abstract

Opisthocentrids (Opisthocentridae) are marine benthic fishes belonging to the
suborder Zoarsoidei (order Perciformes). Widely distributed in coastal waters of the
Northern Pacific, they are found in macrophyte and seagrass beds and are an
important link in food chains and energy flows of marine ecosystems. Not being a
commercial object, these numerous fish species important for the sustainability of
marine coastal ecosystems do not attract the attention of systematists and are
studied very fragmentarily. At the same time, pricklebacks represent a unique group
of fishes that can serve as a model object for studying the mechanisms of
evolutionary divergence. The study of pricklebacks fishes of the northern pacifica with
a detailed analysis of the mass coastal genera Opisthocentrus and Pholidapus
significantly expanded the understanding of morpho-ecological and genetic
divergence of closely related marine fish species. Information on the biology and
ecology, as well as original data on taxonomic relationships of this group of fishes
were obtained for the first time. | have found out that pricklebacks belong to short-
cycle fish species, which makes them extremely vulnerable in cases of sharp
population decline. Comparison of isotopic analysis and stomach contents showed
that high probability of overlapping isotopic niches is not always indicative of food
competition. In this case, the similar isotopic signature of syntopic species is due to
consumption of the main food object (amphipods) while separation of food niches at
the level of species preferences was observed. The results of molecular genetic
analysis carried out based on sequences of complete mitochondrial DNA showed that
the level of genetic divergence of mtDNA of pricklebacks fishes varies widely. It should
be noted extremely low level of intraspecific polymorphism in some species
(Pholidapus dybowskii and Kasatkia memorabilis). In general, the results of the
conducted morpho-ecological analysis of opisthocenter fishes are confirmed by the
results of molecular-genetic studies and support the general phylogenetic scheme of
pricklebacks fishes. The phylogenetic hypothesis of taxonomic relationships within
the whole suborder Zoarcoidei showed greater affinity of the family Opisthocentridae
with the family Pholidae than with the family Stichaeidae, which agrees with earlier
studies. The results of this work will serve as a basis for further studies aimed both at
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studying the mechanisms of morpho-ecological divergence of different fish species
and at clarifying the evolutionary history of the suborder Zoarcoidei.

Keywords: Opisthocentridae, Zoarcidae comparative morphology, mitochondrial DNA,
molecular systematics
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Discovering marine myxosporean (Cnidaria: Myxozoa) diversity
in Malaysian waters: characterization, phylogeny, and host interactions
in the northeast region of peninsular Malaysia
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Abstract

Myxosporean is one of the two myxozoan groups, which uses fish as vertebrate host
in aquatic environments. Among the 30 myxosporean species described in Malaysia,
only six were identified from marine environments in the northwest region of
Peninsular Malaysia's. This research aims to further explore characterize existing
species and identify novel species through morphological, morphometrical, and
genetic analyses, and to investigate the phylogenetic relationships of myxosporeans
recovered from marine and estuarine fish species, exploring their associations with
host and organ specificity. The outcomes of the study included the description of
three novel Henneguya species (Henneguya setiuensis n. sp., Henneguya voronini n.
sp. and H. calcarifer n. sp.); two Ceratomyxa species (Ceratomyxa bathybius n. sp.,
Ceratomyxa furcosus n. sp.,); and one Myxobolus (Myxobolus selari n. sp.). The
characterization involved tissue tropism, myxospore morphology, morphometry, and
18S rDNA sequencing, leading to the description of each of the new species.
Additionally, the study revealed new host records for Kudoa pagrusi and Myxobolus
acanthogobii. Intra-genetic variations were observed among isolates, and
phylogenetic analysis suggested co-evolution in fish hosts during host-parasite
interactions. Intra-genetic variations were 0% among C. bathybius isolates, 0.1-0.5%
among C. furcosus isolates, 0.2% between K. pagrusi ex Nemipterus tambuloides and
K. pagrusi ex Pagrus pagrus, and 1.2% between M. acanthogobii ex N. furcosus and M.
acanthogobii ex Acanthogobius flavimanus. The findings emphasized the importance
of understanding myxosporean diversity in Malaysian waters, particularly in
Terengganu, and suggested further investigations to fill gaps in the systematics of
Myxosporea from Malaysia. None of the novel species was more than 90% similar to
any known myxosporean sequence in GenBank. Low infection prevalence and
absence of obvious tissue pathology suggested these myxosporeans may not
currently pose a significant threat marine fish population in Malaysia. However,
additional surveys at different times of the year are recommended for a
comprehensive risk assessment.

Keywords: Cnidaria, South China Sea, myxosporean, parasitism
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Coral community structure in Kota Kinabalu coastal waters,
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Abstract

Kota Kinabalu is well recognized for its high marine biodiversity, with a protected area
in Tunku Abdul Rahman Park established to conserve marine life. The park consists
of five islands (Sapi, Sulug, Manukan, Mamutik and Gaya Islands) with surrounding
fringing reefs covering approximately 50 km?2. However, rapid urbanization,
construction of resorts, harbours, and other infrastructure projects along the Kota
Kinabalu coastline have led to increased sedimentation, pollution, and habitat
destruction, which negatively impacted coral conditions and species richness. The
present study expands on past research by evaluating the current state of coral
community structures, including a comprehensive species checklist, as well as the
coral condition, diversity and abundance patterns at 27 reef sites around Kota
Kinabalu coastal waters. The Coral Video Transect method was used for coral surveys,
while the Coral Point Count with Excel Extension software was used for coral coverage
measurement. The findings indicate that Kota Kinabalu reefs had a mean live coral
cover of 46.9+3.4% , suggesting they were in ‘fair’ coral condition. A total of 233
species, spanning 71 genera and 16 families of scleractinian corals were identified
across all reef sites. Following recent taxonomic classification, coral surveys and past
studies revealed 300 species from 74 genera and 18 families of scleractinian corals,
with additional 57 new species records for the west coast of Sabah. Among these, 18
identified scleractinian species are considered rare, 51 are vulnerable, and 2 are
endangered. The current data also recorded 83 genera of hard and soft corals, with
Porites, Fungia and Acropora predominantly found in reef assemblages. The study
concludes that extensive coastal developments and uncontrolled human activities
may have negatively influenced the variations in coral conditions, diversity and
abundance in the study area. Implementing proper regulations and policies for long-
term sustainability would help achieve a balance between coastal shoreline
development and the well-being of the communities.

Keywords: abundance, conservation, hard coral, Sabah, marine protected area
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Diversity of the picophytoplankton Mamiellophyceae
in the West Philippines Sea with emphasis on Ostreococcus
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Abstract

Picophytoplankton, which are photosynthetic organisms smaller than 3 pm, play
crucial roles in biogeochemical cycles and trophic interactions. Organisms under this
category include the genus Ostreococcus (Mamiellophyceae), which are amongst the
smallest known eukaryotes but remained little studied in the tropics. In this study, we
explored the diversity of this genera in the West Philippine Sea (WPS) via shotgun
metagenomic and PacBio 18S rRNA gene metabarcoding analyses. For shotgun
metagenomics, three samples targeting the picoplankton fraction were collected from
two different stations in Northwestern Luzon namely Masinloc, Zambales (MZ1 and
MZ2) during the late northeast monsoon period, and a station in Bolinao, Pangasinan
(BOL8) during the late southwest monsoon period. Additionally, the metabarcoding
samples were obtained from six different stations in Bolinao, Pangasinan at the
northwestern side of the Philippines during the late northeast to intermonsoon period
(February and May, respectively). Co-assembly of shotgun data and binning of
eukaryotic contigs resulted in 12 bins, with only one metagenome-assembled genome
(MAG), bin7, exhibiting high completeness (94%) and low contamination (0.6%).
Furthermore, single-copy marker genes from bin quality assessment suggest that bin7
belonged to the genus Ostreococcus. Phylogenomic analysis revealed that bin7
formed a significantly distinct and separate clade from the other established clades
of O. mediterraneus, O. lucimarinus, O. tauri, and 0. sp. RCC809 (Clade B). For
metabarcoding data, taxonomic annotation of amplicon sequence variants (ASV)
showed the presence of four Ostreococcus ASVs. Phylogenetic analysis revealed that
these ASVs belonged to Clades B and E of Ostreococcus. These results highlight the
diversity of Ostreococcus in WPS and strengthen previous findings suggesting a
potential novel clade of Ostreococcus in the said region. Further studies are needed to
conclusively resolve the evolutionary relationship of bin7 with other Ostreococcus
clades, especially to those that do not have available assembled genomes yet. This
study, however, sheds light on the underappreciated diversity of marine
microorganisms in the Philippines, emphasizing the need for continued exploration
and understanding in this ecologically significant region.

Keywords: Ostreococcus, West Philippine Sea (WPS), shotgun metagenomics,
metabarcoding, phylogenetics
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Genetic diversity, temporal variability, and host association of parasitic
Amoebophrya spp. (Syndiniales Group Il) in tropical marine waters
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Arturo O. Lluisma, Laure Guillou?, and Deo Florence L. Onda'*

"The Marine Science Institute, Velasquez St., University of the Philippines, Diliman, 1101,
Quezon City, The Philippines
2Sorbonne Université, CNRS, UMR7144 Adaptation et Diversité en Milieu Marin, Ecology of
Marine Plankton (ECOMAP), Station Biologique de Roscoff, 29680, Roscoff, France

Abstract

Amoebophrya, synonymous to Syndiniales Group Il, has been widely investigated due
to its capability to control its host at the population level. Despite their significance,
our understanding of their diversity and ecology remains incomplete, since many of
their hosts are uncultivable. Additionally, most of the reference sequences used to
classify Syndiniales were retrieved from temperate or polar regions, which leads to an
increase in the number of unassigned Syndiniales taxa, especially since environmental
surveys has steadily reported new sequences of the parasite. Therefore, this study
aims to investigate the genetic diversity of Amoebophrya using molecular methods as
well as their association with some potential HAB-forming species in a tropical coastal
marine environment. Here, we collected water samples from a single site on an almost
weekly or bi-weekly basis in a tropical coastal environment for one year. We then used
high-throughput amplicon sequencing of the V4 region of the 18S rRNA gene to
generate the taxonomic profiles across time, and to extract the short read amplicons
classified as Syndiniales for the phylogenetic analysis. We also collected water
samples from six different sites in the area, amplified the environmental DNA, and
used PacBio Circular Consensus Sequencing (CCS) to obtain full-length 18S
amplicons. These longer amplicon sequences have higher phylogenetic resolution,
thus, were used as reference sequences for the phylogenetic tree. Using maximum
likelihood analysis, we have constructed a Syndiniales reference tree that can be used
for similar tropical coastal habitats. Our analysis revealed the high genetic diversity of
Amoebophrya in our site as well as the presence of potentially novel phylotypes of
these parasites. We also observed strong temporal variation of Amoebophrya
coinciding with the temporal patterns also observed in dinoflagellates. Canonical
correspondence analysis (CCA) demonstrated that Amoebophrya, particularly in the
intracellular stage, was indirectly affected by nutrients and temperature by influencing
availability of their hosts. Lastly, we explored host-parasite relationships of
Amoebophrya using correlation and network analyses. We report a highly specific
association between the parasite and the bloom-forming dinoflagellate host
Paragymnodinium. We also observed associations of other known HABs in the area
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such as Karlodinum with generalist phylotypes of Amoebophrya, however, further
studies are needed to validate the existence of these relationships. Overall, our study
provided baseline information on the diversity and host association of Amoebophrya
in a tropical coastal environment. Further work is needed to incorporate the
contribution of these parasites to food web and ecosystem models.

Keywords: marine eukaryotic parasites, Syndiniales, Amoebophrya, phylogenetics,
diversity
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Session B2: Systematics, taxonomy, and phylogenetics of marine life in the Western
Pacific

New records of raphidophytes in the Philippines: morphology,
phylogeny and their worldwide distribution

Samantha Patricia C. Esteban’, Garry A. Benico', Wai Mun Lum?
and Mitsunori Iwataki?

" Department of Biological Sciences, College of Science, Central Luzon State University,
Science City of Mufoz, Nueva Ecija, The Philippines
2 Fisheries Technology Institute, Japan Fisheries Research and Education Agency, Yokohama,
Kanagawa, Japan
3 Graduate School of Agricultural and Life Sciences, University of Tokyo, Yayoi, Bunkyo, Tokyo,
Japan

Abstract

Of the 7 genera of harmful algal bloom (HAB) — causing marine raphidophytes, only
Chattonella subsalsa was reported from the Philippines. In the present study,
raphidophyte species were isolated from Zambales, Central Luzon. Three unialgal
cultures were established to observe cell morphology and molecular phylogeny was
inferred from partial LSU rDNA and ITS sequences. Cells of Chattonella marina
measuring 30.6 ym long and 23.8 pm wide, were ovoid-shaped, with yellowish-brown
chloroplasts that were oval shaped. Cells of Fibrocapsa japonica measuring 20.2 pm
long and 12.5 pm wide, were ovoid shaped and possessed prominent mucocysts at
the posterior end. Cells of Heterosigma akashiwo were small, measuring 12.2 pm long
and 17.2 pm wide, were ovoid and elongated in shape. Molecular phylogeny showed
that the Philippine strain C. marina was positioned in a clade with C. marina sequences
from Korea, Japan, Brazil and Hongkong; F. japonica was positioned with F. japonica
sequences from the USA, Brazil and Germany; and H. akashiwo was positioned with
H. akashiwo sequences from Norway, Japan and USA. The toxicity of the Philippine
raphidophyte strains were subjected to brine shrimp lethality assay which show that
F. japonica at maximal cell concentration of 7.27 x 10° L exhibited 10% Artemia
mortality after 48 h exposure, while H. akashiwo at maximal cell concentration of 1.11
x 10° L' showed 40% Artemia mortality after 48 h of exposure. The detection of C.
marina, F. japonica and H. akashiwo are first reports in the coastal waters of the
Philippines. The occurrence of these HABs-causing raphidophytes pose a potential
risk to the aquaculture industry in the Philippines.

Keywords: taxonomy, fish kill, red tide, fisheries, distribution
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Session B2: Systematics, taxonomy, and phylogenetics of marine life in the Western
Pacific

Genetic diversity of harmful Family Kareniaceae in the Philippines,
including the detection of a potentially two undescribed species

Garry Benico'*, Samantha Esteban’, Koyo Kuwata?, Kazuya Takahashi? and
Mitsunori Iwataki?

'Department of Biological Sciences, College of Science Central Luzon State University, Brgy.
Bantug, Science City of Mufioz, Nueva Ecija, The Philippines
2Graduate School of Agricultural and Life Sciences, University of Tokyo, Yayoi, Bunkyo, Tokyo,
Japan

Abstract

The family Kareniaceae is mostly known in the Philippines for recurrent blooms of
Takayama sp. linked with massive fish kills in Bolinao and Obando Bulacan in Luzon
Island. However, species diversity and distribution remain to be underreported in other
coastal areas in the country owing to difficulty in identifying small naked
dinoflagellates. In an attempt to examine the diversity of kareniaceans in Philippine
archipelago, samples were collected from nine sites in southern Luzon and one site in
Davao Gulf, Mindanao. Overall, a total of 18 strains of kareniacean dinoflagellates
belonging to Karenia (K. mikimotoi, K. papilionacea), Takayama (T. acrotrocha and
Takayama sp.1) and Karlodinium (K. ballantinum, K. decipiens, K. gentienii, K.
zhouanum) were established in the laboratory and identified based on their
morphology and molecular sequences. Presence of K. gentienii and K. decipiens in
Davao Gulf reported in this study are first country reports. For the undescribed
Karlodinium sp. (strain GBSUB5) from Subic Bay, Zambales, their cells measuring 10.9
um long and 6.9 um wide were the smallest in this genus. In contrast, Takayama sp.1
(strain GBSEDIN21) which measured 17.4 um long and 14.9 ym wide was the largest
among Takayama species. Based on LSU rDNA marker, the GBSUBS5 was closely
related to K. australe and K. azanzae while GBSEDIN21 is related to T. tasmanica.
However, the GBSUB5 and GBSEDIN21 can be distinguished from closely related
species in terms of cell length and shape and nucleus position. Hence, these two
strains are novel kareniacean species to be described.

Keywords: harmful algal blooms, taxonomy, red tide, fish mortalities, aquaculture

*Corresponding author: Garry Benico, gabenico@clsu.edu.ph

2" UN Ocean Decade Regional Conference & 11t" WESTPAC International Marine Science Conference



K17
Sub-theme B:

Marine Biodiversity, Seafood Safety
and Security

Session B3:
Vulnerability of the coral reef ecosystem towards
extreme environmental fluctuations

PR

2" UN Ocean Decade Regional Conference & 11t" WESTPAC International Marine Science Conference



Programme

Venue: Jubilee A, 11t Floor

Date:

22 April 2024

Conveners:

Tan Chun Hong

Mathinee Yucharoen

Terengganu, Malaysia

d 172

Faculty of Science and Marine Environment, Universiti Malaysia

Coastal Oceanography and Climate Change Research

Center,
Prince of Songkla University, Thailand
Time Presentation Titles Speakers

Section 1

13:30-13:45 | Record-setting marine heatwaves lead to large- Derek P. Manzello, NOAA, USA
scale coral bleaching and mortality across the
eastern tropical Pacific and wider Caribbean: is
the 4™ global mass coral bleaching event
imminent?

13:45-14:00 | High temperature and hyposalinity triggered the | Apple Pui Yi Chui, The Chinese University
2022 coral mass bleaching event in Hong Kong | of Hong Kong, China

14:00-14:15 | New warming master model: explaining ocean Jungang Lu, East China Normal
heat redistribution that exacerbates coral University, China
bleaching

14:15-14:30 | A comprehensive experiment on the Long Ying, Prince of Songkla University,
physiological responses of coral to low oxygen Thailand
conditions

14:30-14:45 | Interactive effects of seawater acidification and | Muhammad Haidhar Almatin Ramli,
nutrients enrichment on early planulae stages of | Universiti Malaysia Terengganu, Malaysia
coral Acropora digitifera from Pulau Bidong,
Terengganu, Malaysia

14:45-15:00 | Tidal-driven submarine groundwater discharge Wei San Phang, Universiti Malaysia
and its impact on coral reefs: insights from Terengganu, Malaysia
Bidong Island, Malaysia

Section 2

15:30-15:45 | The effects of pH and temperature variation on Asma Aisha Kamarudin, Universiti
early stages of hard coral, Acropora digitifera in | Malaysia Terengganu, Malaysia
Pulau Bidong, Terengganu

15:45-16:00 | Study on the effect of sea current to the coral Addiena Kesuma, Institut Teknologi
reef life form (Scleractinia) to accelerate the Bandung, Indonesia
restoration effort

16:00-16:15 | Diseases and compromised health signs in coral | Vimonrat Boonrattanakom, Burapha

reefs along the eastern Gulf of Thailand

University, Chanthaburi Campus, Thailand

2" UN Ocean Decade Regional Conference & 11t" WESTPAC International Marine Science Conference




4173

Time Presentation Titles Speakers
16:15-16:30 | Coral disease in the Gulf of Thailand: Lalita Putchim, Department of Marine
comprehensive review and preliminary findings | and Coastal Resources, Thailand
16:30-16:45 | Hard coral community in Pulau Bidong under the | Mohmad Fuad Nur Qamarina, Universiti
influence of environmental factors Malaysia Terengganu, Malaysia
16:45-17:00 | Growth of crustose coralline algae (CCA) on Widiastuti, Universitas Udayana Kampus

ceramic substrates with different addictive
material types and composition

Bukit Jimbaran, Indonesia

2" UN Ocean Decade Regional Conference & 11t" WESTPAC International Marine Science Conference




4174

Session B3: Vulnerability of the coral reef ecosystem towards extreme environmental
fluctuations.

Record-setting marine heatwaves lead to large-scale coral bleaching
and mortality across the eastern tropical Pacific and wider Caribbean:
is the 4" global mass coral bleaching event imminent?

Derek P. Manzello?, William Skirving™ 2, Sophie G. Dove?, Blake L. Spady’-?,
Andrew Norrie® 2, Erick F. Geiger" 4, Gang Liu', Jacqueline L. De La Cour’4,
and Ove Hoegh-Guldberg?®

" Coral Reef Watch, Satellite Oceanography & Climatology Division, Center for Satellite
Applications and Research, U.S. National Oceanic and Atmospheric Administration, College
Park, MD 20740, USA
2ReefSense, Townsville, QLD 4814, Australia
3 School of the Environment, University of Queensland, St Lucia 4072, QLD, Australia
4 Earth System Science Interdisciplinary Center / Cooperative Institute for Satellite Earth
System Studies, University of Maryland, College Park, MD 20740, USA

Abstract

Coincident with the arrival of El Nifio in June 2023, mass coral bleaching due to
anomalously warm sea surface temperatures (SSTs) began throughout the eastern
tropical Pacific (ETP) and Caribbean side of central America. Unprecedentedly high
SSTs and mass bleaching spread to Florida and the Bahamas by mid-to-late July. By
October, a marine heatwave, record-setting in both magnitude and spatial scale,
spanned the entire Caribbean biogeographic region; every reef area (except Bermuda)
exceeded heat stress levels known to elicit coral mortality (>8°C-weeks). In many reef
areas, this historically high heat stress started 1-2 months earlier and was sustained
for longer than the typical seasonal changes. For example, in Florida, the previous
record-high SST was exceeded for 29 days; many reefs were exposed to more than
double the amount of heat stress that is expected to elicit mortality and some sites
experienced nearly three times their highest level of heat stress on record. The full
ecological impacts of this event will not be fully realized for months-to-years, but
preliminary reports have been alarming. The acroporid corals, which were the
dominant, shallow-water, reef-building corals throughout the Caribbean for thousands
of years, were the most severely impacted, with reports of 90—100% mortality on reefs
in Florida, Mexico, and Puerto Rico. Unexpectedly, acute heat shock and rapid tissue
loss occurred in gorgonian soft corals in Florida; prior to this event, these taxa had
been winners in the Caribbean for the past 40 years, as their abundances had been
stable or increasing across the region. This large-scale bleaching event was not
limited to the ETP and wider Caribbean, as severe bleaching was also reported from
the Persian Gulf, Red Sea, and Gulf of Aden during Northern Hemisphere Summer
2023. As of 29 November 2023, mass coral bleaching has been reported from at least
35 countries and territories spanning 5 different oceans/seas in 2023. Historical data
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indicate that the ETP and Caribbean marine heatwave events likely represent the
beginning of a global mass coral bleaching event over the next 12 to 24 months as the
El Nifio phase of the El Nifo-Southern Oscillation (ENSO) continues.

Keywords: coral bleaching, climate change, marine heatwaves, sea surface
temperature, El Nifio, ENSO

Disclaimer: The scientific results and conclusions, as well as any views or opinions

expressed herein, are those of the author(s) and do not necessarily reflect the views
of NOAA or the Department of Commerce.
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Session B3: Vulnerability of the coral reef ecosystem towards extreme environmental
fluctuations.

High temperature and hyposalinity triggered the 2022 coral mass
bleaching event in Hong Kong

Apple Pui Yi Chui
The Chinese University of Hong Kong, Hong Kong SAR, China
Abstract

A mass coral bleaching event occurred in the summer of 2022 in subtropical Hong
Kong waters. We surveyed 17 sites with substantial coral cover across northern to
eastern parts of Hong Kong waters in August 2022. Video-transect surveys were
conducted, and 102 bleached coral colonies were tagged for subsequent recovery
monitoring. Bleaching was found in all sites, with a 2-43% bleached coral-covered
area per site in August, but this dropped to 0.8-8.9% in the follow-up survey in
October/November. Among the tagged coral colonies, 96% were found to have
recovered in October/November. Analyses of environmental monitoring data revealed
that unprecedented elevated seawater temperature and hyposalinity were the most
likely causes of this widespread coral bleaching event. The high coral recovery rate
showed that the subtropical corals in Hong Kong are resilient to bleaching.

Keywords: high temperature, hyposalinity, coral bleaching, Hong Kong, marginal reef
environments
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Session B3: Vulnerability of the coral reef ecosystem towards extreme environmental
fluctuations.

New warming master model: explaining ocean heat redistribution
that exacerbates coral bleaching

Jungang Lu
East China Normal University, China
Abstract

Extreme sea temperature rise and ocean heat redistribution in the context of global
warming have become one of the major threats affecting the health of coral reef
ecosystems. In this study, we combine empirical orthogonal function decomposition
and coral bleaching monitoring data to quantify the extent of coral bleaching in eight
major coral distribution areas around the world from 1993 to 2020, and propose the
coral bleaching process under the influence of ENSO; Combining factors such as
ocean current movement and coastal topography, we propose a conceptual model of
the main control of warm currents along the east coast of the continent to further
explain the effects of heat redistribution on coral bleaching. The results show that the
health of global coral ecosystems has long been closely linked to mass coral
bleaching events, with fluctuating trends. Global warming has exacerbated the
intensity and frequency of ENSO, which in turn has increased the extent of ocean heat
redistribution, leading to a more severe coral bleaching situation and an unsustainable
risk to coral reef ecosystems. Coral ecosystems in different seas can recover rapidly
to a healthy state within 10 years after a severe bleaching event. The ability of coral
reefs to recover depends on the length of the interval between two mass bleaching
events. A warm current-dominated model for the eastern coast of the continent
explains coral bleaching under the influence of ocean heat buildup and redistribution,
and the model is applicable to real-world situations in the Caribbean, East Asia, the
Western Indian Ocean and Oceania.

Keywords: coral bleaching, heat redistribution, climate abnormalities, ENSO, ocean
currents
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Session B3: Vulnerability of the coral reef ecosystem towards extreme environmental
fluctuations.

A comprehensive experiment on the physiological responses
of coral to low oxygen conditions

Long Ying" 2, Sutinee Sinutok? 3, Pimchanok Buapet %4, and Mathinee Yucharoen 2

" Faculty of Environmental Management, Prince of Songkla University, Hat Yai, Thailand
2 Coastal Oceanography and Climate Change Research Center, Prince of Songkla University,
Hat Yai, Thailand
3 Faculty of Environmental Management, Prince of Songkla University, Hat Yai, Thailand
4 Division of Biological Science, Faculty of Science, Prince of Songkla University,
Hat Yai, Thailand

Abstract

Ocean deoxygenation, exacerbated by global climate change, poses a significant
threat to both local and global marine ecosystems, especially coral reefs experiencing
unprecedented challenges inflicted by a metabolic crisis and bleaching-induced
mortality. However, the understanding of the potential hazards of low oxygen
conditions in tropical regions remains inadequate, and the physiological responses of
corals to hypoxia and anoxia conditions are still shrouded in uncertainty. To bridge
this knowledge gap, we therefore experimentally exposed colonies with different
morphologies—Pocillopora acuta, Porites lutea and Turbinaria mesenterina to
deoxygenation stress that was aligned to their natural night-day light cycle for 72
hours. Specifically, these corals were incubated under varying dissolved oxygen (DO)
conditions (control with DO of 6.0+0.5 mg/L, hypoxia with DO of 2.0+0.5 mg/L, and
anoxia with DO <0.5 mg/L) in closed chambers to measure the maximum quantum
yield (MQY), respiration rate, and calcification rate. Strikingly, the mortality of P. acuta
in the anoxia treatment was observed with tissue loss in all replicates within 24 hours,
while P. lutea and T. mesenterina showed no mortality within the 72-hour timeframe.
MQY significantly decreased with time in all species. Coral respiration rate and
calcification rate have also been observed to decline in all species. Based on this
study, we proposed the nuanced sensitivity of corals to hypoxia and anoxia conditions,
emphasizing the substantial impact of low oxygen conditions on both coral survival
and the photosynthetic capacity of symbiotic algae. This study emphasized the
substantial impact of corals photosynthetic capacity and metabolism on low oxygen
conditions and highlights species-specific variations in sensitivity to hypoxia and
anoxia conditions.

Keywords: coral physiology, hypoxia, anoxia, climate change, Gulf of Thailand
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Session B3: Vulnerability of the coral reef ecosystem towards extreme environmental
fluctuations.

Interactive effects of seawater acidification and nutrients enrichment
on early planulae stages of coral Acropora digitiferafrom Pulau Bidong,
Terengganu, Malaysia

Muhammad Haidhar Almatin Ramli', Muhammad Alif Kamarul Azman’,
Seng Chee Poh'-2, and Chun Hong Tan'.?2

"Research and Education on Environment for future Sustainability (REEFS) Research Interest
Group, Faculty of Science and Marine Environment, Universiti Malaysia Terengganu, 21030
Kuala Terengganu, Terengganu, Malaysia
2 Institute of Oceanography and Environment (INOS), Universiti Malaysia Terengganu, 21030
Kuala Terengganu, Terengganu, Malaysia

Abstract

Inshore coral reefs are experiencing the combined pressure of seawater acidification
and excess nutrient availability associated with submarine groundwater discharge
(SGD) event. Both pressures are known to have detrimental impacts on the early life
history stages of hard coral. Here, we aimed to study the cumulative effects of low pH
and high nutrients on embryonic development, larval survivorship, and metamorphosis
of early life stages of Scleractinian coral Acropora digitifera at a SGD-influenced coral
reef in Pulau Bidong, Terengganu, Malaysia. Coral larvae (~350 individual) were
exposed in four different seawater treatments, corresponding to the current seawater
(pH 7.98) as control, pH 7.8, pH 7.6 and pH 7.6 with enriched nutrients (0.4 pM
phosphate + 10 uM nitrate) for 10 days. Twenty larvae were collected at intervals of 2,
4, 12, 18, 24, 36 and 96 hours after fertilization for embryonic development
observation. After 96 hours, the survivability of swimming larvae (n=50) that settled
and metamorphosed were quantified. On the 10™ day of post-fertilization, the surface
area of the larvae spat was measured by using Image Analysis Software (ImageJ).
Results of this study indicated that pH has profound impacts on the coral A. digitifera
larvae. An irregular cleavage was observed in low pH treatment which was a sign of
abnormalities in embryonic development. After 10 days of exposure, the lowest
survivorship (meantSE, 39.56+3.30%) and metamorphosed (46.22+5.65%) larvae
were identified in pH 7.6 and pH 7.6 with high nutrients treatment, respectively.
Besides that, the smallest surface area of the larvae spat were spotted in pH 7.6 with
high nutrients treatment (0.298+0.02 mm?). In contrast, control conditions showing a
highest larval survivorship (74.89+5.73%), metamorphosis (72.44+5.61%), and
surface area of larvae spat (0.322+0.03 mm?). The cumulative impacts of low pH
alone or concurrent with nutrient enrichment over all early life history stages would
increase the likelihood for failure of larval supply and recruitment for the coral species.
These suggest that early life stages of corals that exposed to discharge of submarine
groundwater (i.e., acidified water) coupled with nutrients pollution especially at the
coastal areas could potentially experience greater impacts from future climate change
scenarios.

Keywords: coral, planulae, ocean acidification, nutrients, pH
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Session B3: Vulnerability of the coral reef ecosystem towards extreme environmental
fluctuations.

Tidal-driven submarine groundwater discharge and its impact
on coral reefs: insights from Bidong Island, Malaysia

Wei San Phang’, Yee Qi Teo', Daryl Jia Jun Lee', Muhammad Faisal Abd Rahman’,
Jaw Chuen Yong', Chun Hong Tan" 2, and Seng Chee Poh™?

" Research and Education on the Environment for Future Sustainability (REEFS) Research
Interest Group, Faculty of Science and Marine Environment, Universiti Malaysia Terengganu,
Kuala Nerus, Terengganu, Malaysia
2 Institute of Oceanography and Environment, Universiti Malaysia Terengganu, Kuala Nerus,
Terengganu, Malaysia

Abstract

Submarine Groundwater Discharge (SGD) serves as a crucial conduit for transporting
elements from the mainland to coastal zones, with limited studies on this
phenomenon in Malaysia. This research focuses on Bidong Island's coral reefs,
employing a time series measurement approach to assess SGD, seawater carbonate
chemistry, and nutrient dynamics. The radon mass balance model was employed to
quantify nutrient-associated SGD fluxes during different spring and neap tidal events.
Our findings reveal that the daily average SGD flux and associated dissolved inorganic
nitrogen (DIN) and phosphate flux were marginally higher during spring tides (0.013 m
d’,2.49x10°M N d™, 8.75x108M P d) compared to neap tides (0.0043 m d7, 8.08x10°
/M N d7, 2.83x10% M P d'). Subsequently, three additional in-situ net primary
productivity (NPP) experiments were conducted during both spring and neap tides.
The average NPP for spring and neap tides was determined to be 0.431 and 0.235 mg
02 m3 d7, respectively. Whereas the daily average pH and pH range were determined
(pH7.94, 7.68-8.32 and pH7.94, 7.65-8.25) for both spring and neap. While the total
alkalinity was found higher during spring tide (2165 umol kg™') compare to during neap
tide (2139 ymol kg'). Furthermore, Aragonite saturation (QAr) concentrations were
calculated using CO2SYS, revealing average values of 2.92 during spring tide and 2.63
during neap tide for the SGD, respectively. The QAr in Bidong Islands was found slightly
lower compare to other SGD-impacted coral reefs in this region such as the Sire Bay,
Indonesia with QAr values between range 2.82 to 5.88 (Benge et. al., 2023). These QAr
values provide crucial insights into the carbonate chemistry, emphasizing the
potential influence of SGD on the local coral reef ecosystem and underscoring the
importance of understanding these dynamics for effective marine conservation and
management.

Keywords: seawater carbonate chemistry, SGD fluxes, Malaysia water, time-series
sampling
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Session B3: Vulnerability of the coral reef ecosystem towards extreme environmental
fluctuations.

The effects of pH and temperature variation on early stages
of hard coral, Acropora digitiferain Pulau Bidong, Terengganu

Asma Aisha Kamarudin', Muhammad Haidhar Almatin Ramli,
Muhammad Alif Kamarul', Wei San Phang’, and Chun Hong Tan'-2

"Research and Education on Environment for Future Sustainability (REEFS) Research Interest
Group, Faculty of Science and Marine Environment, Universiti Malaysia Terengganu, Malaysia
2 Institute of Oceanography and Environment, Universiti Malaysia Terengganu, Malaysia

Abstract

Increased concentration of carbon dioxide in the atmosphere has led to the decrease
of ocean’s pH and the enhanced the greenhouse effect on the earth which increases
Earth temperature. The combination of these two phenomena poses severe threat
towards marine ecosystems. Under these threats, calcifying organisms such as hard
corals are at risk as they are mainly composed of calcium carbonate skeleton.
Increased partial pressure of carbon dioxide has been demonstrated to diminish coral
recruit skeletal weight, while increased oceanic temperature have caused algae-
symbiont corals to bleach. But, the impacts of acidified ocean and seawater
temperature elevation on early developmental stages of coral larvae are still unclear.
This study aimed to examine the response of early development stages of a key hard
coral species, Acropora digitifera to the combined stressors of lowered pH and
elevated seawater temperature. The experiment simulated the conditions of the ocean
anticipated by the Intergovernmental Panel on Climate Change (IPCC) projections with
three different treatments: 1) Control (ambient pH and temperature), 2) pH 7.8 with
ambient temperature (28°C), and 3) pH 7.8 with elevated temperature at 31°C.
Approximately 350 fertilized A.digitifera eggs were collected and placed in each
treatment container. The development stages of the embryo were recorded for the
next 96 hours since fertilization. After 96 hours, 50 larvae were used to examine the
settlement success and survivability. Settlement and metamorphosis phase of larvae
was induced by placing terracotta tiles glued with crustose coralline algae (CCA) in
each container. The results showed that the development time of A.digitifera embryo
was shorter in pH 7.8 with elevated temperature but with higher number of
deformities. In contrast, no significant effect of lowered pH and elevated temperature
on metamorphosis success of planulae. In conclusion, despite shorter development
time, a higher incidence of deformities underscores the vulnerability of calcifying
organisms to changing environmental conditions while lack of significant effects on
the metamorphosis success of planulae suggests a level of resilience or adaptability
in this specific phase of coral development.

Keywords: ocean acidification, global warming, Acropora digitifera, development,
metamorphosis
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Session B3: Vulnerability of the coral reef ecosystem towards extreme environmental
fluctuations.

Study on the effect of sea current to the coral reef life form
(Scleractinia) to accelerate the restoration effort
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Abstract

Coral reef ecosystems exhibit complex responses to the dynamic nature of their
aquatic environment. Variations in environmental factors contribute to diverse
patterns of coral distribution in different locations within each ecosystem. This study
aims to investigate the correlation between sea current velocity and the life forms of
coral reefs at multiple observation sites in Indonesian waters. The measurement of
sea current velocity relies on current real-time global forecasting data obtained from
the Copernicus Marine Environment Monitoring Service (CMEMS). Field observations
conducted by FDC-IPB and WCS-IP at seven distinct observation stations, provide data
on the percentage of the bottom substrate for the coral reef ecosystem,
encompassing percent cover and the distribution of hard coral life forms. The
research findings reveal variations in the average velocity of sea currents at each
observation site, with the highest velocity observed in the waters around Sebesi and
Sebuku Islands (0.348 m/s) and the lowest velocity around Mare Island (0.103 m/s).
The percentage of coral cover is categorized as "medium" in most observation
stations, except for Kei Besar Island and Mare lIsland, where the coral cover
percentage is classified as "good" category. Analysis of hard coral life forms
(Scleractinia) identified 13 types of coral life forms present across all observation
sites. A "slow" current velocity (0 — 0.25 m/s) is associated with the ruderals (r) life
form group, characterized by rapid growth but susceptibility to physical damage. On
the other hand, "moderate" current conditions (0.25 — 0.50 m/s) are marked by the
presence of the competitors (K) and stress-tolerators (S) groups, exhibiting high
resistance to environmental pressure but slower growth rates.

Keywords: conservation class, coral reef, life form, sea current
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Session B3: Vulnerability of the coral reef ecosystem towards extreme environmental
fluctuations.

Diseases and compromised health signs in coral reefs along
the eastern Gulf of Thailand

Vimonrat Boonrattanakom?', Sarawut Siriwong’, Lalita Putchim?,
and Choochai Ruangjaroon’

T Faculty of Marine Technology, Burapha University, Chanthaburi Campus, Chanthaburi,
Thailand
2Marine and Coastal Resources Research Center (Eastern Gulf of Thailand), Rayong, Thailand

Abstract

Over the recent decades, coral reefs worldwide suffered from continuous deterioration
due to many factors. Diseases and compromised health signs are major threat against
coral reefs ecosystem amongst other factors. Coral reefs in the Caribbean and Indo-
Pacific region that were affected by diseases died and declined in numbers. Thailand
has very limited case study on this matter. Surveys were conducted to access the
prevalence of coral diseases and compromised health signs at 16 sites from four
provinces in the Eastern Gulf of Thailand; Chonburi, Rayong, Chanthaburi, and Trat. We
collected data of 90 square meters per site using the three-belt transect method. We
found nine types of coral diseases and compromised health signs that can be
classified into 2 groups; 1) single coral diseases or external abnormalities per colony
i.e. Borers: BR, Pigmentation Response: PR, Sediment Damage: SED, Growth
Anomalies: GA, Partial Mortality: PM, Competition: CP, Predator: PD, Non-Focal
Bleaching: NFB, Yellow-banded tissue loss: YBTL and 2) multiple coral diseases or
external abnormalities per colony, i.e., PR + SED, PR + CP, PR+BR, PM+BR, SED+PM.

Keywords: diseases, compromised health signs, coral reef, eastern Gulf of Thailand
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Session B3: Vulnerability of the coral reef ecosystem towards extreme environmental
fluctuations.

Coral disease in the Gulf of Thailand: comprehensive review
and preliminary findings

Lalita Putchim’, Vimonrat Boonrattanakom?, and Nararat Chantarawat?

"Marine and Coastal Resources Research Center (Eastern Gulf of Thailand), Rayong, Thailand
2 Faculty of Marine Technology, Burapha Univerity, Khamong, Tha Mai, Chanthaburi, Thailand
3 Marine and Coastal Resources Research Center (Central Gulf of Thailand),
Chumphon, Thailand

Abstract

Coral diseases are a significant threat, resulting in a global decline in coral populations
for the past few decades. However, until 2021, this hasn't been the case for Thailand.
The Department of Marine and Coastal Resources conducts regular annual monitoring
programs consist of more than 150 stations across the Gulf of Thailand to assess
status of coral reefs. During these surveys, we observed various signs of coral
diseases, such as focal bleaching, non-focal bleaching, ulcerative white spot disease,
and abnormal growth. Most of these did not result in coral mortality. However, a
confirmed coral-killing disease identified in this study is yellow-banded tissue loss
disease (YBTLD). YBTLD is one of the six major diseases causing extensive damage
to coral reefs worldwide. We reported for the first time in several coral reefs around
the Sattahip-Samaesarn Islands in Chonburi Province during late 2021. Subsequently,
the geographic range of YS expanded to include Surat Thani, Chumphon, and Trat
Province in 2022-2023. The identification of these diseases relied on available
handbooks and publications. We presented the dissimilarity and highlights the unique
characteristics and behavior of these diseases in this region. Compared to other coral
disease hotspots, there is limited knowledge in various aspects related to coral
diseases and the processes to mitigate their impacts in Thailand. The approach to
addressing this are to expedite research, build knowledge, and identify the clear
causes of disease occurrence. This information will be crucial instrumental in
planning future prevention and mitigation strategies.

Keywords: coral disease, Gulf of Thailand, yellow-banded tissue loss disease
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Session B3: Vulnerability of the coral reef ecosystem towards extreme environmental
fluctuations.

Hard coral community in Pulau Bidong under the influence
of environmental factors

Mohmad Fuad Nur Qamarina, Zainudin Bachok, Mohd Fadzil Akhir,
and Che Din Mohd Safuan

Institute of Oceanography and Environment (INOS), Universiti Malaysia Terengganu, 21030
Kuala Nerus, Terengganu, Malaysia

Abstract

Hard coral is an essential component in the development of coral reefs and has gained
research interest due to its role in the building and formation of coral reefs. The
attention should be centered towards the environmental variability on hard coral even
more with the increasing issue of climate change. Therefore, this study investigated
the influence of spatial patterns based on location, reef zonation and depth on the
distribution of hard coral communities in Pulau Bidong, located in the South China
Sea. The surrounding island is exposed to different oceanographic conditions,
particularly during monsoon season. It is hypothesized that differences in the spatial
pattern are influenced by oceanographic conditions which deter the distribution of the
hard coral. The location of the reef is differentiated into the northeast and southwest
of Pulau Bidong as there are differences in current circulation at each location. The
reef zonation was characterized as either reef flat or reef slope from visual
observation. Meanwhile, the site is also defined into three different depths: shallow
(1-5 m), mid (6—10 m) and deep (11-16 m). Utilizing video sampling method, this
study discovered higher number of genera in the northeast reef (35 genera) as
compared to the southwest reef (8 genera). Overall, the study area is predominantly
covered with genera Acropora (48.43%) and Porites (19.81%). Among the hard coral,
Acropora branching, non-Acropora branching, and massive forms contributed the
most to the hard coral community where both Acropora branching and non-Acropora
branching mostly occupied reef flat, shallow water area and at the southern part of
the island. Meanwhile, massive forms such as Porites, Diploastrea and Favites can be
found dominating the northeastern part of the island in deeper areas, particularly at
the reef slope. It is suggested that the exposure to the environmental variables in the
northeast reef influenced the abundant hard corals in this area. The variation of hard
corals between depth and reef zonation may also be due to decreasing light
availability in deeper water. Continuous monitoring of the hard coral community along
with the implication of environmental variables is necessary for a sustainable coral
reef.

Keywords: hard coral, coral community, Pulau Bidong, environmental factors
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Session B3: Vulnerability of the coral reef ecosystem towards extreme environmental
fluctuations.

Growth of crustose coralline algae (CCA) on ceramic substrates
with different addictive material types and composition

Widiastuti' and A.A. Ngurah Agung Indra Wijaya?

"Department of Marine Science, Faculty of Marine and Fisheries, Universitas Udayana
Kampus Bukit Jimbaran, Badung 80361, Indonesia
2 Research Centre of Advanced Material, Research Organisation of Nanotechnology and
Material, National Agency of Research and Innovation, Republic of Indonesia, Gedung 720 KST
BJ Habibie, Serpong, Tangerang Selatan 14314, Indonesia

Abstract

Crustose Coralline Algae (CCA) plays a vital role as a trigger for the attachment and
metamorphosis of coral planulae because it produces chemical signals that planulae
can capture as instructions for attachment to the substrate. Thus, developing proper
substrates for CCA settlement is a crucial parameter. Ceramic has the advantage of
not causing toxic effects in a marine environment and long-term durability. This study
aimed to determine the growth of CCA on ceramic substrates with different addictive
material types (coconut charcoal, bread fluor, and aluminum oxide) and compositions
(5,15, and 25%). The 5x5x0.5 cm ceramic substrates consisted mainly of Kalimantan
soil (BL1) with different addictive material types and compositions (5 replicates each)
were placed in an artificial seawater aquarium under 60—100 pmol photons/m?s at
12:12 h dark:light regime for a month, and the water quality parameters were
maintained at stable levels during the experiment. Each treatment's microscopic
surface structure and elemental composition were measured using Scanning Electron
Microscopy (SEM) with Energy-Dispersive X-ray Spectroscopy (EDX). The coverage
growth of CCA was photographed with a mobile phone camera and was subsequently
calculated using ImageJ 1x software. The differences in CCA growth at different
addictive material types and compositions were analyzed using the Two-Way ANOVA.
The Tukey HSD test further analyzed the treatment that caused the difference. Results
demonstrated that substrate with the addictive material aluminum oxide significantly
increased the growth of CCA. Moreover, a 5% addition of any addictive materials in the
ceramic substrate also significantly increased the growth of CCA. The high growth of
CCA at substrates with addictive material aluminum oxide is suggested due to the
higher content of Fe (0.9 - 1.1 wt%) in these substrates compared to others. Fe plays
an essential role in algae growth because it is required as the enzymatic co-factor in
photosynthetic electron transport.

Keywords: ceramic addictive material, ceramic, crustose coralline algae (CCA)
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Session B4: Coral reef resilience to climate change and human impacts

Effects of anoxia and hypoxia on scleractinian corals oxidative
stress responses

Siti Nurtahirah Jaafar"2, Muhammad Arif Samshuri', Verdiana Vellani?, Long Ying*5,
and Mathinee Yucharoen*®

" Faculty of Science and Marine Environment, Universiti Malaysia Terengganu, 21030,
Kuala Nerus, Terengganu, Malaysia

2 Institute of Oceanography and Environment, Universiti Malaysia Terengganu, 21030,
Kuala Nerus, Terengganu, Malaysia

3 Department of Life Sciences, Universita degli Studi di Trieste, Italy
4 Faculty of Environmental Management, Prince of Songkla University, 90110,
Songkhla, Thailand
® Coastal Oceanography and Climate Change Research Center, Prince of Songkhla University,
90110, Songkhla, Thailand

Abstract

Coral reefs, vital ecosystems supporting a diverse array of marine life, face increasing
threats due to environmental stressors, including anoxia and hypoxia events. These
oxygen-depleted conditions can significantly affect coral health and resilience, leading
to widespread coral bleaching and mortality. This study investigates the oxidative
stress responses in these three coral species; Pocillopora acuta, Porites lutea, and
Turbinaria mesentari. Notably, the anoxia treatment led to rapid mortality in P. acuta,
with tissue loss observed in all replicates within 24 hours. In contrast, P. lutea and T.
mesentaria exhibited no mortality within the 72-hour timeframe. Three different
enzymes were measured which are Glutathione S-transferase (GST), Catalase (CAT)
and Superoxide dismutase (SOD) to access the oxidative stress response in those
corals sp. The results demonstrated variation in those three enzymes responses with
all species of corals treated. GST showed higher activities in anoxia for P. acuta, T.
mesentaria (p<0.05) and higher activity in hypoxia for T. mesentaria (p<0.05). In
contrast, no significance difference for all enzymes in P. lutea. Whereas for CAT only
P. acuta showed higher activities in both anoxia and hypoxia. SOD activities showed
highest significance (p<0.05) in anoxia for P. acuta and T. mesentaria. However, the
present findings suggest that P. lutea is resilient to some extent to short-term
exposure to anoxia and hypoxia, as predicted to occur with climate change, may still
have deleterious effects on corals. This study may shed light on the multifaceted
effects of anoxia and hypoxia on coral reefs, emphasizing the importance of studying
oxidative stress responses to better comprehend the resilience and adaptability of
corals in the face of changing environmental conditions. Such insights are paramount
for the conservation and management of these invaluable marine ecosystems.

Keywords: anoxia, hypoxia, scleractinian corals, xoidative stress, coral health
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Session B4: Coral reef resilience to climate change and human impacts

Symbiodiniaceae diversity hosted by Palythoa tuberculosa of adjacent
ecoregions — the Straits of Malacca and South China Sea:
environmental and climate change perspectives

Hai Ping Yu and Hin Boo Wee

Institute of Climate Change, Universiti Kebangsaan Malaysia, 43600 UKM Bangi,
Selangor, Malaysia

Abstract

The keystone ecological relationship between the dinoflagellata endosymbionts
(Symbiodiniaceae) with coral reef associated organisms has narrow range of
environmental tolerance. This is most notable from the threats of global warming due
to anthropogenic climate change. Nevertheless, the ubiquitous zooxanthellate
zoantharian Palythoa tuberculosa (host) demonstrates the ability to survive
environmental stressors owing to its flexible association with divergent
Symbiodiniaceae typings. The adjacent marine ecoregions of Peninsular Malaysia
(The Straits of Malacca and South China Sea) accomodate distinctive environments
despite their shared latitudinal and longitudinal proximity. These locations provide an
ideal comparative experimental model to examine Symbiodiniaceae diversity within
single species host. The samples of Palythoa tuberculosa were collected (within depth
of 1-18 m) and preserved for molecular works from respective islands sites (South
China Sea: Tioman, Bidong, The Straits of Malacca: Payar) while seawater
temperature was measured with Hobo Pendent logger. And five-years time series
average (2018-2022) of sea surface temperature and chlorophyll-a concentration in
Malaysian marine ecoreiongs were derived from MODIS Aqua, NASA. The sea surface
temperature and chlorophyll-a concentration in The Straits of Malacca is notably
higher than in the East Coast of Peninsular Malaysia. Prelimary phylogenetic analysis
of sample DNA sequence revealed distinctive ITS2 profile of Cladocopium and
Durusdinium between sample sites. Further phylogeny inspection with psbA"" marker
revealed possible newly unreported lineage. The correlation between water
parameters and Symbiodiniaceae genotypes will be determined. We expect to find
different genotypes from two ecoregions respectively and wish to identify the
delineation subsequently. The seawater temperature variations offer as a reference to
assigning Symbiodiniaceae diversity with the aims to identify stress tolerant
genotypes.

Keywords: Zoantharia, dinoflagellate, coral reef, marine ecoregions, Malaysia
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Session: B4 Coral reef resilience to climate change and human impacts

Coastal coral reefs and coral reef fish in extreme environmental conditions

Lalita Putchim and Apichit Sonmongkon
Marine and Coastal Resources Research Center (Eastern Gulf of Thailand), Rayong, Thailand
Abstract

Coastal coral reefs are facing various human-induced environmental changes, but the
cascading effects of organismal tolerances on the assembly and functioning of reef
organisms is not quite well understood. The Sichang coral reefs, located in the inner
Gulf of Thailand, serve as the primary reef and are utilized for tourism, fishing, the
seafood industry, boating, and maritime activities. This diverse usage pattern exposes
these reefs to extreme environmental conditions, offering valuable insights into how
reefs may respond or adapt to challenging utilization.

In this study, we examine the differences in habitat characteristics and diversity,
abundance, and community structure of local fish species between the Sichang Island
which is known for their extreme environmental conditions. While the neighboring Phai
Island and Lan Island exhibit comparatively more environmentally favorable
characteristics.

Our findings suggested that the corals in the Sichang Island struggle to survive in
these extreme environments, displaying lower resilience compared to other areas.
These challenging conditions lead to coral communities with reduced diversity,
primarily composed of stress-tolerant species that offer limited three-dimensional
structure. Despite the low habitat complexity and extreme environmental conditions,
the diversity and abundance of reef fish communities in this area are comparable to
those in regions outside the Gulf. Particularly note on the significantly higher presence
of herbivore fish, typically found in high-nutrient areas, compared to other species.

Projections suggest that the impending extreme environmental conditions could
disturb the community structure and productivity of a vital functional group. However,
inhabiting such extreme environments may potentially foster resilient habitats for
marine organisms in the future.

Keywords: coastal reefs, reef fish, Sichang Island, extreme environment
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Session: B4 Coral reef resilience to climate change and human impacts

Changes in the multi-species fishery production of commercially
important nearshore marine invertebrates in Bolinao, Pangasinan,
after 30 years (1992-2023)

Jerwin G. Baurea and Marie Antonette Juinio-Meneza

Marine Science Institute, College of Science, University of the Philippines Diliman,
Quezon City, The Philippines

Abstract

Coral reef, seagrass, and rocky and sandy shore ecosystems surrounding and
adjacent to Santiago Island, Bolinao, Pangasinan in northwestern Luzon is known to
harbor diverse commercially important marine invertebrates. Many of these are
gleaned and thus a source of food and income for many small fisher households. To
determine changes in species composition and estimate the current value of
invertebrate production, a 4-month daily market survey was conducted from February
to May 2023 and compared with the market survey conducted 30 years ago. There
were 115 vendors recorded during the 2023 survey, although only 28 of them regularly
sold invertebrates per week. A total of 62 invertebrates were recorded during the two
surveys. The most common invertebrates sold were mollusks and crustaceans and
sea urchins. Among 46 species recorded in 1992-1993, 17 were not found during the
2023 survey, while 14 species not previously found in 1992-1993 were observed in
2023. Among mollusks, cephalopods had the highest production, followed by bivalves
and lastly gastropods. Presently, squids, green mussel, and conch snails had the
highest production among different mollusk taxa. Among crustaceans, penaeid
shrimps had the highest production followed by decapod crabs. Two species of sea
urchins are also sold in the local market. Comparison of production data between the
two surveys suggest that invertebrate production may have reduced by more than a
half of what was produced 30 years ago, which has been attributed to overfishing and
environmental degradation brought by intensive mariculture activities since the
1980s. Despite this, invertebrates sold at the local market was estimated to contribute
a minimum of Php 5.7 million to the local economy in February—May 2023. However,
this amount does not yet include high-value species such as sea cucumbers and sea
urchins which are directly sold to traders, lobsters that are directly sold to local
institutional markets (e.g., resorts), and invertebrates that are only consumed by fisher
households. The contribution of invertebrates in terms of nutrition, domestic food
security and ecological services remain undervalued. A more comprehensive study is
needed to fully assess the status of the fishery stock and fill in knowledge gaps in the
socio-ecological systems in the fisheries of commercially important invertebrates to
properly manage these resources. An ecosystem approach to fisheries management
must be undertaken by the local government in cooperation with various stakeholders
such as coastal communities, academic institutions and other private partners.

Keywords: Bolinao, marine invertebrates, market survey, fisheries management,
socio-ecological system
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Comparative analysis of marine invertebrates settlement & biodiversity
in Terengganu’s Islands: preliminary insights on their ecological
implications

Arham bin Taupek, Goh Jet Yue, Afiq Durrani Mohd Fahmi, and Hafiz Borkhanuddin

Faculty of Science & Marine Environment, Universiti Malaysia Terengganu,
21030, Kuala Nerus, Malaysia

Abstract

Coral reef ecosystem of Bidong Island has rapidly faced significant challenges due to
climate-related events, such as tropical storms. These events have caused decline in
coral cover and a reduction in invertebrate diversity and abundance. For instance, the
storm Pabuk in January 2019 decreased live coral cover from 47.9% to 28.75% and
increased dead coral cover from 26.3% to 65.09%. The storm also altered the reef
framework, leading to uplifted coral rubble and sands in the bay. While coral coverage
assessments have been conducted, there's an urgent need to understand the coral
reef's recovery, including invertebrate colonization and succession. The COVID-19
pandemic and related Movement Control Orders (MCOs) created a unique opportunity
to establish baseline data on marine invertebrate diversity. The main goal of this study
is to methodically analyse and compare marine invertebrate settlement and diversity
data from a recovering reef (Bidong lIsland), with data from diverse geographic
locations to uncover patterns, similarities, and differences within their populations. To
achieve this, comprehensive field research was conducted across 13 islands in
Terengganu, namely Ekor Tebu Island, Kerenga Besar Island, Lima Island, Ling Island,
Paku Besar lIsland, Paku Kecil Island, Pinang Island, Redang Island, Kapas Island,
Perhentian Island, Tenggol Island, Bidong Island and Yu Island. Data on marine
macroinvertebrates diversity were collected using a dynamic combination of Coral
Video Transect (CVT) and Line Intersect Transect (LIT) techniques. For settlement
pattern Autonomous Reef Monitoring Structures (ARMs) were used at 2 of the islands.
These data were subsequently analyzed using a variety of diversity indices, including
Shannon's diversity index, Simpson's diversity index, Margalef's diversity index, and
the Pielou index, to quantify species richness, evenness, and overall diversity at each
island's various sites. Settled organism on ARMs plate were identified to lowest
possible taxa. The study's findings have unveiled a total of five marine
macroinvertebrate phyla, including Annelida, Arthropoda, Echinodermata, Mollusca,
and Platyhelminthes. Furthermore, species richness across the island sites ranged
from 4 to 20 species. This research establishes a critical foundational resource for
understanding invertebrate colonization, informing future management strategies and
assessments, especially considering the unique challenges faced by the coral reef
ecosystem in the post-COVID era.

Keywords: post COVID-19, acroinvertebrate, diversity, marine park, settlement
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Relationship between parrotfish abundance and benthic lifeforms
at tropical coral reef ecosystem in Terengganu,
east coast of Peninsular Malaysia

Rahman Syahputra’, Nagibah Rosli?, Che Din Mond Safuan’, and Zainudin Bachok’

TInstitute of Oceanography and Environment, Universiti Malaysia Terengganu, 21030
Kuala Nerus, Terengganu, Malaysia
2Department of Malaysian Quarantine and Inspection Services, Ministry of Agriculture and
Agro-Based Industry Malaysia, 62000 Putrajaya, Malaysia

Abstract

Cumulative disturbance can undermine the resilience of a coral reef, often resulting in
Scleractinia corals being replaced by macroalgae or other non-coral organisms. These
degraded reef systems have mostly been described in terms of changes in reef
benthos composition. There is little understanding of how such changes are
influenced by and in turn influence other components of the tropical reef ecosystem,
particularly parrotfish. The parrotfish, a herbivorous reef fish, is thought to play an
important role in the coral reef ecosystem by keeping algal growth in check so that the
slower growing coral recruits can colonize. This study investigated the abundance of
parrotfish and in particular their relationship with benthic life forms on the islands of
Bidong-Karah and Kapas-Gemia, Terengganu. For the parrotfish abundance survey, a
visual census was conducted in a 100-meter belt transect using underwater
videography. At the same time, a Coral Video Transect (CVT) was used to record the
benthic life forms. Eight species of parrotfish were found during the field survey in this
study. There was no significant difference in the abundance of parrotfish between two
different depths of 5 meters and 10 meters (p>0.05). There was no significant
difference in the density of parrotfish between the stations in Kapas-Gemia (p>0.05),
while there is a significant difference between the stations in Bidong-Karah (p<0.05).
A high density of parrotfish was found in stations with low human activity or in a more
complex coral reef structure. Stations with intensive anthropogenic activities such as
resorts or with a less complex coral reef structure harbored a low density of parrotfish.
The relationship between parrotfish individuals and hard corals, algae and rocks/sand
was not significant (p>0.05). Only dead corals showed a significant relationship with
parrotfish individuals (p<0.05). These results improved the understanding of the role
of parrotfish in the tropical coral reef ecosystem and thus serve as a comparatively
favorable and easy-to-monitor indicator for the assessment of coral reef resilience.

Keywords: tropical coral reef, parrotfish, Bidong-Karah Island, Kapas-Gemia Island,
Terengganu, South China Sea
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Mass coral bleaching event of 2022 in Sekisei Lagoon, Japan:
insights during and one year post bleaching

Mariyam Shidha Afzal, Tatsuya Udo, Dio Dirgantara, and Takashi Nakamura

Graduate School of Engineering and Science, University of the Ryukyus, Nishihara, Okinawa,
903-0213, Japan

Abstract

High degree heating week and sea surface temperatures ever recorded for Japanese
coral reefs occurred in the summer of 2022 where temperatures peaked 1-2 degrees
above bleaching threshold resulting in widespread coral bleaching and mortality.
Using Point intercept survey method, we sampled 31 reefs of Sekisei lagoon in 2021
(prior to bleaching), 2022 (during bleaching) and 2023 (one year post bleaching). 66%
of the Sekisei Lagoon's reefs were severely bleached in 2016, with 13% of mortality,
leaving the reefs with just 13% coral cover in the years to come. However, by 2021,
coral cover had steadily increased to 20%, demonstrating the reefs' gradual but
persistent regrowth. However, in 2022 a second major bleaching event had devastated
the reefs of Sekisei lagoon, leaving 53% of the reefs severely bleached and 14.78% of
the corals facing bleaching induced mortality. Acropora species with branching and
tabular morphology were the most severely damaged, and this relationship between
coral colony shape and bleaching severity was found in research conducted in 2016
as well. One year post bleaching, in 2023, the overall coral cover of Sekisei lagoon was
27%, an 1% increase compared to 2022. The most dominant substrate category in
2023 surveys were macroalgae and turf algae. Even though most of the sites shows
good resilience compared to 2016 bleaching event, some of the notable sites such as
Kayama entrance, St. F, St. C shows tremendous decrease in coral cover following the
bleaching event of 2022. Given that these bleaching events are more frequent and
intense, there will likely be a significant phase change on these Japanese reefs in the
years to come. Hence continuous monitoring of these sites is necessary to pin point
resilient coral communities to ever changing environment.

Keywords: coral bleaching, coral communities, resilience, Sekisei Lagoon, Pacific
Ocean
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Effects of repeated bleaching events on the resilience of corals
in Sekisei Lagoon
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Abstract

Extensive coral bleaching was observed in Sekisei Lagoon, the largest coral reef
system in Southern Japan, in the summer of 2022. Several bleaching events have been
observed in Sekisei Lagoon in the past (2003, 2007, 2016), and bleaching and mortality
rates have been reported. However, there is limited understanding of the effects on
the fecundity of the surviving population and subsequent population recovery trends.
Therefore, we analyzed the results of ongoing surveys at 31 sites in the region from
2003 to 2023.

Maturity surveys of five species of the genus Acropora were conducted in late April of
each year, recording bundle maturity status (5 levels) in <20 colonies per species,
while juvenile population density (age 1) within a square frame was also conducted in
late April of each year. In addition, bleaching surveys (5 levels) were conducted for
four species of the Acropora in early September each year.

The results showed that four peaks of bleaching events (2003, 2007, 2016 and 2022)
were observed since 2003, and that the reproductive capacity of the surviving
population and the density of visible juvenile corals, which are indicators of recovery
after bleaching events, tended to decrease gradually. Juvenile coral densities declined
to less than 20 percent of peak levels in the years before the major bleaching events,
and then showed a gradual recovery trend over the period.

Furthermore, since 2016, when substrate and coral composition were assessed using
transect method, there has been an increase in turf algae, which has been followed by
a blooming of macro algae. The widespread bleaching event has had a substantial
impact on the coral larval supply at these locations. Algae dominance in particular
areas may hinder the survival of newly formed polyps. To reduce and control
anthropogenic impacts on the coral reefs surrounding these islands, new strategies
must be proposed.

This research was supported by Grant-in-Aid for Scientific Research (18K06424 and
23H03560) and the Japan Environmental Restoration and Conservation Agency
(JPMEERF20194007).

Keywords: coral bleaching, coral cover, fecundity, Sekisei Lagoon
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Epidemiology and etiology of tissue necrosis disease
in corals around Okinawa, Japan
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Abstract

Major degradation of coral reefs has been postulated by several factors; one major
factor is coral disease. Since its first record, coral disease and lesion has been
discovered by over decades. However, inevitable, and significant changes of
environmental disturbance to coral reefs are believed to play a role in coral disease
and lesion dynamics. Our study aims to discover the coral lesion prevalence and
investigate the tissue necrosis disease caused by pathogenic agent in coral reef
ecosystem surrounding Okinawa coast, Japan. To pursue the objective of the study,
we performed epidemiological survey by conducting in-situ coral lesion prevalence
survey and collecting bacterial samples from coral infected by tissue necrosis
disease. Aligned with the epidemiological survey, we also conducted etiological
investigations on the causative agent of tissue necrosis disease on dominant
susceptible corals from Okinawa, Japan. Our study found that during our coral lesion
survey efforts, we found consistent occurrence of tissue necrosis/white syndrome
disease at 8 out of 9 sites each season. We found previously unreported pathogenic
bacteria from genus Halomonas that could affect three different corals of Acropora
digitifera, Montipora digitata and Pachyseris speciosa by causing tissue necrosis. In
addition, healthy coral exposed to these pathogenic bacteria severely affected its
physiological performance. This study also attempts to describe the in-situ bacterial
identification in the white syndrome infected coral colonies along Okinawa coast, the
recent on-going tasks. Our study results identify that white syndrome associated with
tissue necrotic/white syndrome disease were prevalent among different coral genera
surrounded in the Okinawa coast, while experimental treatments with pathogenic
bacteria isolated from white syndrome disease accelerated three different corals to
have cell necrotic. Further studies are needed to specifically address the cellular and
holobiont mechanism of coral induction of tissue necrosis by pathogenic bacteria of
Halomonas sp. which we isolated from tissue necrosis infected coral.

Keywords: coral disease, pathogen, physiology, Scleractinia, tissue necrosis
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Interplay of leaching effects of calcium carbonate-enhanced tiles
and surface topography: implications for coral larvae settlement
and skeleton development in restoration initiatives
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Abstract

The recruitment of hard scleractinian corals hinges on success in three sequential
early life phases: planktonic dispersal, settlement, and post-settlement. Despite
numerous findings on the factors influencing settlement and metamorphosis, the
process is also significantly influenced by the material and topography of the
substrate. In this study, larval settlement preferences were tested by using terracotta
tiles that allow assessment of leaching effects and varying surface textures. A series
of tiles enhanced with varying (0%, 10%, 25%) calcium carbonate (CaCOs)
concentrations and characterized by both ridged and non-ridged surfaces were
employed for the settlement and metamorphosis of Acropora digitifera coral larvae.
Before the coral larvae settlement experiment, tile leaching concentration was tested
by submerging it in seawater within a closed container for 40 days. Meanwhile, coral
larvae were collected during the coral spawning event that occurred in September
2023 at Pulau Bidong, Terengganu, Malaysia. Mature colonies were taken from the
wild and allowed to spawn in a container. After embryonic, 50 swimming larvae were
introduced into individual 600-ml containers, each containing a tile pre-glued with
fragments of coralline algae (CCA), and then let the larvae settle. Metamorphosed
larval settlements were counted daily with a 10% water change. On day 10, pictures of
coral spats were taken for size measurement under a compound microscope and
analyzed using Image Analysis Software (ImagedJ). Remarkably, the leaching
experiment showed that 10% CaCOs tile exhibited the highest leaching capacity,
elevating calcium levels in the water up to 600 ppm and concurrently increasing the
alkalinity from 119.85 ppm to 148.47 ppm. On the other hand, a pronounced
preference for larvae settlement on ridges’ tiles was observed, with a mean settlement
of 9+1.7 (mean+SE) compared to non-ridges tiles (6+1.8). Intriguingly, the number of
settlements and survival rates displayed an upward trend with increasing CaCOs
percentages in the tiles. Highest mean settlement on 25% CaCOs tiles, with 9 larvae
settled and achieving up to 19% survivability. However, the largest size (0.322+0.07
mm?) of juvenile coral polyps were recorded on the 10% CaCOsridge tile. The findings
indicate that a substrate containing elevated levels of CaCO3 enhances successful
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recruitment, leading to larger polyp sizes. Additionally, the presence of ridges provides
a secure environment for larval settlement. This allows an adaptation to promote
settlement on composite material, which may be useful for coral reef rehabilitation
projects.

Keywords: leaching, larvae, settlement, ridges, tiles
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Investigation on the effects of substrate materials on the larvae
settlement success of hard coral, Acropora digitifera
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Abstract

Coral reefs are facing various kinds of threats, either anthropogenic or natural
disasters, eventually causing the reef ecosystem to diminish over time. However,
scientists are addressing these issues globally to increase awareness among people.
Conservation and restoration efforts have escalated since then, and many parties
have joined to replenish the population. To enhance the effectiveness of restoration
efforts, we conducted an experiment to investigate the correlation between the
settlement of coral larvae and different substrate materials. The effects of various
substrate materials on coral larvae settlements were determined using gametes
collected during the annual spawning event at Pulau Bidong, Terengganu, Malaysia.
Briefly, two hours prior to the predicted time, five mature Acropora digitifera colonies
were brought up from the reef and kept in separate containers. After the corals
spawned, the egg bundles were collected and stirred for the fertilization processes.
Subsequently, the fertilized eggs were cultured in filtered seawater until they reached
the larvae stage and were ready to settle. To examine larvae settlement preferences,
50 larvae were placed in new individually containers, each containing different types
of custom-made square ceramic tiles (5x5 cm). These tiles comprised three material
compositions (0%, 10%, and 25% CaCOs mixtures) and two surface topographies
(ridges and non-ridges) for each composition. A coral skeleton cut to a similar size
was included as a control. Water change was conducted daily to maintain the water
quality inside the containers. We measured the larvae settlement rate by quantifying
the number of settled larvae every 24 hours from the day they were transferred into
the experimental setup. Larvae settlement was low on 0% CaCO:s tiles, with only an
average 13.33% success rate of settlement and metamorphosis. Similar results were
observed in the 10% (mean=19.67%) and 25% (mean=18.33%) CaCO:s tiles. The most
preferred material for larvae settlement was the coral skeleton (mean=21.67%).
Furthermore, A. digitifera was observed to favor ridge tiles compared to non-ridge tiles
for all types of tiles, except for 25% CaCOs tiles where both topographies recorded
similar abundance of larvae settlement. This study's results significantly contribute to
advancing the effectiveness of coral restoration initiatives. Within the broader global
scientific community's endeavors to address threats to coral reefs, comprehensive
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comprehension of larvae settlement preferences assumes critical importance. The
acquired insights are pivotal for the formulation of well-informed conservation
strategies and the sustainable replenishment of coral populations.

Keywords: coral larvae, Acropora digitifera, settlement success, curface topography,
cubstrate materials
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Comparative analysis of resilience in coral restoration methodology:
direct transplantation versus larvae enhancement
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Abstract

The precipitous global decline in coral abundance, attributed to an array of
environmental stressors and anthropogenic activities, has instigated heightened
interest and concerted efforts in the implementation of coral restoration strategies.
These initiatives are geared towards mitigating the pervasive loss of live coral cover
and contributing to the rehabilitation and fortification of coral reef ecosystems on a
global scale. The current study delineates and evaluates two distinct coral restoration
approaches: direct transplantation and larvae enhancement. In the direct
transplantation method, naturally fragmented coral nubbins (3-5 cm) are affixed to
artificial structures, such as small, round (3 inches in diameter) cement cups attached
to larger cement blocks or metal poles driven directly into the benthic environment.
Conversely, the larvae enhancement approach involves the harvesting of gametes
from matured Acropora spp. colonies, with subsequent ex-situ rearing of resulting
embryos before their release back into the reef after settling on ceramic tiles. Analysis
after a six-month period revealed that direct transplantation exhibited a notably higher
mean survival rate (65%) in comparison to the larvae enhancement method. Moreover,
shallow reef transplants (<3 m) displayed a heightened growth rate compared to their
counterparts at deeper sites (>7 m). However, a subsequent assessment after 18
months uncovered a significant setback for larger (>10 cm) transplanted coral
colonies at shallow depths, as they experienced breakage and toppling on the
seafloor, resulting in approximately half of them perishing. In stark contrast, all newly
settled larvae were found deceased six months after their initial release, with the
associated tiles being covered in filamentous algae. While direct transplantation
showcased a commendable survival rate, its implementation is marred by substantial
costs. Conversely, the larvae enhancement approach encountered challenges,
primarily a marked increase in the mortality rate, necessitating a more in-depth
scientific investigation to address these complexities. This underscores the intricate
interplay of ecological factors influencing coral restoration success and resilience,
providing valuable insights for future conservation and management strategies aimed
at fostering the sustained health and resilience of coral reef ecosystems.

Keywords: coral restoration, transplantation, larvae, coral reef resilience
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Integrated approach for coral reef conservation and rehabilitation
in the Philippines
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Abstract

“Integrated Approach for Coral Reef Conservation and Rehabilitation (/nCORE)” has
currently been implemented at Tangalan in the Philippines as a 1.5-year pilot project
funded by the Asian Development Bank (ADB) until the end of July 2024. The key
challenge of InCORE is how to enhance the resilience of the reef ecosystems to
recover well during the return period of the episodic disturbances like super typhoons
and massive coral bleaching, which are being intensified with the global warming. For
this purpose, InCORE has introduced the holistic approach, which consists of
environmental assessment, installation of Coral Net™ units and their subsequent
periodical monitoring, terrestrial load reduction in an inter-watershed framework, and
capacity development through training workshops, etc., for the sustainable
implementation of the project. The Coral Net™ is a mesh-net type platform to improve
substrate condition and thereby to enhance both sexual and asexual reproduction of
corals on it. The Coral Net™ was developed by Kajima and has several successful
applications in Japan. For the environmental assessment, we have introduced not only
onsite survey, but also remote sensing and integrated model system development &
applications to properly understand the coral reef ecosystem situation and to find the
causes of its degradation. In addition, we closely work together with the local
stakeholders including the local government unit and coastal patrol (bantay dagat)
staff. In the first phase of the environmental assessment, the habitat conditions in
terms of coral cover, seagrass cover, etc., were observed. The remote sensing was
conducted for the benthic habitat and land use/land cover mapping, and the water
depth estimation. The integrated model system was developed to assess the overall
situation of the environmental conditions in Tangalan Bay and its surrounding areas,
including waves & current, water temperature, salinity, water quality parameters like
turbidity and nutrient concentrations, and associated terrestrial runoff of fine
sediments, nutrients, etc., from the adjacent and even distant watersheds. Based on
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the environmental assessment, we identified the seven locations for installing Coral
Net™ units as their pilot test in Tangalan Bay. In the presentation, the initial Coral

Net™ monitoring results will be shared, and the keys for scaling up the InCORE
approach will be discussed.

Keywords: integrated approach, coral reef, rehabilitation, environmental assessment,
integrated monitoring and modelling system
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Abstract

Coral reef restoration initiatives in the Philippines began in the 1970s to accompany
marine habitat conservation in mitigating coral reef degradation and assisting reef
recovery. However, an overview of existing knowledge on coral reef restoration
research and initiatives in the country has not yet been synthesized. This study reports
the different coral reef restoration interventions investigated in the Philippines for the
past 43 years. Relevant data about their target species, restoration methods, and
outcomes were gathered and summarized from primary and grey literature. The types
of coral reef restoration applied in the Philippines are substrate enhancement
methods such as artificial reef deployment and calcium carbonate accretion, asexual
propagation methods such as direct transplantation and coral gardening, and sexual
propagation methods specifically, larval enhancement. Preliminary results show that
substrate enhancement method was used the most, followed by asexual propagation
like direct transplantation and coral gardening, and sexual propagation methods were
used the least. This coincides with the introduction of these methods in the country,
with substrate enhancement and asexual propagation methods reported as early as
1980s and 1990s whereas sexual propagation methods reported only in the 2010s.
Primary and some grey literature reported a total of 28 hard coral genera, most of
which are fast growing Acropora spp., Porites spp., and Pocillopora spp. Massive slow-
growing species such as Favites spp. are also represented. Meanwhile, approximately
32% of the initiatives were done in the Bolinao-Anda Reef Complex, Pangasinan,
Northwestern Philippines while the remainder were done in Central and Southern
Philippines. Finally, 45% of primary literature use growth and survival as outcome
criteria, followed by a combination of growth, survival, and cost at 7.5%. Research
efforts geared towards testing more coral genera in more regions in the Philippines is
needed for climate adaptation and reef resilience. Furthermore, a re-assessment of
these initiatives is necessary to develop a standard protocol for future monitoring and
assessment of coral reef restoration initiatives.

Keywords: climate adaptation, coral reef recovery, resilience
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Abstract

In this study, we aim to assess and evaluate the coral reef resilience at 12 stations in
3 provinces located along the Eastern Gulf of Thailand: Rayong, Chanthaburi and Trat.
The data were collected from January to March 2022. The study was conducted using
twelve resilience indicators and calculated resilience scores for each site. The results
revealed that three sites exhibit high relative resilience, i.e., Yakyai, Thonglang and
Raet. Two sites demonstrate medium to high relative resilience, namely., Nomsao and
Hinloi. Additionally, six sites display medium to low relative resilience, specifically
Ailob, Toei, Kiewnai, Munklang, Wai and Munnai. Finally, one site exhibits low relative
resilience, identified as Chaolao. Coral reefs with high relative resilience were
associated to a high percentage of hard coral cover and diversity of herbivorous
fishes, as well as lower benthic algae cover and human impact. The opposite was
observed, as expected, for sites with low relative resilience, which were associated to
a high percentage of coral competitors cover, coral diseases, and benthic algae cover.
The greatest influence indicators were hard coral cover, coral competitors cover, coral
diseases, and the number of herbivorous fishes. The findings of this study could assist
in identifying and prioritizing management actions to mitigate disturbances and
enhance the resilience of coral reefs.

Keywords: resilience, coral Reefs, Eastern Gulf of Thailand
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Reef corals can be resilient again disasters:
resilience in Con Dao Islands, Vietnam for last nearly 25 years
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Abstract

Con Dao Islands, Vietnam located in the Sunda shelf (Western South China Sea) are
characterized by abundance and diversity of coral reefs. The recent publications
indicated the very healthy status of coral reefs therein. The questions were whether
there existed threats to damage corals during the past period and how reef corals
could recover after risks, if any. Comparative analysis on the trends of changes of hard
coral covers were conducted for 3 areas, including: (1) south and east reefs suffered
heavy impacts of both typhoon (1997) and bleaching (1998); (2) northwestern reefs
damaged by the combined impacts of high temperature and low salinity in 2005; and
(3) Ben Dam reefs protected in the bay but influenced by port development and
operation. The available monitoring data for (1) at 5 reef sites exhibited significantly
decreased average cover during 1998-1999 with values less than 10% at some sites
and good recovery with the average cover in 2009/2010 equal to that in 1994, then
remaining at high values until 2019. The detailed data of shallow and deep transects
available for (2) showed the severe damage of the reefs in 2005, especially at shallow
waters. These reefs recovered well to have medium cover (more or less 30%) in the
4thyear later and become stable at a high level (50-80%) in 2017 and 2019. In contrast,
the data at Ben Dam Bay collected for some years between 1994 to 2018 indicated
permanent decline of hard coral covers and the reefs nearly destroyed recently due to
anthropogenic threats. The trend of these changes suggested that most coral reefs in
Con Dao islands required around 10-12 years to recover and return to their healthy
nature, so long as there was no ongoing impacts. The good recovery of reef corals in
Con Dao islands following disasters provided a positive point of view on extreme
resilience of coral reefs against increased sea surface temperature if they existed in
natural conditions. Human beings can support coral resilience by minimizing
anthropogenic impacts. In addition, further discussion on coral adaptation or
acclimation is also needed.

Keywords: reef corals, disasters, resilience, monitoring, Con Dao Islands
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Abstract

Coral reef is an ecosystem that is rich in species and high productivity. However,
natural disturbances and anthropogenic stresses are heavily impacting this precious
ecosystem. Resilience assessment plays an important part in prioritizing and
targeting appropriate management actions. Using refined IUCN resilience indicators,
this study aims to evaluate the relative potential resilience and anthropogenic
stresses, and to identify the influence of the selected indicators on the study sites.
There were 17 resilience indicators and five stressors had been chosen to be
assessed in this study. Sampling was conducted in August 2020 at 11 marine
recreational hotspots around Pulau Redang Marine Park (PRMP), Terengganu
(Malaysia) with two depths at each site. Benthic substrate data was collected using
Coral Video Transect, Belt Transect was applied to survey fishes and invertebrate
abundance and diversity, as well as the reef rugosity was examined with Chain-and-
Tape method. In addition to the biological data, anthropogenic stressors were
assessed in-situ by the surveyors. All data was collected with SCUBA. Results from
the data analysis were grouped into four rankings with different resilience categories
and stress levels. Resilience assessment showed nearly half (48%) of the sites were
in medium-low resilience ranking. About one fifth (19%) of the sites obtained the
highest resilience ranking with scores ranging from 0.94 to 1.00, 24% in medium-high
rank, and only 9% (two sites) with lowest resilience. For anthropogenic stress
assessment, 19% of the sites obtained the lowest stress level with scores of 0.56,
while the rest of the sites recorded medium-high to high level of stress. Then, six
resilience indicators (sand, silt, rubble, dead coral, hard coral cover and coral diversity)
were found to be the most influential indicators in driving the coral reef resilience at
PRMP. On the other hand, nutrient input and solid waste pollution were found to be
the major contributors for anthropogenic stress. This resilience results could be used
to prioritize the conservation areas in PRMP, such as establish of total no access zone
for the high resilience sites. Meanwhile the results from anthropogenic stress analysis
can be used as guideline improving the tourism and any human activities on-site. Plus,
the outcome of this study would contribute to PRMP re-zoning strategy which
potentially to improve the coral reef management of PRMP and could lead to elevating
coral reef health status in these marine protected areas.

Keywords: resilience, zoning plan, coral reef, ecology, Malaysia
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Mitigation of environmental stresses on reef-building corals
and conservation perspective

Tomihiko Higuchi
Atmosphere and Ocean Research Institute, The University of Tokyo, Japan
Abstract

Coral reefs are threatened by multiple environmental stresses at both the global and
the local scales. Declining water quality in coastal reefs has been reported as due to
red soil runoff, agricultural fertilizers, and anti-fouling chemicals (e.g., Higuchi 2018).
Coral bleaching caused by high water temperature has been frequently reported and
it is one of big problem declining coral reefs. To solve these issues, the methods for
mitigating environmental stresses on corals started to be investigated recently. As the
most important process, removing anthropogenic stress such as soil and/or nutrient
run off is the best way to conserve the coral reefs. For instance, high concentration of
nitrate accelerated coral bleaching under high temperature (Higuchi et al., 2015).
Otherwise, several invention methods including genetic, physiological, and
environmental management approach with potential scale have been reported by
National Academies Press (2019). For example, physical shading of sunlight
substantially reduced the degree of bleaching (Coelho et al., 2017, etc.). Also, Biscéré
et al. (2018) suggested that manganese enrichment increased coral resistance to heat
stress-induced bleaching. Several research show that heterotrophic energy supply
(e.g., rotifer, Artemia as diets) mitigate coral bleaching severity and increase the
survival rates. Therefore, there are possibilities that these stress mitigation methods
can be act for coral reef conservation. However, there are still lots of limitations (and
risks) when these methods are conducted in the field. In this presentation,
international attempts and inventions for coral conservation are reviewed (including
own results), and it is discussed about future conservation perspectives such as
where is the best place has high resilience and/or high rate of larval supply.

Keywords: coral bleaching, mitigation of environmental stresses, metal enrichment,
heterotrophic energy
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enhance agricultural production for community-based Crown-of-Thorns
Starfish and seaweed management

Sefano M Katz', Taitusi R Dradra’, Ulamila L Matairakula’, Roko Josefa D Cinavilakeba’,
Antoine DR N'Yeurt?, Tomasi Tikoibua', and B Gregory Mitchell-3

" Pacific Blue Foundation, Fiji
2 PACE-SD, University of the South Pacific, Fiji
3810, University of California San Diego, USA

Abstract

Crown of Thorns Starfish (CoTS) outbreaks pose a significant threat to Indo-Pacific
coral reefs, causing profound coral mortality. Fijian farming, utilizing synthetic
inorganic fertilizers, contributes by introducing inorganic nutrients into coastal waters.
This influx triggers seaweed blooms and fosters microalgae proliferation, thereby
supporting the survival of juvenile CoTS. In Bega Lagoon, Fiji, the ongoing CoTS
outbreak is responsible for a staggering 40% of hard coral mortality, emphasizing the
urgent need for intervention. Coral reefs grapple with an excess of seaweed,
recurrently smothering coastlines during the Austral summer months and jeopardizing
the integrity of coastal and coral reef ecosystems. Recognizing the pivotal role of reefs
in sustaining the coastal and marine food system, economic stability, and the
profound cultural and spiritual connections of Indigenous communities, urgent action
becomes imperative. Within this context, our applied research and management
project unfolds, seeking comprehensive solutions through community-based
monitoring and control programs, alongside innovative approaches to repurpose
invasive species for sustainable agricultural practices, highlighting a sustainable
approach grounded in local practices. Local knowledge, encompassing insights into
reef areas and coral cover, guides survey site selection and bolsters the control
program. Traditional wisdom and the practice of 'solesolevaki, emphasizing unity and
shared responsibility, actively engage the wider community in the control program,
fostering collective ownership. Through a Social-Ecological Systems (SES) approach,
the research integrates traditional knowledge with scientific data to design and
implement effective strategies for maintaining reef health and enhancing
communities’ food security, while alleviating economic constraints from purchasing
fertilisers and transportation. Chemical analysis, coupled with growth rate trials of
tomatoes and capsicums, is employed to determine the optimal ratio of CoTS to
seaweed in comparison to commercially used fertilizers. The study reveals that the
CoTS-seaweed fertilizer surpasses commercially used synthetic inorganic fertilisers,
resulting in crops up to 50% larger in dimension and weighing up to 40% more. This
finding not only showcases the viability of community-driven solutions but also
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underscores the potential for sustainable agricultural practices derived from the
utilization of invasive species to foster active coral reef conservation and incentivised
natural resource management. Rooted in the synergy of tradition and science, this
applied management strategy not only supports the broader seascape management
of Bega Lagoon but also offers a model for reef communities across the Indo-Pacific.
By embracing the richness of traditional wisdom, this program seeks to fortify the
resilience and sustainability of Indo-Pacific SESs, enhancing coral reef resilience and
vitality for generations.

Keywords: social-ecological systems, traditional knowledge, coral reef management,
unity and shared responsibility, sustainable agriculture
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Session: B4 Coral reef resilience to climate change and human impacts

Resilience based management of coral reefs for biodiversity
conservation and sustainable livelihood in Gulf of Mannar,
southeast India

J.K. Patterson Edward
Suganthi Devadason Marine Research Institute, Tuticorin - 628007, Tamil Nadu, India

Abstract

The compound effect of anthropogenic activities and climatic changes has reduced
the live coral cover in Gulf of Mannar (GoM), southeast India from 37% in 2005 to 27%
in 2021. Of the anthropogenic activities, coral mining (halted in 2005) and destructive
fishing practices had been responsible for severe coral degradation till 2010.
Thereafter the climate-change triggered coral bleaching and mortality, algal blooms,
space competition and bio-invasion along with pollution have been causing major
harm and have considerably affected the health of coral reefs, directly resulting in the
deterioration of the quality of ecosystem services, mainly coastal protection and
fisheries. The major coral reefs in GoM are distributed around the 21 low-lying islands.
The recent downscaled climate projections predict that GoM corals will experience
annual severe bleaching (ASB) under a high emissions scenario (RCP8.5) before 2070,
but a reduced emissions ratio (RCP4.5) will have clear ameliorating effects. GoM
corals suffered from bleaching and sustained mortalities in 1998, 2010 and 2016 with
significant damage due to prolonged elevated seawater temperature especially in
2010 and 2016. However, the corals recovered gradually after the bleaching events.
Though the recovery rate is slow, the corals exhibit resilience, which is a positive sign
in GoM. The comprehensive baseline data on coral reefs developed in 2005 and the
regular annual reef monitoring undertaken since then have helped in closely watching
the health of the reefs and in taking appropriate interventions and management
measures to support and improve the coral resilience. The 365-km long GoM coastline
is densely populated. The over 100,000 small-scale fisher-folk depend solely on the
fishery resources associated with coral reef and seagrass for their livelihood. In
consideration of the affected ecosystems and the socioeconomic status of the fishing
population on the one hand, and the worsening climatic and non-climatic drivers on
the other, an integrated approach has been adopted with the following components to
support reef resilience: coral restoration using specially designed stable substrates
and native species; deployment of multipurpose artificial reefs for biodiversity
enhancement, specifically coral recruits and fish production; regular annual
monitoring; alternative livelihood schemes to fisher community for the reduction of
pressure on the marine ecosystems; controlling coastal pollution; removal of ghost
nets and exotic seaweeds; protection and enforcement; and awareness building. This
resilience based conservation and management approach has helped to bring about
climate change adaptation by protecting biodiversity and ensuring sustainable
livelihood to the fishing population.

Keywords: coral resilience, restoration, management, livelihood, Gulf of Mannar
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Session: B4 Coral reef resilience to climate change and human impacts

Linking area-based conservation and resilience-based management
to enhance coral reef resilience in Thailand

Wichin Suebpala, Thamasak Yeemin, and Makamas Sutthacheep

Marine Biodiversity Research Group, Department of Biology, Faculty of Science,
Ramkhamhaeng University, Thailand

Abstract

Coral reefs around the world have been impacted by anthropogenic and climate
change impacts, making them more vulnerable to deterioration which further
degrades the quality of ecosystem services. Management paradigm is shifted from
ecosystem-based to resilience-based to tackle such challenges, ensuring the
sustainability of social-ecological systems. Moreover, area-based conservation
measures (MPA and other effective area-based conservation measures, OECMs) have
been globally promoted to safeguard marine biodiversity as seen in the 30x30 target
of the Kunming-Montreal Global Biodiversity Framework (GBF). In this analysis, we
explore the linkage and how area-based conservation measures support resilience-
based management of coral reefs in Thailand by analyzing existing policies and
lessons learned from implementation. Overall, Thailand has a strong political will to
support area-based conservation measures as seen by the adoption of the GBF and
joining the High Ambition Coalition for Nature and People (HAC) to commit to the
30x30 implementation. While the authorities continue to designate new MPAs,
relevant sectors agreed that OECMs could be one of the possible solutions to help
achieve the target and the OECMs Roadmap has been formulated. Such area-based
conservation measures greatly contribute to coral reef resilience in various ways,
particularly limitation of human impacts, support of ecological connectivity and
natural recovery, etc. However, lack of knowledge and capacity seem to be key
challenges for future implantation. Building capacity and collaboration are also highly
required to support the designation, implementation, monitoring and evaluation as
well as ensure management effectiveness. It is also important to seek international
collaboration as Thailand still needs financial and technical support from other
countries. Policy recommendations from this analysis are valuable for formulating
national policies to support resilience-based management of coral reefs in Thailand.

Keywords: area-based conservation, resilience, MPAs, OECMs
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Session B5: Fisheries, biodiversity and dynamics of mangroves’ aquatic ecosystem

International initiative for eDNA-based biodiversity monitoring:
uniting for a sustainable future

Michio Kondoh
Graduate School of Life Sciences, Tohoku University, Japan
Abstract

The biodiversity loss due to human activities have raised concerns about the
sustainability of society, necessitating accurate assessment for proper ecosystem
management and conservation. However, ecosystems, being highly complex, pose
challenges in correctly assessing its biodiversity status. Techniques of biological
surveys based on DNA shed by organisms present in water, soil, and the atmosphere,
called environmental DNA (eDNA) technology, have garnered attention as cost-
effective methods for achieving biodiversity assessment. Leveraging the strengths of
eDNA methods, which enable surveys across multiple locations and high-frequency
observations, facilitates wide-ranging biodiversity monitoring. Constructing a stable
and functional observation network becomes a crucial target when considering the
effective utilization of extensive eDNA data for biodiversity assessments. The All
Nippon eDNA Monitoring Network (ANEMONE) is a comprehensive biodiversity
monitoring network across Japan that employs eDNA metabarcoding. Its origins date
back to 2015 when academic scientists initiated the first eDNA monitoring in Maizuru
Bay, Kyoto. Since its inception, related projects and ANEMONE have conducted over
5,000 surveys at more than 1,000 sites, successfully identifying and categorizing over
900 distinct fish taxonomic groups. ANEMONE's primary focus lies in monitoring fish
biodiversity across various aquatic ecosystems, including coastal and pelagic oceans,
rivers, and lakes. Presently, ANEMONE operates 77 fixed monitoring stations, each
with different survey frequencies, supported by universities, research institutes, and
local governments. As of 2020, local citizens actively engage in eDNA-based surveys,
with increasing participation annually. The eDNA metabarcoding procedure follows a
standardized protocol provided by The eDNA Society, involving water collection,
filtration, DNA extraction, and molecular analysis using MiFish primers and
sequencing. Subsequently, Claident, a high-throughput analysis pipeline, translates
the sequence data into taxonomic occurrences. This valuable data is accessible to the
public through ANEMONE DB, a dedicated database hosted at Tohoku University.
Recognizing the vast potential of eDNA monitoring data in addressing various nature-
related social issues, a consortium comprising academia, government bodies, and
private sectors was established on June 1, 2022. This collaborative effort aims to
explore and leverage the transformative power of eDNA monitoring data for innovative
solutions across diverse fields. A promising next step would be to establish a
foundation for collaboration aimed at building a sustainable society by expanding the
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coordination of eDNA monitoring networks within the international community. This
initiative seeks to enable scientists to collaborate in acquiring, providing, and
accumulating biodiversity information, thereby fostering a framework conducive to
the development of a sustainable society based on engagement of local communities.

Keywords: environmental DNA, ANEMONE, monitoring network
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Session B5: Fisheries, biodiversity and dynamics of mangroves’ aquatic ecosystem

Challenges to global mangrove biodiversity studies
by eDNA metabarcoding

Tadashi Kajita®, Alison Kim Shan Wee?, Mohammad Basyuni?, Severino Salmo Il14,
Jean Fall®, ltchika Sivaipram®, Nasreen Peer’, Sophie Von Der Heyden’,
Venus Leopardas®, Kannan Sivakumar®, Shalika Kumbregama'®,

Maria Daniela Artigas Ramirez'", Yukinobu Isowa'?, and Kazi Ahsan Habib'?

" Iriomote Station, Tropical Biosphere Research Center, University of the Ryukyus, Japan
2 University of Nottingham, Malaysia, Malaysia
8 Universitas Sumatera Utara, Indonesia
4 University of the Philippines, The Philippines
° Cheikh Anta Diop University, Senegal
¢ Chulalongkorn University, Thailand
7 University of Stellenbosch, South Africa
8 Mindanao State University at Naawan, The Philippines
® Annamalai University, India
10 University of Peradeniya, Sri Lanka
T University of the Ryukyus, Japan
12 Sher-e-Bangla Agricultural University, Bangladesh

Abstract

The revolutionary developments of environmental DNA (eDNA) metabarcoding are
changing our ways of the understanding biodiversity. eDNA metabarcoding using
aquatic samples, in particular, enables us to assess the species diversity more
effectively, rapidly and objectively by non-invasive methods, and providing massive
data with relatively less sampling time and effort. eDNA metabarcoding has been
becoming a breakthrough tool to understand the biodiversity across mangrove
ecosystems worldwide. By obtaining support from JSPS Core to Core program for FY
2020-2023, we established international collaboration networks with members from
ten countries in Asia and Africa. Our ultimate goal is to establish a research foundation
for eDNA metabarcoding, expecting it to be a standard tool for studying global
mangrove biodiversity. We believe that the biodiversity big data obtained in our studies
will help our better understandings and conservation of global mangroves in various
ways. As the aims of JSPS Core-to-Core programs are (i) the formation of high-
potential research hubs, (ii) the construction of sustainable collaborative relationships
with overseas core institutions, with (iii) fostering young researchers, we held
international workshops, seminars, and training courses involving younger
researchers, and disseminated the ideas and methodologies of eDNA metabarcoding
in mangroves. MiFish and its related methods are effective in mangroves, and we
optimized the technical basis to apply these methods to mangroves. Developing a
reference database is another essential factor, and we encourage members to start
or perform their research projects in their countries. We are still on the way to
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integrating the data accumulated in member countries, and we expect that we can
establish a global eDNA database for mangrove biodiversity.

(This presentation is performed as a JSPS Core to Core Seminar supported by JSPS
Core to Core Program, as well as e-Asia and AJ-Core)

Keywords: eDNA metabarcoding, MiFish, MiDeca, mangrove biodiversity

Corresponding author: kajita@mail.ryudai.jp

2" UN Ocean Decade Regional Conference & 11t" WESTPAC International Marine Science Conference



4222

Session B5: Fisheries, biodiversity and dynamics of mangroves’ aquatic ecosystem

Base line data for fish diversity using eDNA metabarcoding
on east coast of North Sumatra and Aceh, Indonesia

Mohammad Basyuni’, Yukinobu Isowa?, Noril Milantara?, Erwin Ardli?,
Arida Susilowati’, Shofiyah S. Al Mustaniroh’, Ahmad Baiquni Rangkuti’,
and Tadashi Kajita?

" Center of Excellence for Mangrove, Universitas Sumatera Utara, Medan 20155, Indonesia
2 Iriomote Station, Tropical Biosphere Research Center, University of the Ryukyus, Taketomi,
Okinawa, 907-1541, Japan
3 Faculty of Forestry, Universitas Muhammadiyah Sumatera Barat, West Sumatra, Kota
Padang, Indonesia
4 Faculty of Biology, Universitas Djenderal Soedirman, Purwokerta 53122, Indonesia

Abstract

Indonesia is known as an epicenter of marine biodiversity and the second largest
fisheries producer in the world. Mangrove waters are sources of fish diversity.
Traditional fishing is mostly reported from Indonesian mangroves with varied species
detected. Furthermore, methodological identification dependent on fish such as DNA
barcode have developed to monitor fish diversity adjacent mangroves. Several lines
of studies have been reported with small number fish detected. Therefore we still face
difficulty to identify fish species either traditional fishing or DNA barcode. eDNA
metabarcoding is the alternative solution. eDNA matabarcoding is novel method to
asses biodiversity where water samples were taken from environment using universal
primers in PCR and sequenced using NGS to generate thousand to million reads.
Mangrove in North Sumatra and Aceh are distributed mostly in eastern coast of
Sumatra. Mangrove waters are gateway mass water flow from Malacca Straits
connects the Pacific Ocean to the east with the Indian Ocean to the west. Here we
report 187 OTUs from seven sites: Langsa of Aceh, Percut Sei Tuan, Belawan, Jaring
Halus, Lubuk Kertang, Pulau Sembilan, and Pulau Kampai of North Sumatra. About
119 OTUs had more than 98.5% identity as annotated species. This data provided
baseline for fish diversity in North Sumatran and Aceh mangrove, Indonesia

Keywords: traditional, eDNA matabarcoding, fish composition, coastal protection
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Session B5: Fisheries, biodiversity and dynamics of mangroves’ aquatic ecosystem

Assessing lagoon fish species composition using eDNA:
implications for biodiversity monitoring and conservation strategies

Shalika Kumburegama', Tadashi Kajita?, Cecilia Chu?, Thanuja Priyadharshika™
Heshan Liyanagedara’, Vindya lllangakoon’, and Kithsiri Ranawana’

"Department of Zoology, University of Peradeniya, Peradeniya, Sri Lanka
2 Tropical Biosphere Research Center, University of the Ryukyus, Iriomote Station,
Okinawa, Japan

Abstract

Environmental DNA (eDNA) analysis stands out as an innovative and non-intrusive
method for detecting species based on DNA they shed into water. This approach
proves invaluable, serving as a potent tool for biodiversity assessment and monitoring
of rare, threatened, or invasive species. Hence, eDNA analysis could be a crucial and
effective conservation and management strategy that has yet to be utilized in Sri
Lanka. Coastal lagoons in Sri Lanka boast high and unique biodiversity compared to
other inland ecosystems. Notably, Negombo in the western and Puttalam in the
northwestern coastline are lagoons with extensive mangrove cover. These lagoons
are among the most productive and sensitive ecosystems that are of significance for
fisheries. However, the densely populated surrounding of these lagoons subjected
them to high anthropogenic pressures, leading to the degradation of lagoon
ecosystem, including mangroves. Hence this study focuses on the Negombo and
Puttalam lagoons, for eDNA analysis of lagoon fish. Fish species in the two lagoons
were documented from fish landing sites. GPS coordinates and basic physico-
chemical parameters of lagoon water were recorded in selected sites. At each site
water samples were filtered using sterivex filter units for subsequent eDNA analysis.
In the laboratory, the DNA from sterivex filters was extracted and targeted DNA
regions were amplified using MiFish primers. Subsequently, next generation
sequencing was employed for DNA sequencing, and eDNA metabarcoding for species
identification. In Negombo, the mean pH was 6.35, whereas in Puttalam, it measured
7.81. Water temperature ranged from 27-31.2°C in Negombo lagoon and 25-32.8°C
in Puttalam. Salinity in Negombo varied from 13.26-26.71 ppt, while in Puttalam, it
ranged from 12.8-30.0 ppt. Analysis of fishermen'’s catch resulted in the identification
of 25 species in Negombo lagoon and 36 species in the Puttalam lagoon. In contrast,
the eDNA results indicated a higher diversity of fish in the two lagoons. The fauna in
these lagoons serves as indicators of the health of the ecosystem, making this study
instrumental in highlighting the species composition that could be used in lagoon
conservation and sustainable management.

Keywords: eDNA, fish, lagoon, Negombo, Puttalam
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Evaluating fish biodiversity near mangrove ecosystem using eDNA
metabarcoding on World Heritage Island, Okinawa, Japan

Bernadeth Grace S. Pananganan’, Yukinobu Isowa?, Maria Daniela Artigas Ramirez?,
Takashi Yamamoto?, Masaki Miya*, and Tadashi Kajita® % °

"University of the Ryukyus, Okinawa 903-0129, Japan
2Iriomote Station, Tropical Biosphere Research Center, University of the Ryukyus,
Okinawa 907-1541, Japan
3Hiroshima University, Higashihiroshima, Hiroshima 739-0046, Japan
“Natural History Museum and Institute, Chiba, 955-2 Aoba-cho, Chuo-ku,
Chiba 260-8682, Japan
SUnited Graduate School of Agricultural Sciences, Kagoshima University,
Kagoshima 890-0065, Japan

Abstract

Assessing fish biodiversity over time is critical for monitoring the health and resilience
of threatened ecosystems. Although mangrove ecosystem serves as vital habitat,
there is limited understanding of the fish biodiversity in its adjacent habitats.
Traditional methods are constrained by issues such as subjectivity, invasiveness,
limited spatial coverage, and time-consuming processes. In this study, we used eDNA
metabarcoding, specifically utilizing 12S MiFish primers and lllumina HiSeq
sequencing, to analyze fish biodiversity in 52 seawater samples. Our results revealed
321 Molecular Operational Taxonomic Units (MOTUs) belonging to 68 families and
157 genera, with varying fish community assemblages in different months and years.
Species abundance variations were observed, with the top 5 frequently occurring
species identified as Acanthurus triostegus, Enneapterygius philippinus, Rhinecanthus
verrucosus, Siganus spinus, and Naso unicornis. Preliminary results revealed a number
of species that are considered to be the main components of the local fish community.
Additionally, when comparing species composition with previous mangrove eDNA
studies on the island, we identified a limited number of shared species within the
studied habitats, emphasizing the distinctiveness of both ecosystems. While detailed
analyses of changes in the fish community are still ongoing, we expect to gain further
insights, exploring potential influences of yearly environmental variations which could
be driven by climate change and evaluating ecological connectivity of the shared
species observed in the previous mangrove eDNA studies. Furthermore, this study
highlights the potential of eDNA-based biomonitoring as a valuable tool for
comprehending fish biodiversity, which is essential in developing management
strategies on conserving unique ecosystems.

Keywords: fish assemblages, biomonitoring, environmental variations
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Surveying ichthyofaunal diversity using eDNA metabarcoding
in the mangroves of Peninsular Malaysia

Leanne Frances Yee'*, Amy Y.H. Then?, Kim Shan Wee' ", Cecilia Chu’,
Tadashi Kajita®, and Isowa Yukinobu?®

"School of Environmental and Geographical Sciences, University of Nottingham Malaysia
2 Institute of Biological Science, University Malaya, Malaysia
3 Iriomote Station, Tropical Biosphere Research Center, University of Ryukyus, Japan

Abstract

A key to efficient, ecosystem-based management of fish resources is the availability
of biomonitoring tools to measure patterns in biodiversity. Conventional sampling
methods, such as drift nets are commonly used biomonitoring tools in mangrove
estuaries. However, these methods are oftentimes ecologically destructive, costly,
and is labour intensive. In the past decade, environmental DNA (eDNA) surveys has
emerged as a promising non-invasive tool for detecting the presence of aquatic
animals. Much has been studied on single-species detection using species-specific
primers. By contrast, the application of eDNA metabarcoding, is still widely
underutilised, particularly in Southeast Asian mangroves. The present research aims
to further develop eDNA metabarcoding locally to capture and characterize the spatial
distribution of biodiversity in Peninsular Malaysia. In this preliminary study to evaluate
the efficacy of eDNA in assessing biodiversity, we quantified ichthyofaunal diversity
using eDNA extracted from water samples of freshwater, brackish and marine nature.
We use the universal MiFish primers for metabarcoding, following the amplification
and sequencing protocol set by the eDNA Society. We detected DNA signatures for
more than 197 fish species, of which 68 could be identified to species/genus based
on existing reference databases. While we cannot fully replace conventional sampling,
a more accurate documentation of fish assemblage can be drawn by complimenting
eDNA sampling with conventional sampling. To fully realize the potential of eDNA as
a biomonitoring tool, existing databases must be improved on before reliable
assessments of fish communities for mangrove coastal management become
possible in Southeast Asia.

*Corresponding author: efyly1@nottingham.edu.my, KimShan.Wee@nottingham.edu.my
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Building a DNA barcode library of brackish and marine water fishes
of Sundarbans, the world'’s largest mangrove ecosystem

Md. Jayedul Islam, Md. Nazmus Sakib, and Kazi Ahsan Habib

Aquatic Bioresource Research Lab (ABR Lab), Department of Fisheries Biology, Genetics,
Sher-e-Bangla Agricultural University, Dhaka, Bangladesh

Abstract

Mangroves are one of the most productive and biologically diverse ecosystems in the
world which provide significant ecosystem goods and services to human society and
coastal and marine systems. Mangrove areas also act as important breeding and
nursery habitats for many fish species. The present study aims to build a DNA barcode
reference library of the fishes of the Sundarbans mangrove ecosystem of Bangladesh
by producing two mitochondrial gene sequences i.e., COl and 16S rRNA for accurate
identification of fishes. Fish samples were collected from local fishermen groups from
the tidal rivers, creeks, canals, estuaries and coasts at different locations in the
Sundarbans and also from the fish landing sites inside or adjacent to the Sundarbans
between 2017 and 2022. The collected samples were first identified by examining
morphometric characteristics and then assessed by DNA barcoding. The COl and 16S
rRNA sequences were discriminated among genera in the phylogeny. We obtained a
total of 228 DNA sequences from 138 species, 109 genera, 67 families and 26 orders.
Among them, 169 sequences (118 species) were obtained from the COI gene and 59
sequences (20 species) from the 16S rRNA gene region. The COI sequences
comprised 153 haplotypes with 248 polymorphic sites. The nucleotide diversity was
calculated as 0.21 and the haplotype diversity was 1.00. The overall mean nucleotide
base frequencies observed for 169 COl sequences were 24.2%, 29.7%, 28.2%,and 17.8
% for adenine (A), thymine (T), cytosine (C) and guanine (G), respectively. Genetic
distances among the studied COI sequences ranged from 00% to 41%. The overall
mean distance of the sequences was 26.6 %. The 16s rRNA sequences comprised 47
haplotypes with 197 polymorphic sites. The nucleotide diversity was calculated as
0.13 and the haplotype diversity was 0.99. The overall mean nucleotide base
frequencies were 30.2%, 22.3%, 25.3%, and 22.2 % for A, T, C and G, respectively.
Genetic distances among the 16S rRNA sequences ranged from 00% to 51%, and the
overall mean distance was 15.4%. This ongoing study has also planned to construct
mitochondrial 12S rRNA reference sequences for fishes of Sundarbans’ aquatic
habitats. The built DNA barcode library of this study will contribute as the reference
sequences to the eDNA-based biomonitoring study of this biosphere which has
recently been initiated by the ABR Lab.

Keywords: DNA barcoding, arimne fish, Sundarbans, mangrove, COI, 16S rRNA
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Genetic variability and population structure of orange mud crab
Scylla olivacea in the mangrove regions of Northern Indian Ocean
inferred from mtDNA sequence analysis
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Abstract

Sequence analysis based on the mitochondrial DNA COI gene region was carried out
to reveal the genetic diversity, population structure, and historical demography of the
Scylla olivacea. Nucleotide sequences of 512 bp in length were determined for 213
samples taken from eight mangroves’ aquatic habitats of the northern Indian Ocean
which are two populations of Bangladesh (SB and CK) in the Bay of Bengal (BoB), two
populations (Pakistan, PK & India, IN) of Arabian Sea (AS), and single population from
each of the Andaman Sea (AS), Malacca strait (MS) and South China Sea (SC). For all
of the populations, nucleotide diversities were low (0.005-0.01) while the haplotype
diversities were as high as 0.70—0.96, indicating that the S. olivacea has undergone a
recent population expansion after experiencing bottleneck. The pairwise population
statistics (Fst) revealed that no genetic variation was made between SB and CK
populations of BoB. However, these two BoB populations showed separate genetic
structure with each of the Andaman Sea (Myanmar coast, MM) and Malacca strait
(West coast of Malaysia, MS) populations. On the other hand, BoB populations did not
form separate genetic structure from the populations of AS. Larval dispersal-based
migration by the East and West India coastal currents probably caused this genetic
homogeneity between BoB and AS populations. The MM population showed separate
genetic structure from all of the studied populations. Seasonally formed marine gyres
in the Andaman Sea are probably responsible for separate genetic structure. The
Hierarchical analysis of molecular variance (AMOVA) revealed four large population
groups of S. olivacea within its distribution range in the Indo-west Pacific region
namely, Arabian Sea, Bay of Bengal, Andaman Sea and South China Sea groups. Star-
shaped patterns of haplotype network and neutrality test corroborate the recent
population expansion of all populations except MM and CK. Mismatch distribution
analysis reveals that the demographic expansion of the species started during the late
Pleistocene period approximately 125,000 to 365,000 years ago. These results will
help to establish the conservation and management strategy for orange mud crab in
the Northern Indian Ocean region including the Bay of Bengal.
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Environmental DNA metabarcoding of ichthyofauna in Asian mangrove
ecosystems revealed spatial challenges in community-level analysis
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Abstract

Environmental DNA (eDNA) is an innovative molecular tool that can vastly improve
biomonitoring in mangrove ecosystems. Compared to traditional surveys that are
taxa-specific and time-consuming, eDNA metabarcoding offers a rapid, non-invasive,
multi-taxa method to detect species and characterize distribution patterns. However,
taxon detection could depend on environmental factors such as tidal condition,
monsoons, salinity gradient, and the stratification of the water column. Furthermore,
the dynamic spatiotemporal heterogeneity in faunal distribution poses a problem of
scale in terms of delineating the sampling boundaries for different ecological and
ecosystem applications. In this study, we collected eDNA water samples from
mangroves in Malaysia, Indonesia and Japan across micro- (forest stand/estuary),
meso- (coastline) and macro-scales (transboundary) to examine the spatial and
temporal heterogeneity in ichthyofauna utilisation of mangroves. Specifically, we
analysed how species detection and distribution vary (1) with tidal fluctuation, (2)
between monsoonal seasons, and (3) across marine ecoregions. Our data showed
that stationary sampling detected low overlap in community composition across
temporal points, indicating the dynamic distribution of fish species and the transient
nature of eDNA in tropical waters. Between monsoonal seasons, we detected only an
overlap of ~15% of fish species, highlighting the need for seasonal sampling to better
estimate the asymptotic number of species present. Comparison between different
coastlines revealed the influence of adjacent habitats, with mangrove fish community
comprising of more marine and reef-associated fish species in east coast than in west
coast Malay Peninsula. Finally, fish communities have higher similarities within as
compared to among marine ecoregions, indicating the importance of
bioregionalization in designing global studies. Taken together, our results highlighted
key spatiotemporal considerations for eDNA research in mangroves to ensure
rigorous community-level analysis. Consensus in sampling protocols is necessary to
facilitate comparison across mangroves and to realize the potential of eDNA as a
reliable biomonitoring tool.
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Abstract

Mangroves are recognized to enhance the biodiversity of nearby coastal ecosystems,
however, its utilization by fish particularly on planted forest is still not fully understood.
This study describes how fishes utilize planted mangroves and the influence of
different proximity to nearby coral reefs. Fish survey was done during spring tide using
beach seine net (7.5 m long, Tm high, 5 mm mesh size) towed in a 10m distance with
its mouth opening maintained at 3 m distance along the edges of the mangrove forest.
A total of 15 tows with approximately 5 m distance each were done on three selected
sites with different proximity to coral reefs: <100 m, <300 m, <600 m. Collected
samples were brought to the laboratory for identification up to the species level, length
measurement to the nearest Tmm and further data analysis such as feeding habits. A
total of 1,045 individuals belonging to 16 families and 36 species were identified.
Across different proximity, planted mangroves having <600 m distance has the most
fish abundance while no difference in terms of species richness. Also, Apoginidae
showed the most abundant family while Sphaerima orbicularis for fish species. For
fish feeding habits, most of the fish assemblages are zoobenthos feeders. Lastly, not
so many fish recorded were reef-associated despite the adjacent distance to coral
reefs and mostly are composed of juvenile and small fishes. These findings showed
a different pattern of fish utilization on planted mangroves and has implications on
implementing efficient rehabilitation strategies.

Keywords: planted mangroves, proximity, fish assemblage, feeding habits
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Water quality and carbonate chemistry variability during the wet season
along Aklan River and Bakhawan (Mangrove) Eco Park, Aklan,
the Philippines
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Abstract

Mangrove ecosystems are sites of material cycling and export to open seas, and thus
influence water physicochemical parameters. The mangrove forests of Bakhawan
Eco-Park in northern Panay Island, Philippines, formed in one of the tributaries of the
Aklan River from where there is influx of sediments and freshwater. The spatial and
temporal variability in water quality and carbonate chemistry was examined during the
wet season by analyzing nutrients (ammonium, nitrate, nitrite, and phosphate), pH,
total alkalinity (TA), chlorophyll-a (Chl-a), and total suspended solids (TSS) from water
samples collected in the upstream and downstream areas of the Aklan River, and
within the Bakhawan Eco-Park. Samples were collected during flood tide and ebb tide
to understand their effects on dissolved and particulate material transport. Sites in the
upstream Aklan River reflect end-member green carbon characteristics (high average
Chl-a, TSS, and DO, and low average TA and pH) of terrestrial forests whereas sites
along the Aklan River show increased nitrate and phosphate concentrations and
elevated TSS from river runoff from coastal communities and sediment load during
flood tide. Tributaries going into the Bakhawan Eco-Park showed mangrove blue
carbon characteristics (low average DO and silicate concentration, high salinity, and
high average TA and pH) due to organic matter decomposition in the mangrove forest.
The flood tide generally diluted the downstream river and the eco park with seawater
from the Sibuyan Sea with a relatively lower chemical load, while the ebb tide
increased nutrient and organic matter concentration as the tide receded and
transported dissolved and suspended materials from the rivers to the sea. These
results highlight the importance of illustrating the blue carbon-green carbon (B-G) link
in mangrove conservation and the need for effective watershed management.

Keywords: water quality, blue carbon, green carbon, tides, Aklan River
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Abstract

Blue carbon ecosystems such as mangrove forests and seagrass beds provide
ecosystem services such as coastal protection, climate mitigation through carbon
sequestration, and socio-economic benefits. However, due to the increase in
population and development upstream and in coastal regions, blue carbon
ecosystems are exposed to threats of anthropogenic pollution such as increased
suspended sediment load from rivers and release of nutrients from mariculture
effluents, which are particularly heightened during the wet seasons. Batan Bay,
located north of Panay Island in Aklan, Philippines, is a shallow embayment previously
surrounded by mangrove forests that have been mostly converted to shrimp ponds
and fishponds. To understand the impact of mariculture on the overall water quality
and carbonate chemistry of the bay, parameters such as nutrients (NO3z, NO2, NH4*,
P04, SiO4*), chlorophyll-a, chromophoric dissolved organic matter, and total
suspended solids were measured together with temperature, salinity and carbonate
chemistry (pH, total alkalinity) from a representative fish pond during the expected
water outflow (discharge from fishpond to the bay) and inflow (recharge from the bay
to fishpond) cycles. Diel water sampling was conducted at the surface and bottom
waters from a time-series station in the bay to capture the variability in fishpond
effluents and other nutrient sources on the bay-scale level. Fishpond waters were
found to have high chlorophyll-a concentrations and distinct nutrient and carbonate
chemistry source signatures that may be diluted by seawater and river water
discharge during the wet season depending on the tidal cycle. These observations are
important for assessing the state of Batan Bay water quality as influenced by
mariculture, and for describing linkages to blue carbon dynamics during the wet
season.
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Abstract

Mangroves are exceptional ecosystems with remarkable ability to sequester and store
massive amounts of carbon. Their role in carbon sequestration is crucial in mitigating
climate change and maintaining global climate stability. Natural mangroves forest
represents long term carbon pool with the largest deposits in belowground. However,
mangrove reforestation also can contribute to the substantial carbon storage.
Assessing the carbon stock of replanted mangrove forest of different
geomorphological settings provides their potential in sequestering carbon. Therefore,
this study aims to assess carbon stock of replanted mangrove forest of deltaic and
riverine in east coast of Peninsular Malaysia. Non-destructive method through
allometric equation was applied to estimate aboveground biomass while in-core
method was used to collect mangrove roots and sediment for the belowground
biomass and hence the carbon stock. The findings indicated that the deltaic
mangroves exhibited greater carbon stock compared to the riverine mangroves. The
total carbon stock that comprised of both aboveground and belowground stock,
demonstrated this disparity, with the deltaic mangroves storing higher carbon stock
(109.7 t C ha') compared to riverine mangrove forest (63.3 t C ha™). Both forest which
were replanted with Rhizophora apiculata, displayed higher aboveground carbon stock
for the mangrove delta (97.4 1 C ha) than the riverine forest (45.4 t C ha™). In contrast,
riverine forest contained higher belowground carbon than the deltaic mangrove forest
17.8t C ha'12.2t C ha' respectively. The distribution of carbon within the soil layer
also varies. In the deltaic mangroves, the deepest soil layer (41-50 cm) contained the
highest carbon stock, while in the riverine mangroves, the highest carbon stock was
found in the upper 30 cm soil depth. Fine root was the main contributor to the
belowground carbon stock in both types of forests. This study underscores the
significance of considering geomorphological settings when assessing carbon stocks
in replanted mangroves. This finding could inform future reforestation strategies and
contribute to the understanding of mangrove ecosystems' role in carbon
sequestration and climate change mitigation.
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Abstract

Category 5 Typhoon Odette, internationally known as Rai, devastated Central
Philippines in December 2021, causing immense damage to the country’s
infrastructure, agriculture, and ecosystems. Coastal vegetative ecosystems, which
include mangroves, are exposed to strong wind and wave energy during extreme
weather events. Considering their importance in providing a myriad of ecosystem
services to coastal communities, we must be informed of their status post-typhoon in
order to guide future rehabilitation efforts. The stand composition and community
structure of planted and natural mangrove forests in Bais Bay were assessed, 8
months after typhoon Odette. The differences in damage between natural and planted
stands showed statistically significant differences using a Chi-squared test (x
2=5.113; p=0.024). Phi and Cramer's V tests also revealed that the association
between stand type (natural or planted) and damage incidence was statistically
significant (p=0.024) with reforested sites being more associated with damaged trees.
Species with the highest mortality rate was Rhizophora stylosa with 15 trees uprooted
or with broken primary stems, 14 of which were in planted sites. A considerable
amount of R. stylosa also failed to show refoliation 8 months after the typhoon, in
contrast to Sonneratia alba and Avicennia marina trees which displayed refoliation as
well as new stem sprouts despite also sustaining substantial damage. Low resilience
of planted R. stylosa trees has been attributed to the inability for lateral growth and
lack of complex root systems due to being situated too closely to each other. Results
of the study indicate that future mangrove planting projects should prioritize planting
storm-resilient species such as Sonneratia alba and Avicennia marina at seafront
areas and provide adequate space between planted trees conducive for lateral growth.
This study is also significant to know which type of forest stands can withstand
typhoon damage occurrences.

Keywords: Typhoon Odette, Typhoon Rai, mangroves, damage assessment

2" UN Ocean Decade Regional Conference & 11t" WESTPAC International Marine Science Conference



K| 234
Sub-theme B:

Marine Biodiversity, Seafood Safety
and Security

Session B6:
Conservation of marine endangered species

PR

2" UN Ocean Decade Regional Conference & 11t" WESTPAC International Marine Science Conference



Programme

Venue: Chelsea A, 5 Floor

Date:

22 April 2024

Conveners:

Xiaowan Ma

Watchara Sakornwimon

4 | 235

Fourth Institute of Oceanography,

Ministry of Natural Resources, China

Department of Marine and Coastal Resources, Thailand

Kit Yue Kwan College of Marine Science, Beibu Gulf University, China
Time Presentation Titles Speakers
Section 1
10:15-10:30 | Footprints in the sand: tracking sea turtle Bawornnan Jitphong, Department of

nesting on Khram lIsland

Marine and Coastal Resources, Thailand

10:30-10:45 | Conservation of threatened Asian horseshoe Kit Yue Kwan, Beibu Gulf University,
crabs in northern Beibu Gulf, China China

10:45-11:00 | On the correlation between lipids and Federica Buttari, National Museum of
cryopreservation in coral embryonic Marine Biology & Aquarium
development

11:00-11:15 | Irrawaddy dolphin vocalization across context- Hairul Masrini Muhamad, Universiti
dependent patterns and group size dynamics Malaysia Sabah, Malaysia

11:15-11:30 | The fate of the dugongs in Guangxi, China Zhou Haolong, Guangxi Academy of

Marine Sciences, China

11:30-11:45 | Study of Bryde's whale migration by using photo | Patcharaporn Yaowasooth, Department

identification in the Gulf of Thailand of Marine and Coastal Resources,
Thailand

11:45-12:00 | Application of stable isotopes analysis '°C Maizah M. Abdullah, Universiti Malaysia
and "N to unravel the trophic dynamics of the Terengganu, Malaysia
charismatic marine fauna in Malaysia:
opportunities and challenges

12:00-12:15 | Sizing up Nusa Penida’s Manta Rays: estimating | Janis Argeswara, Marine Megafauna
size and maturity using non-invasive low-cost Foundation, USA
methods

12:15-12:30 | Silencing of novel TtVtg6-like induced ovarian Kian Ann Tan, Beibu Gulf University,

cell apoptosis in ancient chelicerate Tachypleus
tridentatus

China

2" UN Ocean Decade Regional Conference & 11t" WESTPAC International Marine Science Conference




4 | 23

Session B6: Conservation of marine endangered species

Footprints in the sand: tracking sea turtle nesting on Khram Island

Bawornnan Jitphong', Thanaphan Chomcheun’, Nedrangsee Pranama3,
Ailada Suwan’, Chalathip junchompoo?, and Chalida Sapkaew*

" Marine and Coastal Resources Research Center (Eastern Gulf of Thailand), Rayong, Thailand
2Marine and Coastal Resources Research Center (Upper Gulf of Thailand), Samut Sakhon,
Thailand
3 Phuket Marine Biological Center, Phuket, Thailand
4Chanthaburi Fish Inspection Office, Thailand

Abstract

Sea turtles conservation in Thailand involves various methods, and managing sea
turtle nesting sites is a crucial approach. This emphasis is particularly notable in the
coastal areas of Khram island, Chonburi province - a region of significant importance
for