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Session 1: Science Board Symposium

Convenors: Invited Speakers

Sukyung Kang (SB) Matthew Savoca (Department of Oceans,
Steven Bograd (FUTURE) Hopkins Marine Station, Stanford University, C,
Hanna Na (FUTURE) USA)

Jeanette C. Gann (TCODE) Vivitskaia J.D.Tulloch (Conservation Decisions
Xianshi Jin (FIS) Lab, University of British Colmbia,BC, Canada)

Sung Yong Kim (MONITOR)
Lei Zhou (POC)

Mitsutaku Makino (HD)
Guangshui Na (MEQ)
Akash Sastri (BIO)

PICES2023 occurs just a few years into the United Nations Decade of Ocean Science for Sustainable
Development and is a chance to assess PICES progress tmdaet a path for the rest of the Decade.

The meeting will focus on developing and strengthening PICES diverse partnerships, building on existing
joint activities and promoting crodertilization. Priorities for PICES within the Decade focus on clenat
change, fisheries and ecosystbased management, social, ecological and environmental dyramics
marine systems, coastal communities, traditional ecological knowledge and human dimensions.
Opportunities to engage new partners, especially around theceitting themes of Early Career Ocean
Professionals, diverse communities, and engaging with local and Indigenous communities are especially
encouraged.



(51-16678 Invited)

Application of a Social Ecological Environmental System Framework to address and manage
future climate change impacts on threatened killer whales and their Pacific salmon prey

Vivitskaia J.D.Tulloch and Tara G. Martin
University of British Columbia, Vancouver, BC, Capa@&mail: v.tulloch@ubc.ca

In the Salish Sea, human coastal communities rely on marine resources and species such as killer whales
(Orcinus orcd to support robust whal@atching and spoffishing industries. The small population of
endangered Southeresident killer whales (SRKW), however, are threatened by impacts from human
activities in the region, as well as reduced availability of their Chinook sal@wcorhynchus
tshawytschaprey. Climate change is expected to affect Chinook salmon growth gnatiomn patterns,
which will further reduce the SRKW ability to find sufficient food. Transboundary issues complicate the
problem further, as SRKW and Chinook salmon spend most of their time outside the Salish Sea.
Ecosysterrbased decisiomaking is needethat considers the interactions between species and across
disciplinary dimensions, to effectively understand the social and ecological consequencesgirg cha
world on linked salmotkiller whale ecosystems and connected coastal communities. We pqtyad
Ecological Environmenial Systems (SEES) framework to identify interactions between climate change,
salmonkiller whale ecosystems, and human activities, to aid ftfaresed management strategies across
multiple jurisdictional boundaries. We iddgtpositive and negative feedback loops from responsible
tourism and fishing industries, which generate income and employment in coastal communities, can aid
collection of longterm ecological data, but may continue to negatively affect Pacific salmdillend

whale populations, seilting in reduced socieconomic outcomes for coastal human communities. Our
framework highlights the need for more effective climiatermed management strategies that transcend
jurisdictional and disciplinary boundaries,damproved compliance and enforcement of leghityding
guidelines to improve resiliency of killer whales and Pacific salmon to future change. Theseestrategi
may improve sustainability and resilience of human communities and economies that depersg¢an the
and marine resources ¢tbmate change.



(S1-17011 Invited)

Across the boundary: Internationally coordinated science and action is required to tackle chemical
pollution in marine ecosystems

Matthew S Savoca
Hopkins Marine Station of Stanford bhersity, USA. Email: msavocal3@gmail.com

Chemical pollution pervades every facet of the biosphere, necessitating monitoring and mitigation to
identify andminimize consequences for species and ecosystems. This global anthropogenic stressor
demands a caerted and coordinated international response. Harmonized monitoring of marine
contamination is paramount as the ocean is the final reservoir for most pollution. I will outline the work
that is happening within PICES and the United Nations Decade of Gc#snce, the targets we hope to
reach, the bstacles we need to overcome, and our progress to date. Specifically, | will focus on my
experience studying plastpollution and per and peand polyfluoroalkyl substances (PFAS) in marine
food webs. Recentebnological advances and international agreements provide hope of a collective
commitment to combat chemical pollution via coordinated assessments and actionable solutions. In so
doing, we can achieve a cleaner ocean while maintaining sustainable Ukelfuese efforts are not only
vital for sakguarding marine ecosystems, but also contribute to a resilient future for both people and
planet.



(S1-16588 Qal)

Toward regional marine ecological forecasting using global climate modpredictions from
subseasonal to decadal timescales: bottlenecks and recommendations

ShoshiraMinobe?, Antonietta Capotond?, Michael G. JacoX"5, Masami Nonaka and Ryan R.
RykaczewskKi

'Hokkaido University, Sapporo, Japanrntail: minobe@sci.hokudac.jp
2University of Colorado, Boulder, CO, USA.

3NOAA Physical Sciences Laboratory, Boulder, CO, USA.

“NOAA Southwest Fisheries Science Center, Monterey, CA, USA.
*University of California Santa Cruz, Santa Cruz, CA, USA.

®Japan Agency for MarinEarth Science and Technology, Yokohama, Japan.
"NOAA Pacific Islands Fisheries Science Center, Honolulu, HI, USA

We discuss how the research community can promote emhantef marine ecosystem forecasts using
physical ocean conditions predicted by global climate models (GCMs). We review the major climate
prediction projects and outline new research opportunities to achieve skillful marine biological forecasts.
Physical @ean onditions are operationally predicted for subseasonal to seasonal timescales, and multi
year predictions have been enhanced recently. However, forecasting applications are currently limited by
the availability of oceanic data; most subseastmakaonal prediction projects make only seaface
temperature (SST) publicly available, though other variables useful for biological forecasts are also
calculated in GCMs. To resolve the bottleneck of data availability, we recommend that climate prediction
centerdncrease the range of ocean data available to the public, perhaps starting with an expanded suite of
2-dimensional variables, as several projects are moving in this direction. Allowing faratag to be
downloaded for a selected region, ratlmamtthe whole globe, would also facilitate uptake. We highlight

new research opportunities in both physical forecasting (e.g., new approaches to dynamical and statistical
downscaling) and biological forecasting (e.g., conducting biological reforecastisgramts) and offer

lessons learned to help guide their development. In order to accelerate this research area, we also suggest
establishing case studies (i.e., particular climate and biologicaiseae prediction targets) to improve
coordination. Advacing our capacity for marine biological forecasting is crucial for the success of the

UN Decade of Ocean Science, f or which one of seve



(S1-16663 Oral)

Projected abundances of key fisheries in the Pacific Arct under future climate: potential
biological and economic implications

Irene D.Alabia’’, Jorge Garcia MolindsTakafumi Hirata Daiju Narit&, and Toru Hirawake

Arctic Research Center, Hokkaido University, N21 W11 ita SapporoHokkaido, Japan
’Graduate School and College of Arts and Sciences, The University of TeRybK®dmaba, Meguro
ku, Tokyo, Japan

®National Institute of Polar Research-30Midori-cho, Tachikawa, Tokyo, Japan

Marine fisheries resources in the Pacifictie have recently>@erienced considerable climatic impacts,
resulting in species abundance and distribution changes with consequences on their availability to
commercial fisheries. We project future changes in the relative abundance of eight commercially
important fish and crab species under the different CMIP6 Shared Socioeconomic Pathways that lead to
contrasting future (2022100) scenarios of warming, sea ice loss, and primary productivity changes. We
utilize speciespecific abundance models to gaterthe present pristions and future projections of

species relative abundances in the Pacific Arctic. Our results show differential patterns of change in
abundance and distribution across species and scenarios, highlighting potential winners amadesers

future climate change. Specifically, under the extreme socioeconomic pathway (SSP585), Pacific cod and
show crab abundances are projected to increase and decrease in the region, respectively with ¢oncomitan
zonal and meridional shifts in the centefgravity. Importatly, projected changes in species abundance
suggest that fishing at the same distance from the major port in the Bering Sea (i.e., Dutch Harbor) could
yield declining catches for highly valuable fisheries (e.g., Pacific cod and sabywrrder the SSP585

climate scenario. Albeit the results of this study should be taken with caution due to simplistic model
assumptions and projection uncertainties, the projected changes in abundancesrandistrittutions

could have relevant biolagal and economic percussions on the productivity of the Eastern Bering Sea
ecosystem, commercial and subsistence fisheries, and effective management of transboundary resources.



(S1-16699 Oral)

ASEAt urtl eo Rde@dh Brojecty20192023): What we learned on sea turtles of Jeju
Island for the last 5 years and what we should do in future

TaewonKim , Soojin Jang§y Mi-Yeon Kin? %, ByungYeob Kim?, Kyugsik Jé, Sookjin Jany Jibin Int,
George BalaZs Hideaki Nishizaw3 Connie Ka Yan N& George ShillingérandMichelle Maria Early
Capistraf

Yinha University, Incheon, Republic of Koreantail: ktwon@inha.ac.kr

2Marine Animal Research & Conservation, Jeju, Republic of Korea

3Jeju National University, Jeju, Republic of Korea

4GoldenHonu Services of Oceania, Hawaii, USA

SKyoto University, Kyoto, Japan

6City University of Hong Kong, Hong Kong Special Administrative Region, PR China
"Upwell, Monterey, USA

8Centro de Investigacion Cientifica y de Educacion Superior de Ensenada (CIGESIEY.

PICES speic a | research project ASEAturtledo | aunched
around Jeju Island in relation to environmental stressors. Though COVID 19 had interrupted the project,
we had quite a successful outcome oherlast 5 years. Until now (June 15, 2023ptal of 12 iridium
transmitters were deployed on sea tutttigsaught or rescudd Jeju Island (10 on green sea turtles and 2
on loggerhead sea turtles). Among them, we received the signals successfully seatutes. We

found that quite a proportion of green sea turtles (N = 4 out of 9, approx. 40%) overwintered in Jeju
Island even in the cold sea where the temperature dropped to 15 °C. The diving duration increased to 6
hrs and 50 min with decreasirgntperature. Most of migrating green sea turtles (N = 3) traveled toward
southern Japan which suggests a strong link to the population in Qapgmpulation genetics result on
green sea turtles stranded suggests that a subunit of Jeju population @lan hfinty to Japa

population. On the other hand, one of our loggerhead sea turtles moved westward but the other moved
southward from Jeju Island, suggdegtthat they may also have connectivity to both Japan and China.

Our populations genetics andige isotope analysis on the commensal barnacles suppokhialso

have actively worked on the threat of plastics on Jeju populations and found that derelict recreational
fishing gears might cause more serious problems than commercial derelict fishinghicrplastics ae
otherthreats to them tod.o conserve the population of sea turtles in Jeju Islandeed further

extensive research and should keep up international cooperation.



(5116721 Oral)

Five actionable pillars to engage th@ext generation of leaders in the calesign of transformative
ocean solutions

Erin V. Satterthwaite!, Valeriya Komyakov&® Natalia G. Erazt Louise Gammagge
Gabriel A. Jum§ Rachel Kelly3, Daniel Kleinmar, Delphine Lobell Rachel
Sapery Jamé&snd Norlaila Binti Mohd Zanri'®

California Cooperative Oceanic Fisheries Investigations (CalCOFI) and California Sea Grant, Scripps
Institution of Oceanography, University of California San Diego (UCSD), La Jolla, CA, USA.

Email: esatterthwaite@ucsd.edu

2 Institute for Marine and Antarctic Studies, University of Tasmania, Hobart, Tasmania, Australia

3 Centre for Marine Socioecology, University of Tasmania, Hobart, Tasmania, Australia,

4 Scripps Institution of Oceanography, University of California, Seg® California, United $tes of
America

°> Department of Biological Sciences and Marine & Antarctic Research Centre for Innovation &
Sustainability (MARIS), University of Cape Town, Cape Town, South Africa, 6 Alfred Wegener Institute
®Helmholtz Centre for Polar and Marine Research, Biologisché&hitelgoland, Helgoland, Germany,

" Seaworthy Collective, Miami, Florida, United States of America,

8 Institute of Marine and Atmospheric Research, Utrecht University, Utrecht, Netherlands

9 Blue Pacific Programs, WWPacific, MoresbyPapua New Guinea

10 Centre for Marine and Coastal Studies (CEMACS), Universiti Sains Malaysia, Gelugor,

Pulau Pinang, Malaysia

Solutions to complex and unprecedented global challenges are urgently needed. Overcoming these
challenges requires input and innovative solifstom all experts, including Early Career Ocean
Professionals (ECOPs). To achieve diverse inclusion from ECOPs, fundamental changes must occur at all
level®d from individuals to organizations. Drawing on insights from across the globgopese 5

actiondle pillars that support the engagement of ECOPs-ahesign processes that address ocean
sustainability: shang knowledge through networks and mentorship, providing 4¥osadary training

and opportunities, incentivizing, and celebrating knowledgdesign, creating inclusive and

participatory governance structures, and catalyzing culture change for inclusivity. Foundational to all
actions are the crogstting principles of justice, equity, diversity, and inclusivity. In addition piliars

are cros-boundary in nature, including collaboration and innovation across sectors, disciplines, regions,
generationsand backgrounds. Together, these recommendations provide an actionable and iterative path
toward inclusive engagement and intergenerationalagdthat can develop ocean solutions for a
sustainable future.



(S1-16729 Oral)
Ocean Negative Carbon Emissions: A regional and global effort to mitigate climate change
NianzhiJiao!, Carol Robinson, Douglas Wallace and Louis Legendr

IState KeyLaboratory of Marine Environmental Science, Xiamen University, XiAngCampus,
Xiamen, China. Enail: jlmao@xmu.edu.cn

Global ONCE (Ocean Negative Carbon Emissions) is an interdisciplinary program of the United Nations
Ocean Decade Actions, following thiND calls for restoring a healthy and resilient ocean that is vital for
human wellbeing and sustainable development. Global ONCE emphasizes nature and ebasgstem
interventions to optimize organic carbon sequestration capability alormgsiieersityas well as

chemical and engineering technologies including seaweed aquaculture, artificial upwelling, water
alkalinity enhancement. Additional targeted approaches includedaadn integrated management

through largescale monitoring and research facdgj as well as capacity building and science education.
The ultimate goal is to promote knowledge exchange, develop policies and rules needed to evaluate
current negative emission techniques/methods and enhance equitable global governance

(S1-16772 Ora)

Utilizing cooperative fisheries research to better understand harmful algal blooms along the
Oregon coast

RaquelGilliland *, Maria Kavanaugh, Jennifer L. Fisher, Lori Cramer, and Anna E. Bolm
1 Oregon State University, Corvallis, OR, U.S.Anfail: gillilar@oregonstate.edu

Harmful algal blooms (HABSs) are a problem for coastal communities, fisher people, and coastal
organismsPseudenitzschias pp. is a regul arl y ostatwaten. iAttigesdi at om i
Pseudenitzschiaspp.can facultatively produce domoic acid, a neurotoxin that caadgamulate in the

food chain. While regular shordased sampling provides information on the relative abundance of
Pseudenitzschiaspp. and domio acid concentration, offshore sampling is limited, hindering our
understandingfahe environmental drivers of blooms and their toxicity. To address this gap, cooperative
fisheries research was utilized to frequently and broadly collect surface wafetsans al ong Or egor
coast for early detectioof HABs. Six commercial and charter fishermen were recruited to collect water

samples during regular fishing excursions. The fishermen were equipped with sampling kits to measure
temperature and salinity, andliect preserved seawater samgtasphytoplankton counts. Samples were

later pra@essed with an Imaging Flow Cytobot (IFCB) to quantify the relative abundance and size of
Pseudenitzschiacells. Cooperative sampling revealed a spik@saudenitzschiaabundance in late July

and early August 2027Zhese findings agreed well with other regional analyses such as NOAA's Pacific
Northwest HAB Bulletin. Sample collection began in June of 2022, and will continue through November

of 2023 to get a strong picturéseasonal and spatial variationsRsfeudenitzschiaspp. This

collaboration withthe fishing community showcases an untapped resource that collaborative fisheries

research can fill, benefiting both science and fishermen alike. Frequent and regulae affshivoring

allows for early harmful algddloom detection, providing stakeholders with an advanced warning to make
appropriate management decisions.

10



(5116774 Oral)

Ocean changes reflected in oyster biological characteristics through comparison ofstgr cultured
in Japanese coastal waters between 1990 and 2022

YumengPand', Tsuneo Ong and Takehiro Tanaka

!Ocean Nexus, Box 355674, Seattle, WANMEIl: yumeng.pacifica@gmail.com
2Fisheries Research and Education Agency, Yokohama, Japan
3NPO Satoumi Research Institute, Okayama, Japan

The Racific oyster Crassostrea giggds a commercially important culturegpecies worldwide. However,
changes ithe oyster biological characteristics throughout toergn culturing has not been disclosed.

This study focused on the Pacific oyster cultured in the Seto Inland Sea, western Japan over the last half
century. Four egerimental rafts were set at a distance of 10km in 1990, and three rafts in 2022 in this
area. Biological characteristics were obtained from the oysters in each raft, includmgettral height
(DVH), shell width (SW), shell depth (SD), total weight\J, shell weight (SW), dry and wet meat

weight (DMW and WMW). Shell thickness index (STI) and conditional index (CI) were calculated for
each individual. Higher TW, DMW, WMW and CI were found in 2022 than 1990, while shell shape
(SH/SD and SH/SW) showed nemarkable changes. This implies that oyster cultured in 1990 might
have experienced poor food conditions and achieved limited growth due to ecosystem degradation.
Although SW showd nosignificant difference between 2022 and 1990, higher STI was foungiars

of 1990. That is, oyster shellecome thinner with increased density, which might provide the protection
against unfavorable environmental conditions, such as decreased pH or fluctuating salinity. In addition,
great raft difference of oyster DVidas found in 2022, which indicates that inland environmental factors
might also affect greatly on oyster size, such as freshwater runoff. Local fishing community should raise
the avarenes of oyster changes, in order to enhance stable oyster produativfufuve challenging

ocean changes.

11



(S1-16805 Oral)

Representing fisheriesodo footprints in marine spat
energy development.

Kelly S. Andrews!, Blake Feist, J. Lilah Isé, Justin Ainswortf Jessica Waor?, Delia Kelly® and
Caren Brab¥*

!Conservation Biology Division, Northwest Fisheries Science Center, National Marine Fisheries Service,
National Oceanic & Atmospheric Administrati, Seattle, WA, USA. fnail: Kelly.andrews@noaa.gov
AWVestern Regional Office, National Marine Fisheries ServNational Oceanic & Atmospheric
Administration, Long Beach, CA, USA

3Marine Resources Program, Oregon Department of Fish & Wildlife, Newport, OR, USA

‘Pacific States MarinBisheries Commission, Newport, OR, USA

Offshore renewable energy development is becoming a reality off the U.S. West Coast, and an important
goal for selecting the locations of these new oaesmsectors is to minimize ovapl and conflict with

current ocean user groups. Two important oceang®ups along the U.S. West Coasta@mamercial

and recreational fisheries. The objective of this research was to identify fisheries data to include in a
comprehensive suitability analysis to identify locations within two planning areas that wouldbe mo
suitable to offshore wind energy devel opment. We
summarize annual and cumulative fishing effort (hours fished or amount of geqiansl revenue across

the entire planning area and within 2k& grid cells within the planning area acrossaage of years of

available data for each fishery. We then ranked, normalized and combined effort and revenue data into a
single metric (6ranked i mportancedé) faonualeach f i sh
commercial fishing effort and revenue varied widely across the last two decades for many fisheries;
however, some fleets showed steadily increasing and decreasing trends gnefihinacross the

planning areas. Spatially, the locations of thghhBt ranked importance values variedbagindividual

fishing sectors, typically corresponding to specific bottom depth contours or habitat features associated

with targeted species. Comprehensive marine spatial planning analyses will continue tdided a cri

component for minimizing conflict among oceaser groups and for the responsible, sustainable

development of new ocearse sectors.

12



(51-16840 Oral)

Contri but i oneoFQCIprobranitédirsate Ecience and ecosystetrased fisheries
management

JulieKeister!, Phyllis Staben® Libby Logerwell, Heather TabisofaDavid Kimmel, Emily Lemagié,
Lauren Rogers Calvin Mordy, Lisa Eisnet, Kelia Axler: andDeana Crousér

INOAA Alaska Fisheries Science Center, Seattle, WA, USfdl: julie.keister@noaa.gov
2NOAA Pacific Marine Environmental Laboratory, Seattle, WA, USA

Alaskan ecosystems, including the Gulf of Alaska, Bering and Chukchi Seas, are being dispropgrtionatel
affected by global climate warming. These systeperticularly the Bering Seaalso sustain some of the

lar gest , most valuable, and culturally important f
FisheriesOceanography Coordinated InvestigationsofaCl) program has been monitoring Alaskan

ecosystems for several decades, providing the foundational science needed to assess climate impacts on
these dtical fisheries, and providing the data needed to understand fluctuations in fishery production in
support of EcosysterBased Fisheries Management. EcoFOCI is a collaborative effort among physical,
chemical, ad biological oceanographers, fisheries biologists, and modelers. Together, they combine long

term moorings, oceanographic surveys conducted froimgsi fall, annual fish surveys, and advanced
technologies to study the ecosystem dynamics from physics to fish, with a focus on lower trophic level
variability. Long-term data provide models with concurrentigasured multidisciplinary information that

permits prediction of climate impacts on future ecosystem and fishery dynamics in Alaskan waters.
Zooplanktam and ichthyoplankton indicators developed from field observations aid in predictions of

future fishery yields. Huge climatdriven changes such eeductions in sea ice, delayed spring
production, and shrinkage of the Bering Sea #dAcol d
dramatic clanges in plankton, pollock, cod, and crab. Going forward, the ECoFOCI program may be
challenged withxganding farther into the newlypening central Arctic while maintaining its historical

coverage to support oanercial fisheries, fishing communities, and native villages that depend on a

healthy and productive ecosystem.

13



(51-16854 Oral)

HowwillChinabs stressed marine fisheries r eacpagioal t o cl i
analysis of vulnerability and risk

YunzhouLi?, Ming Sur, Xiangyan Yang Molin Yand, Kristin M. Kleisnef, Jason S. Link Katherine
E. Mills*, Feiyan Dg, Yiping Rerf, Yi Tang andYong Chen

1 School of Marine and Atmospheric Sciences, Stony Brook University, Stony Bryok1 R4, USA.
Email: yunzhou.li@stonybrook.edu

2Environmental Defense Fund, 18 Tremont St. Suite 850, Boston, MA 02108, USA

% National Oceami and Atmospheric Administration, National Marine Fisheries Service, 166 Water St.,
Woods Hole, MA 02543, USA

4 Gulf of Maine Research Institute, 350 Commercial St. Portland, ME 04101, USA

5> South China Sea Fisheries Research Institute, China Acadenshefdd Sciences, Guangzhou
510301, China

¢ College of Fisheries, Ocean University of China, Qingdao 266003, China

" College of Marine Culture and Law, Shanghai Ocean University, Shanghai 201306, China

Climate change is a new disrupter to the global fisheries systems and their governance frameworks. This
presents a particular challenge in China where fisheries pigpificant role in food security,

livelihoods, economy and culture, while experiencing multiple issues including overfishing, habitat loss,
andinadequate management. As climate change continues to intensify in the region and climate

awareness grows witht he countryés ocean policy, it becomes |
capacityof Chinabés fisheries, ecologically and socioec
address this issue, we conducted an interdisciplinary analysis that extmieeslogical and
socioeconomic risk of Chinads marine capture fish
explicit, indicatorbased approach with a modified socidological vulnerability and risk assessment

framework. By integrating cliltic, ecological, economic, societal and governance indicators and data,

we elucidate thé&ctors influencing vulnerability across species, taxa and coastal regions, and identify

fisheries at risk to climate change impacts. Our analysis reveals existirapdatsearch gaps that may

hinder a comprehensive understanding of a climate risk and suggest future research directions to address
these gapsThis study underscores the management challenges posed by climate change and emphasizes

the imperative to delop various climateeady approaches for fisheries adaptation. The scientific basis

provided by this study can help identify specific needs of priority for management and adaptation,

enabling evidencbased solutions that foster the development of clirreditient fisheries within China

and beyond.

14



(S1-16886 Oral)

Pathways to good research: partnerships on equal footing

Misty B. Peacock Rosa M. Hunter, and Dave Oreiro

Northwest Indian College, Bellingham, Washington, USA. Enmaleacock@nwic.edu

Coast Salish Peoples have been caretakers of the Salish Sea since time immemorial. Many tribes in
Washington State have tribal resources departments, to manage and care for the land and the sea. The
Indigenous people who rely on seafdodsubsistence, cultural, recreational, and commercial purposes

are some of the most vulnerable to climate change impacts, especially living in coastal combngities

UN decade of Ocean Science specifically tasks researchers to work with Indigenoushd@santo

empowe the next generation of ocean leaders through providing equitable access to marine science. Our
approach is to begin research projects on equal footing as partners with Indigenous researchers. In 2018,
The Northwest Indian College was anded a Tribal Colleges and Universities Enrichment Achievement
(TEA) Center for Community Marine Research. The purpose of the TEA Center is to collaborate with
Indigenous communities to advance the research goals, needs, and interests regarding égdtgover

and healthyvater issues in the Salish Sea. To date we have developed projects that study a culturally
important forage fish, built a harmful algae monitoring program that has identified freshwater biotoxins in
marine seafood, and designed gendtimers to investigate invasive European green crab and other

harmful species. These projects were decided as priority tasks in collaboration with our tribad padner
include detailed data management plans. Through partnerships and collaboratior imitihggnous

community, shared research goals can provide space and support for diverse narratives, specifically those
that are Indigenaj and of different genders, ages, and career stages

15



(S1-16505 Poster) S1-P1 (ECOP)
Presuming the pathwaysofs& t ur t | e 48O \mlyes frosnicomgnensal barnacle shells
KyungsikJo!?, Jeongmin Kim, ByungYeob Kint, SookJin Jan§and TaeworKim?2

!Program in Biomedical Science & Engineetihgha University, Incheon, Republic of Korea Email:
ktwon@inha.adr

2Department of Ocean Science, Inha University, Incheon, Republic of Korea

3Center for Research Equipment, Korea Basic Science Institute, §iagBepublic of Korea

‘Department of Marine Industry and Maritime Policy, Jeju National University, Jeju, Republic of Korea
°BK21 Centeffor Precision Medicine & Smart Engineering, Inha University, Incheon, Republic of Korea

To develop an effeiste conservation plan for endangered sea turtles, it is crucial to understand their
movement patterns. Although variomethods such as mark aretapture, satellite telemetry, and

genetic analysis have been employed, they have certain limitations, such as high cost, low resolution, or
low return rates. As an additional method, the use of epibiotic barnacles can be considered. The shells of
commensh barnacles on sea turtles provide of i sotopi
the seawater the host has encountered. This study measured the chronological isotopic history on the shell
surface of commensal barnacles by utilizing seconider mass spectrometry (SIMS). The weekly

®0carcite Values were analyzed from barnacle shells collected from four sea turtleSdtetta caretta
oneChelonia mydasandEretmochelys imbrica)sstranded on Jeju Island. Sea turtles are considered to

have been introduced to Jeju Island through the Taiwan Strait, the Ryukyu Islands, and Kyushu Island.
Analysis using SIMS was able to extract more information from a smaller amount of sample than
conventional isotope analysis methods. However, there iscatoeevelop in terms of resolution and
reliability, so it is nece*amtrace metalsforcaibragianini | i ar y
future research.
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Examining the socioeconomic vulnerability otoastal Aaskan communities to temperature
dependencies in Pacific codds spatial di stributio

SarahStoné, Lorenzo Ciannelli Sarah WisgandKirstin Holsman
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The Eastern Bering Sea (EBS) supports a highly productive commercial and subsistence Pacific cod
(Gadus macrocephalyfishery and is projected &xperience acceleratedeanic warming. Temperature
drives life history traits of Pacific cod and warming temperatures have initiated stalgenorthward
redistribution of the stock in the EBS. This shift in the spatial distribution of Pacific cod potential

threats to both sustainable fishery management and the economies of coastal Alaskan congtanities r

on this resource. Our approach incorporates 40 years of field collections in the EBS to: 1) assess the
vulnerability of Pacific cod to tempature across two lifei$tory stages, and 2) use these results within an
exposurevulnerability assessment to analyze the socioeconomic risk facing coastal Alaskan communities
to changes in the distribution of the stock. We spatially fit data on EBSdRamif abundance,

temperature, and community socioeconomic values for each coastal Census area. Wedtised! stati
models to enable predictions of landings based on available tempesdaiieel biomass. Community
vulnerability was quantified by consideg the economic value &facific cod (exposure) and the
communities' adaptive capacity and reliance (sensitivity). Elements of community vulnerability were then
combined within a risk assessment framework, and categorized as having high, moderatdskor @y r
preliminary results indicate temperatuheven shifts in Pacific cod distribution pose a challetage

coastal Alaskan communities, particularly those with historically high reliance and current socioeconomic
strains. Understanding these vulneli&ibs is crucial for efiective management and mitigating

socioeconomic impacts related to changes in Pacific cod stock.
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Vulnerability assessment of cdsl urban expansion and modelling green spaces to quantify extreme
weather events

AdnanArshad!, Muhammad Ashraf, Ristina S. Sundari and Mahmaleidasan
IClimate Change Education Program, PGP#kistan. Email: adnan.poda@gmail.com

Currentgrowth simulations indicate that by 2050, nearly 6.3 billion people out of an estimated global
populatbn of 9.1 billion will live in costal urban territories. Karachi is largest city of Pakistan, and highly
vulnerable to extreme weathevents due to cadtrise. The aim of this study is to assess the vulnerability
of the Karachi urban inhabitants to heat stress and to identify the role of ecosystem services in mitigating
the future impacts of heatwaves as well as the estimation of landscaperfsinatilbanization. GIS/RS
techniques are used to estimate the suitability of forest scenario projectiors mnodléd identify the

current status of urban green spaces in the city. {t®mg meteorology dataset (192®18) is also

analyzed taquantify the frequecy of heat waves, along with downscaling of rise in temperature under
future scenarios. The results indicate that heat waves are linked with climate warning and extreme
weather events, aggravated by rapid urbanization, industrialization, deforestaission of CQ,
degradation of Mangrove Forest, and shift of land use etc. Moreover, findings rehealibate is
significant dropoff in urban green spaces and increase in bhuyjlédireas of the city during the 192416.

In addition,the model projectethat forest area around the city has the ability to absoge@3sions up

to 55.4 million tons. This study provides initial assessment and specific policy implications in
meteorological predictions to establish early warning heat waves aldnts@mot smart sustainable

cities plans among residents and planners.

18



(51-16528 Poster) S1-P4 (ECOP)

A model for evaluating links between salmon smolt ocean entry size and timing and early marine
predation risks in a dynamic ocean

Kelly Vasbinder', Jerome Fechtet, James J. Andersgrlarrod Santot& Nate Mantug Steve Lindley,
David Hufff and Brian Well$*

tUniversity of California Santa Cruz, Email: kvasbind@ucsc.edu
2SWFSC Fisheries Ecology Division
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Survival of fall run pvenile Chinook salmon depends partially on the time from ocean entry to the end of
the first year. In this key period, an ecosystantkling approach is a useful framework for exploring the
impact of spatial and temporal variability on predation pressure and testing management strategies that
can be taken during the freshwater period directly preceding ocean entry. Our ecosystem model
incorporates a ROMS submodel for hydrodynamics, a NutrehysoplanktorZooplankton (NPZ)
submodefor generating prey élds, and an individual based model (IBM) for juvenile Chinook salmon.
The salmon IBM consists of a series of modules representingtgrmortality, behavioral movement,

and predation interactions. The mortality submodel includesbsized predation by a centgdace

seabird predator that is based on both salmon size and the probability of-sekbod interactions,

scaled by the sbad population size and distribution. Temperature and krill fields from the ROMS and
NPZ submodel are used in the IBNbr calculating juvenile salmon growth and inform behavioral
movement. Because growth is driven by the environment and our appsgaetdtion mortality is based

on sizedependence, the environment is also a driver of the interaction between salmon and their seabird
predators. Our modeling framework predicts that environmental factors are largely responsible for
survival during low pred#on, but when predators are abundant they become important in determining
survival. We explore sange of freshwater yenile salmon production scenarios and predict that the

timing and size of ocean entry impacts early marine predation risk for Céatlay Chinook salmon.
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Remote impacts of lowlatitude oceanic climateon coastal upwelling in a marginal sea

Seonghd.ee!, Jeong Yeob ChaglaeHun Park, Young Taeg Kimy, Boonsoon Karnfgy ChangWoong
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Upwelling plays an important role in the physical processes and biological variability of coastal regions.
Using 40yearlong coastal hydrographic and climalk&tg the remote impacts of lelatitude oceanic

climate on the coastal upwially along the east coast of Korea were investigated. During El Nifio, the
development of anomalously enhanced-aptionic circulation over Nrthwestern Pacific resulted in
relatively strong southerly winds (~1.1 nY) scompared to La Nifia. Duririgl Nifio,the mean upweltig
indexwas 402+106 kg rhs?, and10°C isotherm was located at a depth of 32.7 m. Durmlifia, they
were368+95 kg m st and 39.9 m, respectivelpuring El Nifio,in the approximation, the offshore

Ekman transport by winthducel upwelling and the vertical transport by isothavere 3.3x16 Sv and
5.6x10° Sv higher than those during La Nifia, respectively. This stgjtfest EI Nifio might cause strong
coastal upwelling. This finding can be explained byitlteeased SSH differer and subsequent

erhanced geostrophic current athelcrease in onshore SST during El Nifio. The strong (weak) upwelling
tended to be more prevalent when EI Nifio (La Nifia) and PDO were in phase. These results suggest that
low-latitude climate change couldf@ft the coastal upwelling in midtitude marginal sea through the
teleconnection.
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The governance systemdifferent, but biological diversity connected and challenges common:
exploring potential cooperation of MPAsusing Japan, the Philippnes, and Palau as case studies

Iwao Fuijii ' ?and Mitsutaku Makinb?

! Graduate School of Agricultural and Life Sciences, The University of Tokyo, Tokyo, Japan
2 Atmosphere and Ocean Research Institute, The University of TGkyjba, Japan
E-mail: iwaofujii@g.ecc.utokyo.ac.jp

With a goal to protect 30% of the ocean by 2030, marine protected areas (MPASs) are now one of
mainstreams of both marine conservation and fisheries management. Yet, there is still limited effort on
regional cooperation in thiRIPA management. In our case studies, we examine current situations of the
MPA governance in Japan, the Philippines, and Palau with an aim to explore potential areas of
cooperation among the three countries connected through thehfu@urrent. Each of them has its
unigue MPA governase systems; however, they have similar governance frameworks. They manage
coastal MPAs througeither communiypased or cananagement systems: Japan designating common
fishery right areas as MPAs mamaigoy fishers; and thehHippines and Palau adopting-czanagement
systems for MPAs at the municipal and state levels, respectively. On the other hand, offshore MPAs are
mainly managed nationally. Despite their efforts on MPAs, Japan and the Philipriasiag a

challenge of meeting the 30% goals whefealsw is struggling with the effective enforcement of its vast
national MPA. Being connectetrough the Kuroshio Current, the three countries may benefit from
managing MPAs at larger ecological scdleaddress these chailges. For example, they may share the
same indicators and data of joint monitoring such as the catch and biomass of species that inhabit the
three countries, but at different ages or life stages. Such cooperation may assist thauthirées in the
implementation of MPAs, allowing &m to ensure the substantive conservation of their oceans.
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Effects of oceanacidification on growth and body compositionsof SnowCrab Chionoecetes opilio
assessed by indoor culture experients

YoungbeerHwang, HyeonmiBae,SangWoo Kim, JeongMin Shim,JaehyeongYang, Haeun Jung
and JeongHee Shim

EastSeaFisherieResearclhnstitute,Nationallnstituteof FisheriesScienceGangneungsi, Republic of
Korea. E-mail: jshim@korea.kr

Ocean acidification (OA) is a phenomenon of reduction in seawater pH, caused by uptake of atmospheric
carbon dioxide, and thusratens marine life by changing the properties of seawatearticular,

crustaceans are vulnerable to OA because they have carlpoinarals as a main component of their
exoskeleton. Since less is known about the responses of snow crabs to OA, thsdgsigynedo
investigateheeffectsof OA on snowcrabs themajorfisheryresourcedn Korea. Juvenile snow crabs

were mised for 35 days in OA incubation system formulated at three pH levels: control, pH 7.5, pH 7.0.
To determine the impact of OAarabs, the survival rate, growth rate, and respirationggteywere

measured. After the experiment, the number of survivingiaals was 4 in control, 3 in pH 7.5, and 1

in pH 7.0, indicating that OA had a negative effect on survival. The growth rate calculated as the change
in total weight, decreased in athrditions, but the most decreased at pH 7.0. The oxygen consompt

rate under pH 7.0 had a minimum value of 0.0%82/hr/gweight, which is suggested that juvenile snow
crabs reduced energyrsumption byrespiration in a poor condition like OA. Thentents of calcite and

Ca of carapace were decreased with pH. Pratedtipid contents of soft tissue were also lower in

acidified conditions. This suggests that organisms use them as potential energy sources due to high
energy consumption in Oénvirorment.

22



(51-16666 Poster) S1-P8 (ECOP)

Evaluating the effects of embankments and polder systems on community wbking and coastal
ecosystems in mitigating tidal floods in Jakarta

Alfita P. Handayani, Heri Andreas and Dhota Pradipta
Institut Teknologi Bandung, Bandung, Indonesiamail: alfitapuspa@gmail.com

Jakarta, lte capital city of Indonesia, plays a significant role in the global economy. With its large
population and its position as the centre of politics, business,raantté in Indonesia, Jakarta has

become one of the largest economic hubs in Southeast Asia. Tidal floods, also known as tidal surges or
coastal floods, are a frequent occurrence in Jakarta's coastal areas dng seaisevels caused by tidal
variations.This condition has significant impacts on the economy, particularly in the taagtansof

Jakarta. Tidal floods also result in infrastructure damage, disruptions in transportation and logistics,
adverse effects on the tourism sector, and significapli¢ations for the livelihoods of fishermen and
coastal residents. The Jakarta government has implemented various measures to control tidal floods,
including the construction of a giant sea wall and the implenientat polder systems as part of the
National Capital Integrated Coastal Development (NCICD) project. These measuremh#éicaurst
implications, including restricted access to the sea and changes in water flow and tides that lead to
alterations in the structure and abundance of fishery resmurbis research employs qualitative

methods, including interviews, participatory observations, content analysis, and focus group discussions,
to examine how these projects have influenced the behaviour of theuoiiyiemd the surrounding
ecosystems. Thiindings highlight that embankments and polder systems are the most effective
mitigation mesures currently available. To minimise their impact on the community, participatory
approaches should be adopted, promoting environmeifitieehdly practices suchs green polder

systems and eetrainage.
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Toward a less plastic ocean: connecting science and communities
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Increasing microplastics is a new emerging issue to marine ecosystem and many studies have been
conducted. ie Atmosphere and Ocean Research Institute is also undertaking research on the dynamics of
microplastics in the ocean. One of the projects is targeting development of a numerical model to represent
historical marine microplastic viabilities. Another pragct supported by the Nippon Foundation is

targeting elucidation of microplastic behaviors in the oceanrapddts on marine ecosystems, and
developnent of policy options to reduce plastic litter. Under these projects, we are trying to engage social
commurities to understand the current science status and cooperate to rediseeang recycle plastics

to achieve less plastic ocean. As a program to incorpchéitten andparents, a workshop was held to

create a 3D model of a biva mollusk to learn abduhe role of marine filtefeeders and to consider the

effects of microplastics on the filter feeders. hoter program, a core group of aboutp&dple, ranging

from high school students to adults, is developing the digzuse the three sacred todts reducing the

use of plastics. The core group held workshops to extend the discussion to a wider audience. We will
introduce those programs and discuss the difficulties to engage social communities. This research was
partially supported by the Envirorent Research and Technology Development Fund

(JPMEERF20221001) of the Environmental Restoration and Comniservagency of Japan.
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FishSCORE: Fisheries Strategies for Changing Oceans and Resilient Ecosysténiuilding global
resources and networks for climateresilient fisheries

KatherineMills 1, Kristin Kleisne?, and Claire Enterlifle

! Gulf of Maine Research Institute, Portland, ME, USA. Email: kmills@gmri.org
2 Environmental Defense Fund, BostdhA, USA

Building climateresilient fisheries is essential for ensuring the continued flow and equitable distribution
of benefits, sah as nutritious foods, economic benefits, and cultural traditions, that are necessary for
achieving many of the global sustainable develepngoals. As a programme endorsed by the UN

Decade of Ocean Science for Sustainable Development, FishSCORE (Fisheries Strategies for a Changing
Ocean and Resilient Ecosystems) will form a network of collabofaiaduding interdisciplimary

scientists, fishery stakeholders, resource managers, community practitioners, and policydnfeders

across the globe to aevebp scientific information and approaches to sustain resilient marine fisheries

in changing oceans. This programme will integrate transdiisailg knowledge into new understandings

of how climate change will affect marine fisheries at local to regional scales, and moreover, how healthy
marine ecosystems and resilient fisheries can be achieved in the context of these cishiSfeSORE

will rely on ongoing collaborations between scientists and practitioners to improve scientific products,
ensure they are tared for applied needs, and support their use inweald fishery systems. This

approach will strengthen partnerships and build cap&mitiorwardlooking resilience planning in

marine fisheries across the globe, including in industrial and artisanal fisheries as well as in developed
and developing countries. By advancing collaborations among diverse types of fisheni®@€@EREwill
contribute to equity of knowledge and capacity for climate resilience efforts, which will be needed to
achieve sustairde development goals associated with eliminating hunger and poverty, enhancing well
being, protecting marine ecosystems, and reducing teigals.
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Marine ecosystems and sustainable development
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Thesearch for ways of sustainable development of marine ecosystems is associated with the development
of information technologiethatmake it possible to predict the consequences of the implementation of
anthropogenic projects, without which it is impossible to improve the living conditions of the population.
Many of the problems that arise in marine ecosystems require the degeatagfirdecisiormaking

procedures in order to solve them, allowing the search for acceptable strategies for sustainable
develpment. Sustainable development indicators are usually used to assess the overall state of the system
or process under study. Thiaperdiscusses the issues of sustainable development of marine ecosystems.
The main global problems of the dynamics of marine ecosystems and the analysis of the importance of
environmental and socieconomic factors in the formation of global changefi@sé systems are

considered. The decision on the level of potential risk of possible changes in the marine environment can
bemacde on the basis of an analysis of the prehistory of such events and using methods for predicting
natural phenomena. As a rulskrasessment methods are based on statistical processing of data on
process parameters, the interaction of which can initiate undesirable changes in the characteristics of the
marine environment. The decision tool is developed on the basis of classic@cuential procedures.

The statistical decision model assumes the continuous calculation of the selected criteriois until it

satisfied. It is assumed that the process under study is evaluated on the basis of a specific indicator, and a
set of its vales isformed from various sources of information.
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Engaging Early Career Ocean Professionals (ECOPs) in East Asia: Insights from 262023
surveys in China, Japan and South Korea
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Hyoung Park
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State Key Laboratory of Estuarine and Coastal Research, EastNerimal Universiy, Shanghai,
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30Ocean Policy Research Institute, The Sasakawa Peace Foundation, Tokyo, Japan

4Japan Agency for MarinEarth Science and Technology (JAMSTEC), Yokosuka, Japan
SKyungpook National University, Daegu, South Kare

®Pukyong Né&onal University, Busan, South Korea

TheEarly Career Ocean Professional Programme (ECOP Programen€lobal Network Programme
endorsed by thEnited Nations Decade of Ocean Science for Sustainable Developmen2@321in

June 2021It has experieted remarkablergwth in its geographical reach, evolving into a dynamic
6net work of networkso6é comprising five regional
Europe) and 24 different national hubs. The ECOP communities in Basar&gartialarly active, with

120, 54 and 101 regfered members in ChindapamndSouth Korearespectively.

The national coordinators of the ECOP Programme in Asia have played an integral role in its success.
They have conducted video interviews, organized BECénhtered sympmia, sessions and workshops,
curated dedicated communication and networking channels, engaged with key ocean stakeholders and
partners of the UN Ocean Decade, and took stock of the needs, priorities and challenges faaed by thei
respectiveECOP audiences. To gain a comprehensive understanding of the latter, four regional and
national surveybsave been disseminated since 12@P2,gathering crucial socidemographic statistics

and identifying the barriers ECOPs encounter, and the resougud®defor theiprofessional growth.

These bilingual online surveys capture cultural nuances and provide tailored actionable insights,
particularly in areas such as funding, awarematssng, networking and capacity building.

In this contat, PICES assmes a pivotal role in effectively engaging and fostering meaningful
relationships with ECOPs in East Asia. By doing so, PICES will contribute to the development of
synergistic and transformative partnerships that drive progress and innovation in ceees scd
sustaimbility.
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Towards a respectful and sustainable longerm marine monitoring program in Gwaii Haanas, a
cooperatively managed protected area in northern British Columbia, Canada

Lynn Lee! and ChantaVis?
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Coastamarine ecosystems are complex and etated ecological, cultural and social systems,
particularly within the traditional territories of Indigenous Peoples. Learning from decades of working
together as cooperative management partners in Gwaiiddadational ParReserve, National Marine
Conservation Area Reserve (NMCAR), and Haida Heritage Site (hereafter Gwaii Haanas), the Haida
Nation and Canada are developing a loergn marine monitoring program for Gwaii Haanas with
guiding principles grouretl in Haida ethics and values from Haida lamg aonsistent with the

ecological sustainability monitoring framework for Parks Canada NMCARs. To be sustainable and
comprehensive, this monitoring is being implemented in collaboration with the Haida Nétien,
government dpartmentspongovernmenbrganizations, academia and industry partners. Haida
knowledge, local knowledge and scientific knowledge are being woven together in the development,
implementation and evaluation of marine monitoring survegsnagtrics. For Gwaii Haanas and other
NMCARs inCanada, these metrisxlude key environmental stressors, species and habitats, and marine
uses most relevant to each place. Using Gwaii Haanas as a focal place, we proviispmatives and
lessons leamed todate as diggssion points with the broader marine monitoring commuaityontribute

to future development of respectful and sustainable-teng marine monitoring programs.
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Implementation and strategatanning for connecting science and communities for sustairsaals: case
studies in dissemination of Ciguatera Fish Poisoning (CFP) in Gili Matra Lombok, Indonesia
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Dissemination of science and technglag the community to increase their knowledge, understand,
accept, adopt and apply it in various related activities, requires a holistic strategy and planning. A bottom
up and topdown approach involving community leaders from various related groups as well as decision
maker at boththe local and national levels including experts from various research institutions,
universities and NGOs is a very strategic approach to be implemaritetbhesia. The socialization

modé to bridge the application of knowlgd to society like this is expected to become a model that can

be applied in other countries. As is known, Ciguatera Fish Poisoning (CFP) has become a global problem
in several partsf the world, both in tropical and stilopical regions. Indonesia, as the largest

archipelagic counyrin the world with an area of 39,583 koonsisting of coral reefs about 45.7% of the
total 86,503 krhof coral reefs in the Coral Triangle region, amadiversity of up to 590 species wfck

coral and reef fish, must be pared to face this problem. Gili Matra is an area of small islands in the
Northwest of Lombok Island which has the potential to face damage to coral reefs due to very intense
touristactivity both from the number of tourists and boats that gather at dive tourism objects in coral reef
areas. For this reason, PICES collaborates with various stakeholders in Indonesia sucmastlifé of
Technology of Indonesia, BRINNational Resarch and Innovation Agency, UUniversity of

Indonesia, and UNRAM Mataram University, Ministry of Maritime Affairs and Fisheries, as well as the
Provincial Government of West Nusa Tenggara (NTB). has been and is working to socialize various
marine envionmental health monitoring technologies (Hydaour Technology, Fish GIS, Plankton

Scope, etc) inhe area. This activity is in line with the Ocean Decade Program and the UN's 2030
Sustainable Development Goals: Building Good Health and-Béilg (No.3), Climate Change (No.

13), and Inproving Life Underwater (No. 14).
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Marine science is entering the big data era where deep learning will have an increashegigtfsig

impact. The ombination of deep learning and unprecedented amounts of data generated from different
instruments and modeling platforms will enable scientists to address complex issues in biology,
ecosystem science, climate, as well as physical and chemical interaéttbosgh deep learning has

made great strides, it is still only beginning to emerge in many fields of marine science, especially
towardsrepresentative applications and best practices.

The cuttingedge techniques of deep learning in marine scienceynatitize Convolutional Neural

Networks and Transformers for applications in underwater vision, such as plankton classification and
coral reef detection. These techniques leverage the data collected by in situ optical or acoustic imaging
sensors a. Our s&en seeks contributions that provide examples of applications of deep learning across
marine science. Our goal is to share stdtthe-art science that serves to facilitate the convergence of
deep learning and marine science and improve our abilityalgznheterogeneous and migitiurce
oceanographic data.
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Over the last four years, the YWong group on Machine Learning in Marine Science of the International
Council for the Exploration of the Sea set itself to map the use of machine learning approaches in marine
ecology, to highligt working solutions and trends. We will first present teeagal process of machine
learning and the anatomy of recent deep learning systems. Then we will take a historical perspective to
describing the eslution of the use of machine learning for various input data types (images, acoustics,
remote sensing, etdpsed on a collaborative database of >1000 peer reviewed references, which we
tagged according to the task achieved (classification, regression, etc.) and the machine learning method
used. We fid that machine learning is most often used for classificgiroblems, is pervasive on

images, and that deep learning systems are becoming dominant for all data types. We also highlight
papers that can senas reference for newcomers and/or have proved influential for the community.
Beyond classification, we willso highlight how deep learning systems can be used to reduce the
dimension of complex ecological data and provide new views of oceanic ecosystems. Finally, we
underline which bottlenecks stédkist for a wider, routine application of deep learning agpies and

propose ways forward.
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Fourier transform near infrared spectroscopy of otoliths coupled with deep learning to improvage
prediction
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We explore advanced technologies usingrier transform near infrared (FNIR) spectroscopy coupled

with machine learning to estimate fiae more rapidly and with greater efficiency than traditional
approaches. Traditional microscopic age estimation methods of fish otoliths are expensive, labor
intensive, and often subject to poor repeatability-NFR spectroscopy measures the absorpidight

in the near infrared region and records an otolith spectrum. This technology has recently been applied to
the otoliths from northern rockfistisébates polyspinisand red snappekLtjanus campechanys

collected in the Bering Sea and Gulf of Mexj respectively. Deep machine learning explores the
underlying relationships between an otolith spectrum and fish age along with other biological and
geospatial data that have an effect on fish growth. Coefficients of determinaidar(fRe best nortrn
rockfish model are 0.92 and 0.92 for the training and test data, respectively. Root mean square errors
(RMSE) oftraining and testing data sets are 2a8d 3.36 years, respectively? far the best red snapper
model are 0.91 and 0.89 for the trainamgld test data, respectively. RMSE of training and testing data sets
are 1.01 and 1.13 years, respectively. Since&\NFR spectroscopy method is about ten times faster than
traditional age estimation methods, these results suggest #NiRFIpectroscopy aftoliths coupled

with deep machine learning can predict fish age more rapidly, with greater efficiency, and with
conparable precision.
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Rapid plankton biomass assessment in coastal waters
HongshendBi?, David Kimmet, andXuemin Cheng
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Plankton pays a crucial role in understanding the health and dynamics of marine ecosystems. Traditional
methods for measuring plankton biomass are often laborious anddimaning. We deployed an

imaging system coupled with an etwdend deep learning (DH)asedrinage processing procedure for

real time plankton biomass assessment in coastal waters. The imaging system can captsel tiigim

images of plankton in coastal waters with suboptimal imaging conditions caused by high turbidity and
complex waer movemets. The Dl-based fast plankton identification system can extract and classify
different plankton groups near real time. Results from our deployment demonstratedtieesféss of

the proposed system which provides {tgale monitoring and tracking of @hkton biomass. High

frequency time series observations capture thesiiade temporal variability, reveal phenological

patterns, detect impacts of episodic events and ecosystem responses, and support adaptive management
strategies. The finsale spatiablistribution of plankton facilitates our understanding of trophic

interactions, physicabiological coupled processes, and impacts of environmental changes. The
combiration of imaging systems and DL techniques presents a promising solution for raptdmplank
biomass assessment which offers a teffecient and automated approach and contributes to our
understanding of ecosystem dynamics and enables adaptive sampling and adaptive ecosystem
management practices.
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Estimation of total length composition of fish detected as nenccluded using a smartphone
application and deep learning techniques

YasutokiShibata, Yuka Iwahara and Masahiro Manano

Fishefes Resources Institute, National Research and Development Agencyl-maies Research and
Education Agency, Yokohama, Kanagawa, Japamakt shibata_yasutoki20@fra.go.jp

Length composition of landed fish is a fundamental data for stock assessment, although a lack of
measurers directly leads to a decrease in preadiestimates. Image analysis techniques such as deep
learning can be used to obtain length composition from fish images independent of the number of
measurers. On the other hand, fibk length of the underlying individuals may be underestimated due to
overlap among multiple individuals (hereafter referred to as occluded). The purpose of this study was to
evaluate the accuracy and precision of the total length composition obtained from images including both
occluded and nonccluded fish. The lengths ofdbfish species landed at Matsuura fish market in
December 2022 were measured one by one. Multiple fish were then placed randomly per species in a fish
box (70 x 40.5 cm) and photogifzed through a newly developed smartphone application (ToroCam).
Estimatel total length compositions were compared to the true composition both occluded and non
occluded individual. The total length compositions of occluded individuals were invariably more
different from the observed mean than that of-aoduded individualsA difference of total length
compositions of nowccluded individuals differed only £3% from the observed mean. It was suggested
that total length composition could be generatedraatizally from the catch in occluded condition at the
fishing port site snply by photographed images with a smartphone.
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Fish identification through deep learning using onlynon-occluded fish

Yuka lwahara?!, Yasutoki Shibata Masahiro Manang Tomoya Nishing Hiroki Yaemorf and Ryosuke
Kariya?

Fisheries Resources Institute, National Research and Development Agency, Japan Fisheries Research
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2Computemind Corp., NishiShinjyuku, Tokyo, Japan

Length composition of landed fish by species is important for stock assessment. In this study, we
examined if a fish with noenccluded by other fish body in the image would improve the accuracy of fish
species identification, in order to determine lergttspecies from images of catches. Cameras were set

on the conveyor belts for sorting fish at several fish ports in Japan and fish images were obtained. The
training data were preropped images of each individdih. The target fish were the followingur

groups and 16 classes: group Carangidae (6 classes), group Scomber (3 classes), group Sphyraena and
Promethichthys (4 classes), and group Auxis (3 classes). Fish identification model was trained to classify
each group. The model was Convolutional NeNetwork using ResNet18, and the ratio of training,
validation, test data was 8:1:1. From the test datapeoluded fish were selected and compared for
accuracy with all test data. In most groups, the accuwhthe test data with only nesccluded fis was

better than that of all test data for group Carangidae, group Scomber, and group Sphyraena and
Promethichthys. On the other hand, the accuracy decreased for group Auxis. Group Auxis tend to be
photographed with their ventral or dorsal side up dubd large body width, which might make it

difficult to identify the fish class. However, it is probably effective to selectaumtuded fish to improve

the accuracy of most fish class identification.
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Automated video processing togpport commercial fishing innovation in the walleye pollock
(Gadus chalcogrammudfishery in Alaska
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Bycatch reduction devices (BRDs) are used in the walleye pollea#s chalcogrammisishery in

Alaska to reduce Pacific salmo@rfoorhynchusspp.) bycatch. The performance of BRDs is often studied

by recording videos during fishing. There is also active research to develop BRDs that-fesllive

video. The livefeed and recorded video need people to review or monitor the footage, whicbuis tedi

and costly. These impediments can slow BRD development. A possible solutexpéaliting this

process isd use deep learning, a widely applied tool for automating the analysis of imagery. We
investigated the possibility of automating tle@iew of udeos collected in the pollock trawl by fine

tuning a pretrained deep learning model to detect salmon and pollock. We annotated 17,659 video frames
that included 219 salmon and 3,041 pollock. These annotations afidlfivaross validation were used

to fine-tune and evaluate the detection model EfficientDet. Models were evaluated a@rdifferent
background andamera situations that included krill presence, three rankings of fish density, camera
occlusions, low lighting, and combinationstbése conidions. The best finduned model detected 85%

of salmon and pollock (mean Average Recall of 0.85 £ 0.01) and 57% of the detections were correct
(mean Average Precision of 0.57 + 0.04) for detections with 50% or greater overlap with our annotations.
Model performance varied across different situations, and the greatest variabilityedoduring camera
occlusionsOur study showed that these models can automatically detect-8&h in high volume

fisheries and illustrated challenges that exis
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Microplanktonic assemblages in the spring East China Sea: An approachith a frugal plankton
imaging system coupling with EcoTaxa

SatoshKitajima !, Fabien Lombard Koh Nishiucht, Sachiko Horit, Chiyuki Sassa and Toshiyuki
Tanabé
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France

Imaging amlysis d plankton coupling with automatic classification woulddmgentially beneficial to

monitor the dietary condition of commercially important fish by fast and traceable observation of dietary
species, yet there are only a few examples. This could be gaetlio the high cost of implementation

and the high programming skills requisiteatghive good identification with deep learning. Here we
introduce our recent attempt to examine the spatial distribution of microplanktonic assembiages us
PlankbScopean opepsource frugal imaging system, and EcoTaxa, an-gpernce web platform for
plankton classification. After several modifications with the PlanktoScope, images of microplankton were
taken and segmented in ca. 1 hour. The segmented images werapaailed, predicted, and validated

on EcoTaxa. From the test analysis using NORP&Gamples taken around the shelf edge of the East
China Sea from February to March 2021 (63 um mesh; vertical hauls from 50 m to the surface), we
observe that themajor microphytoplankton including€haetocerosThalassionemaandThalassionsira,

had opposite distribution patterns against chlorophgtincentration, which implies of high contribution

of pico- and nanoplanktonic species to the chloropaylContrastivelycopepod copepodites and nauplii,
mainly calanoids and cyclopoids, showed a similstrithution to the chlorophyt, which could be a
manifestation of their preferential to the piemd nanophytoplankton, or a result of their activeigg

on diatoms.
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A novel approach to retrieve vertical profiles from PIES data using a deep neural network and its
application to the northwestern Pacific Ocean

JeongYeob Chae and Jddun Park
Inha University, Incheon, Republic of Korea:-ntail: jachunpark@inha.ac.kr

Timeseries of vertical acoustic travel time (VATT) from the fé@ar to the sea surface can be measured
using the bottormoored pressureecording inverted echo sounder (PIES), which is a simpler observing
instrument when congred to the traditional tathooring with thousands of meters of rope and heavy
ankers. The VATT reveals characteristics of main thermocline at the PIES site since it provides integrated
information of water properties. Based on the VATT, various types of gravest empirical modbsdrave
developed to estimate the profile of water propertiese Hee present a novel technique based on a deep
neural network, which is called as artificial intelligesi®@O (AFPRO). Based on the WOA annual mean
temperature mfile, the AFPRO is conditned to estimate the temperature profile from the VATT and
satellitederived data, such as sea surface height and temperature. The-siet@lléd sea surface data

can give spatial and temporal information, and the sea surface height data can besdas@ieother

proxy for vertically integrated water propertidfe network is trained using about 15,000 profiles of
ARGO data in the northwestern Pacific and tested at the-RlitBed sites. The network's performance

is evaluged by changing input days@ variables to find the optimal parameters. The performance
evaluation confirms that our novel RRO technique can produce quantitatively improved water
property profiles when compared with the stat¢he-art dataassimilated numerical simulation outpu

(S216664 Oral)

Habitat classification in the Gulf of Alaska based on acoustic surveys using deep learning
KarunaAgarwal, Chris Rooper and Kresimir Williams

Alaska Fisheries Science Center, Seattle, USAnalt: kresimir.williams@noaa.gov

Abundance and productivity of marine life are often strongly influenced by seafloor habitats, and
therefore, high resolution mapping of the seafloor is essential. Underwater imagery can capture high
resolution data on seaflogipies and features, but the sampling footprint of cameras is small and therefore
of limited usefor mapping shelscale marine areas. Acoustic instruments can capture reflections from the
seabed over large areas, but relating these data to seafloor tygleitas challenging. We sep a

machine learning framework to associate seafloor habitat with the acoustic data by training on a small
subset of acoustic data where concurrent high resolution camera imagery is available. A random forest
model was used teemantically segment the benthic images collected over the Gulf of Alaska. The
derived substte composition and rugosity from stereo reconstruction were used as training outputs for a
convolutional neural network. The acoustic backscatter at five fregpsef18, 38, 70, 120 and @@Hz),
recorded over a 30 m distance and the seabed depth, were the inputs provided to the network.-The image
acoustic pairing data were walistributed over the seabed classesind, coarse, cobble, boulders, and
bedrock. Tle present talk will discuss the considerations of the input to the network for handling the
aooustic data collected over a wide range of measurement conditions, vessel speeds and bottom depths.
The network structure and interpretations of the importamrieslearned by the machitearning based
classifier will also be presented.
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Semantic segmentation of Pacific hake aggregations in water column echograms
ValentinaStaneva, Wu-Jung Leé, Zhonggi Miad and Emilio Mayorga
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Pacific hake supports the largest fishery of the U.S. west coast and is a keystone species in the northern
California Current ecosystem. Obtaining biomestmates of hake relies on a key step of identifying

water column echo returns induced by hake in melaihg aoustic survey data. This is a time

consuming task, requiring fisheries acoustics expertise and substantiakfiefdeece associating

echogran patterns with hake trawls. In

this work we leverage existing annotations to develop a semagtieséation framework to detect hake
aggregations in echograms from ship surveys. Semantic segmentation has been shown to successfully
extract fish aggregiains from echograms for species such as herring and sandeel. However, hake poses a
unique challenge since its aggations typically do not have welefined boundaries and can have a

large spatial span. Further, hake appearanay differ depending on ag#epth of occurrence, oro
occurrence with other species. Despite these variations, the algosithsuccessfully identify several

types of hake aggregations, and detects potential hake regions not identified by annotators but having
acoustic signaturesonsistent with hake echoes. The algorithm thus can serve as an initial screening tool
to allow focusing expednnotation efforts on the more ambiguous identification cases.
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Advancing mussel habitat mapjng in rocky intertidal ecosystems using highresolution UAV
Imagery and deep learning techniques

Taylor Denouden Pramod Thupaki, Will Mcinnes and Alyssa Gehman
Hakai Institute, Victoria B.C., Canada. Email: taylor.denouden@hakai.org

Mussels 1. edulis M. trossulus andM. galloprovincialig are vital inhabitants of rocky intertidal

habitats, contributing to habitat formation, biodiversity, nutrient cycling, and providing food and shelter

for various other organisms. Howeyelimate change impacts suas sedevel rise, oean acidification,

and shifting environmental conditions pose significant threats to mussels and their habitats. Consequently,
monitoring these species becomes crucial to assess the health of the ecosystemenatiaitivie

conservation strategies.

Conventional methods for mapping mussel habitats often suffer from limitations such as high costs,
hazards, and impracticality for monitoring changes over time. This talk introduces an innovative approach
that harnesses the power ofifsresolution Unmannederial Vehicle (UAV) imagery and advanced deep
learning techniques, specifically Convolutional Neural Networks (CNNs) and Vision Transformer
Networks (VTNSs), to enable larggeale mapping of mussel habitat while reducing image labeling costs.

The presertion focuses on a comparative analysis of various neural network models for semantic
segmentation of mussel habitat, evaluating their performance against meticulousigiteded image
datasets. By ingrating deep learning methqdsir objective is torhance the accuracy and efficiency of
mapping efforts significantly. Furthermore, we discuss the challenges associated with this approach and
outline potential directions for future research, emphasizing the need for continued innovation in this
field.
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Big data mining and fusion towards resources evaluation of deegea polymetallic nodules
Weilu Li, Jinkun Yang and Fangfang Wan
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Polymetallic nalules is a kind of strategic marine mineral resources with potential economic values for it
is rich in critical metallic elements like Cu, Co, Ni, Mn, REEs and Pt, and the spatial distribution rules
and resources potentials evaluation of which are thangséotpots in marine earth science. Limited to
conventional data and traditional evaluating methods, the whole spatial

correlation of multisource heterogeneous data and complicated nonlinear spatial distribution mode are
difficult to realize. In orderatimprove the polymetallic nodules resources evaluating accuracy and
efficiency, it is necessary to mining and fusing the information from faaltice heterogeneous data

based on big data analysis methods. The major research contents and methodsrayeiddpe

pedigree analysis for Polymetallic nodules resources; (2) Metallogenic characteristics mining methods
based omata science; (3) Fusion and integration methods based on spatial dewikiog model with

big data; (4) Appkation test of quantitave prediction and evaluation on polymetallic nodules resources.
Through creatively mining and analysis on conventional/unconventional resources evaluating data and the
correlation with ore deposit, and establishing the spatial deaisading model witlgeological

constraint and big data, the technology solution based on big data can be suppliecstademgral
resoures evaluation.
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Enhanced climate downscaling for the Northeast Pacific using deep learningetiods
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Elevated temperatures in both the Gulf of Alaska (GOA) and the Bering Sea have recently been
associated with profound changes in the abundamtdiatribution of commercially important fish

species. The duration and intensity of such "heat waves", with atsbchanges in biogeochemistry, are
anticipated to shift under global climate change. Using deep learning methods (specifically, the long
shortterm memory method [LSTM]), applied to output from dynamically downscaling hydrodynamic
biogeochemical mode of the Northeast Pacific, we examine the histograms and spectra of historical and
projected future regional properties under multiple glgbaénhouse gas emission scenarios. The LSTM
method is used to expand our dynamical ensemble of regional projetdiomdude a broader range of
global model realizations and possible semionomic pathways; this provides improved estimates of
means andincertainties for their use in management applications. Forcing of the downscaling models
includes surface wirgdand air temperatures, iri@nnually varying runoff with associated iron, and

lateral ocean boundary conditions with hydrographic, macrontitaed carbonate variables. Internal

model dynamics include iron, tides, sea ice, and multiple plankton cate§@éeiésclude a broad range

of environmental variables in the LSTM analysis, but focus in particular on projections of bottom
temperatures ithe northern GOA and the Bering Sea shelf. Overall findings include a larger increase in
bottom temperatures ¢he Northern GOA and the Bering Sea, relative to the Eastern GOA.
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Fine-scale spatial patterns of gelatinous zooplanktomithe Northern Gulf of Alaska
Hannah EKepner, Thomas B. Kelly, and Russell R. Hopcroft
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The logistic constraints of plankton net sampling limit our ability to collect-regblution zooplankton

data that captures the high spatiotemporal variability of the manmeement. In particular, abundances
and distributions of gelatinous and friggbodied organisms can be poorly resolved by nets due damage
inflicted during collection. Advancements in computational power are enabling us to overcome many of
these challenges by combiniimgsitu pelagic imaging and machifearning technologies. Iin¢

Northern Gulf of Alaska (NGA), we are deploying lanSitulchthyoplankton Imaging System Deep

Focus Particle Imager (ISHBPI), a towed vehicle with mounted instrumentationl an imaging array.

Its 3 linescan, shadowgraph cameras image ~250 lissrsrsl while conserving the scale of particles and
plankton. Each hour of deployment collects ~1 TB of data and millions of images, necessitating
automated processing. Our pipeline uses a-semiolutonal neural network (sSCNN) to segment and
classify thes images. Simultaneous collection of imaging and environmental data enables us to describe
fine-scale distribution patterns of gelatinous zooplankton in the context of surrguidphysical

drivers. Ctenophores are the most fragile gelatinous zooplaaktbare virtually missed by traditional
sampling methods. Here, we demonstrate their prominence in the NGA and present first records of
previously undetected species. Results suggest that their atjgnsgare concentrated around frontal
features and assiated with elevated densities of known prey species (eg. copepods). These high
resolution distribution patterns would be entirely obscured if relying solely on traditionktqriamet
sampling methods.
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Beyond transfer learning: an implementation guide to optimally leveraging ancillary images in
automated classification of plankton

Jeffrey SEllen and Mark D. Ohman

Scripps Institution of Oceanography, University of CalifarBian Diego, San Diego, CA, USA:ntail:
jellen@ucsd.eu

We assess the efficacy of a supervised Machine Learning algorithm, specifically a Convolutional Neural
Network, on planktonic image classification when including-ptamktonc and ancillary planktonic

images in the training set. Transfearning, or crosslomain adaptation, is a decades old machine

learning concept intended to reuse an existing algorithm and model that worked well on an existing task
to initialize a new model for a new task in erdo reduce the annotation burden, ordi@esults givem

small number of initial annotations. There are recent publications applying transfer learning to plankton
with ambiguous results. We focus on the use case of optimizif@NNefor a single planktonic image
source and we consider anaifftdamages to be plankton images from other instruments. We conducted
two sets of experiments with three different types of plankton images (from a Zoddli@M images,
Underwater Vision Profiler 145k imagesand Zooscai 2.1M images). We combinedl three

planktan image types into a single dataset with 3.3 million images (despite their differences in contrast,
resolution, and pixel pitch) and conducted a rmathiige Transfer Learniragsessment. We executed a
Transfer Learning stage from ImageN@the merged ancillary plankton dataset, then a second Transfer
Learning stage from that merged plankton model to a single instrument dataset. We found ts&geulti
Transfer Learning resulted in additional a@cy gains. We believe this techniquewl generalizeat

other underwater vision classification tasks, but is especially useful for novel instruments without large,
annotated corpora.
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Using Ecotaxa to assegshenological variability of winter predator-prey dynamics betwea
ichthyoplankton and zooplankton in Beaufort Inlet, North Carolina, USA

Naomi A.Jainarine and Rebecca G. Asch
East Carolina University, Greenville, NC, USA. Email: jainarinen20@students.ecu.edu

As temperaturgincrease over time, it is important éain how cyclic or seasonal patterns in the marine
environment are changing. This is especially true for ichthyoplankton that are expected to successfully
recruit to a fishery and sustainalgigntribute to the spawning stock biomass of a given fishery. The

degree of seasonal match or mismatch between larval fish and zooplankton abundance may help explain
variability in recruitment. This project aims to assess potential mismatches between predatmabund

and preyavailability as a response totemperatlirdi i s was examined using histo
Beaufort Inlet Ichthyoplankton Sampling Program and zooplankton samples collected by East Carolina
University. Zooplankton taxonomic grosipvere identified using Ecotaxa, a machine learning program,
thatutilizes a random forest algorithm. Both seasonal and general learning sets will be used to test which
learning set results in more true positive readings. This analysis will aid in understanditoy how
streamlineand increase the accuracy of the clasaifon process using Ecotaxa. We examined how the
abundance of adult copepods and nauplii coincided with the peak estuarine ingress timing of spot
(Leiostomus xanthurlignd Atlantic croakefMicropogonias undulatydarvae in the winter. Adult

copepods athnauplii of both copepods and barnacles had coinciding blooms. There were no significant
differences between the degree of mismatch for both fish species between winters. However, mismatches
betweerpredator and igy were more offset for spot than AtlanGroaker. This analysis will inform

future methods examining predajmey dynamics of multiple fish species and prey taxa.
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An integrated deep learningbased approach for fishing vessel classification using AlS data
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Effectivefisheries management is important foheeving sustainable development of marine resources,

in which the monitoring of fishing vessels is an essential element. Mining data from the Automatic
Identification System (AIS) is a powerful method to monitor mafishing actiities. In this talk, we

proposed a novel ensemble deep learning model based on the AIS data to accurately classify five types of
fishing vessels, i.e., gillnetter, troller, trawler, transport vessels, and trapper, further igphavin
performance of fishing vessels classificati Firstly, the model utilized the geometrical, static and

dynamic features of the vessels to extract the latent information from the AIS data, which more
effectively explained the differences in various types ¢iifig vessels. ®®ndly, the integrated model of
two-dimensional bidirectional long shetdrm memory and convolutional neural network with attention
mechanism (2BBILSTM-CNN-Attention) was selected to gain highly accurate classification results.
Ultimately, the final predictions of the five fiing vessel types were obtained through the fully connected
layer. The experimental results indicated that this approach achieved a superior performance and can be
used to increase the accuracy of fishing vesselsifitagion usingAIS data.
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Automating the acoustic detection of Arctic ringed seal vocalizations using deep learning
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Arctic ringed seals are designated as a species of Special Concern in Canada. The loititicaf Haged

seals isea ice, which is thinning and forming later each year due to climate change. Complédtely ice
summer conditions are projected to occur by 2050, which will likely lead to increased shipping presence
in a historically acousticallpristine environment. Increased anthropogeniaend levels from shipping

can cause behavioural disturbance, hearing damage, and persistent stress in matmnd anBsive

acoustic monitoring (PAM) is in many cases the only feasible method to obtairoyed information

on maine species in harsh, remote environments. Acoustic detections of marine mammal vocalizations
aid in the creation of conservation regulations to protect marine species by indicating the presence,
absence, and behaviour of a speciEmploying a human expert to manually anaR2é1 data is

prohibitively timeconsuming and costly, which has motivated the development of automated analysis
metlods. In this work, deep learning architectures which have shown success for other maigseaspec
trained to clas$y spectrograms as containing ringed seal vocalizations or without. The spectrograms are
generated from terabytes of PAM data which have been collected in the Arctic since 2014. Once trained,
the network is used to detect ringedlseocalizations in unseen data to create ttst feliable ringed seal
acoustic detector in existence. The-precessing steps and trained deep learning actiitewill be

available as an opesource tool for researchers to use as the basis for faighelopment of new

autanated detectors.
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Analysis andprojection of long-term sea level change around the Korean Peninsula
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We focus on regional sea level change around the Korean Peninsula. In this study, we arsdgze the

level record from tide gauges tottee understand regional sea level change. The sea level record from

tide gauges is an important indicator of the evolution and impact of climate change. For 33 years (1989 to
2021), the rates of sea level rise wel33t 0.26 mm/yr on the east coast of Korea, 3.08 = 0.23 man/yr

the west coast of Korea, and 2.55 + 0.22 mm/yr on the south coast of Korea (includingli&joydo

had the highest rate of sea level rise, at 5.29 + 0.46 mm/yr.

We also studied sdavel rise using the results of highsoldion models to project future sea level rise in
the marginal seas around the Korean Peninsula-kgigiution regional ocean climate models (RCMs)

that consider tides and rivers were used to address the limsati@lobal climate models (GCMs) in the
Northwestern Pacific (NW) marginal seas through dynamical downscaling. Four GCMs were selected
for dynamical downscaling based on a performance evaluation of sea surface temperature (28T) and s
surface height (SH) along the RCM boundaries. A regionaldebwith high resolution (1/20°) was
simulated to project spatially namiform changes in sea level under two CMIP6 scenarios (3%P1

and SSP8.5) from 2015 to 2100. Sea level rise in the NWP marginal seaappasximately 82 cm

under the SSRB.5 scenario and approximately cm under the SSF2L6 scenario.
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Session 3: FIS/TCODE/FUTURE/POC/MONITOR Topic
Session

Convenors: Invited Speakers:

Ryan R. Rykazewski (USA),corresponding Sukgeun Jung (Jeju National University, Korea
Haruka Nishikawa (Japan) Toru Miyama (Japan Agency for Marifgarth
Sukgeun Jung (Korea) Science and Technology (JAMSTEC), Japan)

Populations of small pelagitsh are valuable resources for human communities around the Pacific Rim
and an important forage base for higher predators in marine food webs. Describing the relationship
between patterns of decadal scale oesamsphere variability and these importashfpopulations has

been a longstanding goal of the scientific community. Oceanographic conditions in recent years,
however, have been marked by some notable fiextrem
from the lower-frequency patterns ohange previously investigated. Coastal marine heatwaves, hypoxia,
harmful algal blooms, and other types of episodic events can have severe socioeconomic consequences
and have become the target of ecosystem prediction efforts. To improve our understaheing o
mechanisms through which extreme climate events can influence important coastal resources, we invite
presentations that investigate the responses of small pelagic fish populations to extreme conditions.
Topics might intude ecological responses teeinse, episodic events in comparison to lefkequency

patterns of change; shifts in population distributions and habitat compression; change in prey or predator
abundance; and impacts on coastal fisheries and human communities.

49



(S3-16716Invited)

Significant impact of ocean current variability on marine heatwaves: case studies in the
Northwestern Pacific Ocean

ToruMiyama, Yasumasa Miyazawa, Hakase Hayashidal ¥uK. Chang, Sergey Varlamov and
Ruochao Zhang

Japan Agncy forMarine-Earth Science and Technology, Yokohama, Japan
E-mail: tmiyama@jamstec.go.jp

This presentation will explore the significant impact of ocean current variability on marine heatwaves in
the Northwestern Pacific Ocean. Marine heatwaves have beeryragi@lasing and intensifying in this

region in recent years, like other parts of the world. One of the unique features in this region is that the
western boundary current system of the North Pacific, including the Kuroshio, Oyashio, and Tsushima
Warm Curent, exerts a strong influence on the region and plays an important role in the e wf

marine heatwaves. We have conducted investigations using ocean prediction systems developed by the
Application Laboratory (APL) of the Japan Agency for Mariath Science and Technology

(JAMSTEC) to examine the role of ocean currents in the occurrence of marine heatwaves. Particular
attentions were given to the impacts of the Kuroshio Large Meander and the recent weakening of the
southward intrusion ohie Oyashi. Marine heatwaves can have a negative impact on the ecosystem and
fisheries, as chayes in the distribution and abundance of marine organisms can result in an abrupt
decrease or increase in catches and have economic impacts on fishing communitié&sonn mddne
heatwaves can affect the atmosphere and increase the likelihood of heavy precipitation, leading to natural
disasters. It is essential to gain a better understanding of the relationship between ocean currents and
marine heatwaves teedelop arefficient strategy to mitigate the negative effects of this phenomenon.
Therefore, ltis presentation aims to explore different aspects of the western boundary current System in
the North Pacific.
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Recent population explosion and maskilling of Pacific sardine in the western North Pacific in
relation with climate change and fisheries management

Sukgeunjung

Department of Marine Life Science, College of Ocean Sciences, Jeju National University, Jeju, R. Korea .
E-mail: sulgeun.jung@gmail.com

Annual fluctuation of the abundance of Pacific sardBerdinops sagag»has shown cycles of ~50 years

in the western North Pacific. Recently, the population seemed to explode again in 30 years. In Korea, the
sudden population increase andss killings in 2022 drew public interest and concern. | hypothesized

that all of the dead sardine bodies found at 9 sites along the coast of Masan bay were discarded ones from
the fishing vessels targeting anchovy, because of the fisheries remgilatimycatch. To teasmy

hypothesis, | contacted fishers and was confirmed that they indeed discarded them within Masan bay.
Later, however, the Korean government announced that the mass killings were caused by hypoxia, but |
contended that the dissolved oxpgmncentrations were all normal in the surface layers where sardine
swim. Later, the government changed the cause of mass killing to the aggregation of sardine to the coast
and the subsequent lack of dissolved oxygen. | proposed that the Koreamggrwshould allow

fishermen to catch and land sardine to avoid further mass killings. The government now allows the
bycatch. Similar mass killings were also reported in Japan, and | speculate the cause was either the
discard from the nearby set nets (e.g.,arog bay) or by unusually cold water (e.g., Mutsu Bay).

Developing stories on sardine in the region will be shared and discussed in relation with further research
and fisheries implications.
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(S3-16489 Oral)

Trophoscapes of predatory fish reveal lmgeogaphic structuring, spatial dietary overlap, and
inform fisheries bycatch patterns

Brian K. Wells'2%, Jarrod A. Santotd, Joseph J. BizzartoAlicia Billings®, Richard D. Brodedr
Elizabeth A. Daly, John C. Fielf Kate E. RichersdrandJames T. Thorsén

Fisheries Ecology Division, Southwest Fisheries Science Center, National Marine Fisheries Service,
Santa Cruz, CA, USA.dnail: brian.wells@noaa.gov

2Fish Ecology Division, Northwest Fisheries Science Center, National Marine FisBernes,

Newport, OR, USA

3College of Earth, Ocean, and Atmospheric Sciences, Oregon State University, Corvallis, OR, USA
‘Department of Applied Math, University of California, Santa Cruz, CA, USA.

SCooperative Institute for Marine Ecosystems &tichate University of California, Santa Cruz, CA,

USA.

®Fishery Resource Analysis and Monitoring Divisiblorthwest Fisheries Science Center, National
Marine Fisheries Service, Newport, OR, USA.

'Cooperative Institute for Marine Ecosystem and ResourceleSt OregoiState University, Newport,

OR, USA.

8Habitat and Ecological Process Research Program, Alaska Fisheries Science Center, National Marine
Fisheries Service, Seattle, WA, USA.

Trophic interactions are proximate drivers of ecosystem functioluding predatoprey dynamics, and
their spatietemporal variability may reflect ecosystem shifts and changes in trophic transfer. We
investigated biogeographic structuring of trophic interactions by analyzingaeckidal time series of

diet for Pacifichake Merlucdus productuyand Chinook salmorQncorhynchus tshawytschiiom a

large marine ecosystem. We compared our predictions for ¢patjmoral variability of hake and salmon
trophoscapes (i.e., spatialgxplicit predictions of trophic relationgds) to inform ecosystem dynamics
and fishery bycatch patterns. We have three-mtiated findings pertaining to the spatial coherence of
the trophoscapes and the potential consequences to juvenile aaduttut.e., after the first year at sea
but prior maturatioh salmon when sharing foraging areas with Pacific hake. First, the spatial scale of
Pacific hake diet variability represents coastwide variability and spatial variabiltizinbok salmon

diets varies across regions and demonstrates a tietad&econd, the expectation for increased diet and
spatial overlap of Pacific hake and Chinook salmon during low productivity periods (e.g., periods with
low krill biomass, suboptimal upwelling) can inform fishery management challenges. In this regard, w
explore theaole of shared foraging habitats on increased predation, and consequentially reduced
recruitment, by Pacific hake on juvenile salmon duringotimal upwelling conditionsThird, we

show aboveverage bycatch of stdmlult Chinook salmon vgaassociated with later spring transition,
potentially as a result of both Pacific hake and salmon sharing foraging areas and prey species on the shelf
and sheHobreak.
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(S3-16530 Oral)

Trophic shifts and energetic responses in small pelagic fishesrithg prolonged marine heatwaves
in the Northern California Current

Richard D.Brodeur?, Elizabeth A. Daly, Mary E. Hunsicke} Kaitlyn Osborng Yi Gong’, Todd W.
Miller®, and Olivia Burnip

! Hatfield Marine Science Center, Oregon State University, Newport, OR, USAailE
ricbrodeurl@gmail.com

2 Cooperative Institute for Marine Resources Studies, Oregon State University, Newport, OR, USA
3NOAA, Northwest Fisheries Science Center, NewR, USA.

4 Department of Forestry, Oregon State University, Corvallis (@FA

5College of Marine Sciences, Shanghai Ocean University, Shanghai, China

® NOAA, Alaska Fisheries Science Center, Auke Bay, AK, USA

" University of Plymouth, Plymouth, EnglandKU

The U.S. west coast marine ecosystem has recently experienced unprecedented ocean warming due to
anomalous marine heatwaves (MHWS) lasting several years. The MHWSs led to profound changes in
species composition, spatial distribution, and food web steitituoughout the California Current

ecosystem (CCE). A key unknown thedrrants attention is how MHWs may impact marine food web
interactions, and particularly the trophic interactions of small pelagic fishes. Previous diet studies
indicated that crustaans were the dominant prey item of forage fishes in cool or normaldsetut
gelatinous species were the dominant prey during thenatagatwave. Our goal is to use stable isotope
signatures in forage fish muscle tissue combined with a Bayesiangmiddel to determine if we detect
similar changes in their feeding during warm ocean conditions. We measured the stable isotopic

s i g n a 3@ ,r'sljsof fqrage fish and their invertebrate prey during 10 oceanographically variable
years (2000,2002, 204%)22) including several anomalous MHWs. Most species fed on a narrietver d

and had a higher trophic position during the MHW, and thegstiop of gelatinous material in the diet
increased during the heatwave compared to normal ocean conditions. \éeiatsdifferences in the

energy content of both the forage fishes and their prey between normal and MHW conditions. Overall,
our results corroborate the findings from the stomach content analyses, providing further support of a shift
in forage fish feedig habits from a crustacean to a gelatinous dominated diet in the CiG& warm
conditions.
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(S3-16607 Oral)

Should| stayor should| go?Participation, speciedarget, and landing location choices in the U.S.
West Coast Coastal Pelagi€pecies fishery

FelipeQuezada? DesireeTommast? StepherStohs, Isaackaplar® andBarbaraVuhling®?

LUniversityof California, SantaCruz, Instituteof MarineS ¢ i e FisheriggdollaborativeProgram,
SantaCruz, CA, USA. Email: fequezad@ucsc.edu

2 NOAA/ NMFS SouthwesFisheriesScienceCenter La Jolla,CA, USA

3 NOAA/ NMFS NorthwestFisheriesScienceCenter Seattle WA, USA

In thisstudy,we analyzehow historicalchangesn theforagespeciedlistributionaffectedCoastaPelagic
Species (CPS) vessel participatanrdtargetdecisionsn theU.S.WestCoasftfisheryoverthe20122017
period. To do so, we develop discrete choice models for the choice of species targeted: Pacific sardine
(Sardinops saggxmarket squidDoryteuthis opalescepsNorthern anchovyEngraulis morday Chub
(Scomber japonicysand JackTrachurus symmetrichisnackerels, Pacific HerringC{upea pallaii) or
otherNon-CPS species, and landing port during a specific day. We esteydeate models by fleet
segments (obtained from cluster analysmults). Using a mixed logit, we capture heterogeneous
responses by vessels within a fleet. An environmentally informed species distribution model (SDM) is
used to compute expected revefureforage species. We theonducta simulationexperimento assess

the impact on vessel participation of alternative forage distribution scenariasshatebruptcharges

in speciedistribution. This allows us to understand how fishers targetinigidasandlandinglocation
choices would change under extremerevtes . The simul ations also all ow u
willingness to pay to avoid extreme eventscbynparingfishers'utility estimatedrom theobservediata

to that from the simuled scenario.
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(S3-16829 Oral)

Influence of extreme cold and warm oceanographic events on larval fish assemblages in the
southern region of the California Current off Mexico

GerardoAcevesMedina and Sylvia Patricia AdelheiiménezRosenberg

Instituto Politécnico Nacionalentro Interdisciplinario de Ciencias MaaB) La Paz, MéxicoE-mail:
gaceves@ipn.mx

The fish larvae community in the southern region of the California Current (CC) was analyzed to test the
hypothesif a northward expansion of tropical species for the sunfiatieseasons of La Nifia (LN)
20102011, The Blob 2014 and El Nifio (EN) 202616. Interannual temperature anomali&s’C to

2 °C), as well as a decredseChl-a (68%), and zooplankton densf#1%), originated dramatic changes

in the larval fish community, such as an 82% decline waldish density unprecedented for the CC.

Tropical species richness increased in the north by 46% and decreased by 65% for temperate species in
the south. The esopelagic species richness increased in the north by 53%, as well as their relative
abundance (92%). In the south, the species richness of the demersal component increased up to 39%,
although they were edominantwith mesopelagic species, accounting 40®ihe relative abundance

against. 49% of the mesopelagic species. The magnitude of the slatige community was

unparalleled when compedt with other warming events, such as EN 12884 or EN 19971998. The
differences were probably related to thegamce of The Blob, which favored the transport of oceanic
species into the neritic region of the CC region. In both cold and warm years, fronts and mesoscale eddies
in the middle part of the Peninsula representatidrs to the latitudinal distributiorf species, even

during intense tropicalization processes since no latitudinal extensioreciassdistribution occurred.
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Predicting abundance distribution of Vinciguerria lucetialarvae during extreme thermal scenarios
in the southern portion of the California Current System

Rubén EstebaBarcia-GémeZ, Gerardo AceveMedind, Héctor Villalobos, Sylvia Patricia Adelheid
Jiménez Rosenbergnd Reginaldo DuraZo

Ynstituto Politécnico Nacia. Centronterdisciplinario de Ciencias Marinas. Av. IPN s/n, Col. Palo
Playa de Santa Rita, 23090. La Paz, Baja California Sur,ddé&mail: regarcia@ipn.mx

2Universidad Auténoma de Baja California, Facultad de Ciencias Marinas, Ensenada, Baja California
22860,México.

Vinciguerria lucetiais a mesopelagic fish with a frequent presence in the southern portion of the
California Current System. Due to their sensibility to environmental changes, it is considered an indicator
of water masses and interaahwuariabiity in this area. Fish larvae abundance registered from 1997 to
2015 as part of the Investigaciones Mexicanas de la CarienCalifornia program were used to predict
the abundance distribution ¥f lucetialarvae under two extreme thermal condition30( La Niia and

2015 El Nifo) using the novel machine learning algorithm eXtreme Gradient Boosting (XGBOOST).
Data were patrtitioned into COLD and WARM groups using the mean sea surface temperature recorded
for each sampling point as a split tsineld and ompared to an unpartitioned TOTAL group. Models

trained from each group were created with 12 environmental and biologdattpr features. Root mean
squared logarithm error (RMSLE) was used as a measure of predictive performance for internal (train
veraus test amples) and external (predicted versus observed data) validation. COLD model showed the
best performance for the internal validation with a lower RMSLE value, while TOTAL model presented
the lowest RMSLE value for the coldest and waineagernalvalidation. Models showed accurate spatial
prediction, but no model was able to predict the same magnitude as observerhabumdboth extreme
thermal conditions. Nevertheless, XGBOOST is a promising algorithm for describing the distribution
traits ofV. lucetia
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(S3-16918 Oral)
Capelin condition and abundance through multiple heatwaves in Alaska

RobertSuryan, Johanna Page, Fletcher Sewall, Jacek Maselko, Edward Farley, Ellen Yasumiishi, James
Murphy, and Alexander Andrews

NOAA AlaskaFisheries Science Center, Auke Bay Laboratories, Juneau, AK, UBWJIE
rob.suryan@noaa.gov

Changes in the condition and abundarfcenmall pelagic forage species have been linked to ocean
conditions, particularly warm and cool periods in temperatecticaoceans. CapelitMallotus spp). are
pelagic forage fishes that can be especially abundant iarstib marine ecosystems and important prey
for upper trophidevel consumers, including commercially important groundfishes, seabirds, and marine
mammas. The distribution and abundance of capelin have been linked to ocean temperature, but the
direction of change varies depending oriae@nd relative change in temperature. We used 11 years of
data spanning nearly two decades from trawl surveys in Aaskgers, including the Gulf of Alaska,

Bering Sea, and Arctic, to determine how capelin condition and abundance responded to the initial and
subsequent heatwaves that occurred over a 5 year period. {asligshed mass and energy density was
initially highest at lower latitudes, but rate of change with size was greatest at higher latitudes; with
patential temperaturenediated thresholdfects. Capelin condition during heatwaves varied by size and
regionally, with multiyear declines and recovery in soregions, but not others. The abundance of
capelin varied markedly with abrupt declines during heatwave years. Additive effects of changes in
abundance and condition indicate that energy available to capelin predators was greatly reduced
throughout Alaska ding marine heatwave years.
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(S316948 Oral)
Archived DNA reveals marine heatwaveassociated shifts in fish and zooplankton assenages

ZacharyGold'?#, Ryan P. Kelly, Andrew Olaf Sheltoh Andrew R. ThompsdnKelly D. Goodwirt>,
RamoénGallegd, Kim M. Parson$ Luke R. Thompsatf, Dovi KaceV, Paul H. Barbér Erin V.
Satterthwaith& Noelle Bowlirf, Rasmus SwalethofpNastassia PatinSusanna Therotfkand Brice X.
Semmens

! Pacific Marine Environmental Laboratory, OAR/NOAA, SegtWA. Emal: Zachary.gold@noaa.gov
2 Northwest Fisheries Science Center, NMFS/NOAA, Seattle, WA

3 School of Marine and Environmental Affairs, U\Beattle, WA

4 Southwest Fisheries Science Center, NMFS/NOAA, La Jolla, CA

5 Atlantic Oceanographic and Meteorological Laboratory, OAR/NOAA, Miami, FL

® Northern Gulf Institute, Mississippi State University, Mississippi State, MS

" Scripps Institution of OceanographyC8D, La Jolla, CA

8 Department of Ecology and Evolutionary Biology, UCLA, Los Angeles, CA

9 California SedGrant, Scripps Institution of Oceanography, UCSD, La Jolla, CA

10 Southern California Coastal Watershed Research Project, Costa®Aesa,

Marine heatwaves can drive largeale shifts in marine ecosystems, but studying their impacts on
comprehensive assemblages across multiple trophic levels is difficult. In thisvstuggired microscopy
with environmental DNA (eDNA) metabarcoding of the ethanol preservative of the California
Cooperative Oceanic Fisheries Investigations (CalCOFI) ichthyoplankton bidegspanning a 23

year time series. This biorepository capturegor and sometimes unexpected changes to fish and
zooplankton asseptages in the California Current Large Marine Ecosystem during and after the 2014
2016 Pacific Marine Heatwave. Using both data sources, we modeled patterns of tropicalization in the
California Current, with increases in southern, mesopelagic species and associated declines in
commercially important temperate fish species (e.g., North Pacific Neuccius productysand

Pacific Sardine$ardinops sagdx Our results show shifts in figries assemblages (e.g., Northern
Anchovy, Engraulis mordaxeven aferthe return to average water temperatures, corroborating
ecosystem impacts found through multiple traditional surveys of this study area. We further provide novel
insights into both leval Rockfish Gebastesp.) assemblages that largely lack the distinctive
morphological characteristics necessary for species level identification. Likewise, we successfully
characterized indreds of large zooplankton (>505um) species from CalCOFI| pesseamples,

allowing for the identification and characterization ef/Kisheries target larvae, imperiled species (sea
stars), and key foundational zooplankton taxa (e.g. copepods, krill) within the longest running paired
biological and carbonate chemistime series. This work demonstrates effective, low cost methods for
reconstructing the historical dynamics of biodiversity from modern and archived samples worldwide.
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(S316958 Oral)
Spatial distribution of arctic sand lance related to thephysical environment
MatthewBaker?, Alex De Roberti§ Robert Leving Danel Coopet and Edward Farléy

! North Pacific Research Board, 1007 East 3rd Avenue, Anchorage, AK, 99501, USA. Email:
Matthew.Baker@nprb.org

2NOAA, Alaska Fisheries Science er, 7600 Sand Point Way, Seattle WA, 99115, USA
3University of Washington, School of Oceanography 1122 NE Boat St. Seattle, WA, 98195, USA
4NOAA, Alaska Fisheries Science Center, Auke Bay lratmsies, 17109 Pt. Lena Rd. Juneau AK,
99801, USA

Sand ance or sand eeldifhnmodytespp) are small planktivorous forage fishes thkty an integral role

in pelagic ecosystems in the Northern Hemisphere. Arctic sand lance is prevalent in the North Pacific in
the Sea of Okhotsk, northern Bering Sea, Chukcaj &ed Beaufort Sea. Few studies have focused on
this species despite its critical position in energy transfer and trophic food webs. Recent surveys in the
Chukchi Sea and Beaufort Sea have noteidienease in the prevalence of this species in abmith

reduced ice extent. We use comprehensive surveys conducted throughduikblei Sea shelf over

multiple years to evaluate spatial distribution and abundance relative to oceanographic variables in the
water column and sediment composition on the seafiye applied logistic regression and generalized
additive models to investigate presence and relative abundance of Arctic sand lance and to evaluate
spatial distribution, as a function of oceanguyia and benthic environmental variables. Spatial

distribution shifted considerably between years in response to environmental auditiotic sand

lance presence was influenced by surface water mass and positively associated with Alaskan Coastal
Water. Relative abundance was positively associated with hifgceuemperature, low surface salinity,

and coarser substrates. Evidence is mounting that the distributions of many boreal species are expanding
on the margins of the Arctic. Our research repaortssiased aggregations of Arctic sand lance in the
Chukchi Sea and at the highest latitude on record for this species, at the sHelffitfreaArctic Basin.
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Predicting larval northern anchovy (Engraulis morda® abundance across space and time
Luke A.Bobay, Moritz S.Schmid, Robert K. Cowen and Su Sponaugle

Hatfield Marine Science Center, Newport, OR, USAnEil: bobayl@oregonstate.edu

Changes in habitat availability caused by climate change are likely to infllehabundance of many
species. During recent warrears, larval northern anchovigr{graulis mordaxdistributions in the

northern Califonia Current shifted north and shoreward. Accurately predicting larval northern anchovy
abundance distributions could allow estimation of their overall abundance urfdergng climate.
However, recent work demonstrates that larval northern anchovy distributions in the California Current
aredifficult to predict under novel environmental conditions. This may be becausetEcpredictions
require that species abundandsribution models move beyond correlations to capture mechanistic
drivers that undgin species responses to the environment. Yet, traditional net sampling methods
integrate larval fish catches over the length of a tow and may mask relationships betvireemental
conditions and larval fish abundances. Together with daigtirete net sampling, we collected fiseale

larvd northern anchovy abundance data usingrh@itulchthyoplankton Imaging Syste@tIIS), which
simultaneously records environmahtonditions including temperature, dissolved oxygen, chlorophyll a,
salinity, and épth.ISIIS was towed continuously along two cregelf transects (>120 km) off Trinidad
Head, CA, and Newport, OR, during winter and summer 208. The resulting laal northern

anchovy abundance data were modeled using environmental conditions as predictors, and spatially
blocked crossalidation was used to assess model performance. Results reinforce tsalimgankton
imagery data are useful for characterizia@tionships between larval fish abundances and environmental
conditions to enhandke prediction of future larval fish abundances.
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Session 4: FUTURE/MEQ/MONITOR Topfeession

Convenors: Invited Speakers:

Misty Peacock (USA);orresponding Guebuem Kim (School of Earth and

Pengbin Wang (China) EnvironmentalSciences, Seoul National
Moonho Son (Korea) University, Korea)

Charles Trick (Canada) Jorge I. Mardones (Center for Harmful Algal
William P. Cochlan (USA) Studies, Instituto de Fomento Pesquero, Chile)

Climate drivers have and continue to strongly influence the physical and biogeochemical properties of
ocean surface waits, and these effects become magnified during extreme events. Coastal regions are
particularly sensitive to extreme events. In addition to being affected by the onshore movement of
anomalous oceanic water, coastal regions are subject to rapid fluctirmtiwasipitationdriven runoff as

well as mixing associated with nearshore wind patterns. The increasing occurrence of extrema&change i
nearshore waters can intensely influence nutrient supply, dramatically altering ocean ecology in ways that
can causextensive socioeconomic stress. The outcomes of these integrated processes vary widely given
the complexity of drivers, magnitudes and dynamics of change, making it difficult to proactively identify
problems in time to take steps towards mitigation. Neeésis, better understanding of past extreme

events, and the nature of associated ecological and socioeconomic impacts, will prdvdadhéon

for developing prediction and response strategies. This topic session will help to inform the Working
Group 4: Climate Extremes and Coastal Impacts in the Pacific by helping to develop a census of
historical climate extreme events around the Pacific Rim to describe their characteristics, identify

potential climate and ocean drivers, and catalog the ecologitalcgioeconomic consequences (ToR#1).

The session also addresses the UN Decade of Ocean Science for Sustainable Development goal towards
developing a common framework for improving conditions for sustainable development of the Ocean. We
welcome papers thaddress the oceanographic, ecological, and socioeconomic outcomes associated with
extreme events in coastal oceans and particularly encourage papers that seek linkages among two or more
of these aspects that help to illustrate the underpinnings of exallagid socioeconomic responses to

extreme events.
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Evolution of nutrient structure and associated changes in henful algal blooms in coastal waters off
Korea Peninsula over the last few decades

GuebuenKim !, Hyeong Kyu Kwot, Sojin Park, and Moonho Son

1School of Earth and Environmental Sciences, Seoul National University, Seoul, Republic of Korea. E
mail: gkim@snu.ac.kr

?Ocean Climate and Ecology Research Division, National Institute of Fisheries Science, Busan, Republic
of Korea

In the marginal seas neighboring the Kor@&ninsula (except the Yellow Sea), the concentrations of
dissolved inorganic nitrogen (B) and phosphorus (DIP) have decreased significantly, mainly due to
water stratification. Korean coastal watershivit~10 km from the coastline showed more significant
decreases (~50%) in nutrient concentrations since 1995, mainly due to the decline of antlwopogeni
sources from the land. However, interestingly, the concentsadfatissolved organic nitrogen (DON)

mai nt ai ned rel ati vel yinthidrgglon. n this stueyy werfaaus onahe shanges®h ¢ M)
nutrient structure and associated harmfghbblooms (HAB) in two regions: (1) the southern sea of
Korea off Tongyeong and Yeosu, whavargalefidinium polykrikoideblooms often occur in summer,

and (2) Jinhae Bay where paralytic shellfish poisoninglexandriumsp. often occur in spring. We
consistently observed thdttet timing of the HAB outbreak is determined by depleted DIN, whichdimit
the growth of diatoms. More importantly, in both regions, the intensity of the HAB outbreak is found to
be dependent on the levels of DON and fluorescasbtlied organic matter, which fuel HAB under
depleted DIN. Thughe nutrient structure of coastalaters off Korea has evolved to become more
favorable for the growth of dinoflagellates competing with diatoms. Howtheoyeralldecline in

nutrient concentrations in both regions weakens the intensity of BABstudy displays that the change

in nutient structure in coastal waters by climate change and human activities significantly alters the
health of coastal ecosystems.
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Patagonian fjords dealing with extreme Harmful Algal Blooms (HABS): Lessas and challenges in a
changingclimate

Jorge |.Mardones

Centro de Estudios de Algas Nocivas (CREAN), Instituto de Fomento Pesquero (IFOP), Puerto Montt,
Chile.E-mail: Jorge.mardones@ifop.cl

The southern Chilean coast is widely known for suffering the most severe Harmful AlgaiB{blABS)

that affect one of the world's most productive aquaculture regions. Climate change is newly adding to the
unpredictability of such fast HABs andtg further pressure on seafood security for an-ieneeasing

human population. Since the firstamsive human intoxication due to Diarrhetic Shellfish Poisoning

(DSP) in 1970, Chile has faced several world records, such as the extremely high shellfish tioxicities
2018, with an extraordinary world record of 143,130 pug STXeq. $0@dding to these known

phycotoxins that affect human health, new emerging species have shown an increase in the frequency of
detection and intensity of outbreaks. For instatice massiveseudochattonella verruculogdoom in

20186, resultig in the mosextensive fish farm mortality ever recorded worldwide (equivalent to an export
loss of USD$800 M) evidenced that the Chilean salmon industry was not prepared for this unexpected
bloom The mitigation strategies attempted at salmon farms durirgstigdobattonellabloom were not
successful. On the other hand, oceanic HAB events not previously monitored in the area are currently a
new threat for local aguaculture and artisdr@lthic fisheries. For exampllexandrium catenelles

rapidly stowing an appeent further expansion to the north of the country by the oceanic coast, and the
Kareniaceae family is producing massive offshore mortalities of both marine invertebrates and
vertebrags. The discovery for the first time of Pinnate@n(PnTx G) in the sahern Chilean fjords calls

for new strategies for HABs monitoring. Regional drivers that lead to these HABs are still speculative but
potential scenarios are discussed.
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Spatio-temporal variation of large-scale harmful algl blooms with Karenia selliformisin Pacific
CoastalWaters off southeast Hokkaido, Japan after marine heatwaves

SatomiTakagi, Hiroshi Kuroda, Yukiko Taniuchi, Takuya Nakanowatari, Hiromi Kasai, Takuya
Ohnishi, Natsuki Hasegawa, Tsuyoshi WatareagtTomonori Azumaya

Kushiro Field Station, Fisheries Resources Institute, Japan Fisheries Research and Education Agency,
Kushiro, Jpan. Email: takagi_satomiO2@fra.go.jp

Largescale harmfuélgal blooms (HABs) dominated li§arenia selliformisoccurred off he southeastern

coast of Hokkaido, Japan, from late September to early November 2021, about a month after intense and
extensivemarine heatwaves (MHWSs) had subsided. Takagi et al. (2022, Front Mar Sci 9, 939393) have
developed onelimensional NEMURO+, a lower trophievel ecosystem model, by including a new
compart me n K. sdiiferiigchanacteéristics to NEMURO, and revedlthe environmental

factors involved irthe HABs developménThe present study investigated the sptiaporal variation

of the HABs by a thredimensional NEMURO+ along the Pacific shelf waters off the Hokkaido coast.
Themodel successfullyeproduedthe occurrence and horizontal distribution of the HABs. The PK
expanded gradually from northeast to southeast Hokkaido along the Coastal Oyashio (CO) and Oyashio
stream (QY), within the area east of Cape Erimo, duringJuid to midSeptember in associati with

the horizontal advection of® PK concentration ineased in late September, and the high concentration
was then persied until early November. Meanwhile, a subtropical Tsugaru Warm Current (TW) water,
warmer and highesalinity than waters trapsrted by the CO and OY, would have suppressed PK
productionin the area west of Cape Erimo where TW water occupied. These indicate that the CO and OY
would have allowed PK to reach southeast Hokkaido, and the temperature and salinity of them in autumn,
which was suitable foK. selliformis invaved PK incrementiesulting in the HABs outbreak.
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Marine heatwaves (MHW) are a recurrent phenomenon in the South ChireSeapact regional
ecosystems argre expected to intensify in the future. Reebrdaking MHW occurred in the South

China Sea during the summer of 2020. In this work we use a biogeochemical model coupled o a three
dimensional hydrodynamic model, which allowed the simulation of sone gfttysical and biological
consequences of the anomalous warm 2020 period. Model results indicated that the shortwave radiation
and the ocean advéon jointly contributed to the development of the MHW in the South Cha® In

July 2020, the &stern Saoth China Sea&xperienced the strongest MHW, surface nitrate concentration was
significantly reduced by 51%, which was associated with weakened advection and vertical mixing.
Reducing the supply of nutrients resulted in a 71% decrease in the surfacetshl@acentration. In
August, when the MHW dissipated, the nitrate concentration increased by 38%, due to the enhanced
nitrate adection and mixing Moreover, the ghanced horizontaldvection washe main mechanism for

the increase ithechlorophyll cancentrationThese findings may contribute to the understanding of
phytoplankton dynamics in response to the MHW.

(S4-16593 Oral)
Development of an operational forecasting system for marine ecosystem in the China seas
GuimeilLiu, Shan GaoXuanliang Ji and JingJing Zheng
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The coastal exdogical environment is rapidly deteriorating due to huractivities and climate change,

posing a serious threat to the sustainable development of marine economy. Hence, the construction of a
high-resolution ecological operational forecasting system is of great significance. In 2019, the National
Marine Envirmmental Forecasting Center (NMEFC) has constructed arbggiution ecological

environment forecasting systeusing ROMS coupled with CoSiNE model, which covers the Bohai Sea,

the Yellov Sea, and th8outh China Sea. The forecasting system operatestafitity, automatically

running once a day. The process entails data collection and processing, data assimilation, model
forecasting, interpretation, and application analysis of predicted data, as well as product creation. The
primary predictions consist tiourly temperature, salinity, ocean currents, nitrate, ammonium, phosphate,
silicate, chlorophyHa, and disolved oxygen for the next 120 hours. Additionally, based on the above
predictive elementswarning predictions are generated for marine disasteisding hypoxia, ocean
acidification, eutrophication, red tide, and green tide. Therefore, the marine ecological forecasting system
we have established plays a significant role in both scientific research and ocean disaster prevention and
reduction.
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Analyzing oceanographic data to understand possible impacts to BC salmon: focus ldaterosigma
akashiwoand climate factors
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The coastal region of British Columbia (BC), Canada, is a cruciahgeground for Pacific salmon,

which holds particular ifmortance to the province due to economic value and cultural significance. In
recent decades, many BC salmon populations have experienced dramatic declines. To address this
concern, the Pacific Salmon Foundation (PSF), apnofit organization dedicated conserving and

restoring Pacific salmon in BC and Yukon, has supported programs focused on understanding factors
affecting salmorsurvival. Since 2015, the PSF Citizen Science (CitSc) Oceanograpimafrhas

undertaken an unprecedented data collectifontéh the Strait of Georgia (SoG), with hundreds of
measurements and samples (CTD, nutrients, phytoplankton) collected annually. In this presentation, we
explore the impacts of climate variability (ENSO, PDO, and NPGO) on temperature, salinity, amg sum
chlorophylla concentration in the SoG, using eight years of CitSc data. Given the specific importance to
salmon, we also presedata on the dynamics bfeterosigma akashiwa fishkilling algae pecies that

is known to impact farmed and potentially wild salmon. Relationships betd.egashiwo

concentrations from 1999 to 2022 (combined data from the Harmful Algae Monitoring Program, funded
by the BC salmon aquaculture iratity, and PSF CitSc datasets) and hydrographic, weather, and climate
data arenvestigated. Understanding environmental drivergfoakashiwaowill enhance our ability to

predict blooms and mitigate negativegacts on BC salmon. This knowledge contributebroader
ecologicalenvironmental, and economic studies by uncovering the connections between algae and
weather/climate patterns.
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Large-scaledrivers of Northeast Pacific Marine Heatwaves
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TheNortheasPacificOcearhasexperience@pisode®f intenseandpersistenabnormallywarm

conditions alsoknownasmarineheatwave$MHWSs), with devastatingcologicaimpactsBeing ableo
predicttheseextremeeventsa few seasoni advancaes thereforevery important,buthas proven ekive.

While the intensity of Northeast Pacific marine heatwaves (MHWSs) has been related to local stochastic
atmospheric forcing with limitegdredictability, their evolution and persistence may be cattdy
large-scale climate influenceblere we use a multiariate statistical approach to identify these large

scale drivers, as well as the initial states that optimally develop into a Mid\Watar time in this region.
Results indicate that a decadal mode of variability related to the Pacific DecallatiGsplays a key

role in creating conditions favorable to the development of Northeast Pacific MHWSs. This decadal mode
is also associatedlith the development of Central Pacific El Nifio events, Wihippear t@ontribute to

the persistence of the Northeast Pacific warm anomalies.
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Advancing an integrated understanding of landocean connections in shaping the marine
ecoystems of Coastal Temperate Rainforest ecoregions
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Land and ocean ecosystems are strongly connected and mutually interactive. As climate changes and
other anthropogenic stressors intensify, the complex pathways that keksystems will strengthen or
weaken in ways that are currently beyond reliable prediction. In this review we &fienework of lane
ocean couplings and their role in shaping marine ecosystems in Coastal Temperate Rainforest (CTR)
ecoregions, where higheshwater and materials flux result in particularly strong-Hacean connections
Using the largest contiguous expanse of CTR on Earth, the Northeast Pacific CTR (NPCTR), as a case
study we integrate current understanding of the spatial and tempdeal stateracting physical,
geochemical and biological processes across thedeean continuum, and examine howsti@rocesses
structure marine ecosystems from nearshore to offshore domains. We do so through the lens of three
interconnected aspectsrofirine ecosystend circulation dynamics, biogeochemical cycljraqnd food
websd with emphasis on the fate and effects of freshwater discharge and its associated terrestrial
materials. We look ahead to the potential effects of climate and other anthrigpdggnges on the

coupled lanebcean mete&cosystem. Finally, we review key data gaps and provide research
recommend@ons for an integrated, transdisciplinary approach that we hope will guide future evaluation
of ongoing impacts in marine ecosystemshef NPCTR and other CTRs globally. In the light of extreme
events including heatwaes, fire and flooding that are occurring almost annually, this agenda is not only
necessary but urgent.
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Southern Salish Sea (U.S.) oceatidification and hypoxia extremes in response to major heat and
runoff anomalies during a seasonal 20142018 cruise timeseries: multi-stressor implications for
sensitive species
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Anomalies in regional air and water temperature, precipitation, and river resaffed in physical and
biogeochemical extremes in the southern Salish Sea duringZIti8t The peak temperature anomaly
associated with the 2012016 northeast Pacific mae heatwaviEl Nifio event was observed in

boundary waters during October 2014, but Puget Sound experienced the largest temperature increases
during 20152016. The most extreme&ean acidification and hypoxia (OAH) measurements to date were
recoded in Hoa Canal (which consistently has the strongest OAH conditions) during the same period,
but occurred earlier in the year than previous events. After the heat anomaly, a distinct carbonate system
anomaly with un pgasdhighiCOiotcerrednyarts af tve squthern Salish Sea that

are not normally so acidified. This extreme £&@ent appears to have been driven by anomalous river
discharge earlier in 2017, which réed in enhanced stratification and inferred primary productivity
anomalies. Wusually, this C@anomaly was decoupled from @ynamics compared to past Salish Sea

OAH events. The complex interplay of weather, hydrological, and circulation anomalies revealed distinct
multiple stressor scenarios that will potentiaffectregionalecosystems under a changing climate. The
frequencies at which Salish cruise observations crossed known or preliminary species sensitivity
thresholds illustrates the relative risikhdscape of temperature, hypoxia, and acidification anomalies in

the southar Salish Sea in the presatay, with implications for how multiple stressors may combine to
present potential migration, survival, or physiological challenges to key regional species in the future.
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Community informed socialindicator s for the California Dungeness Crab Fishery under whale
entanglement mitigation regulations
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A 20132016 large marine heatwavethe Pacific Ocean brought about changes in natural and social
systems that created social and economic challenges for fishing communities and-deskgimnon the

US West Coast. A particular societal impact that arose and persists through etfgistextreme event

is an increase in reported whale entanglements in the California Commercial Dungeness Crab Fishery.
Resource managers, together with the fishing community, contingvétog strategies to balance
marinemammal protection with maintainirgproductive fishery. Thus far, regulations enacted have been
successful at reducing whale entanglements, but fishery delays and closures have had substantial and
heterogeneous impacts onassel revenues across the fishery. This research uses itdorfnam
semistructured interviews with fishery participants to first understand how and why actions taken to
mitigate whale entanglements affect the fishery. This information was aisiedelop a set of
stakeholdeinformed considerations that could heglgide decisiormaking. Second, the interview was

used to identify social indicators that can be used to monitor the social and economic health of the fishery
in the context of this regulation change. Beyond extreme climate events, building partneithips
stakeholders is an important process in finding solutions to conflicts with wildlife which can also occur
due to marine mammal population growth or distribution change. These sditaltors, together with
ecologicalindicators developed for this fistye will enable managers to evaluate the impact of regulatory
changes on both social and ecological objectives as management responses continue to evolve.
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Harmful algal species in the East China Sea and their possible respondenoectimate change via a
global vision
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Climate change pressures are influencing marine planktonic systems globally, anddeigatza that
harmful algal blooms may increase in frequency and sevehty Yangtze River Estuary (YRE) is the
most severely affected sea area for harmful algal blooms (HABs) in ®td@renia mikimotai
Margalefidinium polykrikoidesProrocentrum donghienseand Heterosigma akashiware the main
HABs speciesn East Asian Sed hefour HABs species were detected and quantiiedjuantitative
reattime PCR (qPCRin this study Estimated raximumcell abundancef K. mikimotoj M.
polykrikoides(East Asian Ribotype, EARP. donghaiensandH. akashiwowere 1.6 x 18 1.3x 1,

1.6 x 10 and 1.2 x 10cells-L' * respectivelyHABs dominated byH. akashiwcandP. donghaiense
occurred at station S27 on July 22, 20B0he studiedsea area, turbidity, pH and salinity may be the
main factors affecting the blooms §f mikinotoi, M. polykrikoide EAR) andP. dorghaiensewhile
temperature may be the main factor affecting the bloorikakashiwo The results reveal a distributive
patern of the four HABs species in the YREder the differen¢cological statudVe also analyzed the
blooms distributions of these four bloom species globally. All of these results will help us to understand
the HAB expansion via a global vision.

71



(S416892 Oral)

Spatio-temporal variation in zooplankton community composition in the southern Salisisea:
Changes during the 20162016Pacific marine heatwave

AmandaWinans, BethElLee Herrmann and Julie E. Keister

University of Washington, School ofd®anography, Seattle, WA, USA. Email: awinans@uw.edu

The 20152016 Pacific marine heatwave (MHW) strongly affected zooplankton in the Salish Sea;
however, the patterns differed compared to the outer coast, suggesting that the unique oceanography of
the Saikh Sea imposed different forcing mechanisms on their communities. Mesozooplankton were
collected in thesouthern Salish Sea during argoimg time series that began in 2014. We examine
patternsalong a nortksouth latitudinal gradient, from the San Juslands to South Sound to look at

spatial and temporahriability of communities during the MHWZooplankton biomass increased in all
regions in 2015 and remained high through 2017 in central and southern basins. The northern, more
oceanic, site experiengéts highest biomass in later, cooler years. Many crustaceans and molluscs
increased during MHW yearsspecially at central stationaudet Sound resident warmater copepod
species were found in higher biomass in Puget Sound and increased during theCuldfWater and
subarctic copepods were in higheotbiass at northern sites and generally decreased during the MHW.
Gelatinous zooplankton were more common at southern, retentive sites, with mixed patterns around
MHW years. These results contrast with MH¥servations in the California Current System (CCS),

which generally had decreased crustaceans anebised gelatinous zooplanktaihile reduced

upwelling, depleted nutrients and advection of offshore and tropical/subtropical waters during the MHW
weremajor drivers of observed changes in the CCS, thielS8ka was likely more affected by local

drivers, such as heat retention and increased nutrients and production due to changes in ocean inputs.
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Bottom marine heatwaves along theontinental shelves of North America
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Recently, there has been substantial effort to understand the fundamental characteristics of warm ocean
temperature ektme® known as marine heatwavediiws). However, MHW research has primarily

focused on the surface signature of these events. WhitesMHWs (SMHW) can have dramatic

impacts on marine ecosystems, extreme warming along the seafloor can also have significant biological
outcomes. In this study, we use a higbkolution (~8 km) ocean reanalysis to broadly assess bottom

marine heatwave8MHW) along the continental shelves of North America. We find that BMHW

intensity and duration vary strongly withtbmm depth, with typical intensitesmagi ng f r-3aenC~0. 5e C
Further, BMHWSs can be more intense and persist longer than SMHWSs. While BMrSMHWSs

often ceoccur, BMHWSs can also exist without a SMHW. Deeper regions in which the mixed layer does

not typically reach the seafloor exhibit lesgmshronicity between BMHWs and SMHWSs.
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Using otoliths to understand how marine heatvaves affect fish growth
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Theincreased frequency and intensity of global marine heatwaves in the past century have led to greater
awareness of how these extreavents can shape aquatic ecosystems. While the lethal impausef

acute warming evestare weHdescribed, the sulethal impacts, such as growth, are poorly understood

and play a critical role in shaping ecosystem and fishery production. We aim to assess the impact of
marine heatwaves by examining the immediate and legacy effects of exposure to extreme heat on fish
growth, using species from Southeast Australia as a case study for this approach. Specifically, we
identified patterns in fish growth respses to heatwaves among species groups and life stages. We used
satellitederived daily sa surface temperatures from 198&sent to identify heatwaves and calculate a

suite of physical parameters describing each event. Then, we related these heatwave attributes to
individually-resolved estimates of fish growth from otoliths. Effect sizes from all 15 taxa were then
combired in a metaregression to determine which heatwave event attributes best explained juvenile and
adult growth variatin. Overall, we fond that many species experienced depressed growth in response to
marine heatwaves, withitheffect most proounced ifjuverile life stages. In particular, the acute

intensity and the number of sequential heatwaves in a year were most related to growth deprgssion.
ability to anticipate the sensitivity of fish growth to heatwaves is critical for predicting responses unde
future climate events and understanding legacy effects which may alter food webs and assemblages well
after the event subsides.
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Non-stationary relationships betweenclimate and fisheriesin the Califor nia Current and Gulf of
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An emergingchallengen ecosystenbasedisheriesmanagemeris thatmanyrelationshipsised to

understand climatecosystem dynamics are changing over space and time. Recent examples include
shifting spatial distributions of fish populations, changing meanings of environmental indices (e.g.,
Pacific Decadal Osciltion) and changing demograpttiimate relationships with environmental drivers
(e.g., sea surface temperature and sea level pressure). Working with a diversiyntl ecs

oceanographic anddibgical datasets, we investigate and synthesize dynamiatelbiology

relationships that are relevant to management in the California Current and Gulf of Alaska marine
ecosystems using Bayesian linear modeling, dynamic linear modeling, and self organizing maps. First, we
examined changing relationships betweenaspheridorcing (sealevel pressure)¢limateconditions
(SST,upwelling)andenvironmental indices (PDO, NPGO, ENSO) from 192023 with an emphasis

on dynamics sice prominent marine heaawes (2013 2023). Next, we will identify if thesehanging
relationships are reflected in protected and commercially important species (Pacific salmon, groundfish,
rockfish) in the California Current. Finally we will identify whether incorporating these relationships may
be useful in improving sheterm (1-2 years) forecasts of population dynamics.
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Global warming driven by climate change has negative impacts on marine biodiversity. Jeju Island has

been suggested as an area capable of supporting the high biodiversity of its geographical position and the
different currents inflancing the marine environment around the island. Jeju is located within temperate
latitudes but borders to environmental changes, providing an ideal testbed for assessments of life under

rapid climate change. However, a significant limitation of monitopragrams is the dii€ulty in

comparing and quantifying results generated by different methods. The MarineGEO program developed a
guantitative, standardized method of sampling monitoring data called Autonomous Reef Monitoring

Structures (ARMS). We deplogileARMS units in Jeju (Kangjung, Bomok, and Seongsan) in 2018. After

12 months, the ARMS were retrieved, and DNA and morphological assay conducted a taxonomic analysis
determining the mamie biodiversity. Through genetic analysis and morphological clastsificof each

site, 58~265 and 104~130 species were classified, respectively. So far, we found new Osctracoda

species and unrecorded gastropod species from the ARMS units. We expect this baseline data will
provide further i nf drumgaeteisgm tia edet emetwl iyc leixmeatna erde
change and species new to the science of wunderstu
marine ecosystems as they compeitd indigenous marine organisms. Besides investigating changes in

maiine ecosystems causbyclimate change and detecting invasive marine species, this standardized
monitoring method (ARMS) is applied to understand the role of biodiversity in sustaining resilient coastal
marine ecosystems under climate threat.
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Climate variability and change are projected to profoundly affect blue food égomtic animals, plants,

and algaeyalue chainfrom local to global scale. Based on key informant intersiand focus group
discussion, this study aims to assess the impacts of climate change and variability on the blue food supply
chain of Bangladesh and respective responses. The findings suggbktetiabd processing, storage,
marketing, and export ar@imerable to various climaticgks, including cyclones and othettreme

events, extreme heat, floods, and increased saline water intrusion. Rapid onset events cause loss of blue
food production, disruption of distribution and market access, price fakerof smalscale holders, and
increased waterborne disease and pollutants in the supply chain. Different slow onset events such as
increased soil and water salinity cause deteriorated enviroahsitaations leading to disease outbreaks

and reduced gmeth performances of the culturegecies. As income from blue f@roduction and

subsistent consumption of local livelihoods are tightly connected, thus any disturbances in the supply
chain can readily translate into local poor income and astaahppedconomy, creating food insecurity

and reducing welbeing. Identifying impacts and responses of key processes and actors in the supply
chains would inform policymakers towards better business dasigsihereby can facilitate adaptive
transformation (throgh an endowmemntith sociceconanic capitals, strengthening matkimkage

process and provision of insurance, for examwit)in the blue food system to climatic risks.
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Monitoring nutrients and Fluorescent Dissolved Organic Matter (FDOM) to predict the outbreaks
of Paralytic Shellfish Poisoning (PSP) in Jinhae Bay, Korea
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Recent field observation studies showed gaatlytic shellfish poisoning (PSP) generally occurred under
low concentrations of dissolved inorganic nitrogen (DIN) and high concentrations of dissolved organic
nitrogen (DON) and humitike fluorescent dissolved organic matter (FDENh Jinhae Bay, Kaa. To
verify the link between this environmental condition and P@Breaks, we deployed a rdahe

monitoring system with nitrate sensor (ISUS V3) and FRQ&nhsor (ECAluorometer) in spring 2021

at the moth of Jinhae Bay. In addition, we utilizecetdata obtained from field observations in the entire
bay and the automatic water quality measuring systems positioned at the upstream sites of the bay from
2018 to 2021. The Field observation data showed that the streams nearrfamupies mainly sygtied

the DIN to the entire bay, which was almost fully converted®@N before entering the PSP outbreak
sites. Our results show that the PSP outbreak timing is determined by the conversion of DIN to DON,
whichis affected by precipitation periodicity, dthe PSP intensity by the concentrations of DON and
FDOMu. We verified that the redgilme monitoring data at the mouth of the bay well reflected the nutrient
and FDOM,; conditions by comparing them with the field observation datard@dg¢ime monitoringdata
predicted unfavorable conditions for the PSP outbreak in 2@82ihserved in the field. Thus, our results
suggest that this retime monitoring system deployed in the PSP outbreak area can be successfully
utilized to predict PSP outbreaks in thearte
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Vulnerability assessment of Korean fisheries to Climate Change
Moo-JinKim !, In-Seong Hafj JoorSoo Leé and DeHoon Kimt

1Pukyong National University, Busan, Koréamail: kimmj1238@naver.ao
2Nationallnstitute of Fisheries Science, Busan, Korea

Climate change is expected #muse changes in marine biota and ecosystems, thereby directly affecting

fishery production. To establish policies to respond to climate change, the importance of climate change
vulnerability assessments is growing. In Soutd®, annual fishery production has been decreased since

1986, and climate change has caused changes in compositions of species and the ecological structure.
Thereforewe assess the vulnerability climate change for 36 species with sensitivity and expo8ased

on this result, theulnerability of 24 fisheries to climate change was evaluated. In this study, as exposure
factors, we consider relationship between future seawater temperatures and spawning/habitat temperature of
each species. Species wiigthscores both in sensitivity attributes and climate exposure factors are

evaluated as highly vulnerable species and fisheries with high catch ratios of such species are assessed to be
relativelymore vulnerable. Hence, it is required to prioritize fisgewith high catch ratios oélatively

vulnerable species when establishing policies to manage offshore and coastal fisheries in Korea.
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Session 5: POC/MONITOR Topic Session

Convenors: Invited Speakers:

Yisen Zhong (China)orresponding Changming Dong (School of Marine Sciences,
Bo Qiu (USA) Nanjing University of information Science and
Sung Yong Kim (Korea) Technology (NUIST), China)

Tetjana Ross (Canada)

Oceanic processes exhibit distinct characteristics on different temporal and spatial scales, spanning from
chaotic turbulence, intense internal waves, complex fronts and filaments to energetic mesoscale eddies
and basirwide circulations. The unique properties of different processes impact the distribution,

transport, and conversion of various biogeochemical tracers as well as the microscopic marine organisms
that form the base of the marine food web. In recent decadeyg,snalies have been devoted tisth
interdisciplinary field, especially focusing on the oceanic mand submessacales, but there are still
knowledge gaps in understanding how these rsalile oceanic processes configure marine ecosystems,
i.e., building the connection between the physical environment and sustainable use of the marine
resources, which is in alignment with the UN Deca
insights on multiscale physical processes, scale interactions,hegiditnpacts on the marine ecosyst
Biogeochemical studies related to the physics are also strongly encouraged in this session.
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Submesoscale process@sduced vertical heat transport modulated by oceanic mesoscale eddies
ChangmingDong and Qingyue Wang

School of Marine Sciences, Nanjing University of Information Science and Technology, Nanjing, China.
Email: cmdong@nuist.edu.cn

Oceanic submesoscale processes mainly arise from phenomena such as jets, density fronts, and mesoscale
eddies. Previous studies suggthat the overall submesoscale processes transport heat vertically
upgradient, i.e. from cold toavm. However, it is ot clear whether the submesoscale processiged

vertical heat transport (VHT) in mesoscale eddies remains upgradient. The present study focuses on
submesoscalmduced VHT modulated by mesoscale eddies. A-higgolution oceanic numerical model
productis applied to examine the VHT induced by submesoscale processes associated with cyclonic and
anticyclonic mesoscale eddies in the Kalvio Extension (KE) region in different seasons. Frequency
wavenumber spectra, Rossby numbers, nathsrates in eddie®veal the existence of submesoscale
motions surrounding mesoscale eddies. The variables are decomposed into monthly mescaiaeswl
submesoscale components to calculate submesoscale VHT-faetpiency (LF) and higfrequency

(HF). The analyticalesults reveal how submesoscale processes affect the VHT modulated by mesoscale
eddies in detail.

(S516511 Oral)

Feedbacks betwee bottom boundary biogeochemistry and ecosystem metrics in a regional
biogeochemical model intercomparison in the Berig Sea

Kelly A. Kearney'? Wei Cheng®and Albert Hermani?

tUniversity of Washington, Seattle, WA, USA. Email: kelly.kearney@noaa.gov
°NOAA Alaska Fisheries Science Center, Seattle, WA, USA
3NOAA Pacific Marine Environmental Laboratorgeattle, WA, USA

Traditional biogeochemical models have mostly been developed with an eye towawbteeppen

ocean environments. However, whéiese models are applied to shallow coastal environments, the
influence of physical processes relatechis shallow geometry can play an outsized role in controlling
ecosystem behavior. Here, we present the results of a biogeochemical model intercomparison in the
Bering Sea. In this intercomparison, three biogeochemical models of varying structural dyraptex
coupled taa single 36year simulation of the same ocean/ice regional ocean model. We demonstrate that
acros the wide eastern Bering Sea §hdifferences in the way that these three models handle bottom
boundary processes lead to large disagesgs across common metrics of ecosystem function, such as
the ratio of new to regenerated production and the timing and magnitude of production within
phytoplankton and zooplankton communities. These aftenlooked physical/biogeochemical
interactionsare important to@nsider when using regional models like this one to investigate the impact
of climate variability @ living marine resources in coaktegions.
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( SB6536 Oral)

Mesoscale eddies regulate habitat distribution of neon flying squid in thNorthwest Pacific Ocean
Yuchen Zhang, WeYu, Xinjun Chen, Mo Zhou and Chunling Zhang

Shanghai Ocean Univeristy, Shanghai, Chinenddl: wyu@shou.ed.cn

Mesoscale eddies are ubiquitous in global oceans yielding significant impacts on marine life. As a short
lived pelagic squid speciaseon flying squiddmmastrephes bartrams extremly sensitive to changes

of ambient oceanic variables. However, a comprehensigderstanding ofdw mesoscale eddies affect

O. bartramiistocks in the Northwest Pacific Ocean is still unknown. In this studyyadi0squid

fisheries data with ety tracking and higiiesolution reanalysis ocean reanalysis data were combined to
evaluate the impact of mesoscale eddies and their induced changes in environmental conditions on the
abundance and habitat distribution@fbartramiiin the Northwest Padd Ocean. A weightethased

habitat suitability index (HSI) model was developed with tlureeial environmetal factors: sea surface
temperature (SST), seawater temperature - 8@pth (Fom) and chlorophyla concentration (CHd).

Results indicated thaheabundance oD. bartramiiwere significantly higher ianticyclonic eddies

(AEs) than that ircyclonic eddiegCEs) This difference was well explained by the distribution pattern of
suitable habitats in eddies derived from the HSI model. Enlargegseof the preferred SSTsohand

Chl-a forO. bartramiiwithin AEs were the main causef more squidsotoccurring inside the wartore
eddies whereas highly productive CEs matching with unfavorable thermal conditions tended to form
unsuitable habitatfor O. bartramii Our findings suggest thaiith an unstable KE backgrounsljitable
thermal conditions combined with favorable foraging conditions within AEs were the main drivers that
yielded the high abundance ©f bartramiiin the warm eddies.
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(S5-16554 Oral)
Role of submesoscale cyclonic eddies generated at the south of Yaku Island, Japan
Gloria SilvanaDuran GomeZ, Takeyoshi Nagaj Toru Kobarf and Hirohiko Nakamura

1Tokyo University of Marine Science and Technology, Tokyo, Japanail: silvanadg20@hotmail.com
2 Kagoshima University, Kagoshima, Japan.

The Kuroshio carries a large amount of nutrients in dark subsurface layers as a nutrient stream. In the
region off the southern coast of Japan, previous studies showed that the theWafoshio over
seamounts could provide very efficient mixing hotspots, enhancing the nitrate vertical flux, thus, the
biological production toward downstream. In addition to diapycnal mixing, eddies generated from the
topographic features may induceeinse nutrient upwelling. Although highsolution model studies have
showed submesoscale nutrient upwellings associated with generated eddies from the front or flow
topography interactions, quantification of the net upwelling is still unclear. Also, ivtgleeported thia
submesoscale eddy activity is enhanced during winter, the seasonality for the submesoscale eddies
generated by the flomopography interactions is largely unknown.

In this study, irsitu highresolution towyo observations and numericamulations were conducted to
ascertain the seasonality and the role of submesoscale cyclonic eddies. Surveys were conducted in the
Tokara Strait off south of Yaku Island, by using a stdtthe-art twin towyo profiling system for

turbulence and biogebemical parametsi(chlorophyla and nitrate) on the R.T.V. Kagoshifitaru in
NovemberDecember. Our observations show for the first time the submesoscale nitrate upwelling
structuresalong isopycnals of the cyclonic eddies, formed by the Kuroshio b&maikashima. High

resolution nested simulations, coupled with an ecosystem model, reproduce the observed cyclonic eddies
behind Yakushima. The model nitrate vertical advective flux shows, however, both subduction and
upwelling on the western and easterresifi model cyclori eddies, respectively, with an enhanced
chlorophylta response.
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(S5-16556 Oral)
Role of submesoscale and microscale mixing processes in the Kuroshio flowing south of Kyushu

TakeyoshiNagait, Duran Gomez Silvana GlotigSaitoHiroaki?, Ogawa HirosHj Kobari Tord, Naoki
Yoshie¢ and Hirohiko Nakamufa

Tokyo University of Marine Science and Technology. Email: thagai@kaiyodai.ac.jp
2Atmosphere Ocean Research Institute, The University of Tokyo

3Kagoshima University

“EhimeUniversity

In contrast tdhe surface oligotrophic waters, the Kuroshio subsurface layers carry a large amount of
nutrients. Although these subsurface nutrients could play a role to sustain high biodiversity and biological
production in the regions soutii Japan, it has been elusive whether and how these nutrients become
available for phytoplankton before they reach the downstream Kuroshio Extension. In this study, a series
of high-resolution towyo microstructure and nitrate observations and nestedréggiution snulations
werecarried out in theegons south of Kyushu. The results indicate that the Kuroshio constantly flows
over seamounts in the Tokara Strait that induces1000-fold enhancement of turbulent kinetic energy
dissipation rates on aage ove 100200 km along the Kuroshio. Further observations show that intense
turbulence is associated with the negative potential vorticity (PV) generated on the steep slope of the
seamount . Nitr ast 25 (~200mfdepth)isvdenmérhadaykon averagé over 200 km,

that could indue biblogical responses in further downstream. In addition, when the Kuroshio in the
Tokara Strait shifts northward, the warm Kuroshio water can intrude into north of Yakushima and
Tanegashima Islands and the Ohs@&tnait, where depth is about 100 m at most. When this occurs, our
observations and numerical simulations show that the enhanced turbulence and associated nitrate
diffusive flux spread further to the downstream in the streak of negative and low PV geoerided

slope of Tanegashima Island, thatiges to the Kuroshio east of Kyushu.
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Asymmetry in seasonal mixed layer transitions with respect to coastal upwelling strength between
northern and southern hemisphere and its influence on arine ecosystem

Diego AndreOtero Huaman'? and Takeyoshi Nagai

INational Agrarian University La Molina, Lima, Peitzmail: otero.diego.andre@gmail.com
2Tokyo University of Marine Science and Technology, Tokyo, Japan.

TheEastern Boundary Upwellingystems(EBUSS) in the eastetroundaries othe ocean basin
includingPacific Ocearareimportantsitesfor oceanic ecosystems due to their intense upvgetliat

allows the blooming of phytoplankt@ndconsequently, an abundant biomagsch can
feedmigratoryfishesincludingyellowfin tuna(YFT), one of the most importaspeciesaround the world
because of its large biomass dmgh commercial valuedt is reported that

ocearsubmesoscaleddieswhich are often formeby the mixed layer eddiesxhibit strong seasonality.
When theOceanSurfae Mixed Layer Depth (MLD)becomes deeper and surface stratification is

destroyed during wintethe mixed layereddyactivity is intensified. On the other hand, the upwelling is
strengthened during summer and winter in the Northern and Southern Hemispheres, respectively. Many
studies have suggested that pingtoplankton growtlis largely controlled byhe seasonaMLD changes,
andchanges in the stratificatiaraused by eddieandhence itis highly probablghatthey influence

on ecosystemHowever, théempacts of across hemisphere asymmetry in timing of the mixed layer
deepening with respect to the coastal ugnglhaveneither been discussed nor analyzed so far. In this
study, using the ocean reanalysis, GLORYS12V1 (1/12° horizontal resolution, 50 vertical levels and 1993
onwards), chlorophyll provided by Global Ocean Satellite Observatidfis CPUE datglIATTC), and
idealizedsubmesoscalpermitting simulationsye attempt teelucidate what is the consequeinte

theacross hemisphere asymmetrynoked layereddy activities irthe upwelling systems.

83



(S5-16565 Oral)

Effects of seasonal variation of mesoate eddy off the central coast of Peru on the distribution of
anchovy eggs and larvae

Sonia DaniellePostigo Monterd"? Diego Andre Otero Huamé&# Gloria Silvana Duran Géméand
Takeyoshi Nagai

!National Agrarian Universitya Molina, Lima, PeruE-mail: 20170427 @lamolina.edu.pe
2Tokyo University of Marine Science and Technology, Tokyo, Japan.

Various mesoscale structures, such as ediul@sents and upwelling fronts, influence marine organisms.

In the case oéddies, several studies have shown that they can redistribute suspended particles including
fish eggs and larvae of different species, and alter their survival. In the Humboldt Current System, eddies
off the central coast of Peru exhibit seasonal vartgbilihe seasonal changes in their activity would

directly or indirectly affect fisheries of the most important species in this asdaethvian anchovy

(Engraulis ringens). Isireported that anchovy egg hatchaogurs over 2 days between-14°C and

from surface to 70 m depth approximately, and the larvae have to feed within thebrayggito survive.

Thus, how these eggs and larvae can be advected by eddies is a key to understand their survival and
growth, which is currently unclear off Peru. liststudy, data from Global Ocean Physics Reanalysis
(GLORYS12V1) are used to characterize the physical properties and seasonaliig®ted to simulate

how they transport anolry eggs and larvae using the Lagrangian particle tracking. Further, theesnal

on how the interannual variabilities of mesoscale eddies affect on the larvae transport are provided to
understand the impacts over a longer time scale. Defining the role of eddies off Peru in anchovy larval
transport could help to have better accyraf the state estimate for anchovy stocks, that could also be
very useful to other species in other similar environments as thfer@eliCurrent System.
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Distribution of acoustically detected marine organisms across Kuroshio Extension front associated
with physical and biogeochemical environments

HikaruHomma, Daisuke Hasegawa, Takahiro Tanaka, Yuji Okaaakii Takeshi Okunishi

Fisheries Resources Insiti¢, Jgpan Fisheries Research and Education Agency, Shiogama, Japail: E
hhomma@affrc.go.jp

Frontal zones are known to be highly productive regions in the ocean. Understanding the links between
physical pocesses, biogeochemical environments,emodystem at frontal zones has been an important
issue. To address this, simultaneous field observations of environmental properties and the distribution of
marine organisms were carried out acithesKuroshio Extension fronfA crosssection survey was

conducted during the research cruise WK2205G in May 2022 withViRdiatakamarualong the north
southtransect from 373N to 40.5N on 150E. Cross sections of environmental properties (temperature,
salinity, fluarescence, turbidity, and oxygen concentrgtidown to ~400 m depth were collected by

using the towyo profiler BioUCTD (JFE Advantech). Acoustic backscattering strength, as a proxy of
biomass of fish, micronekton, and/or zooplankton, was measured down to ~600 m depth by using the
scientific echosonder KFG3000 (KAIJO) with the transducers of 38 and 120 kHz. High volume
backscattering strengthjSvas detected in the surface water at the south of the front, implying high
productivity at the frontal zoné\ layer withhigh S distributed widely irthe mesopelagic zone (below

200 m depth), which is known as the deep scattering layer (DSL). AnotheBHeyer extended from

the DSL to the productive surface water along the tilted isopycnals near the front. This distribution was
detected during nighithe and thus did not represent diel vertical migration occurring at twilight. The
relationships beteen the tilted scattering layer, physical processes, and biogeochemical properties will be
presented in this tial

(S516627 Oral)

How the Kuroshio Extension entrains the surrounding watemasseoff Sanriku
DaisukeHasegawaand Takahiro Tanaka

Fisheries Research and Education Agency, Shiogama, Japaail: Edaisukeh@tffrc.go.jp

In recent years, the Kuroshio Extension (KE) has been extremely northwardly polarized off the coast of
Sarmiku. The influence of the KE northerly bias is remarkable, such as a rise in temperature along the
Sanriku coast and changes in fish species caught. On the other hand, the KE water denakimgsrby ta
nearby watemasses such as the coastal water, Rigagater, and Tsugaru warm water. In addition, the
uptake of coastal water and the Oyashio water leads to the supply of nutrients to the KE hgugigesti
impact on the downstream ecosystems. The purpose of this study is quantitatively clarifyingebe proc
of the Kuroshio Extension entraining the surrounding water masses. In May 2023, we condueted high
resolution observation from the coast to the KE frontal region using th&\lRRatakamaruwith ADCP,
UCTD, and tubulence profiler. In this presentatiome report the preliminary results of the survey.
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Potential predictability of environmental drivers in Community Earth System Model Decadal
Prediction Large Ensemble for a fisheries size and functional type model

Hyung-Gyu Lim 2 Colleen Petrik Kristen Krumhardt Matthew Long, Zhoumin Chefy Charles
Stock, and Jongreon Park

!Korea Institute of Ocean Science and Technology, South KonmeilEhglim@kiost.ac.kr
2Scripps Institution bOceanography, University of California San Diego, USA

Climate and Global Dynamics, Natial Center for Amospheric Research, USA

“Department of Marine Sciences, University of Connecticut, USA

SNOAA/OAR/Geophysical Fluid Dynamics Laboratory, USA

®Department of Earth and Environmental Sciences, Jeonbuk National University, South Korea

Fishes provide diversealues for human cultures as economical, food resources and social environments.
Predicting fishes as marine living resources are rarely devot#iuefoear future despite of its

importance. This presentation will share the preliminarylte$ ongoing jpoject that investigates

potential predictability of environmental drivers, pelagic temperature, bottom temperature, carbon flux,
zooplankton biomass and mortality simulated in a Community Earth System Model Decadal Prediction
LargeEnsemble (CESMDPLE) far offline simulation of a fisheries size and functional type model
(FEISTY) compared to CESM Forced Oceea Ice (CESMFOSI) for offline simulatiorof FEISTY.

We note that all drivers in lead year (LY) 1 to 3 is highly predictable glglibly decreasess increasing

LY. However, most of global ocean has higher potential predictability skills of CEBME forecast

than persistence skill wvia calculating autocorrel
Globally averged environmental drive in CESMDPLE are showing highly correlated skills

(r=0.6~0.8). In the regional timeseries averaged in Large Marine Ecosystems (LMEs) domain,
environmental drivers of CESMDPLE are highly predictable in most of LMEs of LY 1 to 3, but

deceasing their pdictability as increasing LY. Potential predictabilities of environmental drivers in

LMEs are generally higher than persistence skill of CHSD&I in LMEs. In this sense, decadal

prediction systems based on earth system models beaiuadle for simulatig environmental drivers

and sources for predicting fishes in interannual and decadal timescales.
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(5516697 Oral)
Impact of warm eddy on sea leel rise in the frontal region of the East/Japan Sea
KyungJae Lek JaeHyoungPark? and YoungGyu Park

!0cean Circulation & Climate Research Department, Korea Institute of Ocean Science and Technology,
Busan, South Korea

2Division of Earth and Environmental System Sciences, Pukyong National University, Busan, South
Korea. Email: oceghpark@gmail.com

Understanding the dynamics of sea level rise (SLR) in frontal regions is of increase importance, as these
areas often exhibit significantly higher or leiSLR rate compared to the global average. In this study,

we focused on investigatinthedynamics of SLR in the Subpolar front in the East/Japan Sea, where the
SLR rate is nearly twice as high (~6 mm yBas the global mean (3 mm y&arTo achieve this, 28

years (1992020) of satellite altimetry data andsitu hydrographic datae used.

Our analysis reveals that the presence of warm eddies, specifically the Ulleung warm eddy (UWE), has
played a substantial role in driving the high SLR obsemedis region. The temperature and thickness

of the UWE have experienced notablereéasescontributing to 33% and 67% of the SLR, respectively.

Two potential factors are identified as the underlying causes for these changes. First, there has been an
increase in the temperature of inflowing water through the Korea Strait. Second,sihdagd(10-300

m) temperature gradient across the Subpolar front has intensified, leading to greater instability in the
subsurface layer which subsequently results @pdring of the lower boundary of eddies.

By comprehending the mechanisms behind SidRijicularly the influence of warm eddies such as the

UWE, we can enhance our understanding of the complexities involved in regional SLR patterns and their
implications in frontal regions.
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Observationsof upstream-downstream connectvity of the Kuroshio Current variability in the East
China Sea

SeungYond_e€', Hanna N§ Hong Sik Mirf, Dong Guk Kin3, Hirohiko Nakamurdand Ayako Nishin&

1SeoulNational University, Seou] Korea E-mail: yonglee900@snu.ac.kr
2Korealnstitute of Ocean Samree and TechnologyusanKorea
3Kagoshima UniversityKagoshima,Japan

The spatial and temporal variability of the Kuroshio Current in the East Chi&S&awasinvestigated

based on theneasuremerftom four moorings of the Acoustic Doppler Current Prof®dCP) in the

Okinawa TrougHhrom June 202@0 June 202. The four ADCP moorings were located southwest

(upstream and onshore), southeast (upstream anaHJshorthwest (downstream and onshore), and
northeast (downstream and offshore), respelsti Thetime-mean current profiles are northeastward
following the steeontinental slope of the Okinawa Trough, and the current speeds decrease with depth.
Their temporal variations also decrease with depth at the two offshore sites close to the deepest part of the
Trough. However, they are larger between 200 m3@@dm, where the mean speeds are faster, at the two
onshore sites over the shelf slope. @beninantmodesof the observeduroshioCurrentvariability were
identifiedthroughthe cyclo-statonaryempiricalorthogonafunctionanalysis. The most dominamiode

exhihits surfaceintensified variability at the offshore sites, propagating from the upstream to the
downstream. Regression analysis suggests that this propagation is associated with mesoscale eddies
entering the ECS from the North Pacific, resuliimghe sea level anomaly (SLA) along the Okinawa
Trough. However, the velocity anomalies in the de€p&00 m) layers of the two onshore sites exhibit
opposite sighs compared to the two bfie sites. This result presents observational evidence for the
connectiviy of the Kuroshio variability in the ECS between upstream and downstream areas.
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Submesoscale stirring as a crucial mechanism maintaining subsurface chlorophyll maxima within
cyclonic eddies

Haijin Cad', MaraFreilich?3, Xiangzhou Sonf Zhiyou Jing, Baylor FoxKempe?, Bo Qil?, Robert D.
Hetland, Fei Chal, and Dake Ch#
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2Scripps Institution of Oceanography, UniversityQidlifornia San Diego, La Jolla, CA, USA

*Department of Earth, Environmental, and Planetary Sciences, Brown University, Providence, RI, USA
State Key Laboratory of Tropical Oceanography, South China Sea Institute of Oceanology, Chinese
Academy of Science$suangzhou, China

*Department of Oceanography, University of Hawaii at Manoa, Honolulu, HI, USA

Pacific NorthwesNational Laboratory, Richland, WA, USA

'State Key Laboratory of Marine Environmental ScgnXiamen University, Xiamen, China

8School of Amospheric Sciences, Sun Yegn University, and Southern Marine Science and Engineering
Guangdong Laboratory (Zhuhai), Zhuhai, China

The interaction between physical and biological processes strongly influences the phytoplankton
production in the uppercean, yet our understanding of this relationship remains limited. Here, we use a
combination of satellite and targetin situ observations conducted during summer in the South China
Sea to investigate thedphysical interplay that shapes and maintaiessilibsurface chlorophyll maxima
(SCM) within cyclonic eddies. The results reveal a dama&ped high chlorophyll distribution in the
subsurface of a coherent cyclonic eddy. It is found that the doming of density surfaces increased light
exposure, favorabl®r phytoplankton production at the eddy core. Importantly, we demonstrate that
submesoscale stirring along slantvisopycnals disrupted the mesoscale coherence and drove significant
vertical exchange ofacers. Notably, compared to diapycnal mixing, shibmesoscale isopycnal stirring
serves as the primary driver of vertical nutrient flux, crucially resupplying the elevated phytoplank
biomass in the core of the coherent cyclonic eddy with nutrients. These findings provide a dynamical
explanation fothe formation and maintenance of local SCM within cyclonic eddies, highlighting the
important role of submesoscalgndmics in structuring marine ecosystems.
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Processes that influence litom temperatures along the west coast of thgS and Baja Peninsula

Michael Alexander, James Scott, MichaelJacox®?3 Dillon Amayd and Leah WilczynskKi
(presented by Michael Jacox on behalf of Michael Alexgnder

INOAA/Physical Sciences Laboratory, Boulder, CO, USAné&il: michael.alexander@noaa.gov
2NOAA/Southwest Fisheries Science Center, Monterey, CA, USA

SUniversity of California Santa Cruz, Santa Cruz, CA, USA

4Oregon State University, Corvallis, OR, USA

Temperatures on the ocean bottomragiyp influence marine ecosggns along the US and Mexican west
coast. While observations of bottom water temperature aydingted in both space and time, the recent
development of highesolution ocean reanalyses enable a detailed-tlmeensional view of coastal
oceanography. éfe we use the GLORYS 1/12° (~9 km) reanalysis during-2893 to examine

processes that influence bottom temperature (BT) along the west coast of North America from 23°N
48°N. Locally, thee are positive correlations (r> Odgtween BT and indices ofdtvertical temperature
structure, including the mixed layer depth, thermocline depth (TD) @&nekttical temperature gradient
near the bottom, where the correlation between BT and TD exceeds 0.8 in the southern part of the
domain. The BT is also correéat (r > 0.5) with the local sea surface height (SSH) with a maximum at
~5-day lag. On subseasonal timescales, the coherence between SSH at the southern tip of Baja and both
SSH and BT anomas northward along the coast increadh lag on timescales coistent with the
northward propagation of coastally trapped waves. Like SST and SSH, BT anarakeserent along

the entire west coast on interannual time scales, reflecting the influence of ENSO on the eastern North
Pacific. In contrast to SSH, the liménce of the local windriven Ekman transport on BT anomalies
increases with latitude. The relative roles of wittidven and ocean processes as a function of latitude are
confirmed using gesitivity experiments with a regionatean model.
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Subsurface nutrients, not upwelling strength, control projected productivity charigesdalifornia
Current System

Michael G.Jacox?', Michael Alexandéx Dillon Amay#, Steven Bograd Nathali Cordero Quirds,
Dianne DeaurfaHui Ding?®, Jerome Fiecht&rMercedes Pozo Bdit and Ryan Rykaczewski
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2Physical Science lmratory, Earth System Research Laboratories, National Oceanic and Atmospheric
Administration, Bouldg CO, USA

3Institute of Marine Sciences, University of California Santa Cruz, Santa Cruz, CA, USA

4University of Hawaii, HI, USA

SUniversity of Colorado Bulder, Boulder, CO, USA

®Ocean Sciences Department, University of California Santa Cruz, Santa Cruz, CA, USA

’Ecosystem Sciences Division, Pacific Islands Fisheries Science Center, National Oceanic and
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A number of mechanistic hypotheses have been offered to describe physical and chemical responses of
easten boundary upwelling systems to climate change. In terms of their impacts on primary production,
these mechanisms may reinforce or oppose eachiodmranced nutrient concentrations in source

waters would support higher productivity, increased stratification would tend to limit nutrient supply and
productivity, and increased upwelling could enhance productivity to a point but findigtivity if it is

too strong. There is no clear consensus on which mechanism(s) will predominantly drive future
productinity changes, with various retrospective and forwlaaking studies suggesting dominant roles

for wind, stratification, and source water nutrient concéiotra. Here we use an ensemble of regional

ocean projections for the California Current System (CCS), forced by three different earth system models,
to disentangle the sometimesmpeting factors of wind forcing, water column struefand remotely

driven nutrient content. Some trends are consistent among models (e.g., decreased mixed layer depth and
increased upwelling in the northern CCS) while for others there is a lack of agreement between models
(e.g., nitrate concentration in upwelled waters, upnglinh the central/southern CCS, chlorophyll
concentration). However, despite the disagreement between models on whether productivity will increase
or decrease, there is agreement that productivity changes are predominantly daand®s in

subsuréce litrate concentrations, not by changes in upwelling strength. Given that much of the focus to
date hadeen on changes in upwelling or upwellitagorable winds, our results suggest the need for

more attention to the role of subsurface changes.
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Seasonalcycle of the confluence of the Tsugaru Warm, Oyashio, and Kuroshio currents east of
Japan

S.Itoh?, E. Tsutsunt E. Masunaga T. T. Sakamoth K. Ishikawa, D. Yanagimoté Y. Hoshibd, H.
Kanekd, D. Hasegawa K. Tanakd, H. Fukuddand T. Nagafta

tAtmosphereandOceanResearchnstitute, The University of Tokyo. Email: itohsack®aori.utokyo.ac.jp
2GlobalandLocal EnvironmentCo-creationinstitute,Ibaraki University

SFisheries Resourcelnstitute, Japan Fisheries Researchand Education Agency, National Research
and Development Agency

The Sanriku Confluence east of Japan is the region of confluence of the Tsugaru Warm Current from the
Sea of Japan, the Oyashio Current from the western subarctic gyre&wshtof OkhotskandKuroshio
waterthathasdetachedrom the subtropicalgyre.lt is afield of vigorous stirring driven byariability in
current systems, but transition processes between water masses have yet to beHtiginfiedolution
underwater conductivityemperaturedepth observations were undertaken during each obtlre f

seasons to test a hypothesis that the watass gradient in the Sanriku Confluence is set without full
stirring. Analyses in isopycnal coordiea indicate the seasonalcarrence of prominent fronts of both
salinity and displacement, related to the emergence of various water masses tidgerfior functions

to frontal features, the seasonally emerging isopycnal salinity fronts often bextmemely sharp with
widths typically narrower than 3 km, supporting the hypothesis. Disturbances distiegidiom frontal
structures indicate variance peaks with ranges similar to or slightly greater than the baroclinic Rosshy
radius, likely stirring th largescale tracer gradit at this scale. Elevated variances in isopycnal salinity
were often observed around the fronts, and variances causeaidbydspatches with salinity anomalies
were also large. By determining the horizontal scales at whictffihets of internal wave heaving
becomes dominant, we were able to calculate the potential vorticityofRNg balanced flow field. As

the PV becomes negative or near zero around the fronts, symmetric instability might have developed.
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(5516887 Orad)
Effects of tidal forcing on the frontal dynamicsof the Changjiang River plume
Shuangzhadi, YisenZhong,MengZhouandzZhaoruzhang

Schoolof OceanographyShanghalliaoTongUniversity,ShanghaiChina. E-mail:
yisenzhong@sijtu.edu.¢meng.zhou@sijtu.edu.cn

Tidal forcing is a key driving factor in the frontal dynamics of the Changjiang River plume and plays a
significant role in coastal ecosystem dynamics. In this study, hydrodynamic modeés@fangjiang

River plume with tides and without tides were developed basedeRégional Ocean Modeling System.

The model results were used to estimate the gradient of density and the divergencgdityd¥o

velocity. Lagrangian Coherent Structures (LCSs) were appliaddlyze the horizontal dispersion and

mixing of the plume water.

The LCSs results show that tidal forcing could enhance the horizontal dispersion in the frontal regions.
The horizontal gradient of density indicates that the stratification is strongeg thueimeap tide than that
during the spring tide. The hipontal dispersion is stronger (weaker) at the surface (bottom) during the
neap tide than during the spring tide. The stileiod the horizontal divergence and vorticity are stronger

in the frontal egion during the spring tide than that during the neap tidesifréhntal region north of

31°N where the plume mainstream is located, while the strength of the horizontal divergence and vorticity
are weaker in the frontal region during the spring tida that during the neap tide in the frontal region

south é 31°N. Strong convergence always occurs at the slack water. The horizontal divergence evolution
analysis reveals that therihg the spring/neap tides, greater effect of deformation induced bglthaty

shear, the smaller divergence in the frontal regions.
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(S516902 Oral)
Velocity structure functions derived from submesoscale surface currents over marginal seas
Tran Thi My Hong, Jae Il Kwor, Yong-Gyu ParR, Kyunghoi Kim', and Jun Myounghoi

!Pukyung National University, Busan, South Korgamail: jmchoi@pknu.ac.kr

2Marine Disaster Research Center, Korea Institute of Ocean Science and Technology, Busamr8auth K
30cean Circulation and Climate Research Center, Kiosaute of Ocean Science and Technology,
Busan, South Korea

Observational platforms for submesoscale phenomena have developed rapidly since the advent of remote
sensing. Spaekased observations can resolve features smaller than submesoscalesetitereting

our understanding of intricate oceanic and atmospheric proc¥gbiés ocean colors have facilitated the
detection and quantification of ephemeral and localized processes, monitoririgrEsidmesoscale

surface currents over areas comparamlett larger than, marginal seas, remains challenging with
conventional submesoscale observational platforms. In this study, we implemented a Convolutional

Neural Network (CNN) to evaluate the accuracy of ocean dmeed submesoscale surface currents.

Through this network, we filtered out leaccuracy vectors that could poteaily be affected by weather
conditions and the strength of scalar magnitude and its gradient. We applied these filfecedcsuarents

to calculate the Eulerian velocity structdwection in the marginal seas such as the Yellow Sea, East

China Sea, and East/Japan Sea around the Korean Peninsula. Subsequently, we compared these satellite
derived structure functions with those derived from ocean models and Lagrangian driftertmserva

The findings illuminate the capability of ocean color to investigatbmesoscale turbulence across

diverse regions governed by various physical processes, and aid in evaluating theyeliaimiéan

models.
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(5516522 Poster) S5P1

Surface chlorophyll and temperature anomalies induced by mesoscale eddies and geostrophic strain
in the Arctic Norwegian Sea

Huizi Dong', Meng Zhod, Roshin P. R3j Walker O. Smith, Jt3et al.

1School of Oceanography, Shanghai Jiao Tong UniveSitsinghai, China.-Bail:

huizidong@sijtu.edu.cn

2Nansen Environmental and Remo&nSing Center, Norway and Bjerknes Center for Climate Research,
Norway

3Virginia Institute of Marine Science, William & Maygloucester Pt., VA, USA

The northern Norwegianea is an important area for fisheries in the Nordic Seas, and its high
productivity is strongly associated with mesoscale eddy activities. Mesoscale eddies affect
biogeochemical cycling in the upper ocean through horizontal and vertical tramsyiod of nutrients

and phytoplankton, as well as modulation of eddy structures bywiehdlinteractions. To quantitatively
assess mesoscale eddy induced ocean surface chloramayltentration (CHL) anomaliesch

modulation of eddywind interactions in the regn, we constructed composite averaged CHL and wind
anomalies from 3,841 anticyclonic eddies (ACEs) and 2,727 cyclonic eddies (CEs) over the perod 2000
2020 using satellite altimetry, scatterometer and ocean color products. Statistical results inticatie tha
ACEs and CEs have positive or negative CHL anomalies; of particular anperis that eddinduced

Ekman upwelling plays a key role in the unusual positive CHL anomalies within the ACEs. Thi&sproce

is critical for the veital transport of nutriets and phytoplankton and for sustaining high productivity of

the region. Seasonal shallowing of the mixed layer depth (M&&)It in greater irradiance levels

available for phytoplankton growtthereby promoting spring blooms, which in combination sttbng

eddy activity leads to high CHL anomalies in May and June. The combioegsges of wingddy

interactions and seasonal shallowing of MLD play a key role in generating surface CHL anomalies and is
a major factor in the regation of phytoplanktonibmass in the northern Norwegian Sea.
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(S516555 Poster) S5P2 (ECOP)

The formation of the T-S relationship in the Kuroshio Extension region

Yuki lkeda and Takeyoshi Nagai

Tokyo University of Marine Science and Technology, Tokyo, Jagamail: yikeda3501@gmail.com

A triple decomposition framework was applied to the tempegatariance equation to assess each
temperature variance budget term, diapycnal mixing production by-soad turbulencesopycnal

stirring production by mesoseaéddies and temperature variance dissipation in the Kuroshio Extension
(KE) region.

In the surface, diapycnal mixing dominated variance production.

The vertical eddy diffusivity was not so high valwex(10 ® 10 4 in the upper 200m, but variance
production was dominated by diapycnal mixing because the vertical component of potential temperature
gradient was high.

In contrast, isopycnal production of temperature variance was dominant-itentid206450m).

Although the water in this depth is characted by low PV, its density is greater than that of NPSTMW
(North Pacific Subtropical Mode Water), suggesting that low PV water formed in the northern region
(such as Central Mode Water) may have advected into this region mixing with other seawateecthe eff
of doublediffusive convection should also be considered since thermal variance dissipation in the KE is
found to be much active than that of TKE dissipation that are previously consideredaosed sdig

by doublediffusive convection. In this stly,

the effective thermal diffusion coefficient derived from two models is used to separate the role of double
diffusion from lateral stirring on the temperature variance budget.

(S516575 Poster) S5P3 (ECOP)

Spatiotemporal characteristics of the cya@nic eddies generated between the Kuroshio and the coast
of Japan during 2000i 2020

DiegoPinglo*? and Takeyoshi Nagai

tUniversidad Nacional Agraria La Molina, Lima, Peftcmail: 201704Q@Ilamolina.edu.pe
*Tokyo University of Marine Science and Technology, Tokyo, Japan

Submesoscale cyclonic eddies formed between the currents and the coasts, known as the frontal eddies,
play a key role in promoting exchanges of matters between offshore and coastal oceéariemidich

deep and sunlit surface | ayers, while retaining f
survival rate. Although the previous studies reported that the Kuroshio can also generate frontal eddies

that weresuspected to enriche downstream regions, it is still unclear how the activityaitil eddies

can modulate interannually in relation to the Kuroshio path modulations. In this study, ocean reanalysis
product and satellite chlorophyll a data are analyzed to elucidate whémwhen these submesoscale

cyclonic eddies can be generated in relation to the Kuroshio path variabilities and their impacts on the
phytoplankton.
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(5516813 Poster) S5P4

Vertical changes in phytoplankton size structure assessed through-gitu measurements, a profiling
crawler and random forest modeling

Jens MNielsert? Lisa B. Eisnet, Sun BakHospitaf, Priscila K. Langg Jeanette GadnMichael W.
Lomas, Calvin W. Mordy’, Phyllis Stabentand Noel Pellantf

!Cooperative Institute for Climate, Ocean, and Ecosystem Studies, University of Washington, Seattle,
WA, United States. Enilajens.nielsen@noaa.gov

2National Oceanic and AtmosplheAdministration, Alaska Fisheries Science Center, 7600 Sand Point
Way NE, Seattle, WA 98115, USA

3National Oceanic and Atmospheric Administration, Alaska Fisheries Science Q&d@9, Point Lena
Loop Rd,Juneau, AK 99801, USA

“National Oceanic and Atmospheric AdministratiSouthwest Fisheries Science Center, 110 McAllister
Way, Santa Cruz, CA, 95060, USA

*Departamento de Meteorologia, Instituto deo Geociéncias, Universidade Federal do RerdeRian

de Janeiro, RJ, Brazil

®Bigelow Laboratory folOcean Sciences, 60 Bigelow Dr., East Boothbay, ME, 04544, USA

"National Oceanic and Atmospheric Administration, Pacific Marine Environmental Laboratory, 7600
Sand Point Way NE, Seattle, WA, USA

Phyoplankton community size structure is a key attribute that influences pelagic trophic energy transfer
and the vertical flux of organic matter to benthic food webs. Phytoplankton assemblages dominated by
small cells, commonly have low trophic transfer éfficy and high internal recycling, which contrast

with food webs dominated by large phytoplankton. In the Bering Sea, a highly productive spring bloom is
followed by summer periods characterized by strong stratification and nutrient depleted surdase wa
Here, we explore how such contrasting oceanographic conditions in the southeast Bering Sea influence
phytoplankton size structure. We analyzed the dynamics of phytoplankton size structure both seasonally
and vertically throughout the water column. Thimssvaccomplished, by developing a random forest

model usiig multi-year discrete water sample measurements of total and large fraction (>10 um)
chlorophylta concentrations (Cld), and then apply this model to a vertically integrated moored profiler
(Prawler). Our results, of both isitu water sample and modeled Prawler data, show that the proportion of
large fraction Chhincreases with water depth. Large cells have proportionally higher abundance below
the mixed layer depth throughout most of the summkeile small cells (<10 um) comprise -BD % of
phytoplarkton community near the surface. Our findings highlight the stable vertical partitioning of
phytoplankton size structure for much of the summer growing season. The seasonal and vertical
differen@s n phytoplankton size structure likely influence feeding behavior of both micro and meso
zooplankton, as well as the structure and energy transfer of the southeastern Bering Sea planktonic food
web.
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(5516830 Poster) S5P5

Seasonal andnterannual variation of Atlantidae heteropods off the western coast dBaja
California, Mexico.

Maria MoreneAlcantard?, GerardoAcevesMedina?, Bertha E. Lavaniegés]. Martin Hernandez
Ayon?, Sylvia P.A. JiméneRosenberfjand Jaime GoémeGutiérre?

Yinstituto Politécnico Nacional, Centro Interdisciplinario de Ciencias Marinas, La Paz, Baja California
Sur, Mexico

2Universidad Auténoma de Nayarit, Tepic, Nayarit, Méxican&il: maria0328@yahoo.com

Centro de Investigacié@ientifica y de Educacién Superior de Ensenada, Ensenada, Baja California,
Mexico

“Instituto de Inestigaciones Oceanoldgicas, Universidad Auténoma de Baja California, Ensenada, Baja
California, Mexico

Ocean acidification can affect the Atlantidae hologtanic gastropods because of their aragonitic shell

and their epipelagic habitat. In the southern California Current System, the strongest seasonal changes in
zooplankton species composition and environmental conditions occur between winter and si@@g. EN

and marine heat waves are the main drivers of interannual scale environmental changes. @sit@im w

infer the effect of the seasonal (wingring) and interannual (202016) environmental varidiy on

the diversity, distribution, and abundanceatiintid species off the Pacific coast off Baja California,

Mexico. Atlantidae diversity was higher during winters than during springs, with maximum species
diversity associated to the 202815 marine heat wave and El Nifio 2€A®BL6. Atlanta californiens

was the most abundant spes;imainly during spring, and its relative abundance decreased periods

with warm anomalies, while tropical/subtropical species increased. th#astid distribution recorded

during winter was correlated with temperatusalinity, and the distribution of seawater masses, and
during spring their distribution was mostly assoc
aragonite saturation horizon. Differences in the species community structure, the rapid response to
aragonite undersaturatedtaes and hypoxia, and theirssgater mass affinity showed that atlantids are

robust indicators of environmental changes and potential biologicabiodiof acidification and
deoxygenation.
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(5516848 Poster) S5P6

Characterization of the fish larvae community off ENSENADA in the southern California Current,
and its interaction with local and interannual variability

Sylvia P. A JiménezRosenbergand Gerardo Acevegledina

Instituto Politécnico Nacionalentro Interisciplinario de Ciencias Marinas, La Paz BCS, México. E
mail: srosenbe@ipn.mx

Fish larvae communities in the Southern California Cutneme been studied regarding to species
conposition and community structure on seasonal and-arteual scales. Accarg to this, the region

can bedivided in three zones: Ensenada, Bahia Vizcaino, and South Punta Eugenia. Off Ensenada, larvae
of mesopelagic fishes rank among the first in abundance. Demersal species larvae exhibit the highest
richness, except during winter, were the meso atttypalagic species richness increase. Being meso
bathypagic and demersal the most remarkable fish larvae off Ensenadawyeadythe objective of this

work is to find out if the variations in these two communities are attributed to local seasonalityaoiabi

to largerscale variability in the area, or both. Fish larvae were sorted out of zoplankton samples of 63
IMECOCAL cruises realized during a-3@ar period (1992017), representing almost in equal

proportion the four seasons of the year, in additd various interannual scale events Preliminaryltsesu

show that larvae of medmathypelagic species tend to be synchronized with local anddaaie

variability, reporting abundances in direct relation to positive and negative thermal anomailhesedhtt

to both sea surface temperature and El Nifio and La Nifia events. However, no related change is observed
in the presence dominant species of this group. The larvae of demersal species, in terms of their
abundance, tend to be directly related to gff&hNifio events and prolonged cooling events. However,
something that is notable in this community is the variability of species richness, both on alsgason
interannual scale.
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(5516876 Poster) S5P7 (ECOP)
Using pollock larvaedistributions to explore ocean processes in the Western Gulf of Alaska
Emily L. Lemagi€e!, Lauren Rogerfsand Jens Nielséd

INOAA Pacific Marine Environmental Laboratory, Seattle, WA, USAm&il:

emily.lemagie@noaa.gov

2NOAA Alaska Fisheries Sciee Center, Seattle, WA, USA

3Cooperative Institute for Climate, Ocean, and Ecosystem Studies, University of Washington, Seattle,
WA, USA

Understanding the processes tinfiience fish larval distributions is a key aspect in assessing population
dynamics, survival and recraient. Past studies have shown that local wind forcing influences Walleye
pollock (Gadus chalcogrammigarval dynamics in the Gulf of Alaska, but the mechanisms andtgear

year variability are not fully resolved. Walleye loak is a key trophic linkage in the Gulf of Alaska food
web as both a predator and prey resource, as well as an important target of the cofishergial

Pollock larvae are spawed in Shelikof Strait and transported southwestward into the Shelikofales V

by the Alaskan coastauirent. Larval drift varies due to processes and forcing across many spatial scales
such as due to eddies within Shelikof Strait which can retain pollock in patches, baroclinicdyisity
exchange across the sea valleysaoseale eddies over the slope, and the strength, direction, and shear of
the wind stresdncluding from gap wind events funneled by local topogyaph NOAA&és Eco FOCI
program has saphed larval pollock distributions since the 1980s, allowing us to revipthesized
relationships betwen oceanographic processes and pollock larval dynamics including how marine
heatwaves influence larval distribution. We analyze 34 years of larval data to estimate interannual
changes in distribution and abundance using deatiporal models to infer how oceanographic

conditions, multiscale processes, and climate variability impact spring distributions. Preliminaygesal
show shifts in the larval oger of gravity of up to 100 km among years, driven by multiple processes.
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Session 6: MEQ Topic Session

Co-sponsors: Invited Speakers:
Coastal Restoration Society Adrianne Akmajian (Makah Fisheries
Washington Crab Team Management, Makah Indian Tribe, WA, USA)

Washington Department of Fish and Wildlife ~ Bobbie Buzzell (Lummi Natural Resources
Department, Lummi Indian Business Council,

Convenors: WA, USA)
Thomas Therriault (Cada), corresponding Joshua Charles(i€oastal Restoration Society,
Carolyn Tepolt (USA) BC, Canada)
Crysta Stubbs (Coastal Restoration Society, B(
Canada)

Non-indigenous species (NIS) can cause ecological and economic damage to coastal marine ecosystems
and are a threat to biodiversity, ecosystem servicesthanivelihood of coastal communities around the
North Pacific. The spread of marine NIS has increased in the last decade due to globalization and other
related human activities and climate change. This has sparked an increased awareness about the threat
NIS pose and the need for better management and policy to mitigate their impacts, espeaiadigyn al
stressed coastal environments. Once such example is the spread of European Green Crab (Carcinus
maenas) along the west coast of North America whereagement efforts have recently ramped up.

Further, it was quickly realized that management needed to be coordinated and inclusive, especially over
large spatial scales. Similarly, despite considerable spspeific knowledge, many scientific gaps were
identified (from monitoring and early detection to control and eradication) and successful management
interventions were only possible via collaborative networks including agencies, Indigenous groups, and a
variety of stakeholders. This topic session wilhlere the complexities of managing NIS from different
perspectives and will not be limited to only Green Crab. The goal is to share experiences around
successes and challenges of managing marine NIS, especially those that span different spatial scales or
jurisdictions, and how these challenges were resolved or not. This will allow generalizationd theat w
helpful for PICES member countries managing marine NIS.
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(S6-:16677 Invited)
Bringing back ecological balance through an indigenous perspective
Joshua&Charleson

Coastal Restoration Society, Port Alberni, British Columbia, CanadaaiE
jcharleson@coastrestore.com

Since time immemorial Indigenous peoples living on the WesassCof what is now known as Canada

and the United States have had an intimate relationship with all living ari/imgnspecies in our

coastal waters. For thousarafsyears balance was created naturally between all living andwiog

species in oucoastal waters and gave abondance to the Indigenous peoples. This balance has been
disrupted over the past 150 years through rapid climate change, over harvesting, and the introduction of
invasive species. Indigenous peoples are the stewards of theggitddands and waters and have

witnessed these changes and imbalances firsthand. In order to understand the full scope of these changes
happening at an accelerateterave must look back into our history and what has led us here to where we
are today. Taditional Ecological Knowledge blended with modern science and technology is the key to
unlocking the past and returning ecological balance into the future. Engagenmsetapment, and
implementation of AIS programs in partnership with Indigenous lesdpave never been more important.
Understanding and building relationships with Indigenous Nations is the first step to understanding and
building a balanced future iour lifetimes and for the generations that come after we are gone.

(S6-16787 Inviter)

South CoastEuropean Green Crab Control Project

CrystaStubbs

Coastal Restoration Society, Port Alberni, BC, Canadmalt crysta@coastrestore.com

The South Coast European Green Crab Control Project investigates the efficalysofal style
trappingasamethodto depleteandcontrol populationsof theinvasiveEuropeargreencrab(EGC)on the
coast of Vancouver Island. Since November 2021, Coastal RémtoBaciety, the Ahousaht First

Nation, the Tlao-qui-aht FirstNa t i o n aKe Hirst Nati@hdnupartnership with the Department of
FisheriesandOceansCanadéavebeencollaboratingon EGCtrappingprogramsn ClayoquotSound and
Sooke Basi within critical juvenile salmon habitat. Integral information regardirglogistics,

engagement pathways, operational costs, trap types, variety in catch per unit effort based on trapping
variables, bait selection, etc has been collected and will guide th@pieeit of a coast wide
management plan for European green cra®GnAs of June 20, 2023, over 560,000 European green
crabs have been removed from Canadian waters through the South Coast European Green Crab and
Control Project. This Project nonly highlights the complexities associated with performing aquatic
invasive species management, but also demonstrates the importance of meaningful collaboration to ensure
effortsarecosteffective,donein amutuallyinformedandrespectfulway amongspartnersand involve
thorough risk assessment and management.
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(S6-16800 Invited)

Increasing trapping capacity to address invasive European green crakCércinus maenagin Lummi
Sea Pond and Lummi Nation Tidelands

BobbieBuzzell, Nicholas Jefferson and Shawn Evenson

Aquatic Invasive Species Division, Lummi NatuReésources Department, Bellingham, WA, USA. E
mail: bobbieb@lummnsn.gov

In 2021, Lummi Natural Resources Department (LNR) staff led a high intensity trapping effort to remove
invasive European greecrab (Carcinus maenas; EGC) from Lummi Sea Pond (la&SPRacre
manmade aquaculture pond | ocated in Lummi Bay on
86,000 EGC were captured and removed from LSP and prompted Lummi Indian Business Council to
declare an EGC disaster (Resolution #2038), which wasoon followed by an emergency order

enacted by Washington state. Both nueas set in motion increased funding and resources for Lummi
Nation to respond to the EGC population increase in LSP apatelyriOver the next year, LNR staff

quickly built capaity to increase trapping within LSP. LNR staff are also continuing to assess the extent
of EGC spread into Lummi Bay and Lummi River and monitor other areas of potential establishment on
Lummi Nation tidelands. Increased trapping efforts revealed somadspfr&GC in Lummi Bay;

however, LNR collaboration with Washington Depantinef Fish and Wildlife, Lummbwned vendors,

and Lummi fishers have successfully stagnated EGC trapping densities in leSffowimg population

growth of EGC in LSP allows for timito develop longerm strategies for EGC research and management
on Lummi Sea Pond (beyond trapping) and reduces the likelihood of EGC in LSP serving as a source
population for the greater Puget Sound and Salish Sea. In this presentation, we will discuss
implementation strategies, hurdles, and outcomes over the last couplwyaaysopriately address the

EGC invasion on Lummi Nation tidelands.

(S6-16945 Invited)

Management, monitoring, and resarch on European green crab (Carcinas maenas) on the Mak
Reservation

AdrianneAkmajian

Makah Fisheries Management, Makah Tribe, Neah Bay, WA, U.S:AaiE
marine.ecologist@makah.com

Since first detecting European green ci@hr¢inas maenagdereafter green crab) on the Makah

Reservation in 2017, thdakah Tribe has implemented a variety of strategies to remove and monitor the
invasive crabs within their waterways. Removal trapping for the past six years has revealed complex and
unexpected findingmm their distribution not only spatially and tempoyabut also by size, sex, and
environmental variables. While the population appears to be established and, at least partially, self
recuiting, settlements of new recruits throughout the trapping season suggest there are likely multiple
sources. Monitoringind research to look at their impacts on the native species reveals both the potential
for biotic resistance by some species and seeming declines of othersebsture studies reveals the
complex mture of attempts to estimate true abundance and gtanynovements.
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(S6-16604 Oral)

The transition from resistance to acceptance: Controlling a marine invasive species in a changing
world

Abigail Keller?, Perry de Valping Tim Counihadand Carl Boettigér

tUniversity of California, Berkeley, Beekey, CA, USA. Email: agkeller@berkeley.edu
2U.S. Geological Survey, Western Fisheries Research Center, Cook, WA, USA.

Invasive species managers face novel challenges allocating limited controtessander a changing
climate, particularly in aquaticabitats where org@éms can disperse broadly and rapidly. Managers must
identify the level of control effort sufficient to mitigate ecological impacts, or decide when to shift from a
"resist" to "accept" management framework when high rates efamaha densitydependent

recruitment outstrip the pace of suppression activities. To support control decisions, we deizelop a s
structured model of invasive European green crab population dynamics orSthveest coast that

describes how sizselective conwl actions alter thpopulation. We then identify optimal allocations of
species control effort, including conditions when removal resources should be surrendered from a given
location. Finally, we quantify the relative contribution of different sourcesoértainty to overall

decision uncertainty, which can be used to guide future research efforts. This decision saupparofk
provides a path forward for optimizing invasive species managemesggsatinder nestationary

marine conditions.

(S6-16680 Oral)

Challenges, lessons learned, and advantages of largeale collaborative management actions
targeting the European green crabCarcinus maenasin Washington state

Brian Christopheifurner, Chelsey Buffington and Lennah Shakeri Mohar

Washingbn Department of Fish and Wildlife, Aquatic Invasive Species Unit
Olympia, Washington, USA Email: Brian. Turner@dfw.wa.gov

Managing marine neindigenous species (MNIS) is a challenging undertaking) ésesmall, isolated
populations where one entity hasisdictional autlrity. As management actions' geographic scope
increases, the complexity of MNIS management increases exponentially. Natural variation between
geographical locations requires careful consideration of management actions enyaiéabasis, both

in terms of efficiency and safety. The larger management area complicates the transportation of gear and
persamnel but can result in localized bottlenecks in management capacity duertaridb@source

shortages. In addition, geographic exgian of managemeefforts often incorporates multiple

jurisdictions, requiring coordination and collaboration among various entities. While cooperation between
entities can yield great benefits, differences in priorities, goals, and internal procedatd®mavigated.

As the number of individuals/entities increases, variation in fieldwork and data collection/management
practices can quickly complicate reporting and assessment of management @bhgamsgoing statewide
management of the European greeah Carcinus maeas) in Washington is a case study of the

challenges and benefits of a laiggale collaboration between variousroanagers, tribes, and partners to
manage MNIS. This presentation will review the challenges, lessons learnedlvanthges of large

scale collaborative management actions for MNIS.
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(S6-16769 Oral)
Multiple larval sources for Oregon and coastal Washington green crab populations

Sylvia Behrens Yamada, Carolyn Tepolt and Alan ShanKs

lintegrative Biology, Oregon State University; Corvallis, OR, USAn&il: yamadas@oregonstate.edu
ANoodsHole Oceanographic Institute, Woods Hole, MA, USA
3Alan L. Shanks, Oregon Institute of Marine Biology, Charleston, OR, USA

Prior to the 20152016 EI Nino, recruitment of Your@f-The-Year European green crabs to Oregon and
coastaMWashington estuaries was closely linked to ocean conditions experienced by their larvae during
the previous winter. The primary larval so& during this peridwas the Davidson Current transporting
larvae north from breeding populations in California. Ocean indicators of warm surface water
temperatures and strong northward water transport during winter were followed by good year classes of
young grea crabs, whe the reverse produced recruitment failure. This pattern changed after the 2015
2016 El Ninowhen good recruitment occurred every year, indicating the presence of additional larval
sources. Evidence for local reproduction was tbanCoos Bay, Oregoturing the winter of 2010 (a

mini El Nino year) when first instar green crab larvae were found in plankton samples. Larvae can also
arrive from the north after the Davidson Current dissipates and thetbak Current brings water

masses fronthe northduring the summer. One isolated population on Vancouver Island, in Sooke Basin,
developed a ugue genetic fingerprint that differs from the welixed populations on the open coast.

Some crabs from Makah, Grays Harbor, Willapa, itk and Netarts Baysarried this unique

genotype, suggesting that they must have arrived from Sooke as larvae carried in theeSkéurrent.
Oregon and coastal Washington estuaries now can receive larvae from the south in the winter, from the
north in the smmer and fom local sources. The presence of these multiple larval sources complicates the
control of thisinvader.
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(S6-:16779 Oral)
Genomic tracking during the earliest stages of a marine invasion
Carolyn K.Tepolt!, Emily W. Grasof P.Sean McDonaltf and Thomas W. Therriadlt

Woods Hole Oceanographic Institution, Woods Hole, MA, USA. Email: ctepolt@whoi.edu
AWashington Sea Grant, Seattle, WA, USA

SUniversity of Washington, Seattle, WA, USA

“Department of Fisheries & Oceans Canada, Namaimo, BC, &anad

Marine invasive species are often widespread and highly dispersive, presenting a challefesif@ ef
management and spread prevention. Understanding where new introductions are coming from, and how
they are dispersing in their inttaced range, camelp to concentrate resources on the higtisktvectors

and to design management strategies at an appropriate spatial scale. The emergerefautivest
high-throughput genetic sequencing permits us to examine sources and connectivity direcdynugihg
higherresolution, genomwide perspective than traditional population genetics approacheesilV

discuss the utility of genomic tools for better understanding and managing marine invasions, using the
European green crab (EGC)the northeasterRacific as a case study. Green crabs have spread rapidly in
the northeastern Pacific since their first detection in 1989, with increasing recruitment and accelerating
spread since 2017 likely due in part to warming waters. EGC in this region have |¢sttRallgenetic
diversity and traditional population genetic markers have provided little resolwiowill present

genomic data from ~5,000 transcriptooherived single nucleotide polymorphisms. This improved
genomic resolution demonates overall extesive dispersal in the region, with distinct genetic signatures
developing rapidly in embayments where dispersal is restricted. Using these distinctive populations as
tracers, we have identified complex patterns of regional dispersal and spread, espeb&@Balish Sea,

with multiple sources and recent introgression between them. Genomic dataacaexgellent tool for
understanding dispersal and spread in the earliest stages of invasion, and can inform management
decisions to predi¢cprevent, and anage marine invaders.
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(S6-16839 Oral)
Top-down control of invasive European green crabs by Southern sea otters in central California

Rikke Jeppesen, Edwin GrosholZ Catherine de RivetaTim Tinker!, Brent Hughes Ron Eby and
Kerstin Wassoft

'Elkhorn Slough National Estuarine Research Reserve, CA, USA. E mail: rikke@elkhornslough.org
2University of California, Davis, CA, USA.

3Portland State University, OR, USA.

4University of California, Santa Cruz, CA, USA.

*Sonoma Site Unversity, CA, USA.

Can recovering populations of native apex predators increase the resistance of coastal ecosystems to
invasions by nomative species? Elkhorn Slough estuary in central California is habitat for several
keystone species includinige Southern sea ottderfhydra lutris nereisand several invasive

invertebrates including the European green céardinus maenas We investigated whether predation

by sea otters has suppressed abundance of green crabs in Elkhorn Slough. We anaityzétrdata

tracking bothotter and green crab abundances since the early 2000s. We found that as sea otters have
steadily increased over the past decade, green crabs have declined. Sea otters consume a variety of prey
including green crabs, which we qtified with field observations. Our analysis showed increasing sea

otter density resulted in a significant reduction ohtigk green crab abundance at multiple sites.

However, tidally restricted sites that impeded access by sea otters maintained dmgltesaf green

crabs, lighlighting the importance of restoring natural hydrology. We also compared green crab
population trends across California estuaries and found green crabs have remained consistently low only
in Elkhorn Slough over the past decadée suggest that focusing efforts to maintain populations of

native apex predators can have similar effects on invadesstedse.
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(S6-16888 Oral)
Community science for the early detection of European green cralCércinus maenap

LisaWatkins?, Jeff Adams, Emily Grasoh, Aina Hort, P. Sean McDonatdStaci McMahoh Kate
Litle!, Benjamin Rubinoff? and Alex Stote

Washington Sea Grant, University of Washington, Seattle, WA, USA. Email: watkinsl@uw.edu
2Program on the Environment and SchobAquatic and Fishery Sciences, University of Washington,
Seattle, WA, USA.

European green craBarcinus maenaswvas first @étected in the Salish Sea in 2012. Since that time,
management efforts have focused on early detection and rapid responsetieglycatiress population
expansion across the region. In support of these management efforts, Washington Sea Grant launched a
new program in 2015 called Crab Team, a community science early detection monitoring network. Crab
Team protocols generate baseldata on ecosystem compaosition across the region and establish a
systematt observation network sensitive to range expanai@hpreferences of European green crab. The
network engages over 200 volunteer, tribal, and agency monitors in consistemtldatepoat nearly 70

sites. Its monitoring efforts have successfully resulted in several first detections of European green crab in
new waterbodies. In 2023, Crab Team launched a complementary program called Molt Search to more
broadly engage the public surveying for European green crab across wider swaths of Salish Sea
shoreine. To add value to these programs, Crab Teafihstaritize partnership building and advise

regional groups on cohesive data collection and interpretation, ensuring the dtyvsourcel data

remains valued in management decisiaking. In this talk we share how Crab Team's programs are
designed to generate management relevant data and give a few examples of its measurable utility thus far.
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(S6-16897 Oral)

Introduced subtropical ship hull seaweedColaconema formosanunRhodophyta): species
description and ecophysiological characterization

Hyung WooLee!, Ye Rim Kim', JuHyoung Kinmt, Young Jun Sorfg Young Sik Kint, Eun Ju Kany
Min Gui Jung, Kyungsoon Shity JungHoon Kand, Seung Ho Backand Bonggil Hyuh

!Department of Aquaculture and Aquatic Science, Kunsan National University, Gunsan 54150, South
Korea. Email: hyungwoo.lee26@gmail.com

2Department of Marine Biology, Kunsan National University, Gunsam®43outh Korea

%Ballast Water Research Center, Korea Institute of Ocean Science & Technology, Geoje 53201, South
Korea

“Ecological RiskResearch Department, Korea Institute of Ocean Science and Technology, Geoje 53201,
South Korea

The fouling of ship hils by internationemaritime interactions is significant vectors that poses a threat to
local coastal biosecurity. Despite antifouling treatments, numerous barnacles form communities on the
hull surfaces and spread along the maritime routes worldwideeThaling barnacles can serve as

hidden vector for tiny epizoic seaweeds. We collected a very tiny filamentous red algal individual fro
the barnacles attached on the hull surface of a commercial vessel and incubated its biossagbédtd
taxonomicand ecophysiologi¢@haracteristics. Using the molecular approabbl{ COI-5P and SSU
markers), we identified our collection as a subtropical red sea@es;onema formosanui.-C. Lee

& H.-Y. Yeh, newly reported as a negative-apiendophytic spees to inhibit the growth ddarcodia

suae one of the economic seaweeds in Taiwan. We measured the greestf fesigment ofC.
formosanumunder various temperature (10, d510@0gma@lb,
photons rts?) conditionsfor 10 days to identify their ecophysiological characteristics and invasive
potential. The optimal growth wadserved at higher temperatyepprox. 258C) and higher light
condition (10%Y. Consehuenhye.darnmosasunwhich thrives invarm

environments, is likely to establish easily along the Korean coast if introduced through the ship hull,
particularly during the summeAdditionally, barnacle, which provide substrates for seaweed, could be
significant as a potential source for inwasseaweed.
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(S6-16899 Oral)
Investigating the basis of thermal tolerance of a rapidly spreading crab

Yaamini R.Venkataraman?, Sara Shapifp Sarah ZuidenaJulia Kelsé, Mikayla Newbrey, Lauren
Stephensdh and Carolyn Tepoit

"Woods HoleOceanographic Institution, Woods Hole, MA, USA:nfail:

yaamini.venkataraman@whoi.edu

2Cornell University, Ithaca, X, USA

SUniversity of Massdtusetts, Amherst, Amherst, MA, USA

“Saint Augustineds University, Ral ei gh, NC, USA

European green crab&drcinus maengsare one of the world's most successful marineindigenous

species (NIS). On the North American West Coastnaenasiegatively impact species important for

tribal food sovereignty and commercial shellfish production through competition with native crabs,
predation of juvenile shellfish, and destruction of nursery eelgrass beds. Crab populationsgiothis re

are chareterized by shstantially lower genetic diversity than in their native range. Recent discovary of
supergene (block of genes inherited together) with aminecheidging mutations strongly associated

with thermal tolerance suggests a genetic basis farlgthpn thermal tolerance. However, the low overall
genetic diversity and high thermal plasticity exhibited by crabs presents a genetic paradox: how is thermal
tolerance maintained with seemingly low adaptive potential? This talk will expdavegenetic ad

envilonmer | f actors contribute to an indiviodcada!l <crabé
(5°C), ambient (14°C), or warm (25°C) temperatures for one month. Individual crab responses to
temperature were assessed using-tioreght and respometry. Thermal tolerance phenotype was

compared between supergene genotypes and temperatures to determine how genotype and environment
shaped individual performance. This work illustrates the importance of understanding factors that
contribute to withinpopulation stess tolerance, as individual variation may improve overall population
fitness and ifluence spread of NIS.
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(S6:16925 Oral)
Identifying Management Needs for European Green Crab in British Columbia, Canada
ThomasTherriault , BrettHoward, Renny Talbot, Christine Spice, and Mark Potyrala

Pacific Biological Station, 3190 Hammond Bay Road, Nanaimo, BC, Camladsail:
thomas.therriault@dfmpo.gc.ca

The European Green Crab (Carcinus mae®&3C) is a higkrisk global invadethat @n devastate
coastamarine ecosystems by displacing native species, degrading and disturbing native habitat, and
altering food webs. Despite being known from Canadian waters of the Pacific Ocean for more than two
decades, management efforts haveonlgned | v been initiated. As the

are locations that have only recently been invaded while others have been invaded since the late 1990s.

This greatly complicates management activities and means that a single seilitiai be applicable
coastwide. Where EGC have not yet been reported then early detection is the priority while in locations

where EGC have been present for decades management efforts are aimed at reducing populations levels.

Also, there is considerable cortalependency that must be factored into decision making and successful
management requires considerable engagement with coastal First Nations, stakeholders, industry, and
Canadians. Here we discuss the challenges, solutions, and gaps arounaag€menneeds.

Althoughher e are no fAsilver bulletsd there are areas

making. These will be discussed in the context of early detection, monitoringteshoihtervention,

and longeiterm removals. For examplean management thresholds be identified whereby managers
know when to engage in control efforts, when they know efforts are working or when they are not and
management nesdo adapt or cease. Finally, we will discuss how advances have beerhroadh t

early engagement bottomestically and with colleagues in the United States.
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Developing a quantitative basis for management targets for nemdigenous marine species
Edwin D.Grosholz

University of California, Davis, CA, USAE-mail: tedgrosholz@ucdavis.edu

Norrindigenous species (NIS) have continued to increase in marine systems over the past decade driven
by expanding globalization and climate change. Among the primary goals of managing NIS is to reduce
or mitigate the edogical and economic damag®y cause including the loss of biodiversity, and the
reduction of ecosystem functions and services including fisheries productivity. A critical aspect of
developing management actions for to reduce these damages is to defimectional relationship

betweernthe abundances and distribution of NIS and the damage they create. Defining this relationship
permits the development of quantitative targets for harvest reduction. Too often harvest management
programs invest substaaltcapital without clearly efined targets for reducing or eradicating marine NIS,
although eradication is extremely difficult. In this presentation, | start with examples using the European
green crab and their bivalve prey and then summarize what webaoadly about the relationship

between NIS abundance and the resulting damage to specific ecosystem functions and values. Functional
eradication is an approach that uses thelmaar relationship between NIS abundance and the ecosystem
value at riska develop targets for managent harvest. The degree to which this relationship applies to
other NIS and the ecosystem values that they put at risk will determine the utility of this approach for
providing similar targets for managing other NIS. | alsauis how this approach could bepiemented

by multiple jurisdictions over larger spatial scales involving locally variable NIS densities and ecosystem
values.

112



(S6-16969 Oral)

Science to support management of marine bioinvasions; a case studyrofasive European green
crab (Carcinus maenagin Washington

P. SearMcDonald?, Jeff Adam$ Emily Graso#, Kate Litle, Benjamin Rubinoff?and Alex Stoté

tUniversity of Washington, Seattle, WA, USA-niail: rubinoff@uw.edu
2Washington Se&rant, Seattle, WA, USA

Effective management of marine bioinvasions frequently hinges on rapid deployment of best available
science to address urgent concerns. To do so, managers and scientists must work together closely, and
infrastructure ang@rocesses shoulak aligned for efficient imlpmentation. We use the example of

European green cral#ércinus maenashenceforth green cralmanagement in Washington State as a

case study. The green crab was first detected in Washington waters in 10@&uafteel Nifio currents

spread large of California populations as far north as Vancouver Island. Because of perceived risks to
coastal resources, the green crab was designated a deleterious species in Washington State, which among
other actions, mandatedonitoring and cotrol of the species in s@tvaters. Over the past decade, green

crab abundance and distribution has increased throughout the region, as has coordinated management in
many jurisdictions. In this presentation we highlight how knowledgesfea and collaboration have

develgped among managers, scientists, and other stakeholders and how management has evolved to build
regional response capacity. In particular, we emphasize the importance of integrating new scientific
understanding into managent. This has ebled a robust and resporsiregional strategy, rooted in

effective communication and sciericdormed decisiormaking.
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Ecological impacts of the invasive European green cralC@rcinus maenagin Washington
BenjaminRubinoff!? Jeff Adam$ Emily Grasof Kate Litle, P. Sean McDonatdind Alex Stoté

tUniversity of Washington, Seattle, WA, USA-niail: rubinoff@uw.edu
AWashington Sea Grant, Seattle, WA, USA

The European green crab (EGC) was filestected in Washington, USA 1998, and since then, has

expanded in numbers and spatial extent across coastal and inland waters. Ecological impacts of EGC have
not yet been recorded at this early stage of invasion, but as populations continue to grare, fikely

to become increasingly detectable/appatde anal yzed Washington Sea Gr ant
data to determine how EGC populations vary over space and time and to identify species showing
negativepopulation correlations with green crabundance. Native hairy shanab Hemigrapsus

oregonenis) showed the strongest negative relationship with green crab abundance, aligning with
documented impacts in other locations. We then conducted a tethering experiment during the summer of
2023 to hvestigate whether green crab abundance across multiple invaded sites show a positive
correlation with the number of tethered hairy shore crab consumed. In this talk, we will present the results
of our tethering expénent and discuss how they align witbcdimented impacts of EGC inher

locations. We will conalde by suggesting how our monitoring and experimental results can best be

utilized by managers in coastal Washington.

(S6-16768 Poster) S6P1

Research outcomes on core elements to establish bgital risk assessment protocols for hwater
cleaning of shipsd biofouling

BonggilHyun, PungGuk Jang, Jungioon Kang and Kyoungsoon Shin
Korea Institute of Ocean Science & Technology, Geoje, KoremaiE ksshin@kiost.ac.kr

This study covers the scientific basis for manadjinly fouling of ships entémg a port. It can also be

used to diagnose biological risks that may occur whemwaiter cleaning systems remove hull fouling. The
development of the protocol for biological risk assessment is primarily divided into two sections: system
design of Korednfection Modes and Effects Analysis{KIEA), including the selection of core

elementsand scenario design for-imater cleaning, and fMEA response experiments. ThelEA

evablation index of hull fouling was designed by coesidg the inoculation pathwaof attaching

organisms in all processes to the ships which enter the portidicatén cleaning; R1.:

Introduction/Establishment of alien species beforevdtter cleaning, R2: Establishment of alien species
escaped during #ater cleaning, R3: Introduction/ Establishment of alien species afteater cleaning,

R4: Establishment of aliespecies in the effluent water:IKIEA response experiments using the in

water cleaning waes sampled during{water cleaning (R2, R4) drAFC plates (R1, R3) were

performed, and its results showed that the attachment and regrowth of prokaryotedgeaecianad
macroal gae confirmed. I n particul ar, prokaryotes
Not ably, organisms were observed i n -waterecleapiagmp!| es f
effluent even at a low fouling rating (Lv-2). As a result of the biological risk assessment based on the
K-IMEA conditions, it seems necessary to consider the secondary treatmend a@tigowith the

primary filtration method for the treatment ofwater cleaning effluents.
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Session 7: BIO/POC/MONIOR Topic Session

Convenors:
Tsuneo Ono (Japan), corresponding
Alexander Kozyr (USA)

Ocean acidification andeoxygenation are well documented in open ocean waters, but also affect ocean
margins including coastal waters. The causes of these changes, however, are far more complex than in
open ocean waters. Interaction of open ocean waters and coastal watece@tammargins creates

further complex variations, most of which have not been well documented by current ocean monitoring.
Responses of ocean margin ecosystems to acidification and deoxygenation can also be different from the
openocean because specieitean margin ecosystems are adapted to a wide range of natural

pH/oxygen variation. Complex watarass dynamics along ocean margins can also generate-ocally
specific pH/oxygen environments, that can either act as refuges or as areas of enhanced isipact. Th
session aims to gather information on observed or projected changes in pH and oxygen concentration on
ocean margins including coastal areas, its causes and interaction with the open ocean, biological
responses, and consequencefisheries.
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(S7- 16534 Oral)
Coast al hypoxia in Pear!l Ri ver estuarine waters:
KedongYin!?and Jiangzhang He

1Sun Yatsen University, Zhuhai, China.
2Southern Marine Science and Engineering Guangdong Laboratory (Zhuhai), Zhuhai, @faila E
yinkd@mail.sysu.edu.cn

Coastal hypoxia is believed to be due to nutrient enrichment, but the degree of coastal hypoxia varies
widely among estuaries. The Pearl River, the 2nd largest in China, discharges into the oligotrophic South
China Sea and playsdominant role in determining nutrient concentrations and eutrophication processes
in the Pearl River estuary and adjacent coastal waters (PREC). The Pearl River is highly enriched in
nitrogen (N), ca. 100 uM, but low in P. However, eutrophication hypxiat as severe as expst

from this high N enrichment. The PREC ecosystem appears to have a buffering capacity for the N
enrichment. Two major buffering mechanisms are hypothesized to be responsible: physical dilution
processes and Rriitation. In wintr, northeast monsoon dominates in the region and Pearl River
discharge is minimal and in summer, southwest monsoon prevails and river discharge reaches the
maximum in July. Winter monsoons induced downwelling bring offshore waters onshore and serve as an
annual flushing mechanisrand summer monsoons induce upwelling and onshore movement of bottom
deep water, serving as a witkérason flushing mechanism. As

the N:P ratio is much higher (>50N:1P) than 16:1 in the estuarine influenced Rveggotentiajl the

most limiting nutrient and likely places a limit on chlorophyll biomass production. In addition, frequent
wind events also often interrupt the formation of coastal hypoxia. Therefore, the mechanisms of physical
mixing and P limitation work togethes ghe ecosystem capacity buffering against the seasonal formation
of hypoxia in the bottom water getting severe.
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The diel and seasonal heterogeneity of carbonate chemistry and dissolved oxygen in three types of
macroalgal habitats

Huiru Lit, HanbiMoon'? JuHyoung Kin? and Haryun Kim

1Korea Institute of Ocean Science and Technology, Uljin 36315, Republic of Keneail:E
kharyun@kiost.ac.kr

?Department of Aquaculture and Aquatic Science, Kunsan National UniversitgaG%4150, Republic
Korea

As concerns about ocean acidification continue to grow, the importance of macroalgal communities in
buffering coastal seawater biogeochemistry through their metabolisms is gaining more attention.
However, studies on diehd seaonal fluctuations in seawater chemistry within these communities are

still rare. Here, we characterized the spatial and temporal heterogeneity in diel and seasonal dynamics of
seawater carbonate chemistry and dissolved oxygen (DO) in three types ofigehtralaitats (UAM:

ulvoid dgal mat dominated, TAM: turf algal mat dominated, and S&gassum horneend coralline

algae dominated). Our results show that diel fluctuations in carbonate parameters and DO varied
significantly among habitat types@seaons due to differences in their biological metabolisms
(photosynthesis and calcification) and each siteb
parameters were most affected by biological metabolisms at the SC site, and by environmablied va

at the UAM site. Als, we demonstrate that macroalgal communities reduced ocean acidification
conditions when ocean temperatures supported photosynthesis and thereby the absorption of dissolved
inorganic carbon. However, once temperaturegesedhe optimum ranges for macroalgae, respiration
within these communities exceeded photosynthesis and increasedi@@entrations, thereby

exacerbating ocean acidification conditions. We conclude that the seawater carbonate chemistry is
strongly influencedby the metabolisms of the ghinant macroalgae within these different habitat types,
which may, in turn, alter their buffering capacity against ocean acidification.
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Skillful multiyear prediction of marine habitat shifts jointly constrained by ocean temperature
and dissolved oxygen

ZhuominChen', Samanth&iedleckt, MatthewLong?, ColleenM. Petrilé, CharlesA. StockK and Curtis
A. Deutsch

tUniversity of ConnecticutPepartmenbf Marine SciencesGroton,CT, USA. Email:
zhuomin.chen@uconn.edu

2Climate& GlobalDynamicsLaboratory NationalCenterfor AtmospheridResearchBoulder, CO, USA
3Scrippsinstitutionof Oceanographyniversity of CaliforniaSanDiego,La Jolla,CA, USA

4Geophysical Fluid Dynamidsaboratory, NOAA, PmicetonUniversity, Princeton, NJ, USA

>Department of Geosciences/High Meadows Environmental Institute, Princeton University, Princeton, NJ,
USA

The ability to anticipate marine habitat responses to climate variability has high sociogc value.
Herewe quantifyinterannuato-decadapredictabilityof habitatshifts by combiningtrait- based aerobic
habitat constraints with a suite of initialized retrospective Earth System Model forecasts, for diverse
marine species in the North Amean Large Marine Ezsystems. We find thaerobidchabitatviability,
definedby joint constraint®f temperaturandoxygenonorganismal energy balance, is potalyi
predictable in the uppe00 m of the ocean, showing a substaritigdrovemenbverasimplepersistence
forecastTheskillful multiyearpredictabilityis dominated irmostregionsby the oxygencomponent,
yielding habitatpredictionswith longerleadtime than previously estimated based on temperature alone.
Notable prdictability differences exist among spesdiffering in temperatureensitivityof hypoxia
vulnerability,especiallyalongthenortheast coast. This tool will be critical in predigtimarine habitat
shifts in face of a changing climate.
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Effects of ocean acidification on plankton in the Salish Sea
Karyn Suchy*, Debby lansof) Susan Allely Jan Newto#) and Simone Alifh

tUniversity of British Columbia, Vancouver, BC, Canadanéil: ksuchy@eoas.ubc.ca
?Institute ofOcean Sciences, Sidney, BC, Canada

3University of Washintpn, Seattle, WA, USA

“NOAA Pacific Marine Environmental Laboratory, Seattle, WA, USA

Ocean acidification (OA) may have substantial impacts on the planktonic food web. We used a three
dimensional copled biogeochemicadhysical model of the Salish Sea to examine the impacts of OA on
phytoplankton and zooplankton model classes ifrastrial and presefttay scenarios. Diatom growth
rates show strong consistent responses to OA in lab and fieldstégi such, in the model these rates
were manipulated Isad on literature estimates. Results showed that preagrurface pH is, on
average(.2 pH units lower than priadustrial surface pH in the Salish Sea. Deptegrated diatom
biomass increasdd the spring (March) and summer in response to increasing OA, whereas flagellate
biomass decreased in the summer due to competition with diatoms. Ria@géutial microzooplankton
grazing was higher in March and during the summer months compared te-thdystrial scenario,

while mesozooplankton grazing sted only a slight increase in the presday scenario. We observed
less CQ limitation in the presentlay scenario, particularly in the summer, meaning that prelsgnt
diatom growth is less inhildtl by CQ than during préndustrial times. Regional variability in our results
showed that the largest OA impacts occurred in the Central Strait of Georgia, Central Basin in Puget
Sound, and the Juan de Fuca Strait. Altogether, these results proviteimsighe potential impacts that
OA-related changes iower trophic level dynamics may have on juvenile salmon and herring in both the
Canadan and US waters of the Salish Sea.
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Spatiotemporal variability of exposure to low pH condtions in the central California Current
region

JeromeFiechter and Julia Cheresh
University of California at Santa Cruz, Santa Cruz, U.S.Andl: fiechter@ucsc.edu

The nearshore environment of the California Current System (CCS) is known to ecpeatural

exposure to low pH and reduced oxygen in raspdo coastal upwelling. Anthropogenic impacts further
decrease pH and oxygen below biological thresholds, making the CCS particularly vulnerable to ocean
acidification and hypoxia. We use a higisolution (~3 km) historical simulation from a coupled
physicatbiogeochemical model to examine alongshore and temporal variability of exposure to low pH
conditions. Our reults indicate strongly heterogeneous alongshore patterns of nearshore pH inréthe cent
CCS, explained by a complex interplay between lopalalling intensity, alongshore transport, primary
production, and onshowafshore meandering of the regional ocean circulation. An evased analysis
further demonstrates that the duration, intgnand severity of exposure to low pH conditions in bottom
waters along the central CCS shelfbreak is explained by a combination of coastal upwelling intensity and
DIC content in upwelled source waters. Our findings suggest that while the interanmafailitgaof

aragonite undersaturation events is primatéyermined by the intensity of upwellifigvorable winds,

this response is substantially modulated by-femguency baskscale variability (i.e., Pacific Decadal
Oscillation) and resulting changeswater mass composition near the source depth of upwelled waters.
The mechanistic description of spatiotemporal exposure to low pH conditions proposed here provides
important context for monitoring the progression of ocean acidification in the cent&ab@€identifies
conditions leading to increased vulneligpfor ecologically and commercially important species.
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High-resolution climate projections of ocean acidification for the main Hawaiian Islands
LuciaHosekova TobiasFriedrich, Brian PowellGuangpeng Liu, Jacob Gunnarson and Malte Stuecker

University of Hawai &i-mailthoséktva@hawaii.ddo nol ul u, USA. E

Anthropogenic carbon emissions have resulted in increased concentrations of dissolved icatg#nic

in the world's oceans, reding the availability of carbonate ions. This has negative implications for the
physiological performance of calcifying organisms and heightens their vulnerability to additional
stressors, such as elevated water temperatn coastal runoff. The Hawaiian Islands, steep mountains

in the central Pacific, rise from the deep ocean to over 4 km above sea level. They disrupt the northeast
trade winds and surrounding ocean currents, giving rise to robust submesoscale fdawater mass

around the main Haaiian islands is characterized by gradients between oligotrophic waters over the
abyssal plain and the biologically active coral reef ecosystems in the shallow waters, which are
inadequately resolved by global climate madel

We present regional ocean projections generated by a coupled physical/biogeochemical model at a 4 km
horizontal resolution, spanning three CMIP6 scenarios from 2000 to 2100. Our assessment focuses on
distribution, variability, and future evolution of dély used ocean acidification (QAroxies (pH,

aragonite saturation, and substraténhibitor ratio). Across all three scenarios (SR8, SSP2.5, and
SSP37.0), we observe an unprecedented increase in OA in the first half of the century followed by
scanario-specific outcomes. Regional differences emerge for trends as well as natural variability, which
are linked to submesoscale features and the latitudinal temperature gradient. These differences highlight
contrasts between the OA proxies.
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Buffering capacity minima in coastal estuarine waters: implications for ocean acidification
trajectories and ecosystem management

Simone RAlin?, Richard A. Feely Brendan Cartéf, Samantha SiedleckiJan Newtof) Jeannette E.
WaddelfandEr vi n fiJoe® Schumacker

Pacific Marine Environmental Laboratory, National Oceanic and Atmospheric Administration, Seattle,
Washington 98115, USA.

2University of Washington, Seattle, Washington 98105, USA.

3University of Connecticut, GrotoiGonnecticut 06340USA.

40Olympic Coast Natioal Marine Sanctuary (OCNMS), National Oceanic and Atmospheric
Administration, Port Angeles, Washington 98362, USA

SQuinault Indian Nation

Northeast Pacific marine ecosystems experience naturally higledd@iions as a result of subsurface
respiratory CQaccumulation during global ocean circulation. Subsurface water masses upwelled into
coastal and estuarine environments thus have naturally low buffering capacities, which are eroded further
by global ocean adification (OA) ad local respiration process. Bottorawater residence times vary in

the northern California Current System and through the Salish Sea to create a mosaic of biéggochem
conditions in the presefliay, with varying susceptibility to furgh acidification across habitats. Here we
present estimates of changes in buffering capacity and carbonate chemistry in Washington coastal and
estuarine waters from the piredustrial to the presefitay and compare these to projections of Hfieture
acidification. Projeatd rates of acidification gend on presertay buffering capacity levels and
anthropogenic carbon content. Less acidified regional benthic habitats are projeeteddaa or

greater change by 2082040 in acidification than has occedrbetween prendustrial and preseftay

estimates. In contrast, the currently most acidified habitats may see less change in saturation states over
the near future but an acceleratiorp@iO; increase as the carbonate system is depleted of carbonate ions
Differential rates of change across OA mesrhave implications for how the mugtiressor seascape will

evolve over the coming decades, and its relevance to potential biological impacts. While impacts of
declining q val ues onmanaardyfousof ©OA esearah,ithe bidogiseffestaof e b e e
pCO; increase may require more research attention in coming decades with accelerating rates of change.
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A century of change in the California Current: Quantifying the impact of anthropogenic climate
change on ocean acidification

Mary MargaretStoll*, Curtis Deutsch Hana Jurikovh James RaeAnne Gothmarfh Simone Ali?, and
Alex Gagnon

!School of Oceanography, University of Washington, Seattle, WA, E&#il: mmstoll@uw.edu
?Departmenbf Geosciences, Princetomiversity, Princeton, NJ, USA.

3School of Earth and Environmental Sciences, University of St. Andrews, Scotland, UK.
“Environmental Studies and Physics Department, St. Olaf College, NorthfisldJBIA.

>Pacific Marine Environmental Laboratory, NOAA, Seattle, WA, USA.

Over the past century, oceanic uptake of anthropogenih@Ocaused seawater to become more
acidified through a process known as ocean acidification. The California Current $g§8xuwhich
historically expemnces more acidified conditis compared to the open ocean because of upwelling,
serves as an indicator of ecosystem response to acidification. However, predicting the pace of
acidification in the CCS is complicated becatiseanthropogenic contribution is intertwined with other
natural sourcesf@cidification and variability. A central and contested question is whether acidification
in the CCS will follow the pace of increasing atmospherie,@Dif dynamical climate effcts or other
processes will adb either accelerate or atigate acidificationHere we apply the boron isotope pH

proxy to coldwater orange cup corals to establish a historic baseline for acidification in the CCS, a
productive upwelling system, and tBalish Sea, an associated coastal estuary. Through a combination of
modeling and geochemical approaches, we show that the CCS and Salish Sea have experienced
accelerated acidification over the industrial era driven by equilibration of atmospheran@®
thermodynamic response in tharisonate system that ampdi§i biogeochemical changes in higgrbon
regimes. From this foundation, we make projections for future acidification in the CCS under continued
high CQ emissions. The change@CO; over the 2% century will continue to outpace atmosphericCO
posing a severe thret marine ecosystems of biological, cultural, and economic importance.
Acidification of this magnitude is predicted to have profound impacts on eastern boundary current
systems intie coming century.
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(S7-16846 Oral)

Inshore hypoxia alters abundance and distribution of zooplankton in the northern California
Current

ElenaConser? Moritz S Schmid Su Sponaugte and Robert Cowen

Department of Integrative Biolog@regon State University, Corvallis, OR, USA:ntail:
consere@oregonstate.edu
?Hatfield Marine Science Center, Oregon State University, Newport, OR, USA.

In the northern California Current, hypoxia occurs on the shelf seasonally as a result of ocemnograph
and biogeochemical processes. Witl firequency of these hypoxéwents increasing, marine hypoxia
threatens planktonic organisms through the reduction of oxygenated water column habitat, and can result
in altered abundances and vertical distributi@espite the potential for these drastic changes, there have
been few studies that look at the figeale effects of hypoxia on plankton abundances amdbdigon, in

this region and globally. We used a toweditu plankton imager (In Sitichthyoplankon Imaging

System, ISIIS) with concurne environmental sensors @e.dissolved oxygen, pH) to sample plankton in
normoxic and hypoxic inshore regions of the northern California Current in 2016, an@@2A.8These

six years showed substantial variatiorthe extent and severity of hypoxia. Decision tree based machine
learning was used to describe the relationships between environmental variablesndad @s.iof

plankton groups of interest (appendiculariadghonacopepods, larval fishes, hydromedascopepods,

and norcopepod crustacegnand to identify values aixygen that are thresholds to reduced abundances.
In order to determine whether these waters were avoided by different plankton groups within the region,
these thresholds were then usegiesence/absence models. Understanding how plankton abundances
and distributions change with hypoxia is important for contextualizing the influenc@axihyin this

dynamic ecosystem, and in marine systems facing deoxygenation globally.
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Impacts of ocean acidification @ad deoxygenation on zooplanton communities in an estuarine
fiord

Haila Schultz, Julie Keister, Jan Newton, BethElLee Herrmann, Olga Kalata, and Ali Chase
University of Washington, Seattle, WA, USA&-mail: schulh2@uw.edu

Zooplankton form a crucial link in marine food webs, transferring energy from primary producers to
forage fish and juvenile fisheries fish. Many laboratory studies have documented lethal-ttdaub
impacts of ocean acidification and aggenation on individual zooplankton speciest the ways in

which theg impacts translate to zooplankton communitiesitu are not well understood. Speciesel
differences in sensitivity to these stressors may lead to shifts in community compésitioimg less
sensitive taxa like gelatinous zooplankton. However, these shifts are difficult to predict in coastal
environments where temperature, food availability, and otheccorring factors vary. Additionally,
zooplankton in coastal environmentat regularly experience low pH and dissdlwaxygen may be
adapted tomvironmental stressors, leading to more subtle shifts. Commlanity studies examining
multiple environmental stressors are needed to tease apart subtle shifts related to pHeand oxyg
concentratios. Puget Sound is a complex, fidike estuary that offers a diverse range of habitats
including Hood Canal, which experiences persistently low pH and dissolved oxygen. Here, we examine
how mesozooplankton community composition varies alitBinges in pH and dissolved oxygen at seven
locations in Puget Soundofn 20142022, a period of large environmental variability. Variation in
temperature, salinity, and phytoplankton are also considered as potential drivers of community
composition. Undestanding respaes of zooplankton communities to changing environmental
conditions will be essential to predicting the quality of prey available to culturally and economically
important fish species.
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(S7-16884 Oral)

Modeling ocean acidification in he Bering Sea to support longerm planning and management of
the largeg U.S. fishery

Darren JPilcher'? Jessica N. Cro&sElizabeth Siddoh Esther Kennedy Linquan Md, Natalie
Monacc?, Kelly Kearney- Albert Hermanh? and Wei Chengf

! Coperative Institute for Climate, Ocean, and Ecosystem Studies, University of Washington, Seattle,
WA, USA. Email: Darren.pilcher@noaa.gov

2NOAA Pacific Marine Environmental Laboratory, Seattle, WA, USA

3NOAA Alaska Fisheries Science CentBeattle, WA, USA

4 University of California Davis, DaviCA, USA

5> Ocean Acidificatbn Research Center, University of Alaska Fairbanks, Fairbanks, AK, USA

Seasonal manifestations of OA are already occurring in the Bering Sea, in the form of late summer
bottom water conditions that are undersaturated with respect to aragonite. Although these more acidic
conditions are generated by natural processes, OA is projected to increase their duration, magnitude, and
spatial extent. It is therefore critical to @bop skillful predictions and projections of these marielia

water conditions in @er to support sustainable fisheries management overadodgshorterm time

scales. This work describes ongoing efforts to provide historical, present, and futureanaieate
chemistry conditions to fisheries stakeholders using a regional biogeochemical ocean model. Multi
decadal projections provide spat@amporal information for how OA conditions may evolve throughout
the Bering Sea shelf and highlight key diffieces between climate emissions scenarios, providing a
regional perspective for thenpact of climate mitigation strategies. Meanwhile, ftean products

provide fisheries stakeholders with updated environmental information for annual stock assesgment an
the fisheries management process. Furthermore, these model products identify episodic events which
modify coastal shelf conditions, such as a recent intrusion chetf low pH, low oxygen water onto the
outer Bering Sea shelf. Lastly, longterm (68+ year) hindcasts provide historical context for clivagng
carbonate chemistry coitidns and help fill in gaps prior to our observational record. Oubvis to

continue developing and refining this approach and to expand available products, inttiadiddition

of seasonal forecasts, in order to support evidéased decisions in sustainable marine resource
management for the largest U.S. fishery.
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In situ observationsof zooplankton showchangesn abundanceand swimming speedin response to
environmental stress

Amy C. Wyeth?, Dariel Griinbaun, JulieE. Keister?, andDeanaCrouset

tUniversityof WashingtonSchoolof OceanographyGeattle WA, USA. E-mail: awyeth@uw.edu
2NOAA AlaskaFisheriesScienceCenter Seattle WA, USA.

Zooplankton exhibit a range of swimming behaviors to reposition themselves in the water éeatnn,
find matesandavoid predationBehavioralresponset environmentastresscan therefore have

cascading effects on populatidistributions and predatg@rey interactions.

Understanding zooplankton pdption dynamics is challengg, largely because traditional methods for
guantifying zooplankton distributions are costly, limited in scope, and require extended analysis by
trained investigators. A combination of two rapidlgveloping technologiésremotely deployed

profiling camera systems and Artificial Intelligeribased identification of individual zooplankton from

in situimaging promises to change the type and amountatd available to quantify zooplankton
populationsTo quantify copepod and ampbipresponses to environmergaress, we deployed a camera
system in a seasonally hypoxfjord andrecordedn situ swimmingbehaviorsPreliminaryanalysisof in

situ behavors indicate that in hypoxic (<2 mg/L DO) waters the abundance of copepods increased and
copepods of all sizes swam on average 7.5 mm/s faster than copepodéypoxio waters.

Additionally, copepods exhibited less frequent escape responses, witlhds@dZomm in length being
67% | ess |ikely to ex hixibdonditians tfian in mepypoxigodndiboashla vi or i
contrast, the abundance of amphipods significantly decreased in hyzigisrelativeto non-hypoxic
watersbuttheavergeil d a r speeddjdnotdiffer betweerenvironmentatonditions With advances

in oceartechnologyijn situ behavioramay become useful proxies in monitoring impacts of climate
change on coastal ecosystems.
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Acidification effects on Dungeness crab: experiments, models and population uncertainty
PaulMcElhany, D. Shallin Busch, Mike MaheDanielle Perez, and Kate Rovinski

NOAA Northwest Fisheries Science Center, Seattle, WA, U.SialE paul.mcelhany@noaa.gov

Dungeness crab, the most valuable fishery on the U.S. West Coast, show mixed response to ocean
acidification and other climate change stressors. Through species response experiments in controlled
aguaria, we explore CQensitivityby looking at a variety of metrics, including those that drive
demographic processes (e.g. survival and growth ratehasd that provide insightto the

physiological mechanisms underlying the response (e.g. metabolic pathways and calcification). We
observe negative effects nigh CQ on the larval stage, but, surprisingly, higher survival of juvenile

crabs raised high G@ompare to those reared in ambient conditions. We hypothesis that the higher
survival may be the result of a cryptic &€enstivegpathogen. Experiments we also used to evaluate

which carbonates system parameters (e.g. pH or calcite saturation $tat&)wder survival in zoea.

Results show an interactive effect of multiple parameters. The experimental data were input to models
tha explore population levgrocesses related to management issues, such as environmental thresholds.
The differing sensitivities of different life stages and uncertainties about the factors driving population
dynamics complicate predictions of climate apamffects on Dungeness crab.

(S7-16972 Oral)

Oceanographic observations in and around Gwaii Haanas, Haida Gwaii, Bigh Columbia from
2016 to 2@2

Jennifer M Jacksort, Amanda TimmermanAlex Haré, Andrea Hilbord, Sarah RosénCharles G.
HannaB, Stephen PadeSkil JAadaand Lynn Leé

!Fisheries and Oceans Canada, Sidney, BC, Cartadaail: jennifer.jackson@dfmpo.gc.ca
’Georgia Institute of Technology, Atlanta, GA, USA

®Hakai Institute, Heriot Bay, BC, Canada

4Council of HaidaNation, Old Massett, Haida Gwaii, BC, Canada

SGwaii Haanas National Park Reserve, National Marine Conservation Area Resedajdmtieritage
Site, Skidegee, BC, Canada

Gwaii Haanas National Park Reserve, National Marine Conservation Area Resemdajda#ieritage

site is a marine protected area that is collaboratively managed by the Council of Haida Nation and the
Canadian government. Starting in 2017, regular oceanographic surveys that measured the physical,
chemical and biological properties we@nducted in Gwaii Haanas coastal waters. In addition; near
continuous temperature, salinity, oxygen, and current data havediesated in coastal watevia

moored instrments. Oceanographic data showed that the Gwaii Haanas coastal waters wemmlighter
had more oxygen than the surrounding waters in Queen Charlotte Sound and Hecate Strait. Indeed, 2017
to 2022 data showed a lack of hypoxia in Gwaii Haanas, even down to waters that are 300 m deep. For
this research, we use atmospheric and oceanogrdata to explain why the water properties in Gwaii
Haanas are different than most regions on the British Columbia coast. Wesdigty these unique ocean
properties may erdnce marine life in Gwaii Haanas.
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A coupled circulation-biogeodiemical model to study deoxygenation in the Canadian Pacific
continental margin

AngelicaPefig Isaak Fine and Di Wan

Fisheries and Oceans Canada, Institute of Ocean Sciences, Sidney, CanailtaAggelica.Pena@dfo
mpo.gc.ca

Marine ecosystems are measingly impacted by warming temperatures, declining oxygen and
acidification.There is a growing need to assess the state of the ocean to support cldmateiae

environment policiesere, we present autti-year hindcast simulation from a higésoltion coupled
circulation and biogeochemical model of the British Columbia continental margin (BCCM) and evaluate
the ability of the model to reproduce the mean state and seasonal and interannual variability of subsurface
oxygen, emperature and relevarttysical processes. The BCCM model is an implementation of the
Regional Oceanic Modeling System at 3 km resolution and 42 vertical layers coupleonp&iment
biogeochemical model. The model is forced byBRtmospheric model and by lateral open bamnd
conditions taken from GLORYS 12. We show good agreement between in situ observations and
simulated subsurface oxygen, temperature and current patterns over the 1993 to 2020 period. Finally, the
impact of using climatological ggen fields at the operohndary to realistically represent oxygen

distribution is assessed.
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Observing oceanacidification for Al a s kslaebes

Natale M. Monacci?, Alex Andrew$, Shaun Bef, JessicaN. Cross$, Bridget Ferris§ JulieKeister,
Esther Kennedy W. Christopher Lorig Calvin Mordy, Linquan M@, Darren Pilchex StevePorter,
ElizabethSiddort, Adam Speat, Phyllis StabendandFionaTeevan Kamhaw?

loceamcidification ResearcliCenter University of AlaskaFairbanksFairbanksAK, USA. E- mail:
nmonacci@alaska.edu

2AIaskaFisheriesScienceCenter,NOAA, JuneauAK, USA
3pacificMarine EnvironmentalLaboratory NOAA, Seattle AK, USA
4CoastahndMarineSciencestnstitute,Universityof CaliforniaDavis,Davis,CA, USA

5Cooperativdnstitutefor Climate,OceanandEcosystenStudies Universityof Washington, Seattle,
WA, USA

6GraduateSchoolof Oceanography)niversity of Rhodelsland,NarragansetRI, USA

Duringthe pastdecadepcearacidificationhasbecome onef themostcritical marineresource
conservation issues in Alaska, as the stateds uni
actualizeceffects. Theprojecedspatialexpansiorandshallowingof acidifiedwaterswith continued

absorption of anthropogenic carbon dioxide from the atmosphere poses a direct threat to marine calcifiers
and an indirect threat to other species through trophic interacbohsa s k ad6s coast al

margins are sites of active iochemical cycling with tremendous productivie celocate current
fisheryandecosystenmonitoringwith marinecarbonatehemistryobservations orecent NOAA Alaska
Fisheries Science Center survepsinual fieldcampaigns alternate between the

southastern Beringsea (2022) shelf and the northern Gulf of Alaska (2028). project links current
andforecastedmpactsof changingoceanchemistryon marineecosystemghatmayinform sustainable

fisheries management for these two large maggosystems.

130



(S7-16754 Poster) S7-P2

Mapping of deoxygenation trend in the subsurface waters of the East China Sea
TsuneoOno

Japan Fisheries Research and Education Agéfaikohama, Japan. -fail: tono@fra.affrc.go.jp

Several studies haveported deoxygenation tremithe East Chin&ea (ECS), but most of the

deoxygenation signal was detected in the continental shelf areas along the Chinese coasts. Ono [2021],
however, detected rapid decrease of oxygen in the Tsushima Strait, the @asterinthe ECS,

suggesting that deoxygenation had actually been occurred in the wide area within this sea. To capture
exact distribution of deoxygenated area in the ECS, historical oxygen data recorded after 1950 in World
Ocean Datatise 2018 were extractdrom the whole area of ECS.

ECS was then divided to 29 subareas, and temporal variation of oxygen as well as related hydrographic
properties were investigated in each subarea. Significant decreasing trend of oxygen was detected in the
latitudinal band$rom 3@ N to 34.5N in summer time, which roughly corresponds to the area of the
seasonal occupation of lesalinity Changjiang diluted water. Vertically, deoxygenation signal showed

two peaks, one located just above the seaflodiewine other peak lated at 30m 50m. Detailed

analyses indicated that the lower deoxygenation peak was constructed by the enhanced decomposition of
organic materials that was provided by the increased primary production along the Chinese coast (Ning et
al., 2011), while th shallower peaks has generated by the upward shift of pycnocline caused by the ocean
warming. The present study suggested that ECS is now facing hybrid effect of "ocean deoxygenation”
and "coastal deoxygenation," and hence intesnaticooperation is eeled to cope with sociecononic

problems arose from this phenomenon.
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Vertical distribution of fish larvae, in the oxygen minimum zone off southern México (December
2020)

Sylvia P.A.JiménezRosenberd, L. SancheVelascd; F.J. GarcidDe Ledr; E.D. Ruvalcadairoché;
E. Beief; V.M. GodineZ; E.D. SanchePéreZ; F. ContrerasCatald; A. Mnich®; N. Verm& and M.
Altabet

YInstituto Politécnico NacionaCentro Interdisciplinario de Ciencias Marinas,RazBCS, México. E

mail: srosenbe@ipn.mx

2Centro ddnvestigaciones Bioldgicas del Noroeste, La Paz BCS, México

Centro de Investigacion Cientifica y de Educacién Superior de Ensenada, La Paz BCS, México
4Centro de Investigacion Cientifica y de Educacion 8apde Ensenada, Ensenada BC, México
SCONACYyT-Instituto Politécnico NacionaCentro Interdisciplinario de Ciencias Marinas, La Paz BCS,
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®University of Massachusetts Dartmouth, School for Marine Science and Technology, New Bedford MA,
USA

The dstribution of fish larvae in the Oxygen Minimum Zoao# southern Mexico (December 2020) was
analyzed. A hydrographic section of five sampling stations was made in the confluence of Transitional

Water and Tropical Surface Waters. Horizontal zooplankton tramvthree different dissolved oxygen
conditions (~100,Y)<wé4ecamcr«siedd ouamolbyk@a MOCNESS
emol kg 1 oxypleth (oxic condition) was ~60 m depth along the section, but trawb#kg?! oxypleth

(suboxic) rose sohtvard from Transitional Water (~ 150 m) to Tropical Surface Water (~ 90 m),

approaching the well oxygenated layer. The distribution of the zooplankton biomass and fish larvae

showed statistically significant differences (P@Q.) bet ween t h@é) amhedaeepérl00 & mo
suboxic conditions. The larvae of typically dominant fish species\éimtdiguerria lucetia

Diogenichthys laternaty®iaphus pacificusndCubiceps pauciradiatysvere present only in the

oxygenated deps in the Transitional Wateand were almost absent from all depths in the Tropical

Surface Water, where the oxycline shoaled. These differences in larval fish abundance indicates that the
oxycline is a limiting factor for the fish larvae. The fish larvasults contrast with previous observations

from the mouth of the Gulf of California, where some species have distributions independent of water
column dissolved oxygen conditions, probably as a consequence of coastal processes. Overall, our results
showthat even within the OMZ, vations in oxycline depth have biological implications, particularly on
meroplanktonic organisms.
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Session 8: MEQ Topic Session

Convenors: Invited Speaker:

Guangshui Na (China), corresponding Hyo-Bang Moon (Human & Ecology Analytical
Ning Liu (Korea) Laboratory (HEAL), Marine Science and
Yegor Volovi (Japan) Convergence EngineegnHanyang University,
Peter Kershaw (U.K.) Korea)

Ruijing Li (China)

United Nations Decade of Ocean Science for Sustainable Developmen2821make "Clean Ocean"

one of its priority development areas, which includes identifying, quantifying and reducing pollution
sources andemoving pollutants from the ocean. The Session on the Occurrence and Ecological Impact of
Emerging Pollutants (Persistent Toxic Substance, Resistance Gene and Marine Debris, et al.) in the
Coastal Marine Environment has the following 2 objectives: Fosgview the situation and to discuss

the information gap and deficiencies in occurrence and evaluation on the emerging pollutants and its
impact on marine ecosystem in the North Pacific. Second, to exchange the new technique and
methodology for monitorigand assessment of emerging pollutants, and to discuss the development
trends and research priorities. The main topics of the Session include the following: (1) The current
situation of emerging pollutants on marine ecosystems in North Pacific. (2) Whectmique for the

analysis of emergingollutants in marine environment. (3) The assessment on the ecological impact of
emerging pollutants. The Session will invite experts in the relevant field, and welcome the reports on the
research and progress iretAbove topics.
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Paradigm shift for environmental and biological monitoring with a focus on the OPFRs
JaeEun Lim and HyeBangMoon

Hanyang University, Ansan, Korea.-mgail: hbmoon@hanyang.ac.kr

Organophosphatgiesters (tHOPEs) have been widely used as flamerdatats and plasticizers in

industrial and consumer products. With the increasing demand of flame retard&@®®E $rhave been
contaminated to the environment, wildlife, and humans. Despite hunsttmliss on the distributions of
tri-OPEs in various environmental compartments, few studies are investigated on the occurrence of
organophosphate diesters-(@PEs). In the present study; #ind ditOPEs were simultaneously

determined fowater and sedinm from highly industrialized coastal waters of Koreaitolerstand the
environmental distribution and degradation processes of OPEs in coastal environment. We also assessed
the suitability of types of OPEs for environmental and biological monitoring. tAbldi- and tritOPEs

were detectable in almost water and sediment samples, indicating widespread contamination in aquatic
environments. The concentrations of®PEs in water were similar to those of@IPEs, whereas tDPE
concentratias in sedimentaere higher than those of-@PEs. Predominant tranddi-OPEs were

different depending on the coastal waters and environmental compartments surveyed in our-study. Di
OPEs, degradation products of@PEs, were not matched with major parent OPES in \aatér

sediment samples, indicating the possibility of use fdDlEs as parent. The occurrence of chemical

types of OPEs may be influenced by impact of source, chemical properties, and degradation conditions of
aguatic environments. Recasttidies have rapted that diOPESs elicit comparable or greater adverse

health effects with tfOPEs. Our findings suggest that the present environmental and biological

monitoring tools should be revised for accurate assessment of OPEs.
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Identifying t he external N and Hg inputs to the Geum Estuary along the Yellow Sea in Korea
HaryunKim !, Hae Sun Kimy, TaeWook Kim?® and Seung Hee Han

IKorea Institute of Ocean Science & Technology, Uljin, Republic of KoregaalE kharyun@kiost.ac.kr
2National Marine Biodiversity Institute of Korea, Janghang, Republikocea

3Korea University, Seoul, Republic of Korea

4Gwangju Institute of Science and Technology, Gwangju, Republic of Korea

Estuaries receive N and Hg inputs frootlbriverine and atmospheric sources; therefore, quantifying the
contribution of both sources to estuaries is important. In this study, the external inputs of N and Hg to the
Geum Estuary in the Yellow Sea, northwestern Pacific Ocean, were determindidhiayires the relative
contributions of atmospheric, riverine, and marine N and Hg inmatsdeentifying N pollution sources

using isotope values. We found that the relative contributions of riverine N and HgtmfhesGeum

Estuary were greater tharose of atmospheric deposition. However, an opposite trend was noticed when
the distance from the estuary dam increased, with atmospheric N inputs becoming more significant. Based
on isotopic information, fossil fuel combustion and vehicle exhaust wergfidéas the main sources of
atmospheric N deposition while septic waste, manure, ahdrgainic matter were the main sources of
riverine N contamination. The isotope information and [N@8ntents indicated thaissimilation and
nitrification occurredemphasizing that the combination of isotope and flux methods could quantify and
qualify the external N inputs and identify the biological N processes. The atmospheric total mercury
(THg) contribution to the estuary region was less significant thanwkeng inputs, which was

consistent with the findings for N deposition. However, theixgatercentage of atmospheric THg to the
total flux was relatively higher (23%) than that of the N. Thus, the managemenhaf@rgenic N and

THg should differ baskon the relative contributions of external sources.
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Distribution and sources of microplastics in the Beibu Gulf using issitu filtration technique
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3State Key Laboratory of Marine Environmental Science, Xiamen University, Xiamid®36PR China
4College of Ocean and Earth Science, Xiamen University, Xiamen 361102, PR China

SCoastal and Ocean Management Institute, Xiamen University, Xiamen 361102, PR China

®College of Environment and Ecology, Xiamen University, Xiamen 361102, PRaChi
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College of Environment and Ecology, Chongging University, Chongqging, 400045, China

8Key Laboratory of Marine Ecosystem Dynamics, Second Institu@cefinography, Ministry of Natural
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The Beibu Gulf is a vital link betweerhfhia and the ASEAN nations, and microplastic contamination is

rising due to fast growth, coastal life, fisheries, and mariculture. The abundandeytisty and source

analyses were conducted at 25 sample points for this study. According to this study, the average MPs was
0.25 + 0.05 items/franging from 0.01 items/m3 to 0.89 item&/ifibers, white, cellulose, and 0133

mm were abundant in sham®lor, composition, and size, respectively. Mstttisticsbasel source

analysis indicated lardasedmputs (packing materials, textile materials, fisheries, and mariculture) were
dominant in the Beibu Gulf. In this study, we also acknowledged a coenmigk comparison and

convenience between plankton pumps and other conventional designs to collect microplastic samples
from water. We suggested that using a uniform design could elevate the data quality of microplastics.
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An overview of microplastic pollution in the North Pacific region
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Risk Analysis Research Center, Korea Institute of Ocean Science and Technology, Geoje 53201,
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®Department of Ocean Science, Korea University adi@® and Technology, Daejeon 34113, Republic
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With the increasingroduction of plastic products and generation of mismanaged plastic wastes, the
oceans are receiving more plastic wastes and microplastic fronbdesed sources. Marine microplastics

are nav ubiquitous across the global oceans. They are present ipedl 0f media including the

seawater, sediment, biota and atmosphere. This talk will give an overview of the current microplastic
pollution status in the North Pacific region and call for further actions. The North Pacific region was most
actively monitoredor microplastics and showed comparatively high levels of microplastic pollution in a
global context. Literature reviews show that the North Pacific harbor the highest amount of miceoplastic
in the seawater, shoreline, and biota. Roughly half of alldihseabird specimens and more than three
quarters of sea turtles and bivalve specimens examined in this region had consumed plastic. PICES WG42
has conducted a comprehensive review on all published literature in the Pacific Oceaamdgio

proposed a sies of guidelines with regard to standardizing microplastic and marine debris monitoring,
bioindicator selection and achieving target goals in the North Pacific regions. As the PacifigsOcean
constantly receiving plastic waste and microplastic fromahd and secondary microplastic coming

from the fragmentation of large plastic debris is a potential large source of microplastic in the ocean, a
long-running program for monitoring microplastic in the PICES region is necessary. Retatedill

serve thesustainable development goals of the UN as well.
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Arctic Ocean sediments plays a role as important current and future sinks for marine microplastics
missing in the globd microplastic budget

SeungKyu Kim 2, Ji-Su Kimt, So-Young Kinm?, NanSeon Sontf, Heoung Sul Laand Eun Jin Yang
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“Research Institute of Basic Sciences, Incheon National University, Incheon, Republic of Korea
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Global marine plastic inventory still remainncertain, including unexpectedly low plastic loads in ocean
surface compared with their input. Therefore, finding the missing marine plastlisre, how much, and

in what form they are storddremains a fundamental challenge to balance the global diastget and

to better identify the negative impacts of plastic accumulation. We demonstrate that Arctic Ocean
sediments serve as important current and future sinks for microplastics (MPs) missingefgbatéh

budget by presenting the first MP budgetraultiple compartments (sea ice, seawater, and sediment) in
the western Arctic Ocean (WAO). Relatively elevated MP abundances were found in seawater and
surface sediments around the summer sea ice retreat region, implying enhanced MP accumulation and
depodion facilitated by the ice barrier. We identified an increase of 3%%iaaviP deposition from
sediment core observations. High nonfibefiber ratio together with an exponential increase in MP

bural suggsts that the WAO sediments can provide ahiae enabling us to trace historical plastic

usage on the planet. We estimate 15.7 + 2.30 x 1016 N and 0.21 + 0.14 million metric ton as total MP
loads in the WAOopf which 90 % (in mass) may have been buried in uppeniBediment accumulated
since 1936. The WAO MP loads exceed the global average of the current marine MP load. Also, the
slower increase plastic burial versus production implies a lag in plastic delivery to the Arctic, indicating
more pdiution in the future. Therefore, globally concertédgorous action to substantially reduce the
plastic ocean input is urgently needed to protect Arctic environment.
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Toxic effects of single and combined exposures to nanoplastics and bisphenol A on the marine
medaka

Fuwei YU? Ying Wang?!, Fei Jirt, Yi Congd!, Jingwen Cheh Juying Wang

INational Marine Environmental Monitoring Center, Ministry of Ecology and Environment, Dalian,
China. Email: wangying@nmemc.org.cn
?Dalian Univerdty of Technology, Dalian, China

NanoplasticsNPs) as emerging contaminants have become a global environmental issue due to their
small size and high bioavailability. However, there are still knowledge gaps regarding effects of co
existing pollutants on NPs toxicity to marine organisms at their régpamvironmentally relevant
concentrations. Herein we investigated developmental toxicity, histopathological alterations caused by co
exposure of polystyrene nanoplastics-{#s) and bisphenol A (BPA) to miae medakaQryzias
melastigmaand potential mlecular mechanisms were explored. Embryos at 6 hourdgutiBzation

were exposedto 5SOMPSNPs (55 eg/ L) or -epésédto(atdnbinatog 6f hoth. or c o
Results showed that ¥Ps exhibited decreased embryonic heart rate, larval body|eargt embryonic
survival as well as larval deformities such as hemorrhaging and craniofacial abnormality. When co
exposed, BPA mitigated all the adverse developmental effects causeeNBsPBSNPs also ledo an

increase in histopathological conditiordex of liver with early inflammatory responses, while co

exposure of BPA with RSIPs did not. Our data suggest that the toxicity reduction éfPSin the

presence of BPA might result from the decreased bioaccumulationrdPB $aused by the interagtio

between BPA and PNPs. This study unveiled the impact of BPA on the toxicity of nanoplastics in

marine fish during early developmental stages and highlight the need of more research ontétmlong
effectsof complex mixtures in the marine environmbgtapplying more omics approaches to better
understand the toxicity mechanism.
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Behavior of antibiotic resistance genes in the pristine environment: A case study in Myesund of
Arctic
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’National Marine Environnmgal Monitoring Center, Dalian, China.
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Antibiotic resistance genes (ARGs) are considered environmental pollutants. Comprehensive
characterizatio of the ARGs in pristie environments is essential towards understanding the evolution of
antibiotic resistance. The present study characterized the ARGs in feces, soil and sediment samples
collected from the relatively pristine Arctic usingnetagenomic approach, and the seuwf ARGs in
multi-environmental media was also analyzed. The results showed that a total of 33 ARG types and 1325
subtypes were identified. R e dactant, seanchMLEB wee the mostf or  mu
important ARGs. The average abundaot@RGs in bird feces was higher than other samples. As for the
detected ARG types, multidrug resistance genes were present at the highest abundances in the range of
2.33x10 to 3.18x16. The relative abundancesmfcB RanA tetA(48) evgS,Txr, berA, ard PvrRwere

the most abundant ARG subtypes. Proteobacteria was identified as the dominant phylum across all
samples, and a significant correlation between the ARG profiles and bacterial composition was observed.
The result of FEAST indicated that animalssacontributed a lot to the presence of ARGs in the Ny
Alesund, and the migration of birds may influence the ARGs profiles significantly. These data and
analyses are very valuable for filling data gaps related to ARG iArctic and describing antibiot

resistance in the prantibiotic era.
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Emerging contaminants of concern, new Persistent Organic Pollutants and Polycyclic Aromatic
Hydrocarbons (PAHSs) in endangered southern resident killer whalegQrcinus orcg from the
Northeastern Pacific
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Zoveidadianpodrand Juan Jos&laval’
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Vancouver V6T 1Z4, Canad&-mail: j.alava@oceans.ubc.ca

2Animal Health Centre, BC Ministry of Agriculture, Food and Fisheries, Abbotsford V3G

2M3, Canada

SFisheries and Oceans Canada (DFO), Fisheries and Aquaculturgevteard, Vancouver V6C

354, Canada

“Department of Biology, University of Victoria, Victoria V8P 5C2, Canada

*Department of Geography, McGill University, Quebec, Canada.

Killer whales Qrcinus orcg are one of the most contaminated cetacean spedies world.

Concentrations and potential health implications of contaminants of emerging concern (CECs), new
persistent organic pollutants (POPs) aoti/cyclic aromatic hydrocarbons (PAHR)endangered

southern resident killer whales (SRKWSs) have been scadoelymented. Here, we contribute with the
first assessment of CECs [alkylphenols (APs), triclosan, methyl triclosan, arahgeyolyfluoroalkyl
substances (PFAS)], néMOPs (including hexabromocyclododecane [HBCCD], PFOS, PFOA, PFHXxS),
and PAHs in keletal muscle and liver samples of SRWK and investigateerotransfer of these
contaminants. Samples were collected from stranded, necropsied individuals fro202806 British
Columbia, Canada. AP and PFAS were the most prevalent compotmaisylphem! (4NP) was the
predominant AP (median 40.84 ng/g ww), and interestinglyfldcd@otelomer carboxylic acid (7:3

FTCA) was the primary PFAS (median 66.35 ng/g ww)ofe#d by PFOS and PFOSA. For PAIES:
phenanthrenes/anthracenes (mean: 632 ng/gJ#ilibenzothiophenes (mean 334 ng/g Iw), and C4
phenanthrenes/anthracenes (mean: 248 ng/g lw) presented the highest concentrations across all tissue
samples. PAH diagnostic ratios indicated a dominant petregeniced contamination for SRKWSs. A
motherfetusskeletal muscle pair revealed evidence of CECs, POPs, and PAH maternal théausfieral
transfer ratios indicated 4NP as the most transferred contaminant from todtters (95%), whildow
molecular weight PAHSG3-fluorenes, dibenzothiopheneychnahthalene) also exhibited higher

maternal transfer rate@ur contaminantlata serve to inform regulation and mitigate pollutant sources

and contamination of p@wRKIWsHIskhy mprovinghgdrocanbanbemisson a n d

regulations.
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Global Eutrophication Watch: a costeffective interactive assessment of coastal eutrophication on
the cloud

GenkiTerauchi® and Joji Ishizaka

INorthwest Pacific Region Environmental Cooperation Center, Toyama, Japan, the @pait@ing &
Coastal Environmental Assessment Regional Activity Centre (CEARAC) of the Northwest Pacific
Region (NOWPAP). Enail: terauchi@npec.or.jp

2Nagoya UniversityNagoya, Japan

Human activities are increasingly contributing to the proliferation of eutrophication that results in
significant negative impacts on coastal ecosystems. The appearance of red tides and/or dead zones, or the
decline in fishery products cdre a manifestation of the effects of eutrophication. Therefore, monitoring
the eutropication status is crucial for effective preventive management. Recognizing the global
significance of this issue, the United Nations Environment Programme (UNEP)rodsidgid an index

of coastal eutrophication as an indicator to track progress towards achieving Sustainable Development
Goal (SDG) Target 14.1. This index established a link between the global reporting aydteach
countryds nat i onterihgpegranme.phi cati on moni

We developed an interactive tool for th&sessment of coastal eythication potential (CEB)the

Global Eutrophication Watéh using GoogleEarth Engine (GEE)The tool uses a regional

eutrophication assessment methodology, the NOWPAP Eutrophication Assessment Tool (NEAT),
designed for coastal eutrophication assessment based on sdégilital chlorophyta (satellite Chi)

data. Thus, the Global Eutrophiicat Watch provides a means for any user around the world to conduct a
costeffective assessment GEP using satellite Ctd information stored in the cloud. The Ghbb
Eutrophication Watch currently includes satellite-@ldata set from MODIS/Aqua (Levg] Global),
SeaWiFS (Level 2, West Pacific), SGLI (Level 2, Northwest Pacific), YOC (Level 2 blended, Regional)
and a combination of the YOC and SGLI (YOC+SGLI).
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Green tide development associated with submaringroundwater discharge and landbased
aquaculture farm effluent in the Bangdu bay, Jeju, Korea

Taehed.ee, Young Baek Son and Hyung Jeek Kim

Tropical & Subtropical Research Centkorea Institute of Ocean Science & Technology, Jeju, Republic
of Korea. Email: thlee@kiost.ac.kr

The coast of Jeju island is rapidly change marine environment by affected global climate change and
subtropicalization is in progress. Recently, increases in coastal pollutants, reduction of resources, damage
to fisheries, and digtbance of marine ecosystems have frequently occurred. In the coast of Jeju Island,
green tides oblva spp. have occurred annually since the early 2000s. It is affecting thal @mastystem
disturbing and seriously damaging the coastal fishery andstoumidustry. In the Bangdbay, submarine

fresh groundwater discharge (SFGD) and aaded Aquaculture farm effluent (LAFE) are flowing into

the bay. The mouth of bay is narrow due to the construction of a seawall, so the circulation of seawater is
very dow in inner bay. SFGD and LAFE have high concentration of nitrate, and stagnant current in inner
bay increase the residence time of seawater, contributing to the groultrasip. Nitrogen and

phosphorus contents Wiva were in the range of 1.8% to 36land 0.11% to 0.20%, gesctively, and

nitrogen and phosphorus contents were particularly high around the inflow of LAFE. It is estimated that
the green tide in Bangdu Bay is more affected by LAFE than SFGD.
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Timing of changes in phytoplankton communities and attachment to plastic plates aftewutrient
addition in mesocosm experiments

Seung HBaek**, Chung Hyeon L€e'e Young Kyun Lint and Ji Nam Yon'?

!Ecological Risk Research Department, KIOST (Korestitime of Ocean Science and Technology),
Geoje 53201, Republic of Korea-rgail: baeksh@kiost.ac.kr

?Department of Ocean Science, University of Science and Technology, Daejeon 34113, Republic of
Korea

Anthropogenic pollutants, such as excessive nutrients and marine plastic debris (MPD), can significantly
affect marine ecosystems, but the timing and doetbeffects of these pollutants are poorlgenstand.

We established six 10d0mesocosms angerformed experiments for 15 days during November to
examine the effects of nutrient enrichment and MPD. The mesocosms (2 replicates per group) had natural
seavater (control), low nutrient (LN) seawater, or high nutrient (HN) seawater with polypropylene (PP)
plates to mimic the effect of MPD. We recorded the timing of changes in nutrients and other abiotic
factors and in phytoplankton in the water column antiéngeriphyton communities on the PP plates.
Cryptomonaspp. was initially dominant in all theegroups, but the LN and HN groups shifted to chain
diatoms, such aBseudenitzschiaspp., and then t@ylindrotheca closteriurDue to significant nutrient

uptake by bloorforming diatoms, most of the nitrate+nitrite and phosphate were consumed within 4

days inthe LN group. In contrast, the some nutrients remained in the HN group until day 15, and this was
related to the nutrient requirements of other smaiesgldiatoms, such &s. closteriumAnalysisof the

PP plates showed that although small neralof the planktonic diato@haetocerospp. were present

from day 4, there was a shift to the attached dia@ontosteriumduring the middle and end of the

experiment, indicating that. closteriumin the water attached to the PP plates even when nutriegts lev
were low. Notably, the percentage of total Ghih the periphyton community, which was associated with
nutrient uptake in the HN group, was highwart in the phytoplankton community. This ingdithat the
periphyton biomass in the HN grougesdtively utilized the remaining nutrients.
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Weathering extent and further fragmentation potential of microplastics in environmental samples
Jun-Hyuk Shint, Zhexi Tiart, Ji-Su Kimt and Seundyu Kim?*?
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’Researchnstitute of Basic Sciences, Incheon National University, Incheon, Republic of Korea
3Yellow Sea Research Institute, Incheon NagidUniversity, Incheon, Republic of Korea

The amount of microplastics (MPs) accumulated in the marine environment is estitodtave increased

in proportion to the increase in environmental discharge of plastics. By natural weathering (particularly
UV exposure), marine MPs can experience changes in physicochemical properties, and can be further
fragmented into smaller sizedMd. Therefore, these marine legacy MPs could be a source of much

smaller MPs, including nanoplastics (NPs), and thereby the abemdd marine MP/NPs would

increase. The gematon of secondary products by MP weathering depends on the weathering degree of
the parent MPs; however, that is little known in natural conditions. To determine the weathering extent of
legacy MPs (i.e., environmental samples) and thereby the possibility of secondary particle generation, we
analyzed both fiektollected samples (i.degacy MPs) and laboratory MPs exposed to accelerated UV.

For environmental samples, we measured the physicochemical propeitideng carbonyl index (Cl)

for floatingMPpa t i cl es (0330 em in size) coll ecasavel from u
as inner and outeibay seawater of the rivelischarged coastal region. We found significant differences

in physicochemical properties of legacy MPs in environmentapkss according to polymeype

(between PP, PE, and PS) and according todhected space (between upstream vs downstream river

and inner vs outerbay). From laboratory experiment, we also found the CI change in pure parent MPs
and the generation of secondary products with UV exposure. By coupling the two experiments, e expec
to assess how many secondary particles could be generated from weathered MPs.
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Fate and mass budget of microplastic in the Beibu Gulf, the NortherBouth China Sea
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Beibu Gulf is an essentiedgionof themicroplastic fluxes in the northwest part of the South China Sea
and therefore in the IdChina peninsula due to different coastal activities such as industry, tourism,
urban development, intensive fishing, and loads of riverine discharge. Multiple samples from surface
water, bottom water, and surface sedimeeite taken for this investigatioThe results showed that in
surface and bottom seawater, MP concentrations were 0.25 + 0.25 itemd/h29 + 0.29 itemsfn
respectively, while 74.99 + 37.53 items/kg in surface sediment. Statistical analysis and geographical
abundance showed visersa phenomena as surface water and sediment had similar features while
statistical analysis showed a negative relationship between these two. The mass balance of the box model
showed that riverine discharge and atmosphaosdition account for a substatportion of MPs (50%)
whereas the South China Sea (SCS) receives 49% of MPs discharged from Beibu Gulf, and just 1% is
depodted in sediment annually, which could explain the wisesa phenomena between statistical

analysis and geographical distributioihmicroplastics. Nonetheless, it is revealed that human activities
and coastal influence have a more significant impact on microplastic abundance and distribution in the
Beibu Gulf.
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Assessing potential drivers for micoplastic ingestion by myctophids caught near the Columbia
River mouth

Olivia Boisert, Scott Heppell Susanne Branderand Richard Brodetrr

'0Oregon State University, Corvallis, OR, USAnil: olivia.boisen@oregonstate.edu
2NorthwestFisheries Science Center, Newport, OR, USA.

Due to their small size, microplastics (< 5mm) in the marine environment are bioavailable to pelagic
fishes and have been shown to cause a suite of harmful effects when consumed. With ad estimate
biomass of ont ten billion metric tons, the largest migratory mass on the planet occurs nightly by fishes
from the family Myctophidae (lanternfishes) and associated communities. Known as diel vertical
migration, these smakliodied fishes travel further than a kilometinder the cover of night to feed on
zooplmkt on at the oceanbés surface. Buoyant micropl ac
presumed to be mistakenly ingested during feeding events. When the myctophids return to theydeep,
are key prg for many mesopelagic predators; and thus act as a massive biological carbon, nutrient, and
potentially microplastic pump. Riverine systems transport much of the inland plastic debris to the ocean
and these particles disperse far offshore in a plumee®Bpecies of myctophid3drletonbeania

crendaris, Diaphus theta, and Stenobrachius leucopsatasight at varying distances from the

Columbia River mouth were processed for microplastics with the expectation that those nearest to the
proposed source coain the highest levels. While we found that microplastic ingestion was similar across
the region sampled (~44% of fish contained 1 or more particles), black and blue microfibers were the
predominant microplastics identified, likely originating from testil®ther oceanographic and biological
variabks will be explored to improve our predictions of susceptibility to microplastic consumption by
myctophids off of the Oregon coast.
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Integrated numerical modeling ofmulti -fraction sediment and radioactivity transport in the West
Sea of Korea

Kyung Tae Juny Kyeong Ok Kin¥?, ChangWook Park* and KyongHwan Kwort
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The West Sea of Korea, combined with the East China Seas, form a confined marine basin with the
Western Pacific serving as its offshore boundary. The presence of suspended sediments strongly
influences the charactsatic marine environment of this region. In the past, various numerical models,

such as the ECOMSED model combined with wivetve data from WAM cycle 4 were utilized to

calculate finegrained sediment transport driven by wind and tidal currents. Anotheopseattempt

involves the ROMS circutaon model coupled with the SWAN spectral wave model to investigate the
formation of sediment pathways from river discharge. In this study, an integrated numerical model is
presented that is capable of addressingmenti and radioactivity diffusion in different virtual scenarios
occurring in the Western Pacific region by incorporating suspended sediment concentration data from the
Korea Maritime Environment Management Corporation (KOEM), Korean National Institutetwries

Science (NIFS), and Geostataog Ocean Color Imager (GOCI). The calculated results are meticulously
compared with GOCI data for total suspended sediment concentration (TSC). The findings indicate that
incorporating wave effects into the model hasignificant impact, as the spatial distribution of TSC

closely aligns with the satellite data. The validated integrated model is subsequently employed to simulate
several scenarios of 137Cs releases from the Sanmen, Hanbit, and Hongyanhe NucleaaRwer Pl
providing comprehensive insightgo dispersion and diffusion within the Western Pacific Ocean.
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Establishment of a safety management system for marine biotoxins: tetrodotoxin
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Department of Marine Life Science (BK21 FOUR) and Marine Science Institute, Jeju National
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Korea
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As rising sea teperatures, the range of occurrence of marine biotoxins is expanding worldwide. This has
prompted extensive research to detect and assess marine toxins within the marine environment and
organisms, as well as evaluate contamination levels and associasedloblally. In Korea, tetrodotoxin
(TTX) presents a significant threat to public health as the predominant naturally occurring marine toxin
responsible for food poisoning. Our research focuses specifically on TTX, commonly identified in
pufferfish, and ansto achieve three main objectives. Firstly, we aimed to monitor and identify hybrid
pufferfish resulting from changes in breeding areas, as the distribution of toxins in hybrids is unclear,
leading to potential food poisoning risks. Secondly, we aimeabtator the invasion of toxic subtropical
species, such as the bltieged octopus, which contains TTX. Its presence was first discovered in Jeju,
Korea in 2005, and it has since expanded its distribution along the southern coast oE &sitpawe

aimead to monitor the toxification of endemic marine organisms. According to Roggatz (2019), ocean
acidification has the potential to increase the bioavailability of TTX. Several European countries have
reported an increased occurrence of TTX detection inv@galWwhich are extensively cultivated in

shellfish aquaculture. The management of these-fielated issues for marine ecosystems and human
health are crucial. Therefore, it is important to estalalishfety management systand continuos
monitoring formarine biotoxins. The Ministry of Food and Drug Safety provided support for this
research through grant number 20163MFDS641 in 2023.
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Convenors: Invited Speaker:

Shirrichi Ito (Japan), corresponding Max Lindmark (The Institute of Marine Researc
Paul Spencer (USA) Swedish University oAgricultural Sciences,
John Morrongiello (Australia) Lysekil, Sweden)

Chenying Guo (ECOP, China)

Everyone |l oves photos of the big fish that didnot
young fish grow more quickly but reach smaller adult sizes. This equates to a loss of yield in commercial
fisheries. Scientists are working together to assess the magnitude of the shrinking fish problem in

different regions and determine what this means for sustainable fisheries management now and in the
future. Warming seas can affect fish body sizes, with majdidatfpns for sizestructured marine

ecaydems, species interactions and fisheries productivity. Synchronous shifts toward smaller adult body
sizes in marine fish have already been detected in several rapidly warming areas. Yet, the mechanisms
underpinnig the temperature size rule (TSR; higher temperatures result in smaller body sizes) remain
debated and most fisheries models do not routinely account for the expected tempepdndent

trends in growth. Understanding the impacts of temperahliven danges in body size on reproduction
andmaturity is critical if we want to predict shifts in stock productivity. Novel monitoring programs are
needed to provide managers with the appropriate information to detect and quantify any body size change
that is @curring. Lastly, fisheries management plans need to adequately account for the implications of
shifting fish body sizes and ensure harvest strategies are flexible enough to ensure stock productivity in a
rapidly changing world. We propose a session thilit 1y synthesise ecological and empaiknowledge

about trends in fish and other ectotherms' growth rates and body sizes, and how this can be incorporated
into monitoring programs; 2) explore the utility of new assessment models that allow foatirime

and environmentally driven trait parameters 3) assess the potential impacts of tempatated body

size change on fisheries yields in the future ocean 4) Discuss management options to addressing the
impacts of rapid temperatuieduced changes stock productivity.
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Non-linear growth-temperature relationship leads to opposite response to warming in cold versus
warm populations

Max Lindmark %, Jan Ohlbergéf and Anna Gardmatk
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max.lindmark@slu.se
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SWashington Department of Fish and Wildlife, 1111 Washington St. SE, Olympia,88@19USA

Ectotherm growth and body size are unimodallgtes] to temperature. Hence, both the rate at which

growth changes with temperature, and the sign of the tempeedtece depends on current temperatures

in relation t o t hhdempeprre.iWe analyze gpdtiotempanal ggowth data to
understand how climate warming has affected growth in Eurasian perda(fluviatilig. We compiled

data sets of lengtatage from annuli rings on operculum bones (213,338 measurements acro8s 40,90
individuds) from 12 monitoring areas along the Baltic $east, from 56.1165.9° Latitude, with the

longest time series starting in 1953. To these data, we fit von Bertalanffy models to individuals and
analyze the effect ofhcoeHicepte Temperatures werae acquived oyffitting 6 gr o
GLMMs to data from three complementary sources: ERRS, temperature at fishing, and temperature
loggers. Two of the areas have in turn been artificially warmed by nearby nuclear power plants,
introducingan unusuajt large temperature gradient (growth season teatpees ranging fromiil8°C

across areas and cohorts). Body growth in the coldest area is positively related to temperature and, and in
the warmest area it is negative, and their average grotethaee in fact similar despite a difference in

11°C. The growth rates are lower than in areas with intermediate temperatures. Our study shows that
warming already has negative effects on growth in several of the warmest areas and climate change will
continue this ngative trend. Improving our understanding of temgureeffects on growth is critical for

making predictions about future ecosystems.
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Fish grow faster to a smaller size under intense exploitation and warming waters with mixed
impacts on fishery productivity in China

CodySzuwalskt, Alice Le€, Lee Qf et al.
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Chinads marine popul ations haveaistnsgaeforwrechced i nt en
temperatures have risen over the past 50 years. We catalogue changes in life history based on ~1500
records from the Chineseisutific literature over this period. Increasing growth rates, smaller maximum

sizes, and increases in mal mortality have been reported for important commercial species. These

changes have resulted in increases in productivity as seen througheyistdnoit for some stocks and

deaeases for others. Chinese fisheries management reform is underway daumaestrate the

outcomes of reform could depend upon whether or not life history changes are plastic or dedsetibn

and how life history may chae with changes in fishing pressure and climate.

(5916540 Oral)

Improving empirical weight-at-age in fisheries stock assessments by incorporating spatiotemporal
variability in growth

Andrea N.Odell, Marissa L. Baskett and Kristin N. Marshall
UC Davis, Davis, CA, U.S.A.. nail: anodell@ucdavis.edu

Changingocearconditionschallengehe managemertf living marineresourcesAs the climate shifts,
changing ocean conditions are driving biological responses that affect key vital rates in marie fish
However, despite evidence that vital rates such as somatic growth vary throughdispaee, stock
assessments often assume they are tim@ spacénvariant.

EWAA is one way to account for variability in somatic growth when estimating popukttiars.
Previous work has shown that this method can lead to more accurate estimatesioigspimmass
compared to when growth is parameterized mechanistically. However, challespesifyingmodeland
datastructurevhenusingEWAA canintroduceinaccuacies inspawningoiomass estimatesspecially
for populations withstrongspatiotempaal variability in growth. To address these concerns, | explore
spatiotemporatrends in weightit-age for Pacific HakeWerluccius productuson the west coast of
North America and the consequences for the stock assessment that uses an erejghtatage
approach (EWAA). In this talk, | will evaluatbe sensitivity of EWAA for Pacifichake to how well
spatiotemporabariability in weightat-age is represented ind data. | use geostatistical models to
identify spatiotemporal trends in weight-age data and simulation testing to diagnose its
misspecification in EWAA. Resulsuggesthat monitoringandassessment may netchccountor
seasonabariability andpersistent spatial patterns to ensure the stock assessment model produces
unbiasé estimates of spawning biomass. | will discuss the broader implications of these results to
monitoring programs for species that exhibit spatiotemporal trends in growthfacéhef climate
change.
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Effects of faster growing on fisheris management reference points
FanzZhang and Jiangfeng Zhu

Shanghai Ocean University, Shanghai, Chinedd: f-zhang@shou.edu.cn

With climate change, many areas of global oceans are experiencing warming water temperature, which
may lead to fastegrowing of harvested fish species. Higher body growth rate and earlier maturation
further affects the reference points derived from population dynamics models, casting important
implications to fisheries nmagement. In this study, we use simulations oéyggtuna Thunnus obesiis

to study effects of increased body growth and earlier maturation onthaS&d reference pointsu&

and Fusy), unexploited reference pointsdjBand yieldperrecruit reference points (fkx). Results

indicated that different tyeof reference points had heterogeneous responses to increased body growth
rate. When faster growing is associated with earlier maturation, they had synergic autlitive

effectson management referengeints. Our study highlights the importance tasider changing

population vital rates and nestationary population dynamics when implementing reference points in
fisheries management.

(S9-16603 Oral)

Emerging changes in size structure and overwintering success for juvenile Pacific cdsladus
macracephalug

Benjamin JLaurel!, Mary Beth Rew Hicks Steven Barbeadxand Louise A. Copeman

LFisheries Behavioral Ecology Program, Resource Assessment and Conservation iegdbigsion,

Alaska Fiseries Science Center, National Marine Fisher@siSe, NOAA, Hatfield Marine Science

Center, Newport, OR 97365, USAr&ail: ben.laurel@noaa.gov

2Alaska Fisheries Science Center, National Marine Fisheries Service, National Oceanic and Atmospheric
Administration, 7600 Sand Point Way NE, Seattle, 8415, USA

Climatedriven changes in phenology and growth in the first year of life of fish will likely alter mortality
schedules and recruitment to the adult population. Such proegegearticularly importat at higher
latitudes where fish must acculate sufficient size to survive long winters of low productivity. We
present several recent studies demonstrating how tempedafpeadent processes in the spring and
summer have led to an ~50% increase in the average individual size@Pag#ic codGadus
macracephalud in the Gulf of Alaska since 2006. In a follawp live animal experiment, we then

examine the degree to which size predicts overwintering success with varyingsdededleand winter
environmental information (food and temperatur&everal key results from these experiments were that:
1) fish size alone is a poor predictor of overwintering survival, 2) fall growth environments are highly
influenti al on overwintering success J)wintamugh t he
warming will still be a major source of mortality even whenyreter environments are optimal for lipid
allocation. Collectively, these results suggest that watated sie shifts in juvenile catrts are not
necessarily positive for the polation, and that forecasting recruitment will become increasingly difficult
to predict from the early life stages in the absence of fall and winter information.
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Implications of changing body size in Chinook salmon for population prodctivity and fishery
management

JanOhlberger? Daniel Schindlég and Ben Statdn

L University of Washington, Seattle, WA, USA
2 Washington Department of Fish and Wildlife, OlympéA, USA. Email: jan.ohlberger@dfw.wa.gov
3 Columbia River IntefTribal Fish Commission, Portland, OR, USA

Many populations of Pacific salmon along the west coast of North Americaakpgdaenced declines in

mean body size of aduish since at least the 1970s. Changes in body size are of concern because they
may reduce population productivity and bias estimates of biological reference points used to inform
fishery management. We shdlat Chinook salmon have experienced widespread changes in population
demographic structure throughout their North American range that have led to declines in mean body size
andspawner reproductive potential. To evaluate potential management implicztsins declines, we
simulated populations wittiemographic trends, selective or unselective fishery harvests, and periodically
updated harvest policies based on assessment methods that differed in whether and how they accounted
for demographic changes whestimating biological reference points used to set management\yeals

show that expected mean harvests and returns were reduced when demographic trends toward smaller
adult fish were present in the population. Decreased abundances and increaseadtimmsisks to the
populations could partiallydomitigated by accounting for demographic trends in the stock assessment,
specifically by using a stoetecruitment model based on egg production instead of spawner abundance.
Our results suggest that accangtfor demographic trends in stock assessments can reduce congervati
risks and that preserving population demographic structure may be critical for sustaining productive fish
populations and their benefits to ecosystems and people.

(8916646 Oral)

Climate, fish body growth, mortality, and fisheries management foKorea chub mackerel
SaangYoon Hyun, Jinwoo Gim, and Heejoong Kang

Pukyong National University, Busan, Busan, Korea, fatl: shyunuw@gmail.com

It is well recognizedhat globalwarmirg, caused by the increased amount of carbon dioxide, has changed
aqudic ecosystems. The effect of temperature on fish can be summarized as the temperature size rule
(TSR), where they mature at smaller body sizes under warmer temperatures. Body miadustaof

growth rate (increase in weight gane) and development rate (increase in life stage per time). However,
yield-perrecruit, one of the key metrics in fisheries management is not only affected bgdigkibe but

also by mortality. Also §h mortality is also linked to body size. The major objective obtudy is to
examine the effect of body growth as a climate index proximately on mortality and ultimately on fisheries
management. Previous study on fish says that tempegatalienatecadults show a greater temperature

size responsthan do acclimated progeny (e.g., eggs) whereas early larval stages of many species suffer
from higher mortality than adults. The specific objectives include inastigbody size dependent

effects, hypdtesizing that fish body growth affects both the mortality and thegeanent key metrics

and that the mortality also affects those metrics. We illustrate our analysis using data on Korea chub
mackerel $comber japonicys
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(S9-16668 Oral)
Fish weight reduction due to intra- and interspecific competition altered by climate change
ZhenLin and Shinichi Ito

Atmosphere and Ocean Research Institute,Utigersity of Tokyo, Chiba, Japan.-rgail: lin-
zhen695@g.ecc.utokyo.ac.jp

Fish size is thoght to be reduced under global climate change with warmer temperatur@based
temperaturesize rule paradigm in which fish living in a warmer temperature grow faster while ends up
with a smaller body size. However, the body sizenge of fish communitgin the western North

Pacific, where one of the most active fishery grounds, remains unclear. We investigated fish weight data
of 6 populations of 4 species during 192818 and those of 17 populations of 13 species duringi 1995
2018. Weighreduction of ish assemblage was observed in the 1980s associated with the biomass peak
of Japanese sardin84rdinops melanostictysndicating the effect of inteand intraspecies

competition. Another weight reduction was found in 2010s &ssacwith the biomasscrease of

Japanese sardine and chub mack&ebber japonicysHowever, the biomass of Japanese sardine and
chub mackerel was much lower in 2010s than that in the 1980s, which poses a question wandinter
intra-species competitiomeerged in the 20s. Our analyses indicated stronger stratifications in the
surface layers ding the 2010s potentially reduced nutrient supply to the surface layer from the
subsurface layer, limited carrying capacity, and forced-iated intracompetition with moderate

increase of fish biomass.
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Mechanisms of change in weighat-age in Gulf of Alaska groundfish and forage fish under
warming: Insights from an ecosystem model

Alberto Rovellini', André E. Purlt Isaac Kaplaf Elizabeth Fultof) Kerim Aydin®, Baptiste Alglavg
Matthew Baket, Meaghan Bryah Gemma Carrdl] Bridget Ferris§ Melissa A. Haltuch Adam Haye
Albert Hermann, Elizabeth McHurofy Szymon Surnfaand Martin Dort

1School of Aquatic and Fishery Scis,University of Washington, USA. Email: arovel@uw.edu
2Northwest Fisheries Science Center, National Oceanic and Atmospheric Administration, USA
3CSIRO Oceans & Atmosphere, Hobart, TAS, Australia

4Alaska Fisheries Science Center, National Oceanic and Atmisgtuninistration, USA

*North Pacific Research Board, Anchorage, Alaska, USA

SEnvironmental DEense Fund, USA

'Cooperative Institute for Climate, Ocean and Ecosystem Studies, University of Washington, USA
8Institute for the Oceans and Fisheries, @mity of British Columbia, Canada

Increased temperature is an important driver of altered ecological processes and population dynamics in
marine ecosystems, and changes in weddfage of marine fishes are expected for many stocks under
global warming. Whilghe size of adult fish has been observed to shrink in some warming areas, the
mechanisms thahediate changes in weigatage, as well as the ensuing effects of such changes on the
rest of the ecosystem, are often not well understood. Integragngéeanistic linkages between
tempeature and biology into ecological models is critical when using these models to investigate climate
scenarios. In recent years, the Gulf of Alaska (GOA) has experienced climate events that have altered
ecosystem productivifyultimately cascading into changes in fish body condition. Here we use a
deterministic endo-end simulation model (Atlantis) to explore the mechanisms of change in vag¢ight

age of GOA species under regimes of warmer water and decreased planétaniyitp. We focus on

key commercilly targeted groundfish (Pacific cod, arrowtooth flounder, walleye pollock, and Pacific
halibut) and forage fish (capelin, Pacific sand lance, eulachon, and Pacific herring). Model results show
that temperaturdriven metabat mechanisms mediate increases in weajtgtge under warm

conditions, but that food limitatiofrom decreased plankton productivity has is a potential driver of
decreases in weiglat-age. We highlight that model specification is important whenoeix
temperaturadriven changes ipopulation dynamics. Finally, we demonstrate that ecosystem models can
help disentangle the mechanisms that mediate changes inae#ag#, and how such changes propagate
through the food web and ultimately to fishing.
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(5916740 Oral)
The potential role of enhanced selective mortality during marine heatwaves
Jessica AMiller *, L. Zoe Almeid& Hillary Thalmann, Rebecca Fornéyand Ben Laurél

!0Oregon State University, Coastal Oregon Marine Experif@tatian, Department of Fisheries, Wildlife,
and Conservation Sciences. Email: Jessica.Miller@oregonstate.edu
’National Marine Fisheries ServiceNOAA, Alaska Fisheries Science Center

The occurrence of marine heatwaves is increasing globally. Evidaticatas that, early in life, siza-

age increases at warmer temperatures, resulting inearlietegau r i ty at small er si zes
Size Ruleod) although mechani sms remain unclear. A
but increaed ste-selective mortality could contribute to observed changes. We examined changes in

growth and size of juvenile Pacific Cod collected in Alaska before (2007, 2009, 2010, 200232013

since MHWSs (2015 to 2019). We combined field and otolith dat@tapare attributes of fish captured in

July (Asettlerso) with t ho migedmadelsAwegampared ()fesgthr vi vor
and mass at capture and 2) baekculated size and growth during early July before and since MHWSs.

Before MHWSs survivors were 22 mm longer and 2.36 g heavier at capture than settlers. Since MHWS,

those differences increased by 32% for length and >200% for mass (survivors were 32 mm larger and

6.13 g heavier than settlers). Size and growth differences betweenssatitesurvivors in early July also

increased since MHWSs. Before MHWS, survivors were 15 mm longer andfgster (0.014 mm/mm/d)

than settlers in early July. Since MHWSs, survivors were 26 mm longer in early July than settlers, yet their
growth rates werslowe (0.011 mm/mm/d) than before the MHWSs. These differences indicate greater
size-selection likely occurred during heatwaves, contributing to observed increases in size. Change in
selection intensity is a potential mechanism contributing to changggiand size associated with

warming.
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Can the temperature size rule help us predidisheries productivity in a changing climate?
JenniferBigmant, Lewis Barneft Krista Oké, Ben Laurel, and Lauren Rogetrs

!AlaskaFisheries Scienceddter, NOAA Fisheries, Seattle WA Email: jennifersbigman@gmail.com
2Alaska Fisheries Science Center, NOAA Fisheries, Juneau, AK
SAlaska Fisheries Science Center, NOAA Fisheries, Newport OR

The temperature size rule is nearly ubiquitgeisis not well understood. In particular, changes in size

and growth with temperature are uneven across life staigesser growth under warmer temperatures

may result in a larger siz#-age for earlier life stages but a smaller sitage for laterife stages.

However we lack an understanding of whether this pattern is common across species (and regions) and
how fisheries will be affected. Here, we bridge macroecological theory with fisheries science and
examine how the interaction of size, growahd temperature will affect fisheries productivity in a

changing climate. To do so, we combine fisheries survey ddtire series of temperature from

regionally downscaled global climate models to assess hovatsage of commercially important fishes

i n Al as kaifescosystamg leas ahanged over.tiie then assess how these effects vary with
oxygen (also from global climate models) to understand how both temperature and oxygen may relate to
patterrs of growth. Finally, we predict how changesadult size may confer changes in reproductive

output. Observations indicate thhetstrength and direction of sizgpwth, and temperature relationships
depend on size class (and thus change along the ontogenetic growth trajectory) and that th&se dynam
allow for predcting stagestructured population dynamics based on future environmental conditions. This
work highlights the complexity in the temperature size rule and applies this complexity to predict
fisheries productivity, thus connecting theofiyhvempirical data and models to uncover the intricate
dynamics between the environment and life histories.
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Marine Heatwaves alter the size, age, diet, and growth of juvenile Pacific Cod in Gulf of Alaska
nursery habitats

Hillary L. Thalmann?, BenjaminJ. Lauret and Jessica A. Millér

'Oregon State University, Coastal Oregon Marine Experiment Station, Newport, OR, USA.
E-mail: hillary.thalmann@oregonstate.edu
2NOAA Alaska Fisheries Science Center, Newport, OR, USA

Pacific Cod Gadus macrocephalysabundance declined dramatically following recent marine heatwaves
(MHWSs) in the Gulf of Alaska. By life stages of Pacific Cod may be particularly susceptible to MHWS,
including age0 juveniles during periods of rapid summer gromtltdastal nurseryatitats. We assessed

the size and age, diet composition, and recent growth bothamigintraannually of possettled age
juveniles collected from Kodiak Island, AK in July and August before (ZI3), during (2014016,

2019), aad between (2012018) MHWs to evaluate their potential consequences. Fish were larger and
older during MHWSs, with a lge increase in size and moderate increase in age between July and August
that did not occur in other years. Even when accounting fey diet shifted tdéarger prey items during
MHWSs, yet diet composition did not influence growth rates. July growth rates were moderately faster
during MHW conditions compared to other years, although growth showed a clear negative relationship
with temperéure and age across all heatwave classes, including during MHWSs. By August, growth was
influenced by a @vay interaction of size, temperature, and heatwave class. Before MHWSs, patterns in
August growth were | ike Jul y o6 sowth#idnetshowalear dur i ng a
relationship with temperature or body size, with fastest growth during MHWSs and slowest growth
between them. Even when accounting for growth variation, fish were larger than expected by August,
thereby indicating thatize was lilkely influenced by additional factors including earlier hatch dates and
sizedependent selection in the nursery.
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(S9-16806 Oral)
Operationalizing the impact on stock assessmentsofsigee | ect i ve fi shingds effec
RichardMethot?, lanTaylor* and Richard MGarvey

INOAA Northwest Fisheries Science Center, Seattle, WA, USAnalE richard.methot@noaa.gov
2South Australian Research and Development Institute (Aquatic Sciences), Henley Beach, South
Australia, Australia

Sizeselective ishing generally causes more mortality on fagr@wing individuals, which reduces the
average growth rate and body sifeéhe survivors. This has been known for over 100 years as Rosa
Leebs phenomenon. Despi te trédanent of tonevaryng hodysire of t hi
in fishery stock assessments tends to be principally by tracking changes empirically. McGarvey and
Feestra (2007) developed a slice approach to incorporatingwsizigorship in assessment calculations.
Subsequently, 8ylor and Methot (2013) introduced this phenomenon to the Stock Synthesis (SS3)
assessment program by subdividing the nremtipopulation into a set of platoons that have different
average body size, so encounter differing degrees of fishing mortalitgsjhsippens to wildgh
experiencing sizselective fishing. An important aspect of modeling this phenomenon is capturing the
degree to which fagirowing vs slowgrowing fish maintain fidelity to their natal growth pattern. Here
we demastrate recentdvancement to SS3 that allows for this degree to be represented by a model
parameter that is estimable given suitable.d&¥& also show how failure to recognize and account for
this phenomenon causes mean asymptotic sigetglbe underestimated. Wiithcorporation of the
phenomenon, the SS3 approach is able to estimate the correct avavhfishLin the population, while
also estimating the realized average size after the effect ededizetive fishing. With this gability,

SS3is then able tmcorporate sizselective mortality as one of the dynamic factors influencing
estimation of fishery reference points.
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Modeling spatial and temporal growth patterns with single and multi-area fisheries stock
assessment models

Paul D.Spencer Carey R. McGilliard, and Meaghan D. Bryan
NOAA-Fisheries, Alaska Fisheries Science Center, Seattle, WA USA. Email: paul.spencer@noaa.gov

Stock assessments models often assume a single area with constairagezddowever, temporal

patterns in siz&t-age can occur and may show complicated interactions with spatial processes that
necessitate more refined stock assessment methodologies. For example, Gulf of Alaska (GOA) Dover
solesizeatage has increased over time and also exhibdgametic movement between habitats,

resulting in higher proportions of fish small for their age in deeper waters. Here we compare how
complex spatial growthatterns can be accounted for with either spatithyctured assessmanbdels

which internallyestimate growth parameters (used for GOA rex sole and GOA northern rock sole), or
simpler onearea models in which spatialveraged estimates of size at age are estimated outside the
model (used for Bering Sea Aleutian Islands (BSAI) northern rockf&ggtial and/or temporal patterns

in sizeat-age appear for many Alaskan stocks with a variety ohligéory patterns, including loAgved
rockfish and flafish with moderate longevity. Therefore, we compare theawaa models (ith spatially
averaged gtimates of sizatage) and twerea models for a series of stocks, including GOA Dover sole,
GOA rex sole, BSAI northern rockfish, and GOA northern rock sole. Evaluation criteria for model
performance includes fit to the observed data, uncertaintyimagsetl parameters and management
guantities such as harvest recommendations and reference points. We hypothesize that simple patterns of
spatial sizeat-age night be addressed with ofaeea models using spatially averaged-sizage data,

whereas compleiteractions between spatial and temporal patterns may be better addressed with multi
area models.
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Decipheringthe molecular basisof temperature-induced growth changesin Pacific halibut
(Hippoglossusstenolepi$ to improve our understanding of growth variation in a changing North
Pacific Ocean

Josep VPlanag, Andrew JasonowidzAnna Simeoh Crystal Simchick Dana Rudy; Emma Timmins
Schiffmarf, Brook L. Nuni, Anita Kroskd, Nathan Wolf, ard Thanas Hurst

lInternationaPacificHalibut CommissionSeattle WA, USA. E-mail: josep.planas@iphc.int
2Departmenbf GenomeSciencesUniversity of Washington, Seattl&VA, USA.
SAlaskaFAST Lab, AlaskaPacificUniversity, Anchorage AK, USA.
‘AlaskaFisheriesScienceCenter NOAA FisheriesNewport,OR, USA.

Our understanding of the potential causes for the-terg variability in the sizatage (SAA) ofPacific

halibut Hippoglossus stenolepis limited. Although several factoc®uld contribte to this variability,

it is hypothesized that temperature variation could be a contributing factor to the observed changes in
SAA. According to its ecothermic nature, Pacific halibut growth has previously been shown to be affected
by tempeature. However, in order to study how temperature can affect growth patietrsie, suitable

growth markers need to be identified and validated to monitor growth patterns in the wild. To that effect,
we have conducted experimental growth manipulatiofisvenile Paific halibut through temperature
acclimation to generate growth suppression and growth stimulation phenotypes. Using white skeletal
muscle samples from growtuppressed and growstimulated juveniles we have conducted RNA
sequencing and pteomic analyses to identify genes and proteins that change their mRNAsexpeasd
abundance levels, respectively, in accordance to the direction of the growth change. In addition, we have
conducted stable isotopic analyses of white skeletal musclegirmwth suppresed and growth

stimulated juveniles to further characterize the molecular responses to temperhtaesl growth
manipulations. Finally, we have validated a subset of the identified molecular growth markers using white
muscle samples fromild-caught Pacific halibut to detect the presence of growth differences amgeng
matched adult fish. The results frdiis studywill helpidentify potentialdifferencesn growth patterns

in Pacifichalibutunder variable environmental, dietary antila- as well asnterspecific conditions.

162



(5916841 Oral)

Changes in copepod size in response to warm and cold conditions during spring in the Eastern
Bering Sea

Deana CCrouser', Jan Ohlbergéf, Grant Woodartland David G. Kimmél

1NOAA Alaska Fisheries Science Center, Seattle, WA, USAqdi: deana.crouse@noaa.gov
2University of Washington, Seattle, WA, USA
3Washington Department of Fish and Wildlife, Olympia, Washington USA

Large marine ecosystems of Alaska are experiersigrgficant warming, and onesponse to warming
predicted by ecological theory is a decline in organism body size. Here we report preliminary results for
NPRB Project 2008: The effect of global warming on loggn changes in copepod size in the Bering

Sea. We used an archive of preserved specimens to measure body size (prosome length) of copepods
across warm and cold periods in the eastern Bering Sea. Average prosome length for large copepods
(CalanusandNeocalanuswas lower during the warm years, whesgrosome length for smaller
copepodsAcartia, OithonaPseudocalanusandMetridia) did not show differences. The differences in
body size translate to differences in individual mass and lipid content. For example, the average size of
CalanusC5 duringcold years was 0.27 mm larger than during warm years. Based onVegigtit

regression, this translates to Calanusbeing ~20% heavier and having 10% more lipid content during
cold years. This suggedtsat the feweCalanusobserved during warm conditis are smaller and less

lipid rich compared to cold years. This has implications for the eastern Bering Sea food web as many
species rely o€alanusas an important forage item, including Walleye pollock, seabirds, and the
critically endangered North Pdiciright whale. We hypothesize that warming in Alaska ecosystems has
caused copepod body size to decline over time. Should such a decline be detected, it would suggest a
shifting relationship with highdrophic levels with ecosystem wide consequences.
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Best pradices for modeling timevarying growth in state-space stock assessments
Cole C.Monnahan', Giancarlo M. CorréaJane Sullivahand James T. Thorsbn

1Alaska Fisheries Science Center, National Oceaniddamdspheric Administration, Seattle, WA, USA.
E-mail: cole.monnahan@noaa.gov

2University of Washington, Seattle, WA, USA

SAlaska Fisheries Science Center, National Oceanic and Atmospheric Administration, Juneau, AK, USA

Time-varying growth can contribute biomass fluctuations, and its incorporatiorassessment models
has received more attention in recent years. Sfaee assessment models (SSMs) have garnered more
attention recently due to their ability to estimate time variation in biological sherfes processes, but
their use has been mostly limited to fish stocks that rely orspgeific data. Recently, new features in

the Woods Hole Assessment Model (WHAM) platform have expanded the applicability of SSMs by
including sizespecific data and nateling mean size and weigatage. However, iis still unclear what

data type or growth modeling approach to use in an SSM under diverse circumstances. In this study, we
used WHAM in a simulatiomstimation framework to compare the performance of thewtly available
methods to model growth in SSMs. Specifically, our operating models were based on a generic
groundfish (codike) and had timevariation in different growth parameters, driven either by random
noise or Inked to an environmental covariat®e then evaluated the performance of parameteimi
parametric, and neparametric estimation models when using marginal length composition, conditional
ageatlength, or weightatage data of varying quantities. Our results are a first step to idegtify
estimation strategies that are accurate and reliable, and inform best practices for modeliagytitge
growth in SSMs. Our findings will be valuable for stocks where length data are a key source of
information, vaiation in growth is an essentialpaf the dynamics of the assessed stock, omvin&ing
climate variables to growth in hindcasts or forecasts is relevant.
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Unveiling unselective fishing in China: A nationwide metaanalysis of multispeciedisheries
Ming Sun'? Yunzhou Lt 2 and Yong Cheh?

1School of Marine and Atmospheric Sciences, Stony Brook University, Stony Brook, NY 11794, USA.
Email: ming.sun@stonybrook.edu
2|nstitute for Advanced Computational Science, Stony Brook UniyeiStony Brook, NY 11794, USA

Understanding and managirigtfery selectivity to target species and desirable size is instrumental to
fisheries management. China, as the worl dods | arge
perceived to paess unselective domestic fisheries. To date, this perception remains largely anecdotal

and conjectural, hindering the development of eviddraseed and effective management solutions. This

study presents a literature review to examine the magnitude aledo$einselective fisheries @hina.

By collating and arigzing 140 fisherylevel and 807 specidevel records from 66 peeeviewed

publications from 2010 to 2021, we found that primary target species were absent in 59% of fisheries,

while unidentifialbe low-value and juvenile mixed catch were universal. Key commercial taxa were

subject to nationwide mulgear and multispecies fisheries, each involving an average of 3.33 types of

gear and accounting for | ess tihbalne 2¢peam rosfo cdae fcihn @ ch
national gear regulatory catalegere selective over target species and caught negligibbedujucts,

though they were used less frequently, representing only 24% of catch records. While unselective fishing

can provide seafoodisp pl i es f or Chinaod6s | arge population and
management actions are needed to control the fishing pressure on primary target specigsaahutty

species. Amid the ongoing fisheries management reform in China, waesptbmanagement

recommendations ai | or ed t ond 6&obial coatéxts, inclueliegdascouating for the tratfe

between socioeconomic and ecological goals, contemplating impacts of unselective fishing when
implementing TAC programs, and strengtherfisgeries monitoring to inform management at multiple

scales.
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Development of a bioenergetics and population dynamics coupled model: A case study of chub
mackerel

Zigin Wangt, Shinvichi Ito?!, Itsuka Yabéand Chenying Gifo

tAtmosphere and Ocean Research Institute, The hityef Tokyo, Japan. #ail: wzg@g.ecc.u
tokyo.ac.jp

?State Key Laboratory of Tropical Oceanography, South China Sea Institute of Oceanology, Chinese
Academy of Scienc&uangzhou, China

Pacific chub mackereBgcomber japonicyss a small pelagic fish that widely distributes in temperate

zones in the waters around Japan, which showed large stock fluctuations in the western North Pacific with
other small pelagic fishekt Japanese anchovy, Japanese sardine, and Pacific saury. For clarifying the
mecharsm of the stock fluctuations, we developed a coupling model of bioenergetics model and a
population dynamics model of chub mackerel, in which influence of temperatureegnplgnkton on

growth and hence population can be included. Body growth is calculated by the bioenergetics model and
mortality of early life stages depends on body size and growth rate. However, the dependencies of
mortality on size and growth rate weret explicit for chub mackerel. Therefore, two types of mortality
functions were emplyed in the model to figure out a better pattern of dependencies of parameter by
comparing the reproducibility between two types of mortality functions. Influences afirfaees
temperaturédSST) and chlorophylh were also evaluated separately by using the climatological values for
one of the forcings. The model results revealed that the stock fluctuations of chub mackerel dufing 1998
2018 were mainly controlled by chlodogl-a, whereas the increasing stock during 2@004 was

strongly influenced by cblophylla, and that after 2014 was influenced by SSiFthermore,

importance of the fishing pressure on the recovery of the chub mackerel stock was evaluated by analyzing
cases with diffent fishing pressure and two soéses of growth overfishing and recruit overfishing.
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Comparison of juvenile pacific salmon abundance, distribution, and body condition between
Western andEastern Bering Sea using spatiotemporal models

AlekseySomoV? Edward V. Farley, Jt, MeganV. McPheé and Ellen M. YasumiisBi

tUniversity of Alaska Fairbank$School of Fisheries and Ocean Sciences, Juhkad, Email:
asomov@alaska.edu

2 Pacific branch of the Russian Federal Research Institute of Fisheries and Oceanography VNIRO
(TINRO), Vladivostok, Russia

SNOAA/NMFS, Alaska Fisheries Science Center, Ted Stevens Marine Research Institute, Auke Bay
Laboratories, JuneallSA

Recent changein climate have had different impacts on salmon stocks in the eastern and western Bering
Sea (WBS). Estern Bering Sea (EBS) salmon stocks periodically experienced reduced productivity, size,
and survival, whereas salmon stocks in the Bering Sea (WB8)rhare stable and generally positive

trend in abundance. This difference could be partially attributed to the different habitats that juvenile
salmon occupy during their first marine year. Salmon surveys in the EBS and WBS are used to compare
the status uveniles in these two large marine ecosystems. We applied a-spaporal VAST models

to adjust fo differences in timing, vessels and trawl gear used, and to compare the density and body
condition indices (length, weight, and Fulton's conditiondidaf three juvenile salmon species
(Oncorhynchus gorbuscha, O. keta, and O. nebedween the WBS and EBS from 2002 to 2022.

Juvenile salmon in WBS exhibited a consistent trend of larger size, higher Fulton's condition factor than
EBS popuhtions with geater abundance during even years compared to EBS. A cleandygrar

pattern, which is believed twe driven by pink salmorQ gorbuscha, occurred i n al/l Sp e
and body condition in the WBS with a limited impact of interannual tempercttaregges. Conversely,
temperature had a significant impact on EBS salmon and much of the variation in density and body
condition occurred between warm and cold periods. We detected differerE®8 &igration patterns

with EBS juveniles dispsing from neeshore habitats earlier than WBS juveniles, but migrate offshore
later.
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Forage species serve an important intermediate trophic role in marine ecosystems, yet an understanding of
how they drive trophodynamics in therth Pacific remains poorly known. The species composition,
condition, and availability of forage species to predators can be sensitive to physical and biological
changes and variable production at lower trophic levels. Forage populations are prayevtariations

in production, which can affect their availability to predators. North Pacific forage spediekeiboth
commercially and nogsommercially exploited taxa including small pelagic fishes (e.g. herring, sardines,
anchovies, smelts, and sandda), early life stages of groundfish, salmon, and crabs, mesopelagic fishes,
and other important invertebrates (e.g. squids, euphausiids). In marine ecosystems where the most
abundant forage species are unexploited taxa or life stages, detecting chapgeseis composition,
abundance, and distribution is often particularly challenging due to a lack of dimetédring, and

may have profound ecological and seemdnomic impacts at the ecosystem level. An improved
understanding of how changes in theiiadance and distribution of unexploited forage species impacts
exploited species and other predators is critical for commercial interests, as well as for economic and food
security of Indigenous and coastal communities in the North Pacific. This sestommes contributions
focused on: 1. Improvements in monitoring and data synthesis of forage $pgaitsuarly unexploited

taxa and life stagéissuch as integrating multiple data sources (surveys, predator diets), gear
modifications for improved retgion of forage species, advances in monitoring tools (biogeochemical and
genetic analyses, autonomous vehicles), and inclusion of traditional or local ecological knowledge; 2.
Describing changes in forage communities and impacts on predators; 3. Adwekioasledge about
interspecific interactions and bottemp and topdown processes that affect forage spegsed to inform
ecosystenbased fisheries management or reduce uncertainties in stock assessments and population
forecasts of exploited species.
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Persistent spatiotemporal patterns between seabird and small pelagic fish communities provide
early indications of ecosystem change

Mayumi Arimitsu !, John Pia& Jim Thorsof, Suzann Speckmafy Sarah SchoénCaitlin MarstelleF,
and Sam Starfk

1U.S. Geological Survey Alaska Science Center, Juneau, Alaska, UAil:Emarimitsu@usgsay
2U.S. Geological Survey Alaska Science Center, Anchorage, Alaska, USA

Alaska Fisheries Science Center, National Marine Fisherisc8eNOAA. Seattle, Washington, USA
4Current affiliation: HDR Inc. Anchorage, Alaska, USA

Predatoiprey interactions may contribute substantially to spatiotemporal variability in pelagic food webs.
However, concurrent information on bagitedators and their prey is often lacking in marine systems.
Seabird densities at sea are relatively easily assessed using standamieganethodology, whereas
targeted and timely survey data for small pelagic fish are particularly challenging to ¥eassessed
seabirds and forage fish densities using coupled marine bird surveys and dcawksarveys in Cook

Inlet, Alaska across ten survey years. We used multispecies VAST models to identify persistence in
spatial correlations among seabird @nely communities and to contrast ecosystem states during and after
recordbreaking El Nifio conditions in 1991098 and the multiyear Bb - El Nifio events nearly 20 years
later. We also explored drivers of spatiotemporal variability among predator gncbpnenunities to

better understand factors that may predispose certain seabirds to greater sensitaabysupdy.

Modeled densities of transient (nbreeding shearwaters) and certain pekéggeding breeding seabirds
(common mur r e sets)weretmoré stronghbtied tarieod sugply than others (Béed
kittiwakes, pigeon guillemots). We show that persistent upwedliegs in lower Cook Inlet provide

thermal refugia in the northern Gulf of Alaska, thereby increasing local abundaseabatds and small
pelagic fish (ag® walleye pollock, capelin, sand lance) during some years. Our finsliggest that

using multispecies distribution models that include the seabirds most sensitive to food supply as a proxy
for small pelagic fish disitoution can provide early indications of food web perturbations and ecosystem
change.
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Consideration of the poplation dynamics of sardines in the western and eastern North Pacific on
the basis of isotope chronologies

TatsuyaSakamoto? 2

Ynstituto Portugués do Mar e da Atmosfera, Portugahdil: tatsfish@gmail.com
2Japan Fisheries Research and Education Agency, Japan

Small pelagic fish populations worldwide have fluctuated by several orders of magnitoktidecadal
scales, although the mechanisms connecting physical forcing with fish populations remain unclear. One
of the major limitations in this fielts the difficulty in observing when and where the frarging fish

have been and what environmentahditions they have experienced, which could be solved by reading
the chemical signals in the fish body. Here, | review our recent studies using stable isotages amaly
incrementally growing and metabolically inert tissues, i.e., otoliths and eye,lemseslerstand the
population dynamics of sardines around the world. Higth oxygen stable isotope analysis of otoliths
combined with numerical simulahs were able to reproduce the migration history of sardines at about
half a year of age. Extensiveashical and microstructure analyses of otoliths revealed that sardine
populations in the western and eastern North Pacific have different metabolic and growthtreges i

early life stage that respond contrastingly to temperature variations, which cplamheke puzzle that

the populations increased during periods of opposite temperature anomalies. Massive carbon and nitrogen
stable isotope analysesége lenses suggested that the sardine population in the Sea of Japan does not
form a selfsustaining sbpopulation, as has been conventionally assumed, but is largely dependent on
immigrants from the western North Pacific. Although understanding the dynamics ofiémevater

world is still exceedingly difficult, technical developments will allow stepwiggrovements necessary

to resolve the impacts of climate change and variability on marine populations.
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Gelatinous zooplankton preyis important for supporting early survival and growth of skipjack
tuna in the western North Pacific Ocan

ToruKobari !, Kotone Yamaguchij Yayoi Yamadg Mai Yamashit§ Gen Kumé, Katsuya Kimur3
Yuichi Tsud& and Hidetada Kiyofufi

'Faculty of Fisheries, Kagoshima University, Kagoshima, Japan. Email: kobari@fish.kagoshinjma
2National Research Institute of Far Seas Fisheries, Japan Fisheries Research and Education Agency,
Yokohama, Japan.

Subtropical waters in the western NoRhcific Ocean@ known to be feeding grounds for early life

stages of skipjack tuna, despite of a potential risk or disadvantage for their survival and growth under the
poor food availability. For understanding these inconsistencies, however, thetiéeld Information on

trophic sources to support early survival and growth through the boiigmnocesses in the complicated

food web. Here, we investigate zooplankton prey of skipjack tuna larvae and juvenilew@stien

North Pacific Ocean based oretabarcoding amgsis of their gut content DNA. We obtained 5,020,207
reads of zooplankton prey, composed 1.6% of total sequence reads from gut content DNA. Major
zooplankton prey of larvae and juveniles were maxillopods including calanoids, forammmyfineszoans,
appendicularians and chaetognaths. The most contributed prey of the larvae demonstrated geographical
differences, maxillopods in the tropical Pacific, hydrozoans in the subtropical Pacific and
appendiculaans in the Kuroshio and Kuroshio Exsgon. The mostrequently appearing prey was
maxillopods including calanoids, molluscans and hydrozoans. Frequently appearing prey was more for
juveniles than larvae. Nemetric multidimensional scaling on their prey compositions allocated the
different geographical patterns among the four regions. These findings suggest that gelatinous
zooplankton prey being underestimated is important trophic source for supporting early survival and
growth of skipjack tuna in the wiern North Pacific Ocean.
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Alternative management strategies for forage fish communities: Implications for dependent
predators and fishers under climate change uncertainty

PierreYvesHernvann'? Isaac C. Kaplah Barbara Muhling® Stefan Koenigstett, Robet P.
Wildermuth-3, Elizabeth A. Fultofy Felipe Quezad&scalond Nerea Lezam&®choa, Peter
Kuriyama-3 Owen R. Li§, and Desiree Tommasi

'University of California, Santa Cruz,Programsti tute o
Santa Cruz, CA, USA. dnail: pierre.yves.hernvann@gmail.com

2 NOAA/ NMFS Northwest Fisheries Science Center, Seattle, WA, USA

3 NOAA/ NMFS Southwest Fisheries Science Center, La Jolla, CA, USA

4 CSIRO, Environment, Hobart, TAS, Australia

5Qcean Asociates, Inc., under contract to the NOAA/ NMFS Northwest Fisheries Science Center,

Seattle, WA, USA

Managing forage species comes with multiple challenges, particularly under a changing climate. As
highly productive, sho#ived organisms feeding ondotrophic levels, forage species deplextreme
recruitment and abundance fluctuations in response to the environment. They also support a wide
diversity of predators including protected or commercially exploited species which may be negatively
impacted § forage species fisheries or, conversely, exergdmpn control on forage species. Ecosystem
based fiseries management must therefore balance-wéddetween catch of forage species and their
ecological role regarding dependent predators. To exfilose tradeffs under different managnent

rules and climate change scenarios, we establish the foundations of a-tiforated ecosystem

management strategy evaluation of the forage species fisheries in the California Current using an Atlantis
endto-end ecosystem model. Atlantis represents oceanography, biogeochemistry, food web and fisheries
dynamicsand is designed to simulate management strategies. We tested the robustness of alternative
harvest control rules (HCR) for forage species to futureaténohange through 2050 with respedboth
economic and conservation objectives. Atlantis was driven by projections of (i) oceanography derived
from downscaled models to predict changes in biological production fueling the food web, (ii) species
distribution models developed for individual forage and predator species, and (iii) an€opgd

pallasii) ard sardine $ardinops saggxecruitment variation derived from other ecological models. Our
simulations demonstrate that climate vulnerability of fofigfeand fisheries can be reduceddauljusting
harvest rates to ecosystem pr od ulmsedhaivdstyules.pr edat or
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Metabarcoding analysis on trophic sources of mesozooplankton during springhytoplankton
bloom in the neighboring waters of the Kuroshio Current

AyaneTaniguchi', Toru Kobart, Gen Kumé Mutsuo Ichinomiy4 Tomohiro Komoritdand Junya
Hirai*

!Graduate School of Agriculture, Forest and Fisheries, Kagoshima University, Kagp3hjpan. Email:
k5576935@kadai.jp

2Facultyof Fisheries, Kagoshima University, Kagoshima, Japan

3Faculty of Environmental and Symbiotic Sciences, Prefectural University of Kumamoto, Kumamoto,
Japan

4Atmosphere and Ocean Research Institute, The UntiyerfsTokyo, Chiba, Japan

Coastal sites neighboring the Kuroshio Current have been known as nursery grounds for early life stages
of small pelagic fishes. It is believed that their early growth and survive are supported by
mesozooplankton standistpcks and production during spring phytoplanktoroisiavith colonial

diatoms and large dinoflagellates in the coastal sites. However, since these diatoms and dinoflagellates are
too large for small copepods predominating in the Kuroshio to feed, sudalgesmadigm should bere
consideed. Here, we explore trophic sources and linkages of mesozooplankton in the coastal sites
neighboring the Kuroshio based on metabarcoding analysis of gut content DNA for major taxonomic
groups. We obtained 728,250 readpmy organisms, composed 21.1% of total sequends feam

their gut content DNA. Copepods represented by calanoids were major prey items, and gelatinous
mesozooplankton taxa and phytoplankton were the supplementary prey. Copepods were the most
frequenty appeared prey taxa, and gelatisanesozooplankton taxa represented by molluscans,
appendicularians and polychaetas exhibited the second frequenegndtido multidimensional scaling

on their prey compositions allocated different groups among feedlritshsuch as large and small

omnivores, and carnives. Trophic networks based on the contribution and appearance frequency of prey
demonstrated that copepods were the major nodes with multiple linkages among their prey and predators.
These findings suggpt that copepods were importanbh of trophodynamics in the food web and many
omnivorous mesozooplankton groups are not strongly dependent on diatoms and dinoflagellates even in
spring phytoplankton bloom in neighboring waters of the Kuroshio Current.
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It is worse than you think: Implications of spatial and trophic overlap between juvenile salmon and
sablefish in the inshore surface waters of the Northern California Current

Elizabeth A.Daly?, Brandon E. ChaséoCheryl A.Morgart, Brian J. Burkg and Kaitlyn E. Osborrie

1 Cooperative Institute for Marine Resources Studies, Oregon State University, Newport, OR, USA
2NOAA, Northwest Fisheries Science Center, Newport, OR, USA.

3NOAA, Northwest Fisheries Science Center,t8eaWA, USA

4 Department of Forestry, Oregon State Uniwgr<Corvallis OR, USA

Interactions between protected and commercial species remains an area of concern for management
agencies. An unusually high abundance of juvenile sablefish in nearshame waters in the northern
California Current in 2020 were in spatial and trophic overlap with protected populations juvenile salmon,
which created an unexpected ecological interaction during a critical phase of both their early life histories.
The 2020 idex of abundance of juvenile sablefish showed axidddbhigher relative to any ahe other

24 years and there was an overall positive relationship between encounter rates of sablefish and
temperature. The sablefish were more abundant than the juvanilensfor which the survey was

designed, and sablefish were caught at the most inshore stations and along all transects. Sablefish ate
similar prey taxa as the salmon, such as juvenile rockfish, crab larvae, and krill, though there were notable
diet differences. Juvenile sablefish had significantly higher feeditegdity than juvenileadmon, with

7% of sablefish consuming greater than 10% of their body weight, while none of the salmon had a
stomach fullness higher than 7.2%. Juvenile salmon caught mmekence of sablefish had lower feeding
intensity than at stations where there were no sablefish present. Climate driven increases in coastal ocean
temperatures could be changing juvenile sablefish distributions, resulting in higher spatial and trophic
overlap that could negatively impact Pacific salmon. Juveall@en, in direct compgion for food

resources, would be the loser relative to the more numerous juvenile sablefish that ate similar, larger, and
more prey.
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Integrating survey data to explore if Pacific hake diets reflect variation in the prey community of
the California Current Ecosystem

Elizabeth M.Phillips, Alicia Billings and Julia Clemons

NOAA Fisheries, Northwest Fisheries Science Center, Seattle, WA, USAAIIE
elizabeth.phillips@noaa.gov

Indices of lower trophic levedroductivity can provide important insights for ecosystem based fisheries
management. However, information about prey abundance, and relationships between prey consumption
and recruitment of fispopulations are not fully understood. Pacific hakerluccius productusa
commercially important groundfish on the west coast of the U.S. and Canada, consume euphausiids, or
krill, as a key prey item. Using stomach contents of hake sampled from midwater trawls during the
biennial Paific Hake Ecosystem and Acoisirawl Survey between 2002019 (n = 8 years; odd years
inclusive, and 2012) in combination with a recently developed acoustic index ofrédadrill

abundance, we tested the hypothesis that hake diets reflect changes in the availability of krill. We found
that kill dominated the diet of hake ageér lwhereas hake aged 8+ consumed a more piscivorous diet.
Krill consumption was greater when they were abundant in the ecosystem, particularly duri292811

and 2017. Dung 2015, when krill abundaneeas the lowst in the time series, hake diets were more
diverse and contained proportionately greater alternative prey, including Pacific sardine and Northern
anchovy. These results indicate that the proportion of krill occurring in hake diets is positively correlated
to krill abundance, and that dietary diversity increases as krill become less abundant. Our results have
important implications for utilizing predator diets to monitor prey populations. Furthermore, krill
abundane may be an important link take growthand recruitment, which could inform stock

assessment models.
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Sampling North Pacific forage fishes with midwater trawls: behavior observations, retention, and
other considerations

Kresimir Williams and David McGowan
Alaska Fisheries Science Center, Seattle, WA, U.SAnalt: kresimir.williams@noaa.gov

Forage fishes, including smelts, herring, and juvenile groundfish, are often encountered in midwater trawl
samples during acousticawl surveys in Alaska waterinovations in scientific trawling, such as trawl
mounted cameras and recapture nets, provide information on the efficiency and potential biases in trawl
sampling associated with forage fish capture. We present observations from -&ateeesa system on
speciesspecific behavior patterns in the trawl, including 3D analysis of fish positionatatians, and
movement. Estimates of sieependent forage fish retention by the trawl are also presented using
recapture net data from two surveys. Retentionegadine used to compute trawl selectivity, which is used

to correct catches for escapement in order to allocate backscatter to multiple species using the-selectivity
corrected trawl data. Pocket nets also provide data on directional escapement, whiclinciue aiesign

of trawl gear specific to forage fish sampling. Examples of behavior obssivaind retention

characteristics are presented for Pacific cap®iallptus catervariuy eulachonThaleichthys pacificys

Pacific herring Clupeapallasii), and juvenile walleye pollock3adus chalcogrammisThese findings

are critical for correct interpretation of catbhsed abundance and size composition data for these
important components of the ecosystem.
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A model-basedapproach to improve estimates of distribution and abundance for datéimited
forage species

David McGowan, Darin Jones, and Kresimir Williams

Alaska Fisheries Science Center, National Marine Fisheries Service, National Oceanic and Atmospheric
Administraion, Seatt, WA, USA. Email: david.mcgowan@noaa.gov

Forage species (small pelagic fishes, juvenile fishes, and important invertebrates) serve a key,
intermediate trophic role in Northeast Pacific marine food webs. Although directed fisheries for forage
species are prohibited in U.S. waters off Alaska, information on the distribution and population dynamics
of key species are requested by fisheries managers due to their ecological value as prey to seabird, marine
mammal, and commercially important fiskespes.Accurate indices of abundance are needed to tmoni

how fluctuations in the availability of forage species impact managed predators under an edosystem
approach to fisheries managemdmtisting monitoring surveys are not designed to sampethgecies

as the spatial coverage and sampling gear used may not be approptiaessmf data from such

surveys has thus far been limited. However, improved monitoring of forage species can be achieved in the
absence of directed surveys by inteigiamultiple, independent data sources while compemgddir

their individual limitations in spatiotemporal models. For example, advances in these models allow
multiple surveys with different data types (e.g., presence/absence, biomass density) tqpbeatech

within a single, joint modeling framework to estimate shifts in habitat use and abundance trends. Here, an
example index standardization model for Pacific cap®fiallptus catervariusin the Gulf of Alaska is
presented. Using encounter data from bottomlteand biomass density measurements fronusie

trawl surveys, the joint model provides improved distribution and abundance estimates for capelin when
compared with individual modefor each survey.
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Ecosystem models to evaluate the role of trophic vertical exchange processes on forage and
predator productivity within oceanic ecosystems

Jim Ruzicka?!, StacyCalhounGrosch, Jesse Van Der Grientlacob Snydéand Réka Domokds
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2University of Louisiana, Lafayette, LA, USA
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‘Penn State University, State Gaje, PA, USA

Understanding the trophodynamics of forage and predator species in open ocean ecosystems is hampered
by lack of quantitative estimates of connectivity between egiiel mesopelagic, and bathypelagic depth
zones. We developed verticallgsolved ecosystem modeBBGOTRAN of the oceanic adral North

Pacific and oceanic Gulf of Mexico that include major pathways of vertical connectivity: the sinking of
detritus andhe diel vertical migration of zooplankton, micronekton, and fish. Net andsicsurvey

data were used to parameterize vertical distributions and diel migration behavior within different oceanic
regions. Models were run at high temporal resolution teucafsubdaily changes in vertical migration

and quantify trophic connectivity within and between depth zones. Independeraitestof the oceanfe
ratioswere used to constrain detritus recycling raiasmicrobial metabolisiFor both ecosystems,

vertical connectivity was dominated by detritus sinking. An imbalance of consamygains and

predation losses within each depth zone among vertically migrating groups also contributed to a net flux
of biomass from the epipelgagiat tpa mpddivenfdls gp alt a @inc
accounted for 12% to 27% of the total biomass flux between depth zones in the cemir&addic and

the Gulf of Mexico, respectively. Flux mediated by migrating crustacean zooplankton was more than an
order of magrtude higher than that mediated by migrating fish and squid. Simulationswneic

estimae how changes to vertical exchange processes and to food web structures within each depth zone
propagate throughout the water column, effecting the foraging enwerdrwh piscivorous fish.
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Toward identifying the critical ecological habitat of larval fishes: an envirammental DNA window
into fisheries management
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Marine larvae are important to marine ecosystems and fisherigggolitting recruitment remains a
fundamental challenge in fisheries science. Prewiaur& has focused on characterizing physical
conditions that defines critical oceanic habitats for important fisheries as well as key groups of prey, but
the complex netark of species associations that define larval ecological habitat is unexplored. Now,
ecological aspects of the larval habitat canxserened through biomolecular techniques. Using anchovy
larvae Engraulis mordakas a case study, the goal of this studg to examine how eDNA data can be
coupled with traditionally sampled larval fish algiance data to develop ecologicalamurrence

networks that provide insight into the larvae's microscopic world and work toward elucidating
communities, species, and amanisms that control larval dynamics. We correlated the presence/absence
(P/A) of ASVs from biomolecular 16S and 18S data with vigsuadlumerated counts of larval fishes to
create a cortation matrix that we visualized as an ecologicabcourrence netork. We found that

6anchovy water & can be char atentiakprey field, gredatgrs, e DNA anal

microbiome associates, or a general fingerprinting of anchovy ecological habitat. Biomolecular
approaches provide insight into the larkiabitats of important fisheries species and provide working
hypotheses to explore through future research. Thus, there is greabpfiierDNA methods coupled
with ecological networkraalyses to provide a holistic understanding of community complositid
species interactions and to develop indicators for fisheries and ecodatednanagement.
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Assessing the influence of starvation relative to advective losses across El Nifio and La Nifia years
for an ecologicallyimportant fish of the California Current System

Mark MatthewMorales
University of California Santa Cruz, Santa Cruz, CA, U.S.Amd&l: mamamora@csc.edu

Understanding biophysical drivers of ydafyear changes in the replenishment of marine fish

populations (i.e., recruitment) is crucial for effective ecosyshkarsed fisheries management (EBFM)r F
more than 100 years, fisheries oceanographers have tried with varying success to attribute cause to
observed recruitment fluctuations. Mechanistic mogsdsinded in first principles (i.e., physiology)

when coupled to ocean circulation models are useful to retrospectively test recruitment hypoth&ses a
eluddate the relative influence of starvation mortality vs. advective losses talgsarsuccess failure.

Here | develop a coupled biophysical individbalsed model for Shortbelly RockfisBebates jordan,

a nonrcommercial, yet ecologically important species of the California Current System (CCS). Shortbelly
Rockfish in the central CCS are arsiigcant component of the forage fish assemblage and exhibit
sporadic fluctuations in early life survival that have effects on higher trophic leddtorsLeveraging
biological data from a fisherigadependent survey along with model output, | shaat ¢harvation is

most prevalent during low productivity (El Nifio) years while retention over thiénemal shelf is the
bottleneck to recruitment during high productivity (La Nifia) years. The preponderance of recruitment
variability being differentiallydriven by food wekilependent and transpaiépendent processes amongst

a backdrop of contrasting environmental conditions may explain why corrsléigdweerhe

environment and recruitment break down over time and emphasizes the importance of context
dependency when studying mechanisms of recruitment variability. | conclude by putting these results int
a broader ecosystem context, highlighting the role Shortbelly play as forage and the challenges they pose
to EBFM.
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Tradeoffs between shifts in phenology and geography among early life history stages of fishes in
response to environmental changes in the Eastern Pacific
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In response to changing ocean conditions, marine fishgsshift where they are (geography) and/or

when they are present (phenology) during climatiesdigsitive periodsuch as spawning.

Understanding the distribution and seasonal timing of larval and juvenile fish occurrence is especially
important, as smethanges in mortality rates during the early life stage can lead to large changes in
subsequent recruitment. In a changing ocean, these effects can become ev&@anndie examined

how fish withthree lifehistory strategies (groundfish, coastal patagand mesopelagics) balance the
tradeoff between shifting their geography or phenology during their early stf@yi We assembled

larval and juvenile fish abundance data from seventerg sampling programs covering the region
between Baja Califorai Sur, Mexico and the Gulf of Alaska. A unique aspect of this work is that it

allows for rangavide modeling even though no single survey covers the range of mtrg/target

species. We modeledegges distributions using a generalized linear mixedtffimodel that considers
spatietemporal autocorrelation (i.e., sdmTMB). Models examined salinity, sea surfaceradong, sea
surface height, and distance from shore as environmental covariates. Preliminary analyses indicate that
fish tend to vary theigeography more than their phenology, particularly among mesopelagics and coastal
pelagic species. With these results, we build capacity to assess climate vitperfaiiarine fish species

and to étermine the adaptive distributional capacity of comna#lycexploited and ecologically

important fish to changing ocean conditions.
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Genetic identification of early larvae of grenadiers (family Macrouridae) in the Bering Sea and
Gulf of Alaska and spatial modeling of larvaltransport in the Bering Sea
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Grenadiers (Macrouridae) represent a taxonomic fish group of ecological importance in the North Pacific
Ocean and several species occur inBaeng Sea and Gulf of Alaskln Alaskan waterghere are no

directed commercial fisheries for grenadiers, ridnadess some are retained aschych in Sablefish
(Anoplopoma fimbripand Greenland HalibReinhardtius hippoglossoideBering Sea fisheries. The

North Pacific Fisheries Management Council has indicated that collection of life history information on
datapoor species such as grenadiers is a research priority in Alaskan waters (NPFMC 2016). Early larvae
collected from the large marine ecasyss in Alaska are not identifiable morphologically despite

previous attempts. In this study, Macrourid larvadéectéd during ichthyoplankton surveys conducted in
Alaska over a 4§ear period by the Alaskéisheries Science Center were examined and three species of
grenadiers were identified from several specimens using genetic techniques. Additionally, output of a
Bering Sea ocean circulation model is used to simulate possible larvae transport. The simulated drifters
are seeded at the larva collectiondtions and tracked backward using modeled ocean currents from
different depths, over time periods determineddryde growth rates inferred from their sizes at the

capture locations. Simulations suggésit twhere fish were spawned makes a big difference in transport
distances and deep current differences likely reflect transport from spawning habitat. Fuinvatbomt

of this work of drifter tracks guided by discrete spatial sampling may find that shifts in ocean currents as a
conseqguence of changesAleutian lowpressure systems would likely impact larval transport patterns.
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Expanding perspectivesin marine mammal research: Leveraging eDNA metabarcoding for
enhanced understading of three-dimensional species distribution

TaniaValdivia Carrillo *, Amy Van Cisé, Kim Parsond MeganR Shaffeé, Ally Im? andRyanKelly®
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Marine mammals are rare and elusive, making them difficult to study. Distribution studies have
traditionallyreliedon acoustic andisualmethodswhichare eactsubjectto a setof biases. Howevethe
emergence of environmental DNA (eDN#etabarcoding has opened new possibilities for assessing
species' presence in three spatial dimensions in marine ecosystems and may offer complementary data t
traditional analyses to improwir understanding of marine mammal distributions. eDNA refleetsne
mammalspecies and their prey, and recent advances in quantitative eDNA analysis may revolutionize
ecdogical research. Here we will present results on eDNA metabarcoding analysis targeting marine
mammals, cephalopods, and fishes aimed at decigh#@n3D (0 and 50m depth) spatial distribution of
marine mammals the northerrCalifornia Curren{WashingtorandOregon) byevaluatinghe influence
ofpey speciesd distributions, as well as geographi
illustrates tle potential of eDNA metabarcoding to improve our understanding of the broad scale
distributionsof marine mammals and their prey in marine ecosystems.

(51016836 Oral)

Widespread shifts in phenology of fish early life stages associatedhvivarming in Alaska

Lauren A.Rogersand Kelia Axler

Alaska Fisheries Science Center, NOAA, Seattle, WA, 98115 USA Email: lauren.rogers@noaa.gov

Changesn the timing of fish spawning and early life stage development will affect their match or
mismatch with production of preferred prey, as well as their availability to predators, with potential
consequencdsr recruitment success and fea@b dynamics. Using four decades of observations from
spring ichthyoplankton surveys in the Gulf of Alaskal Bering Sea, we investigated lelegm changes

in the phenology of early life stages for over 30 fish species. Larvahsdate was used as a proxy for
larval developmental timing in spring, reflecting a combination of changes in spawn timing dgeyal

and growth. Spatibemporal models were used to account for variable sampling effort in space and time
in orde to isolate thermal effects on larval size. With a few exceptions, interannual variation in size
obtained by June 1 was significantly ara$itively related to temperature, demonstrating widespread
effects of warming on phenology of fish early life stages. However, the strength of respordseyarie
speies, which reflected differences in life history and ecology as well as analytical cuesissociated

with assessing some species only partly available to the surveytémngrends in sizatdate wee
uncommon, despite the clear thermal effects detected, which was not unexpected given the temperature
variability observed in recent deesdin these regions. We demonstrate an analytical method to assess
long-term changes in phenology from larval size observations sampled at variable |caadidinges,

and detect phenological shifts that were not necessarily identifiable from larvababerdhta alone.
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Using environmental DNA to reveal the influence of environmental factors on thierage fish
community compositions
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Forage specieasre particularly sensitive to environmental fluctuations. However, the environmental
effects on foage fish distribution have been investigated mainly in each species separately, leading to a
limited understanding of the relationsliptween environmental factors and the community composition.
Here, a multiplex reaime quantitative PCR approach was used to efficiently quantify environmental
DNA in six forage species including Japanese anchBuagr@ulis japonicus Japanessardine

(Sardings melanosticts), chub mackerelScomber japonicysblue mackerel§comber australasicis
Japanese jack macke(@rachurus japonicus and Pacific sauryJololabis saird. A total of 29

sampling sites data were collected from Noto Parato Tsushima Island in Sea of Japan. The result of
norrmetric multidimensional scaling (NMDS) ordinations showed that the community structure of all
samples can be divided into Group | (Japanese anchovy dominating), Group Il (Japanese anchovy, chub
madkerel and/or bla mackerel donmiating), Group 1l (Japanese anchovy and Japanese sardine
dominating) and others. The bdistGAMs for the ordinations, determined BYC, included temperature,
bottom depth, dissolved oxygen, chloropkg/ldnd salinity ashe environmental explaining variables

(P < 0. 0 Hasedrebindancy analysis {@DA) provided evidence of salinity, temperature and
bottom depth as the main influencing factors@hmunity structures. Group | and Group Il are

positively correlatd with salinity and bottom deptimdicatingthat they were more likely to distribute in

high salinity and offshore areas. Our study demonstrates the complex eeepigls communities to
environmental variables, whiémplicatesthe importance of ecosiembased fisheries management.
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Mapping the distribution of forage fish in coastal British Columbia using environmental DNA

Loic Jacquemot? Colleen T.E. Kello§ Matthew A. Lema$, Rute Clement€arvahld, Shaorong L4
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Forage fish |ay crucial roles ircoastal marine food webs in the Norttci#ia Ocean by transferring a
significant amount of energy from lower trophic levels to high trophicgioed. Despite the importance

of forage fish in marine food webs, information on fish species distribution and habitat use are deficient
and critical b implement efficient management strategies to maintain healthy popula@iongpared to
conventional biomonitoring tools, environmental DNA (eDNA) shows several complementary
advanages, suchsabeing norintrusive, easy to implement on the field andihg\high rate of species
detection. Our research aims to evaluate the potential of eDNA in monitohingjdidiversity and

addressing the existing gaps in understanding the distribution of forage fish species in BC coastal
ecosystems. We compiled 12S eDMéta collected during the Canada C3 expedition in summer 2017,
archived data collected by the Hakai Institute (Quadra Island, BC) along the BC coastline in summer
2019 and 2022, asell as dataollected at multiple depths in five BC fjords in the wirdad spring of

2023. To optimize specidsvel assignments and reduce misclassifications, the MIDORI d2®ake

was curated for the region of interest using species distribution information from the Ocean Biodiversity
Information System (OBIS). Mappingehelative abundance of fish provided new insights on the
horizontal and vertical distribution of these species and informed on the role of fjords as critical habitats
and refugia fo culturallyand commercially important forage species such as herrifeghemn and

capelin.
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How accurately and precisely can fisheriegndependent surveg assess phenological change among
forage fishes?
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Changes in pdnology of forage fishes can impact higher trophic levels that prey upon them.
Understanding and projecting phenological change requires longedies,such as fisheries

independent surveys. However, few surveys sample frequently enough to detect phenological changes.
Using surveys with suboptimal timing or frequency can bias phenoldigyatss, while variability in fish
abundance can complicathenological trend detection. We explore sampling impacts on phenology
estimation using Moset Carlo simuitions to model changes in seasonal occurrence oflgargtages of
sardine and anchovy from surveys in the California Current System (CCS)ldtheal shifts of 115

days decadewere simulated, and resulting distributions were sampled mimicking survey designs to
produce desigland modebased estimates of phenological metrics. Debiged change estimates

were most precise for the seasorsttroid and least precise for season duration. Fitting a variable
coefficient generalized aitive modelto survey data produced similar estimates of phenological change.
In southern California, changes in sardine phenotmyyd be accurately assessedt with half the

precision of anchovy. Biases emerged for anchovy when assessing rapid changes (>9 da¥)s decade
Baja California, simulated phenological change among surspetning sardiewas underor over
estimated based on survey timing, whaidso lead to erroneous estimates of trends in population size. In
the northern CCS, the 282016 marinéneat wave led to abrupt changes in phenology and abundance of
several forage fish taxa. In this region, variations in abundance throughout tiseri@ssobscured
detectability of phenology trends to a greater extent than in the southern CCS.
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Patterns in nutritional traits across environmental conditions in the North Racific
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Nutritional composition can vary significantly within and among marine species. A few studies have
associated variability in nutritionabmposition of small pelagic species with upwellisga surface
temperature, seasonality, and location. We examined variation in nutritional traits across and within
species of prey important for top predators in the California Current, including albacore tuna.
Specifically, we evaluated energy densityd @ercent lipid and protein in fishes, squids, and tunicates
from northern and southern regions of the California Current, collected during regional and NOAA
research surveys in 2021. Overall, fishes higldr lipid and energy density values than sq(iiter-
specific variation) and showed more nutritional variability for all nutritional metrics {sptegific

variaion). These patterns were consistent between the two oceanographically distinct regions of the
California Current. To explore whether theserall patterns were conserved not only across natural
oceanograph gradients, but also as environmental conditions rapidly changed withiegions, we
compiled a literaturdased nutritional datasét/e then assessed variation by comparing i) aeclipi,
protein, and energy density values for 25+ species to identify changes in rank among species as sea
surfacetemperatures, chlorophyll levels, and El NiBouthern Oscillation conditions varied over 40
years (interspecific variation), and ii) vaation in nutritional traits within each of those 25 species as the
environmental conditions fluctuated over that timespan @sprecific variation). Analyzing combined

data sources on albacore tuna prégved us to identify patterns in nutritional difearces that may predict
adjustments in the foraging behaviour of top predators encountering environmental changes.
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Pacific salmon trophic interactions in the subarctic gyres
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The pelagic phase of Pacific salmon life cycles is crucial to the growth and survival of these species of
vital ecological, economic, and cultural importance. However, interactionsgegaétmon and with their
predators, prey, and competitors in the open Pacific Ocean have hitherto retigvattiention. This

paper presents the results of an investigation into these interactions using models of the subarctic gyre
ecosystems of the ribeastern and northwestern Pacifiglin Ecopath with Ecosim. A swtof

ecological metrics was computed in each model to quantify salmon trophic interactions. Firstly, trophic
level, omnivory index, primary production required, ascendency, and kegstmeere calculated for
individual food web nodes. Secondly, mixed trophic impacts, similarities in tréglél and diet
composition, and predation mortality rates were evaluated for node pairs. Results suggekiea top
impacts on salmon by sharkswasll as intra and interspecific copetition among salmon. The latter

finding is somewhat paradoxical considering the low predation mortalities inflicted by salmon on
micronekton and zooplankton. Large squid and marine mammals are the main consumeektaic

in the eastern and western gyres, respectively, while ctenophores and chaetognaths are the dominan
predators of zooplankton in both ecosystems. The apparent paradox likely results from high pelagic food
web complexity, omnivory, and ascendeneyliiect competition among salmon famoduction at trophic
levels belowtheir prey, and apparent competition mediated by differential predation on salmon species.
These findings advance our understanding of Pacific salmon pelagic ecology and will reéfiribd

and tested using ecosystem simulations.
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Species composition of mesopeladish catches in the coastal NE Pacific Ocean and the presence of
potentially indigestible lipids

Catherine JStevens, Stéphane Gauthferdohn F. Dowér Micah QuindazZj El Hobson, S. Kim
Junipet
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Total marine fish biomass is thought to be dominated by mesopelagic species. The ecological importance
of mesopelagic fish to ecosystenmétion has been established in some marine systems, bilners, our
knowledge is rudimentary. In the NE Pacific @aewe lack information on the biochemical properties of
mesopelagic species and their suitability as prey for higher trophic levels. The purpose of this ongoing
study is to identify and catalog mesopelagic species caught off the west coast of CanaddJ&)cand

to characterize their diets and condition using lipids. A total of 22 species from 10 families were
identified using a combinian of traditional taxonomic methods and COI barcodirte d@igestive tracts

and otoliths were removed before whokhfivere freezeried, ground, and their lipids extracted. The
myctophidDiaphus thetagenerally dominated the mesopelagic portion of catch biomass, except when
trawls were conducted below 300 m. In deeper trawls, stomiids and the myctogmipanyctus redjis
andStenobrachiugeucopsaruglominated the biomass. On a mass basis, myctophids contained more total
lipid than any other fish famjil Of the eight myctophid species analysed, four conddirgcylglycerol

(D. theta Tarletonbeania crenularidNotogopelussp.,Lampadena urophadss their primary storage

lipid, and four contained wax estets (egalis L. ritteri andS. leucopsarus, S. nannodhiingestion of

large amounts of wax esters by a variety of predators is associated with poor groditieatidility.
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Dietary and spatial overlap among jellyfish and small pelagic fish in the eastern Bering Sea during
warm ocean conditions
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Populations of scyphozoan jellyfish in the eastern Bering Sea (EBS) can grow rapidly within a single
season and have fluctuated eliglover recent decades. Understanding the role ofigilyfi the EBS
ecosystem is required féishery and ecosystem management, however we lack direct measurements of
the impact that changes in jellyfish abundance have had upon this ecosystem and its fish populations. We
examined the role of jellyfish as competitors of juvenile forage fishesifgearid gadids) and juvenile
salmonids by (1) examining the diets of the dominant scyphozoan jellyfish in the @igaaora
melanasterand (2) estimatinthe dietary and spatial overlaps among jellyfish and n@gmktivorous

pelagic fish taxa. Oceaampling for diet analyses occurred in two contrasting years: 2014 (high jellyfish
biomass but cooler temperatures) and 2016 (low jellyfish biomass but warmer temperatures). Jellyfish
diets were very diverse and contained primarily small copepods angqerbut showed mostly low
overlaps with small pelagic fishes, which consumed mainly euphausiids and small fishes. Fishery
research data were used to exantireespatial overlap of small pelagic fish and jellyfiskhim the EBS

during the summers of 20bhd 2016. Generally, jellyfish and the small pelagic fishes showed low
spatial overlap, but there were some high spatial overlaps among the small pelagic fish and salmonids.
Spatial overlap and trophic relations are not uniform throughout the EBS na geeos, however,

regions 6 high overlap do occur, which could result in resource competition in low productivity years or
areas.
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Effects of distribution and abundance of small pollock on fis predators and northern fur seals

IvonneQOrtiz , Kirstin Holsman, Kerim Aydir?, Elizabeth McHuroh Jeremy Sterlingand Nicholas
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Within the eastern Bering Seae#fh northern fur seals (NFS), Pacific cod, arrowtooth flounder and

walleye pollock can jointly consume over a million tons of pollock per year. A large propottioe

pollock consumed is 30 cm or less in length. W®lk at pol | oc k utioBfdm acoustic t hei r
(2004-2018 norcontinuous) and bottom trawl (192021) surveys, the predators diets and distribution

to evaluate the potential competitionwween NFS and fish predators. The populations of thdkmko
consumers have changedsigniint 'y i n biomass and | ocation since
arrowtooth flounder are three of the main commercial species in the eastern Bering Sea. We evaluated the
overlap of small pollock, fish predators, and NFS, using-gpacific summedistribution maps of small

pollock and fish predators (pollock, cod, arrowtooth flounder) overlapped with-yealtiaggregated

foraging ranges for NFS. Prey sizeference and diets for fish predators were estimatead $tomach

samples collected durirthe bottom trawl surveys. In addition to the interannual variability of fish

distribution and abundance, the overall distribution of pollock, cod and arrowtooth has shifted northward
and towards the middle shelf which in turn has changed the overlap R&Hadtating females. The diets

of the fish predators also show changes over time within the foraging range of NFS lactating females.

This study helps inform ecogesn based management of pollock, its fish predatordN&®by providing

insights into the féects of environmental conditions on their feeding interactions, distribution shifts and
overlaps.
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Using marine fatty acid data to estimate the nutritional quality of micronektonic organisms in the
British Columbia coastal ocean
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The nutritional quality of prey species is critical to consumer health in terrestrial and aquatiehzod

Fatty acids (FAs) provide an effective measure of nutrition as they are transferred from prey to predator
throughout the food web and promote the health of an organism. In marine ecosystems, small pelagic fish
(i.e., micronekton; between ZD0 mm taal length) occupy the middle trophic &g and are thus the

conduit between the lower (zoopldok) and higher (nekton) trophic levels. In this stuslg,examined
variation in micronekton prey quality in British Columbia coastal waters. Specifically) e@mpared
nutritional quality among a diverse group of micronekton at a single region and, 2) compared nutritional
guality of micronekton species across adjacent coastal areas with different oceanographic conditions.
Micronekton were sampled in the summ€&2019, from the Strait of Georgia, €en Charlotte Strait,

Queen Charlotte Sound, and Stiluan de Fuca. Fatty acid (FA) profiles were measaratifotal

fatty acid content, essential fatty acid content, and DHA:EPA were used as nutritioned nidteire was
considerable nutritional variability among species within regions and within species across regions.
Species differences indicate the relevance of distinct feeding habits and-specifis metabolic

pathways for FA composition. Within spes differences in FA metrics at smalbsipl scales highlight

the importance of local ocean ditions in determining prey quality. Overall, our wonlopides evidence

that food web nutrition will change in response to shifts in community compositemvoonmental
conditions.
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Using predator diets to inform forage fish distributions and interannual trends
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Forage fishes compris@ antegral part of marine food webs in the highly productive ecosystems of the
North Pacific. Standardized bottom trawl surveys are critical to steessment of groundfish but lack

the gear and protocols to quantitatively evaluate populations of small pelagic fish. Significant knowledge
gaps exist related to the status of forage fish, their life histories, and how populations may react to future
climactic shifts. Where diet data are available, pigdanay be used as an indiremthod of collecting

forage fish data. We used a comprehensive dataset on prpoatonteractions in the eastern Bering Sea

to analyze the distribution of five forage sa@ver a 34/ear time series (1988019). Using four

dominant groundfish, we constructed forage fish and predator depth and temperature habitat profiles and
used center of gravity analysis and global index of collocation to examine prpoata@verlap. Bsults

provide insight on habitat partitioning andmpetitive interactions betweérage species and dymics

between predators and prey. Interannual center of gravity analyses indicated recent periods of cooling
(20072013) and warming (2012019) had ignificant effects on the distribution of forage fish

populations and suggest differences in the relative resilience of forage fish populations to climate change
in this region. Population shifts were particularly evident in recent periods of anomalonisigyar

highlighting the need to understand how fatperiods of prolonged warmingamaffect predateprey
dynamics. Results also demonstrate the importance of predator diet timeseries and how these data might
inform multi-species models and managemerstsyies.
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Growth and food requirement of chub mackerelScomber japonicu$arvae in the northern Satsunan
area, southern Japan
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The northern Satsunan area, southern Japan is used as an important spawning and nursery ground for
chub mackereBcomber japonicuduring a hjjh-stock period. We estimated growth and food requirement
of S. japolicuslarvae in the study area. Larvae were collectedgudie ORI net at 15 stations in the

mouth of Kagoshima Bay and adjacent area to analyze growth in 2018, 2019, and 2022, andt® est
predation impacts on mesozooplankton in 2021. Prior to growth an&@ysgagonicudarvae were

identifiedby PCRRFLP method. The effects of temperature and mesozooplankton biomass on the recent
growth rate (RGR) were analyzed using a generalinedd mixed model, which showed that only
temperature positively afféed the RGR of larvae. To estimate predation impacteesozooplankton,

food requirement was estimated 8rombespp. larvae$. japonicusndScomber australasicusThe
weightspecfic growth coefficient (Gw) was 0.14 d Based on the reported ratatship between Gw

and ingestion rate of the larval festy the daily ration was calculated to be 51.6% of body dry weight.
Predatory impact dscombespp. larvae on the production rafemesozooplankton was estimated to be
approximately 0.08L.1%. These results suggest that the northern Satsunan area a would be a favorable
nursery ground to support early growthSfjaponicus
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Did Southeast Alaska provide refuge for juvenile salmon during recent marine heatwaves?
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Pacific salmon®@ncorhynchuspp.) play an important ecological role and provide important subsistence,
commercial, and recreational fishery opportunities. Juvenile salmon growth and survival have been linked
to marine troplt ecology and oceanographic conditions. Recent marine heatwaves in the North Pacific
have created notable ecosystem effects. It is impddaiace observations of trophic ecology and fish
condition into context within the increasing prevalence of estegy changes and stressors dythese
heatwave events. Juvenile salmon samples were collected fror2@020n Icy Strait, a major fish
migration corridor in the northern Southeast Alaska archipelago. We analyzed morphometrics, energy
density, stomachacn t e nt s & n d /PN stabléisotidpes in four juvenile salmon species (chum
(O. keta) coho Q. kisutch, pink (O. gorbuschi and sockeyed. nerkg). We used stable isotopes and
diet composition to assess variability in relative isotopic naigetrophic overlap and evaluate effects on
body condition during a period that included significant and persistent warm periods. Despite observed
interannual variability in isotopes and diet over they&fr record, late summer juvenile condition

showed ¢ss variability across species and did not appear to be clearly related to offshore marine
temperature anomalies, suggesting that the inside waters of Southeast Alaska may provide temporary
refuge to juvenile salmon prior to migration into the Gulf of kkas
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Shifts in the distribution, size structure, and feeding of Arctic cod early life stages in a changing
Pacific Arctic
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Arctic cod Boreogadus saidaare the most abundant fish in the Arctic Ocean and a key prey resource
linking upper and lower trophic levels of the Arctic marine food web. However, the impacts of Arctic
warming, sea ice losand changing sea ice phenology on thisdassociated species is challenging to
predict due to a lack of early life history data in the Pacific Arctic. We compared the distribution, size
structure, and feeding tiie early life stages of wildaught Arcticcod from warm (2012019) anctold
(20122013) climate conditions in the Chukchi Sea to assess potential impacts of the rapid ecosystem
change observed in the Pacific Arctic in recent years. The highest abundances of Arctic cod larvae in late
summer werdound during cold years in the northeastern Chukchi Sea. While Arctic cod larvae showed
similar sizefrequency distributions in cold years, the size of fish captured in warm years was more
variable. Preliminary @it data indicate a shift in prey composgiti@ith ontogeny and the availéty and
abundance of zooplankton prey. Zooplankton prey dynamics are tightly linked to shifting sea ice
phenology and prevailing oceanographic conditions and may account fearnnigsl differences in

Arctic cod feeding ath growth. These data highlight important relationships between sea ice and
oceanographic variability and the distribution, feeding, and survival of Arctic cod early life stages in a
rapidly changing Pacific Arctiecosystem.
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ecosystems of the North Paciff§pecies responses to climate change vary in relation toidifery traits

including foraging and migration ecology, which determine adaptive capacities (e.g., abilities to shift

location or prey switch with changes in habitat). While there have beengpecigsspecific

asseassments of responses relative to observational and predicted ocean change, the impact of climate
change on complex ecological relationships (e.g., pregasyrdynamics) and ecosystem structure and
connectivity is not well understoooreover, recent research has suggested that maintaining healthy top
predator populations may help mitigate the effects of climate change on ecosystem functions. Therefore,
for this session, we solicit interdisciplinary studies on observed or predittedecchange anckspnses

of predatory fish, marine birds, and mammals. We will focus on how climate change is affecting the
top marine consumers directly
how metabolic changes imgalatory fish may be making them more of less susceptible to changes in food

Nort h

Paci ficos

resource availability). Transdisciplinary modeling and observational studies are encouraged.
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Climate conditions mediate the costs and benefits of migration strategies iNsrth Pacific marine
top predator, the northern elephant seal

BrianaAbrahms?, Elliott L. Hazer? Steven J. BogrddJustin S. BrashargsPatrick W. Robinsoh
Kylie L. Scdes’, Daniel E. Crockérand Daniel P. Costa

ICenter for Ecosystem Sentinels, Department of Biology, University of Washington, Seattle, WA 98195,
USA; Email: abrahms@uw.edu

NOAA Southwest Fisheries Science Center, Environmental Research Division, &é§o@ér93940,

USA

3Department of Ecology and Evolutionary Biology, UniversityCalifornia Santa Cruz, Santa Cruz, CA
95060, USA

‘Department of Environmental Science, Policy, and Management, University of California Berkeley,
Berkeley, CA 94720, USA

SUniversity of the Sunshine Coast, Sippy Downs, Qld, Australia

®Department of Biology, Sonoma State University, Rohnert Park, CA 94928, USA

As climate change impacts ecosystems, research advancing understanding of how climate variability
influencesthetdeo f f s of behavioral strategies fusrecritical
change. Site fidelity, the tendency to return to repeated sites for foraging, breeding or shelter, is a
widespread strategy observed across many taxa and is theéorcder a fithess advantage in

unpredictable environments over long timescales. However, such rigid behavior could become
maladaptive irenvironments undergoing rapid change. Here, we combine a decade of satellite tracking
data on migratory northern @leant sealslirounga angustirostris measurements of individual mass

gain, and oeanographic data to examine the relative costs and benefits of site fidelity under different
Pacific Decadal Oscillation (PDO) phases. Contrary to expectation, strong akdgivecfidelity

strategies performed similarly over 10 years, but the success of each strategy varied interannually and was
strongly mediatd by climate conditions. Individuals with strong site fidelity performed best under neutral
PDO phases, had lowertérannual variation in mass gain, and used areas that had relatively stable
resouces over time. Individuals with weak fidelity performed best during anomalous PDO phases, had
higher variation in mass gain, and foraged in areas with less habitat st&hitityresults suggest that the
evolutionary benefits of site fidelity may be upended by increasing climate variability predicted in the

North Pacific. Our study offers insight into the adaptive responses of marine predators to new climate
regimes and hidights how individual behavioral variation may modulate the adaptive capacitgctsp

to climate change.
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Future changes in habitat suitability, foraging grounds, and energy dynamics of North Pacific
albacore

Barbara AMuhling ', Stephanie Snyd&rJongYeon Park, Catherine FNickels-?® Rebecca
Whitlock®, Charles A. Stock Elliott L. Hazefi, Heidi Dewaf, Desiree Tommasfand Barbara A. Block

LInstitute for Marine Studies, University of California Santa Cruz, Santa Cruz, CA, UBAIIE
barbara.muhling@noaa.gov

2 NOAA Southwest Fisheries ScienCenter, La Jolla, CA, USA

3 Department of Biological Sciences, Thomas More University, Crestdiéisy KY, USA

4 Department of Earth and Environmental Sciences, Jeonbuk National University;sie@uuth Korea
5> National Research Council, Washington, DC, USA

®Department of Aquatic Resources, Swedish University of Agricultural Sciences, UppsadinS
"NOAA Geophysical Fluid Dynamics Laboratory, Princeton, NJ, USA

8 NOAA Southwest Fisheries Science Center, Monterey, CA, USA

9 Hopkins Marine StatiorStanford University, Pacific Grove, CA, United States

Long-distance migrations can allow maringraals to optimize their use of seasonal prey resources.

These behaviors are frequently shaped by evolutionary history, and may be adapted to maximize energy
gain through time. However, as climate change impacts the productivity and phenology of ocean
ecoystems, migratory strategies which were beneficial in the past may become less advantageous.
Juvenile albacore tund@junnus alalungemigrate extensively Ieen the California Current System

and the offshore Nt Pacific. During these migrations, thay déargeted by fisheries in the territorial

waters of multiple countries, as well as on the high seas. Previous research suggests that albacore
movements and energy gain are partially predictable based on water temperature and secondary
productivity. In ths study, we use projections from an earth system model (GFDL ESM4.1) to examine
how the spatial distribution of albacore foraging grounds and migratoigasmay change into the

future. In addition, we showdw their ability to gain energy from coalséad offshore ecosystems may

be impacted. Our results demonstrate how climate change can shift the energetic balance of foraging
migrations in pelagic species, as well as redistributing thermally suitable habitat. These shifts in favorable
habitat of togpredators can impact the trophic structure of ecosystems, as well as the availability of
commercially important species such as albacore to fishing fleetsdifferent nations.
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Climate change in NW Pacific and prey andeproductive performance of surface feeding and
diving seabirds

YutakaWatanuki, Risa Sakai, Aya Kumagai, Jumpey Ookado and J.B. Thiebot
Graduate School of Fisheries Sciences, Hokkaido UniversityaiEywata@fish.hokudai.ac.jp

Climate change drives ghof forage fish community, which affects diet, foraging area, and reproductive
performance of seabirds. To understand these processes in surface feeditmjlothgkllsLarus
crassirositris(BTGU) and underwater feeding rhinoceros aukt&sorhincamonoceratg RHAU), we
monitored their diet and breeding performance for more than 30, yearsneasured their-a¢a

movements using GPS ddtaygers in 3 years of contrasting prey species. BTGU showed good
performance in the peris of sand lancAmmodyesspp., but RHAU showed good and poor performance
in the periods of anchowvigngraulis japonicusnd juvenile greenlingleurogrammus azonus

respectively. Foragingistance of BTGU was short in a year of juvenile anchovy and that of RHAU was
long in a yeaof juvenile greenling and short in a year of juvenile anchovy; reflecting the habitats of these
forage fish species. Day feedidgy provisioning BTGU increased trip duration as they fed in the distant
locations within 30 km anday feedingnight provisbning RHAU showed stewise increase of trip
duration when foraging distance was longer than 150Tkm.energy value of prey and fepdckaging

of predators in rel@n to prey species and the linear/doear relationships between foraging distance
andtrip duration may induce species difference in the breeding performance under the shift of prey
species. Small parental energy reserve of RHAU may also constraint their behavioural flexibility. This
study highlights the importancé speciesspecific congtints that affects breeding performance of
seabirds in the recent unconventional climate change.
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Long-term changes in the spatial distribdion of Steller sea lions around Hokkaido Island, Japan
KaoruHattori !, Takeomilsond and Yoko Goté

Fisheries Resources Institute, Japan Fisheries Research and Education Agency, Kushirendaipan. E
hattori_kaoru68@fra.go.jp
2Fisheries Research Department, Hokkaido Research Organization, Wakkanai, Japan

Hokkaido Island is lodad at the southern limit of the Steller sea liBarfetopias jubatysAsian

population distribution range and is used as a wintering ground. Their seasonal movementdsecbnsid

to be easily affected by prey availability and oceanographic conditions wéeprovide a brief review of

the longterm changes in the spatial distribution of sea lions wintering in Hokkaido along with the
backgrounds. In early 20th century, when the Kuril Islands were the main breeding grounds in the Asian
population, many migtad to the nearby Nemuro Strait and the Pacific coast of Hokkaido Island, but the
wintering population almost disappeared from the Pacific coast along with the decline maébding
population. Since the late 1980s, on the western side of the SehaiskKTuleny Island was established

as a permanent breeding ground and the population began to grow rapidly. As a result, migration to the
Sea of Japan side of Hokkaido increased, and its distribution range extended to southaigtoHokk
Analysis suggestkthat the early timing of sea ice breakup contributed to the increase population on
Tuleny Island. This may have been mediated not only by Steller sea lions and climate bbaatso by
competition with the sympatric northern fur se@aflorhinus urshug. In recent years, the massive
aggregations of sea lions has been observed at the northern end of Hokkaido. This concentration might be
due to changes in prey availability during the wintering season.

(S1:16714 Invited)

Observed and projected chages in the North Pacific relevant to marine ecosystems
NicholasBond

University of Washington, Seattle, WA, USA-mgail: nab3met@uw.edu

The North Pacific Ocean is resmbng to global climate change. Some aspects of this transition have
already emergd above the natural variability, and other elements are expected to be manifested as the
climate continues to warm. Is the warm anomaly that has been prominent in the central North Pacific over
about the last 5 years liable to become a rooiless permaent feature of its atmospheoeean system?

Does the onset of El Nino in 2023 herald the end of a prolonged period with a preponderandmaf La
conditions in the tropicaldeific? How well do the climate indices developed based on historical records
represent the present (and projected) state of the North Pacific? These issues are explored from an
ecosystem perspective considering their linkages to phenomena such as marine heat waves (MHWSs),
upper ocean stratification/mixing, and ocean chemical propertie
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Generalists, specialists, and shifting seas: phenological match and mismatch, diet diversity, and
anthropogenic change in seabirds

Amy Miles™, Thomas P. HalnJohn Wingfield, Marcel Holyoak, Michael Johr’s Heather Majo;
Anthony Diamondand Joshué&lull*

tUniversity of California, Davis, USA. Email: amemiles@ucdavis.edu
2Point Blue Conservation Science, Petaluma, California, USA
SUniversity of New Brunswick, Canada

Conservation of marine top predators is a critical comparfanaintaining oceahealth. By studying the
interaction between phenotypic traits, we can both improve understandingshitlifiey ecology and

identify atrisk species under anthropogenic environmental chandigisistudy, we investigated the

interaction between two ttaj diet flexibility and variation in reproductive phenology, in seabirds through
global metaanalysis. We discovered that flexibility in diet is correlated with flexibitityeproductive

timing, with generalists more variable iming than specialist®Ve also found that reproductive success

is more variable in specialists, suggesting that although they may not be adjusting their breeding timing to
match with resource pulses, trophic matches and years with favorable conditions are particularly
beneficidto specialist species. Despite these effects of diet flexibility on phenology and productivity, we
found no evidence of differences in changing phenology across a gdrsatimlist spectrum. Seabird
breeding phenology is growirgter globally, amongeneralists and specialists alike. We also found

global declines in reproductive productivity and suggest that generalists and specialists are suffering from
the effects of humamduced rapid environmental changes equally.
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Modeling resilience and its limits from phytoplankton to salmon: Learning from Atlantici Pacific
comparisons at four trophic levels

Neil S.Banas? Agnes Olifd, Trevor Sloughtér Fabian GrosseGraeme Diack EmmaTyldesley,
Aidan Huntet, and Colin Buf-

tUniversity of Strathclyde, Glasgow, UK-&ail: neil.banas@strath.ac.uk
2Atlantic Salmon Trust, Battleby, UK

3Swedish University of Agricultural Sciences, Uppsala, Sweden
“Imperial College, London, UK

SBritish Antarctic Surey, Cambridge, UK

University of Stirling, Stirling, UK

Our empirical understanding of plankton and fish has been built up incrementally through
intercomparison of detailed regional studies: more like anthropology than theoretical ghysiogical
modeling benefits from the same approach: here we outline ongoing efforts to transfer insight back and
forth between Atlantic and Pacific case studies at four trophic levels. (1) A simple nutrient
phytoplanktorzooplankton (NPZ) framework origafly tuned usig Bering Sea observans is being

applied to the BarenfSea spring bloom, in an ensemble approach that systematically addresses
uncertainty in the dynamics of bloom growth and termination. (2) Alesed model of large copepods

has beemun along a CaliforniaChukchi coastal gradient and a matching subtropfaatic gradient in

the Eastern Atl antic. Results suggest a highly
Calanusspecies complex that predicts high resilience anidecepbility insome areas of rapidimate

change (the Barents Sea) birhultaneously predicts hard environmental limits in others (like the
warming Southeastern Bering Sea). (3) An optimddaged model of sandeel prey selection and growth
accurately dscribes patterns of resilience and decline in the North Sea, and is being generalised into a

ad

tratbased framework for Aforage fish growth potenti

projects, a new lifeycle model for wild Atlantic salmoimtegrates badm-up changes in oem
energetics with carryover effedt®m the freshwater phase in an interactive decisigoport tool. This
brief overview is intended as an invitation to newilcific collaborations.
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The Thermal Corridor Hypothesis: an experimental oceanographic approach to understanding the
effects of ocean warming to North Pacific loggerhead sea turtles

Bianca SSanto$’, Dana K. Briscok?3 George H. BalaZsJeffrey J. Polovirfa Jeffrey A. Semindf,
Alberto AbreuGrobois’, Masanori Kurig®, Masanori Mofi, Denise M. ParkérMarc R. Ricé&, Tomomi
Saitd?, Calandra N. Turner Tomaszewickloah Yamagucht and Larry B. Crowdér

! Stanford University, Woods Institute for tR®vironment, Stanford, California, United States. Email:
bsantos9@stanford.edu

2 Cawthron Institute, Nelson, New Zealand

3 University of California Santa Cruz, Institute of Marine Sciences, Santa Cruz, California, United States
4Golden Honu Services of@®ania, Honolulu, Hawaii, United &8es

>Marine BiologyProgram, University of Hawaii at Manoa, Honolulu, Hawdinjted States

8 NOAA-Southwest Fisheries Science Center, La Jolla, California, United States

"Laboratorio de Genética, Unidad Académica Miara Instituto de Ciencias del Mar y Limnologia,
Universidad Nacional Autbnoma de México, Mazatlan, Sinaloa, Mexico

8Port of Nagoya Public Aquarium, Minata, Nagoya, Japan

9Golden Honu Services of Oceania, Newport, Oregon, United States

OHawaii Preparatory Academy, Kamuela, Hawdinjted States

1UsaMarine Biological Institute Kochi University, Usa Tosa, Kochi, Japan

The North Pacific loggerhead sea tur@@aretta carettaundergoes one of the greatest of all animal
migrations, entenig the sea as hatchlings from nesting beaches in Japan and appearing years later along
foraging grounds off Baja California Sur, Mexico after spending several years or more living in the
Central North Pacific (CNP) high seas. The mechanisms that conasetdistant habitats have remained
poorly unerstood but are cruali for managing this endangered species. This is especially true given

recent spatial shifts associated with warm water events. Our research group analyzed 15 years of data
from satellitetagged juvenile loggerheads released in the Western and Central North Pacific and
proposed the Thermal Corridor Hypothesis (TCH) based on observations that turtles in the CNP transition
eastward to the North American coast as a function of ocean variabditgst this hypothesis, we have
initiated he firstof-its-kind experimental oceanographic approach for a top marine consumer, dgployi
satellite tags on cohorts of 25 juvenile loggerheads in the Eastern North Pacific high seas across four
years with vaable environment conditions (202826). Here, we discuss the anticipated movements of
loggerheads from the 2023 cohort, with the expectation that turtles will move eastward towards the North
American coast given the forthcoming El Nifio conditions, whidhlikely result in the opening of a

therma | 6 c or r i whaterbidgingfthese awvo negions. The outcome of this work hasatritic
implications for conservation and management. As the North Pacific continues to undergo unprecedented
changes in thAnthropocene, understanding how sentinel species such as sea turtles will respond and
adapt to climate variability is imperative to effectively maintaining and managing healthy ecological
connections across their entire North Pacific habitat.
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Understanding factors influencingspecies sentinel abily for climate change, pollution and human
health

Elliott L. Hazen"? Matthew S. SavoéaT.J. ClarkWolf4, Max Czapanskiy Peter M. Rabinowifzand
Briana Abrahm$

INOAA Southwest Fisheries Science Center, Environmental Research Division, E)g#il:
elliott.hazen@noaa.gov

2University of California Santa Cruz, Institute of Marine Science, USA

3Stanford University, Hopkins Marine Station, USA

“University of Washington, Centeoirf Ecosystem Sentinels, USA

SUniversity of WashingtonDepartment of Envimmental and Occupational Health Sciences, Center for
One Health Research, USA

We are already experiencing the rapid pace of environmental change in the Anthropocene, necessitating
the development of new tools and techniques for measuring changes in ecosystem dynamics. Sentinel
species from birds to invertebrates, have been used to provide insight into ecosystem function, leading
indicators of risk to human health, and as harbingefsture change, with possible implications for

human health as well. Herwe offer an update to our previous research identifying marine top predators

as an indicator of ecosystem change, to also examine terrestrial sentinels and the latest research on
sentinels of pollution and human health. Using ecosystem sentinels enables rapid response and adaptation
to ecosystem variability and environmental change in part because they may be easier to observe, and in
part because they may serve as leading indieatoecosystem change. We update with the latest

research on climate anecosystem sentinels, including a metanalysis of publications that have claimed
their species as a useful sentinel. While there may not be a given taxa that is best suited aswentinel
highlight the factors that make the most effective sentinels including examples of when sentinel species
have been incorporated in mammals. Choosing a suite of appropriate sentinels will both give insight into
ecosystem processes and can help mactzgeging ecosystems into the future.
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Projections of climate change impacts on California Current predators and food webs

Isaac CKaplan?, PierreYves Hernvanh? Owen Lid-3 Chris Harvey, Karma Normah Barbara
Muhling?#, Desiree Tommasfand Jameal Samhotiri

I Northwest Fisheries Science Center, National Oceanic and Atmospheric AdminisBatittfe, WA,
USA. Email: Isaac.Kaplan@noaa.gov

2Institute of Marine Scienceblniversity of California Santa Cru8anta Cruz, CA, USA.

2 Ocean Associates, Inc., Arlington, VA, USA

4 Southwest FisherieScience Center, National Oceanic and Atmospheric Administyagiam Diego, CA,
USA.

The California Current off the US West Coast has experienced recent heatwaredisaadong term

increases in temperature. Future projections under climate change suggest continued warming,
deoxygenation, and acidification, which may affect predators both directly (due to physiological
constraints) and indirectly (due to forageadbmnn ce and di stri buti on). I n the
and AGC50 pseargh group Isas refinad an Atlagtis ecosystem model to understand two
relevant aspectsf climate change. First, we benefit from a new generation of species distributitels

(SDMs) that include environmental covariates such as temperature, oxygen, and chlorophyll. The SDMs
define environmental niches for predators and prey, and subsequently the Atlantis model tests the
implications of these niches and associated apsttifts in terms of trophic dynamics. Second, we force
Atlantis with downscaled ocaagraphy, driven by Earth System Models under a high emissions scenario
interpolated tanatch hindcasts from a dasassimilative global ocean reanalysis (GLORYS). Thegh
resolution temperature fields drive consumption, mortality, and growth rates of all species within Atlantis,
and downscaled currents advect forage including plankton. For both demersal and pelagic predators, we
find that shifting distributions drivstronger ecosystem responses than do physiological responses to
temperature alone. Alsn part due to higher magnitudes of predicted spatial shifts, we find pelagic
predatosto be more impacted in future projections than demersal species. Howeweintpasts are

not universally negative, and in some cases predators (especially highly mobile pelagic predators) do
benefit from anticipated ocean change.
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Applying traits to explore climate-driven variability in albacore tuna resource use in the California
Current Large Marine Ecosystem

Miram R.Gleiber?, Natasha AHardy!, PierreYves Hernvanf® Caitlin J. Morgansoh Catherine F.
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12 Department of Integrative Biology, University of Windsor, ON, Canada
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As global climate change drives reorganization in neacommunities, understanding how predators
respond to variations in prey assemblagesitieal to forecasting future populatiatynamics and, at a

wider scale, foodveb functioning. While prey availability is an important factor driving predator
consumption, biological traits (e.g. habitat, behavior, morphology, nutrition) are key aspects mediating
predatorprey dynamics. In partidar, traitbased frameworks can help simplify complex foraging
dynamics, highlighting recurring characteristics across dive@mnsumed taxa, and elucidate potential
mechanisms governing interactions between pnelypsiedators. Here, we used such a fraorkwo
understand resource use by albacore thar{nus alalungga a highly migratory species targeted by
pelagic fisheries globally. Applying traits to historical (2€85L9) juvenile albacore diet data and prey
community composition reveals that consigttrait forms are selected across time and space in the
California Curent Large Marine Ecosystem. We use these insighugrats that inform albacore feeding

as a tooto facilitate predictions of prey resoarcise under climatériven change. Firshy applying

these traits to datasets on forage community composition, we aggregate across shared functional roles
relevant to the predation process, to identify hotspots of highly suitable prey for albacore and
relationships with environmental conditioNde ultimately explore the capacity of traits for predicting
patternsm albacore feeding, using statistical modeling to eatallhow traits of available preyscapes and
environmental conditions explain logrm varability in diets. This enhanced understitng of albacore
resource use will enable us to better anticipate the impact of changes in prey assemblages on predator
productivity and distribution as pelagic communities are altered by climate change.
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Comparing functional diversity and redundancy with species diversity and turnover across
scenarios to identify climate refugia for marine megafauna in th&lortheast Pacific

ElenaGissi*?, Jamie McDevitirwin?, Kristin Kaschnet, Kathleen KesnerReye$, Eliott Hazerd2®,
Rosalia Santoletand Fiorenza Michel
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% Department of Biometry and Environmental Systems Analysis, Alhattvigs-University of Freiburg,
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SNOAA Southwest Fisheries Science Center, Environmental Research Dilsinterg/, CA, USA.
University of California- Santa Cruz, Department of Ecology and Evolutionary Biology, Santa Cruz,
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In the face of escalating pressures from climate change, we neegpéolprunderstand how marine

organisms are responding. Current approaches in ocean management and conservation planning typically
aim to identify and protectichate refugia defined as i) areas with persistent species taxonomic diversity
over spacand time, and/or ii) areas with stable climatic conditions (i.e., climate analogs). However, this
approach critically overlooks complex shifts in functional diversity of community assemblages fay
climateinduced turnover of species and related functiomdtktrHere, we innovatively define climate

refugia as areas where functional diversity persists over space and time, independent from persistence in
species tagnomic diversity and/or climate analogs. We performed a scenario analysis by modelling th
functional space of marine megafauna in the Northeast Pacific using 19 functional traits. We analyzed
functional diversity and redundancy in relation to species diversity and turnover. gkithmving

nort hwards, some ecor egi olovwebratd thamtaxbriorniadivérsityd i ver si ty
meaning that the turnover of species did not correspond to a similar functional diversity shift. Moreover,
With the combird analysis of taxonomic and functional diversity patterns we also identified areas where
theirrelative change will place to new systems, including areas with increased functional diversity and
redundancy. This novel approach to climate refugia will help shape future protectignads of

conservation while considering the capacity of these netess to provide functions and related

ecosystem services in the future.
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Northward habitat expansion of whale shark Rhincodon typusjn the Western Pacific region
SoeonAhn!andDongwhaSohr

1Jeju Bio Research Centéorealnstituteof OceanScience & Technologyleju, Korea.
?Instituteof Mathematical Sciences, Pusan National University, Busan, South Korea.
E-mail: sohndongwha@pusan.ac.kr

Climate change has shifted the glotikribution of marine organisms. According to the International

Union for Conservation of Nature (IUCN), whale sha®kicodon typyss widely distributed between
approximately 30°N and 35°S, with occasiosehsonal migration to the north and soutlcdrdy,

changes in the spatial distributmof whale shark wemdetected; the Ishikawa coast near 36.5°N in Japan
was recorded as therhernmost limit of the distribution for whale shark in the western Pacific Ocean,
but recently, this species has bedserved occasionally near 38.4°N in the coastal sea off the east coast
of Korea. In this study, using 16 years (200d19) of whale shark presence only data in the Indian and
Paciyc Oceans, we applied both t he ralzedbAdditieent Boo st
Model to assess whether the occurrence of wétadeks in Korean waters was an accidental event or
whether the suitablgpatictemporal habitat was formed in Korea waters. Environmental predictors in the
full model included chlorophylh, modelestimated net primary productivity, sea surface temperature,
water depth, and distance to shore. Habitat suitability was mainly driven by the spatial variation in
bathymetry and sea surface temperature, although these effects differed slightsoby with overall

range expansion. These results provide insightpossible geographic variation of whale shark and the
potential suiable habitat of the endangered and vulnerable species for their conservation under a rapidly
warming climate.
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Examining distributional shifts of spawning and feeding migrations of Pacific cod in Alaska with
Satellite popup tags

SusannéMcDermott?, Julie Nielsef Charlotte Levy, Kimberly Rand, Liz Dawsort
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2Kingfisher Marine Reseah, Junau, AK
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‘Lynker Inc., Sedle WA

Pacific cod Gadus macrocephalyss a key component of the Eastern Bering Sea ecosystem. Warming in
recert years has resulted in dramatic shifts in the distribution of Pacific cod in Alaskan waters. Particular
concerns include a northward shift from the Eastern Bering Sea to the Northern Bering Sea and seasonal
movement between the Gulf of Alaska and Berieg Bianagement areas.

This study examines the changes in seasonaitdistn patterns with Satellite popup tags. These tags
provide informaion on the location of the fish at time of popup as well as light, temperature, and depth
data. We estimate movemt paths with a hidden Markov model (HMM) and reconstruct the travel paths

of individual fish and produce monthly maps of tagged cod distributions. Results from tags released in the
summer in the Northern Bering Sea show that fish migrated south to spavaviously observed

spawning locations of the Eastern Bering Seggssting that the Northern Bering Sea summer

population is a northwareixpansion of Eastern Bering Sea and Gulf of Alaska Pacific cod stocks. Results
from tags released in the winterthre Western Gulf of Alaska indicate that a high percentage may move
north into the Bering Sea, including the Northern Bering sea, Russia, and the Chukchi Sea during the
summer months. These northward shifts in Pacific cod distribution and the seasog@lemib&cross
managemetrboundaries pose challenges for stock assesandnesults from this study have provided
valuable information for spi@l management of Pacific cod stocks.
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As top predators, seabirds are both critical to marine ecosystem straiotLiienction, and are considered

to be excellent neaeal time sentinsl of key changes in pelagic food webs and other anthropogenic
factors. Longterm monitoring programs around the world have shown that seabird demographic rates are
in decline, heralding the widespread and profound influence of climate change. Howesaxf rate
environmental change vary both among and within geographic regions with differing consequences for
ecolgical communities including top predator species. Comparison of seabi@hdgphic data across
regions can thus provide insight into how spatéiability of environmental stressors, such as ocean
warming and stratification, influence marine ecosystems. Using a recently expanded and updated database
on seabird breeding success, we examine geographic variability in breeding productivity trends and
relationships between breeding success andreigtlution stratification, sea surface temperature (SST)
andprimary productivity (chia) data from the European GLORYS12 model. Wédabird breeding

success has declined over the pasttetitury throughot the northern hemisphere, rates of decline are
among the highest in the Arctic where SSTs are warming rapidly. Conversely, the eastern and western
sides of the North Pacific are regions of relative stability in seabird breeding success. Comparison of
sedird demographic rates across geographies reveals not only where species are most at risk, but also
helps tadentify patterns and processes that may confer either climate resitiemaénerability to North

Pacific seabirds.
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