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Sessions and Workshops Descriptions



2018-Effects of Climate Change on World's Oceans

Session 1: Ocean extremes and their impact on marine ecosystems

Convenors:
Thomas L. Frélicher (University of Bern, Switzerland)

Gabriel Reygondeau (Institute for the Oceans and Fisheries, The University of British Columbia,
Canada)

Emanuele Di Lorenzo (Georgia Institute of Technology, GA, USA)

Plenary Speaker:
Alistair Hobday (CSIRO Oceans and Atmosphere, Hobart, Australia)

Invited Speaker:
Rebecca G. Asch (East Carolina University (ECU), USA)

Description:

Extreme climate and weather events shape the structure of biological systems and affect the biogeochemical
functions and services they provide for society in a fundamental manner. There is overwhelming evidence that
the frequency, duration, intensity and timing of extreme events on land are changing under global warming,
increasing the risk of severe, pervasive and in some cases irreversible impacts on natural and socio-economic
systems. In contrast we know very little about how extreme events in the ocean, especially those associated
with warming, acidification, deoxygenation and nutrient stress, will unfold in time and space. In addition, our
understating of the impact of ocean extreme events on marine organisms and ecosystem services is very poor. This
session seeks current knowledge as well as new and evolving insights into modeling and observational efforts that
advance our understanding of the regional and global short-term and long-term changes in marine extreme events
(heat waves, hypoxia, acidification, nutrient stress) and how these events impact marine organisms, biodiversity
and ecosystem services



2018-Effects of Climate Change on World's Oceans

Session 2: From prediction to projection: The role of seasonal to decadal forecasts in a
changing climate

Convenors:
Mark R. Payne (DTU-Aqua, Technical University of Denmark Copenhagen, Denmark)

Erica Ombres (NOAA OAR Ocean Acidification Program, USA)

Michael Jacox (University of California Santa Cruz, Institute of Marine Sciences, NOAA Southwest
Fisheries Science Center, USA)

Masami Nonaka (Japan Agency for Marine-Earth Science and Technology (JAMSTEC), Yokohama,
Japan)

Plenary Speaker:
Lisa Goddard (International Research Institute for Climate and Society, Columbia University, USA)

Invited Speaker:
Katherine E. Mills (Gulf of Maine Research Institute, Portland, ME, USA)

Description:

Research examining the future impacts of environmental change and variability on ocean ecosystems has
historically been focused on making projections on multi-decadal to centennial time scales. Nevertheless, recent
years have seen the emergence of the first generation of marine ecosystem predictions working on shorter
timescales (i.e. seasonal, annual and decadal scales). These forecasts are tailored to the tactical decision-making
timescales of individuals, businesses, sectors or governments and inform strategies for coping with and adapting
to climate change and variability. They also form a natural continuum with projections on the climatic timescale:
many of the techniques used are similar, and testing predictability in the short-term builds confidence in our
ability to project in the long-term. In this session, we welcome contributions on a broad range of potential future
impacts on ocean ecosystems, including (but not limited to) ocean warming, circulation changes, acidification,
eutrophication, hypoxia, and ecosystem structure or function. We seek research that addresses prediction of these
ecosystem impacts as well as its relationship to long-term projections; relevant topics include 1) mechanisms
that generate predictability in ocean ecosystems, 2) methods for statistically and/or mechanistically forecasting
physical and/or biological variables, 3) case studies of existing biological forecast systems, 4) requirements for
forecasts - including end-user needs - and assessment of forecast value, and 5) uses of forecasts within a climate-
change adaptation context. Contributions that link the time-scales of prediction and projection and highlight
examples of what one field can learn from the other are particularly encouraged.



2018-Effects of Climate Change on World's Oceans

Session 3: Carbon uptake, ocean acidification, and ecosystems and human impacts

Convenors:
Masahiko Fujii (Hokkaido University, Japan)

Tsuneo Ono (Japan Fisheries Research and Education Agency)

Libby Jewett (NOAA)

Galen A. McKinley (Columbia University/Lamont Doherty Earth Observatory)
Nianzhi Jiao (Xiamen University)

Plenary Speaker:
Naomi Harada (RCGC, JAMSTEC, Japan)

Invited Speaker:
Nicole Lovenduski (University of Colorado Boulder, USA)

Description:

By absorbing significant quantities of CO2, the ocean provides a critical climate regulation service. At the same
time, carbon uptake is altering marine biogeochemistry, food web and ecosystem properties. Other drivers of
large-scale degradation of the marine environment have been widely reported, specifically temperature-driven
coral bleaching and hypoxia. Yet, there exist significant uncertainties. The long-term ability of the ocean to absorb
carbon and thus to modulate climate is a critical question of utmost relevance to international climate negotiations.
Uncertainties with respect to impacts on marine ecosystems and human society hinders the effective management
of ocean resources.

In this session, we will explore a range of physical, biogeochemical, and sociological interactions that impact the
ocean CO2 sink, rates of acidification, and ecosystem impacts. Presentations will characterize the physical and
biogeochemical processes driving current and projected future CO2 uptake, variability, and long-term trends.
Advanced methods both for observing CO2 uptake, and for modeling its variability and change will be discussed.
Contributions are also welcome from observational, experimental, modeling and socio-economic studies on
ocean acidification, hypoxia, biological carbon sequestration and related ecosystem dynamics with various
spatio-temporal scales, from local to global and from short to long-term. Linkages between these processes with
potential development of international observing and modeling networks, vulnerability assessments, management
strategies and integrative studies are particularly welcome.



2018-Effects of Climate Change on World's Oceans

Session 4: Deoxygenation in Global Ocean and Coastal Waters in Relation to
Climate Change

Convenors:
Denis Gilbert (Pelagic and Ecosystem Science Branch, Maurice-Lamontagne Institute, Fisheries and
Oceans Canada, Québec, Canada)

Nancy N. Rabalais (Department of Oceanography and Coastal Sciences, Louisiana State University,
USA)

Plenary Speaker:
Dimitri Gutierrez (IMARPE, Pert)

Invited Speakers:
Francisco Chavez (Monterey Bay Aquarium Research Institute (MBARI), CA, USA)

Lothar Stramma (GEOMAR Helmbholtz Center for Ocean Research Kiel, Germany)

Description:

Deoxygenation in the open ocean, upwelling systems, oxygen minimum zones, and coastal waters is expected to
accelerate over the next decades in response to warming-induced reduction in O2 solubility and increased ocean
stratification that would diminish ventilation of marine waters. In addition, multiple stressors from eutrophication
worsen oxygen depletion in coastal waters where hypoxia and harmful algal blooms (including those that are
toxin producers) is now a prevalent and worsening situation. Observations indicate that the global ocean oxygen
inventory has already decreased by 2% over the past five decades, and the volume occupied by oxygen minimum
zones (OMZ) quadrupled over the same time period. Many questions are raised for open ocean and coastal waters.
Do the spatial and temporal patterns of observed oxygen changes match projections from climate change models?
Do large-scale patterns of atmospheric and oceanic variability such as ENSO (EI-Nifio Southern Oscillation),
the Pacific Decadal Oscillation, the North Atlantic Oscillation or the Southern Annular Mode prevent us from
detecting multi-decadal oxygen trends with confidence because of a signal to noise ratio that still remains too low?
Should we expect that coastal waters, because of their adjoining landscapes and oceanscapes, will be variably
affected by warming? Changes in temperature, winds and currents will alter physical processes. Biological process
rates should increase up to some point where other limiting factors may intervene. Climate-driven changes in
landscape use, particularly agriculture, will occur along with changes in precipitation, weather patterns, freshwater
discharge and nutrient loads, all drivers of physical structure and biological production that can cause changes in
dissolved oxygen concentrations in the lower water column. How does global warming affect the ocean’s density
stratification, vertical mixing rates, deep convection, and ventilation processes in the main thermocline? What are
the expected impacts of deoxygenation on various trophic levels, on biogeochemical cycles, on fisheries and on
ecosystem functions and services? How can studies of paleo-indicators shed light on what we may expect in the
future?

Inthis session we are seeking contributions that will help address the physics and biogeochemistry of deoxygenation
—from continental shelves to the deep ocean — from various angles: causes, impacts, monitoring and modeling. We
welcome presentations that include long-term observations that help conceptualize the intricacies of how inter-
related biological and physical processes drive oxygen changes.



2018-Effects of Climate Change on World's Oceans

Session 5: Climate change impacts on high latitude systems on multiple scales in space
and time

Convenors:
William Perrie (Bedford Institute of Oceanography, DFO, Canada)

Vincent Saba (NOAA National Marine Fisheries Service, Princeton NJ, USA)

Invited Speaker:
Grace Saba (Rutgers University, NJ, USA)

Description:

This session focuses on climate impacts on high latitude systems and northern and southern polar regions at both
regional (e.g., Bering Sea, Beaufort Sea, Barents Sea, Labrador Sea) and broader spatial scales (e.g., Arctic Ocean
and the Southern Ocean). We seek papers that evaluate climate impacts at time scales ranging from seasonal,
decadal, to multi-decadal. Included topics might be: (a) Seasonal time scales, for example, estimates of September
ice conditions and links to preceding winter and early spring atmosphere or ocean conditions; (b) The impacts of
climate change on high latitude and Arctic or Southern Ocean storms and their impacts and feedbacks on the upper
ocean; (c) The role of inertial gravity waves, mesoscale and sub-mesoscale eddies and related processes on mixed
layer depths, vertical mixing, and on the ice edge etc; (d) Estimates of climate and climate change on longer time
scales, up to the next several decades, e.g. following IPCC scenarios; and (e) Climate impacts on high latitude
ecosystems and ecosystem services (i.e. fisheries)



2018-Effects of Climate Change on World's Oceans

Session 6: The deep ocean under climate change

Convenors:
Nadine Le Bris (University Pierre and Marie Curie, France)

Andrew Sweetman (The Lyell Centre, Heriot-Watt University, UK)

Invited Speakers:
Lisa Levin (Center for Marine Biodiversity and Conservation, Scripps Institution of Oceanography,
UC San Diego, USA)

Murray Roberts (School of GeoSciences, University of Edinburgh, UK)

Description:

Covering over half of the planet, and comprising 95% its habitable volume, the deep ocean (>200 m) is critical
to any analysis of the role of the ocean in climate mitigation and adaptation. Beyond its capacity to absorb excess
heat, the deep ocean has a predominant role in sequestering carbon and removing it from the atmosphere. The
deep sea hosts a broad range of pelagic and benthic ecosystems, which provide services that are vitally important
to the entire ocean and biosphere, ranging from nutrient cycling to habitat provision, including greenhouse-gas
regulation, support to biodiversity (including genetic diversity), food supply and energy production.

Today, significant changes in the environmental properties of the ocean realm in terms of water column oxygenation,
temperature, pH and food supply, with concomitant impacts on deep-sea ecosystems are being recorded at great
depth. Recent projections suggest that abyssal (3000-6000 m) ocean temperatures could increase by 1°C over the
next 84 years, while abyssal seafloor habitats under areas of deep- water formation may experience reductions
in water column oxygen concentrations by as much as 0.03 mL L-1 by 2100. Bathyal depths (200-3000 m)
worldwide are predicted to undergo the most significant reductions in pH in all oceans by the year 2100 (0.3 to
0.4 pH units). O2 concentrations may also decline in the bathyal NE Pacific and Southern Oceans, with losses
up to 3.7% or more, especially at intermediate depths. Another important environmental parameter, the flux of
particulate organic matter to the seafloor, is likely to decline significantly in most oceans, most notably in the
abyssal and bathyal Indian Ocean where it is predicted to decrease by 40-55% by the end of the century.

However, how these changes will affect deep-sea ecosystem (both benthic and pelagic) functions and the ecosystem
services the deep sea provided are just starting to be inventoried. There are, in particular, still large gaps in our
knowledge of deep hydrology, hydrography, pelagic and seafloor ecology that must be filled to anticipate how
these changes may impair ecosystems at depth and potential feedbacks to surface waters. The growing imprint of
human activities at great depths, including contaminant accumulation, overfishing, and disturbances from seafloor
extractive activities, further justifies the need for a better understanding of how direct impacts will interact with
climate stressors.

New knowledge is critical to improve predictions and assess societal impacts, and requires the expansion of
deep-water observing programs with experimental capacities, to support the design of marine protected areas
encompassing vulnerable regions in deep waters, and to inform environmental management of industrial activities
and development of new policies addressing deep national and international waters. There is also an unprecedented
need to integrate the deep ocean into ocean science and policy. New international regulations (e.g, for mining)
and treaties (e.g. for biodiversity), environmental management, and spatial planning also must incorporate climate
change impacts on deep ocean-processes.

In this session, we invite presentations that describe how climate stessors may alter deep-ocean ecosystems,
as well as their combination with other occurring anthropogenic stressors (e.g., fishing, mineral mining), and
what the possible societal implications may be. Current initiatives and observing programs, scientific and policy
advances and technological developments that will contribute to this effort are also welcome.
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2018-Effects of Climate Change on World's Oceans

Session 7: Eastern Boundary upwelling systems: diversity, coupled dynamics and
sensitivity to climate change

Convenors:
Ivonne Montes (Instituto Geofisico del Per)

Ryan Rykaczewski (Department of Biological Sciences and Marine Science Program, University of
South Carolina, USA)

Plenary Speaker:
Andreas Oschlies (Marine Biogeochemical Modelling at GEOMAR and the University of Kiel,
Germany)

Invited Speaker:
Véronique Gargon (LEGOS Laboratoire d'Etudes en Géophysique et Océanographie Spatiales, CNRS,
Toulouse, France)

Description:

The Eastern Boundary Upwelling Systems (EBUS) are the most productive areas of the world’s oceans,
supporting large populations of commercially important fish species. The basic forcing mechanism are similar
across the different EBUS. However, owing to differences in the relative strengths of potential stressors, a unified
understanding regarding the sensitivity of individual EBUS to climate change remains evasive. In this session,
we focus on the different physical mechanisms occurring over different time scales (i.e., intradaily, intraseasonal,
interannual, decadal, multidecadal) and their implications for water-column properties, biogeochemical cycles,
biodiversity/ecosystem structure and functioning, and the regional climate. We seek to identify the key feedback
processes in EBUS, appreciate the similarities across systems, and understand the differences. We also intend
to identify critical knowledge gaps that limit our current understanding of physical and ecological responses to
natural and anthropogenic climate forcing in EBUS.



2018-Effects of Climate Change on World's Oceans

Session 8: Understanding the impact of Abrupt Ocean Warming and Continental Scale
Connections on marine productivity and food security via Western Boundary Currents

Convenors:
Ellen Mecray (NOAA / NESDIS / NCEI)

Avijit Gangopadhyay (UMassD / SMAST)
Hassan Moustahfid (FAO, UN)
John Quinlan (NOAA / NMFS / SEFSC)

Plenary Speaker:
Fan Wang (Institute of Oceanology, CAS, Qingdao, China)

Invited Speaker:
Hassan Moustahfid (Food and Agriculture Organization of the United Nations (FAO))

Description:

Living marine resources and the coastal communities that depend on them are shifting in response to rapid
physical and environmental changes. How are these changes being monitored and measured when connected
on large scales by boundary currents and differing management regimes? Recent physical oceanographic studies
have shown that changes in the intensity and position of several western boundary currents have already been
observed. Specifically, the Kuroshio and Agulhas Currents have shifted their paths poleward. The consequences of
such changes for ecosystems, and especially for marine productivity and fisheries, are beginning to emerge. The
impact of Arctic meltwater and the North Atlantic Oscillation on the Atlantic Meridional Overturning Circulation
and the Gulf Stream have been observed over a few decades now. These changes may be related to disappearing
cod and other species from the western north Atlantic and introduction of some new species in the North Atlantic.
Similar regime shifts in the productivity of several small pelagic fish species also have severe implications on
food security and malnutrition of coastal communities, particularly in West Africa. This session will examine
the physical and biological changes measured and documented in western boundary current regimes (e.g., Loop
Current / Gulf Stream, Kuroshio, Brazil, East Australian, and Agulhas Currents), with special emphasis on how
these changes impact species range shifts, phenology, species interactions, resource management planning and
adaptation, as well as the food security and social fabric of coastal communities.

We welcome larger community participation from ocean, climate and fisheries scientists to present advances in (i)
understanding physical and biological linkages (ii) boundary current variabilities and trends under climate change
and/or (iii) the impact of recent changes in western boundary currents on marine life, productivity, fisheries and
food security.

Additional emphasis will be placed on the examination of oceanic and estuarine ‘hotspots’ in these systems, and

any evidence for specific areas that can provide environmental refugia for living marine resources.

11
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2018-Effects of Climate Change on World's Oceans

Session 9: Drifting into the Anthropocene: How will pelagic marine ecosystems be affected
and what are the biogeochemical and lower trophic consequences

Convenors:
Todd O’Brien (NOAA Fisheries, USA)

Angelica Pefia (Institute of Ocean Sciences, Canada)

Invited Speaker:
Laura Lorenzoni (Ocean Biology and Biogeochemistry Program (OBB), NASA Headquarters Science
Mission Directorate)

Description:

Climate-related changes in the physical and chemical oceanic environment impact the biological and
biogeochemical components of marine ecosystems. These impacts take effect at a variety of spatial and temporal
scales, and at varying magnitudes, and often differ greatly between geographic regions and realms (e.g., polar vs.
equatorial, shelf vs. open ocean). Ultimately, these changes can greatly alter the productivity, biodiversity, and
resilience of the marine ecosystems that depend on them.

Since the first ECCWO in 2008, numerous studies have documented changes in ocean acidification, deoxygenation
and carbon cycling, planktonic biodiversity and biogeographic range, and the phenology and strength of seasonal
events (e.g., spring blooms, onset and strength of stratification, extent and presence of sea ice). Have these
instances and impacts changed in magnitude, severity, or geographic extent since 2008, and are new impacts and
side-effects now being uncovered?

This session will look at observed and predicted causes and impacts of climate-related changes within pelagic
marine lower trophic levels (e.g., microbes, plankton, larval fish) and biogeochemical components (e.g., carbon,
oxygen and nutrient cycling), including studies using systematic and sustained ocean observations and modeling.



2018-Effects of Climate Change on World's Oceans

Session 10: Management and Conservation of Species on the Move

Convenors:
Charles Stock (USA)

Shin-ichi Ito (Japan)

Thomas Therriault (Canada)
Wendy Morrison (USA)
Samantha Twiname (Australia)

Plenary Speaker:
Gretta Pecl (IMAS, CMS, Tasmania, Australia)

Invited Speakers:
Jorge Garcia Molinos (Arctic Research Center, University of Hokkaido, Sapporo, Japan)

Malin Pinsky (Rutgers University, NJ, USA)

Description:

Most fisheries and marine conservation efforts have been managed under the assumption that species distributions
are static or fluctuate around historical averages. Sustained scientific surveys and new technologies, however, have
revealed persistent climate-driven movements. In some areas, this has resulted in movements across management
jurisdictions. Such movements are projected to continue under global warming, creating difficult questions for
managers trying to balance coastal economic interests and conservation goals. For example, do past observed
shifts reflect future responses? How will the invasion of new species impact resident populations? How will
shifted species adapt to new environments? When should new fisheries be established? When is a historically
productive fishery extirpated? Should protected areas be relocated? How should historical quotas be adjusted for
range shifts? This session welcomes ecosystem, policy and economic research aimed at answering such questions
and developing management and conservation strategies that are resilient to movement. Contributions can span
research addressing novel observations of and mechanisms underlying movement, modeling historical and
projecting future movements and their ecosystem consequences, and incorporation of movement into management
and conservation decisions.

13
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2018-Effects of Climate Change on World's Oceans

Session 11: Benthic and pelagic system responses in a changing ocean: From genes to
ecosystem level functioning

Convenors:
Mahasweta Saha (Helmholtz Center for Ocean Research - Kiel (GEOMAR), Germany)

Stacy Krueger Hadfield (University of Alabama at Brimingham, USA)

Ulrich Sommer (Helmholtz Center for Ocean Research - Kiel (GEOMAR), Germany)

Plenary Speaker:
Steve Widdicombe (Marine Ecology and Biodiversity, Plymouth Marine Lab, UK)

Invited Speaker:
Ulrich Sommer (GEOMAR Helmholtz Centre for Ocean Research Kiel, Germany)

Description:

The rapid climate change we are experiencing today poses a major threat to Earth’s biodiversity and ecosystem
functioning. Ongoing global change is expected to shift the average levels of pCO2, temperature, pH or oxygen
by regionally-variable amounts and also to increase the occurrence and intensity of transient extreme events
causing species extinction and range shifts with economic impacts. It has recently been suggested that increased
variation, rather than changes in mean values, may represent the greater threat to species survival, stressing the
need to experimentally study the effects of both environmental variations and extreme events on ecosystems and
their functioning. Along with overfishing and deoxygenation at local scales, biological invasions form one of the
principal components of global change. Disease occurrence (pathogens, parasites) among hosts including algae,
corals and sponges can substantially increase with ocean warming. This session invites contributions from marine
biologists and ecologists to bring diverse expertise and new perspectives to a subject of global significance. We
encourage submissions from field, laboratory, and mesocosm studies that offer new insights into the functioning
of benthic and pelagic ecosystems at the genetic, population, community and ecosystem scale under biotic and
abiotic stressors.



2018-Effects of Climate Change on World's Oceans

Session 12: Scenarios and models to explore the future of marine coupled human-natural
systems under climate change

Convenors:
William W. L. Cheung (Institute for the Oceans and Fisheries, The University of British Columbia,
Canada)

Lisa Crozier (Northwest Fisheries Science Centre, NOAA, USA)
Desiree Tommasi (Southwest Fisheries Science Centre, NOAA, USA)
Oai Li Chen (Institute for the Oceans and Fisheries, The University of British Columbia, Canada)

Plenary Speaker:
Eric D. Galbraith (Universitat Autdonoma de Barcelona, Spain)

Invited Speaker:
Kirstin Holsman (NOAA Alaska Fisheries Research Center, Seattle, USA)

Description:

The oceans consist of coupled human and natural systems. Responses of marine ecosystems to climate change are
thus shaped by human-natural interactions. For example, climate change effects on the biogeochemical properties
of the oceans and foodwebs set ecological constraints on fish production. Economically, seafood demand from
the growing population, evolving consumption patterns and costs of seafood production determine the viability of
fisheries and aquaculture. Socially, available technology, historical development, political stability and regulatory
policies also limit the extent of fisheries and mariculture development. Developing scenarios and models for the
oceans that incorporate interactions between human and natural components are essential for understanding the
dynamics of these coupled systems and informing climate mitigation and adaptation choices. This session invites
oral or poster presentations that contribute to understanding the interactions between human and natural marine
systems under climate change. Specific topics of the submissions may include, but are not limited to, scenarios
e.g., shared socioeconomic pathways for marine systems or sectors; models that integrate different dimensions of
human-natural systems e.g., biophysical, economic, social, political dimensions; management strategy evaluations
e.g., stakeholder-driven simulation processes that incorporate biological, fishery, and management sub-models to
compare the effectiveness of alternative regulatory policies while accounting for uncertainty in different sources,
including climate effects; testing, comparison, exploration and integration of multiple modelling approaches;
and empirical and mechanistic exploration of the dynamics of coupled human-natural systems. Studies from
different marine systems, sectors and spatial scales are welcome. A special issue of a journal for this session may
be organized.

15
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2018-Effects of Climate Change on World's Oceans

Session 13: Multiple stressors at multiple scales: ecosystem based management in the face
of changing ocean conditions

Convenors:
Carol Robinson (University of East Anglia, UK)

Isaac Kaplan (NOAA North West Fisheries Science Center, USA)

Franklin Schwing (Office of Science and Technology, NOAA Fisheries, USA)
Philip Boyd (University of Tasmania, Australia)

Saskia Otto (Hamburg University, Germany)

Plenary Speaker:
David Allen Hutchins (University of Southern California, Los Angeles, CA, USA)

Invited Speaker:
Sarah Cooley (Ocean Acidification Progam, Ocean Conservancy, Washington DC, USA)

Description:

The marine realm is experiencing unprecedented changes resulting from the complex interactions between multiple
stressors and drivers over multiple time and space scales and which, in turn, affect the human communities that
rely on the ocean’s services and resources. Ocean warming, acidification, changing circulation, and deoxygenation
are all expected to shift both the productivity and distribution of marine species, and therefore their availability to
human communities that depend upon them.

Ecosystem-based management (EBM) is an integrated science-based approach to help evaluate trade-offs in
resource uses and maintain healthy, productive, and resilient ecosystems and the services they provide. EBM
recognizes the full array of ecosystem interactions and components, including humans, and because it is adaptive,
EBM allows the dynamic nature of ecosystems to be managed in the face of multiple human and natural
stressors. Integrated ecosystem assessments (IEAS) are a critical science-support element enabling EBM. IEAS
synthesize biological, environmental, and socioeconomic information, define objectives, monitor the status of
indicators related to those objectives, assess risk, test alternative management scenarios and options, and measure
performance relative to objectives. This holistic approach allows consideration of trust resources (e.g., protected
species, fish stocks) and trade-offs across multiple human sectors such as shipping, fishing, and energy in the
context of stressors such as warming and ocean acidification.

This session invites contributions from researchers investigating how interactions between climate-driven
stressors such as warming, ice loss, ocean acidification, and deoxygenation and human driven stressors such
as fishing, coastal development, and pollution, impact marine ecosystem structure and functioning at a range of
scales, including the provision of ecosystem services. This includes analyses of the ecosystem consequences of
multiple stressors on individual species and the importance of biodiversity in the resilience of ecosystems in the
face of multiple drivers of change. Examples of integrated sectoral management such as ecosystem-based fisheries
management (EBFM), an important step toward cross-sector EBM, are requested. Studies that project and predict
future states by incorporating the estimated consequences of interacting multiple stressors at multiple scales on
marine ecosystems and human societies, and those that describe how governments and partners are incorporating
climate-related impacts into management and decision-making with the use of EBM tools, approaches, and case
studies are also encouraged.

The session is aligned with the 2015-2026 science plan of the SCOR (Scientific Committee on Oceanic Research)
and Future Earth sponsored Integrated Marine Biosphere Research (IMBeR) project and the SCOR working group
149 ‘Changing Ocean Biological Systems’.



2018-Effects of Climate Change on World's Oceans

Session 14: Vulnerability and adaptation of marine socio-ecological systems to climate
change

Convenors:
Jorn Schmidt (Kiel Marine Science at Kiel University, Kiel, Germany)

Catarina Santos (MARE — Marine and Environmental Sciences Centre, Laboratério Maritimo da
Guia, Faculdade de Ciéncias, Universidade de Lisboa, Cascais, Portugal)

Katherine E. Mills (Gulf of Maine Research Institute, Portland, USA)

Plenary Speaker:
Merle Sowman (University of Cape Town (UCT), South Africa)

Invited Speaker:
Elizabeth Fulton (CSIRO Oceans and Atmosphere)

Description:

The recent OECD report on the blue (ocean) economy identified it as being “essential to the welfare and prosperity
of humankind” and “a key source of food, energy, minerals, health, leisure and transport upon which hundreds of
millions of people depend.” With ocean economic activity poised to double by 2030, operations and management of
existing and emerging industries will need to function effectively in a changing climate to ensure the sustainability
of both socioeconomic development and ocean ecosystems.

Climate change is already profoundly affecting coastal communities, as well as ocean-based livelihoods and
industries (e.g. fisheries, aquaculture) and related management systems, through a variety of impact pathways
(e.g. sea level rise, ocean acidification, extreme events, species distribution shift). Adaptation approaches that
have occurred in response to such climate-related impacts vary widely across topics and geographic regions.
Similarly, planning for future resilience and adaptation has progressed differently across management bodies,
communities, and industries.

Efforts to understand the impacts of climate change, and to plan for future adaptation strategies and management
approaches, require a recognition and understanding of existing linkages and feedbacks between (and within)
social and ecological factors. In this session, we seek contributions that address frameworks or case studies from
around the world on sustainability in marine socio-ecological systems under a changing climate. In particular, we
welcome contributions that advance the understanding and awareness of: (1) dimensions of vulnerability (e.g.
physical, biological, human, financial) that affect adaptation and mitigation approaches; (2) tools and approaches
for planning under climate change (e.g. trade-off analyses, evaluations of robustness of different management
approaches, vulnerability assessments); and (3) climate adaptation efforts (both already implemented or planned).
Contributions may span multiple social and institutional scales (e.g. individuals, communities, industries,
management bodies). Examples related to marine spatial planning (MSP) and fisheries are of particular interest,
but a wider range of topics is welcome to the session, specifically studies developed at a community scale (e.g.
community-level adaptation to climate change in developing countries)

Besides oral contributions, we specifically invite the presentation of case studies as posters, with a short elevator
pitch (max. 2 minutes) in the session. A concise session report with best practices and case studies will be produced.

17
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2018-Effects of Climate Change on World's Oceans

Session 15: Fisheries and aquaculture in the face of climate change: Current actions,
identified solutions and opportunities in support of sustainable livelihoods and food
security

Convenors:
Lena Westlund (FAO Fisheries and Aquaculture Department)

Hassan Moustahfid (FAO Fisheries and Aquaculture Department)

Anthony Charles (IUCN Fisheries Expert Group (IUCN-CEM-FEG) and the Community
Conservation Research Network (CCRN))

Melinda Agapito (Memorial University of Newfoundland, Canada)
Cyrille Barnerias (Global Environment Facility (GEF))
Florence Poulain (FAO Fisheries and Aquaculture Department)

Michael Rust (Department of Commerce, National Oceanic and Atmospheric Administration
(NOAA))

Plenary Speaker:
Prateep Kumar Nayak (University of Waterloo, ON, Canada)

Invited Speaker:
Abdelmalek Faraj (National Institute of Fisheries Research, Morocco)

Description:

As climate change impacts are threatening marine and inland water ecosystems, fishers, fish farmers and coastal
inhabitants will bear the full force of these impacts through less stable livelihoods, changes in the availability and
quality of fish for food, and rising risks to their health, safety and homes.

This session will showcase current solutions and opportunities (good practices, tools and approaches) for how to
respond to climate change and disaster risks in the fisheries and aquaculture sector. In particular, presentations on
initiatives and adaptive strategies that use the Ecosystem Approaches to Fisheries and Aquaculture are welcomed
as well as those that are concerned with the context of small-scale fishing and fish farming communities, including
with reference to Chapter 9 on Disaster risks and climate change of the Voluntary Guidelines for securing
sustainable small-scale fisheries in a context of food security and poverty eradication (the SSF Guidelines — FAO,
2015). In this spirit, the session will consider (i) holistic and integrated approaches to address disaster risks and
climate change, (ii) the human rights based approach to development (on which the SSF Guidelines are based),
(iii) policies, strategies and initiatives for adaptation, mitigation and resilience-building that are developed in full
consultation with fishing and fish farming communities, including indigenous peoples and both men and women.
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Session 16: Climate, Oceans and Security

Convenors:
Apurva Dave (US Global Change Research Program, USA)

Alice Alpert (U.S. Department of State, USA)

Invited Speaker:
Frances A. Ulmer (US Arctic Research Commission (USARC), USA)

Description:

The marine environment supports livelihoods and provides sustenance and essential services to communities,
economies and nations around the world. As climate change affects ocean systems, augmenting and amplifying
other environmental stresses, it also impacts human systems that rely on the oceans. While the socio-economic
dimensions of these impacts have received more mainstream attention, a broad awareness of how ocean change
could affect international governance, political and social stability, and military readiness, operations and strategy,
is only recently emerging.

The purpose of this session is to explore how climate impacts on the oceans will, and in some cases already have,
affect human, national and international security. We welcome submissions exploring a wide range of issues-
including how climate impacts might challenge regional and global governance frameworks (for example, through
loss of sea ice in the Arctic or shifts in fish stocks in the South China Sea), pose risks to military effectiveness
(for example, through sea level rise around coastal infrastructure), or undercut investments in development (for
example, through extreme events that disrupt societies and strain humanitarian assistance). We also welcome
papers that examine strategically important regions in which multiple security issues overlap.

This session is intended to promote exchange across ocean science and security policy disciplines, and so a
particularly important area of discussion will be the research needs for addressing security issues. The session will
also identify gaps in our current knowledge and policy frameworks, and will advance understanding of both the
vulnerability and resiliency of security- of the associated challenges and opportunities- arising from oceanic and
climate change.
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Session 17: Effects of climate change on ocean ecosystem health: Projecting occurrences
of harmful algal blooms and disease outbreaks and assessment of the risk to ecosystem
functioning, aquaculture, fisheries and human health

Convenors:
Elisa Berdalet (Institut de Ciéncies del Mar -CSIC-, Barcelona, Spain)

Ryan Carnegie (Department of Aquatic Health Sciences, Virginia Institute of Marine Science, College
of William & Mary, VA, USA)

Alexandra Campbell (Faculty of Science, Health, Education and Engineering, University of the
Sunshine Coast, Australia)

Kedong Yin (School of Marine Sciences, Sun Yat-Sen (Zhongshan) University, Guangzhou, China)

Plenary Speaker:
Iddya Karunasagar (Nitte University, Mangalore, India)

Invited Speaker:
Xuelei Zhang (First Institute of Oceanography (FIO), State Oceanic Administration, China)

Description:

Human and ocean health depends on the sustainable use of marine ecosystems, which host invaluable organisms
biodiversity, supply food and support economic activities (fisheries, aquaculture, tourism, recreation). These
benefits have always been threatened by natural phenomena such as harmful algal blooms (HABs) and pathogen
diseases affecting marine life and ecosystems and producing toxins that are bioaccumulated and transferred through
the food web up to humans. However, ongoing climate change and anthropogenic pressures can exacerbate these
negative impacts by favoring geographic expansion of HAB organisms and increasing the frequency and intensity
of their outbreaks, and by fostering pathogen diseases of marine resource species.

Designing effective strategies to protect human health, societal and marine environmental impacts of HABs and
marine diseases requires among others, improving the fundamental knowledge of the mechanisms driving these
events and consistent and long-term data series. In particular, there is a need to understand how changes in
the main drivers of primary producers (surface water temperature and salinity, ocean stratification, wind and
water circulation patterns, precipitation-linked nutrient inputs) combined with anthropogenic pressures on aquatic
ecosystems (surface water acidification, alteration of natural habitats) could stimulate HAB occurrence and marine
diseases in fisheries, aquaculture and marine life in general.

This session is aimed to summarize the existing understanding and gaps of knowledge about the future trends of
the noxious events and their risks to aquaculture, fisheries and human and ecosystems health. The session has a
transdisciplinary scope addressed to scientists, stakeholders, policymakers, and the public to find joint strategies
to manage, mitigate and adapt to the impacts of these events in the future.
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Session 18: Coastal ecosystem and their blue carbon science, conservation and policy
progress

Poster Session only

Convenors:
Jorge Ramos (Conservation International)

Kirsten Isensee (IOC-UNESCO)
Dorothee Herr (IUCN)

Plenary Speaker:

Severino G. Salmo 111 (Department of Environmental Science, Ateneo de Manila University, Quezon
City, Philippines; Visiting Foreign Researcher at the Tropical Biosphere Research Centre of the
University of the Ryukyus, Okinawa, Japan)

Description:

Coastal and Marine Ecosystems (CMES) - such as mangroves, tidal marshes, and seagrass meadows - mitigate the
effects of climate change by sequestering carbon dioxide (CO2) into the vegetation and their surrounding soil from
the atmosphere and oceans. CMEs also sequester carbon (blue carbon) at significantly higher rates than terrestrial
forests and store three to five times more carbon per equivalent area than tropical forests. Accounting for the blue
carbon sequestered in coastal ecosystems and the emissions resulting from ecosystem conversion has the potential
to be a significant tool in promoting and sustainably financing marine management and conservation. Recently,
there has been a rapid expansion of such blue carbon focused policy and management programs and opportunities
from local to global scales largely resulting from ongoing development of coastal carbon research and synthetic
science. For example: 1) advances through the Verified Carbon Standard now facilitates coastal wetland restoration
projects access financing through voluntary carbon markets; 2) The 2013 Wetlands Supplement to the IPCC 2006
Guidelines for National Greenhouse Gas Inventories includes guidance for countries on integrating coastal blue
carbon systems into their national GHG inventories; 3) a rapidly expanding portfolio and interest of coastal
conservation and REDD+ projects globally focused in part on blue carbon; and 4) inclusion of coastal wetlands in
countries national climate change commitments. A number of key scientific and technical issues related to carbon
assessments and mapping, land use driven emissions, climate change and sea level rise impacts on coastal carbon
budgets and carbon monitoring remain to be discussed. Here we describe recent blue carbon conservation and
policy progress and the science research and tools that will be needed in the near future to support the protection
and restoration of these ecosystems and with their climate change mitigation ecosystem service.
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Workshops

Workshop 1: Communicating and responding to climate change

Convenors:
Bryony Townhill (Cefas, UK)

Paul Buckley (Cefas, UK)
John Pinnegar (Cefas, UK)

Invited Speaker:

Hazel Oxenford (Centre for Resource Management and Environmental Studies (CERMES),
University of the West Indies (UWI), Centre for Resource Management and Environmental Studies
(CERMES), Barbados)

Description:
Duration: 1-day workshop

This workshop focusses on the translation of research outputs into practicable actions that citizens and stakeholders
can take to respond to climate change in the marine environment. If governments, industries, marine managers
and members of the public are to take notice and put in place successful adaptation actions in the future, it is vital
that the results of climate change research are effectively communicated to wider audiences outside of academia.
Talks are welcome on initiatives that aim to bring together scientific information for a broad audience, to translate
complex ideas and information into products that are useful to decision makers and practitioners. Also talks on
the development of practical and applied approaches to risk assessment, adaptation implementation and building
resilience of the marine environment and coastal communities.



2018-Effects of Climate Change on World's Oceans

Workshop 2: Advances in Earth System Models (ESMs) for marine applications

Convenors:
Jasmin John (NOAA/GFDL, USA)

Takashi Mochizuki (JAMSTEC, Japan)
Michael Alexander (NOAA/ESRL, USA)

Invited Speaker:
Matthew Long (Climate and Global Dynamics Laboratory, National Center for Atmospheric Research,
Boulder, Colorado, USA)

Description:
Duration: 1-day workshop

Global climate and earth system projections contributed to the Coupled Model Intercomparison Project (CMIP)
have been pivotal in building our understanding of the potential impacts of climate change on oceans, marine
ecosystems, and marine resources. Progress, however, has also been hindered by numerous model limitations.
These include coarse grid resolution and uncertainties in (or limited resolution of) climate and earth system
dynamics. The upcoming sixth phase of CMIP seeks to advance global climate and earth systems models through
an internationally coordinated set of experiments by incorporating both a standard set of idealized and historical
simulations as well as a broad suite of Model Intercomparison Projects (MIPs), which will be of particular
importance to the ocean science and marine ecosystem communities to advance understanding of ocean physics
and biogeochemistry, and their role in climate processes, variability, future change, and impacts. The goal of
this workshop is to share and exchange information on new and innovative ocean physical, biogeochemical, and
ecological model developments and formulations incorporated into CMIP6 models and simulations and their
relevance to marine applications. In particular, we invite submissions from colleagues across the international
community describing CMIP6 model advances contributing to process understanding of climate and earth system
change, variability, and predictability on broad timescales. Objectives of the workshop are to share the state-of-
the-science in earth system model development between the earth system modeling and impacts communities,
prioritize remaining modeling challenges to bridge understanding between these communities, and identify
opportunities for synergistic collaborations.
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Workshop 3: Exploring potential ocean-based solutions to climate change impacts on
marine biodiversity and ecosystem services

Convenors:
William W. L. Cheung (Institute for the Oceans and Fisheries, The University of British Columbia,
Canada)

Elizabeth McLeod (The Nature Conservancy, Arlington, USA)
Fiorenza Micheli (Hopkins Marine Station, Stanford University, USA)

Colette Wabnitz (Institute for the Oceans and Fisheries, The University of British Columbia, Canada)

Invited Speaker:
Ling Cao (Center on Food Security and the Environment, Stanford, CA, USA)

Description:
Duration: 1-day workshop

Marine biodiversity and ecosystems are now at a crossroads and the world is demanding effective solutions
to mitigate and adapt to climate change to maintain natural services provided by the ocean. Therefore, this
workshop will focus on exploring and examining potential ocean-based solutions to “avoid the unmanageable”
and to “manage the unavoidable” risks from climate change on marine biodiversity and ecosystem services. These
potential solutions may include mitigation and adaptation measures, nature- or technology- based, as well as for
local and global scales.

Specifically, the workshop aims to discuss about the potential effectiveness of proposed or implemented solution
options to moderate climate impacts, challenges and opportunities for their implementation, their implications for
sustainable development, as well as research and policy agenda to make progress in meeting these challenges.
The workshop will be multi-disciplinary (from natural to social sciences) and welcome the participation from
academics, practitioners (e.g., international, government or non-governmental organizations) and private sectors
(e.g., fishing, aquaculture, tourism). The workshop will include short presentations and group discussions. Specific
outcomes will include a manuscript that is based on the discussion and findings of the workshop, and a proposal
for a working group to further discuss the research and policy agenda identified from this workshop.
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Workshop 4: Climate change adaptation of fisheries and aquaculture: examples of field
projects supporting countries and communities

Convenors:
Tarub Bahri (FAO), Amber Himes-Cornell (FAO), Iris Monnereau (FAO)

Invited Speaker:
Edward H. Allison (College of Environment, University of Washington, USA)

Description:
Duration: 1/2 day workshop

The workshop will present a series of field projects led by the Food and Agriculture Organization and other
partners to support countries and fisheries-dependent communities adapt to climate change. The presentations
will address different angles linking physical environment to social, economic and institutional aspects of climate
change adaptation in different regions of the world (Caribbean, Africa, Asia, Latin America and Europe). They
will also describe relevant tools and measures that can support adaptation. The workshop will be the opportunity
to provide details about field projects and gather scientific and methodological inputs from the participants.
Eventually, the workshop is expected to contribute to a major understanding of both the enabling conditions of
adaptation and its main challenges.
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Workshop 5: Climate Change and Fishing Communities: Interactions with Environmental
Conservation, Sustainable Livelihoods and Food Security

Convenors:
Anthony Charles (Community Conservation Research Network & Senior Research Fellow, Saint
Mary's University Canada)

Daniela Kalikoski (Strategic Programme on Rural Poverty Reduction, FAO of the UN Italy)
Jessica Sanders (Fisheries and Aquaculture Department, FAO of the UN Samoa)

Lena Westlund (Fisheries and Aquaculture Department, FAO)

Invited Speakers:
Mohammad Mahmudul Islam (Sylhet Agricultural University, Bangladesh)

Jake Rice (Emeritus, Fisheries and Oceans Canada (DFO))

Description:
Duration: 1-day workshop

This workshop examines how climate change both drives and exacerbates the multi-level imperatives of livelihood
sustainability, food security and associated initiatives of community-based environmental conservation, within
coastal fishing communities globally. Within that context, the workshop also explores the types of governmental
and international programs and policies needed to effectively engage with and support small-scale fishery and
coastal community stewardship and security, in the face of climate change. These goals will be met by drawing on
experiences of three major international bodies — the FAO, the IUCN and the Community Conservation Research
Network — around climate change interactions with fisheries and coastal communities.

The first phase of the workshop will focus on the main theme: “Insights and Priorities for Linking Climate
Change with Environmental Conservation, Sustainable Livelihoods and Food Security: A Fishing Communities
Perspective”. The theme will be explored through scene-setting presentations (by the convenors), invited
presentations (Islam and Rice) and contributed presentations, collectively drawing on a range of scientific,
practice and policy perspectives, together with discussion sessions in which participants are invited to share ideas
and practical experiences.

The second phase of the workshop, in the afternoon, will focus on the interactions of poverty and climate change
in the context of coastal communities, coastal areas and Small Island Developing States (SIDS). A participatory
process will be followed to generate ideas, insights and priority directions relating to the interaction of climate
change with poverty. This will provide input into a current initiative of the Food and Agriculture Organization of
the UN to explore desired pathways to make progress on linking poverty reduction and climate change responses.
An initial presentation will set the scene for discussion of the topic, and then each participant will be invited
to share their perspectives. The workshop will culminate in generating a set of recommendations for effective
approaches to linking climate responses and poverty reduction.
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Workshop 6: Utilizing bioenergetics measurements and modeling to evaluate climate
change effects on marine species and ecosystems

Convenors:
Myron Peck (Center for Earth System Research and Sustainability (CEN), University of Hamburg,
Germany)

Kirstin Holsman (NOAA NMFS Alaska Fisheries Science Center, USA)
Janet Nye (School of Marine and Atmospheric Sciences, Stony Brook University, USA)

Invited Speaker:
Kenneth A. Rose (Horn Point Laboratory, University of Maryland, Center of Environmental Science,
USA)

Description:
Duration: 1-day workshop

Climate-driven changes in the mean, variance and interaction of key abiotic factors (e.g. water temperatures,
extents of hypoxia, decreases in pH) will directly impact the distribution, fitness and abundance of species as
well as alter energetic demands of consumers with reciprocal impacts on the food web. These effects are expected
across all marine habitats and may be particularly pronounced at high latitudes. A physiological-based (cause-and-
effect) understanding of the mechanisms underlying changes in the distribution, reproduction, and growth of fish
is paramount for projecting the effects of climate change on these living marine resources as well as the knock-on
(e.g. trophodynamic) effects at the community and ecosystem levels.

Advancements in bioenergetics-based modeling such as the inclusion of key physiological processes within
individual-based, mass-balance, and ecosystem/food-web models, have provided a suite of tools for quantifying
climate-driven changes in the distribution, abundance and productivity of fish stocks. For example, stage-specific
and/or seasonal changes in the storage and allocation of food energy to growth and/or reproduction are depicted
in dynamic energy budget models. These bioenergetics- based approaches can inform advice on the management
of marine species and habitats under future climate change if outputs are deemed robust and can be incorporated
within socio-economic models and management frameworks. The usefulness of these modelling tools depends,
to a great extent, on structural assumptions and parameter estimates used to depict physiological and behavioural
responses to changes in the mean, variance and interaction of key, abiotic factors and socio-economic drivers.

This workshop will include short presentations and discussion to (1) review state of knowledge on the effects of
multi-stressor effects on vital rates (growth, feeding, survival, reproduction) of fish and the ability of bioenergetics-
based models to capture observed patterns, (2) identify data requirements needed to better parameterize existing
models for near-term forecasts and long-term projections (from single- to multi-species and ecosystem/end-to-
end, and (3) discuss methods and case-studies for integrating the outputs gained from these bioenergetics-based
models into biological ensembles and/or social-ecological system models and marine management frameworks.
A review paper is planned on these topics.
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Workshop 7: What do seabirds reveal about the effects of climate change on the World’s
Oceans?

Convenors:
William J. Sydeman (USA)

John F. Piatt (USA)

Yutaka Watanuki (Japan)

Joél Durant (Norway)

Robert Crawford/Lynne Shannon (South Africa)

Invited Speakers:
Kate R. Searle (NERC Centre for Ecology and Hydrology, Edinburgh, UK)

Richard B. Sherley (Environment and Sustainability Institute, University of Exeter and Bristol
Zoological Society, UK)

Description:
Duration: 1-day workshop

Seabirds are the most conspicuous marine organisms living at the interface of the atmosphere and the ocean, and
due to sustained public interest, have been extremely well-studied for multiple decades at many key locations
around the world. The information base on seabirds is thus rich and comprehensive, with substantial longevity.
Recent reviews and meta-analyses indicate complex — often unexpected — responses of seabirds to various
manifestations of climate change. When combined with concurrently collected data on local food fish stocks
and fisheries, these same datasets have provided strong insights into the functional and numerical relationships
between climate change, meso-predators, and prey, and therefore provide unique benchmarks for global climate
impacts assessments. In this workshop, we seek to compare marine bird response to climate change across marine
ecosystems and biomes, from the tropics to the Arctic and Antarctic, develop a mechanistic understanding of these
responses, with an emphasis on connections between climate change and the availability of seabird prey (forage fish
and crustaceans), and educate informed laypeople (including managers and policy-makers) of recent observations
of apparent marine bird responses to climatic factors globally, including unprecedented massive seabird die-offs in
many parts of the world. We anticipate two primary scientific products from this effort: (a) publication of a multi-
authored volume based on the workshop in a speciality journal (e.g., Marine Ecology Progress Series or Global
Change Biology), and (b) a comprehensive synthesis summarizing the state of knowledge concerning seabirds and
climate interactions globally designed for a high impact journal (Science or Nature).
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Workshop 8: Connecting climate, ocean and ecosystem observation — Ocean observation
futures

Convenors:
Jorn Schmidt (Kiel Marine Science at Kiel University, Kiel, Germany)

Sabrina Speich (Department of Geosciences, Ecole normale supérieure, Paris, France)
Fred Whoriskey (Department of Biology, University of Dalhousie, Halifax, Canada)
Daniele ludicone (Stazione Zoologica Anton Dohrn, Naples, Italy)

John A. Barth (Marine Studies Initiative, Oregon State University, Corvallis, USA)

Invited Speaker:
Douglas Wallace (Dalhousie University and Ocean Frontier Institute)

Patricia Miloslavich (University of Tasmania, Hobart, Australia)

Description:
Duration: 1-day workshop

In the face of a changing ocean, we need to adjust our ocean observation systems to meet new needs. What do we
need to know about the ocean-human system and what data do we need to collect to increase our knowledge and
better manage its future development?

The workshop will bring together different ocean related observation communities to discuss the current capacities
of each community, and how each forsees the future. Topics will include where we are in observing climate,
ocean, eco- and human system related processes and variables, and how we are integrating across systems; what
are climate, ocean, eco- and human system related objectives; what are major societal needs that the observing
systems are addressing (e.g, ocean warming, changing dynamics, plastic litter, acidification, noise, overharvesting,
biological observation); where do we need to adapt from where we are to achieve these goals; What are the major
obstacles and what are the stepping-stones?

The workshop will address different levels of connectivity across technology levels, different disciplines, different
temporal and spatial scales, different needs of stakeholders and the connectivity between national funding agencies
and institutions.

It will not only address observational needs, but also the related research data infrastructure needs to connect data
across all these levels including practical issues like standards and formats.

The product of the workshop will be a vision paper in a peer-reviewed journal and a one page summary for policy
makers.
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Workshop 9: Vulnerability of Low Elevated Coastal Zones (LECZ) to SLR in changing
oceans

Convenors:
Tarek M. El-Geziry (National Institute of Oceanography & Fisheries (NIOF), Alexandria, Egypt)

Sathaporn Monprapussorn (Department of Geography, Faculty of Social Sciences, Srinakharinwirot
University, Bangkok, Thailand)

Invited Speaker:
Mohamed Abdel-Karim Aly Abdrabo (University of Liverpool, UK)

Description:

Duration: 1-day workshop

With a changing climate, sea level is also changing. The sea level rise issue is a critical issue, especially for the
Low Elevated Coastal Zones (LECZ) worldwide. This workshop aims to focus on the impacts of the SLR on the
LECZ, the vulnerability of these areas to the projected SLR rates, the related socioeconomic issues, in addition to
the coastal risk factor and design.
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Workshop 10: Intercomparison of fisheries and marine ecosystem models

Convenors:
Olivier Maury (IRD, France)

Derek Tittensor (UNEP-WCMC, Dalhousie University, Canada)
Heike Lotze (Dalhousie University, Canada)

Eric D. Galbraith (Universitat Autonoma de Barcelona, Spain)
Tyler Eddy (University of British Columbia, Canada)

Invited Speaker:
Eric D. Galbraith (Universitat Autonoma de Barcelona, Spain)

John Pinnegar (Centre for Environment, Fisheries & Aquaculture Science, UK)

Description:
Duration: 1-day workshop

The Fisheries and Marine Ecosystem Model Intercomparison Project (FISH-MIP) is a component of the Inter-
Sectoral Impact Model Intercomparison Project (ISI-MIP). This workshop will gather ecosystem modelers
contributing or interested to contribute to FIshMip. Contributing models will be presented in detail and a typology
will be drawn, based on theoretical underpinnings and numerical implementations. The first round of projections
will be discussed in light of model's characteristics. New developments as well as future analyses will be discussed,
including the use of socio-economic scenarios (typically SSPs) for forcing fisheries models. A simulation protocol
combining the use of RCPs and SSPs will be established.
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Workshop 11: Quantifying thresholds in driver-response relationships to identify
reference points

PICES Working Group 36 (CERP) workshop

Convenors:
Mary Hunsicker (USA)

Robert Blasiak (Sweden)
Elliott Hazen (USA)
Jennifer Boldt (Canada)

Xiujuan Shan (China)

Description:
Duration: 2-day workshop

Marine ecosystems are influenced by dynamic atmospheric and oceanographic drivers and human activities. An
open question is whether biological responses within the ecosystems are linear or nonlinear in relation to climatic
forcing variables or the abundance of other species. Strong nonlinearities indicate the existence of thresholds
beyond which small changes in a climatic variable or species abundance cause large responses in another
ecosystem component. Thus, knowledge of where these thresholds exist is valuable for determining target or limit
reference points to prevent ecosystem components from tipping into undesirable states.

The CERP: Common Ecosystem Reference Points across PICES Member Countries is working group (WG36)
of PICES. During Day 1 of the workshop, the PICES working group members will review and make progress on
Terms of Reference (TOR) (see WG-36 webpage), specifically identifying the focal ecosystems and indicators for
our WG (TOR 2), the available data sets (TOR 2), the methods selected for identifying thresholds in the ecosystem
indicators (TOR 3), and applying analyses to focal ecosystems and indicators (TOR 4).

Day 2 of the workshop is open to any ECCWO participants that wish to attend and contribute to (or learn more
about) the topic of quantifying thresholds for identifying reference points. The goals of Day 2 are to 1) review
and learn from similar efforts from other organizations such as ICES working groups and IndiSeas and 2) identify
potential partnerships between PICES and other groups to advance the science of thresholds and leading indicators
of ecosystem change

We encourage participation by other PICES, ICES, and IndiSeas members, as well as colleagues outside of these
communities, who have expert knowledge of the ecological and human dimensions of North Pacific marine
ecosystems and who have experience developing and implementing frameworks to quantify nonlinearities and
thresholds in driver-response relationships
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Abstracts
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PLENARY SESSION ABSTRACTS

June 5, 9:05/Plenary-S13-13087

Interactions of global change with nutrient limitation of marine primary producers:
How do we get from experimental bottles to whole ecosystem responses?

David Allen Hutchins

University of Southern California, Marine and Environmental Biology, Los Angeles, CA, USA. E-mail: dahutch@usc.edu

A long-standing paradigm in biological oceanography is Liebig’s Law of the Minimum, whereby whichever
nutrient is in shortest supply proximately limits the growth of marine phytoplankton. However, it is now widely
recognized that simultaneous limitation by multiple resources (co-limitation) is common in marine primary
producers, and also that numerous other environmental factors can have complex, non-linear interactions with
such nutrient (co)limitations. Further complicating the picture, both nutrient limitations and many of their
associated and interacting factors such as temperature, carbonate chemistry, oxygen, and light are currently in flux
in a rapidly changing ocean environment. It is extremely challenging to experimentally address these types of
dynamic relationships between a diverse suite of many simultaneously shifting controls on marine phytoplankton.
I will present examples from our experimental work that illustrate the types of unforeseen outcomes that can occur
when ocean acidification or sea surface warming interacts with iron and nutrient limitation and co-limitation of
marine diatoms and nitrogen-fixing cyanobacteria. Carefully designed multi-variable experimental approaches
can be used to support more realistic global biological and biogeochemical models of changing marine ecosystems,
and perhaps ultimately help to predict the resources that will be available to us from the altered food webs of the
future ocean.

June 5, 9:35/Plenary-S12-13103

Getting the big picture in focus: Assessing climate and human factors with global human-
ecosystem models

Eric D. Galbraith*?, Kim Scherrer* and Jérdme Guiet!

1 Universitat Autonoma de Barcelona, Bellaterra, Spain. E-mail: eric.galbraith@uab.cat
2 ICREA, Barcelona, Spain

Climate change is impacting many aspects of marine ecosystems, with implications for fisheries and global food
security. These impacts are occurring alongside rapid transformations in global societies and economies, and a
human population that is expected to reach 10 billion this century. The large number of moving pieces makes it
difficult to understand interactions between them, and to assess which elements are most important at the global
scale. Global coupled human-ocean models offer a means by which to quantitatively gauge multiple climate
and non-climate factors, and to conduct future scenario-based projections to estimate the outcomes of different
societal choices. The current generation of global fishery models generally predicts an overall decrease of fish
harvest as a result of warming. The rate of decline differs between models, but a major unifying factor appears
to be the temperature-sensitivity of metabolism among ectotherms. However, historical model ‘hindcasts’ of the
global fishery suggest that increasing technical proficiency of the global fishing fleet has been the main driver of
historical change, and suggest that future technological progress could exceed the importance of climate change
in the future, in the absence of effective regulation. These results imply that the regulation of fishing effort will be
significantly more important for global harvest in the future than it has been in the past. Our results suggest that
improved fishery regulations may be able to compensate for the 21 century impact of climate change on total
global harvest, dependent on the ability of societies to enforce them.
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June 5, 10:05/Plenary-S3-12828

Sentinel studies of ocean acidification in pelagic (the western North Pacific and Arctic
Ocean) and Japanese coasts

Naomi Harada?, Katsunori Kimoto?, Jun Kita?, Jonaotaro Onodera!, Masahiko Fujii®, Masahide Wakita, Tetsuichi
Fujikit, Shintaro Takao*and Tsuneo Ono®

Japan Agency for Marine-Earth Science and Technology, Yokosuka, Japan. E-mail: haradan@jamstec.go.jp
Marine Ecology Research Institute, Kashiwazaki, Japan

Hokkaido University, Sapporo, Japan

National Institute of Polar Research, Tachikawa, Japan

Japan Fisheries Research and Education Agency, Yokohama, Japan

aoa W N e

Ocean acidification (OA) has become environmental stressor not only in pelagic ocean but also along coasts.
According to Wakita et al., (2017, JGR Oceans 122, doi:10.1002/2017JC013002), annual mean pH™s" _at St. K2
(47°N, 160°E) in the western North Pacific reduced significantly during 1999-2015 at a rate of 0.0025 year™. The
reduction rate of pH"s" _at St. K2 also indicated the seasonal change, namely slow down (0.0008 year*) during
the winter season than that of annual mean rate. This would relate with a reduced rate of increases of dissolved
inorganic carbon, and an increase of total alkalinity in winter associated with the weakening of calcification by
marine calcifier. In addition to pH, saturation degree is also important index for organisms and undersaturation
area for aragonite has recently expanded in the Canada Basin as consequences of the accelerated sea ice melting
(YYamamoto-Kawai et al., 2009, Science 326, doi:101126/science.1174190). On the other hand, in terms of coastal
area, Japanese coast and its surrounding area in the western North Pacific has faced to serious state for OA and
pCO, and pH has monitored with temperature and salinity at Oshoro (Hokkaido), Akkeshi (Hokkaido), Mutsu
(Aomori), Miyako (lwate), Kashiwazaki (Niigata), Tateyama and Onjuku (Chiba), Shimoda (Shizuoka), and
Sesoko (Okinawa). The dynamic diurnal and seasonal fluctuation of pH, saturation degree of carbonate and pCO,
values is characteristic at coastal locations. According to incubation experiment of abalone, low saturation degree
of aragonite and high pCO, under/upper threshold level gave a negative impact on an individual especially larvae
(Onitsuka et al., 2018, Mar. Env. Res., in press). Thus, appearance of lower threshold level of saturation degree
of carbonate within the large diurnal amplitude might be key phenomenone weather marine calcifier’s survival
succeed or not at coastal area. In this presentation, the latest activities on pelagic and coastal OA studies promoted
in Japan will be introduced including development of new technique to quantify the marine calcifier’s response
on OA.

June 6, 8:50/Plenary-S14-13265

Community vulnerability assessments to inform coastal adaptation planning:
Insights from Southern Africa

Merle Sowman

Department of Environmental and Geographical Science, University of Cape Town , South Africa. E-mail: merle.sowman@uct.ac.za

Coastal communities who depend on marine ecosystems and resources for food and livelihoods are particularly
at risk from the impacts and uncertainties associated with climate change. Enhancing understanding of the
vulnerability of these complex socio-ecological systems to climate variability and change is necessary to develop
locally appropriate adaptation strategies and plans. While significant research has been undertaken to develop
and apply methodologies to assess vulnerability across a range of contexts, identify climate-related impacts
as well as mitigation measures and adaptation strategies, the practical implementation of locally appropriate
adaptation actions remains a challenge. This paper reports on a community level vulnerability assessment
methodology developed and applied in coastal fishing communities in Angola, Namibia and South Africa within
the Benguela Current Large Marine Ecosystem region. It outlines the processes employed to develop and apply
the methodology, as well as the logic of the steps involved to gain an understanding of local values, perceptions
and knowledge regarding climate-related issues and impacts, perceived and observed changes, and existing and
potential adaptation responses. Selected findings and outcomes from these vulnerability assessments are presented
including how local knowledge on changing environmental conditions resonates with available science and how
this presents opportunities for transformative learning. Coastal communities identified a number of adaptation
strategies that could address vulnerabilities and enhance resilience but require support from a range of governance
actors. Furthermore, moving beyond the identification of adaptation strategies to implementation action requires
ongoing engagement of community participants in adaptation planning and implementation processes. The
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presence of local champions, support from an external organisation/partner, access to some financial resources and
a policy environment and institutional culture that recognises the value of community involvement in adaptation
planning are all important requirements for the transition from adaptation ideas to adaptation actions. Participation
of affected communities in these processes enhances understanding, builds capacity, opens up new spaces for
engagement between local communities, scientists and other governance actors and generates knowledge for
adaptation and management. Integrating knowledge from these community level processes both vertically and
horizontally will lead to adaptation planning and implementation that is more integrated, locally appropriate and
sustainable.

June 6, 9:20/Plenary-S15-12764

Vulnerable yet viable: Fisheries and aquaculture amidst global change processes

Prateep Kumar Nayak

School of Environment, Enterprise and Development, Environmental Change and Governance Group, Faculty of Environment, University
of Waterloo, Canada. E-mail: pnayak@uwaterloo.ca

Thistalk will focus on a fundamental question pertaining to the sustainability of marine and inland water ecosystems:
what strategies and approaches can be used to build on the existing strengths to reduce vulnerabilities and enhance
viability of fisheries and aquaculture systems in the face of persistent global change, including climate change. I
will examine possible approaches and tools to augment existing strengths that will help build strategies to respond
to global change related challenges facing fisheries and aquaculture sector. Social wellbeing, resilience, access to
capitals, and human rights will be discussed as holistic and integrated approaches that can trigger viability. | then
turn to a number of global instruments, 1) Voluntary Guidelines for securing sustainable small-scale fisheries,
2) Sustainable Development Goal 14 (Life below Water), 3) FAO Code of Conduct for Responsible Fisheries
and 4) FAO Ecosystem-based approaches to Fisheries and Aquaculture and coastal management, to discuss best
practices that can empower fisheries and aquaculture communities to assess their vulnerabilities, realise their
strengths, and develop adaptive capacity and resilience. Adoption of best practices can and will enable critical
coastal ecosystems to adapt to the effects of climate change, and to reduce the threats from other environmental
stresses. Managers need to adopt and adhere to these best practices to help build resilience to the effects of climate
change. Overcoming vulnerabilities and bringing into play existing and newly acquired strengths will lead to the
viability of fishery and aquaculture systems with positive implications for sustainable coastal livelihoods and food
security.

June 6, 9:50/Plenary-S10-13238

Addressing key questions for climate-driven species redistribution requires integration of
ecology, conservation and social science

Gretta Pecl*?

1 Institute for Marine and Antarctic Studies, Tasmania, Australia. E-mail: Gretta.Pecl@utas.edu.au
2 Centre for Marine Socioecology, Hobart, Tasmania, Australia

Climate change is driving a pervasive global redistribution of the planet’s species, with manifest implications
from genes to ecosystems across multiple temporal and spatial scales. Species redistribution defies conservation
paradigms that focus on restoring systems to a baseline and challenges management strategies, which are often
static and based on human-dictated boundaries drawn in the past. Likewise, changes in distribution of marine
resources create difficulties, particularly when species cross jurisdictional boundaries and where historical catch
rates and assessment processes may no longer be appropriate. Moreover, we are still a long way from understanding
the suite of mechanisms and processes underlying the high variation in rate and magnitude of shifts. Building on
that uncertainty, we have even less understanding of how species redistribution will drive changes in ecological
communities and further complicate aspirations of ecosystem-based management. Climate-driven species
redistribution therefore presents intriguing ecological challenges to unravel, as well as fundamental philosophical
questions and urgent issues related to conservation, food security, Indigenous and local livelihoods, and many
other aspects of human well-being. This presentation will highlight some of the key questions for climate-driven
species redistribution in marine systems in the context of ecology, conservation, natural resource management
and social science. Understanding range shifts from ecological, physiological, genetic and biogeographical
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perspectives is essential for informing and designing conservation and natural resource management strategies
for a changing future. However, for species redistribution research to support development of relevant adaptive
strategies and policy decisions adequately, studies need to take an interdisciplinary approach and must recognise
and value stakeholders.

June 6, 10:20/Plenary-S4-13214

Climate variability and ocean deoxygenation over continental margins associated to the
Peru-Chile and other upwelling systems: Insights from proxy records

Dimitri Gutierrez*?

1 Instituto del Mar del Pert, Esquina Gamarra y General Valle, Callao, Per(. E-mail: dgutierrez@imarpe.gob.pe
2 Programa Maestria en Ciencias del Mar, Universidad Peruana Cayetano Heredia, Lima, Peru

Ocean models are still limited to reproduce or predict current and future trends of the dissolved oxygen content
along most of the continental margins that are intersected by large oxygen minimum zones (OMZs), which also
feature or are influenced by intense coastal upwelling systems. A comparison of paleorecords of the Peru/Chile
margin with those from other analog systems mainly during the last millenium, may help to gain insights on the
sensitivity of water column oxygenation (WCO) to climate-driven forcings in these regions at multidecadal or
longer time-scales. Temporal and spatial variations of the proxy records suggest that the Walker circulation is the
principal factor that modulate the OMZ intensity and the upwelling productivity off Peru and Northern Chile;
while the formation rate of the oxygen-rich Eastern South Pacific Intermediate Waters, associated to meridional
shifts of the subtropical front, exerts an influence on the subsurface ventilation at higher latitudes. WCO over
the California margin also appears to be modulated by the equatorial remote forcing, through changes of the
oxycline depth, surface productivity and the advection of oxygen-poor water by the California undercurrent. On
the other hand, proxy records from the Namibian shelf and from the Arabian Sea indicate a coupling of WCO
with surface productivity driven by coastal upwelling or monsoon upwelling intensity, respectively, which in
turn are influenced by meridional displacements of the ITCZ. Noteworthy, while negative trends of oxygenation
proxies are detected for the last decades in the California margin and Namibian shelf, at the Peru-Chile margin,
no trends or weak positive trends can be estimated in the same period. Differential responses among these systems
should be considered and better understood to disentangle global, remote and regional forcings for future ocean
deoxygenation under climate change.

June 7, 8:50/Plenary-S7-12997

Sensitivity of the Eastern Tropical South Pacific oxygen minimum zone to climate change

Andreas Oschlies

GEOMAR Helmholtz Centre for Ocean Research Kiel, Germany. E-mail: aoschlies@geomar.de

Observations reveal a substantial expansion of low-oxygen waters in the tropical oceans including the ETSP
during the past decades. Current numerical models underestimate the observed rate of deoxygenation, and global
models tend to show particularly large misfits for ETSP oxygen changes. The presentation will investigate possible
mechanisms that can explain these misfits and quantitatively analyse these with global and regional models. In
particular, the roles of local and remote wind versus temperature forcings are investigated, as are biogeochemical
feedback mechanisms, such as redox-sensitive benthic-pelagic exchange of phosphorus and iron, and the linkage
between nitrogen loss processes and nitrogen fixation. The presentation will end with a discussion of emerging
constraints on likely future changes in the ETSP under continued global warming.
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June 7, 9:20/Plenary-S17-13258

Climate change, harmful algal blooms and health risks in one health context

Iddya Karunasagar and Indrani Karunasagar

Center for Science Education and Research, Nitte University, Managalore-575018, India
E-mail: iddya.karunasagar@gmail.com

Climate change and the accompanying alterations in the ocean ecosystem have been impacting seafood industry
and risks associated with seafood consumption. Ciguatera fish poisoning has been related with the consumption
of fish and other marine products, mainly from tropical coral reef areas containing toxin produced mainly by the
marine dinoflagellate algae belonging to Gambierdiscus spp. There is increasing evidence to indicate that the
geographical range of ciguatera has been expanding. In 2016, there was an outbreak of ciguatera fish poisoning
involving over 100 people in Mangalore, South West Coast of India. Outbreaks related to fish from Canary islands
(Eastern Atlantic ocean) and Greece (Mediterranean waters) further support the hypothesis that climate change
is causing increased risks associated with seafood. Increasing temperature may modify water circulation patterns
and cells physiology, with an overall impact on harmful algal blooms occurrence. Climate change may alter
frequency and intensity of upwelling, which will influence harmful algal blooms.

There is already convincing evidence to show that bacterial pathogens like Vibrio parahaemolyticus can spread
through phytoplankton in warm oceanic currents associated with El Nino events. Though clinical cases related to
molluscan shellfish associated pathogen Vibrio vulificus have been reported from few countries, the geographical
distribution is wider than it has been thought. The emerging scenario of increase in elderly population due to
extension of life expectancy and creation of oceanic conditions suitable for Vibrio populations warrant considering
these pathogens in seafood safety risk assessments. Detection of low levels of tetrodotoxin in bivalves and the
association between Vibrio spp and tetrodotoxin, has led to the thinking that considerations need to be given on
the changing scenario of seafood associated health risks.

June 7, 9:50/Plenary-S2-13257

Ten-years out: Navigating the information gap between El Nifio and climate change
Lisa Goddard

International Research Institute for Climate & Society, The Earth Institute, Columbia University, Lamont Campus, 128 Monell Bldg. 61
Route 9W, Palisades, NY, USA. E-mail: goddard@iri.columbia.edu

The climate varies on all timescales: from months to decades to centuries. Climate change research typically
focuses on anticipated end-of-century climate changes due to increased greenhouse gasses in our atmosphere.
For climate adaptation, however, the time horizons to plan, implement, and evaluate adaptation measures are
typically less than 20 years in the future. At these shorter time horizons, natural decadal variability can confound
anthropogenic climate change. Natural decadal variability can be driven by large-scale oceanic processes, and
thus potentially predictable, or decadal variability can be purely stochastic.l will discuss what we know about
decadal climate variability: that important intersection between variability and change. | will describe what we
know about the oceanic drivers of decadal variability, provide some examples of regional impacts — on land and
sea, and outline some of the research to apply decadal-scale climate information.
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June 7, 10:20/Plenary-S11-12803

How do we put all the pieces together to appreciate the bigger picture?

Steve Widdicombe
Plymouth Marine Laboratory, Plymouth, UK. E-mail: swi@pml.ac.uk

The overall response of marine ecosystems to a rapidly changing ocean is governed by a complex matrix of
physiological responses and ecological interactions, both within and between individual organisms. Stress
induced changes in individuals’ performance will affect population success, largely through altering competitive,
facilitative and trophic relationships, ultimately driving shifts in ecosystem structure and functioning. Predicting
long-term ecosystem level effects of climate change is therefore challenging and largely reliant on generating
understanding across all levels of biological organization. In many previous studies which have sought to describe
the impacts of climate change, it has been impossible to fully mimic the spatial or temporal scales, or indeed the
levels of complexity and variability, over which climate change will operate. Whilst methods for studying each of
the separate organizational levels over specific temporal and spatial scales are well developed, e.g. manipulative
experiments and observations in the field and in the laboratory, the tools needed to integrate understanding from
these separate studies are less well advanced. Further developing these integrative tools will support a more
comprehensive appreciation of the future fate of marine organisms, populations and, ultimately, whole marine
ecosystems. This talk will explore some examples in which data and knowledge have been successfully scaled up
to make predictions at higher, more complex, levels of ecological organization.

June 8, 8:50/Plenary-S18-13250

Blue carbon ecosystems: Conservation and policy needs for an effective climate change
adaptation and mitigation strategies

Severino G. Salmo 111

Department of Environmental Science, Ateneo de Manila University, Loyola Heights, 1108 Quezon City, Philippines
E-mail: ssalmo@ateneo.edu

Blue carbon ecosystems (mainly mangroves, seagrass and tidal marsh) sequester atmospheric CO, and store it in
the sediments as carbon for long period (for at least 100 yrs). These processes of sequestration, deposition and
storage significantly contributes in reducing CO, thereby provide viable adaptation and mitigation strategies in
reducing the impacts of climate change. But, the performance of carbon sequestration of these ecosystems is
strongly dependent on their extent and ecosystem health. These ecosystems are regularly subject to various forms
of both natural and anthropogenic disturbances particularly in developing countries. The loss of these ecosystems
will result to the release and return of long-stored carbon as greenhouse gas (GHG) in the atmosphere. In the
Asia-Pacific region, while massive restoration programs were implemented since 1990s, these ecosystems still
experience perturbations. Moreover, the limited monitoring data (on spatio-temporal status and carbon stock
values) combined with lack of appreciation on their ecological importance will further contribute in their mis-
management. Citizen science can be a potent tool in at the least providing managers and policy makers information
that will be needed in the appreciation of carbon sequestration, as well as in the implementation of financial carbon
trading scheme. This information will then serve as technical inputs in the formulation of Blue Carbon monitoring
and management plan in at least at national scale and scaled up at international level.
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June 8, 9:20/Plenary-S1-12572

Ocean Extremes: Marine Heatwaves and Marine Ecosystems

Alistair Hobday?, Neil Holbrook?, Eric Oliver®, Dan Smale* and Thomas Wernberg®

CSIRO Oceans and Atmosphere, Hobart, TAS, Australia. E-mail: Alistair.hobday@csiro.au
Institute for Marine and Antarctic Studies, University of Tasmania, Hobart, Tasmania, Australia
Department of Oceanography, Dalhousie University, Halifax, Nova Scotia, B3H 4R2, Canada
Marine Biological Association of the United Kingdom, The Laboratory, Citadel Hill, Plymouth, UK
UWA Oceans Institute & School of Biological Sciences, Crawley Western Australia 6009, Australia
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Considerable attention has been directed at understanding the consequences and impacts of long-term
anthropogenic climate change. Discrete, climatically extreme events such as cyclones, floods, and heatwaves can
also cause considerable impacts on regional environments, species, and humans — and both interannual variability
and anthropogenic climate change is expected to exacerbate these effects. Climatic extremes also occur in the
ocean, and recent decades have seen many high-impact marine heatwaves (MHWSs) — anomalously warm water
events that may last many months and extend over thousands of square kilometres. | will describe a range of
biological, economic and political impacts that have been associated with some intense MHWS, historical and
projected trends in these events, and the role of attribution for communication and mechanistic understanding.
While extremes impact on a range of marine users, adaptation is also possible with a risk-based predict-and-
prepare strategy. Improved short-term and seasonal forecasting tools are an important element in the “predict”
strategy. My work with a range of stakeholders has also helped me to develop the “prepare” part of a climate-
proofing strategy. Growing public interest in marine extreme events means that measuring the severity of these
phenomena in real time is becoming more important, and | propose a method for consistent description of MHWs
that is compatible with an underlying long term trend.

June 8, 9:50/Plenary-S8-13256

Facing the future and sustainability through connecting the coastal and open oceans:
Center for Ocean Mega-Science, Chinese Academy of Sciences

Fan Wang

Institute of Oceanology, Chinese Academy of Sciences, Qingdao, China. E-mail: fwang@qdio.ac.cn

Contemporary marine sciences are multi-disciplinary, ambitious, heavily funded, and possess large-scale facilities,
clear indicators of Mega-Science. An overview of the world’s major powers in marine science and technology
suggests that these countries share clear national objectives and celebrate the intersection and integration of various
disciplines, thus forming comprehensive marine research facilities that adapt to the requirements of research in
Mega-Science. The Chinese Academy of Sciences (CAS) is establishing the Center for Ocean Mega-Science in
the CAS Science and Education Park in Qingdao, relying heavily on the Institute of Oceanology and also on other
12 CAS institutes majoring in earth science, life science, and high technology development fields. The center will
integrate and coordinate the CAS research vessels, fundamental instruments, field observing networks, and big
data center as its main supporting facilities. The center aims to constitute an innovative platform of science and
technology in marine sciences that enables open and efficient sharing, offers an advantageous training site for
elite personnel, and serves as a research center with international influence, facilitating collaborative innovations
domestically and abroad. The center is poised to face the issues relevant to the future sustainability of the sea, by
integrally promoting the “healthy ocean” demonstration in the coastal sea, study of multi-spherical interactions
in the Indo-Pacific convergence zone, and green utilization of biological resources. The center is committed to
enhancing awareness and understanding of regional and global marine issues, and developing innovative solutions
that will serve as important technological support for the implementation of domestic and international ocean
sustainability strategies.
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S1: Ocean extremes and their impact on marine ecosystems

June 5, 11:00/S1-Invited-13137

Trophic mismatches between plankton blooms and fish spawning phenology as a function
of climate extremes

Rebecca G. Asch?, Charles Stock? and Jorge Sarmiento®

1 East Carolina University, Greenville, NC, USA. E-mail: aschrl6@ecu.edu
2 Geophysical Fluid Dynamics Laboratory, National Oceanic and Atmospheric Administration, Princeton, NJ, USA
3 Princeton University, Princeton, NJ, USA

Commercially important fishes experience recruitment variability of 2-3 orders of magnitude, which is influenced
by spatial and temporal synchrony in the distribution of larval fishes and their planktonic prey. Under climate
change, seasonal synchrony between organisms is hypothesized to decrease, reflecting the fact that stratification
and mixing affect plankton bloom phenology whereas temperature exerts a strong influence on fish spawning
phenology. Using an earth system model, we explore whether increases in temperature extremes may lead to a
greater frequency of trophic mismatches among fishes with two spawning behavior modes. We analyze changes
in mean phenological mismatches and “extreme mismatches” where fish spawning and bloom initiation are
separated by >30 days. Extreme mismatches have a greater likelihood of resulting in recruitment failure due to their
prolonged duration relative to the length of fish egg and yolk-sac larvae stages. For fishes that exhibit spawning
site fidelity in the North Pacific, we project a 10-fold increase in the area experiencing extreme mismatches
throughout the 21% century, with a 3-fold increase in the North Atlantic. For fishes that undergo range shifts in
spawning locations, there is greater spatial variability, with the frequency of extreme mismatches increasing in
some areas but decreasing in others. Extreme mismatches increased more rapidly than projected changes in mean
matches/mismatches between trophic levels. Empirically observed mismatches of the same magnitude as those in
our model have altered planktonic species composition and distribution, reduced and delayed recruitment, led to
reproductive failure among seabirds, decreased fishery profitability, and contributed to fishery collapse.

June 5, 11:30/S1-Oral-12649

Inland sea and coastal ocean zooplankton communities show contrasting responses to
recent Northeast Pacific climate variability

Julie E. Keister?, Jan Newton?, Jennifer Fisher?, l1an Perry®, William T. Peterson?, Moira Galbraith®, John Mickett?,
Bethellee Herrmann! and Wendi Ruef!

E University of Washington, Seattle, WA, USA. E-mail: jkeister@u.washington.edu
2 Hatfield Marine Science Center, Newport, OR, USA
3 Fisheries and Oceans Canada, Nanaimo, B.C., Canada

Diagnosing the mechanisms that connect environmental change to food webs is important to managing and
forecasting ecosystems. Extreme events provide strong contrasts to typical conditions, enabling clearer links
from the physics to ecosystems to be drawn. Similarly, examining differences among locations with contrasting
responses to change can help understand the underlying ecosystem drivers. Over the past several years, the
Northeast Pacific has experienced a broad range of conditions from average to unprecedented anomalies. We use
zooplankton monitoring data from the coastal Pacific Northwest and inland regions of the Salish Sea to explore
spatial and interannual variability in zooplankton community response to environmental change over the period of
2014-2017. Large shifts in the physical environment had strong effects on zooplankton community structure and
abundance in all locations. 2014 began as a fairly normal year until the Pacific Warm Anomaly event nicknamed
“The Blob” began to affect the region during late summer and fall. Unprecedented warm conditions occurred in
summer 2015, persisting through 2016. In the coastal ocean, clear effects on zooplankton community structure
have been reported, with rare oceanic copepod species and high species diversity occurring in coastal samples,
concurrent with decreased overall biomass. In sharp contrast, few rare species were collected in the inland seas,
and the opposite trend in zooplankton biomass occurred, with increases in many of the dominant taxa during the
warm anomalies relative to 2014. These and other contrasts observed in zooplankton response among systems
are explored to understand the physio-chemical underpinnings of the observed changes and their implications for
local and regional effects on fish populations.
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June 5, 11:50/S1-Oral-13131

Time to expect the unexpected? Unprecedented warming and a chain of ecosystem
impacts link altered forage fish distribution and crab fishery delays to a spike in whale
entanglements along California’s central coast in 2015-2016

Jarrod A. Santora®? and Nathan Mantua?®

E Department of Applied Mathematics and Statistics, University of California, Santa Cruz, CA, USA. E-mail: jsantora@ucsc.edu
2 Fisheries Ecology Division, Southwest Fisheries Science Center, National Marine Fisheries Service, National Oceanic and
Atmospheric Administration, Santa Cruz, CA, USA. E-mail: nate.mantua@noaa.gov

Extreme climate events are expected to disrupt marine ecosystem structure and function, potentially leading to
unexpected nonlinearities in trophodynamics of food webs that impact ecosystem services. The recent Large Marine
Heatwave (LMH) in the Northeast Pacific was unprecedented, with record single-year sea surface temperature
(SST) anomalies in the California Current Large Marine Ecosystem (CCLME). Here, we document key elements
of the chain of ecosystem and fishery impacts that resulted in a record number of whale entanglements in crab
fishery gear along California’s central coast in 2015 and 2016. Using a combination of remote-sensing and fishery
surveys, we argue that key ingredients in the LMH-related ecosystem impacts included: 1) shifts in the abundance,
distribution and biodiversity of pelagic forage species (e.g., krill and anchovy); 2) a record harmful algal bloom
that caused widespread elevated Domoic Acid (DA) concentrations within the shelf waters of the CCLME; 3) DA
contaminated Dungeness crab (Cancer magister) along the U.S. West Coast; and 4) an onshore shift of foraging
whales. A key human-dimension to the whale entanglements was the unprecedented 5-month delay in the opening
of the California Dungeness crab fishery because of the persistent DA contamination. We also review how these
unexpected outcomes of the LMH were translated to a recently formed working group composed of fishery
stakeholders, resource managers and conservationists. We present this case-study as a potential model for the kind
of ecosystem and fishery interactions that are likely to become more frequent as global change moves us into a
no analog future.

June 5, 12:10/S1-Oral-12775

Effects of a recent marine heat wave on forage taxa in the northern California Current:
An unprecedented ecosystem shift in progress?

Richard Brodeur?, Mary Hunsicker?, Toby D. Auth? and Todd W. Miller3

1 NOAA, Northwest Fisheries Science Center, Hatfield Marine Science Center, Newport, OR 97365, USA
E-mail: rick.brodeur@noaa.gov

2 Pacific States Marine Fisheries Commission, Newport, OR 97365, USA

3 NOAA, Alaska Fisheries Science Center, Auke Bay, AK 99821, USA

Forage taxa play a central role in the transfer of energy from lower to higher trophic levels. Ocean conditions may
influence this energy pathway in the northern California Current (NCC) ecosystem. The recent unprecedented
prolonged warming in the NCC provides a unique opportunity to better understand the connection between
ocean conditions and forage taxa abundance and distribution patterns and feeding. We present findings from two
studies that suggest that the recent warming period associated with the “Warm Blob” and El Nifio affected forage
significantly. Pelagic trawl surveys were conducted off Oregon and Washington during early summer of 2011
and 2013-2016 and examined for interannual changes in spatial distribution of fish and invertebrate taxa. The
community was significantly different in both 2015 and 2016 than the earlier cool years. Crustacean plankton
densities were extremely low in both years, and the invertebrate composition became dominated by gelatinous
zooplankton. Stomach collections of multiple forage fishes off the Washington and Oregon coasts were examined
from June during recent warm years (2015 and 2016) and compared to previous collections from 2000, 2002,
2011, and 2012 (average or cool years). Fish feeding habits varied significantly between cold and both average
and warm periods. Euphausiids, decapods, and copepods were the main prey items of the forage fishes in cool
years; however, gelatinous zooplankton were consumed in higher quantities in warm years. The substantial
reorganization of the pelagic forage community has the potential to lead to major alterations in trophic functioning
in this normally productive ecosystem.
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June 5, 12:30/S1-Oral-13132

Understanding how extreme conditions and ocean acidification uniquely influence coastal
upwelling zones: A case study from the Pacific Northwest U.S.

Jan Newton?, John Mickett!, Simone Alin?, Adrienne Sutton? and Richard Feely?

1 University of Washington, Seattle, WA, USA. E-mail: janewton@uw.edu
2 NOAA Pacific Marine Environmental Laboratory, Seattle, WA, USA

Coastal oceans are some of the most productive and economically important ocean regions, yet more knowledge
of ocean status comes from open-ocean measurements. Coastal records, often relatively short, are advancing as
more nations sustain ocean observing systems. The Cha’ba buoy off Washington, USA, sustained since 2010 by
US-I0O0S/NANOQS, reveals patterns with relevance to ocean extremes and their impact on marine ecosystems.
Most notable was the effect of the 2014-2016 North Pacific marine heat wave, which caused large temperature
anomalies in coastal waters, primarily during fall when conditions shifted from upwelling to downwelling. Even
at depth (85 m), a ~4C temperature anomaly rapidly followed a shift in wind direction. Associated rapid changes
in salinity, oxygen, and pH also occurred. The upshot is that coastal species can experience very abrupt changes
in conditions associated with marine heat waves in locales where upwelling/downwelling dynamics dominate.
The record of atmospheric and seawater pCO, at this buoy and a NOAA buoy at Cape Elizabeth (2006-present)
shows a year-to-year increase in atmospheric pCO, with time, yet more variable seawater pCO, dynamics and
no temporal trend evident. This is likely due to the many local variables that can affect seawater pCO,, including
temperature, primary production, and upwelling/downwelling, all of which are influenced by climate variables,
e.g., sunlight, winds, and air temperature. Not all of these factors cause changes in pCO, in the same direction,
thus yielding a pattern predicted to be variable. Thus, extreme climate/ocean conditions may result in highly
unpredictable coastal ocean conditions with large ranges.

June 5, 12:50/S1-Oral-13099

How “The Blob” affected groundfish distributions in the Gulf of Alaska

Qiong Yang?!, Edward Cokelet?, Phyllis Stabeno?, Lingbo Li%, Anne Hollowed? Wayne Palsson?, Nicholas Bond*
and Steven Barbeaux®

1 Joint Institute for the Study of the Atmosphere and Ocean, University of Washington, Seattle, WA, USA

E-mail: giong.yang@noaa.gov
2 Pacific Marine Environmental Laboratory, National Oceanic and Atmospheric Administration, Seattle, WA, USA
3 Alaska Fisheries Science Center, National Oceanic and Atmospheric Administration, Seattle, WA, USA

We investigated changes in the distributional shifts of groundfish in the Gulf of Alaska (GOA) in response to the
anomalous warm ocean conditions during the recent “blob” event (2015). A 10-year dataset of fish abundance,
bottom temperature and depth from Alaska Fisheries Science Center bottom trawl surveys during the period of
19962015 was analyzed. Among the 10 survey years, 2015 was the warmest year. Six fish species including
including Pacific cod (Gadus macrocephalus), arrowtooth flounder (Atheresthes stomias), Pacific ocean perch
(Sebastes alutus), walleye pollock (Gadus chalcogrammus), northern rock sole (Lepidopsetta polyxystra) and
southern rock sole (Lepidopsetta bilineata), were considered. Fish were binned by size to account for ontogenetic
differences. We applied a joint probability density distribution (PDF) of bottom temperature and depth to represent
the distribution of fish abundance. The changes in fish centroid depth were related to the changes in habitat
temperature. Our results suggest that groundfish exhibit complex distributional responses to changes in ocean
temperatures. No noticeable distributional shifts were found for walleye pollock and southern rock sole. Young
fish were less responsive to changes in ocean temperature while older fish were more responsive. Pacific cod and
arrowtooth flounder tended to move deeper in warm waters and shallower in cold waters.
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Marine ecosystems and extreme events: A global analysis through the lens of seabirds
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As the world warms, extreme marine climate events are becoming more frequent and intense, but the consequences
of these events on marine ecosystems are poorly understood. Well-known and monitored ecological indicators
are needed to assess changes across ecosystems at the global scale. Seabird productivity is such an indicator.
Marine climate mostly affects seabird breeding success indirectly through bottom-up mechanisms of changing
ocean conditions on the availability of mid trophic level forage (fish and zooplankton). Forage availability is
affected by natural ecosystem processes and climate variability, as well as fisheries management. In this study,
test the hypothesis that ecosystem functions have become more variable through time by examining systematic
change in the variance structure of seabird productivity (i.e., breeding success female?). To test this hypothesis, we
compiled a global dataset of standard measurements of seabird productivity and analyzed changes in variance at
the interannual scale relative to ecosystem-scale changes in climatic and anthropogenic (fisheries prey depletion)
factors. Data for this analysis comes from tropical, temperate, and sub-polar ecosystems. In particular, we
assessed if increasing variability in seabird productivity is associated with recent marine heat waves (MHW)
across the globe. On the global scale, seabird breeding success has become more variable, especially in the
past decade, but attribution to climate change and MHW is complicated by the fact that few ecosystems remain
unaffected by fisheries. Nonetheless, we suggest that focus on under-appreciated variance statistics may reveal
unanticipated effects of climate change on the world’s oceans and marine life.
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Extreme response of seabirds to extreme climate events in the NE Pacific
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The astonishing abundance and diversity of seabirds in the North Pacific is evidence in itself that seabirds are
highly successful at exploiting forage fish populations in a dynamic and often hostile marine environment. Despite
their remarkable abilities, however, seabirds occasionally exhibit extreme responses to short-term food scarcity
in the form of mass mortality events (“wrecks”) or complete reproductive failures at colonies. These rapid and
extreme responses likely occur in seabirds because their daily energy demands are also extreme (especially in
comparison to other marine piscivores such as groundfish, pinnipeds and whales). The response of seabirds to
climate change at differing temporal scales can best be framed by decomposing long-term ocean temperature
variability into the modes of change that contribute most to the thermal environment. In the NE Pacific, modes of
variation that have a strong impact on seabirds and forage fish include predictable climate variability associated
with (in order of contribution): 1) seasonal changes in insolation, 2) global warming, 3) the Pacific Decadal
Oscillation, 4) El Nifio, and, 5) as-yet unexplained or random variability that can also have a major impact on
seabirds, especially when it produces extreme thermal anomalies over large areas (e.g., the “Blob”). Finally,
impacts can be most pronounced when modal signals are synchronized, as they were during the 2014-2016 marine
heat wave when 100,000s of Common Murres in the California Current and Gulf of Alaska marine ecosystems
perished from starvation.
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Robustness of food web complex networks to heat-waves in tropical and temperate
shallow waters
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While there is evidence that tropical organisms are more vulnerable to climate warming than their temperate
counterparts, little is known about the differential response of tropical and temperate food webs to increasing
temperatures and extreme thermal events. Understanding the effects of climate warming on complex food webs
over large ecosystems presents high costs and oftentimes unsurmountable logistical challenges. This way, it is
crucial to find smaller systems that can be used as proxy food webs. Intertidal rock pool environments harbor
particularly high biodiversity over small areas and are particularly vulnerable to warming due to their small volume.
This study aimed to analyze their food web networks’ response to sequential species removals and compare the
robustness of tropical and temperate webs. Highly resolved food webs were assembled for 34 intertidal rock pools
from a tropical and a temperate region. Upper thermal limits were experimentally determined for the most common
rock pool organisms in both areas, allowing the assemblage of rankings of thermal vulnerability. Species were
sequentially removed from the food webs according to their thermal vulnerability. The structural ‘robustness’ of
each food web to species loss was calculated as the fraction of species that had to be removed in order to result in
total species loss (i.e. primary species removals plus secondary extinctions) of >50% of the species in the original
web. It was revealed that although the robustness of tropical and temperate food webs was similar, the tropical
webs experienced significant alterations in more network properties.
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Warmer doesn’t mean weaker: Impact of heatwaves on foundation macrophyte species

Mahasweta Saha!, Francisco R. Barboza!, Miriam Beck?, Janina Brakel!, Ricarda Christ!, Chi Guan?, Maysa
Ito?, Stina Jakobsson?, Balsam Al-Janabi!, Christian Pansch?, Yvonne Sawall*3, Jennifer C. Nascimento Schulze?,
Martin Wahl* and Florian Weinberger*

E Benthic Ecology, Helmholtz Center for Ocean Research, Dusternbrookerweg 20, 24105 Kiel, Germany
E-mail: sahamahasweta@gmail.com.
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Marine heatwaves (MHWSs) have been observed throughout the world and are expected to increase both in
frequency and intensity under climate change scenarios causing additional stress to organisms. Macrophytes like
the temperate brown seaweed Fucus vesiculosus and the seagrass Zostera marina are widespread in the northern
hemisphere providing core ecological and biogeochemical services. Thus, understanding the response of such
foundation species to extreme events will improve our predictions of the responses of coastal marine ecosystems
under climate change. Healthy functioning of macrophytes is intimately linked to the maintenance of growth,
photosynthetic efficiency, resistance against pathogens, epibionts and consumers.

Thus, we tested the physiological and chemical defence responses of western Baltic Sea Fucus and Zostera
population to simulated heatwaves in a novel outdoor mesocosm with a multidisciplinary approach. Along with
control tanks, two different treatments were applied: treatment experiencing two spring heatwaves followed by a
summer heat wave, a treatment experiencing just the summer heat wave. For both the macrophytes, physiological
and chemical defence responses was not significantly affected among controls and two different treatments.
Thus, we conclude that the well-being of Fucus and Zostera populations in the western Baltic Sea will hardly be
weakened by such extreme heat bursts.
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Ecological impacts of the extreme 2015-2016 El Niiio in the central equatorial Pacific
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The central equatorial Pacific (CEP) fluctuates between anomalously warm and nutrient-poor El Niflo and
anomalously cool, nutrient-rich La Nifia conditions. El Nifio events are typically characterized by an eastward
expansion of the Indo-Pacific warm pool (IPWP) and deepening of the thermocline and nutricline, with associated
decreases in primary productivity in the eastern and central tropical Pacific and corresponding increases in
productivity in the IPWP. Recent studies have shown that the IPWP has warmed and expanded in recent decades
and that anomalously warm sea surface temperatures (SST) in the CEP during the extreme 2015-2016 El Nifio
were likely unprecedented and unlikely to have occurred naturally, and most probably influenced by anthropogenic
greenhouse gas forcing. We further describe variations in SST, biological productivity, and ecological responses
at both local island and regional scales to characterize the extreme 2015-2016 El Nifio in relation to previous El
Nifio events in the CEP and in the context of climate trends. Unprecedented Chl-a anomalies and record high
SSTs were observed in the CEP associated with warming trends in the IPWP during the extreme 2015-2016 El
Niflo. Catastrophic coral bleaching with 98% mortality, as well as noteworthy changes in reef fish and seabird
communities, was observed at Jarvis Island. Changes to coral reef communities were modest at Howland, Baker,
and Kanton Islands which experienced less severe thermal stress. Regionally, changes in catch rates from purse
seine and longline fisheries were observed and will also be reported.

June 5, 16:00/S1-Oral-13173

Developing an index for early detection of abrupt change in northeast Pacific Ocean
gcosystems
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Ecological regime shifts are an important source of uncertainty, affecting our ability to successfully manage
fisheries in the northeast Pacific (NEP). While past NEP regime shifts have been associated with sudden change in
the Pacific Decadal Oscillation, an important prediction of ecological theory is that abrupt shifts are also expected
in ecosystems undergoing persistent or incremental external perturbation. Though such shifts may be rare, the
degree to which these events can disrupt marine resources can hardly be overstated. Thus, there is a need for novel
approaches that can provide rapid detection of large-scale ecosystem shifts. Here we summarize information from
a large set of biological time series from the California Current Ecosystem, Gulf of Alaska and Eastern Bering Sea
to develop a State Index that can provide early detection of abrupt community-level changes in each ecosystem.
We have developed and applied a Bayesian analog of Dynamic Factor Analysis (DFA), an ordination tool for
time series, to regional data sets to evaluate changes in mean community state. In addition, we 1) tested for ‘black
swan’ events in the shared DFA biological trends, 2) identified probabilities of shared trends being in a particular
stable state, and 3) elucidated relationships between environmental conditions and the shared biological trends.
Ultimately, the goal of our work is to develop reference points that enable scientists and managers to distinguish
normal variability from changes signaling a major shift.
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Marine heat waves under global warming
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Some of the recently observed marine heat waves (MHWSs) demonstrated the high vulnerability of marine
ecosystems to such extreme climate events. Yet, our knowledge about their past occurrences and their future
progression is very limited. Here, using satellite observations and a suite of Earth system model simulations, we
show that MHWs (defined as sea surface temperature (SST) conditions exceeding the preindustrial 99" percentile)
have already become more frequent, extent, intense, and longer lasting in the last few decades and that this trend
is bound to accelerate under further global warming. Over the satellite era, the probability of occurrence of a
MHW went up by 130% and this probability will increase further 16-fold under 1.5°C and 23-fold under 2.0°C
global mean warming relative to preindustrial levels. But currently, we are on the course towards a global mean
warming of 3.5°C by the end of the 21 century, which would increase the probability of MHWSs by a factor of 41.
At this level of warming, MHWSs have an average size that is 21 times bigger than in preindustrial times, last on
average 112 days, and reach maximum intensities in SST of 2.5°C. The largest changes are projected to occur in
the western tropical Pacific, the Arctic Ocean and in coastal waters. Already today, 87% (78-91%) of the MHWSs
are attributable to warming, with this ratio increasing to nearly 100% under any global warming exceeding 2°C.
Our results suggest that MHWSs are bound to become commonplace and very extreme under global warming.
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Projected sea surface temperatures over the 21 century: Changes in the mean, variability
and extremes for large marine ecosystem regions of Northern Oceans
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Global climate models were used to assess changes in the mean, variability and extreme sea surface temperatures
(SSTs) in northern oceans with a focus on large marine ecosystems (LMEs) adjacent to North America, Europe, and
the Arctic Ocean. Results were obtained from 26 models in the Community Model Intercomparison Project Phase
5 (CMIP5) and 30 simulations from the National Center for Atmospheric Research Large Ensemble Community
Project (CESM-LENS). All simulations used observed greenhouse gas concentrations for 1976-2005 and the
RCP8.5 scenario for greenhouse gases through the remainder of the 21 century. In general, differences between
models are substantially larger than among the simulations in the CESM-LENS, indicating that SST changes are
more strongly affected by model formulation than internal climate variability. SST changes over the 21% century
are primarily due to a positive shift in the mean with only modest variability changes in most LMEs. The shift in
the mean is so large that in many regions SSTs during 2070-2099 will always be warmer than the warmest year
during 1976-2005. The SST trends are generally stronger in summer than in winter, as greenhouse gas heating
is integrated over a much shallower climatological mixed layer depth in summer than in winter, amplifying the
seasonal cycle of SST over the 21 century. In the Arctic, the mean SST and its variability increases substantially
during summer, when it is ice free, but not during winter when a thin layer of ice reforms and SSTs remain near
the freezing point.

47



48

2018-Effects of Climate Change on World's Oceans

June 5, 17:20/S1-Oral-12732

Increasing coupling between NPGO and PDO leads to prolonged marine heatwaves in the
Northeast Pacific
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The marine heatwave of 2014/2015 in the Northeast Pacific caused significant impacts on marine ecosystems and
fisheries. While several studies suggest that land and marine heatwaves may intensify under climate change less is
known about the prolonged multi-year nature (~2 years) of the Northeast Pacific events. Examination of reanalysis
products and a 30-member climate model ensemble confirms that prolonged multi-year marine heatwaves are
linked to the dynamics of the two dominant modes of winter sea surface temperature variability in the North
Pacific, the Pacific Decadal Oscillation (PDO) and the North Pacific Gyre Oscillation (NPGO). Specifically, we
find a significant correlation between winter warm NPGO anomalies and the following winter PDO arising from
extra-tropical/tropical teleconnections. In the model projections for 2100 under the RCP8.5 scenario, this NPGO/
PDO 1 year lag-correlation exhibits a significant positive trend (~35%) that favors more prolonged multi-year
warm events (>1°C) with larger spatial coverage (~18%) and higher maximum amplitude (~0.5°C for events
>2°C) over the Northeast Pacific.
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Attribution of recent marine heat waves to anthropogenic climate change
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Recent marine heat waves have caused increasing concern because of their devastating effects on marine
ecosystems. Reported biological impacts range from geographical species shifts and widespread changes in
species composition to harmful algal blooms, mass strandings of mammals and mass mortalities of particular
species. In several cases, marine heat waves have led to the closing of commercially important fisheries and
aquaculture industries.

Model studies indicate that marine heat waves are already more frequent, more intense, larger and longer lasting
compared to pre-industrial times, and that these changes are amplified under future global warming. However,
apart from the Tasmanian heat wave in 2015/16 it is not known to what extent anthropogenic climate change
affected the likelihood of the occurrence and magnitude of recent prominent marine heat waves.

Here we use sea surface satellite and climate model data to quantify the human influence on the occurrence
of individual recent marine heat waves. We first detect marine heat waves during the satellite era from 1982
to 2016 and rank them according to their intensity, duration and spatial extent. Preliminary results show that
many of the largest and longest heat waves occurred in the tropical Pacific, possibly related to the El Nino-
Southern Oscillation. We then select the largest and warmest heat waves and calculate the fraction of risk that
can be attributed to anthropogenic climate change. To this end we compare the probabilities of extreme events in
temperature projections of a suite of CMIP5 Earth System Models with and without anthropogenic forcing.
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Daily and seasonal ocean acidification extremes during the twenty-first century
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How ocean acidification will affect marine organisms depends on changes in both the long-term mean and the
short-term temporal variability of carbonate chemistry. While the decadal-to-centennial ocean acidification
response to climate change is well constrained, little is known about corresponding changes in daily and seasonal
extremes. Here such extremes are assessed by analysing 9 Earth System Models (ESMs) forced with a business-
as-usual emissions scenario. Throughout the twenty-first century, seasonal extremes of surface-ocean pH are
projected to attenuate by 16+7%, while those for hydrogen ion concentration [H*] are projected to amplify
81+16%. Simultaneously, the seasonal extremes of aragonite saturation state (Qarag) are attenuated except in the
subtropics where they are amplified. These contrasting changes derive from regionally varying sensitivities of
these variables to atmospheric CO, and climate change and diverging trends in seasonal extremes in the primary
controlling variables. Model projections are consistent with in situ observations at Mediterranean CO, seeps.
Projected changes will tend to exacerbate impacts of increasing [H*] on marine organisms during the summer and
ameliorate impacts during the winter, although the opposite holds in the high latitudes. Similarly over most of the
ocean, impacts from declining Qarag are likely to be intensified during summer and dampened during winter, with
summer seawater conditions becoming less conducive to calcification over most of the ocean. Marine extreme
events in [H*] and Q___that are not directly tied to the daily and annual cycles are also investigated with idealised
simulations in the IPSL-CM6 Earth System Model.
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Increases in surprising ocean temperatures will challenge the limits of ecosystems and
people to adapt
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The community of species in an ocean ecosystem and the properties of nearby coastal communities reflect the
climate conditions — both the mean and variance — in that region. Novel conditions like the recent “marine
heatwaves” can lead to sudden and surprising changes in both the natural and human components of the system.
We documented the occurrence of “surprises” — annual mean temperatures that are at least two standard
deviations above the mean of the prior 30 years. These unexpected events should become more likely as warming
trends increase; however, even accounting for the trends, the recent increase in the frequency of surprising ocean
temperatures is surprising. Based on the results of an idealized ecosystem model, we expect that warming trends
will degrade the function of marine ecosystems, favoring generalists over specialist and altering productivity and
diversity. An analogous model for how humans relate to the ocean quantifies the benefits of projections rather than
relying on historical experiences to make decisions.
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Time matters: Longer heatwaves increase mortality of subtidal organisms at sub-lethal
temperatures

Bayden Russell and Jay Minuti

Swire Institute of Marine Science and School of Biological Sciences, The University of Hong Kong, Hong Kong SAR, China
E-mail: brussell@hku.hk

Many of the world’s coastal oceans are warming at an unprecedented rate. Recent years have seen an increasing
incidence of heatwaves, or short-term temperature extremes, which have led to devastating shifts in some benthic
ecosystems. Underlying these changes is the effect of elevated temperatures on the metabolic functioning of the
organisms. Yet, these effects are context dependent; duration and intensity of the heatwave will differentially affect
taxa. Here, | draw together the results from multiple experiments in which we exposed tropical and temperate
sea urchin and gastropod species to heatwaves of varying duration and intensity, measuring physiological and
biological responses. Overall, urchins had a more extreme metabolic response to heatwaves than gastropods
but were able to recover faster if the duration of heatwave was shorter. In contrast, gastropods tended to depress
metabolic responses to higher temperatures and had greater survival in heatwaves of longer duration. Critically,
over the longer-term, both urchins and gastropods had elevated mortality at temperatures below their maximum
metabolic rate, most likely because of a mismatch between metabolic demands and energy supplies (both reserves
and intake). This suggests that the effects of less intense heatwaves can be as devastating to ecosystems as extreme
temperatures if they have a duration which exhausts the energetic reserves of individuals.
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Effects of the recent anomalous warming on the lipid and fatty acid structure of
zooplankton in the northeast Pacific (Newport, Oregon, USA)
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A warm anomaly in the upper ocean appeared in the Gulf of Alaska during the calm winter of 2013-2014, spread
across the northern North Pacific Ocean, and shifted eastward and onto the Oregon shelf in September of 2014.
Following the intrusion onto the shelf, sea surface temperatures increased rapidly and the copepod species
composition and lipid structure of the zooplankton community also changed. Zooplankton samples were collected
at two stations located on the continental shelf and on the shelf/slope before and after the arrival of the warm
anomaly. Prior to the arrival of the warm anomaly the zooplankton community was high in total lipids and the
fatty acid composition was strongly separated between the shelf and shelf/slope stations. Following the arrival
of the anomalously warm water mass, the zooplankton community was low in total lipids and there were no
differences in the fatty acid composition between the shelf and shelf/slope stations.
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Ocean warming and marine heatwaves: Will these make temperate macroalgae
increasingly vulnerable to tropical herbivores?
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The Great Southern Reef (GSR) is a highly productive, temperate reef dominated by large, canopy-forming
macroalgae that stretches approximately 8000km along Australia’s southern coastline. Climate change is impacting
the GSR via gradual warming of nearshore waters and an increase in the frequency of extreme marine heatwaves.
Warming has been linked to the strengthening of poleward flowing boundary currents, which bring both warm
water and larvae from the tropics into temperate ecosystems, leading to the ‘tropicalization’ of the GSR. Tropical
herbivores including fish and urchins are among the species that are shifting their distribution into the GSR and
grazing macroalgal beds. Our study aims to anticipate future threats to the GSR by investigating how warming and
marine heatwaves may impact the grazing of macroalgae by the tropical sea urchin Tripneustes gratilla. Feeding
experiments were used to quantify the effect of warmer temperatures and marine heatwaves on the susceptibility of
dominant species of seaweed to urchin herbivory. Seaweed nutritional quality and surface microbiomes were also
quantified to explain differences in herbivory. We found contrasting responses to herbivory between macroalgal
species, with higher grazing of the common kelp, Ecklonia radiata, in heatwave treatments and of the fucoid,
Sargassum linearifolium, under ambient temperature. This implies Sargassum may be more resilient to grazing
under future conditions, but kelp may be more vulnerable. This research highlights that the direct and indirect
responses of macroalgae to climate change may be species specific.

June 8, 12:00/S1-Oral-13028

Global coral bleaching in the Anthropocene and a call for climate action
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Mass coral bleaching, first documented in the early 1980s, has become one of the most visible marine ecological
impacts of global warming. Severe coral bleaching has become more extensive, frequent, and intense with
increasing global ocean temperatures. This can be seen both in the acceleration of heat stress events capable of
causing mass coral bleaching and in new multi-decadal datasets of bleaching observations. Additionally, while the
1998 and 2010 global coral bleaching events lasted less than 12 months, propagating and teleconnected marine
heatwaves in the most recent event caused bleaching from June 2014—May 2017. The global pattern of heat stress
and corresponding bleaching, previously seen in 1998 and 2010, was repeated in both 2015 and 2016. The extent
and magnitude of this three-year event caused serious damage throughout the tropics. This was at a time when
global surface temperature was around 1.0°C above the pre-industrial average — already halfway to the Paris
Agreement’s 2.0°C target and two-thirds of the aspirational goal of 1.5°C, beyond which the future survival of
coral reefs is greatly diminished. This presentation will consider the frequency and patterns of past global heat
stress using NOAA Coral Reef Watch’s newest multi-decadal record of temperature and heat stress, CoralTemp,
along with the two most recently developed global datasets of coral bleaching observations. It also will provide
the latest update on the damage to tropical reef ecosystems caused by the 2014-17 global coral bleaching event
and discuss the urgent need to limit global warming to protect coral reefs.
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Increase in global coral bleaching heat stress since 1982
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Over recent decades, coral reefs have suffered increasing frequency and severity of heat stress due to climate
change, resulting in their overall decline worldwide. Mass coral bleaching due to anomalously warm ocean water
has become the most significant global contributor to the deterioration of coral reef ecosystems. The third global
bleaching event (June 2014-May 2017) was the longest, most widespread, and most damaging global bleaching
eventonrecord. Itemphasizes the need for understanding long-term changes in ocean temperatures globally, to better
understand how more extreme, climate-driven marine heatwaves will affect reef environments and ecosystems.
It is well documented that sea surface temperature has increased in most of the global ocean over the past few
decades; however, changes in the intensity and spatial coverage of the heat stress that causes coral bleaching on
a global scale has not been sufficiently investigated. This study analyzed how the frequency and intensity of heat
stress on coral reefs has changed globally since the early 1980s, based on satellite remotely-sensed sea surface
temperature measurements. The NOAA Coral Reef Watch satellite bleaching heat stress monitoring algorithm
was applied to the NOAA 1/4° daily Optimum Interpolation Sea Surface Temperature version 2 (dOISST.v2), a
climate data record as well as the newly-developed CoralTemp 5x5km record. Substantial increase in bleaching
heat stress, both in magnitude and duration, was identified in most global coral reef areas.
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Productive instability of coral reef fisheries after a climate-driven regime shift
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Coral reefs support diverse small-scale fisheries that provide food and employment for tropical coastal communities.
Reef ecosystems are vulnerable to anomalous warming events that cause coral mass mortality, provoking benthic
regime shifts which can restructure fish communities and alter exploited species biomass. Despite the critical
importance of reef habitat to target species, the impacts of thermal heating events on nearshore tropical fisheries
are unknown. We compiled over 20 years of artisanal landings data and fishery-independent fish and benthic
surveys to examine, for the first time, the long-term impact of the 1998 bleaching event on Seychelles’ reef fishery.
Using generalized additive models, we analysed landings of reef-associated species groups (Siganidae, mixed
herbivores, and Lethrinidae), and conducted multivariate analyses of fish biomass and habitat composition. From
1994-2016, mean catch per unit effort remained constant yet variation in catches increased dramatically for Siganid
and mixed herbivore groups, while Siganid yields doubled. Over the same period, diver observations revealed
increased spatial variability of habitat types and target fish biomass, and thus greater patchiness of fishery targets.
These changes were driven by strong fish ~ habitat associations following severe bleaching, whereby Siganid
biomass increased with macroalgal cover on regime-shifted reefs and biomass of other herbivores increased with
structural complexity on recovering reefs. Our results link climate-driven shifts in ecosystem state to higher catch
instability, and indicate that disturbed reefs can provide high but irregular catches of herbivorous fishes. The
strength of resource ~ habitat associations will dictate how reef fisheries respond to future warming events.
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Regional scale coral bleaching is a new phenomenon in the Caribbean Lesser Antilles
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Coral bleaching is a stress response to excessive heat. Large-scale bleaching and mortality events have been
observed since 1982 and appear to be increasing in both frequency and severity as ocean temperatures rise.
However, the lack of bleaching observations prior to 1982 limits our ability to detect and attribute patterns and
trends in coral reef bleaching to anthropogenic warming. Here we use a bleaching proxy to reconstruct the last 213
years of regional scale bleaching in the Caribbean Lesser Antilles. Sea surface temperatures in the Lesser Antilles
are rising faster than the global average and bleaching was first reported here in 1998. CT scans of long skeletal
cores collected from 2 species of massive reef-building corals on Curacao, Barbados, and Martinique reveal
discrete, high-density “stress bands”, indicative of bleaching. Our previous work in the tropical Pacific showed the
proportion of stress bands in the population of massive corals reflects the extent and severity of bleaching across
the reef community. We first validated the proxy on Caribbean species by comparing stress band proportions with
observational bleaching data collected after 1995, and applied the proxy downcore to reconstruct bleaching events
from 1800 to 2013 AD. Our analysis reveals two previously undocumented bleaching events that occurred on all
islands in 1969 and 1981, in addition to recorded events in 1998, 2005 and 2010. However we find no evidence of
bleaching prior to 1969. Our results indicate that regional-scale bleaching is a new phenomenon in the Caribbean
Lesser Antilles driven by anthropogenic warming.
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Marine heatwaves are important events in oceanic systems that have devastating consequences for ecosystems,
causing ecological changes and socioeconomic losses. Prominent marine heatwaves have occurred recently and
attracted scientific and public interest, but comprehensive assessments of how these events have been changing
globally in the observational record, and are expected to change in the future, is missing. Using ocean temperature
observations including daily satellite observations, daily in situ measurements, and gridded monthly in situ-based
sea surface temperatures we identify significant increases in marine heatwaves over the past century. We further
estimate future changes in marine heatwaves to the end of the 21% century, as simulated by the IPCC AR5 global
climate model projections. We find that from 1925 to 2016, global averages of marine heatwave frequency and
duration have increased by 34% and 17%, respectively, resulting in a 54% increase in annual marine heatwave
days globally. Importantly, these trends can largely be explained by the increase in mean ocean temperatures.
Future projections show significant, and accelerating, increases in MHWs properties into the 21% century with
many parts of the ocean reaching a near-permanent MHW state by the late 21 century, regardless of emissions
scenario considered (RCP4.5, 8.5). Comparison with simulations of a natural world, without anthropogenic
forcings, indicate that these trends have emerged from the range of natural variability around the year 2000,
depending on metric. The implications of this “anthropogenic emergence” on marine ecosystems can be expected
to be widespread, significant and persistent.
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Understanding stakeholder decisions to guide forecasting efforts
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Impacts of climate change are being felt in fisheries across the globe. While climate-focused forecasts tend to
focus on gradual environmental trends over long time horizons, fishing industry participants make decisions on a
range of time scales. These decisions may be affected by not only the magnitude of environmental conditions, but
also by their timing and variability. We have developed three forecast products relevant to Maine’s (USA) lobster
fishery: (1) a seasonal forecast of the date when the fishery will switch to its high-landings summer period each
year, (2) a multi-annual forecast of the volume of landings expected 6-8 years in the future based on post-larval
settlement surveys, and (3) a multi-decadal forecast of the volume of landings over the coming decades based
on climate scenarios. While we have demonstrated the technical capacity to make these forecasts, we have also
encountered challenges to their acceptance, use, and application by the fishing industry. Currently, we are working
with stakeholders in the Maine lobster industry to consider modifications to these forecasts and associated products
to enhance their relevance and usability. Through interviews with industry stakeholders (including harvesters,
dealers, processors, marketers, and managers), we are developing a systematic understanding of decisions they
face, time frames for decision-making, and information they use to guide decisions. Results from these interviews
enable us to map decisions to information needs, sources, and gaps in general and to identify avenues for improving
existing forecast products or developing new ones.

June 7, 11:40/S2-Oral-12823

Mechanisms driving seasonal forecast skill in the California Current System
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The California Current System (CCS) is a biologically productive Eastern Boundary Upwelling System that
experiences considerable environmental variability on seasonal and interannual timescales. Given that this
variability drives changes in ecologically and economically important living marine resources, predictive skill
for regional oceanographic conditions is highly desirable. Here, we assess the skill of seasonal sea surface
temperature (SST) forecasts in the CCS using output from multiple Global Climate Forecast Systems, and describe
mechanisms that underlie SST predictability. A simple persistence forecast generates considerable skill at short
lead times, while skill above persistence derives primarily from predictable wind anomaly patterns associated
with moderate to strong ENSO events. During ENSO-neutral conditions, seasonal SST forecasts exhibited no skill
above persistence. We find also a strong latitudinal gradient in predictability within the CCS; SST forecast skill is
highest off the Washington/Oregon coast and lowest off southern California, consistent with variable wind forcing
being the dominant driver of SST predictability. These findings highlight mechanisms that underlie forecast skill
as well as sources of limitation in forecast skill. We use them to interpret predictability during the northeast Pacific
marine heat wave of 2013-2016, and discuss implications for regional downscaling of seasonal forecasts and for
short-term management of living marine resources.
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Basin-scale reanalysis products suggest that downstream advection of subsurface water-mass anomalies along
the North Pacific Current (NPC) can be exploited for predicting decadal-scale changes of temperature, salinity,
nutrients, and oxygen in key upwelling systems of the North Pacific, namely the Gulf of Alaska and the California
Current System. However, it is unclear what dynamics generate these subsurface water-mass anomalies and how
far upstream along the gyre one can track them for reliable decadal predictions. Using an ensemble of eddy-
resolving hindcasts of the Regional Oceanic Modeling System (ROMS) from 1959-2009 over the North Pacific,
we (1) diagnose the generating dynamics of subsurface water mass anomalies and (2) quantify the predictability
(e.g., deterministic vs. internal variability) associated with the arrival of the anomalies in the upwelling systems.
The model results show a region of strong deterministic variance (e.g., predictable) in the core of the NPC and
in the sub-polar gyre region, with anomalies generating and propagating from the Kuroshio-Oyashio Extension
region. In the model, the anomalies tend to amplify their low-frequency variance as they propagate along the path
of the mean circulation. This amplification is the result of anomalous advection acting on the mean gradients of
the tracers. South of the NPC the variance is predominantly intrinsic. The regions of intrinsic and deterministic
variance inferred from comparing the model ensemble members, are also consistent with comparison against the
ECMWEF ocean reanalysis. Taken together, these findings provide the physical basis for developing robust decadal
forecasts of key ecological and societally-relevant indicators.
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The California Current upwelling system (CCS) supports one of the most productive marine ecosystems in the
world and is a primary source of ecosystem services for the US. Despite the empirical evidence of ENSO influence
upon the US West Coast marine ecosystems, the specific influence of different ENSO events is unclear, and the
degree of predictability of different ecosystem drivers for specific tropical Pacific conditions has never been
quantified. In particular, it is unclear whether ENSO events with different spatial patterns (e.g. Eastern Pacific
vs. Central Pacific El Nifio events) impact the local climate drivers along the CCS in different ways. In addition,
the optimal tropical forcing may differ from “canonical” El Nifio patterns, so that only the events with a large
projection on the optimal forcing can be expected to significantly affect the target region. In this study, we first
use a combination of multiple linear regression and Singular Value Decomposition to first determine the tropical
conditions that optimally drive sea surface temperature (SST) and sea surface height (SSH) anomalies in the
CCS region, then develop a suite of Linear Inverse Models that include different combinations of oceanic and
atmospheric variables to investigate the predictability of those quantities along the CCS at seasonal to interannual
timescales. Results are compared and contrasted with predictability estimates obtained from the North American
Multi-Model Ensemble (NMME).
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Further process understanding of climate variability and predictability is a key contributor to enhancing our ability
of decadal prediction. Subdecadal modulation in the upper ocean heat content relevant to global warming hiatus is
observed over the tropical Pacific in 2000s, in a different manner from other decades. Dynamical ocean response
to the strong subdecadal modulation in the Pacific trade wind works to keep warm and cold tendencies in the
western and eastern Pacific Oceans, respectively, and consequently it can contribute to slow down of global
warming. Our CMIP5 decadal hindcasts with initialization insufficiently reproduce the subdecadal modulation
even a few years in advance, particularly due to low skill in hindcasting the strong trade wind observed in mid-
2000s. Sensitivity experiments of a coupled climate model suggest that the strong trade wind can be largely
contributed by high sea surface temperature over the tropical Atlantic Ocean, which is part of the positive peak of
the Atlantic Multidecadal Oscillation.

June 7, 14:20/S2-Oral-13083

Subseasonal forecast of surface water conditions in Chesapeake Bay using a hybrid
approach

Fernando Gonzalez Taboada' ?, Keith Dixon!, Barbara Muhling?, Desiree Tommasi®, Mary-Jo Nath?, Vincent
Saba*, Gabriel Vecchi? and Charles Stock!

1 Geophysical Fluid Dynamics Laboratory, National Oceanic and Atmospheric Administration, Princeton, NJ 08540, USA

E-mail: fgtaboada@gmail.com

Princeton University, Princeton, NJ 08540, USA

University of California Santa Cruz and NOAA Southwest Fisheries Science Center, Santa Cruz, CA, USA

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

National Oceanic and Atmospheric Administration, National Marine Fisheries Service, Northeast Fisheries Science Center,
Geophysical Fluid Dynamics Laboratory, 201 Forrestal Road, Princeton University Forrestal Campus, Princeton, NJ 08540, USA

a s w N

Estuaries provide key ecosystem services like nutrient cycling, food provision and cultural and recreational uses
that confer them a high socioeconomic value. At the same time, these ecosystems are subject to important human
impacts associated with eutrophication, overexploitation and climate change. The small extent of estuaries and the
mélange of oceanic and terrestrial influences represent a major challenge for traditional management strategies.
The emerging field of ecological forecasting extends current models by incorporating forecasts of environmental
conditions to inform management decisions. Here, we present a hybrid empirical-dynamical approach to forecast
surface water conditions in Chesapeake Bay at a one-month lead time. The approach builds upon seasonal
forecasts of atmospheric temperature based on ensemble simulations of the GFDL Global Climate Model forecast
system FLOR. Large scale forecasts of surface temperature are translated to anomalies at the estuary scale using
Empirical Statiscal Downscaling (ESD). These anomalies serve as input to a local spatial statistical model of the
evolution of temperature conditions in the bay, the output of which leads to an improvement of short term forecast
skill above persistence. Temperature forecasts were complemented with predictions of variability in salinity fields
based on river discharge to complete the description of surface conditions. While seasonal climate predictability
is modest in this region, results show significant skill (anomaly correlation coefficients above 0.5) and support the
use of hybrid approaches to take advantage of the strengths of dynamic forecasts and statistical techniques. The
potential development of local ecological forecasts applications is discussed.
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Ocean acidification and hypoxia of coastal waters are of increasing concern to local fisheries. In the Pacific
Northwest (PNW), direct effects have been observed on the $100 million shellfish industry. The ability to predict
the degree of acidification as well as relevant indices of impact for the shellfish industry could be of considerable
benefit to these stakeholders. Through the design of biogeochemically relevant tracers and implementation in
high-resolution models, regional simulations can improve our understanding of processes difficult to observe,
investigate relationships between the ecology of marine organisms and ocean health, and generate forecasts and
projections of changes to the region. For example, seasonal forecasting is now possible in the region with JISAO’s
Seasonal Coastal Ocean Prediction of the Ecosystem, J-SCOPE, (Siedlecki et al., 2016). We have examined model
performance and predictability for sea surface temperature (SST), bottom temperature, bottom oxygen, pH, and
aragonite saturation state () along the Washington and Oregon coasts. Results indicate J-SCOPE forecasts have
measurable skill on seasonal timescales, for variables relevant to management decisions for fisheries, protected
species, and ecosystem health. Skill assessment and quantification of model performance focus on key variables
of interest for local shellfish species: examples include bottom oxygen for adult crab and Q for oyster and crab
larvae. The resulting habitat models have more predictive skill when formulated with ocean variables that perform
well. The J-SCOPE team is now working on implementing a forecast specifically targeting key shellfish species
in the region. We plan to showcase our initial results of these pH forecasts and targeted products, including their
forecast skill.
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While physical ocean prediction systems routinely assimilate observations and produce seasonal to decadal
forecasts, ocean biogeochemical (BGC) prediction systems are less mature due to additional challenges. These
include insufficient global-scale BGC observations to inform model initialization, uncertainties from both physical
and BGC processes in earth system models, and properties of BGC variables that challenge data assimilation
approaches (e.g., non-Gaussian, complex patterns of cross-correlation). A first impediment, however, is the
high BGC sensitivity to transient momentum imbalances that arise during physical data assimilation. In this
study, we develop a strategy to robustly integrate the GFDL’s ocean BGC model with the ensemble coupled-
climate data assimilation (ECDA) system used for GFDL’s seasonal to decadal global climate predictions. The
ocean and atmosphere data constraints in the assimilation system are optimally modified to reduce BGC biases
caused by momentum imbalances while retaining the information of observed physical states. We then performed
retrospective prediction runs by initializing the model with the output from our ECDA run coupled with BGC
model and investigated seasonal to multi-annual prediction skills of nutrient anomalies, oxygen, phytoplankton
and zooplankton over 1991 to 2016. We found that BGC variables generally show a higher and longer-term
predictability than sea surface temperature although predictability varies regionally and with initialization
month. While the predictability results here suggest a promising strategy of using earth system models for
future operational BGC prediction systems, assessment of BGC predictions against satellite datasets shows a
considerable gap between potential predictability and achieved prediction skills. Opportunities to close this gap
will be also discussed.
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Sustainable management and utilisation of the North West European Shelf Seas (NWS) could benefit from
reliable forecasts of the marine ecosystem on monthly-to-seasonal timescales. The Met Office Global Seasonal
forecast system (GloSea5) has now attainted significant levels of predictability of the dominant mode of climate
variability of the European climate —the North Atlantic Oscillation. This provides the basis to possible seasonal
forecasts of the physical environment of the NWS. In some regions of the world, it is possible to make seasonal
predictions directly from on the global forecasting system, however, this is not possible for the NWS — GloSea5
does not capture important aspects of the NWS oceanography due to the spatial resolution of its global ocean
model component, and the (current) absence of dynamic tides which dominate the NWS. Furthermore, GloSea5
does not have a biogeochemistry component. We show that skilful seasonal forecasts can be produced for some
physical properties of the NWS, by empirically downscaling GloSea5 forecasts of the North Atlantic Oscillation.
To investigate the potential of more detailed seasonal forecasts of the NWS ecosystem, we dynamically downscale
GloSea5 hindcasts with a regional ocean model coupled to a shelf seas ecosystem model ERSEM. We show a case
study to assess the ability of model to distinguish between the evolution of chlorophyll in two contrasting years
with early and late onset of seasonal stratification. Finally we draw together the results to consider the prospects
for NWS seasonal forecasting, and highlight research priorities.
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The abundance and distribution and hence availability of highly migratory tuna and billfish species to fisheries are
known to be strongly influenced by oceanographic conditions. The five target species of the Australian east coast
longline fishery (albacore, bigeye, yellowfin tuna, striped marlin, broadbill swordfish) have a wide distribution
outside the Australian EEZ, but the influence of oceanographic factors within the fishery region and the surrounding
south-west Pacific region is poorly understood, creating uncertainty in current management arrangements. The
waters off the east coast of Australia are also experiencing rapid climate change, with range expansion already
observed for many coastal and pelagic fish species. Changes in distribution over the 21st century are also projected
for these five species in eastern Australia and the wider Pacific.

The Australian longline management agency and the fishing industry are seeking insight into past, current and
potential future oceanographic and environmental impacts upon (i) the spatial and temporal distribution and level
of longline catches, catch rates, fishing effort and fish sizes, and (ii) the interactions between focal species in the
domestic and international fisheries. In previous work we have developed habitat models and seasonal forecasting
approaches for a range of species in Australia, including southern bluefin tuna, using the Bureau of Meteorology’s
POAMA model, which produces skillful seasonal forecasts of key variables at lead times of up to four months.
This new three year project will provide insights into potential long term changes in the longline fishery that may
result from climate change, and deliver forecasting capability on seasonal and decadal time scales for the five
species targeted in the fishery. We will utilise new high resolution models for seasonal forecasting (ACCESS-S1)
and our state- of-the-art decadal forecasting capability. This effort will support decision making by Australian and
south-west Pacific managers and fishers, and build capability for operating in a rapidly changing region.
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The Gulf of Mexico is an ecologically and economically important ecosystem that is affected by a variety of natural
and anthropogenic factors. These complex and interacting stressors, together with the dynamic environment of
the Gulf, present challenges for the effective management of its resources. With the recent adoption of Bayesian
networks in ecology, few assumptions can be made about the system and complex interactions can be discovered
and quantified from data. In this study, we apply Bayesian network models with a varying number of hidden
variables to account for uncertainty when modeling species dynamics. From these models, we predict focal
ecosystem components within the Gulf. The predictive ability of the models varied with their structure. The model
that performed best was parameterized through data-driven learning techniques and accounted for multispecies
associations and their interactions with human and natural pressures over time. Then, we altered sea surface
temperature in the selected model to explore the response of different variables to increased temperature. Most
species were predicted to decline as temperature increased, however, the magnitude of predicted decreases
varied by species due to heterogeneity in driving factors and their spatial overlap. Our findings suggest that
due to varying species sensitivity to drivers, changes in temperature will potentially lead to trade-offs in terms
of population productivity. We were able to discover interactions between species and their environment and
show how sensitive these relationships are to climate perturbations, which might provide strategic advice on the
potential future response of the system to increasing temperature.
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Modern climate prediction models have reached a point where, in some parts of the world and for some variables,
meaningful predictive skill spans lead times from one month to 10 years and in some cases more. Such predictions
therefore span multiple decision-making time-scales and form a natural bridge to the climatic timescales associated
with projection models. We illustrate how this information can be used in a biological context using the summer
distribution of North Atlantic bluefin tuna (Thunnus thynnus Linnaeus 1758) as an example. Recent observations
of this species east of Greenland in Denmark Strait and tagging data have shown that the range of this species
is constrained by thermal limits. We examine the skill of climate prediction models to predict this thermally
constrained habitat across multiple time-scales, from seasonal to climatic. We found skill over and above a
persistence forecast (i.e. assuming no change) out to a decade. We demonstrate that recent changes in distribution
in this region, including the appearance of tuna, could therefore have been predicted with similar lead times. We
show good agreement between our forecasts and catch records in this region. Finally, we couple these results to
climate projection models to assess potential future distribution scenarios and thereby develop a picture of the
distribution of this species ranging across timescales from one month to 80 years. We discuss the applications of
these results for use in the management and conservation of this species.
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Seasonal forecasting of Pacific hake distribution in the California Current Ecosystem

Michael J. Malick?, Mary Hunsicker?, Melissa Haltuch?, Sandy Parker-Stetter!, Isaac Kaplan!, Aaron Berger?,
Kristin Marshall?, Richard Brodeur?, Samantha Siedlecki®, Nicholas Bond®*, Albert Hermann*, Emily Norton* and
Jan Newton®
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The spatial distribution of marine fish populations provides critical information about the availability of a population
to monitoring, fisheries, and management actions. Yet, there are often substantial uncertainties associated with the
mechanisms driving fish distribution that can limit the ability of decision-makers to respond to rapidly changing
ecosystem conditions and resulting shifts in fish distribution. This is particularly true for migratory species,
such as Pacific hake (Merluccius productus), because their seasonal distribution changes greatly across space
and time. In this research, we develop seasonal forecasting models of Pacific hake spatial distribution within
the California Current Ecosystem, with the goal of improving survey monitoring design and informing future
management procedures. We first test mechanistic hypotheses regarding the drivers of hake spatial distribution
using statistical models, in situ oceanographic observations, and hake survey distribution data. We then use the
J-SCOPE ocean forecast system to develop 1 to 6 month lead-time forecasts of Pacific hake distribution based on
seasonal projections of ocean conditions in the California Current Ecosystem. The forecasting models developed
here address research questions that can inform current hake management, combining fundamental ecosystem-
based knowledge with management decisions. Further, this research provides an opportunity to improve our
understanding of the ecological mechanisms underlying marine fish spatial dynamics and to evaluate how
understanding ecological mechanisms can improve the transbhoundary management of the commercially valuable
Pacific hake stock.

June 7, 17:20/S2-Oral-13186

Incorporating recruitment-environment linkages into stock assessment models for
Alaskan groundfish with application to population projections in a changing climate

Ashley Weston?, Gavin Eay* and Carey R. McGilliard?

1 University of Massachusetts Dartmouth, Dartmouth, MA, USA
2 National Oceanic and Atmospheric Administration, Alaska Fisheries Science Center, Seattle, WA, USA
E-mail: carey.mcgilliard@noaa.gov

Synchrony in recruitment trends among species with similar early life history traits suggests environmental
conditions can influence recruitment success for many species simultaneously, and was identified among flatfish
species in the Gulf of Alaska (GOA) that move from the slope to the shelf as larvae. Previous studies have linked
recruitment of these species to an index heavily driven by sea surface height (SSH). Stock assessment models
have been used to incorporate recruitment-environment linkages and to forecast population dynamics under future
climate pathways. However, little is known about whether effective tools exist to determine whether modeled
linkages are correct. We evaluated the accuracy of three model selection tools (AIC, hold-out cross-validation,
and Mohn’s retrospective statistic) to distinguish among modeled recruitment-environment relationships. We
then forecasted GOA flatfish dynamics under IPCC climate scenarios, including a linkage between SSH and
recruitment. We included models where recruitment-environment linkages were correctly- or mis-specified to
identify harvest policies that were robust to both future climate pathways and mis-specification of recruitment-
environment linkages. Results show that none of the model selection tools are able to correctly select a model
with no recruitment-environment linkage when none exists. However, given that a linkage exists, AIC is able to
correctly select whether it influences carrying capacity or productivity. Choosing a mis-specified model led to bias
in estimates of some parameters, including maximum sustainable yield. We will discuss the impact of these biases
on population forecasts and the ability of current harvest policies to maintain sustainable population trajectories
for GOA flatfish.
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Forecast skill for predicting distribution shifts: A retrospective experiment for marine
fishes in the Eastern Bering Sea

James Thorson
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Seattle, WA, USA. E-mail: James.Thorson@noaa.gov

Forecasting distribution shifts under novel environmental conditions is a major task for fisheries scientists and
managers. Researchers often forecast distribution shifts by: predicting from an empirical relationship between
a summary of distribution (population centroid) and annual time-series (“Annual Regression”, AR); or fitting a
habitat-envelope model to historical distribution and forecasting given future environmental conditions (“Habitat
Envelope”, HE). However, surprisingly little fisheries research has measured predictive skill for forecasts of
distribution shifts using retrospective analysis of historical data. | demonstrate the role of retrospective skill
testing by evaluating forecasts of poleward movement over 1, 2, or 3-year periods for 20 fish and crab species
in the Eastern Bering Sea. I specifically introduce an alternative vector autoregressive spatio-temporal (VAST)
model and compare skill for AR, HE, and VAST forecasts. Results show that the HE forecast has lower predictive
skill than forecasting that distribution is stationary in the future (a “persistence” forecast). Meanwhile, the AR
explains 2-6% and VAST explains 8-25% of variance in poleward movement, and both have better performance
than persistence forecast. HE and AR both generate forecast intervals that are too narrow and therefore contain the
observed shifts in distribution less often than expected, while the VAST model has appropriate width for forecast
intervals. Retrospective analysis is an important tool to test predictive skill for alternative statistical methods, and
should be regularly used to evaluate skill for forecasts of distribution shifts.

June 7, 18:00/S2-Oral-13054

Forecasting fishery trends in a warming ocean: A modeling framework using early life
stages of the American lobster

Noah G. Oppenheim®?, Richard A. Wahle!, Damian C. Brady* and Andrew Pershing?

1 University of Maine School of Marine Sciences, Darling Marine Center, Walpole, ME, USA. E-mail: richard.wahle@maine.edu
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One challenge of forecasting recruitment trends for long-lived species in a variable environment is to model
changing conditions at fine enough spatial scale to characterize diverging recruitment trends over a species’
geographic range. The population of the American lobster (Homarus americanus), comprising the most valuable
fishery in the US, has moved northward in response to warming seas, resulting in fishery collapse in southern
New England and dramatic expansion in the north. Here we describe recent enhancements of a fishery recruitment
forecasting model that employs the American Lobster Settlement Index (ALSI), a comprehensive annual diver-
based survey that quantifies the abundance of young-of-year lobsters repopulating coastal nurseries each year.
The novel aspect of this model is that along one of the steepest latitudinal temperature gradients in the world,
it incorporates local variability in environmental indicators to scale growth, natural mortality, and associated
uncertainty. We developed forecasting models for 10 study areas along the steep coastwise environmental gradient
from southern New England, USA to Atlantic Canada, and models performed well in hindcast validation for 9 of
these areas. Our models accurately predicted the collapse of lobster stocks in southern New England, as well as
increases in the Gulf of Maine (GoM). Forecasts for the GoM suggest moderate declines in fishery recruitment
within the next decade, but no sign that southern New England will rebound. We anticipate multi-year projection
models such as this will help stakeholders buy time to make informed decisions on the management of this iconic
fishery.
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S3: Carbon uptake, ocean acidification, and ecosystems and human impacts

June 5, 11:00/S3-Invited-12715

A change in the forecast: Ocean carbon uptake over the next decade

Nicole Lovenduski!, Stephen G. Yeager?, Keith Lindsay? and Matthew Long?
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Over the last decade, the global ocean absorbed approximately 30% of the carbon dioxide emissions from fossil
fuels, industry, and land-use change. Quantifying future changes in this important climate service is essential for
the development of carbon dioxide emissions management strategies. Here, we present some promising first
results that indicate regional predictability in ocean carbon uptake on interannual to decadal timescales. Our study
quantifies predictability and predictive skill in air-sea CO, flux across the globe using output from the Community
Earth System Model Decadal Prediction (CESM-DP) system and observationally-based estimates of air-sea CO,
flux. Standard anomaly correlation analysis of CESM-DP retrospective forecasts reveals significant predictability
in CO, flux in the California Current, eastern subtropical south Pacific, and North Atlantic basins on forecast lead
times of 1-6 years. Mean square skill score statistics suggest that model initialization engenders predictability of
CO, flux in these regions. In contrast, we find low interannual to decadal predictability of CO, flux in the open
Southern Ocean. We further analyze output from CESM-DP to determine the mechanisms causing or inhibiting
predictability and predictive skill in ocean carbon uptake.

June 5, 11:30/S3-Oral-13116

Variability and trends in ocean carbon uptake: 1981-2016
Galen A. McKinley and Amanda Fay

Columbia University / Lamont Doherty Earth Observatory, New York, USA. E-mail: mckinley@Ideo.columbia.edu

Cumulatively since the preindustrial era, the ocean has absorbed significant anthropogenic carbon, quantitatively
equivalent to 41% of fossil fuel and cement emissions. Under a high emission scenario, the global sink is expected
to grow with rising emissions through mid-century, but this growth is not spatially homogenous. Some regions
are expected to see strong sink growth while others should experience stagnation. In this presentation, we update
our previous analysis of observed change in the ocean carbon sink on timescales from interannual to multidecadal
in 17 basin-scale biomes. Based on SOCATV5 pCO, data for 1981 and 2016, we find strong long-term growth
of the ocean carbon sink only in the North Pacific. In other regions, including the Southern Ocean and the North
Atlantic, variability on decadal timescales is the dominant signal. Change in the carbon sink is considered in the
context of large-scale modes of climate variability and are compared to predictions from the Community Earth
System Model Large Ensemble.
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Requirements-driven global ocean observing system for Ocean Acidification and
Deoxygenation
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Ocean carbon and biogeochemistry observations aimed at quantifying the adverse impacts of currently observed
variability on the ecosystem are conducted at national, regional and global levels. These measurements enable the
understanding and quantification of processes such as ocean acidification, ocean deoxygenation, eutrophication, air-
sea fluxes and remineralization. The International Ocean Carbon Coordination Project (IOCCP), in collaboration
with other international bodies such as GOA-ON and GO2NE, leads the biogeochemistry community towards a
harmonized and integrated strategy for the multi-disciplinary Global Ocean Observing System (GOOS) aimed
at delivering essential ocean information to the society. These efforts entail reconciling the operational service-
oriented and research-oriented elements of the value chain starting from ocean observations, developing information
products, informing assessments, model forecasts and future projections thus supporting knowledge-based
management and informed policy-making. IOCCP is responsible for capturing and development of requirements
for sustained observations. This process has been captured in GOOS Essential Ocean Variables (EOVs) and
associated specification sheets. Aspects such as spatio-temporal scales of related phenomena, ranges of signal
variability, geographical distribution and intensity of associated processes and more are combined with first-hand
description of our current observing capacity as well updated status of data and information product delivery
chains, allowing for multi-factoral gap analysis. In this contribution we would like to update the community on
the status of coordination of ocean observations with respect to Inorganic Carbon and Oxygen, taking into account
a complex myriad of spatio-temporal scales of the distinct biogeochemical phenomena of interest and the ever-
growing array of corresponding observing elements.

June 5, 12:10/S3-Oral-13184

Impact of local biogeochemical processes and climate variability on ocean acidification in
the Bering Sea

Darren J. Pilcher® 2, Danielle M. Naiman?3, Jessica N. Cross?, Albert Hermann! 2, Samantha Siedlecki*, Georgina
A. Gibson® and Jeremy T. Mathis®
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Ocean acidification (OA) results from the oceanic uptake of anthropogenic CO,. The Bering Sea is highly
vulnerable to OA due to naturally cold, low carbonate concentration waters. Expected negative impacts of OA
to marine organisms therefore pose a significant threat to this highly productive marine ecosystem. However,
harsh weather conditions within this rapidly changing environment hamper longterm observational monitoring.
Well-validated biogeochemical models are a useful tool to help support observational efforts and provide skillful
projections of OA on multiple timeframes. We add carbonate chemistry to a regional biogeochemical model of
the Bering Sea to explore the underlying mechanisms driving carbon dynamics over a decadal hindcast (2003-
2012). The results illustrate that local processes generate considerable spatial variability in the biogeochemistry
and vulnerability to OA of Bering Sea shelf water. Substantial seasonal biological productivity maintains highly
supersaturated carbonate saturation states (Q2) on the outer shelf, whereas freshwater runoff from major river
systems with relatively corrosive water decrease Q to values below 1 on the inner shelf. Over the entire decadal
hindcast, a substantial increase in ocean carbon uptake generates a decrease in annual surface Q of 0.2-0.4 units.
This OA signal is robust throughout relatively warm (2003-2005) and cold (2010-2012) temperature regimes,
which are known to greatly impact the Bering Sea ecosystem. This suggests that the OA signal is distinguishable
from natural variability on decadal timeframes, even within a regional setting during a period of substantial
climate-driven variability.
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June 5, 12:30/S3-Oral-12636

Changing ocean acidity as a modulator of atmospheric biogeochemistry and climate
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Group 38 ocean acidification and trace gases workshop.
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The surface oceans contain a rich variety of biogenic trace gases that readily exchange with the lower atmosphere,
and strongly influence the Earth’s atmospheric chemistry and climate. They are formed via direct biological
processes including algal and microbial production, and indirectly through photochemical or microbial interactions
with dissolved organic matter. They include familiar greenhouse gases (e.g. nitrous oxide, N,O and methane,
CH,) with well understood effects on global radiative forcing, as well as a cocktail of volatile organic carbon-,
sulfur-, nitrogen- and halogen-containing compounds that influence marine aerosol formation and cloud-related
processes, and the cycling of tropospheric oxidants. Ocean acidification (OA) is expected to affect a range of
biological and biogeochemical processes. Thus it is likely to influence the production and sea-air flux of biogenic
trace gases, with potential significant feedbacks on the atmosphere and climate. We have a solid foundation of
experimental data for dimethyl sulfide (DMS), a trace gas which consistently responds to OA. Some of this
existing data has been incorporated into Earth system models which show that the magnitude of DMS response is
enough to have a significant effect on the future climate. Less is known of other gases. The production of N,0 may
be influenced by direct effects on microbially-driven processes and indirect effects on organic matter availability
within the marine nitrogen cycle. For other marine biogenic gases our understanding is more limited. In this talk,
we explore the current understanding in this field, identify the key knowledge gaps and make recommendations
for future research.

June 5, 12:50/S3-Oral-13249

Microbial carbon sequestration in the ocean and climate change

Nianzhi Jiao, Louis Legendre and Richard Rivkin
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Climate change is altering oceanic biogeochemistry and ecosystems, but the mechanisms behind the phenomena
remain unclear at ecosystem level. Biological processing of carbon is a key ecosystem process, itis sensitive to
climate change, and is directly linked to a suite of ocean conditions. Carbon sequestration is an important earth-
ecosystem service provided by the ocean. In addition to the well-known ocean biological carbon pump which
transports organic matter from surface to the deep ocean and seabed, the recently characterized depth-independent
microbial carbon pump (MCP) which transforms organic matter from biologically available to unavailable forms
and sequester carbon througthout the water column. The MCP provides a robust approach to an enigma raised half
a century ago - the formation of a long-lived refractory dissolved organic carbon reservoir in the deep ocean which
is equivalent the carbon inventory of atmospheric CO, A Scientific Committee for Oceanic Research (2008-2014)
working goup made significant progresses in developing the MCP framework, followed by numerous studies
with intriguing insight. Given the urgent demand of knowledge on climate change and its regulation mechanisms,
a joint working group under the Pacific Ocean Science Organization (PICES) and the International Council for
the Exploration of the Sea (ICES) was formed in 2015 (WG 33 for PICES and WGCCBOCS for ICES) on
the theme of climate change and biologically-driven ocean carbon sequestration. This talk summarizes current
understanding of ocean carbon sequestration processes, mechanisms, and their consequences, and considers the
impact of important climate forcings on carbon sequestration.
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Making Ocean Acidification Data Accessible and Useable for Coastal Managers
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The NOAA Ocean Acidification Program has made a concerted effort to promote data accessibility and the
development of information products and online tools to assist coastal managers and policy makers with decision
making related to ocean acidification (OA). OA is caused by the absorption of anthropogenic CO, by the ocean
and will likely have increasing impacts on marine ecosystems. The spectrum of data products funded by the OA
Program to promote data dissemination and uptake of management-relevant information include 1) infographics
that summarize the various factors influencing OA in particular regions, 2) online tools that enable coastal
managers to visualize how OA will manifest in their region over time and how OA may affect important fisheries,
3) seasonal forecast models that predict how OA conditions might affect particular commercial fishery sectors,
4) information products and assessments for coral reef managers, 5) regional OA data portals with built-in data
visualization tools, and 6) a collaboration website by which managers can access and contribution OA-related
information and have conversations with the OA community. In addition, we now are thinking about how to make
OA data available to meet the needs of Sustainable Development Goal 14.3 and to report towards this indicator.
These various products will be showcased to demonstrate the value of translating raw data into information that
can be utilized by a wide range of stakeholders.

June 5, 14:40/S3-Oral-12537

Bridging the gap between ocean acidification impacts and economic valuation “From
Sciences to Solutions: Ocean acidification impacts on ecosystem services — Case studies
on coral reefs”
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Ocean acidification, often called “the other CO, problem”, is a consequence of an increased release of anthropogenic
carbon dioxide. The acidity of the oceans has increased by about 30% since the beginning of the industrial era,
and may increase by more than 150% by the end of the century. This increase in acidity impacts the lives and
well-being of many marine organisms and can also disrupt coastal and marine ecosystems and the services they
provide.

The workshops on the economics of ocean acidification were born from the Monaco Declaration (2008), which
aimed to raise awareness among policy-makers on the issues of ocean acidification and encourage interdisciplinary
research efforts in this area. Organized by the Scientifi