WINTER 2018
VoL. 26, No. 1

Newsletter of the North Pacific Marine Science Organization

PICES Press

PICES science in 2017: A note from the Science Board Chair

The marine environment is rapidly changing, not only in
the PICES region, but globally. It is obvious that the
impacts of global warming, such as the increase in
temperature, decrease in pH, and expanding regions of
hypoxia are having detrimental impacts on marine
ecosystems. Responding to the increasing demand on
fisheries products and marine ecosystem services, the
Convention on the Conservation and Management of High
Seas Fisheries Resources in the North Pacific Ocean came
into effect on July 2015, and an international legally
binding instrument on the conservation and sustainable use
of marine biological diversity in areas beyond national
jurisdiction was discussed in the United Nations. Under
such a changing environment, PICES, in November 2016,
celebrated its 25™ Anniversary during its Annual Meeting
with the theme “Celebrating the Past, Imagining the
Future”. The future of the North Pacific marine ecosystem
was discussed and scientific questions of greatest
immediate concern were targeted for addressing by PICES
within the next 25 years. In 2017, PICES initiated several
new activities to tackle various marine scientific issues we
are facing.

One new initiative of PICES for the next quarter century
was the establishment of a Human Dimension Committee
(HD) that participates in Science Board decision making.
Although the establishment of HD was approved at the
PICES 2016 Annual Meeting, their membership selection
and activities started in 2017. The emphasis on human

dimension issues clearly shows that PICES recognizes the
links between Anthropocene changes in marine ecosystems
and economic and social well-being.

The 26™ Annual Meeting of PICES (PICES-2017) was held
at the Far Eastern Federal University (FEFU) in
Vladivostok, Russia, from September 22 to October 1,
2017. The meeting was titled “Environmental Changes in
the North Pacific and Impacts on Biological Resources and
Ecosystem Services”. We had over 350 attendees from 11
countries including 18 representatives of international and
regional organizations and science programs. The newly
constructed FEFU campus faces the beautiful Zolotoy Rog,
or Golden Horn Bay, and many attendees enjoyed the
beautiful scenery from the venue or during the daily
commute between the campus and downtown hotels.
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PICES ANNUAL
MEETING

SEPTEMBER 22 - OCTOBER 1, 2017
VLADIVOSTOK, RUSSIA

Science Board, from left: Igor Shevchenko (representing Russia), Se-Jong Ju (BIO), Motomitsu Takahashi (representing Japan), Jennifer Boldt
(MONITOR), Steven Bograd (FUTURE SSC), Sukyung Kang (FUTURE SSC), FEFU teddy bear, Hiroaki Saito (Science Board Chair), Keith Criddle
(HD), Emanuele Di Lorenzo (POC), Harold (Hal) Batchelder (PICES Secretariat), Xianshi Jin (FIS), Chuanlin Huo (MEQ), (missing) Joon-Soo Lee

(TCODE Chair).

At PICES-2017, HD sponsored a topic session on “Marine
ecosystem health and human well-being: A social-
ecological systems approach” and a workshop on “Coastal
ecosystem services in the North Pacific and analytical
tools/methodologies for their assessment”. Related to and
parented by HD, a Working Group on Marine Ecosystem
Services (WG 41/MES) was established. The role of WG-
MES will be to facilitate exchange of information and
share the experiences of case studies on MES in North
Pacific waters in order to promote ecosystem service
science and marine integrated management. A new Study
Group on Marine Microplastics (SG-MMP) was
established to identify major microplastic issues in the
North Pacific including marginal coastal seas and to
identify knowledge gaps. SG-MMP will collaborate with
regional and international bodies studying on the issue such
as ICES, GESAMP, and NOWPAP.

A second new direction for PICES (at the 2016 Annual
Meeting) was the Organization’s involvement in a Joint
PICES/ICES/PAME Working Group on an Integrated
Ecosystem Assessment for the Central Arctic Ocean
(WG 39). Undertaking formal activities in the Arctic is new
to PICES. PAME (Protection of the Arctic Marine
Environment) is a working group of the Arctic Council, the
intergovernmental forum for sustainable development and
environmental protection in the Arctic. WG 39 will
consider approaches and methodologies for integrated
ecosystem assessment in the Central Arctic Ocean. Dr. Sei-
Ichi Saitoh was approved as the PICES Co-Chair of the
WG. During PICES-2017, WG 39 members held their first
meeting and discussed how PICES could contribute to the
integrated ecosystem assessment.
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PICES was quite active in spring 2017. In April, back-to-
back-to-back inter-sessional meetings of WG 35 (Third
North Pacific Ecosystem Status Report), FUTURE
Scientific Steering Committee (SSC) and Science Board
were held in Honolulu, hosted by the NOAA Pacific
Islands Fisheries Science Center (PIFSC), USA. WG 35
nominated lead authors for assessment reports of 15
biogeographical regions and established a detailed timeline
for publishing the third NPESR. The timeline anticipates
that regional assessment reports will be completed in the
summer of 2018, and that the synthesis chapter and all
regional assessments of the NPESR will be available online
in the summer of 2019. At the FUTURE SSC meeting,
members discussed ongoing activities and potential gaps in
attaining the goal of the FUTURE using a schematic of
Socio-Ecological-Environmental _Systems with PICES
expert groups aligned with their potential products and how
they advance FUTURE understanding. The SSC carefully
examined the expected output from ongoing and new WGs
established after PICES-2016, which are: WG 36 on
Common Ecosystem Reference Points across PICES
Member Countries, WG 37 on Zooplankton Production
Methodologies, Applications and Measurements in PICES
Regions, WG 38 on Mesoscale and Submesoscale
Processes, WG 39, and WG 40 on Climate and Ecosystem
Predictability. The SSC is also continuing its work on a
FUTURE synthesis paper. Members of WG 35, FUTURE
SSC and Science Board had enthusiastic discussions and
got a lot of work done despite the beckoning sunshine and
radiant Pearl Harbor adjacent to PIFSC. The warm
hospitality of the PISFC staff and the sea breeze of Oahu
Island during lunch or in the evening did much to relax the
members and rejuvenate them for further discussions.



http://meetings.pices.int/Members/Scientific-Programs/FUTURE#FUTURE-elements
http://meetings.pices.int/Members/Scientific-Programs/FUTURE#FUTURE-elements
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Small pelagic fish (SPF), such as sardine and anchovy, are
key components of marine food-webs and variation in their
biomass and composition influence not only ecosystem
dynamics but also human societies. In spite of the
recognized importance of SPF, no scientific meeting
targeting the role of SPF has been held since 1983. In
March 2017, PICES and ICES held an International
Symposium on “Drivers of dynamics of small pelagic fish
resources” in Victoria, Canada. The main purposes of the
symposium were to revitalize global international
cooperation on investigations of SPF and to discuss the
impact of climate and/or fishing pressure on the resilience
of SPF populations. More than 230 scientists gathered and
discussed SPF issues at 13 sessions and workshops.
Selected papers will be published in Deep-Sea Research
and Marine Ecology Progress Series in 2018.

One of the remarkable aspects of the SPF symposium was
that approximately 20% of the attendees were early career
scientists, and some of their travel was supported by
PICES. Since the establishment of PICES, -capacity
building, such as summer schools, travel support, and the
internship program, has been an important and major
activity of PICES. In 2017, PICES and ICES held their
third jointly sponsored Early Career Scientist (ECS)
Conference, a flagship capacity building activity of PICES,
from May 29 to June 2 in Busan, Korea. The conference
was entitled “Climate, oceans and society: Challenges and
opportunities”. One hundred and three ECS participated
from all over the world. Discussions were quite spirited
during the sessions and occasionally it was difficult to keep
the talks on schedule. The ICES Secretariat gave a unique
lecture, providing examples of effective and appropriate
use of social media for sharing science ideas and findings,
and generating enthusiasm beyond scientists. The
Conference was a great success and provided the
participants with opportunities to expand their scientific
knowledge and their international network of colleagues at
a similar stage of their careers.

Science-based decisions are essential for wise and
sustainable use of marine ecosystem services in the
Anthropocene. Generating and expanding scientific
knowledge is a fundamental role for scientific
organizations, including PICES. To grapple with various
issues and to prepare the best science for society, PICES is
strengthening  its  relationship ~ with  international
organizations and projects such as ICES, ISC, NOWPAP,
SCOR, I0C, WESTPAC, NPFC, NPAFC, and IMBeR.
One of the ways to enhance collaboration is by having co-
sponsored meetings or sessions, and PICES co-sponsored
10 meetings and sessions in 2017. Another way to enhance
collaboration with other marine science partners is to
develop joint study groups. During PICES-2017, a joint
Study Group with the North Pacific Fisheries Commission
for Scientific Cooperation in the North Pacific Ocean (SG-
PICES-NPFC) was formed.

One of PICES’ activities is responding to societal requests
by carrying out scientific projects. To examine the impact
of marine debris ejected by the Great East Japan
Earthquake and Tsunami on coastal ecosystems of the
eastern North Pacific, the ADRIFT (Assessing the Debris-
Related Impact of Tsunami) project, funded by the
Ministry of Environment, Japan, was carried out from
2014-2017. It revealed the distribution of tsunami-related
debris and novel invasions of exotic species on the Pacific
coast of North America and the Hawaiian Islands. Results
were published in Science magazine and highlighted on the
cover page. Other results will appear in special issues of
Marine Pollution Bulletin and Aquatic Invasions in early
2018. A second project on Marine Ecosystem Health and
Human Well-Being (MarWeB), funded by the Ministry of
Agriculture, Forestry and Fisheries, Japan (2012-2017)
also recently concluded. The goal is to identify the
relationships between sustainable human communities and
productive marine ecosystems in the North Pacific, under
the concept of fishery social-ecological systems (known in
Japan as the “Sato-umi” fisheries management system).
The MarWeB project showed that understanding the
differences and commonalities on how human well-being is
structured among countries is vital for wise use of
ecosystem services.

TSUNAMI
TRANSPORT
A o

PICES scientific reports are essential products resulting
from most PICES expert groups. In 2017, PICES Scientific
Report No. 52 was published on the Marine Ecosystems
and Human Well-being project and the Section on Harmful
Algal Blooms published PICES Scientific Report No. 53 on
Conditions Promoting Extreme Pseudo-nitzschia Events in
the Eastern Pacific but not the Western Pacific, which
resulted from a workshop held at PICES-2016. Also,
several special journal issues were published in 2017:
Advances in understanding of the North Pacific subtropical
front and transition zone ecosystems in Progress in

Winter 2018


http://meetings.pices.int/publications/scientific-reports/Report52/Rpt52.pdf
http://meetings.pices.int/publications/scientific-reports/Report52/Rpt52.pdf
http://meetings.pices.int/publications/scientific-reports/Report53/Rpt53.pdf
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Oceanography (Vol. 150), and two issues of Archives of
Environmental Contamination and Toxicology (Vol. 73
No.1, Ocean Spills and Accidents) and (Vol. 73, No. 2,
Indicators of Ocean Pollution). WG 30 on Assessment of
Marine Environmental Quality of Radiation around the
North Pacific and SCOR WG146 jointly contributed to
publish a review paper in Annual Review of Marine Science
(Vol. 9) on the transport and impact of radionuclide
contamination in the North Pacific Ocean.

At PICES-2017, 28 business meetings, 16 topic sessions
and five workshops were conducted. During the Meeting,
scientists showed their enthusiasm for both scientific
discussion and educational outreach. Drs. Keith Criddle,
Emanuele Di Lorenzo, and Tom Therriault provided

lectures to school children in Vladivostok on the changing
North Pacific and society’s dependence on services or
goods provided by marine ecosystems. Meanwhile,
scientists Steven Bograd, Peter Chandler and Ryan
Rykaczewski provided lectures to undergraduate students
at FEFU during one afternoon. You can read these
educational outreach activities in a separate article on page
11 of this issue. The Annual Meeting Welcome Reception
was held at the “Big Panoramic Hall” of FEFU where
attendees enjoyed the beautiful scenery of Golden Horn
Bay while listening to relaxing saxophone playing and
enjoying tasty Russian dishes. We thank the warm
hospitality of TINRO-Center, the host of the Annual
Meeting, and staff of FEFU.

Highlights at PICES-2017

Participants at the Section on Harmful Algal Blooms
workshop.

The first of three Science Board
PICES-2017.

meetings during

4
The S-HAB crowd during coffee break. From left: Lingjuan

Wu, Chunjiang Guan, Xinfeng Dai, Douding Lu (S-HAB Co-
Chair) and Hao Guo.
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Ak

Dr. Shang (Sunny) Chen convening the Human
Dimensions workshop.

WG 30 meeting’s Co-Chair, Dr. Yusheng Zhang, front
left, listening to remarks from John Smith, front right,
Jjust out of photo.

Section on Marine Birds and Mammals meeting in
progress.

Sharing some light moments during coffee break.
From left: Pavel Tishchenko, Vyacheslav Lobanov,
Alexander Bychkov and Andrey Andreev.


http://www.sciencedirect.com/science/journal/00796611/150?sdc=1
https://link.springer.com/journal/244/73/2/page/1
http://www.annualreviews.org/doi/pdf/10.1146/annurev-marine-010816-060733
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Steven Bograd and Sukyung Kang enjoying the FUTURE

Plenary Session. Opening Session.

From left: Andrea White, Anne Hollowed, Jackie King, Tom ICES-PICES ties. Cornelius Hammer with Sukyung

Therriault and Jennifer Boldt at the Welcome Reception. Kang.
Overseeing strategic placement of tasty
Russian desserts? From lefi: Vitaliy Master Viadimir Skvortsov (a
Samonov., Christina Chiu and Alexey future PICESian?) with Dr. Two Russian beauties flanking our favourite
Khoruzhiy. Hiroaki Saito, Science Board Baba Yaga.
Chair.
PICES Chair, Chul Park (left) enjoying
the Welcome Reception with Chuanlin TINRO-Center Deputy Director,  TINRO-Center local organizers, Tanya
Huo and Fangli Qiao. Alexander Buslov with NPAFC Executive  Semenova, Anna Shkvortsova and Vitaliy
Director, Viladimir Radchenko. Samonov finding time at the end of the day to
enjoy the Welcome Reception.
Lev  Neretin (NOWPAP
Jim Christian and Nick Bond. Hal Batchelder and Suam Kim. Oleg Bulatov (left) and Roman Coordinator) and Vyacheslav

Novikov. Lobanov.

5 Winter 2018
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Discussing science results at the Poster Session.

The Pinks dragon boaters blasting off at the sporting event in Novik Bay (left) and dragon boat cheering section (right).

Dr. Lev Zhivotovsky,
Keynote Speaker

Kirill Kivva,
Early Career Scientist
Invited Speaker

Dr. Zhongyong Gao,
Invited Speaker

Kanae Tokunaga
Early Career Scientist
Invited Speaker

Desiree Tommasi,
Early Career Scientist
Invited Speaker

Jianchao Li,
Early Career Scientist

Moojin Kim,
Early Career Scientist

Robert Blasiak
Early Career Scientist
Plenary Speaker

James Thorson,
Early Career Scientist
Invited Speaker

Cody Szuwalski,
Early Career Scientist
Plenary Speaker

Looking ahead to 2018, PICES will sponsor a session on
“The risks of marine debris mega-pulse events: Lessons
from the 2011 Great Japan Tsunami” at the 6"
International Marine Debris Conference in San Diego,
USA, with the Ministry of Environment, Japan, in March.
PICES is coordinating two other activities, including an
International Symposium on “Understanding changes in
transitional areas of the Pacific” in La Paz, Mexico in
April, and the PICES/ICES/IOC/FAO 4™ International
Symposium on “Effects of climate change on the world’s
oceans”, which will be held in Washington, DC, USA in
June. In July, PICES and Ocean Networks Canada will host
a Summer School on “Coastal Ocean Observatory

Winter 2018

Science”, in Victoria, Canada. The next PICES Annual
Meeting will be held from October 25 to November 4 in
Yokohama, Japan, and has a theme of Toward integrated
understanding of ecosystem variability in the North Pacific.
I look forward to seeing you in Yokohama and at other
venues of PICES-hosted events in 2018.

Hiroaki Saito
Science Board Chair
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2017 PICES awards

Presentations of PICES awards took place on September 25, 2017 during the Opening Session at the PICES 2017 Annual

Meeting in Vladivostok, Russia.
Wooster Award

The Wooster Award presentation ceremony was conducted
by Dr. Hiroaki Saito (Chair of Science Board). Dr. Saito
announced that the 2017 Wooster Award was being given
to Dr. Suam Kim (Pukyong University, Busan, Korea), and
read the following Science Board citation which was
accompanied by a slide show dedicated to Dr. Kim:

In 2000, PICES Governing Council approved the
establishment of an award named in honour of Professor
Warren S. Wooster, a principal founder and the first
Chairman of PICES, and a world-renowned researcher
and statesman in the area of climate variability and fisheries
production. The criteria for selection are: sustained
excellence in research, teaching, administration or a
combination of the three in the area of North Pacific
marine science. Special consideration is given to
individuals who have worked in integrating the disciplines
of marine science, and preference is given to individuals
who were or are currently actively involved in PICES
activities. Please join me in congratulating the recipient of
the 2017 Wooster Award, Dr. Suam Kim.

Dr. Suam Kim is a professor of the College of Fisheries
Science under the Department of Marine Biology at
Pukyong National University in Busan, Korea. His career
in examining fishery resources worldwide has spanned
more than 35 vyears, including his chairmanship of
international organizations related to science programs on
fisheries and ocean studies such as PICES and NPAFC. He
has published over 100 peer-reviewed articles on topics of
climate change, fishery resource trends, ecosystem changes
and forecasting of fish stocks. He has published 6 books in
Korean, and contributed chapters to 28 books domestically
and globally.

Dr. Suam Kim was born in Seoul, Korea. He has one elder
brother and one younger sister. From early on, he had a
great love for nature, and especially the mountains and the
sea. Mountains, climbing and skiing were his passions. As
a child he dreamed of climbing Mt. Everest. Suam seems to
be a risk taker. [karaoki photo] Karaoke—now that is a
real risk taker.

He met a girl, her name was Youngyeon, they married, and
soon two became three when his daughter Dahjong was
born.

Suam’s connection to the sea deepened when he entered
the Department of Oceanography of Seoul National
University in 1972. His education continued with a Masters
in Marine Biology in Korea, and a Ph.D. in Fisheries
Oceanography at the University of Washington. He did a
postdoc at the Alaska Fisheries Science Center of NOAA.
In 1989, as a young scientist still, he shifted his focus to
studying the Antarctic. In 1992 he was team leader of the
Antarctic King Sejong Station, where he managed research
operations and studied Antarctic biological resources. He
later published “The Antarctic Science Story” in Korean
for his daughter based on his experiences from this time.

Dr. Kim has also played an active role in many
international organizations in the areas of marine fisheries
and oceanography, including for PICES, for the NPAFC,
where he is currently Vice-President and a decade ago was
chairman, and CCAMLR, where he was Vice-Chairman of
the scientific committee. [This and the next slide show
photos of Dr. Kim at several PICES events.] Enjoy them,
he seemed to. Suam was the local symposium convener of
the 2" Effects of Climate Change on the World’s Oceans
International Symposium, where he welcomed the
participants to the venue, and probably worried about the
logistics of the meeting.

After Suam moved to Pukyong National University in 2000
he devoted great energy to fostering the next generation of
marine and fisheries scientists. As a member of the Korean
Committee of GLOBEC, he convinced an anonymous
benefactor to provide funds that would enable young
Korean scientists to attend and present their studies in
international venues. This support enabled more than 50
young scientists to share their science results in various
venues, including PICES. Many of his students received
Best Presentation Awards at PICES Annual Meetings.

Suam shared his love of science, and his fondness for
mountains, with his students. Please join me once again in
congratulating Dr. Suam Kim as the recipient of the PICES
2017 Warren S. Wooster Award.

A slide show of Dr. Kim’s Wooster Award nomination can
be viewed here.

Winter 2018


http://meetings.pices.int/pdf/pices-builders/Wooster.pdf
http://meetings.pices.int/pdf/pices-builders/Wooster.pdf
http://meetings.pices.int/images/Awards/Wooster/2017/PICES-2017-opening-Wooster-Kim.pdf
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Dr. Suam Kim, 2017 Wooster Award recipient, with Dr. Chul Park
(PICES Chair) left and Dr. Hiroaki Sato (Science Board Chair).

Dr. Kim accepted the award with the following remarks:

I am so much honored to be a Wooster Award recipient.
Since my first participation in PICES in 1993, | learned
much from PICES friends on science. Actually, my science
and career have been growing up within PICES. | owe
much to PICES. Through conversations and
communication within the PICES society, my team of
students has carried out research efficiently. For me,
PICES was, and is, my scientific playground. 1 have
always been comfortable whenever | attended PICES
meetings. Therefore, | wish everybody here, especially
young scientists, to enjoy this PICES meeting, as | have
done before.

Still, my homework from Warren Wooster, who was my
Ph.D. committee member, is not completed. Because |
worked on pollock and krill in the subarctic and Antarctic
oceans, respectively, he suggested | write a paper covering
both hemispheres. Someday | wish to write it!

Again, | appreciate all friends within PICES society.

Winter 2018

Wooster Award recipients

2001 Michael Mullin (USA)
2002 Yutaka Nagata (Japan)
2003 William Pearcy (USA)
2004 Paul LeBlond (Canada)
2005 Daniel Ware (Canada)
2006 Makoto Kashiwai (Japan)
2007 Kenneth Denman (Canada)
2008 Charles Miller (USA)

2009 Kuh Kim (Korea)

2010 Jeffrey Polovina (USA)
2011 Bernard Megrey (USA)
2012 Richard Beamish (Canada)
2013 Vera Alexander (USA)
2014 Fangli Qiao (China)

2015 Anne B. Hollowed (USA)
2016 Sei-Ichi Saitoh (Japan)
2017 Suam Kim (Korea)

PICES Ocean Monitoring Service Award

Progress in many aspects of marine science is based on
ocean observations, monitoring, and management and
dissemination of data. In 2007, a PICES Ocean Monitoring
Service Award (POMA) was established to recognize the
sustained accomplishments of those engaged in these
activities.

Dr. Saito conducted the POMA presentation ceremony and
read the following Science Board citation (reading of the
citation was accompanied by a slide show describing the
award recipient):

The PICES Ocean Monitoring Service Award (POMA)
recognizes organizations, groups and outstanding
individuals that have contributed significantly to the
advancement of marine science in the North Pacific through
long-term ocean monitoring and data management. The
award also strives to enlighten the public on the importance
of those activities as fundamental to marine science. It
draws attention to an important aspect of the PICES
Convention that is less appreciated: ““to promote the
collection and exchange of information and data related to
marine scientific research in the area concerned”.

Please join me in congratulating the recipient of the 2017
POMA Award, which is the Newport Hydrographic Line
(NH Line) extending along latitude 44°39.1N off the coast
of Oregon.


http://www.pices.int/awards/POMA_award/POMA_award.aspx
http://www.pices.int/awards/POMA_award/POMA_award.aspx
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The NH Line was established in 1961, shortly after the
creation of a Department of Oceanography in the summer
of 1959. The department was a vision of Dr. Wayne Burt,
who had joined Oregon State College (it did not become
Oregon State University until 1961) as an oceanographer
in 1954. The history of the NH Line can be divided into
four time periods based on differences in sampling
frequency, spatial extent, range of observations measured
and measurement methods, and the principal source of
funding. The photo of Wayne Burt shown here is famous in
the archive of Oregon State University (OSU), as the “no
data exist” near the Pacific Northwest coast was the
justification for the creation and expansion of
oceanography at Oregon State University.

During the decade of “TENOC”—the Next Ten Years of
Oceanography (from 1961-1972) basic sampling was done
for hydrography and dissolved oxygen and nutrients
extending far offshore (over the abyssal plain). TENOC
was funded by the Office of Naval Research, which was the
main funder of university-based oceanography at the time.
The data collected during TENOC provided a valuable
basis for future studies, including climate change related to
ocean conditions.

1972 to 1996 was called the process study era, as it
focused on specific processes, which included several well
funded coastal upwelling ecosystem programs, mostly
through Oregon State University. Also, the extremely
strong El Nino of 1983 was well sampled by Charlie Miller
and others at OSU, but for the most part, sampling in the
1980s and early 1990s was sparse. 1996 to 2004 was the
GLOBEC LTOP or Long Term Observation Program era
of the NH Line. Bill Peterson (at NOAA), using the 37 ft
aluminum R/V Sacajawea, started biweekly sampling
during spring through autumn and monthly sampling
throughout winter along the NH line (out to 25-30 nautical
miles). Simultaneously, the US GLOBEC and other
programs also focused on this region with long-term
observation programs, process studies, spatial surveys of
mesoscale features, remote sensing, modeling and

retrospective data analysis; a core observation was about
5 occupations/year of the NH Line during all seasons from
1997 to 2004 for collection of physical, chemical and
biological observations.

Since 2004, autonomous gliders began routine year-round
crossings of the shelf to deep water with near continuous
coverage of variables that could be measured (T, S, DO),
but biological sampling continued biweekly by NOAA using
the R/V Elakha, a more capable 45 ft nearshore vessel.
More recently, a cabled observatory has been installed off
Newport for continuous collection of some oceanographic
data types, including real time reporting from moorings.

The NH Line fills a gap between much longer time series
sites both north (Line P off southern Vancouver Island) and
south (CalCOFI, in the southern California Bight).
Significantly, the NH line is the only one that provides
biweekly to monthly sampling useful for analysis of within
year upwelling, El Nifio/La Nifa events and PDO
variability. The time series sites from southern Canada to
California enable regional comparisons. Many papers
have been published. More than 32 papers have been
published about the zooplankton dataset time series
collected since 1969.

Information  (zooplankton composition;  biodiversity;
ichthyoplankton biomass, temperature, salinity) collected
from the NH Line and linked with broader scale indicators
provides a basis for assessment of coho and Chinook
salmon recruitment one and two years in advance,
respectively. The approach is simple and understood by
managers and clients. The Oregon shelf system is highly
seasonal, with summertime near bottom hypoxia becoming
more severe in recent decades. The NH Line provides time
series to examine trends in the nearshore ocean and for
other needs, including training of young scientists.

Since 1967 and through today, research and data derived
from the NH Line have been integral to more than 120
publications. Bill Peterson of NOAA was the one constant
in maintaining the NH Line since 1996. Others have been
involved in various capacities in sampling the NH Line,
including June Patullo, who started the sampling of the NH
Line in 1961 during TENOC. The logical person to accept
this award is Bill Peterson of the Northwest Fisheries
Science Center of NOAA, as he was the hero and the
driving force behind the sampling of this valuable time
series program.  Unfortunately, Bill passed away on
August 12 last month, and to remember him | ask you to
bow your heads for a minute of silence to honor Bill for his
dedication to the NH Line, to ocean science more
generally, and to mentoring young oceanographers.

A slide show of the NH Line nomiation nomination can be
viewed here.

Winter 2018


http://meetings.pices.int/images/Awards/POMA/2017-POMA-presentation.pdf
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Dr. Chul Park, left, and Dr. Hiroaki Saito posing with the 2017 POMA
certificate and plaque dedicated to the Newport Hydrographic Line (NH
Line).

PICES Ocean Monitoring Service Award recipients

2008  T/S Oshoro-maru (Japan)

2009 Dr. Bernard Megrey and Mr. Allen Macklin, leaders of the PICES
Metadata Federation Project (USA)

2010 Station P/Line P Monitoring Program (Canada)

2011 Network of Serial Oceanographic Observations (Korea)

2012 California Cooperative Fisheries Investigations (USA)

2013 A-line Monitoring Program (Japan)

2014  Trans-Pacific Volunteer Observing Ship (VOS) Survey Program (Japan)

2015 TINRO-Centre Macrofauna Inventory (Russia)

2016  JMA 137°E Repeat Hydrographic Section (Japan)

2017 Newport Hydrographic Line (USA)
I ——

We congratulate the 2017 Award recipients, Dr. Suam Kim (Wooster Award), and Bill Peterson’s colleagues (POMA) for
the Newport Hydrographic Line.

Call for Wooster Award, POMA, and PICES Chair Award nominations
for PICES-2018

We are now soliciting nominations for the Wooster Award and the PICES Ocean Monitoring Service Award. The
closing date for Wooster Award and POMA nominations is March 31, 2018. Closing date for the PICES Chair
Award is July 30, 2018. The awards will be presented during the Opening Session of PICES-2018 in Yokohama,
Japan.

Send your nominations to the PICES Executive Secretary with the following information:

e nominee’s name and title,

e institution affiliation and address,

e (CV,and

e statement of justification for the nomination.
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Capacity building: PICES scientists reach out to the next generation of
oceanographers in Vladivostok

by Harold (Hal) Batchelder

In a similar vein to the very successful visits by PICES
scientists to grammar, middle and high schools during
PICES-2015 in Qingdao, China, another set of lectures was
given by scientists volunteering their time at two venues:
one at the same location as the Annual Meeting — the Far
Eastern Federal University (FEFU) on Russkyi Island
campus — and one in downtown Vladivostok at the
International Linguistics School. Lectures were geared
towards two different cohorts.

To minimize speaker conflicts with PICES sessions, it was
clear that the best option for public lectures for both events
was after lunch on the Thursday of the Annual Meeting.

Once we knew when these lectures were needed, | worked
with others at the meeting, especially Dr. Igor Shevchenko
(TINRO-Center) to contact scientists who did not have
presentation conflicts during Thursday afternoon. It was
easy to recruit volunteers for these classroom lectures, as
we had done similar outreach for three schools in Qingdao,
China during the Annual Meeting in 2015. Interest then
was so great that we had to decline a number of volunteers
(see page 11 in the 2016 winter issue of PICES Press (Vol.
24, No. 1). For the undergraduate lectures at FEFU, the
three speakers were Dr. Steven Bograd (Co-Chair of the
PICES Scientific Program on Forecasting and
Understanding Trends, Uncertainty and Responses of
North Pacific Marine Ecosystems “FUTURE” SSC), Mr.
Peter Chandler (Co-Chair of the Working Group on the
Third North Pacific Ecosystem Status Report), and Dr.
Ryan Rykaczewski (FUTURE-SSC member, and Co-Chair
(CLIVAR) of the Working Group on Climate and
Ecosystem Predictability). Presenting at the International
Linguistic School were Professor Emanuele Di Lorenzo
(Chair of the Physical Oceanography and Climate
Committee and Vice-Chair of PICES Science Board),
Professor Keith Criddle (Chair of the Human Dimension
Committee), and Dr. Thomas Therriault (Acting Co-Chair
of the Advisory Panel on Marine Non-indigenous Species
and Vice-Chair of the Marine Environmental Quality
Committee).

The sequence of talks at FEFU began with Dr. Bograd
introducing the audience to PICES, and then asking the
question that was posed by Professor Warren \Wooster
(principal founder of PICES) in 1992 at the very first
Annual Meeting, “What is the nature of the subarctic
Pacific ecosystem (or ecosystems) and how is it affected
over periods of months to centuries by changes in the
physical environment, by interactions of components of the
ecosystem, and by human activities.” Steven described the
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early years of PICES, and provided details about its first
integrative science initiative, the Climate Change and
Carrying Capacity (CCCC) program, which lasted 15 years
and focused on understanding how climate change and
variability impact the structure of ecosystem, and the
productivity at many trophic levels.

Steven then described the structure and components of
PICES’ second integrative science program, FUTURE,
where science investigation occurs in multiple independent
working groups that have clear terms of reference and
usual durations of 3 years, in contrast to the CCCC
structure which had task teams with broad mandates for
investigation and greatly extended durations.

Peter Chandler spoke next and presented the rationale and
approach that PICES is using to produce a third version of
the North Pacific Ecosystem Status Report (NPESR),
which is one of the highest priority activities of PICES. He
started by reviewing the process that was used to produce
two earlier NPESR reports (which focused on conditions in
increments of about 5 years, 1997-2002, 2003-2008) . He
noted that the basic approach of preparing the NPESR3 is
similar to that used for the first two, but with an emphasis
on collecting Environmental Time Series Observations
(ETSOs) through an electronic submission process in
advance of compiling the report. Submissions could be
data, or graphical representations of data and are submitted
with geographical coordinates and linked to one or more of
the regional ecosystems defined in the report. As with the
two previous versions, the important elements of NPESR3
are to (1) identify critical factors that cause changes in each
of the 15 regional ecosystems of the North Pacific, and (2)
to identify key questions and critical data gaps that inhibit
regional understanding of cause and effect.

Steven Bograd checking slides before presenting to FEFU undergrad
students.
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(Top) Peter Chandler explaining PICES’ third version of the North Pacific
Ecosystem Report, (middle) Ryan Rykaczewski listening to feedback
during his lecture, (bottom) Igor Shevchenko (TINRO-Center) checking
setup for presentations with FEFU students.

Peter went on to explain that for each regional ecosystem,
there will be a lead author working with other contributing
authors to summarize the status and, if possible, the
changes or trends in individual ecosystem components
(e.g., phytoplankton biomass, zooplankton composition and
biomass, fish abundance, birds, mammals, pollutants,
contaminants, etc.). After the regional reports have been
written, reviewed externally, and revised, there will be a

Winter 2018

Synthesis Workshop in the summer of 2018 to discuss the
strategy for writing the basin-wide assessment of
ecosystem status and changes in the North Pacific, from
2009-2014.

One student was interested in knowing how long the
process of producing the ecosystem report would take, and
when asked what she thought responded “about 5 years”.
Appreciating the student’s thoughtful evaluation, Peter
went on to explain that the lead authors started working on
the Regional Assessments last summer and the plan was to
have these reviewed and revised by February 2018, and to
hold the Synthesis Workshop at least two months prior to
the PICES Annual Meeting in October!

Publication of the regional chapters and synthesis overview
are expected to be completed in late spring 2019. If that
timeline is met, the time from implementing the new
ETSO-based strategy and completing the regional and
synthesis reports will be two vyears, which is not
unreasonably long.  Considering that many ETSOs
spanning 2009 (or earlier) to 2014/15 will have been
submitted and archived, subsequent updates of ETSOs
might occur more regularly, which will aid in the delivery
5 years later of the NPESRA4.

The final PICES speaker was Ryan Rykaczewski who
started his talk by speaking in Russian, which delighted his
audience but surprised me, as | was unaware that he spoke
the language. After a few remarks, he switched to English
for the remainder of his talk titled “Using numerical
models and ecological relationships to predict future
changes in fisheries”. This was a hope of both the CCCC
program (which was unable to make reliable forecasts of
future ecosystem conditions) and of the current FUTURE
program, for which the jury is still out on this objective.
Ryan is involved in the PICES Working Group on Climate
and Ecosystem Predictability (WG 40), which reports to
FUTURE, and which hopefully will provide some reliable
and verifiable short-term to decadal forecasts of ecosystem
conditions based on the physical patterns and intensities of
the ocean and atmosphere. This expert group includes
international partners from other marine science programs
or organizations—thus is a truly international effort to
predict future marine ecosystems. The overall goal of the
Working Group is to identify, diagnose and quantify
predictable responses in North Pacific marine ecosystems
that arise from regional-scale and large-scale climate
processes. Predictions might be on changes in the size or
distribution of populations of fish, seabirds and whales.
Ryan took a few questions from the audience, some
studious, but most of which were about how he learned to
speak Russian.
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From left, marked by arrows: Drs. Steven Bograd, Ryan Rykaczewski, (backups Sukyung Kang and Elliott Hazen), and Peter Chandler with FEFU

undergrad students and their professor (front, centre).

Meanwhile, in the city, the International Linguistics School
(ILS) gave a warm welcome to Drs. Criddle, Therriault,
and Di Lorenzo. ILS is a pre-university school for students
from grades 7 to 12 who are pursuing an International
Baccalaureate. With this in mind, Drs. Criddle, Therriault,
and Di Lorenzo needed to make some quick adjustments to
their presentations. Keith, realizing he would be speaking
to 12-year-olds rather than to university students, jettisoned
his planned presentation (a modified version of his Science
Board Symposium talk — Durable entitlements and
resilience in fishery social ecological systems) and, instead,
delivered a presentation on the common-pool resource
dilemma using a case study of Lake Rudragasagar in
Tripura, a sub-Himalayan state in northeast India. The 240-
ha floodplain lake supports 40,000 households engaged in
fisheries, aquaculture, agriculture, brick-making, and
tourism services. Keith talked to the students about
conflicts between user groups that imperil fish resources —
expansion of agriculture through landfill (the lake was over
2,000-ha in 1947), eutrophication driven by nutrients from
agricultural runoff and sewage, and overharvest. He used a
Socratic learning approach — asking students to suggest
ways to prevent an overharvest of fish stocks and preserve
economic opportunity for fishery-dependent households.
This led to active discussion with students on various
management approaches and identifying shortcomings of
those approaches. He provided examples from world
fisheries where their suggestions had been applied and
described the outcomes in those fisheries. Most of the
students were attentive but only four or five were
comfortable responding to his questions, although many
more of their peers gave them ideas to share with him.

Keith found his audience to be a bright and engaging
group. In give and take with them, Keith and the students
explored the tragedy of open access fisheries, the
advantages and disadvantages of limited entry, cooperative
management regimes, and individual quotas, the impact of

technological change (increased gear efficiency), competition
between common-pool fisheries and aquaculture, the
effects of expanding populations, and the challenges of
economic development in impoverished regions. Keith had
fun in conversing with the students and they were able to
gain an appreciation for some of the social and economic
dimensions of fisheries and how those dimensions interface
with ecological and environmental dimensions.

Keith Criddle in front of an attentive audience. Photo credits:
International Linguistics School

Dr. Therriault also recognized that the intended audience
was slightly younger than initially expected in the car ride
to the school when it was confirmed the class he would be
presenting to were 13- to 14-year olds. Luckily, he had a
very graphic-laden presentation based on work that he had
conducted as part of the PICES ADRIFT (Assessing the
Debris-Related Impacts From Tsunami) project. Tom first
introduced the students to the issue of marine non-
indigenous species and why countries are concerned,
highlighting the role ships have played in re-distributing
species around the world by pointing out examples visible
from the classroom in Vladivostok harbour. He then
explained the transport of Japanese species to North
America and Hawaii via the catastrophic tsunami that
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occurred in March 2011 following the Great East Japan
Earthquake. Since a major goal of the ADRIFT project
was to highlight potential risky species, Tom provided a
number of examples of these and discussed each with the
students. It was amazing how many of the students
recognized these marine invaders, including ones that are
native to Russian waters and others that are not. Overall,
the audience was quite involved and willing to interact
even though the subject matter might have been completely
new to them. Tom found it quite rewarding and fun to
engage with a much younger audience, one that is now
familiar with some the threats non-indigenous species pose
to North Pacific marine ecosystems and the societies that
depend on them.

Tom Therriault during his lecture. Photo credits: International Linguistics
School

Dr. Di Lorenzo presented a lecture on the impact of global
climate change on the acidification of the oceans to about
100 students between the ages of 10-14. He explained how
the carbon dioxide emitted in the atmosphere by human
activities dissolves in ocean water lowering the pH of sea
water (e.g., making the water more acidic). To further
demonstrate this concept, the students participated in a live
experiment in class. Manu passed around two vials of sea
water, one containing acid (e.g., low pH) and the other
regular sea water with a neutral pH. The students then took
bivalve shells and inserted them into the vials to observe
how the acid solution made the shell dissolve very fast.

This experiment helped to demonstrate how ocean
acidification associated with a high level of carbon dioxide
in the atmosphere contributes to the dissolution of the shell
or skeleton of marine organisms. The students were quite
engaged throughout the lecture and asked several
guestions.

“We are very pleased that the series of lectures was opened
by serious scientists whose research makes a real
contribution to improving the ocean waters and their
inhabitants”, said Dr. Olga Shevchenko, Director of the
International Linguistic School. She also remarked that the
lectures managed to successfully combine both the
acquisition of new knowledge and communication in
English.

The students of the Far Eastern Federal University and the
International  Linguistics School were both very
appreciative of PICES enthusiasm in delivering ocean
science talks that provided a broader global perspective
about activities, issues and concerns in the North Pacific
Ocean. In all, a very good day for PICES scientists and the
next generation of potential Russian oceanographers.

PICES is appreciative of the enthusiastic support for these
lectures and for their arrangements by TINRO-Center and
ILS.

Manu Di Lorenzo watching students perform an ocean acidification
experiment. Photo credits: International Linguistics School.

Drs. Emanuele Di Lorenzo (holding the bag) and Keith Criddle, and Thomas Therriault (directly behind) with some of the students of the International
Linguistics School in Vladivostok. ILS Director, Dr. Olga Shevchenko, is in front far right, and Ms. Ekaterina Kurilova (TINRO-Center, Khabarovsk
Branch), assisting with PICES logistics, is to the left of Dr. Di Lorenzo. Photo credits: International Linguistics School.
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A MONITOR/TCODE Workshop on “The role of the northern Bering Sea in
modulating the Arctic Il: International interdisciplinary collaboration”

by Matthew Baker, Kirill Kivva and Lisa Eisner

The northern Bering Sea is at the confluence of the North
Pacific and Arctic Ocean. Physical processes in the
northern Bering Sea link currents, productivity regimes, and
species distributions and interactions in the North Pacific
ecosystems and the Arctic. The processes in this dynamic
region influence the state and ecosystem structure in the
southern Chukchi Sea as well as flow and advection in the
Arctic overall. While the Pacific Arctic region has received
great attention during the past few years, scientific efforts in
the Northern Bering—Southern Chukchi Sea region are
mostly conducted at the national level. International
collaboration and data integration remain limited. This
workshop (W1), held on September 23 at PICES-2017 in
Vladivostok, Russia, served as the second of two
consecutive workshops to bring together researchers
representing different scientific programs to synthesize
knowledge, share analyses and data, and discuss
opportunities for cooperation at the international level. The
workshop built on themes addressed in a PICES-2016
workshop.

The workshop served to:

1) Inform participants and the greater research community
on research developments, data access, completed and
ongoing analyses, and future activities related to
oceanographic and fisheries research in the region;

2) Share and disseminate results, provide access to past
and ongoing analyses to facilitate broader citation of
this work, and encourage collaboration among
researchers of various institutional affiliations and
national origins;

3) Provide information on a new data sharing platform
and framework to facilitate future research
collaboration and sharing of data, publications, and
analyses;

4) Identify opportunities for collaboration (concrete
initiatives) as well as discuss opportunities to facilitate
data sharing and limitations to data sharing

The workshop included invited talks followed by individual
researcher reports and discussion on the following themes:
1) Physical environment and chemical fluxes,

2) Plankton distribution and dynamics,

3) Fish populations and dynamics,

4) Recent modeling efforts in the region.

In the afternoon, a presentation was provided with
information on a new data-sharing platform that allow
interested participants to share published manuscripts,
completed analyses and data in a password-protected online
portal. This online platform is intended to archive relevant

information, serve as a contact base and communications
system for interested researchers and, where appropriate, to
allow researchers to share data and analyses and collaborate
across national or institutional lines. This may also serve as
a repository for materials that might be translated and
shared to broader audiences.

Participants were asked to arrive at the workshop prepared

to:

1) List identified publications, reports, and analyses
appropriate to the region and available to share;

2) ldentify new data, new analyses, new participants, and
new research to include in this process;

3) Strategize specific opportunities for further data
integration and coordinated analysis;

4) Determine opportunities for collaborative research.

Participants were asked to identify materials for inclusion in
this online sharing portal and to contribute to a discussion
on how to leverage this platform and coordinate
collaborative research in the region. Suitable materials
include published analyses and manuscripts, available
public data and metadata, and potential new data streams
including satellite observations, glider and mooring data,
oceanographic cruise data, bottom, midwater, and surface
trawl data, acoustic surveys, and bathymetric and
multibeam data. The platform remains accessible and is
intended to serve as a longstanding archive and forum for
data exchange and collaboration.

This workshop and associated activities are intended to
increase collaboration and build linkages and synergies
among scientists and researchers on both sides of the
northern Bering and Chukchi seas as well as among a
diverse suite of national and international research efforts
operating in this region. Data and results will be integrated
with efforts relevant to the PICES-coordinated Third North
Pacific Ecosystem Status Report. Results will be
summarized in a report in PICES Press and, where
appropriate, be made available to ongoing research efforts
in the region. This workshop was supported by the North
Pacific Marine Science Organization (PICES) and North
Pacific Research Board (NPRB). The results of this
workshop are relevant to PICES committees and expert
groups including MONITOR, POC, BIO, FIS, TCODE, and
S-CCME.
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Kirill Kivva provided an introduction to the workshop and
welcomed participants. Kirill provided an overview of the
agenda and the intent of the afternoon discussions.

Maria Pisareva (Polar Oceanography Group, P.P. Shirshov
Institute of Oceanology (I0) RAS, Russia) provided the
first invited talk, entitled “Flow of Pacific Water in the
Chukchi Sea: Results from RUSALCA expeditions” focused
on Chukchi Sea circulation patterns and water masses,
atmospheric forcing, conditions in the Bering Strait and the
current state of the RUSALCA program. The talk
introduced the Chukchi Sea as an important transition zone
for Pacific water and Pacific summer water as a source of
heat in the Pacific Arctic and a source of freshwater in the
Beaufort Gyre, whereas Pacific winter water provides a
source of nutrients in the Pacific Arctic and ventilates the
halocline. Maria also introduced data station and transect
information from the SBI and ICESCAPE programs as well
as the 12 biophysical cruises and mooring deployments
conducted by RUSALCA (www.arctic.noaa.gov/rusalca/;
Figs. 1 and 2). Her talk discussed the current patterns,
variation in water masses, wind stress and model outputs
from a MITgcm primitive equation model.

Fig.1 Prospective RUSALCA cruises in the future.

Fig. 2 Moorings deployed in the Bering Strait.
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Data and papers are available at the following sites:
https://www.pmel.noaa.gov/rusalca
https://workspace.a00s.0rg

https://rpickart.whoi.edu
https://psc.apl.washington.edu/HLD/Bstrait/bstrait.html

The second invited speaker, Zhixuan Feng at the Woods
Hole Oceanographic Institution, USA, was unable to
participate in the conference. His research is focused on
coupled hydrodynamic—ecological modelling in the
northern Bering and Chukchi seas and his talk was entitled:
“Modeling  the  sympagic-pelagic-benthic  coupling
processes in the St. Lawrence Island Polynya region,
northern Bering Sea”.

Matthew Baker, presented recent research conducted with
NOAA, entitled, “Visualization of species distribution
patterns in warm and cold phases to understand the
transition between subarctic and arctic systems”. His
analysis used a series of successive multi-year warm and
cold phases to provide insight on how individual species
respond to climate forcing and how species might respond
to directional shifts in climate (Fig. 3). The results

Fig. 3 Distribution and movement of Arctic cod in warm versus cold
periods using survey data and extended forest models. Top graph
shows direction of movement across latitude and depth gradients,
inset show biplot of Arctic cod relative to physical gradients
within the system and lower plot show relative abundance (lower
left) and CV of abundance (lower right)
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contrasted community variance and distribution patterns in
demersal and pelagic piscivores, planktiovores and
benthivores to inform late summer biogeography in the
eastern Bering Sea and northern Bering Sea, with a
particular focus on movement and distribution patterns in
warm (2000-2005) and cold (2006-2011) years.

As the Science Director for the North Pacific Research
Board, Matthew Baker presented two talks, one on each
component of the NPRB Arctic Program. The first was on
Arctic  Shelf Growth Advection, Respiration and
Deposition, detailing survey data from June 2017 in the
northern Bering and southern Chukchi region (Fig. 4). The
survey included 26 scientists and covered 2,700 nautical
miles, 120 bongo and vertical net tows for zooplankton
abundance biomass and distribution, several 10-day
onboard incubation, egg production and respiration
experiments, results of demersal fish and epibenthic
community biomass and abundance through beam trawls
and pelagic midwater trawls, and multicore deployments to
examine macro and meiofauna, chlorophyll and organic
matter deposition, environmental DNA and sediment.
Microzooplankton and phytoplankton were identified
through FlowCam and flow cytometry analysis and
experiments for microzooplankton grazing, total and size
fractionated primary productivity were conducted. Samples
were also collected for lipid and fatty acid analyses of
phytoplankton and zooplankton. Hydrography was
surveyed through 172 CTD water column profiles including
water samples for nutrients and chlorophyll, 20 days of
continuous measurements using a thermosalinograph,
multibeam seafloor mapping and the deployment of six
moorings.

Highlights of these results included:

Heat

= Early ice retreat, indications of an unusually warm year,
Near-bottom temperatures were 5 standard deviations
higher than the long-term mean,

Surface waters off the Yukon River were 11-12°C.

Nutrient distributions

= More nitrate was found in near-surface waters,
= Nitrate available to fuel surface phytoplankton blooms.
Neocalanus copepods

Higher densities than expected were observed,
Possibly play a bigger role than previously appreciated.

Higher trophic levels

= Early arrival for sub-arctic marine mammals,

Larval Arctic cod were present in coastal waters,
especially at stations with ice melt signals,

Low catches of older Arctic cod,

Saffron cod were only caught on the southernmost
survey line,

More dead birds (murres, northern fulmar) than usual.
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The second component of the NPRB program is the Arctic
Integrated Ecosystem Studies project (Fig. 5), which
conducted a summer survey in the Chukchi and Beaufort
seas. Matthew Baker presented a talk developed by Ed
Farley and Lisa Eisner on the survey and data collected in
the northern Bering Sea in 2007 and in the Chukchi Sea in
2003, 2007, 2012, 2013 and 2017. The 2017 research effort
featured extensive collaboration with Russian scientists and
included Igor Grigorov (VNIRO, Moscow) and Alexey
Somov and Natalia Kuznetsova (TINRO, Vladivostok).
Russian collaboration focused primarily on Juday net
sample processing for fish diet and fish identification.

Fig. 4 NPRB Arctic Integrated Ecosystem Research Program process
and survey stations, and moorings, June 2017

Fig. 5 NPRB Arctic Integrated Ecosystem Research Program stations,
transects, August-September 2017.
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Oceanographic hydrographic sampling included CTD casts
for temperature, salinity, fluorescence, light, oxygen and
Niskin water bottle sampling for nutrients, chlorophyll,
phytoplankton  production ~ and  microzooplankton.
Zooplankton and ichthyoplankton were collected using
Bongo and Juday nets. Large phytoplankton species were
identified using a FlowCam (flow-through microscope with
camera) and small phytoplankton with flow cytometry.
Beam trawls were deployed to quantify fish and epibenthic
community abundance and distribution. Acoustic trawl
surveys were also conducted and three echosounder
moorings were deployed to examine year-round distribution
of Arctic cod. Seabird and marine mammal observations
were also conducted.

Highlights of these results include:

= Increased sea temperatures and open water during
summer months may increase phytoplankton and
zooplankton abundance in the water column as a potential
benefit to Bowhead whales and other zooplankton
consumers.

= Loss of sea ice and warming summer sea temperatures
could have a negative effect on Arctic cod and capelin,
but a potential positive effect on saffron cod and Pacific
salmon (depending on habitat usage). It is uncertain if
there will be an impact to Beluga whales or others
relying on fish for food.

= Pacific cod and walleye pollock are not expected to
move north into the Arctic in the near future due to
winter/spring sea ice cover in the northern Bering Sea
and resulting “cold pool” of bottom water during
summer.

More information and hundreds of social media postings
are available at https://blog.arctic.nprb.org.

Kirill Kivva (Russian Federal Research Institute of
Fisheries and Oceanography (VNIRQ)) presented a talk on
“Nutrient fields in the Bering Sea: available data and
results”. Kirill integrated data from multiple sources
including:

= WOD’13 (NODC, USA),

= JAMSTEC (R/V Mirai, Japan),

= BEST/BSIERP (USA)

= TINRO-Center (R/V TINRO, R/V Kaganovsky Russia),
= Hokkaido U. (R/V Oshoro Maru, Japan),

= BASIS (NOAA, USA).

The approach was to apply data collection methods in
Ocean Data View [https://odv.awi.de/] and a global
geodetic  grid  creation  with  package dggridR
[https://github.com/r-barnes/dggridR] to arrange data in an
Icosahedral Snyder Equal Area Aperture 3 Hexagonal Grid.
Spatio-temporal averaging with Gaussian weighting
function and truncation radius of 100 km was applied to fill
the spatial and temporal gaps in data and results were
schematically visualized (Fig. 6). As an example, Kirill
presented a multiyear mean seasonal cycle of silicate for
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three grid cells. In general, this approach was highlighted as
a synergetic way to combine data and a potential approach
for other data analysis.

Ny, (DO) N, (Si)

Ny (N-NO,) N,.. (P)

Fig. 6 Spatial data distribution: number of decades with data that entails
>3 stations.

An online data portal and data sharing platform has been
developed. Matthew Baker presented this platform, which
is maintained by the North Pacific Research Board (Fig. 7).
The intent is to serve as a repository for manuscript,
datasets and contacts related to research in this region. Data
relevant to the NPRB Arctic Integrated Ecosystem
Research Program will be archived here as well as other
relevant information and publications. Interested
researchers are able to develop a profile and access and
contribute to this data repository.

Fig. 7 Online data portal and collaborative platform for data and
information sharing, exchange and analysis.

Data that is publicly available in the region includes: the
Distributed Biological Observatory, Russian-American
Longterm Census of the Arctic, Loss of Sea Ice program
and Arctic Environmental Survey ASGAARD under the
NPRB Arctic Integrated Ecosystem Research Program

For those interested in developing and maintaining ongoing
collaborations, this site will also serve as a password
protected repository for communication and data exchange
among smaller groups of researchers. More information is
available at NPRB, contact Matthew  Baker
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(Matthew.Baker@nprb.org) or Axiom Data Science,
contact Will Koeppen (will@axiomdatascience.com) or
Stacey Buckelew (stacey@axiomalaska.com). The site can
be used to create projects, load data, invite collaborators,
and can be used for demonstration purposes. Within the
site, there are a couple of options for setting collaborator
permissions. The most straightforward is to create projects
within the site that are shared with all site members.
Information for new members can be found at
https://workspace.ao0s.org/help/ManagingCampaigns.html
#icreate-a-new-campaign and information about creating
projects  within the site can be found at
https://workspace.a00s.org/help/ManagingProjects.html.

In the afternoon, workshop discussions considered the
following:

= List of new data, analysis and research,

= Discussion on limitations to data sharing,

= Discussion on opportunities for collaboration,

= Specific opportunities for further data integration.

Among the ideas discussed was the current US-Russia

Research Coordination in the Arctic within the

Intergovernmental Consultative Committee (ICC). More

details are provided below on this exchange and

collaboration:

= Objectives: Conduct a cooperative research program
consisting of surveys and other ecosystem research
activities to understand regional structure, function and
ecology of indicator species of the northern Bering Sea
and Chukchi Sea.

= Areas: Waters of the northern Bering Sea through
Bering Strait and into the Chukchi Sea to the northern

extent of the respective EEZs of the Russian Federation
and the U.S.

= Species of interest: Arctic cod, saffron cod, snow crab,
Pacific salmon, capelin, and herring

= Cruises: Provide national plans for research in the
northern Bering Sea and Chukchi Sea and coordinate
research cruises for the years 2017-2019 to collect data
and samples on the oceanography and key ecosystem
components. Allow for collaborative exchange of

scientific personnel to take part in surveys.

= Data Management and Exchange: Provide for formal
exchange of samples and data collected during the
surveys as much as possible.

= Source: 2016 US-Russia: A proposal for coordinated
research in the Arctic within the ICC forum.

Roa NN — :
Bottom trawl samples of epibenthic communities in the northern Bering
Sea.

Dr. Matthew Baker (Matthew.Baker@nprb.org) is the Science Director at the North Pacific Research Board and
lecturer at the University of Washington Friday Harbor Laboratories. His research focuses on forage fish dynamics,
habitat mapping and model development, and using analyses of biophysical interactions to parameterize multispecies
models. Matt serves on the Steering Committee of the Arctic Integrated Ecosystem Research Program in the northern
Bering and Chukchi seas. He formerly worked at the NOAA Alaska Fisheries Science Center and was a researcher in
the NPRB/NSF Bering Sea Project. Within PICES he is a member of the Working Group on Third North Pacific

Ecosystem Status Report (WG-NPESR3).

Dr. Kirill Kivva (Kirill.Kivva@gmail.com) is a Research Associate at the Federal State Unitary Enterprise Russian
Research Institute of Fisheries and Oceanography (VNIRO). His expertise includes physical and chemical
oceanography. His research focuses on hydrological structure and hydrochemical investigations in the Bering Sea,

Sea of Okhotsk and Caspian Sea.

Dr. Lisa Eisner (lisa.eisner@noaa.gov) is a Biological/Fisheries Oceanographer at the Alaska Fisheries Science
Center of NOAA-Fisheries in Juneau, Alaska and Seattle, Washington. Her research focuses on oceanographic
processes that influence phytoplankton and zooplankton dynamics and fisheries in the eastern Bering and Chukchi
seas. She has been the lead oceanographer for the U.S. component of the BASIS program (Bering Aleutian Salmon
International Surveys). She is a member of PICES’ Technical Committee on Monitoring and is a lead/co-PI on
current (and past) eastern Bering Sea and Chukchi Sea research programs.
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New leadership in PICES

Fishery Science Committee

At PICES-2017, Dr. Xianshi Jin (China) was elected Chair of the Fishery Science Committee (FIS), taking over from Dr. Elizabeth
(Libby) Logerwell (USA) who completed two terms as FIS Chair. PICES extends its gratitude to Dr. Logerwell for her dedicated and
competent service as FIS Chair since 2011. She will continue to contribute to PICES as a member of FIS.

Dr. Xianshi Jin is a senior fisheries biologist and general
Director of the Yellow Sea Fisheries Research Institute,
Chinese Academy of Fishery Science (CAFS), China.

He comes from the city that is the center of marine science
and technology—Qingdao, China—and where three PICES

Human Dimensions Committee

Annual Meetings have taken place. Dr. Jin attended his
first PICES Annual Meeting as a doctoral student in 1995,
when it was held in Qingdao. In 1996 he received his
Ph.D. from the University of Bergen, Norway. He later
became more involved in PICES activities serving as a
member of FIS as well as several expert groups including
CFAME, Working Group on  Ecosystem-based
Management Science and its Application to the North
Pacific, PICES/ICES Working Group on Forecasting
Climate Change Impacts on Fish and Shellfish, and the
Implementation Panel Writing Team for FUTURE.

Dr. Jin’s research is focused on stock assessment, fisheries
ecology and fisheries management, and on long-term
changes of species composition, population dynamics,
stock enhancement and food web for the high trophic levels
in the ecosystem of the Yellow Sea and Bohai Sea. He is
active as Principal Investigator in many national and
international programs and is a national fisheries science
expert for China’s Ministry of Agriculture. He was also one
of the first candidates selected for China’s New Century
Talents project.

At PICES-2016, the Section on Human Dimensions was disbanded and a new Scientific Committee on Human Dimensions was formed,
bringing the number of Science Board Standing Committees to seven. As an ongoing administrative body, the Human Dimensions
Committee (HD) is responsible to the Science Board for the planning, direction, and oversight of major themes within PICES’ general
scientific aims. The former Co-Chairs of the Section on Human Dimensions, Dr. Keith Criddle and Dr. Mitsutaku Makino, are now the
Chair and Vice-Chair, respectively, of this permanent Standing Committee. Although Dr. Criddle is not new to PICES, we are

introducing him here in his new position as HD Chair.

Dr. Keith R. Criddle is the Ted Stevens Distinguished
Professor of Marine Policy at the University of Alaska
Fairbanks Juneau Center for Fisheries and Ocean Sciences
(2006—present).

Keith first participated in PICES in 2008 when he was
invited to present a paper on the “Management of coupled
nonstationary dynamic bioeconomic systems”. The breadth
of topics considered during the sessions was interesting and
he found the efforts towards interdisciplinarity very
appealing. In 2011 Keith served as Co-Chair of the newly
formed Section on Human Dimensions.

Keith is a third-generation academic (grandpa was a
professor of Civil Engineering, dad was a professor of
Biophysics); Keith’s daughter is the fourth generation (a
professor of Statistics).

Winter 2018

Although Keith enjoyed his undergraduate work in
Biological Conservation, he was unimpressed by the
prescriptive policy recommendations that seemed to be
predicated on omniscient, omnipotent, and selfless
managers. General education electives in environmental
economics suggested a more realistic perspective on the
state of human knowledge, ability, and motivations. The
Agricultural Economics (now Agricultural and Resource
Economics) program at the University of California at
Davis was, and is, noted for the strength of its training in
guantitative modeling, statistics, and theoretical and
applied resource economics. It was a great match for
Keith’s interests. His initial work was in aquaculture
economics and production, and in 1989 he received his
Ph.D. He then shifted to capture fisheries following a 1-
year fellowship with the U.S. National Marine Fisheries
Service in Seattle.
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His experience includes previous appointments with the
University of Alaska Fairbanks Department of Economics
(1989-1998) and the Utah State University Department of
Economics (1998-2006). His research explores the
intersection between the natural sciences, economics, and
public policy and is driven by an interest in the sustainable
management of living marine resources. He directs
graduate projects in bioeconomics, statistical inference, and
policy analysis and teaches courses in resource and
environmental economics, statistics, operations research
and decision theory, fisheries law, policy analysis, and
economic development for fisheries dependent communities.

Keith is a member of the National Academies Committee
on Offshore Science and Assessment and previously served
on the National Academies Ocean Studies Board. He has
also served as president of the American Fisheries Society
Socioeconomics Section and president of the Resource
Modeling Association. He is an Associate Editor for
Natural Resource Modeling and Marine Policy.

While most of Keith’s work has focused on the
bioeconomics, management, and governance of commercial

fisheries, he has also worked on subsistence and sport
fisheries, aquaculture, water resource management,
international trade, and management of marine debris.

Keith’s research passion is personal recreational demand
analysis, but sadly, funding for that important work is
dependent on his household budget!

PICES Interns

We are pleased to
announce that Mr.
Alexey  Khoruzhiy
joined the Secretariat
as PICES intern in
August 2017. Alexey
has lived in
Vladivostok since
childhood, and enjoys
life in this beautiful
seaside city very
much. Upon graduating
from the Far Eastern
State University (now
called Far Eastern
Federal University) as a biologist in 2008, he started work
at TINRO-Center. In 2009 he began as a technician at the
Laboratory for Applied Biocenology, but at the present
time is doing research and is working on his PhD thesis
titled “The structure and compound of nekton community in
upper pelagic layer of Northwestern Pacific”. During his
research he is studying composition, structure, trophic
relations, and interannual and seasonal dynamics of nekton
community elements, especially commercial species of fish
and squids. He has taken part in several trawl surveys in the
Far Eastern seas and Northwestern Pacific, collecting
biological samples for analysis at the laboratory. Alexey
participated in PICES Annual Meetings in 2011
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(Khabarovsk), 2015 (Qingdao) and 2016 (San Diego) with
poster and oral presentations. During his spare time he likes
travelling out of town with his friends, hiking on the
seashore and in the mountains, walking in the forest, and
fishing.

We express our
sincere appreciation
to Mr. Minho Kang
who completed his
term as PICES intern
with the Secretariat
in July 2017 and who
returned to Busan,
Korea, briefly to do
some data analysis at
Pukyong University
before pursuing his

doctorate. Minho
provided  valuable
support in admin-

istrative activities at the Secretariat, and at PICES-2016 in
San Diego, the PICES/ICES-sponsored Symposium on
“Drivers of small pelagic fish resources” in Victoria, and at
the PICES/ICES Early Career Scientist Conference in Busan.
We wish him the very best in his academic career and look
forward to seeing him at future PICES events.
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An unusual gelatinous plankton event in the NE Pacific:
The Great Pyrosome Bloom of 2017

by Richard Brodeur, lan Perry, Jennifer Boldt, Linnea Flostrand, Moira Galbraith, Jacquelynne King,
James Murphy, Keith Sakuma and Andrew Thompson

In the winter of 2016, and continuing into summer 2017,
people exploring the open ocean beaches of northwestern
North America were surprised and puzzled to find strange
gelatinous creatures littering the shoreline. These creatures
turned out to be colonies of the pelagic tunicate Pyrosoma
atlanticum (Fig. 1). This species is common in warm open
ocean waters throughout the tropics, but along the west
coast of North America it has been common only as far

north as southern California, and is rarely seen north of the
state. However, in the past year these tropical tunicates
were highly abundant in the waters from Oregon to British
Columbia, and occurred in scientific samples as far north as
the Gulf of Alaska. In this report, we examine the
magnitude and extent of this anomalous event in the NE
Pacific, suggest possible causes, and describe some
potential ecosystem implications of this bloom.

Fig.1 A) Close-up of pyrosomes caught in the Gulf of Alaska; B) a large catch of pyrosomes from a pelagic survey off Oregon, C) pyrosomes on a
beach off Oregon in November 2017, and D) medusafish (Icichthys lockingtoni,) found in the body cavity of a pyrosome caught in pelagic surveys

off California.
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What are pyrosomes?

Pyrosomes (Greek for “fire bodies” because of their
bioluminescence) are a small group of pelagic tunicates, of
which eight species in three genera have been described
worldwide. They are colonial, with each colony comprising
thousands of individual clones encased in a rigid gelatinous
‘tunic’ that is open at one end (Hirose et al., 2001).
Individuals draw water from the outside surface and release
water into the hollow core of the colony. This provides the
colony with a type of hydrostatic ‘skeleton’ and the means
for jet propulsion. Although individual pyrosomes are
small (mm in size), their colonies can reach lengths of
several meters; the species of this NE Pacific event is
known to reach over 80 cm in length. Colonies undertake
diel vertical migrations, sometimes over 700 m depth
(Anderson and Sardou, 1994), and have among the highest
phytoplankton clearance rates of any zooplankton grazer
(Perissinotto et al., 2007). It has been suggested that
internal lipid accumulation by pyrosomes is limited, with
colonies instead using their food intake to drive high
biomass turnover (Perissinotto et al., 2007).

The 2017 Pyrosome event in the NE Pacific

Over the past three decades, P. atlanticum had occurred
regularly in offshore midwater trawl surveys off southern
California, but in 2012 there was a notable increase in their
numbers coincident with large abundances of salps (another
pelagic tunicate) (Wells et al., 2017). While their numbers
in 2013 were much reduced, pyrosome abundance
dramatically increased in 2014 and 2015 resulting in them
being the dominant organism collected off the shelf break of
California (Sakuma et al., 2016). Starting in June 2014,
they occurred in pelagic trawl surveys in offshore waters of
southern Oregon, moving progressively northward in the
summer of 2015 and 2016, but still in waters off the shelf
break. Collections were made using near-surface or
midwater trawls from research surveys conducted by the
National Marine Fisheries Service (NMFS), NOAA and
Fisheries and Oceans Canada (DFO) from May through
September of 2017 from southern California to the northern
Gulf of Alaska (Fig. 2). Pyrosoma atlanticum was found at
most sampled stations in these surveys, including high
catches on the continental shelf and close to shore.
Densities in some trawls were extraordinary, exceeding
60,000 kg/km3 at locations off Oregon, over 200,000
kg/km® off Vancouver Island, and over 150 kg/km® off SE
Alaska (Fig. 2). Catches were often so high that research
nets were ripped open due to the high biomass, and some
stations easily sampled in previous years had to be aborted
in 2017. The varying catch rates demonstrate that the
distributions of pyrosomes were not continuous along the
continental shelf, but that they tended to occur in clusters,
possibly associated with specific oceanographic conditions
(currently under investigation).

Routine plankton surveys along the continental shelf of
Vancouver Island began to collect pyrosome individuals
(less than 5 mm in length) and small colonies (greater than
4 cm in length) in spring and summer 2016. By February
2017, plankton surveys were catching pyrosome colonies
up to 15 cm in length from the continental shelf along the
west coast from Oregon to Vancouver Island. By late
spring and summer 2017, the pyrosome event was in full
bloom, with very high abundances and large colonies
occurring from California to Alaska and into the central NE
Pacific, including over open ocean seamounts.

Potential implications of this pyrosome event

The causes of this extraordinary event are unknown.
Individuals may have been advected into the NE Pacific
during the marine heat wave of 2014-2015 and the strong
El Nifio in early 2016. They may have found an
environment in transition between these very warm
conditions and a return to normal conditions in 2017, which
provided sufficiently warm temperatures and ample food for
their growth and reproduction to accelerate. The causes of
this event remain under investigation but recent (November
2017) observations of small pyrosomes washing up on west
coast beaches similar to those seen in the winter of
2016/2017 suggest that conditions may be favorable for
another bloom in the summer of 2018 (Fig. 1).

Pyrosome colonies were visible at the surface, and coated
oceanographic sampling gear and clogged fishing nets and
hooks throughout this region. Substantial negative impacts
have been reported on many different commercial and sport
fishing operations from Oregon to SE Alaska, including
salmon troll, shrimp and fish bottom trawl gear (Fig. 3A).
Estimates of the economic impact of this bloom on lost or
spoiled fisheries are not available but anecdotal reports
suggest that they may have a substantial negative impact to
coastal fisheries of the NE Pacific.

The impacts of this event to the marine ecosystems of the
NE Pacific are also being studied. Such a high biomass of
easily captured prey has obvious potential for marine
predators and integration into the food webs of high trophic
levels. However, the low accumulation of lipid stores in
pyrosomes (Perissinotto et al., 2007) suggests that they
may be a sub-optimal prey item. Studies of pyrosomes in
their normal tropical habitats show that numerous fishes,
seabirds, and marine mammals can consume pyrosomes
(Harbison, 1998). Fishers along the west coast of North
America during the peak of this event reported finding
pyrosomes in the stomachs of Pacific halibut, rockfishes,
sablefish, and other demersal fish species, and in juvenile
and adult Pacific salmon and other pelagic forage fishes
(Brodeur et al., in press). A beached fin whale in
Washington State had numerous pyrosomes in its stomach
(Fig. 3C). Pyrosomes have also been observed in the NE
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Fig.2 Distribution and density (kg km™) of pyrosomes
from A) NMFS Gulf of Alaska surveys during
summer of 2017 (July 4-August 16, 2017). B)
DFO integrated pelagic ecosystem survey (July
19-August 2, 2017), C) NMFS coastal pelagic
fish survey (June 25-August 9), and D) NMFS
coastwide Pacific hake survey (June 26—
September 6, 2017; data courtesy of NWFSC
FEAT group). Inset shows relative locations of
the panels in the Northeast Pacific Ocean. White
dots depict samples without pyrosomes and
yellow circles are scaled by pyrosome density
(note that the scale differs in each plot). In panel
A, solid circles are from surface trawls and open
circles from midwater trawls.
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Fig. 3 A) Pyrosomes caught on salmon fishing gear off British Columbia, B) pyrosomes being consumed by sea urchins (photo taken by ROV Hercules
in Quinault Canyon, off Washington State, courtesy of Ocean Exploration Trust), and C) pyrosomes taken from stomach of fin whale (courtesy

Jessie Huggins, Cascadia Research, Olympia, WA).

Pacific being eaten by benthic animals such as sea
anenomes, crabs, sea urchins and sea stars (Archer et al., in
Press), even at bottom depths of several hundred meters
(Fig. 3B). The impacts of these very high biomasses of
pyrosomes that die and sink to the bottom, drawing down
0Xygen concentrations as they decompose, is unknown, but
the die-off of these blooms has the potential to provide a
substantial input of carbon to the benthic food web (Lebrato
and Jones, 2009). An additional positive effect has been the
observation that some pelagic fishes (medusafish and
juvenile rockfish) have been seen living inside the tubes of
pyrosomes and potentially consuming part of the pyrosomes
in coastal waters (Fig. 1D), thus providing a possible pelagic
refugium from predation and source of food for these fishes
(Janssen and Harbison, 1981).

Previous work on the feeding of P. atlanticum in tropical
waters has found a preference for phytoplankton cells
greater than 10 um in diameter (Perissinotto et al., 2007).
The diet composition of this species in the more productive
coastal waters of the NE Pacific is unknown but several
studies are underway to examine this. The very high
filtration rates may also reduce phytoplankton biomass
locally when abundances of pyrosomes are very high (Drits
et al., 1992), although how extensive this grazing pressure
may have been in 2017, and its implications for coastal
productivity during the NE Pacific event, are presently

unknown, but warrant further investigation.
Conclusions

In the past few years, anomalous ocean conditions in the
NE Pacific, including the marine heat wave (Bond et al.,
2015; Di Lorenzo and Mantua, 2016), have been
accompanied by unusual occurrences of species (Perry et
al., 2017). Some of these occurrences were isolated events
(e.g., first ever record of a Pacific angel shark in British
Columbia waters in 2016; Perry et al., 2017); whereas,
others are broad both spatially and temporally, such as the
extended toxic algae blooms and consequent marine
mammal deaths in 2015 (McCabe et al., 2016). The 2016-
2017 bloom of pyrosomes was also a large-scale event and
is expected to last into 2018. Both positive and negative
impacts of the pyrosomes are expected to occur, however,
the cumulative impacts of this event are not known but are
presently being investigated in different laboratories along
the west coast of North America. There is more to learn
about how ocean conditions are linked to these events and
the implications of these blooms on the trophodynamics of
the Northeast Pacific marine ecosystems. Projected climate
change in the coming decades may lead to anomalous
events such as the pyrosome bloom becoming more
common in the future, requiring continuing monitoring to
assess its impacts.

Winter 2018



PICES Press Vol. 26, No. 1

North Pacific Marine Science Organization

References
Andersen, V., Sardou, J. (1994) Pyrosoma atlanticum
(Tunicata, Thaliacea): diel migration and vertical

distribution as a function of colony size. J. Plankton Res.
16: 337-349.

Archer, S.K., Kahn, A.S., Leys, S.P., Norgard, T., Girard, F.,
Du Preez, C., Dunham, A. (In press) Pyrosome
consumption by benthic organisms during blooms in the
NE Pacific and Gulf of Mexico. Ecology.

Bond, N.A., Cronin, M.F., Freeland, H., Mantua N. (2015)
Causes and impacts of the 2014 warm anomaly in the
NE Pacific, Geophys. Res. Lett. 42: 3414-3420,
doi:10.1002/2015GL063306.

Brodeur, R.D., Hunsicker, M.E., Hann, A., Miller, T.W. (In
press) Effects of warming ocean conditions on feeding
ecology of small pelagic fishes in a coastal upwelling
ecosystem: a shift to gelatinous food sources. Mar. Ecol.
Prog. Ser.

Di Lorenzo, E., Mantua, N. (2016) Multi-year persistence of
the 2014/15 North Pacific marine heatwave. Nature
Climate Change, published online: 11 July 2016
DOI:10.1038/nclimate3082.

Drits, A.V., Arashkevich, E.G., Semenova, T.N. (1992)
Pyrosoma atlanticum (Tunicata, Thaliacea): grazing
impact on phytoplankton standing stock and role in organic
carbon flux. J. Plankton Res. 14: 799-809.

Harbison, G.R. (1998) The parasites and predators of
Thaliacea. In: Bone Q. (Ed.) The biology of pelagic
tunicates. Oxford University Press, Oxford, pp. 187-214

Hirose, E., Ohshima, C., Nishikawa, J. (2001) Tunic cells in
pyrosomes (Thaliacea, Urochordata): cell morphology,
distribution, and motility. Invert. Biol. 120: 386-393.

Janssen, J., Harbison, G.R. (1981). Fish in salps: the
association of squaretails (Tetragonurus spp.) with pelagic
tunicates. J. Mar. Biol. Assoc. U.K. 61: 917-927.

Lebrato, M., Jones, D.O.B. (2009) Mass deposition event of
Pyrosoma atlanticum carcasses off Ivory Coast (West
Africa). Limnol. Oceanogr. 45: 1197-1209.

McCabe, R.M., Hickey, B.M., Kudela, R.M., Lefebvre, K.A.,
Adams, N.G., Bill, B.D. Gulland, F.M.D., Thomson, R.E.,
Cochlan, W.P., Trainer, V.L. (2016) An unprecedented
coastwide toxic algal bloom linked to anomalous ocean
conditions, Geophys. Res. Let. 43: 10,366-10,376,
doi:10.1002/2016GL070023.

Perissinotto, R., Mayzaud, P., Nichols, P.D., Labat, J.P. (2007)
Grazing by Pyrosoma atlanticum (Tunicata Thaliacea) in
the south Indian Ocean. Mar. Ecol. Progr. Ser. 330: 1-11.

Perry, R.1., King, S., Boldt, J., Chandler, P. (2017) Unusual
events in Canada’s Pacific marine waters in 2016. In
Chandler, P., King, S., and Boldt, J. (Eds.) State of the
physical, biological and selected fishery resources of
Pacific Canadian marine ecosystems in 2016. Can. Tech.
Rep. Fish. Aquat. Sci. 3225: 243 + vi pp.

Sakuma, K.M., Field, J.C., Mantua, N.J., Ralston, S.,
Marinovic, B.B., Carrion, C.N. (2016) Anomalous
epipelagic micronekton assemblage patterns in the neritic
waters of the California Current in Spring 2015 during a
period of extreme ocean conditions. Calif. Coop. Ocean.
Fish. Invest. Rep. 57: 163-183.

Wells, B.K., Schroeder, 1.D., Bograd, S.J., Hazen, E.L., Jacox,
M.G., Leising, A., Mantua, N., Santora, J.A., Fisher, J.,
Peterson, B., Bjorkstedt, E., Robertson, R.R., Chavez, F.P.,
Goericke, R., Kudela, R., Anderson, C., Lavaniegos, B.E.,
Gomez-Valdes, J., Brodeur, R.D., Daly, E.A., Morgan,
C.A., Auth, T.D., Field, J., Sakuma, K., Mcclatchie, S.,
Thompson, A.R., Weber, E.D., Watson, W., Suryan, R.M.,
Parrish, J., Dolliver, J., Loredo, S., Porquez, J.M., Zamon,
J.E., Schneider, S.R., Golightly, R.T., Warzybok, P.,
Bradley, R., Jahncke, J., Sydeman, W., Melin, S.R,
Hildebrand, J., Debich, A.J., Thayre, B. (2017) State Of
The California Current 2016-17: Still anything but
“normal” in the North. CALCOFI Rep, 58: 1-55.

Dr. Richard Brodeur (Rick.Brodeur@noaa.gov) is a Research Fisheries Oceanographer working in the Fish
Ecology Division of the Northwest Fisheries Science Center, NOAA Fisheries, based in Newport (Oregon,
U.S.A)). Ric began his career working on ea