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Figure 2  Diagram of and adaptation of shared socio-economic pathways (SSPs) for use in projecting 
representative fishing pathways proposed by CERES.  
 
 
Dr. Phoebe Woodworth–Jefcoats (USA) presented outcomes of a recent research project (Woodworth-Jefcoats 
et al., in press).  In this study climate projections were used to assess the impact of climate change on epi-
Pelagic habitats in the Hawaiian Islands and central Pacific. Projections based on RCP 8.5 were run using a 
variety of global earth system models including the Canadian CanESM2, GFDL – ESM26, GFDL – ESM 2M, 
and others. 
 
Results showed trophic amplification where zooplankton declines phytoplankton declines.  Results also 
showed a projected decline in potential carrying capacity which was related to metabolic demand coupled with 
reduction in zooplankton.  These findings suggest that warming thermal habitat and declining food availability 
will re-shape North Pacific epipelagic habitat with up to 3–4 fewer tuna and billfish species in sub-tropics, 
with a similar increase in temperate latitudes.   
 
Dr. Kirstin Holsman (USA) provided an overview of the Alaska Climate-change integrated Modeling 
(ACLIM) project activity currently occurring in the Bering Sea.  The ACLIM project is half-way through its 3 
year funding period. ACLIM strives to integrate physical, biological, and socioeconomic models to 
quantitatively project climate change impacts on fish and fishing communities through multi-model analysis of 
alternative management strategies under different climate change scenarios in the Bering Sea (AK).  A 
collaboration of 19 scientists from NMFS, UW, PMEL, and IMR (Norway) the 3-year project is supported by 
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FATE  (Fisheries and the Environment), SAAM (Stock Assessment Analytical Methods), and CREP (Climate 
Regimes and Ecosystem Productivity) – all NMFS Programs.  The ACLIM project builds on a long history of 
research on the role of environmental forcing on the Bering Sea ecosystem. This body of research provided the 
foundation of observations and mechanistic linkages between environmental variability and ecosystem 
productivity. As part of the project, research scientists are projecting future environmental conditions using 
output from 5 Global Models under 11 representative concentration pathways (Figure 3).  Projected climate 
change scenarios are downscaled to a regional ocean model to capture core physical and biological features 
governing ecosystem responses.  Projections show considerable spread in temperature outcomes between the 
different scenarios.  Of particular note was the observation that the differences in selected global models 
exceeded differences in RCPs, demonstrating the need to consider multiple models.  Output from these 
projections was used to drive a multi-species model, CEATTLE which incorporated environmental impacts on 
bio-energetics, recruitment and predation. Preliminary projections show a wide range, however, the ensemble 
means suggest that of future pollock abundance based on a multi-species model will exhibit a declining trend 
in abundance.  
 
 

 
Figure 3  Schematic of the modeling framework for ACLIM. 
 
 
Dr. Sukgeun Jung (Korea) presented updated analysis of climate change impacts on chub mackerel.  Chub 
mackerel larval drift was simulated using an individual based model.  Climate projections were downscaled to 
a regional ocean model for the region surrounding the Korean peninsula. When the model was driven in hind-
cast mode, results suggest that shifts of the young-of-the-year mackerel biomass distribution to the north in the 
East Sea, and adult mackerel biomass distribution to the north, especially in the Yellow Sea. 
 
Dr. Jung also reported recent findings of Dr. Sinjae Yoo.  Dr. Yoo compared simulated ocean conditions 
against observations.  Results show poor prediction of deep-layer or bottom water temperatures by the ocean 
circulation model.  

http://www.st.nmfs.noaa.gov/fate/
http://www.afsc.noaa.gov/REFM/Docs/2016/EBSmultispp.pdf
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Dr. Shin-ichi Ito (Japan) reviewed results from the Global Climate Change Effects on Fisheries and 
Aquaculture (GCCEFA) project (funded by MAFF).  This integrated study also utilizes a long history of 
monitoring and process studies that inform the parameterization and selection of functional forms used in 
projection models.  Of concern to S-CCME, the current project will end in 2017 with no clear funding source 
to support and update projections.   
 
The goal of the GCCEFA project was to develop tools to track shifts in fish migration in response to climate 
change and to develop adaptation strategies to respond to projected changes.  Target species included Pacific 
saury and sardine.  Projections are based on the MIROC A2 scenario downscaled to a regional ocean model.  
Results show the southward migration of Pacific saury will be delayed and northward extent of the migration 
will be extended.  Timing of maximum weight delayed may also be delayed. These factors suggest that the 
mean size of Pacific saury will decline under projected climate scenarios with strong implications to fisheries 
which target larger size groups.   
 
Two new developments are emerging from this research effort.  The first is the extension of NEMURO NPZ 
model to include smaller planktons (eNEMURO) or iron limitation (MEM) facilitated by introducing optimal 
uptake kinetics as nutrients.  The second is the development of a multispecies IBM, NEMURO.SAN, as an 
end-to-end model.  This model will allow modeling prey, predators, and fisheries as interacting units (Rose et 
al., 2015). When completed this will be a remarkable improvement allowing IBMs to track the full life cycles 
of modeled species in a multi-species framework that incorporates fishing within a high resolution modeling 
environment. 
 
Dr. Ito plans to adopt RCP 8.5 scenario, and use the FRA-ROMS model and coupling with eNEMURO using 
one-way nesting. 
 
Tyler Eddie (Canada) discussed on-going efforts to compare global and regional model projections of climate 
impacts on fish and fisheries by FishMIP.  FishMIP (ISI-MIP Marine Ecosystems and Fisheries Sector) is a 
component of ISI-MIP and represents a network of scientists studying 15 different models (10 global and 5 
regional).  FISH-MIP is using a standard selection of GCMs and RCPs (related to the overall ISI-MIP effort) 
and same shared socioeconomic pathways (SSPs) to: a) compare output of a range of global fisheries and 
ecosystem models, b) compare output of a range of regional fisheries and ecosystem models within and across 
regions, c) compare output of global and regional models in selected focus regions, and d) engage in inter-
sectoral comparison activities within the ISI-MIP framework (longer term goal). Some of the specific global 
(e.g., BOATS) and regional/global (e.g., POEM2) and regional (EwE) modelling tools were presented. 
 
Dr. Jonathan Hare (USA) discussed a number of research projects focused on projecting the implications of 
climate variability and climate change on the distribution and abundance of marine species along the Northeast 
U.S. Shelf Large Marine Ecosystem. The analytical methods ranged from qualitative vulnerability assessments 
(Hare et al., 2016) to quantitative Species Distribution Modeling (SDM) (Kleisner et al., 2016). Past and 
current species distribution modeling efforts were summarized with a focus on the statistical model used, the 
linkages to climate models, and the climate scenarios and time periods used in projections. The results showed 
that most SDMs focused on uncertainty resulting from climate models; yet most of the projection uncertainty 
was likely associated with the statistical functions used to describe biological distribution. Abundance, and by 
extension fishing, has a large influence on distribution. Comparison of qualitative and quantitative methods 
revealed that results based on expert opinion were generally comparable to statistical SDM outputs. 
 
Dr. Hare showed essential next steps for future projection on species distribution shifts including seasonal 
migration, life history connectivity, process-based models, species interactions, high-resolution climate models 
or dynamical downscaling, social and economic effects, management/fishing scenarios, complicated fleet 
dynamics in the Northeast U.S. 
 
Dr. Alan Haynie reported on the ICES/PICES Workshop on “Economic modelling of the effects of climate 
change on fish and fisheries” (WKSICCME_Econ) held in Brest, France on June 3–4, 2016 and an Alaska-

https://isimip.wordpress.com/2013/06/28/marine-ecosystems-and-fisheries-fish-mip-sector/
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focused workshop held at the NOAA Fisheries Alaska Fisheries Science Center (AFSC) in August.  The Brest 
workshop was associated with the larger ICES/PICES MSEAS Symposium, “Understanding marine socio-
ecological systems”. The workshop had the three following primary goals: a) Identify the socioeconomic data 
and features of the suite of representative future fishing and ecosystem scenarios identified in the August 2015 
inter-sessional workshop that could be employed for use in evaluating climate change effects on fish and 
fisheries, b) Identify how fisheries management policies will interact with climate change and identify how 
researchers can best evaluate what management tools are most likely to be resilient to climate change effects 
on fisheries, and c) Identify suites of bio-economic and spatially explicit models of fishery behavior that can be 
used to project the implications different climate models on commercially important marine fish stocks in the 
northern hemisphere.  Approximately 35 researchers from biological, economic, and other social science 
backgrounds participated.  Efforts are on-going to write several papers that address these goals above and to 
standardize scenarios that will be used in regional projects.   
 
Dr. Haynie also described a related workshop held in Seattle as part of the ACLIM Project.  In addition to 
working to integrate ACLIM economic and biological models, the workshop focused on developing 
management scenarios that would map to the IPCC shared socio-economic pathways (SSPs), which are shown 
in Figure 4.  The group is working to complete North Pacific scenarios by the end of 2017 and will report to 
SICCME members when work is complete. 
  

 
Figure 4  IPPC Shared socio-economic pathways (SSPs). 
 
 
List of papers 
 
Oral presentations 
Earth system and climate modeling activities toward CMIP6 in Japan: A review (Invited) 
Michio Kawamiya 
CERES (Climate change and European Aquatic RESources):  Socio-political scenarios for use alongside climate change 
projections 
John K. Pinnegar 
Climate change is projected to reduce carrying capacity in North Pacific pelagic marine ecosystems 
Phoebe A. Woodworth-Jefcoats, Jeffrey J. Polovina and Jeffrey C. Drazen 

http://sedac.ipcc-data.org/ddc/ar5_scenario_process/parallel_nat_scen.html
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The Alaska Climate-change Integrated Modeling project (ACLIM):  Identifying impacts and management solutions for 
Eastern Bering Sea fisheries 
Kirstin Holsman, Anne Hollowed, André Punt, Kerim Aydin, Jim Ianelli, Jonathan Reum, Paul Spencer, Wei Cheng, Al 
Hermann, Stephen Kasperski and Alan Haynie 
Climate-change driven range shifts of exploitable chub mackerel (Scomber japonicus) projected by bio-physical coupling 
individual based model in the western North Pacific 
Sukgeun Jung, Ig-Chan Pang, Joon-ho Lee, Hwa Hyun Lee and Suam Kim 
Updated plan for modeling effects of climate change on fish and fisheries in the western North Pacific Ocean 
Shin-ichi Ito, Takeshi Okunishi, Takashi Setou, Akinori Takasuka, Takahiko Kameda, Naoki Yoshie, Kazuyoshi Watanabe, 
Hiroshi Kuroda, Motomitsu Takahashi, Toru Hasegawa, Satoshi Kitajima, Michio Yoneda, Kosei Komatsu and Takaaki Yokoi 
A review of species distribution modeling in the Northeast U.S. Shelf Large Marine Ecosystem 
Jonathan A. Hare and Vincent S. Saba 
Report on the 2016 ICES/PICES Workshop on economic modelling of the effects of climate change on fish and fisheries 
Alan C. Haynie 
 
 
 
BIO Workshop (W6) 
Consumption of North Pacific forage species by marine birds and mammals 
 
Co-Convenors:   
Andrew Trites (Canada), Elliott Hazen (USA), Tsutomu Tamura (Japan), Yutaka Watanuki (Japan) 
 
Invited Speaker: 
Julie Thayer (Farallon Institute for Advanced Ecosystem Research, CA, USA) 
 
Background 
 
Marine birds and mammals (MBMs) are known to consume substantial amounts of prey species, and can 
impact their abundance and sometimes induce trophic cascades. Therefore, MBMs can have large impacts on 
forage fish populations, the broader ecosystem, and can compete with other top-predators and fisheries. 
Quantifying the effects of MBMs on marine ecosystem requires detailed knowledge of diets and abundance of 
prey species consumed. Such data are also needed to examine the influence of climate variability and change 
on trophic linkages in the North Pacific, as well as to understand how changes in prey quantity, quality, 
composition and distribution affect the abundance and distribution of marine birds and mammals. This 
workshop was a key priority of S-MBM’s (2015–2020) goal to assess the climate and trophic ecology of 
marine birds and mammals.  
 
Summary of presentations 
 
The workshop was divided into two sessions.  The morning session focused on case studies that 1) calculated 
food consumption for individual species of birds and mammals or 2) reviewed some of the methodological 
considerations that the S-MBM needs to consider when answering the question, “How much do marine birds 
and mammals consume in the North Pacific?”  The afternoon session was led by S-MBM members and our 
invited speaker who made short presentations, and facilitated discussions and small group activities about the 
availability of data and methodological considerations. Topics covered included: 
 Methodological considerations for estimating food consumption;  
 Dietary data: What is available, and how should it be compiled and standardized? 
 Population abundances and distribution: When and where are data available? 
 Seasonality and decadal changes: What time(s) of year and what year(s) or decade(s) should be targeted? 
 What is the desired spatial resolution for data to estimate consumption? 
 Recommendation of workshop participants on how the S-MBM should proceed to answer the question, 

“How much do marine birds and mammals consume in the North Pacific?” 
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Workshop participants recognized that determining “How much marine birds and mammals consume” is a 
basic fundamental question that is relatively straight-forward to answer in terms of methodologies, but almost 
impossible to accurately answer due to data limitations.  However, workshop participants also identified a 
number of other research questions that can be addressed on smaller scales, or for fewer species, using 
available data on diets and population numbers.  They include: 
 How much prey do marine birds and mammals need to support populations of different sizes and different 

growth rates? 
 What are the implications for marine birds and mammals given the changes forecast to occur in the North 

Pacific in 20 years? 
 What are the relative importance of different prey species to marine birds and mammals? 
 What is the relationship between diets and populations trends and abundance? 
 What is the relative importance of different marine birds and mammals in terms of the amount of energy 

they extract from the North Pacific? 
 Are marine mammals and seabirds competing with fisheries, or are fisheries being out-competed by birds 

and mammals? 
 What is the depth distribution over which marine birds and mammals feed? 
 What is the relative distribution and densities of shelf feeders, shelf-break feeders, and open ocean feeders? 
 What would a 5-fold increase in marine mammal abundance do to the flow of energy in the North Pacific? 
 What consequence is the disappearance of ice likely to have on the population dynamics of marine birds 

and mammals in the North Pacific? 
 What are the drivers of population increase or decrease? 
 How do seabirds compete with fisheries?  
 How does climate change link with interannual variation in prey consumption? 
 How do the extreme climate conditions in recent years affect the population, diet and prey consumption of 

marine birds and mammals? 
 
MAMMALS: Workshop participants recommended that the Hunt et al. (2000) report be updated with data 
collected over the past 2 decades to answer the over-arching question, “How much do marine mammals 
consume”.  The general approach proposed was to treat the Hunt et al. report as a living document, and have 
S-MBM members check and update tabulated data for species that they are familiar with over the next 12 
months.  S-MBM members will also assist in finding experts to verify and update tabulated data for species 
and areas where they cannot directly access the quality of needed information. This effort will be coordinated 
by Dr. Andrew Trites (Canada), with the intention of presenting and reviewing the tabulated findings at the 
next PICES Annual Meeting.  
 
The workshop participants also recommended undertaking detailed analyses of the energy requirements and 
consumption of 3–4 species of marine mammals that have wide distributions and relatively good data that 
span decades to answer some of the other 10 questions listed above. The species identified as being the best 
candidates include sei whales (to be led by Hiroko Sasaki – Japan), gray whales (Seina Agabyani – Canada) 
and Steller sea lions (Andrew Trites – Canada). Other species with fair to good data that could be addressed 
in future years include common minke whales, Bryde’s whale, Pacific white-sided dolphins, blue whales, 
northern fur seals, and harbor seals.  The workshop participants recommended proceeding with the top 3 
identified species, and that results be presented at PICES-2017. 
 
BIRDS: Workshop participants felt that it would be useful to update Hunt et al. (2000), but were less inclined 
to do so at this time.  They felt it will require considerable effort to accomplish.  They are, however, 
interested in focusing on selected species in selected regions, and propose to target regions and species that 
have long time series data of population counts (mainly colony counts) and diets (mainly chick diets).  
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List of papers 
 
Oral presentations 
Consumption of forage fishes by marine birds in the Gulf of the Farallones, California 
Pete Warzybok, Jaime Jahncke, Russell Bradley, Meredith Elliott, Jared Santora, Brian Wells, John Field, Ryan Carle and David 
Ainley 
Consumption of salmon fingerlings by rhinoceros auklets breeding in Hokkaido, Japan 
Junpei Ookado, Yutaka Watanuki, Motohiro Ito, Makoto Hasebe and Hideaki Kudo 
The records of chum salmon fingerling predation by avian predators at the coastal 
Motohiro Ito and Takaaki Abe 
Spatio-temporal variations in the stable carbon and nitrogen isotopic compositions of Delphinidae species in the western 
North Pacific 
Yu Kanaji, Hideyoshi Yoshida and Makoto Okazaki 
Predator consumption of forage species in the California Current (Invited) 
Julie A. Thayer, Amber I. Szoboszlai and William J. Sydeman 
Spatial estimation of prey consumption by common minke, Bryde's and sei whales in the western North Pacific: A 
preliminary attempt 
Hiroko Sasaki, Tsutomu Tamura, Takashi Hakamada, Koji Matsuoka, Hiroto Murase and Toshihide Kitakado 
Simple models to predict daily energy requirements may not yield accurate estimates of prey consumption by marine 
mammals in the North Pacific 
Andrew W. Trites 
Prey consumption by marine birds in the eastern Bering Sea:  Variability over time 
George L. Hunt, Jr., Martin Renner, Jarrod Santora, Kathy Kuletz and John Piatt 
 
 
 
MONITOR Workshop (W7) 
Delivering quality multi-parameter data from the coastal ocean 
 
Co-sponsor: Ocean Networks Canada 
 
Co-Convenors:  Akash Sastri (Canada), Chuanxi Xing (China) 
 
Invited Speakers: 
Rich Pawlowicz (University of British Columbia, Canada) 
Zhifeng Zhang (National Marine Environmental Monitoring Center, SOA, PR China) 
 
Background 
 
The coastal ocean is a region with important fisheries and other ecosystem benefits, while at the same time 
being subject to human pressures. In order to assess coastal marine ecosystem status and changes, including 
any long-term trends, high-quality observations of a variety of physical, chemical and biological variables 
must be made and sustained. Sensor-based observations are critical to coastal observation programs and are 
used as part of ship-based sampling programs, fixed-point platforms (i.e., long-term mooring and cabled 
deployments), mobile platforms (i.e., gliders, ferries), and are necessary to ground-truth remote sensing 
observations (i.e., turbidity, chlorophyll and CDOM). The quality of these observations depends on sensor 
choice, pre-deployment sensor preparation and calibration, platform and sensor deployment, post-deployment 
sensor calibration and data processing and dissemination. This workshop was a priority for the Advisory Panel 
on North Pacific Coastal Ocean Observing Systems (AP-NPCOOS) in fulfilling one of its terms of reference.  
 
Summary of presentations 
 
A 1-day workshop of talks and discussion was convened with the goal of comparing how different coastal 
observatory programs ensure the delivery of high-quality of data from multi-parameter systems. Workshop 
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presentations considered a variety of issues ranging from: i) descriptions of observatory systems and data 
assimilation techniques; ii) data quality concerns and methods; and iii) novel sensor applications and sensor 
fouling issues. A short discussion session was held following presentations grouped into each of these three 
themes. Since this workshop was intended to highlight issues relevant to AP-NPCOOS activities, the 
discussion sessions sought to identify similarities and differences in observatory systems practice and  explore 
the need for  developing ‘best practices’ related to each of the workshop themes. There were a total of 10 
speakers from Canada, China, Japan, and Korea and a similar number of additional attendees were present and 
participated in discussions throughout the day.   
 
The discussion following the morning talks started addressing differences in observatory systems, instrument 
maintenance practices, and the importance of certain data types for model assimilation. The first of the two 
invited speakers, Dr. Zhifeng Zhang from the National Marine Environmental Monitoring Center, China, noted 
that the Bohai Sea monitoring program employed periodic flushing techniques to resolve heavy sediment 
accumulation in their nutrient sensing packages, as well as biweekly maintenance by trained technical staff. 
Other groups (Japan) noted that in some instances the cost/effort of regular maintenance outweighed any 
benefit of automated instruments (nitrate sensors) since data quality was already considered poor. In some 
instances, it was even preferable to abandon automated approaches and focus on classical discrete sampling 
and laboratory analyses. Another aspect of this discussion session addressed how best to implement 
zooplankton abundance information from automated imaging systems for assimilation into NPZD models 
requiring biomass values. This discussion also stressed the necessity for assimilation of zooplankton diversity 
into models.  
 
The second and third discussion sessions followed presentations by the second invited speaker, Dr. Rich 
Pawlowicz from the University of British Columbia, Canada, and subsequent talks on multi-parameter and 
single sensor data quality/assurance practices, novel methods for discrimination of algal groups using optical 
information, and potential correction methods for sensor fouling. A major point of discussion was the 
realization of several pitfalls which can arise with the rapid development of broad-scale, multi-platform, multi-
parameter observatory systems. Significant data issues may escape standardized QA/QC protocols and 
ultimately demands careful oversight by a domain expert. Recommendations included: 1) developing and 
implementing quantitative testing techniques established by domain experts before installation of sensors; 2) 
and documenting an exhaustive list of “failures” in order to inform the continued development of observatory 
systems throughout the North Pacific. The afternoon discussion also addressed differences in QA/QC protocols 
among observatories with some adhering to formalized practices while others relying on site-specific 
protocols. Most approaches are similar but do not adhere to a single set of practices such as those defined by 
the Quality Assurance of Real Time Oceanographic Data (QARTOD - http://www.ioos.noaa.gov/qartod) group 
in the USA. Finally, discussion moved to identifying formalized practices for retrospective treatment of time-
series for sensor fouling and ‘calibration-slip’. Common experiences on the basis for relatively rapid deviation 
from manufacturer’s calibration of dissolved oxygen optodes were discussed.  The morning talks reviewed 
coastal observatory systems and protocols employed to ensure high-quality data by the countries represented 
by our speakers and started with our first invited speaker. The afternoon session was directed at methods used 
to identify and potentially resolve data quality issues and was started off by our second invited speaker.   
 
Dr. Zhifeng Zhang (National Marine Environmental Monitoring Center, SOA, China) was our first invited 
speaker. His presentation described an on-line monitoring network built in a semi-enclosed bay of the NW 
Pacific Ocean, the Bohai Sea. The goal of the program is to obtain real-time observations of nutrient input 
from the land to sea and for addressing biogeochemical processes resulting from this nutrient input. The on-
line monitoring network is composed of shore-based stations and buoys. Shore-based stations are set near the 
mouths of the main rivers and sewage outlets and the buoys are set near the shore-based stations and along 
sections of the Bohai Sea deemed as important. Shore-based stations are used to measure nutrient fluxes and 
the buoys are used for measuring biogeochemical processes linked to nutrient input as well as measuring cross 
sectional nutrient transport. Dr. Zhang presented ‘best practices’ for measurements taken in the Liaohe River 
shore-based on-line monitoring station; these included calibration and adjustment of chemical sensors, and an 
introduction to river outfall measurements. He also discussed the establishment of a unified QA/QC protocol 

http://www.ioos.noaa.gov/qartod
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with the Liaohe River shore-based on-line monitoring station example. The protocol is expected to be adopted 
for monitoring China’s coastal Seas. 
 
Dr. Hidekatsu Yamazaki (Tokyo University of Marine Science and Technology, Tokyo, Japan) spoke about 
the Joint Environmental Data Integration (JEDI) System with the project title “Novel technologies to evaluate 
multi-scale variations of pelagic marine communities and biodiversity under the influence of the Kuroshio and 
internal waves in coastal habitats”. This project has two main goals: 1) to develop and apply advanced field 
methods to monitor dynamic changes, diversity and planktonic communities processes under the influence of 
strong physical forcing (Kuroshio and internal waves); and 2) to develop a new ecosystem model for open 
waters using a closure approach with validation using field observations. The unique monitoring system 
combines a cabled observatory (CO) and a new AUV which has been developed and deployed at the southern 
tip of Oshima Island where the Kuroshio flows near the coast. Both the CO and the AUV carry a new plankton 
imaging system (Continuous Plankton Imaging and Classification System, CPICS), and measures several 
physical/biological parameters simultaneously. The AUV also carries a microstructure package (TurboMAP). 
The multi-parameter nature of the monitoring system provides details on planktonic community abundance, 
annual variation, and the variation of environmental factors including PAR, chlorolphyll and turbidity. A 
physical model based on ROMS has been established and the oscillation of the waves around the Oshima 
Island was modeled. The model results are evaluated with observations from the monitoring system. The 
structure of the ecosystem model of Oshima Island is based on NPZD trophic levels and the parameters of the 
ecosystem model still need to be calibrated with observations. 
 
Dr. Genki Terauchi (Northwest Pacific Action Plan & Special Monitoring & Coastal Environmental 
Assessment Regional Activity Centre), introduced the mission and activities of the Special Monitoring and 
Coastal Environment Assessment Regional Activity Centre (CEARAC) operating under the auspices of the 
Marine and Coastal Environment of the Northwest Pacific Region (NOWPAP). NOWPAP CEARAC has 
developed procedures for assessment of eutrophication status including the evaluation of land-based sources of 
nutrients for the NOWPAP region. The NOWPAP ‘Common Procedures’ include screening procedures to 
detect symptoms of eutrophication within the selected parameters; trends in Chemical Oxygen Demand (COD) 
or Total Organic Carbon(TOC), and frequencies of red tide and hypoxia events and trends in satellite derived 
chlorophyll-a concentration (Chl-a). A preliminary example of the NOWPAP CEARAC data products 
includes a frequency summary of red tide and hypoxia and climatological surface chlorophyll concentration in 
NOWPAP countries.  
 
Dr. Naoki Yoshie (Centre for Marine Environmental Studies, Ehime University, Japan) discussed time-series’ 
of fixed-point and ship-based observation programs starting in the early 2000’s in the Western Seto Inland Sea, 
Japan.  The effects of oceanic water intrusion on the coastal marine ecosystem have been intensively 
monitored with several thermistor-chain platforms that measure high-frequency, multi-depth water 
temperatures at low cost. The observation results indicated that the coastal marine ecosystem in the Western 
Seto Inland Sea is mainly supported by nutrient supply from periodic intrusions of Kuroshio high nutrient 
subsurface waters. 
 
Dr. Chuanxi Xing (National Marine Environment Monitoring Center, State Oceanic Administration, China) 
presented ongoing observations of summertime coastal circulation in the western Bohai Sea as monitored with 
four sets of ADCP-equipped seabed-based observation systems. The observation data suggest that there seems 
to be a clockwise eddy-shaped circulation system during the observation period in the Qinhuangdao coastal 
area, where severe ‘brown tides’ frequently occur during the summer. The sea-bed observation system is 
specially designed for the environmental conditions of the China Seas which ensures a high retrieval rate. The 
coastal circulation system and its formation dynamics were then examined with the 3-D ocean circulation 
model ROMS. The simulation results suggested that coastal currents formed a clockwise eddy-shaped 
circulation system with the diameter of 65km and the tides and summer monsoon induced the circulation 
system. Sensitivity experiments are conducted to investigate the forming mechanism of the observed 
summertime coastal circulation. Both the tidal residual currents and wind currents induced by summer 
monsoon transported water northward, thus resulting in a higher water level in the north than that in the south 
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which then generated a southward pressure compensation current. Consequently, the northward coastal 
residual current and the offshore compensation current form the eddy-shaped circulation. More work is 
required to look into the sources of the nutrient supply of the ‘brown tide’ in the Qinhuangdao coastal area. 
 
Dr. Rich Pawlowicz (Department of Earth, Ocean and Atmospheric Sciences, University of British Columbia, 
Vancouver, Canada) gave a talk on his experiences as a user of observatory data. He started with a discussion 
of how the development of the internet made it possible to make coastal ocean observatory data widely 
available to everyone in real-time. This new approach, however, meant that the data gathering aspect of the 
research process was now consolidated and ostensibly out of the hands of the individual researcher. The result 
is a lack of expert oversight for data collection which can result in data issues which may not be realized until a 
domain expert devotes significant attention to a given time-series. Dr. Pawlowicz provided several case studies 
which explored how he identified and in some instances was able to resolve significant issues with instrument 
deployments, data processing issues, instrument calibration issues, and concerns with data acquisition for the 
end user. He noted that these challenges have been resolved for other data-sets which have been collected 
routinely for extended periods. Among the conclusions drawn were: data errors are likely unavoidable in 
complex systems; and that ultimately research scientists must be closely involved with data streams if the 
complex, multi-platform/parameter data is to prove useful. 
 
Ms. Marlene Jeffries (Ocean Networks Canada – ONC) described data quality assurance/quality control 
approaches from the ONC coastal cabled observatory. These approaches included a detailed description of the 
necessity for data best practices, the workflow for the life cycle of a given device, and the QA/QC data model 
employed by ONC. Ms. Jeffries identified international standards ONC adheres to such as QARTOD best 
practices and ARGO data quality flags and steps moving ahead which include regular and systematic re-
evaluation of historical data and following set standards for data-set publishing. 
 
Dr. Wiley Evans (Hakai Institute, British Columbia, Canada) contributed a talk on monitoring ocean 
acidification (OA) in coastal systems using land-based Burke-O-Lator pCO2/TCO2 analyzers. Dr. Evans 
described data requirements for calculating aragonite saturation state and accepted recommendations for 
uncertainty of constituent measurements relative to research objectives. The presentation also outlined QAQC 
protocols adhered to by a network of land-based OA systems extending along the west coast of North America 
from Alaska to Washington State and described inter-site differences of OA variability occurring at multiple 
time-scales.     
 
Ms. Yesuel Kim (Jeju International Marine Science Center for Research and Education, KIOST, Korea) 
presented an interesting approach for discriminating between the harmful algal bloom species (HABs), 
Cochlodinium polykrikoides and non-harmful phytoplankton blooms with analysis of water column optical 
properties. This presentation highlighted the need for monitoring of harmful algal blooms in Korean coastal 
waters given the adverse effects these blooms exert on fisheries. Ms. Kim outlined the current at-sea 
monitoring programs as well as the recognition that satellite remote sensing also plays a critical role for 
detecting blooms. The study described how identification of different sensing reflectance spectra using algal-
culture specific absorption characteristics were used to clearly differentiate C. polykrikoides blooms from 
unspecified algal species.  
 
Dr. Akash Sastri (Ocean Networks Canada) spoke about rapid biofouling-induced deterioration of signal 
quality for measurements of surface chromophoric dissolved organic matter (CDOM) in the Strait of Georgia 
as measured using ferry boxes. The presentation outlined two techniques used to derive correction factors 
which were applied retrospectively to the time series. The first approach employed a “benchmarking” approach 
using standard solutions for CDOM fluorescence and the second approach took and inter-sensor (salinity and 
CDOM) comparative approach to derive correction biofouling factors. Finally, he spoke about a new statistical 
approach (changepoint detection) being explored to identify (and eventually discriminate) between seasonal 
CDOM pulses, instrument failures and instrument cleaning events. 
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List of papers 
 
Oral presentations 
Delivering quality multi-parameter data from on-line monitoring network in estuaries and bays: A case study in Bohai 
Sea (Invited) 
Zhifeng Zhang, Zhongsheng Lin, Qian Zhao, Lijun Wang, Zhanming Hu, Zhe Zhang and Dongmei Zhao 
Joint Environmental Data Integration System:  JEDI System in 2016 
Hidekatsu Yamazaki, Scott Gallager, Mamoru Tanaka, Marika Takeuchi, Hayato Kondo and Kunihisa Yamaguchi 
Identification of potential eutrophic zones in the Northwest Pacific region 
Genki Terauchi, Zhiming Yu, Zaixing Wu, Changkyu Lee and Vladimir Shulkin 
Monitoring of coastal ocean in the Western Seto Inland Sea, Japan 
Naoki Yoshie, Miwa Nakagawa, Hidejiro Ohnishi, Akihiko Morimoto, Xinyu Guo and Hidetaka Takeoka 
Analysis on the patterns and formation dynamics of the summertime coastal circulation system in the western Bohai Sea 
Chuanxi Xing, Zhanming Hu, Qian Zhao and Wanlei Zhang 
What do we do with observatory data?  A user’s perspective (Invited) 
Rich Pawlowicz 
Data quality assurance/ quality control approaches for coastal ocean multi-parameter data from a cabled observatory in 
the NE subarctic Pacific 
Marlene Jeffries, Michael G. Morley, Reyna Jenkyns, Akash Sastri and Kim Juniper 
Tracking ocean acidification in coastal settings using land-based Burke-O-Lator pCO2/TCO2 Analyzer 
Wiley Evans, Burke Hales, Jan Newton, Simone Alin, Meghan Shea and Richard Feely 
Optical discrimination of Cochlodinium polykrikoides blooms from non-harmful blooms in Korean coastal waters 
Yeseul Kim, Sinjae Yoo and Young Baek Son 
Real-time sea-surface measurements of coloured dissolved organic matter (CDOM) in the Strait of Georgia, Canada:  
Developing techniques to account for sensor fouling 
Akash Sastri, Rowan Fox, Jeremy Krogh and Maycira Costa 
 
 
 
 
POC Workshop (W8) 
Mesoscale and submesoscale processes in the North Pacific: History and new challenges 
 
Co-Convenors:  Kyung-Il Chang (Korea), Hiromichi Ueno (Japan), Annalisa Bracco (USA) 
 
Invited Speakers: 
Sachihiko Itoh (The University of Tokyo, Japan) 
Naomi M. Levine (University of Southern California, USA) 
 
Background 
 
Oceanic mesoscale structures like eddies, upwelling, and fronts at spatial scales of ~10–100 km have been 
extensively studied for their dynamics and various contributions to marine ecosystems. Motions at the 
submesoscales (~1 km) and their impacts on the marine ecosystem, however, are less understood. 
Submesoscale features involve larger vertical fluxes than those associated with mesoscale eddies which then 
have substantial effects on the phytoplankton productivity. Submesoscale processes also interact with 
mesoscale processes; for example submesoscale circulation cells are often found along the periphery of 
mesoscale eddies. Understanding the fundamental physics of these processes, their influence on lateral and 
vertical fluxes, and how they influence the functioning of the marine ecosystem is necessary in order to assess 
likely changes and shifts to the marine ecosystem under a changing climate. Faced with these important issues, 
however, observational capabilities, theoretical understanding, and modeling techniques are still immature. 
This workshop provided a forum to discuss the physics and biology of the ocean at the meso- and sub-
mesoscales based on observations and modeling and to clarify our challenges in the next decade.  
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Summary of presentations 
 
The 1-day workshop was held on November 4, 2016, as part of PICES-2016, in San Diego, USA. Among the 
co-convenors, Dr. Hiromichi Ueno attended the meeting, and led the morning/afternoon discussions and 
afternoon session. Dr. Annalisa Bracco attended the workshop via Skype. The morning session was led by Dr. 
Daisuke Hasegawa. More than 20 scientists attended the workshop with 7 oral presentations (including 2 
invited talks) and 3 poster presentations. 
 
In the morning session, the first (invited) speaker, Dr. Sachihiko Itoh, discussed the structure and seasonal 
fluctuation of isopycnal salinity in the California Current System using CUGN data, focusing on variations 
across the pycnocline in meso-submesoscale bands. Mr. Yasuhide Kobayashi talked about the mechanism 
determining an eddy trajectory under the influence of boundaries; Dr. Young-Gyu Park verified theories 
developed for 2D turbulence from the view point of power spectral density and seasonality; and Dr. Hiromichi 
Ueno discussed the spatiotemporal variation of mesoscale eddies in the North Pacific especially in the area of 
Kuroshio extension. In the afternoon, the second invited speaker, Dr. Naomi M. Levine, discussed the impact 
of submesoscale bio-physical interactions on ecosystem dynamics using a statistical description of the 
perturbations induced by submesoscale processes. Dr. Elena I. Ustinova followed with a talk on the role of 
mesoscale structures in the fishing grounds formation on the basis of observations of saury fishing 
implemented by TINRO-Center in the Northwestern Pacific, and Dr. Dongfeng Xu talked about the cross-shelf 
transport between the shelf and offshore waters in the Northern South China Sea (NSCS).  
 
In the latter halves of the morning and afternoon sessions, we discussed the proposal for a new working group 
focused on mesoscale and submesoscale processes. First, Dr. Crawford gave a talk about mesoscale eddies in 
the northeast North Pacific; next, Dr. Hiromichi Ueno explained the terms of reference of the working group 
and participants discussed the purpose of such a working group. Some participants indicated that would be 
important to quantify the impact of mesoscale and submesoscale processes on fish and fisheries, while keeping 
in mind that observing submesoscale processes remains a challenge. The discussion provided helpful input to 
the proposal. 
 
A poster session was held on November 8 and 10. Mr. Hiromu Ishiyama discussed oceanic mesoscale eddy 
mergers in the North Pacific, Mr. Elígio de Raús Maúre investigated the spring bloom initiation timing 
influenced by mesoscale eddies in the region around Yamato Basin, Japan Sea, in a period spanning 2002–
2011, and Mr. Kyung-Jae Lee delivered a presentation entitled “Mesoscale eddies in the East/Japan Sea: 
Detecting methods and characteristics of eddy properties”. 
 
 
List of papers 
 
Oral presentations 
Finescale variability of isopycnal salinity in the southern California Current System (Invited) 
Sachihiko Itoh and Daniel L. Rudnick 
Eddy trajectory in a closed rectangular oceanic basin 
Yasuhide Kobayashi and Atsushi Kubokawa 
Mesoscale and submesoscale wavenumber spectra from the Geostationary Ocean Color Imager (GOCI) 
Yeon S. Chang and Young-Gyu Park 
Mesoscale eddies in the western subarctic North Pacific 
Hiromichi Ueno, Hiromu Ishiyama, Yuki Okada and Yuka Karasawa 
Competition in a patchy world:  Submesoscale dynamics, phytoplankton growth, and carbon export in the oligotrophic 
North Pacific (Invited) 
Naomi M. Levine and Xiao Liu 
Mesoscale structures and Pacific saury fishing grounds in the northwestern Pacific 
Elena I. Ustinova and Viktor N. Filatov 
The cross-shelf transport by the eddy-pair in the Northern South China Sea in June 2015 
Dongfeng Xu, Xianqiang He, Chenghao Yang, Jun Wang, Mingquan Xu, Hong Chen and Yaochu Yuan 
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Poster presentations 
Global distribution of mergers and splits of oceanic mesoscale eddies 
Hiromu Ishiyama, Hiromichi Ueno, Masaru Inatsu and Sachihiko Itoh 
Impact of mesoscale eddies on spring bloom initiation in the Japan Sea 
Elígio de Raús Maúre, Joji Ishizaka, Chiho Sukigara and Yoshihisa Mino 
Mesoscale eddies in the East/Japan Sea: Detecting methods and characteristics of eddy properties 
Kyung-Jae Lee and Kyung-Il Chang 
 
 
 
POC Workshop (W9) 
The role of the northern Bering Sea in modulating Arctic environments: Towards international 
interdisciplinary efforts 
 
Co-sponsor: North Pacific Research Board  
 
Co-Convenors:  Lisa Eisner (USA), Matthew Baker (USA), Kirill Kivva (Russia) 
 
Invited Speakers: 
Seth Danielson (University of Alaska Fairbanks, USA) 
Kirill Kivva (Russian Federal Research Institute of Fisheries and Oceanography (VNIRO), Russia) 
Alexander Zavolokin (North Pacific Fisheries Commission (NPFC)) 
 
Background 
 
Despite the fact that the Bering Sea is outside the Arctic Ocean, in many ways it behaves as an Arctic sea. The 
northern Bering Sea influences the state of the southern Chukchi Sea ecosystem as well as the functioning of 
many other Arctic regions, including the central Arctic. The Pacific Arctic Region has received great attention 
during the past few years: 
 RUSsian-American Long-term Census of the Arctic (RUSALCA) annual cruises and publications; 
 Adaptation Actions for the Changing Arctic AMAP Report part C (in preparation); 
 The Pacific Arctic Region synthesis (Grebmeier and Maslowski, Eds., 2014). 
 
Yet, the scientific efforts in the Northern Bering–Southern Chukchi Sea region are conducted mostly at the 
national level, and would benefit from joint multinational coordination. The goal of this workshop was to bring 
together researchers representing multiple national and international institutions and multiple scientific 
disciplines (e.g., oceanography, plankton, fisheries) to share data, share knowledge, build collaborations and 
conduct outreach. Scientists who interested in: 1) physical oceanography and chemical fluxes, 2) plankton 
distribution and ecology, 3) fisheries and ecosystem dynamics, and 4) modeling efforts across the northern 
Bering Sea region were invited to attend. Talks were followed by discussion periods.  
 
Summary of presentations 
 
The workshop consisted of three invited 30-minute talks and seven contributed 20-minute talks, summarized 
here in order of presentation. One poster was also included, “Seasonal dynamics of dissolved inorganic 
nutrient in the Bering Sea” by Kirill Kivva who received Best Poster Award by an early career scientist for 
POC-sponsored workshops and sessions. 
 
Seth Danielson (Invited) from the College of Fisheries and Ocean Sciences (CFOS) at the University of Alaska 
Fairbanks (UAF) assessed the role of currents and water mass structure in and near the Gulf of Anadyr. He 
addressed the primary flow patterns in the NBS, baroclinic currents in the Gulf of Anadyr, when and where 
water mass modification occurs and how recent years compare to past decades. Key points include: there has 
been excellent CTD coverage across the entire NBS in since 2000; mean thermohaline fields reflect the 
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important regional drivers: Pacific–Arctic pressure head, Anadyr Current, river discharges, winter freezing and 
these data provide insight to the locations and roles of advection and mixing; recent thermal conditions appear 
to be outside the envelope (higher) of nearly the entire last century. 
 
Alexander Zavolokin (Invited) from the North Pacific Fisheries Commission (NPFC) presented on the “Impact 
of oceanographic fluctuations on the northwestern Bering Sea ecosystem”. His talk described the impacts of a 
change in water circulation for 2007–2011 that likely resulted in lower water inflow to the north. This change 
affected the distribution and abundance of highly migratory fish and might have caused biomass fluctuations of 
squids and mesopelagic fish. There were no pronounced changes in total zooplankton biomass in the western 
Bering Sea, but there was an increase in biomass of the cold water hyperiid amphipod Themisto libellula and a 
decrease in the small copepod Oithona similis. Finally, after the shift in water circulation, the intensity of 
trophic flows between different nekton species and zooplankton changed, while total food consumption by 
nekton remained at a similar level (2003–2006 compared to 2007–2010). 
 
Ellen Yasumiishi from the NOAA Alaska Fisheries Science Center (AFSC) discussed “Climate related 
changes in abundance and range shifts of fish and jellyfish in the eastern Bering Sea, 2002–2015”. Main 
findings included: in warm years, capelin were distributed farther north and juvenile sockeye salmon were 
distributed farther north and west, and there was no difference in the distribution of herring or jellyfish in 
warm and cold years; herring and juvenile sockeye salmon abundances increased with summer warming; and 
jellyfish biomass was negatively correlated with sea surface temperature (SST) at a 2-year lag (t-2). 
 
Yury Zuenko from the Pacific Research Fisheries Center (TINRO-Center) reported on “Environmentally 
driven variability of zooplankton composition in the northwestern Bering Sea and its influence on the pollock 
fishery”. This talk concluded that temperature and salinity conditions in the Navarin area from summer to fall 
depend on direction of advection controlled by the size and position of the Lawrence Cold Pool (very cold 
portion (< 0°C) of the Bering Sea cold pool situated southwest of St. Lawrence Island), determined by the 
severity of the preceding winter. For example, a strong along-slope current is formed after a relatively warm 
winter and provides heightened temperature and salinity. Environmental conditions favorable for high 
abundance of zooplankton in this area occur after both cold and warm winters, e.g., high abundances can be 
seen in relatively cold years within warm periods or in relatively warm years within cold periods. Transport of 
euphausiids by currents from the Green Belt to the Navarin area is crucially important for pollock feeding. 
High annual landings of pollock in the Navarin area are possible only in years when pollock are able to 
continue feeding into fall (preying mostly on euphausiids).   
 
Lisa Eisner from NOAA AFSC spoke on “Spatial variations in late summer chlorophyll a and zooplankton 
distributions in the northeastern Bering Sea”. She concluded that between warm (2003–2005) and cold climate 
stanzas (2007–2012) changes in temperature, ice, chlorophyll a (Chl-a) and zooplankton composition are 
greater in the south than the north, although changes in the north are still significant for some regions. There is 
lower Chl-a, lower zooplankton biomass and more gelatinous zooplankton in the north than the south. High 
Chl-a and high abundance of large zooplankton occur in south Bering Strait and there is a negative relationship 
of Chl-a to temperature, unlike in the south Bering Sea. There are abrupt gradients in zooplankton composition 
from the north Bering Sea to the Chukchi Sea, related to water mass and latitude, with northward transport 
important.  
 
Gennady Khen’s (Invited, TINRO-Center), presentation was given by Kirill Kivva who described “Summer 
water masses and fish communities in the northwestern Bering and western Chukchi Seas in 2003–2010”. The 
study area was classified into six water masses: Anadyr + Alaska Coastal Water (ACW), Diluted Gulf Water, 
Siberian Coastal Water, Bering Summer Water (BSW), Remnant Pacific Winter Water, and Newly Ventilated 
Winter Water. The Navarin (Anadyr) current (formed in spring due to changes in wind direction) is the main 
pathway for transport of relatively warm and salty BSW into the Arctic. Main aggregations of Pacific salmon, 
walleye pollock, Pacific cod, and Pacific herring in the Gulf of Anadyr occurred in ACW. In the Chukchi Sea 
(mainly within ACW), only mature chum, sockeye, and Chinook salmon were caught. In cold and normal 
years, Arctic cod feed near the Bering Strait within ACW, while in warm years, they move north and westward 
into BSW. 
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Jared Weems from UAF talked about the “Early life history ecology of larval and juvenile blue king crabs in 
the US Subarctic”. Two study questions were posed: Are Pribilof Island blue king crab juveniles a bottleneck 
in stock recruitment processes? Will blue king crab populations contract with climate change? Preliminary 
results evaluated juvenile crab abundance and essential habitat; research is ongoing. 
 
Ed Farley from NOAA AFSC presented on “Defining critical periods for Yukon River Chinook salmon” which 
focused on objectives to: extend an integrated ecosystem model into the NBS, develop annual indices (1970–
2012) of size-selective mortality for Yukon River Chinook salmon during the first summer at sea (using 
models and data), identify key processes/mechanisms that affect the growth rate of salmon during critical 
periods, and test key processes/mechanisms in forecast models. 
 
Al Herman from the Joint Institute for the Study of the Atmosphere and Ocean (JISAO), University of 
Washington examined the “Statistical downscaling of global projections to the Bering Sea based on an 
ensemble of regional model output”. Twelve downscaling runs of global projections have been completed; a 
multivariate method yields promising results and analysis is underway; there are differences across modes 
derived from different IPCC models, especially for zooplankton; and there are hints at a negative relationship 
between SST and Chl-a in the NBS. 
 
Matthew Baker from the North Pacific Research Board (NPRB) examined “Opportunities for data sharing in 
the northern Bering Sea – Research and data to support international and interdisciplinary analyses”, providing 
an overview of current and future research efforts in the Pacific Arctic, including national research efforts, 
international research programs (e.g., NPAFC, RUSALCA), and new efforts (e.g., NPRB Arctic Integrated 
Ecosystem Research Program). He also reviewed existing ecological time series observations and the potential 
new mechanisms for data sharing and exchange to understand processes, structure, and interactions in the 
northern Bering Sea and associated ecosystems. 
 
Discussion 
 
During the morning discussion period, potential topics of interest for international collaboration included 
research on physical oceanography, biological oceanography and productivity, and fish and invertebrate 
ecology. In the afternoon, workshop participants discussed potential ways to encourage interdisciplinary and 
international collaboration and data sharing and dissemination. The Co-convenors suggested that a second 
workshop be held at PICES-2017 to engage more scientists working in the northwestern Bering Sea. This 
suggestion was met with approval by participants. 
 
Recommendation  
 
A follow-up workshop is recommended at PICES-2017 to promote synthesis and understanding of physical 
and biological interactions in the northern Bering Sea and international efforts towards data sharing, active 
research and increased collaboration at the international level. All scientists interested in these topics are 
welcome to attend. 
 
 
List of papers 
 
Oral presentations 
Currents and water mass structure in and near the Gulf of Anadyr (Invited) 
Seth L. Danielson, Gennady V. Khen and Phyllis J. Stabeno 
Impact of oceanographic fluctuations on the northwestern Bering Sea ecosystem (Invited) 
Alexander Zavolokin, Gennady Khen, Svetlana Naydenko and Alexey Somov 
Climate related changes in abundance and range shifts of pelagic fishes and jellyfish in the eastern Bering Sea during late 
summer, 2002-2015 
Ellen M. Yasumiishi, Ed V. Farley, Jr. and Kristin Cieciel 
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Environmentally driven variability of zooplankton composition in the northwestern Bering Sea and its influence on the 
pollock fishery 
Yury I. Zuenko, Eugene O. Basyuk and Anatoly F. Volkov 
Spatial and temporal variations in late summer chlorophyll a and zooplankton distributions in the northeastern Bering 
Sea 
Lisa Eisner, Alex Andrews, Kristin Cieciel, Jeanette Gann and Ellen Yasumiishi 
Summer water masses and fish communities in the north-western Bering and western Chukchi Seas in 2003-2010 
(Invited) 
Gennady V. Khen, Evgeny O. Basuk, Kirill Kivva and Vladimir I. Matveev 
Crab larvae in the northeastern Bering Sea and southern Chukchi Sea:  Abundance relative to water masses in 2012 
Jared Weems, Franz Mueter, Alexei Pinchuk and Ginny Eckert 
Defining critical periods for Yukon River Chinook salmon 
Edward Farley, Ellen Yasumiishi, Kerim Aydin, Kelly Kearney, Albert Herman and Kathrine Howard 
Statistical downscaling of global projections to the Bering Sea, based on an ensemble of regional model output 
Albert J. Hermann, Wei Cheng, Georgina A. Gibson, Ivonne Ortiz and Kerim Aydin 
Opportunities for data sharing in the northern Bering Sea – research and data to support international and 
interdisciplinary analyses 
Matthew Baker and Lisa Eisner 
 
Poster presentations 
Seasonal dynamics of dissolved inorganic nutrient in the Bering Sea 
Kirill Kivva 
 
 
 
MEQ Workshop (W10) 
Distribution and risk analysis of radionuclides in the North Pacific 
 
Co-Convenors:  Yusheng Zhang (China), Kathryn A. Higley (USA) 
 
Invited Speaker: 
Núria Casacuberta (ETH Zürich, The Laboratory of Ion Beam Physics and Environmental Physics, Switzerland) 
 
Background 
 
The Fukushima Dai-ichi Nuclear Power Plant (FDNPP) accident resulted in a large pulse of radioactive 
contaminants being released into the North Pacific. While radiation is recognized as a potential stressor in 
environmental systems, this workshop considered the data collected to date to determine if the radionuclides 
released have had significant impacts on ecosystems within the North Pacific. Presentations included 
radionuclide transport and fate, and any observed impacts from the FDNPP radionuclides on the marine 
ecosystem in the North Pacific. Participants were also encouraged to exchange information on new techniques 
and methodologies for monitoring environmental radioactivity and assessing the effects of radionuclides. The 
workshop also discussed any information gaps and research priorities in monitoring and assessment.  
 
Summary of presentations 
 
The session opened with a presentation by the invited speaker, Núria Casacuberta, on radionuclides 
distributions off the coast of Japan.  Especially noteworthy was the analysis for 90Sr, 129I, 236U and Pu isotopes, 
which are rarely reported due to the difficulty involved in separating and analyzing these radionuclides.  At 
least two 90Sr/137Cs ratios were observed at different points in time (2011 vs 2013), suggesting the release 
pathway for 137Cs detected in 2013 differed from 2011, or that they originated from separate sources.  
Following presentations by John N. Smith and Hideki Kaeriyama continued the theme of monitoring of 
seawater radionuclide levels. Smith’s presentation highlighted the behavior of FDNPP-contaminated water on 
the Eastern side of the North Pacific, including its affiliation with the so-called Warm Blob.  Kaeriyama’s 
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presentation discussed both coastal areas along Japan, as well as the southward intrusion of FDNPP-
contaminated water via central mode water. 
 
The next two presentations by Takami Morita and Shizuho Miki discussed the concentrations of these 
radionuclides in biota.  Morita’s presentation discussed the ongoing monitoring of biota, showing that in recent 
years only a small fraction of sampled marine biota was found with substantial FDNPP contamination and the 
expectation that fish caught off of Fukushima prefecture are very close to being commercially viable.  
However, there was some uncertainty about interpreting these trends, as the number of species sampled has 
changed year by year and were not reported in an individual-species basis.  The following presentation by 
Shizuho Miki specifically focused on 90Sr levels in marine fish both away from Fukushima prefecture, near the 
prefecture as well as within the 20 km exclusion zone around FDNPP.  No FDNPP influence was detectable on 
90Sr levels in fish collected away from the prefecture, while both fish collected near the prefecture and those 
within the 20 km zone showed 90Srlevels that were often above background but had no increasing trend over 
the last several years. One of the posters submitted for W10 also looked at concentrations in biota, specifically 
in Thunnus alalonga, and that there were significant differences in 134Cs levels depending on how far north or 
south US fishermen caught them. 

 
Next came a pair of presentations on FDNPP radionuclides in marine sediment.  The first, presented by 
Daisuke Ambe, found that the sediment inventory along the East coast of Japan was largely determined by the 
initial FDNPP release, over time being transported southward and downward into the sediment, with 
significant differences depending on particle size in the sediment.  The second presentation, by early career 
scientist Jinqiu Du, looked at opportunistically using FDNPP 137Cs (as well as signals from weapons testing 
and Chernobyl) as a measure of sedimentation rate.  Although there were disagreeing figures on sedimentation 
rates from the methods, experienced members of the workshop offered to work with Du after the session to 
correct the estimates. 

 
The final four presentations did not have sub-topics in common with each other.  The first, by Jianhua He, 
demonstrated further testing of a potentially fast prototype for separation of 137Cs from seawater using AMP.  
Early indications suggest the device and method can allow for 137Cs seawater measurements in just a few hours 
at sea rather than hours to days spent in a land-based lab for the same separation.  This was followed by a 
presentation by Kyung Tae Jung of a new iteration of the POSEIDON series of compartment models, titled 
Multi-BURN POSEIDON, which tracked separate bone, flesh and organ compartments for the fishes and 
sharks in the model which showed much better agreement with measurements. Finally, Wu Men presented a 
computer system for environmental grading of marine radioactivity, which concluded all analyzed regions and 
species for China were of the safest two grades. 
 
 
List of papers 
 
Oral presentations 
Assessment of the distribution of radionuclides (137Cs, 134Cs, 90Sr, 129I, 236U and Pu-isotopes) in the coast off Japan derived 
from the Fukushima Dai-ichi nuclear accident (Invited) 
Núria Casacuberta, Pere Masqué, Maxi Castrillejo, Marcus Christl, Christof Vockenhuber, Hans-Arno Synal and Ken Buesseler 
Transport of the Fukushima radioactivity plume to the Eastern North Pacific 
John N. Smith 
Five years monitoring activity on radioactive cesium in seawater after the Fukushima Dai-ichi Nuclear Power Plant 
Accident 
Hideki Kaeriyama, Daisuke Ambe, Yuya Shigenobu, Shizuho Miki, Tatami Morita, Hiroya Sugisaki, Manadu Shimizu and 
Tomoro Watanabe 
Radioactive cesium in marine biota off Fukushima 
Takami Morita, Ken Fujimoto, Yuya Shigenobu, Daisuke Ambe, Hideki Kaeriyama, Shizuho Miki, Tomowo Watanabe and 
Hiroya Sugisaki 
Concentrations of strontium-90 in marine fishes after the Fukushima Dai-ichi Nuclear Power Plant accident 
Shizuho Miki, Ken Fujimoto, Yuya Shigenobu, Daisuke Ambe, Hideki Kaeriyama, Kaori Takagi, Tsuneo Ono, Tomowo 
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Watanabe, Hiroya Sugisaki and Takami Morita 
Spatio-temporal variation of radiocesium in sea sediment around off Fukushima 
Daisuke Ambe, Shigeho Kakehi, Toru Udagawa, Kazuhiro Aoki, Yuya Shigenobu, Tsuneo Ono, Hideki Kaeriyama, Ken 
Fujimoto, Shizuho Miki and Takami Morita 
Distribution of radionuclides in sediment and sedimentation rates in Dalian Bay 
Jinqiu Du, Ziwei Yao, Hui Gao, Daoming Guan, Guangshui Na and Chuanlin Huo 
Effect of settle time on absorption of AMP to 137Cs in co-precipitation method 
Jianhua He, Fangfang Deng, Jing Lin, Wen Yu, Wu Men and Yusheng Zhang 
Preliminary results from modeling of radionuclide transfer through marine food web using a multi-organ fish model 
Kyung Tae Jung, Roman Bezhenar, Vladimir Maderich, Kyeong Ok Kim and Fangli Qiao 
Marine radioactive environmental quality assessment method of China 
Wu Men, Wen Yu, Jianhua He, Yusheng Zhang, Fenfen Wang and Yiliang Li 
Nuclear bombs and coral: Guam coral core reveals operation-specific radiocarbon signals from the Pacific Proving 
Grounds 
Allen H. Andrews, Ryuji Asami, Yasufumi Iryu, Don Kobayashi and Frank Camacho 
 
 
Poster presentations 
Effect of migratory life history on North Pacific Albacore (Thunnus alalunga) uptake of radiocesium 
Delvan R. Neville, A. Jason Phillips and Kathryn A. Higley 
Application of environmental risk assessment for strategic decisionmaking in coastal areas: Case studies in China 
Kankan Wu, Luoping Zhang, Jiwei Zhang and Jianwei Wu 
 
 
 
BIO Contributed Poster Session 1 
Recent progress in deep-sea research and conservation: Lessons from various parts of the globe 
 
Co-Convenors:  Alexei Orlov (Russia), Tony Koslow (USA), Orio Yamamura (Japan), Evgeny Pakhomov 
(Canada) 
 
Background 
 
In recent years, intensive study of deep-sea ecosystems (continental slope, seamounts, trenches, troughs, and 
mid-water layers) of the global ocean has received increased attention because of the high levels of endemism 
and extreme vulnerability of their biota to any impact, particularly due to human activities. In the past, deep-
sea research was focused mainly on the qualitative and quantitative composition of particular species or 
component of deep-water ecosystem. Currently, studies of life cycles, evaluation of anthropogenic impact, 
conservation of biological and genetic diversity, safe and sustainable exploitation of biological resources and 
their protection from destruction during human activities (fishing, mining, shipping, etc.) have become 
increasingly important. Several projects under the “Census of Marine Life (CoML)” program were conducted 
during recent years, namely CeDAMar, Mar-Eco, CenSeam, ChEss, etc. There were also several local projects 
focused on deepwater biodiversity studies of the Sea of Okhotsk (SokhoBio), Japan/East Sea (SoJaBio) and 
Kurile-Kamchatka Trench (KuramBio). Protection of Vulnerable Marine Ecosystems (VME) in deep waters 
has received increasing attention, including data reporting requirements management action, in FAO, 
CCAMLR and a number of RFMOs such as NAFO, NEAFC, SEAFO, SPRFMO, etc. In the Southern Ocean 
German-led Antarctic Benthic Deep-Sea Biodiversity Project (ANDEEP) has provided critical new data that 
has been incorporated into the work of CCAMLR. For the Southern Indian Ocean, IUCN and SIODFA 
announced Benthic protected areas. Modern significant progress in deep-sea research became possible mainly 
due to development of new methodologies and technical equipment, including ROV’s, landers, various 
recorders, etc. This poster session provided a forum for sharing recent advances in deep-sea research and 
conservation in various parts of the global ocean in the whole, and the North Pacific in particular.  
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List of papers 
 
Poster presentations 
Range-wide analysis of spatial distribution of Pacific flatnose Antimora microlepis in the North Pacific 
Alexei M. Orlov and Alexei A. Baitaliuk 
Spatial distribution, size composition, and dynamics of abundance of Okhotsk skate Bathyraja violacea in the North 
Pacific 
Igor V. Grigorov, Alexei A. Baitaliuk and Alexei M. Orlov 
A novel approach to estimating active carbon flux using the biomass size spectra 
Lian E. Kwong, Evgeny A. Pakhomov and Brian P.V. Hun 
Progress of Chinese deep sea research activities in recent 2 years 
Yongling Zhu, Jiabiao Li and Yejian Wang 
Georeferenced sensor, survey and sample data for the Endeavour Hydrothermal Vents Marine Protected Area 
S. Kim Juniper, Karen Douglas and Reyna Jenkins 
Biogeographical analysis of abyssal bottom habitats: Using an abiotic province scheme and metazoan occurrence 
databases 
Brandon M. Genco 
Data-driven bioregions for local ecosystem context in species distribution models 
Andrew McMillan and Anders Knudby 
A time-series of epibenthic community turnover along a dissolved oxygen gradient 
Ryan P. Gasbarro, Jackson Chu and Verena Tunnicliffe 
Joint German-Russian deep-sea expeditions in the NW Pacific 
Angelika Brandt and Marina V. Milyutina 
Presented by Alexei Orlov on behalf of A. Brandt and M. Milyutina 
Endeavour Hydrothermal Vents Marine Protected Area conservation and management supported through institutional 
collaborations and interdisciplinary research 
Benjamin Grupe, Janelle Curtis, Rachel Boschen, John Jamieson, Kim Juniper, Sheryl Murdock and Verena Tunnicliffe 
 
 
 
 
BIO Contributed Poster Session 2 
 
Co-Convenors:  Angelica Peña (Canada), Se-Jong Ju (Korea) 
 
Background 
 
The Biological Oceanography Committee (BIO) has a wide range of interests spanning from molecular to 
global scales. BIO targets all organisms living in the marine environment including bacteria, phytoplankton, 
zooplankton, micronekton, benthos and marine birds and mammals. This session dealt with posters on 
biological aspects of marine science in the PICES region, except those covered by other Topic Sessions or 
Workshops sponsored by the Biological Oceanography Committee (BIO). 
 
 
List of papers 
 
Poster presentations 
Spatial and temporal heterogeneity in distribution of euphausiid Thysanoessa longipes from the northern Gulf of Alaska 
Alexei I. Pinchuk and Kenneth O. Coyle 
Study on material cycling in the coastal waters and the role of the Kiritappu Wetland, in Hamanaka Town, Hokkaido: An 
analysis using surf clam (Pseudocardium sachalinense) as an environmental indicator 
Xin Ba, Naoko Kouchi, Kentaro Watanabe and Masahiko Fujii 
Temperature effects on the egg development time and productivity of Acartia omorii and Acartia steueri 
Yang Jin Jo and Won Gyu Park 
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MONITOR Best Oral Presentation by an early career scientist for the POC/MEQ/MONITOR/BIO Topic Session 
Kelly Kearney (Joint Institute for the Study of Atmosphere and Ocean, University of Washington, Seattle, USA, 
kelly.kearney@noaa.gov) on “A comparison of Bering Sea ecosystem energy pathways in warm versus cold years” co-
authored with Al Hermann, Ivonne Ortiz, Kerim Aydin, Ed Farley and Ellen Yasumishi. 

 
MONITOR Best Poster Presentation by an early career scientist for the POC/MEQ/MONITOR/BIO Topic Session 

Ryan J. Hartnett (Point Blue Conservation Science, Romberg Tiburon Center for Environmental Studies, USA, 
ryan.j.hartnett87@gmail.com) on “Developing marine food web models to evaluate blue whale, Cassin’s auklet and salmon 
responses to long- and short-term changes in oceanography in the California Current” co-authored with Karina Nielsen, 
Frances Wilkerson, Meredith Elliott, Nadav Nur and Jaime Jahncke. 

 
 
 
 


