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Eastern Bering Sea 2018 Report Card

e The eastern Bering Sea was characterized by anomalously warm conditions in 2018. The PDO was
slightly positive with a decline to near zero in summer 2018. ~70% chance of El Nino conditions
are predicted for the winter of 2018-2019. The North Pacific Index was strongly positive from fall 2017
into 2018.

e The northern Bering Sea experienced an unprecedented near-complete lack of sea ice in 2018;
the southeastern Bering Sea had no sea ice and no cold pool.

e Acoustic estimates of euphausiid density increased slightly in summer 2018 from 2016, but remains
relatively low. The 2018 value is similar to what was observed in 2004.

e The biomass of benthic foragers dropped in 2018 (2" lowest value in the timeseries). The decline
was due to Yellowfin sole (31%) and Northern rock sole (19%). Northern rock sole have declined
steadily since 2010.

e The biomass of motile epifauna remains above the long-term mean, with an increasing trend in
the past 4 years. Urchins, sand dollars, and cucumbers are above their long-term mean, with a 29%
increase from 2017-2018. Opilio crab increased 100% while King crab decreased 29% from
2017-2018.

e The biomass of pelagic foragers remains below its mean in 2018. Similar to 2017, a large increase
in Pacific herring (80%) was off-set by a decrease in Capelin (91%). Jellyfish increased 204% and Atka
mackerel increased 710%. Pollock have decreased 59% since 2014, with a 38% decrease from
2017 to 2018.

e The biomass of fish apex predators remains at its mean, but has been trending downwards since
2014. This decline is driven by a 54% reduction in Pacific cod biomass (19% decline from 2017
to 2018). Sablefish have increased since 2014 with a 173% increase from 2017 to 2018. Arrowtooth
flounder biomass increased 23% from 2017 to 2018.

e The multivariate seabird breeding index remains below the long term mean, indicating that overall,
seabirds bred later and had poor reproductive success in 2018. Some murres did well repro-
ductively, but the number of birds breeding was low and many were late in their reproductive efforts.
This pattern may reflect a mismatch in timing of breeding and prey availability and/or that only
high-quality breeders attempted to nest this year.

e Northern fur seal pup production at St. Paul Island in 2018 is approximately 6% less than the 2016
estimate. Pup production has been declining at St. Paul Island at an approximate annual
rate of 4.0% since 1998.

e Seafloor habitat disturbance due to fishing gear (pelagic and non-pelagic trawl, longline, and pot)
shows interactions have remained below the long-term average since 2011.
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Figure 1: Eastern Bering Sea ecosystem assessment indicators; see text for descriptions.
* indicates time series updated in 2018.
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The primary intent of this assessment is to summarize and synthesize climate and fishing effects
(historical and future) on the eastern Bering Sea shelf and slope regions from an ecosystem per-
spective. The Ecosystem Status Reports of the Groundfish Stock Assessment and Fishery Eval-
uations (SAFE) provide the historical perspective of status and trends of ecosystem components
and ecosystem-level attributes using an indicator approach. For the purposes of management, this
information must be synthesized to provide a coherent view of the ecosystem effects to clearly
recommend precautionary thresholds, if any, required to protect ecosystem integrity. The eventual
goal of the synthesis is to provide succinct indicators of current ecosystem conditions and a prog-
nosis of how fish stocks are expected to fare, given concurrent information on ecosystem status. To
perform this synthesis, a blend of data analysis and modeling is required annually to assess current
ecosystem status in the context of historical and future climate conditions.

Recap of the 2017 Ecosystem State

Some ecosystem indicators are updated to the current year (2018), while others can only be updated
to the previous year (or earlier) due to the nature of the data collected, sample processing, or
modeling efforts. Therefore, some of the “new” updates in each FEcosystem Status Report reflect
information from the previous year. Below is a complete summary of 2017 that includes information
from both previous and current indicators. The next section (Current Conditions: 2018) provides
a summary of the 2018 ecosystem state based on indicators updated this year.

In 2017, sea ice extended over the eastern Bering Sea shelf and created an extensive, although
narrow, cold pool over the middle domain (see p. 59). Interestingly, sea level pressure patterns set
up persistent winds from the south that prevented sea ice formation in the Gulf of Anadyr creating
an unusual retraction of ice extent over the northwestern shelf. As a result, the northwestern
Bering Sea responded more similarly to a “warm year”, whereas ice coverage over the southern
middle domain lead to more moderate conditions in the southeast. Over the southeastern shelf,
latent heat from the previous warm stanza (2014-2016) was off-set by the narrow, but extensive,
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cold pool that resulted in average water column temperatures at mooring M2 at the southern end
of the eastern Bering Sea shelf.

The narrow cold pool was centered over the middle domain while the inner domain remained
anomalously warm and is thought to have acted as a wide corridor for species’ movement between
the southeastern and northeastern Bering Sea. Indications of a “warm year” response during 2017
in the north included observations of crab as well as adult Walleye pollock and Pacific cod in the
northern Bering Sea. Genetic work conducted on Pacific cod collected in the northern Bering Sea
in 2017 showed that the NBS cod grouped strongly with spawning samples from Pervenets and
Pribilof canyons and Unimak Pass, suggesting population coherence across the southeastern and
northern shelf regions (p. 40). While these species might typically move south during winter, the
environmental cues (i.e., sea ice, cold pool) did not occur during winter 2016-2017, therefore we
anticipated observations of pollock and Pacific cod, for example, from northern communities during
winter 2017-2018 (see Current Conditions: 2018 below).

Productivity across the system, as indicated by zooplankton distributions, reflected increased pro-
ductivity in the north with significantly higher abundances of small and large copepods near St.
Matthew Island. Over the southeastern shelf, 2017 estimates of small and large copepod abundances
were below that of 2016, while euphausiid abundances were comparable. Groundfish condition sub-
sequently declined from 2016 to 2017 for all species (except Arrowtooth flounder) and may be a
leading indicator of poor overwinter survival and potential for smaller stocks in 2018. Indicators
demonstrated that the mean lifespan, overall length, and biomass of the groundfish community
have remained relatively stable over the time series. However, these indicators are very sensitive,
and small changes in mean length or mean age can be quite significant and indicative of ecosystem
shifts. For example, mean length increased in 2002-2005 and again in 2014-2016. The fish com-
munity is dependent on previous year-classes that are maturing, and low recruitment during these
warm stanzas results in an increase in mean length. This trend could have important consequences
for the fishery.

Declines in forage fish quality and quantity have cascading effects for piscivorous-feeding seabirds
and marine mammals. For example, the reproductive success of cliff-nesting seabirds at both St.
Paul and St. George Islands was poor in 2017, with the exception of nearshore-feeding red-faced
cormorants (Phalacrocorax urile). Despite the moderation of environmental conditions in 2017,
seabird foraging conditions did not appear to recover. However, the number of seabirds caught
incidentally in EBS fisheries in 2017 declined; northern fulmars, shearwaters, and gulls were the
most common species caught (p. 162). Additionally, estimated age-1 natural mortality for pollock,
Pacific cod, and Arrowtooth flounder (based on the CEATTLE model) remained at elevated levels
in 2017.

Other indications of a decline in system-wide productivity include juvenile Chinook salmon (On-
corhynchus tshawytscha), Togiak herring, and crab stocks. First, juvenile Chinook salmon abun-
dance in the northern Bering Sea was below the long-term average in 2017; this has important
implications for abundance-based bycatch caps for Chinook in the pollock fishery because low ju-
venile abundance leads to reduced bycatch caps 3—4 years in the future. Second, in 2017, the
abundance of Togiak herring was estimated to be 55% of the most recent 10-year aerial survey
average and 59% of the most recent 20-year aerial survey average (p. 99). Lastly, in 2017, crab
catches declined significantly for all species, particularly tanner crab (p. 184).

Maintaining adequate prey has important implications for upper trophic level species and other
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ecosystem components. Maintaining species diversity increases ecosystem stability as species have
differential responses to environmental variability. Total CPUE from the bottom trawl survey
peaked in 2014 due to increased pollock catches, but declined slightly in 2015-2017. Species richness
remained high along the 100m isobath while diversity was highest over the middle domain. Cooler
water temperatures in 2017 resulted in a substantial southeastward shift, in contrast to a more
moderate response to similar cooling in 2006.

Current Conditions: 2018

This year’s assessment will highlight ecosystem conditions and responses in the northern Bering Sea
(NBS) and southeastern Bering Sea (SEBS) independently, but recognizing that species responses
to recent conditions (i.e., sea ice, cold pool extent, water temperatures) have emphasized the
connectedness of the two regions and that they function as one ecosystem: the eastern Bering Sea.

With contributions from (in alphabetical order): Steve Barbeaux, Peter Boveng, Lyle Britt, Catie
Bursch, Lauren Divine, Martin Dorn, Janet Duffy-Anderson, Lisa Eisner, Anne Hollowed, Kirstin
Holsman, Jim Ianelli, Chad Jay, Dave Kimmel, Sasha Kitaysky, Bob Lauth, Kathi Lefebvre, Paul
Lehman, Maggie Mooney-Seus, Carina Nichols, Emily Osborne, Jim Ouverland, Heather Renner,
Patrick Ressler, Gay Sheffield, Phyllis Stabeno, Jeremy Sterling, Grant Thompson, Jim Thorson,
and Andy Whitehouse.

Northern Bering Sea
2018 was extraordinarily different in the NBS than in the past experience of scientists visiting the
region or in the oral histories of local residents.

Physical conditions

A composite of unusual weather events during the winter of 2017/2018 resulted in an unprecedented
near-complete lack of sea ice in the NBS. Several climatic forces occurred that resulted in the warm
conditions: (i) residual heat maintained above-average water temperatures that caused delayed
freeze-up (e.g., the Chukchi remained ice-free into January 2018, ice arrived late (March) and
departed early (April)), (ii) a large and persistent high-pressure system from February through
April over the Aleutian Islands and southern Bering Sea, which shifted the position of the Aleutian
Low Pressure System (ALPS) northwest over Siberia, and (iii) highly unusual winds from the
southwest that brought warm air over the Bering Sea and prevented sea ice from forming until
March.

2018 marks the lowest ice year on record for the eastern Bering Sea while the Chukchi Sea was the
warmest on record. Bottom temperatures in the northern Bering Sea were 1°C to 2°C rather than
<-1°C, and no cold pool formed. Historically, salinity and temperature contributed equally to the
vertical stratification of the water column in the northern Bering Sea. In 2018, salinity in May
was vertically uniform, with no evidence of high (>32) salinities from brine rejection. The lack
of salinity structure resulted in weaker vertical stratification, permitting greater vertical mixing.
Warming of the surface waters started ~May 13 and some thermal stratification began ~May 15
(data from mooring M8 located at 62.194°N 174.688°W).

Biological responses
The near-complete lack of sea ice over the northern Bering Sea shelf created an absence of ice
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algae to ‘seed’ productivity. At St. Matthew Island, the bloom began quite late (approximately
June 12; ~1 month delay), and because stratification was weak (due to lack of salinity component),
nutrients were still being mixed into the surface layer. The abundance of small copepods was similar
to 2017, but the abundance of large copepods was an order of magnitude lower and abundance of
juvenile euphausiids was near zero. In addition, survey scientists noted that the large copepods
were predominantly Fucalanus bungii, which is not a lipid-rich species. In fact, estimates of lipid
content for large copepods and juvenile euphausiids were low. Based on the diets of auklets and the
low nesting success of thick-billed murres, which also eat large zooplankton, it seems large lipid-rich
zooplankton, that are a critical component of seabird and pollock diets, were in low supply.

Bottom trawls, surface trawls, and acoustic surveys again documented the presence of Pacific cod
and pollock in the NBS. When sampled in July 2018, Pacific cod were ‘fat’ and ‘healthy’ and
anecdotal observations were that stomachs were ‘full of Opilio’. Based on bottom trawl survey
results, more than 50% of the overall estimated biomass of Pacific cod in the eastern Bering Sea
(northern and southern components) was found in the northern Bering Sea. With half of the
biomass in the northern survey area, stock assessment models for 2019 will include NBS data for
the first time.

In contrast, pollock estimated biomass in the northern Bering Sea declined by 14% from 2017 to
2018. Pollock to the east of St. Lawrence Island were in ‘poorer condition’ while pollock sampled
north of St. Lawrence Island were ‘plump and healthy’ (B. Lauth, pers. obs.). Initial on-board
examination of pollock stomachs showed that fish were consuming polychaete worms, indicating
they were feeding on the bottom. Preliminary lab-based diet analyses of Pacific cod and pollock
indicated prey composition was similar to that of diets observed from the inner domain of the
southeastern Bering Sea.

Ice seal distributions were dramatically impacted by the lack of sea ice over the northern Bering
Sea shelf and retraction of the ice edge. In 2018, during a spring research survey, the nearest
ice edge over the eastern Bering Sea shelf was between St. Lawrence Island and Norton Sound,
about 375 km to the northeast of where it was found during 2014 and 2016 surveys. Ice seals
(particularly ribbon seals) were unusually scarce with no evidence that they moved northeast or
into Norton Sound following the ice edge; it remains unknown where they went and whether their
reproduction was compromised by the lack of sea ice in their typical breeding grounds. Spotted seal
pups weighed less than in recent years, indicating poor condition, and continuing a declining trend
in body condition and blubber thickness from 2014 to 2016 to 2018. More walrus and bearded seals
were seen than typical, likely because the survey was farther north in areas where these species
are more prevalent. Walrus, which are benthic foragers, consume a wide range of prey items, but
mostly clams, snails, and polychaete worms. Studies of walrus stomach contents indicate that fish
are typically a very small part of their diet. Recent population modeling suggests the population
has undergone as much as a 58% decline since the early 1980s. The cause of the decline is unknown,
but may have been the result of the population reaching carrying capacity coupled with high walrus
harvest levels in the late 1970s-early 1980s. Large numbers of dead marine mammals were found
along the shorelines from north of Bering Strait, throughout Norton Sound, and on St. Lawrence
Island. In July, an exceptionally large number of humpback whales was present off the north shore
of St. Lawrence Island.

A seabird die-off event, unprecedented in terms of spatial and temporal scale, occurred in 2018.
Large numbers of seabirds (mainly murres) washed ashore from Bering Strait southward through
Norton Sound, and along the shores of St. Lawrence Island. The die-off event continued, albeit at
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a slow pace, into August. On St. Matthew Island there was evidence of an earlier, year-old large
die-off of seabirds. Crested auklets were reported dead from at-sea surveys. To date, starvation is
the only identified cause of death.

The historical diet composition of the affected seabirds suggests that large, lipid-rich zooplankton
may have been in short supply in 2018. Least and crested auklets specialize on large copepods (least
auklets: Calanus marshallae/glacialis at St. Matthew Island and Neocalanus plumbchrus/flemingeri
at St. Lawrence Island), euphausiids (crested auklets), and sometimes the large amphipod, Themisto
libellula. Thick-billed murres and shearwaters take euphausiids, amphipods, and forage fish while
common murres take mostly forage fish.

Concomitantly, reproductive failures and poor reproductive success (mainly murres and kittiwakes)
were observed by community members, subsistence eggers, and scientists. Those birds that did nest,
nested very late. On St. Lawrence Island, murre eggs that were laid late were still hatching in
September. There were also indications of lower nesting success for least and crested auklets:
~30% fewer least auklet burrows were occupied, although those birds that did nest appeared to
be reproducing successfully. Crested auklets that laid eggs also seemed to be doing well, though
perhaps with a somewhat greater rate of egg abandonment. Community members reported very
few auklets (only 20 least auklets observed) and surprisingly low numbers of puffins attending cliffs.
Horned puffins were observed around the north end of Sevuokuk Mountain in late September with
bill-loads of fish, perhaps reflecting very late nesting this year.

All murre reproductive effort failed north of St. Matthew Island, such that murres did not produce
chicks, which is exceptional, and prior to the 2016 heatwave, widespread murre reproductive failures
had not been observed. In fact, low numbers of common murres attended cliffs and very few eggs
were laid (subsistence eggers reported difficulty finding eggs). Likewise, for thick-billed murres,
there was very low cliff attendance and almost no eggs laid. Black-legged kittiwakes also had a
near-complete reproductive failure, with <10% of nests fledging young (although not that unusual,
these birds have been failing for the past 5 years). In contrast, cormorants did well. Of interest
was the first observation of red-legged kittiwakes nesting on St. Matthew Island.

Harmful Algal Blooms (HABs)

As a result of warming sea surface temperatures, species of algae known to produce harmful tox-
ins, commonly referred to as harmful algal blooms (HABs), are becoming more widespread and
prevalent in the Arctic. A 2018 coordinated research effort in the Pacific Arctic Sector centered
around the Bering Strait Region has made progress towards improving our baseline understanding
of HABs species abundance, distribution, and toxin presence in this region. A total of six HABs
oceanographic research cruises worked together to collect HABs data across the northern Bering
and Chukchi Seas at more than 340 stations. Synthesized research results show concentrations
of one HABs species in particular, Alexandrium spp., which is associated with paralytic shellfish
poisoning as well as a second less abundant species, Pseudo-nitzschia, which is responsible for amne-
siac shellfish poisoning. Research missions found no positive toxicity or significant HAB cell counts
south of the strait in the northern Bering Sea (June-September), however high concentrations of
HABs cells (Alezandrium spp.) were found in the Chukchi Sea in August and a positive toxicity
test was also recorded in June.

Alexandrium spp. cells have the unique ability to form “cysts”, which are a dormant phase of
this species’ cells that harden and rest on the seafloor until environmental conditions are right
for the cell to bloom or grow. A survey of cysts in seafloor sediments found dormant cells of
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Alexandrium spp. across the entire shelf of the northern Bering and Chukchi Seas. Especially high
concentrations were found offshore of Ledyard Bay and some sample sites had some of the highest
cyst concentrations observed in the entire global ocean.

Contributed by Emily Osborne
Program Manager, Arctic Research Program

NOAA Office of Ocean and Atmospheric Research

Local Knowledge and Traditional Knowledge

Gay Sheffield (Alaska Sea Grant Marine Advisory Agent in Nome, Alaska) recounted observations
from community members in the northern Bering Sea. In Nome, large Pacific cod (1 m) were
caught in crab pots and the unusual occurrence of king salmon being caught on rods from the
Nome beach. There were record returns of pink and silver salmon, which came in strong and early;
sockeye returns were not as great. Halibut fishing off Savoonga was ‘really great’.

Subsistence hunters for crested and least auklet fledglings usually get ~30-40/day. In 2018, a
hunter stopped after he pulled 13 dead fledglings and no live ones. An Elder on St. Lawrence
Island said “when there is no dirty ice, there is less food for the krill, and consequently, no food for
the birds.” At Sledge Island in Norton Sound, 50-70% of murres were missing from cliffs and those
that were there were not laying eggs; local people were stunned and there was a complete lack of
harvest. There were dead and emaciated murres, shearwaters, and crested auklets in Nome and on
St. Lawrence Island.

Beginning in February, residents in shoreside communities reported walruses were harvested off St.
Lawrence Island, a time when they are not typically accessible. The walruses were ‘fat and in good
condition’. In early June, there were reports of exceptionally high numbers (i.e., 50) of dead seals
on beaches (primarily young bearded seals) along the north side of St. Lawrence Island and 48
beach-cast ice seals (bearded, ringed, and sub-adult spotted seals) near Wales. The seals appeared
to have poor body condition and empty stomachs. There were also reports of seal strandings,
reports of sick/dead seals out of normal range, and seals were absent or unusually scarce in the
Port Clarence area.

Southeastern Bering Sea

Physical conditions

In the southeastern Bering Sea, the timing of the spring bloom was a bit late, but otherwise
conditions were typical of a low-ice year with above-average water temperatures and complete
lack of a cold pool. Similar to the northern Bering Sea, the southeastern shelf experienced reduced
strength of water column stratification due to the lack of salinity component. These weakly stratified
waters are easily disrupted by storms.

Biological responses

At mooring M2 (located at the southern end of the eastern Bering Sea shelf) a small phytoplankton
bloom began May 25, approximately 1 week after stratification. While this timing is delayed, it is
not unprecedented for the southeastern shelf. In early spring, small copepods and large copepods
were in low abundance. Large copepod lipid values were <5% body weight (though this is not
surprising) while those sampled near Unimak Pass had higher lipid values (~10%). Evidence of
increased production (phytoplankton, zooplankton, pollock) around Unimak Pass likely resulted
from on-shelf flow through Bering Canyon and/or transport of Alaska Coastal Current waters from
the Gulf of Alaska. During the late spring larval survey, small copepod abundances increased to one
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of the highest levels recorded while large copepod abundances were similar to the historical average.
However, copepod mortality may be increased due to the decreased biomass of the phytoplankton
bloom and inability to sustain nauplii.

Fuphausiid furcilia had very low abundances on both spring surveys, which was not unprecedented
in a warm year. The acoustic survey indicated that euphausiid densities remain low; this high
quality prey have become less available in 2012-2018. Thus, delayed production gave rise to a low
quality zooplankton prey base over the entire shelf. Reduced energy transfer from the prey base
to the top-level predators likely contributed to poor body condition and observed mortality events
(i.e., seabirds and mammals).

Larval pollock production was similar to other warm years: high abundances with the distribution
shifted eastward. However, the poor prey base may result in reduced growth of juvenile fish and
higher overwinter mortality. Survey scientists noted that larvae ‘seemed long and skinny’. It is
unlikley that juvenile pollock will be able to utilize cold water refugia due to a well-mixed water
column over the shelf and absence of a cold pool. The bottom trawl survey indicated that Pacific
cod and pollock abundances were below the long-term mean. Pacific cod abundance was lower, but
biomass was higher (fewer, larger fish). Additionally, there was no evidence of pollock recruitment,
with low age-1 numbers and abundance dominated by the 2012 year class. Age-1 pollock abundance
has been low since 2014.

Northern fur seal pup production at St. Paul Island was ~6% less than 2016. Pup production has
been declining at St. Paul Island at an approximate annual rate of 4.0% since 1998. Anecdotal
reports suggest smaller or skinnier pups at some rookeries on St. Paul Island. The estimated St.
George pup production is approximately 5% greater than 2016 with no unusual pup mortality, but
shows no significant trend since 1998.

At the Pribilof Islands, seabird nesting was delayed, and/or unsuccessful. Seabird reproduction
was poor, as expected for a warm year with little sea ice. For example, black-legged kittiwake
reproductive success failed completely, indicating prey for these surface-foraging birds was likely not
sufficient for them to successfully rear chicks. On St. George Island, common murres experienced
the latest mean hatch ever recorded and thick-billed murres experienced their 274 latest hatch date.
Productivity values were mediocre and fewer birds than normal were attending cliffs or laying eggs.

Local and Traditional Knowledge

Bristol Bay

Unusual observations of adult pollock behavior were reported from community members as well as
subsistence and commercial fishers from Bristol Bay in summer 2018. Sightings of pollock swimming
‘with their heads out of the water’ and ‘behaving odd’ were reported. Adult pollock were reported
to have washed up on shore in high numbers, and pollock were reported to have been caught in
subsistence set nets during the salmon fishery (both near Pilot Point, Ugashik River, and from the
Nushagak District). “Traditionally, it is unusual to see pollock in the salmon season in Bristol Bay”
(Catie Bursch, fisher, pers. comm.).

Efforts to capture the breadth of these events resulted in phone calls and emails from additional
commercial fishers from Bristol Bay. Fishers reported dead fish ashore in late May in numbers that
were “many, many more than other springs” (Tyler Sterling, fisher, pers. obs.). Reports continued
through early July of pollock ‘floating belly-up, but alive’ and ‘half swimming, half floating’. A
local fisher who has been fishing near Pilot Point for 40 years described the events as “unusual”.
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“I first remember seeing pollock swimming along the surface in the shallows in early July in Nusha-
gak district. We caught a few in our gillnet, but mostly saw them swimming. I also have a friend
who setnets in Ekuk; she said they saw one swimming in the shallows near their site and heard
reports of similar things from others who setnet near there. We stopped to go beachcombing along
the coast between Ugashik and Egegik on July 25th. There were dead pollock dried up everywhere
along the beach (I would guess a dead fish every 20 feet or so). Some of the guys I was with
have fished the area for decades—they were mentioning how they had never seen anything like it.”
(Carina Nichols, fisher, pers. comm.).

Catie Bursch, a commercial fisher from Pilot Point, sent samples to NOAA Fisheries in Juneau,
Alaska. Sample processing is still underway, but the fish were “definitely skinny compared to average
weights by year/size from NOAA’s bottom trawl survey” (B. Lauth, pers. comm.). Stomach
contents included Caridea shrimp, gammarid amphipods, and other fish, which “seems pretty
typical for Bristol Bay” (K. Aydin, pers. comm.). Stomach and intestine samples were processed
for PSP toxins (i.e., saxitoxin) at the NWFSC/WARRN-West Program. All samples contained
low but detectable levels of PSP, confirming that an exposure risk was present in the food web.
Therefore, PSP toxins could have played a role in the unusual behaviors and mortality events
observed in Bristol Bay, although it is important to note that the levels were well below the
seafood safety regulatory limit and therefore were not a risk for human consumption (K. Lefebvre,
pers. comm.). Samples taken for isotope and condition analyses are still being processed.

Aleut Community of St. Paul Island

The Ecosystem Conservation Office (ECO) reported that St. Paul Island community members
noted how ‘quiet’ the cliffs were in May 2018; birds should have been returning and starting their
nests. Although birds arrived around the usual time of year, they did not engage in typical nest
building activities. In fact, red- and black-legged kittiwakes gathered nest-building materials a
month late. Residents were unable to collect subsistence murre eggs because there were none on
the cliffs during the egging season (June). Across multiple seabird species, eggs were laid a month
later than usual and community members were monitoring cliffs to observe whether fledging would
also occur late.

Least auklets have been declining since 2015; no auklets have been subsistence harvested in the
last two years due to declining breeding colonies. Elders in St. George recall how abundant least
auklets were in 1940s-1970s. Similarly, red-legged kittiwake hunting has been declining in part due
to concerns about the population decline. Residents continue to take low numbers of kittiwakes for
subsistence, but only to provide to Elders who request it.

In early July 2018, approximately 50 fresh-dead northern fulmars, shearwaters, and murres were
collected on beach surveys. All necropsies revealed the birds died of starvation. This marks the
third year that birds have washed ashore in poor body condition. Elders on both St. Paul and St.
George have cited shifting prey distributions and a ‘lack of food’ as the reason behind declining
populations. Community members continue to speak of a lack of food in both summer and winter
as the cause for die-offs, population declines, and reduced productivity and fledgling success.

Subsistence fishermen have reported that they have to go out more often (spend more time on
the water) and further (cover more distance from the shore) from the St. Paul harbor to catch
enough halibut for their families to get through the winter. ECO continues to receive reports
from subsistence fishermen that very few halibut have been caught in what used to be considered
‘traditional rich fishing grounds’. Residents refer to warm water temperatures in recent years as
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the reason driving a lack of food in the region: “fish have all moved north to find colder waters and
sea ice”.

The decline of northern fur seals is also apparent to Elders, adults, and youth. Community members
comment how thin and sickly female fur seals are and Elders report ‘low pup numbers’ and ‘no
yearlings or two-year-olds returning’. These reports come from individuals who experienced the
commercial harvest days. This knowledge is reflected in subsistence harvests today; harvests have
a more somber tone in recent years. Subsistence harvests represent the importance of securing seal
meat to provide food security for winter.

The Pribilof Islands are also experiencing crowberry (or moss berry) failure. Crowberries are a
source of fiber and stored for use during the winter months when fresh foods are scarce. In 2018,
a complete lack of berries occurred, potentially causing a food security issue for the community.

Please also see the Noteworthy contribution “Better Off Dead” about a rat on St. Paul Island that
poses a potentially catastrophic threat to breeding seabirds (p. 40).

Contributed by Lauren Divine (Aleut Community of St. Paul Island),
with contributions from J. Erickson, G. Fratis, Sr., S. Lekanof, P. Melovidov,
Z. Melovidov, J. Merculief, M. Merculief, and P. Pletnikoff

Forecasts and Predictions

Climate projections for the Chukchi Sea have impacts on the eastern Bering Sea in terms of residual
heat and timing of ice formation (“freeze up”). The Chukchi Sea has been freezing up, on average,
one day later each year since 1980 whereas the timing of freeze up in the northern Bering Sea has
been random. Currently, the Chukchi Sea is colder than this time in 2017, which may affect the
timing of freeze up and the potential for export of heat to the northern Bering Sea. If no ice forms
over the eastern Bering Sea shelf this coming winter 2018-2019, summer conditions in 2019 may
be much warmer due to stored heat content.

Preliminary 9-month Ecosystem Forecast for the Eastern Bering Sea:

AFSC and PMEL have produced 9-month forecasts of ocean conditions in the eastern Bering Sea as
part of the Alaska region’s Integrated Ecosystem Assessment (IEA) program since 2013. Forecasts
made in October of each year run through July of the following year using the BeringlOk ocean
and plankton model forced by seasonal atmospheric predictions produced by the NOAA/NCEP
Climate Forecast System (CFS).

The Beringl0k regional model is based on the Regional Ocean Modeling System (ROMS) imple-
mented at 10km resolution (Hermann et al., 2013) and includes an embedded Nutrient Phytoplank-
ton Zooplankton (NPZ) model with euphausiids (Gibson and Spitz, 2011). The regional models
were calibrated using repeated hindcasts of the region covering the period 1972-2017.
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A particular metric of interest is the summer cold pool, the proportion of the summer bottom trawl
survey area below a particular temperature. Figure 2 shows the cold pool with limits of <0°C,
<1°C, and <2°C. Shown are bottom trawl survey data, BeringlOk hindcast results for 1982-2018,
and Beringl0k 9-month ahead predictions. The most recent prediction, made in October 2018,
is shown for summer (July) 2019. The BeringlOK model successfully predicted a transition from
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Figure 2: The eastern Bering Sea cold pool with limits of <0°C, <1°C, and <2°C. Shown are bottom
trawl survey data, ROMS hindcast results 1982—2018, and ROMS 9—month ahead predictions. The most
recent prediction, made in October 2018, is shown for summer (July) 2019.

cold to warm conditions between 2013 and 2014, and continued warm conditions were predicted
successfully for three more years, through summer 2017. The prediction made in 2017 for 2018
was for cooling (returning towards average), however this prediction was substantially incorrect as
anomalous atmospheric conditions (p. 59) greatly impeded the formation of ice in 2017-2018 and
led to the smallest cold pool on record. The predictions for summer 2019 are for continued warm
conditions substantially similar to 2014—2018.

Pollock Recruitment Predictions

The EBS Ecosystem Status Report includes several leading indicators of pollock recruitment that
give, in some cases, contradictory results. In this section, we have summarized these predictions so
that we can more easily track how they compare and how well they hold up over time. Additional
research is underway to assess these indicators over longer time periods. Survival and recruitment
success of juvenile pollock are driven, in part, by bottom-up processes. The abundance, species
composition, and quality of zooplankton prey resources are governed by large-scale oceanographic
processes and vary between warm and cold climate stanzas. For example, the abundance of large
zooplankton (e.g., Calanus marshallae) is greater in cold years when above-average pollock re-
cruitment to age-3 has been observed. Below we track available predictions for several recent year
classes of pollock (2015-2017):
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2015 year class: The 2015 pollock year class appears slightly below-average (Ianelli et al.,
2017). Indicators that support below-average or intermediate recruitment include:
e Large zooplankton abundance was low, therefore would predict below-average recruitment

e Biophysical indices (chum salmon growth, temperature, predator abundance) predicted below-
average recruitment

e Age-0 pollock diet energy density predicted intermediate recruitment

e Average energy content predicted intermediate recruitment
In contrast, the following indicators predicted above-average recruitment:

e The Temperature Change Index predicted above-average recruitment
e Surface silicic acid concentrations predicted above-average recruitment
The EBS had warm conditions in 2015, although age-0 pollock may have utilized the cold pool as

a refuge which may act as a buffer against recruitment declines for this year class (Duffy-Anderson
et al., 2017).

2016 year class: The 2016 pollock year class also appears slightly below average (Ianelli et al.,
2017). Indicators that support below-average or intermediate recruitment include:
e The Temperature Change Index predicted below-average recruitment

e Average energy content predicted intermediate recruitment
In contrast, the following indicators predicted above-average recruitment:
e Surface silicic acid concentrations predicted above-average recruitment

2016 marked the 3" consecutive year of above-average warmth over the eastern Bering Sea shelf and
zooplankton communities appeared qualitatively and quantitatively low. However, pollock appear
to have mitigated against dramatic recruitment declines. Possible mechanisms include utilizing high
productivity waters associated with the strong, northerly cold pool as a refuge, or by exploiting
alternative prey (i.e., euphausiids) over the southern shelf (Duffy-Anderson et al., 2017).

2017 year class: No assessment estimate available for the 2017 pollock year class.

e Average energy content predicts average recruitment to age-1

e The Temperature Change Index predicts average recruitment to age-3

13
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Executive Summary of Recent Trends
in the Eastern Bering Sea

This section contains links to all new and updated information contained in this report. The links
are organized within three sections: Physical and Environmental Trends, Ecosystem Trends, and
Fishing and Human Dimensions Trends.

Physical and Environmental Trends

North Pacific Trends

e The state of the North Pacific atmosphere-ocean system during 2017-2018 was similar to that during
2016-2017 (p. 50).

e Fall (Sept.—Nov.) 2017 was warmer than normal across almost the entire North Pacific Ocean with
positive sea level pressure anomalies over the north central portion of the North Pacific Ocean (p. 51).

e Winter (Dec.—Feb.) 2017-2018 reflected a continuation of the previous fall’s warm anomalies. Sea
level pressure differentials resulted in a pattern that supported extremely strong wind anomalies from
the southwest across the Bering Sea (p. 51).

e Spring (Mar.—May) 2018 sea level pressure anomaly pattern resulted in another season of warm,
southwesterly flow anomalies across the Bering Sea (p. 51).

e Similar to 2016-2017, a weak La Nina developed during winter along with a weaker than normal
Aleutian Low (p. 55).

e The Pacific Decadal Oscillation (PDO) was slightly positive during the past year, with a decline to
near zero in the summer of 2018 (p. 55).

e Winter 2018-2019 is predicted to have ~70% chance of a weak-moderate El Nifio and warmer than
normal SSTs in the North Pacific in early 2019 (p. 55).

Eastern Bering Sea Trends

e The Bering Sea experienced anomalously warm conditions in 2018. The northern Bering Sea had
>+5°C anomalies in January—April 2018 (p. 59).

e The northern Bering Sea had a near-complete lack of sea ice due to: (i) residual heat that delayed
freeze-up, (ii) a large high pressure system that shifted the position of the Aleutian Low Pressure
System (ALPS) northwest, and (iii) winds from the southwest that brought warm air over the Bering
Sea (p. 59).
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e Sea ice formation in 2018 reached an unprecedented minimum extent, with a near-complete lack of
sea ice in the northern Bering Sea (p. 59).

e The cold pool for summer 2018 was nearly non-existent (p. 59).

e The predictions for summer 2019 show a lack of a cold pool based on the <0°C or <1°C definitions,
and a small <2°C cold pool (similar to 2003).

e Sea surface temperature anomalies show positive anomalies in the northern Bering Sea during summer
and winter for the last several years, including the warmest summer of the time series in 2018 (p. 68).

e Surface water temperatures in 2018 decreased from 2017 while bottom temperatures increased, but
both were warmer than the long-term time-series mean (p. 70).

e The cold pool was the lowest areal coverage in the 37-year time-series and 2018 was the first time that
bottom temperatures <0°C were not observed within the standard bottom trawl survey area (p. 70).

e The 2018 springtime drift pattern appears favorable with consistent drift in a northerly direction.
Only two years out of the past ten (2015, 2018) have drift trajectories been consistent with those that
produced above-average recruitment (p. 73).

Ecosystem Trends

e Catch rates for sponges and sea anemones remained similar to estimates from 2017, which were lower
than catch rates during 2010-2015. The catch rate of sea whips decreased from 2016 to 2017, but
increased again in 2018 to a rate similar to 2010-2011 (p. 75).

e Rapid Zooplankton Assessments were conducted on two spring surveys in the southeastern Bering
Sea during 2018. Large copepod abundances were lower in the inner domain, but similar to historical
means in the middle and outer domains, with ‘hot spots’ near Unimak Pass and in the northwest
region. Lipid content averaged 5.9% wet mass (p. 78).

e Juvenile euphausiid abundances were very low during spring 2018 and low relative to historical means
with a lipid content of 3.4% wet mass (p. 78).

e A Rapid Zooplankton Assessment was conducted on one late-summer survey in the northern Bering
Sea. Small copepods were abundant throughout the survey area, except at the most northern stations.
Large copepods and juvenile euphausiids increased from south to north. Compared to 2007 (cold year),
the 2018 abundances of small copepods were similar, abundances of large copepods were an order of
magnitude lower, and abundances of juvenile euphausiids were near zero (p. 78).

e FEuphausiid density, as estimated from the acoustic-trawl survey, increased slightly from 2016 to 2018,
but remains low. The estimates indicate that euphausiids have become less available as prey in 2012-
2018 compared to 20062010 (p. 88).

e Relative CPUE of jellyfishes (primarily Chrysaora melanaster) sampled on the bottom trawl survey
increased 211% from 2017 to 2018 and was similar catch as observed in the mid 1990s and in 2009
and 2010 (p. 91).

e The abundance of smaller-sized jellyfish (Aequorea, Aurelia, Cyanea, and Staurophora) in 2018 based
on surface trawl surveys was variable between the southeastern and northern Bering Sea while the
abundance of larger jellyfish (C. melanaster) declined in both regions (p. 92).

e Larval pollock abundance has increased since 2012 with a slight decline in 2018; ‘hot spots’ occurred
near the Alaska Peninsula and the Pribilof Islands. Pacific cod larvae show the opposite trend, with
declines since 2012 and a slight uptick in 2018 with variable spatial distributions (p. 94).

e Estimated abundances of juvenile forage fish (e.g., pollock, capelin, herring, juvenile salmonids) in-
creased in the southeastern Bering Sea relative to 2016 (driven by herring and juvenile salmonids),
but decreased in the northern Bering Sea relative to 2017 (driven by herring and pollock) (p. 96).
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e Togiak mature herring biomass in 2017 was estimated via aerial surveys to be 55% of the most recent
10-year average and 59% of the recent 20-year average. Due to the cyclic nature of recruitment into
this population, ADF&G considers this population healthy and sustainable at current harvest levels

(p- 99).

e The 2018 catch of Canadian-origin juvenile Chinook salmon in the northern Bering Sea was among
the lowest observed since 2003. It is likely that the 2018 estimate will be below average, marking the
274 consecutive year of below average abundance; this could lead to reduced bycatch caps three to
four years in the future (p. 102).

e The 2018 Bristol Bay salmon inshore run of sockeye was the largest on record since 1963; inshore run
sizes in 20152018 were above recent and long-term averages. Inshore runs to the Nushagak District
2017 and 2018 were the two highest on record. Large inshore runs in 2018 suggest these stocks
experienced positive conditions at entry into the southeastern Bering Sea in summer of 2015-2016 and
winter of 20162017 (p. 104).

e There has been a negative trend in Pacific cod condition since a peak in 2003. Condition of age-1+
pollock in 2018 was the second lowest on record and continued a decreasing trend. Length-weight
residuals for most species increased or were the same from 2017 to 2018, except pollock and Alaska
plaice which had lower condition in 2018 relative to 2017 (p. 107).

e In the northern Bering Sea, Pacific cod and juvenile pollock had higher than average condition in
2018. Adult pollock had lower than average condition in the northern Bering Sea, consistent with the
rest of the eastern Bering Sea (p. 107).

e The climate-enhanced multispecies model (CEATTLE) estimates of age-1 predation mortality remain
elevated above the long-term mean, while age-1 Pacific cod and Arrowtooth flounder mortality were
at and below the long-term mean, respectively (p. 112).

e Pacific cod recruitment of the 2016 year class, as predicted by the NPI, is estimated to be higher than
the median. However, the error for 2016 is the largest in the time series (p. 118).

e Regression models using large copepod abundance predict the 2016 year class will produce 3.15-3.39
billion age-3 pollock in 2019 (p. 121).

e Recruitment predictions for the 2017 year class of pollock were average based on survival to age-1
(based on energy density, p. 126) and age-3 (based on the temperature change index, p. 120).

e The 2018 relative CPUE for eelpouts decreased by 12% from 2017, but remains just above the average
of the last 10 years. The poacher group CPUE decreased by 36% since 2017 to the lowest since 1987.
Seastar CPUE decreased by 20% from 2017 and was just below the average of the last 10 years (p.
129).

e Crab biomass and abundance decreased in 2018 for Bristol Bay red king crab (males and females), St.
Matthew Island blue king crab males, and tanner crab (males and females). Pribilof Island blue king
crab (males and females) stocks remain depressed. However, snow crab biomass increased in 2018 by
60% (males and females) (p. 131).

e Seabirds showed overall poor reproductive success in 2018 at the Pribilof Islands (i.e., kittiwakes, red-
faced cormorants) while murres had some reproductive success, but the number of birds breeding was
low and many were late in their reproductive efforts (p. 133).

e Fur seal pup production at St. Paul Island in 2018 was approximately 6% less than in 2016. Pup
production has been declining at St. Paul Island at an approximate annual rate of 4.0% since 1998.
The St. George estimate is approximately 5% greater in 2018 than 2016 but shows no significant trend
since 1998 (p. 136).

e The total biomass of demersal fish and invertebrates shows an apparent increase over the time series
with the highest value in 2014. Total CPUE dropped substantially in 2018 but is only slightly lower
than the 2010-2013 period (p. 139).
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e Local species richness (species per haul) increased in 2018, but is lower than the mid-2000s. Diversity
increased substantially because the distribution of biomass was more even, primarily because pollock
was not as dominant as in recent years (p. 140).

e The spatial distribution of fish stocks shifted south in 2017 and 2018, but remains further north than
in any other year except 2016. However, northern Bering Sea surveys in 2017 and 2018 suggested that
much of the biomass occurred in the north, therefore the true center of gravity for many species likely
shifted farther to the North than indicated (p. 142).

e The mean lifespan of demersal fish decreased in 2018 to 27.6 years, which is less than the long-term
mean. Mean lifespan has generally been stable over the 37-year time series with no indication of a
long-term trend (p. 146).

e The mean length of groundfish in 2018 was 37.6 cm, an increase of 0.5 cm from 2017, and is the highest
value over the time series. Mean length shows interannual variation, but has been generally stable
and trending upward since 2012 (p. 147).

e The stability of groundfish biomass increased in 2018 to 5.5. This indicator has remained generally
stable since 1993 and does not exhibit a clear trend (p. 149).

Fishing and Human Dimensions Trends

e Chinook salmon caught as bycatch in the Bering Sea originate from Oregon to the Yukon River. From
2011 to 2016, the proportion of Chinook bycatch from the coastal western Alaska stock has decreased
while the proportions of British Columbia and west coast U.S. fish have slightly increased (p. 152).

e Chum salmon is primarily caught as bycatch in the pollock B-season trawl fishery. Between 2011-
2016, the northeast Asia and Gulf of Alaska/Pacific northwest stocks have accounted for the greatest
proportions of bycatch (p. 154).

e Discard biomass in the northern Bering Sea fixed gear sector has trended upward since 2016, but
remains small relative to discard biomass in the southern Bering Sea. In 2018, discards in the fixed
gear sector trended lower in the southern Bering Sea and higher in the northern Bering Sea (due to
freezer longline vessels targeting Pacific cod) relative to the previous 5-year period (p. 156).

e The catch of jellyfish peaked in 2014, declined in 2015 and 2016, and increased again in 2017. Catch
of structural epifauna (predominantly benthic urochordate) has been steady 2011-2017. Seastars
increased between 2011-2015, but have decreased in 2016 and 2017 (p. 159).

e The number of seabirds caught incidentally in EBS fisheries in 2017 was very similar to the 2007-2016
average. Northern fulmars, shearwaters, and gulls were the most common species group caught in
2017 (p. 162).

e With the Arctic FMP closure included, almost 65% of the U.S. EEZ of Alaska is closed to bottom
trawling (p. 169).

e As of June 30, 2018, no BSAI groundfish stock or stock complex is subjected to overfishing, is con-
sidered to be overfished, or to be approaching an overfished condition. Only the Pribilof Islands blue
king crab stock is considered overfished and subject to overfishing; the stock is in year 4 of a rebuilding
plan (p. 172).

e Surplus production was high in 2014-15 and 2015-16, then dropped substantially due to a decrease
in a number of species from 2016 to 2017 (p. 177).

e Landings in the EBS are predominantly from the pelagic foragers (i.e., pollock); trends in the apex
predator group are driven by TAC of Pacific cod; crab stocks (motile epifauna) have trended upwards
since 2003, but declined significantly in 2017, especially for tanner crab (p. 184).

17
NPFMCBering Seaand AleutianislandsSAFE



DecembeR018 EBSEcosystenstatusreport

e Subsistence salmon harvests in the southeastern Bering Sea reflect a downward trend; in the northern
Bering Sea, household permits have increased but harvests have decreased. Subsistence halibut harvest
increased in 2014-2016 in both the southeastern and northern Bering Sea (p. 180).

e Trends in ex-vessel value are closely connected to landings (see p. 184). Flatfish revenues have declined
recently due to decreased prices; crab value has increased with increased landings; salmon value has
increased due to stable landings and strong prices (p. 186).

e First-wholesale value varies by landings and/or prices. Pollock prices have decreased since 2013, but
this has been largely offset by increased landings; Pacific cod prices dropped in 2009, but rebounded
and have been stable; flatfish value decreased between 20122015 with decreased prices and significant
supply; salmon value decreased in 2012, but rebounded in 2013 and has remained stable at 2010 levels;
crab value increased with increasing prices through 2012, but has decreased slightly with reduced
landings (p. 186).

e A low level of saltwater sport fishing occurs in the EBS; the number of anglers fishing has declined
since the mid-1990s and is currently below 2,000 anglers (p. 190).

e Alaska is well-known for its sport fishing opportunities and draws anglers from within and from outside
Alaska. In the EBS, however, saltwater recreational fishing effort is currently low and likely represents
a trivial source of extraction for all functional groups (p. 192).

e The unemployment rate in EBS communities decreased to 3.1% in 2017 while the northern Bering Sea
was 12.4% (p. 196).

e The 2017 population estimate of all EBS communities combined was 10,243 and the population of
small communities (< 1,500) was 7,908. The EBS population has remained relatively stable overall,
yet 41% of communities experienced population decline between 1990 and 2017 (p. 200).

e The 2017 population estimate of all northern Bering Sea communities was 33,620 and the population of
small communities (< 1,500) was 23,778. The northern Bering Sea population has remained relatively
stable with only 18% of communities experiencing population declines between 1990 and 2017 (p.
200).

e There has been a downward trend in school enrollment in the EBS (except the Lower Kuskokwim
School district) with several community schools closing in rural areas, including St. George in 2018.
Graduation rates for Lower Kuskokwim district consistently fall in the lower 1/3 of school districts,
while the Lake and Peninsula and Pribilof school districts are consistently in the upper 1/3 (p. 205).

e Northern Bering Sea school district enrollment levels are relatively stable with very few school closures
and only five schools with enrollment below 30 students out of 64 schools. However, the northern Bering
Sea region has the highest dropout rates compared to other regions, with an overall average of 10%
for multiple years (p. 205).
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Introduction

The goals of the Ecosystem Status Reports are to (1) provide stronger links between ecosystem research and
fishery management and (2) spur new understanding of the connections between ecosystem components by
bringing together the results of diverse research efforts into one document. Beginning in 2016, we split the
report into four separate documents, one each for the Gulf of Alaska, Aleutian Islands, eastern Bering Sea,
and the Arctic'. This year we present updated reports for the Gulf of Alaska, Aleutian Islands, and eastern
Bering Sea. Each report contains four main sections:

e Report Card(s)
e Ecosystem Assessment
e Executive Summary

e Ecosystem Indicators and Fishing and Human Dimensions Indicators

The purpose of the first section, the Report Card(s), is to summarize the status of the top indicators selected
by teams of ecosystem experts to best represent each ecosystem. Time series of indicators are presented
in figures formatted similarly to enable comparisons across indicators. Recent trends in climate and the
physical environment, ecosystems, and fishing and fisheries are highlighted in bulleted lists. The selected list
of indicators is intended to be revisited regularly. The eastern Bering Sea indicators were selected in 2010
and will be updated as part of the Fishery Ecosystem Plan currently being developed. The Aleutian Islands
indicators were selected in 2011. The Gulf of Alaska indicators were selected in 2015.

The purpose of the second section, the Ecosystem Assessment, is to synthesize historical climate and fishing
effects on Alaskan marine ecosystems using information from the Ecosystem Status and Management Indi-
cators section and stock assessment reports. An ongoing goal is to produce ecosystem assessments utilizing a
blend of data analysis and modeling to clearly communicate the current status and possible future directions
of ecosystems. In 2017 we expanded the Fishing and Human Dimensions section to more broadly reflect
aspects of our role in the ecosystem. In doing so, we organized this new section around a proposed set of
ecosystem-scale objectives derived from U.S. legislation and current management practices.

The purpose of the third section, the Executive Summary, is to provide a concise summary of the status of
marine ecosystems in Alaska for stock assessment scientists, fishery managers, and the public. Page links to
sections with more detail are provided.

The purpose of the fourth section, Ecosystem Indicators and Fishing and Human Dimensions Indicators, is to
provide detailed information and updates on the status and trends of ecosystem components. The indicators
are broadly grouped into Ecosystem Status Indicators, organized by trophic level, and Fishing and Human
Dimensions Indicators, organized around objective categories derived from U.S. legislation and current man-
agement practices. Descriptions of the Report Card indicators and “Noteworthy” items that capture unique
occurrences are highlighted at the beginning. Indicators are also intended to track performance in meeting
the stated ecosystem-based management goals of the NPFMC, which are:

!The Arctic report is under development

33
NPFMCBering Seaand AleutianislandsSAFE



DecembeR018 EBSEcosystenstatusreport

1. Maintain biodiversity consistent with natural evolutionary and ecological processes, including dynamic
change and variability

2. Maintain and restore habitats essential for fish and their prey
3. Maintain system sustainability and sustainable yields for human consumption and non-extractive uses

4. Maintain the concept that humans are components of the ecosystem

History of the ESRs

Since 1995, the North Pacific Fishery Management Council’s (NPFMC) Groundfish Plan Teams have pre-
pared a separate Ecosystem Status (formerly Considerations) Report within the annual SAFE report. Each
new Ecosystem Status Report provides updates and new information to supplement the original report. The
original 1995 report presented a compendium of general information on the Gulf of Alaska, Bering Sea, and
Aleutian Island ecosystems as well as a general discussion of ecosystem-based management. The 1996 edition
provided additional information on biological features of the North Pacific, and highlighted the effects of
bycatch and discards on the ecosystem. The 1997 edition provided a review of ecosystem-based management
literature and ongoing ecosystem research, and provided supplemental information on seabirds and marine
mammals. The 1998 edition provided information on the precautionary approach, essential fish habitat, ef-
fects of fishing gear on habitat, El Nino, local knowledge, and other ecosystem information. The 1999 edition
again gave updates on new trends in ecosystem-based management, essential fish habitat, research on effects
of fishing gear on seafloor habitat, marine protected areas, seabirds and marine mammals, oceanographic
changes in 1997/98, and local knowledge.

In 1999, a proposal came forward to enhance the Ecosystem Status Report by including more information
on indicators of ecosystem status and trends and more ecosystem-based management performance measures.
The purpose of this enhancement was to accomplish several goals:

1. Track ecosystem-based management efforts and their efficacy
2. Track changes in the ecosystem that are not easily incorporated into single-species assessments

3. Bring results from ecosystem research efforts to the attention of stock assessment scientists and fishery
managers

4. Provide a stronger link between ecosystem research and fishery management

5. Provide an assessment of the past, present, and future role of climate and humans in influencing
ecosystem status and trends

Each year since 1999, the Ecosystem Status Reports have included some new contributions and will continue
to evolve as new information becomes available. Evaluation of the meaning of observed changes should be
in the context of how each indicator relates to a particular ecosystem component. For example, particular
oceanographic conditions, such as bottom temperature increases, might be favorable to some species but not
for others. Evaluations should follow an analysis framework such as that provided in the draft Programmatic
Groundfish Fishery Environmental Impact Statement that links indicators to particular effects on ecosystem
components.

In 2002, stock assessment scientists began using indicators contained in this report to systematically assess
ecosystem factors such as climate, predators, prey, and habitat that might affect a particular stock. In-
formation regarding a particular fishery’s catch, bycatch, and temporal/spatial distribution can be used to
assess possible impacts of that fishery on the ecosystem. Indicators of concern can be highlighted within
each assessment and can be used by the Groundfish Plan Teams and the Council to justify modification of
allowable biological catch (ABC) recommendations or time/space allocations of catch.

We initiated a regional approach to the ESR in 2010 and presented a new ecosystem assessment for the eastern
Bering Sea. In 2011, we followed the same approach and presented a new assessment for the Aleutian Islands
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based on a similar format to that of the eastern Bering Sea. In 2012, we provided a preliminary ecosystem
assessment on the Arctic. Our intent was to provide an overview of general Arctic ecosystem information
that may form the basis for more comprehensive future Arctic ecosystem assessments. In 2015, we presented
a new Gulf of Alaska report card and assessment, which was further divided into Western and Eastern Gulf
of Alaska report cards beginning in 2016. This was also the year that the previous Alaska-wide ESR was
split into four separate report, one for the Gulf of Alaska, Aleutian Islands, eastern Bering Sea, and the
Arctic?.

The eastern Bering Sea and Aleutian Islands ecosystem assessments were based on additional refinements
contributed by Ecosystem Synthesis Teams. For these assessments, the teams focused on a subset of broad,
community-level indicators to determine the current state and likely future trends of ecosystem productivity
in the EBS and ecosystem variability in the Aleutian Islands. The teams also selected indicators that reflect
trends in non-fishery apex predators and maintaining a sustainable species mix in the harvest as well as
changes to catch diversity and variability. Indicators for the Gulf of Alaska report card and assessment were
also selected by a team of experts, via an online survey first, then refined in an in-person workshop.

Originally, contributors to the Ecosystem Status Reports were asked to provide a description of their con-
tributed index/information, summarize the historical trends and current status of the index, and identify
potential factors causing those trends. Beginning in 2009, contributors were also asked to describe why
the index is important to groundfish fishery management and implications of index trends. In particular,
contributors were asked to briefly address implications or impacts of the observed trends on the ecosystem
or ecosystem components, what the trends mean and why are they important, and how the information can
be used to inform groundfish management decisions. Answers to these types of questions will help provide
a “heads-up” for developing management responses and research priorities.

This report represents much of the first three steps in Alaska’s IEA: defining ecosystem goals, developing
indicators, and assessing the ecosystems (Figure 3). The primary stakeholders in this case are the North
Pacific Fishery Management Council. Research and development of risk analyses and management strategies
is ongoing and will be referenced or included as possible.

It was requested that contributors to the Ecosystem Status Reports provide actual time series data or make
them available electronically. The Ecosystem Status Reports and data for many of the time series presented
within are available online at: http://access.afsc.noaa.gov/reem/ecoweb/index.php. These reports
and data will also be available through a new NOAA-wide IEA website in early 2019.

Past reports and all groundfish stock assessments are available at: http://www.afsc.noaa.gov/refm/
stocks/assessments.htm

If you wish to obtain a copy of an Ecosystem Considerations report version prior to 2000, please contact the
Council office (907) 271-2809.

2The Arctic report is under development
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Figure 3: The IEA (integrated ecosystem assessment) process.
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Ecosystem Indicators

Description of the Report Card indicators

1. The North Pacific Index (NPI) (Nov. - Mar. average): The NPI was selected as the single most
appropriate index for characterizing the climate forcing of the Bering Sea. The NPI is a measure of the
strength of the Aleutian Low, specifically the area-weighted sea level pressure (SLP) for the region of 30° to
65°N, 160°E to 140°W (Trenberth and Hurrell, 1994). Tt is relevant to the Bering Sea because the strength of
the Aleutian Low relates to wintertime temperatures, with a deeper low (negative SLP anomalies) associated
with a greater preponderance of maritime air masses and hence warmer conditions.

The advantageous aspects of the NPI include its systematic relationship to the primary causes of climate
variability in the Northern Hemisphere, especially the El Nifio-Southern Oscillation (ENSO) phenomenon,
and to a lesser extent the Arctic Oscillation (AO). It may also respond to North Pacific SST and high-
latitude snow and ice cover anomalies, but it is difficult to separate cause and effect. The NPI also has some
drawbacks: (1) it is relevant mostly to the atmospheric forcing in winter, (2) it relates mainly to the strength
of the Aleutian Low rather than its position, which has also been shown to be important to the seasonal
weather of the Bering Sea (Rodionov et al., 2007), and (3) it is more appropriate for the North Pacific basin
as a whole than for a specific region such as the Bering Sea shelf.

Contact: Muyin. Wang@noaa.gov

2. Eastern Bering Sea ice retreat index: Sea ice over the southern Bering Sea (south of ~60°N) varies
greatly on all time scales (daily, annual, decadal), while the variability over the northern Bering Sea shelf
is lower. We use an index of the number of days during March and April in which there was at least 20%
ice cover in a 100 km box around the M2 mooring located in the southeastern portion of the shelf at 57°N
and 164°W (Stabeno et al., 2012). We chose spring, because it is spring sea ice that influences the timing of
the spring phytoplankton bloom, determines the extent of the cold pool, and strongly influences sea surface
temperatures during summer.

Contact: Phyllis.Stabeno@noaa.gov

3. Euphausiid biomass: Macrozooplankton are intermediaries in the transfer of carbon from primary
production to living marine resources (commercial fisheries and protected species). Understanding the mech-
anisms that control secondary production is an obvious goal toward building better ecosystem syntheses. In
the absence of direct measurements of secondary production in the eastern Bering Sea, we rely on estimates
of biomass. We use an estimate of euphausiid biomass as determined by acoustic trawls.

Contact: Patrick. Ressler@noaa.gov
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4., 5., 6., 7. Description of the fish and invertebrate biomass indices: We present four guilds to
indicate the status and trends for fish and invertebrates in the eastern Bering Sea: motile epifauna, benthic
foragers, pelagic foragers, and apex predators. Each is described in detail below. The full guild analysis
involved aggregating all eastern Bering Sea species included in a food web model (Aydin and Mueter, 2007)
into 18 guilds by trophic role, habitat, and physiological status (Table 1). For each guild, time trends of
biomass are presented for 1977-2018. Eastern Bering Sea biomass trends are summed stock assessment
model estimates or scaled survey data, where available, for each species within the guild. If neither time
series are available, the species is assumed to have a constant biomass equal to the mid-1990s mass balance
level estimated in Aydin and Mueter (2007). Catch data were directly taken from the Catch Accounting
System and/or stock assessments for historical reconstructions.

Contact: Kerim.Aydin@noaa.gov or Andy. Whitehouse@noaa.gov

Table 1: Composition of foraging guilds in the eastern Bering Sea.

Motile epifauna

Benthic foragers

Pelagic foragers

Fish apex predators

Eelpouts
Octopuses
Tanner crab
King crabs
Snow crab
Sea stars
Brittle stars
Other echinoderms
Snails
Hermit crabs
Misc. crabs

P. cod (juv)
Arrowtooth (juv)
P. halibut (juv)
Yellowfin sole (juv)
Yellowfin sole
Flathead sole (juv)
Flathead sole

N. rock sole (juv)
N. rock sole

AK plaice

Dover sole

Rex sole

Misc. flatfish
Shortraker rockfish

W. pollock (juv)
W. pollock

P. herring (juv)

P. herring

Gr. turbot (juv)
Sablefish (juv)

P. ocean perch
Sharpchin rockfish
Northern rockfish
Dusky rockfish
Other Sebastes
Atka mackerel (juv)
Atka mackerel
Misc. fish shallow

P. cod

Arrowtooth
Kamchatka fl. (juv)
Kamchatka fl.

P. halibut

Alaska skate

Large sculpins

Thornyhead rockfish
Greenlings
Other sculpins

Squids

Salmon returning
Salmon outgoing
Bathylagidae
Myctophidae
Capelin

Eulachon

Sandlance

Other pelagic smelts
Other managed forage
Scyphozoid jellies

4. Motile epifauna (fish and benthic invertebrates): This guild includes both commercial and non-
commercial crabs, sea stars, snails, octopuses, and other mobile benthic invertebrates. Information is based
on bottom trawl survey data (for more information, see p.129 and 131). There are ten commercial crab stocks
in the current Fishery Management Plan for Bering Sea/Aleutian Islands King and Tanner Crabs; we include
seven on the eastern Bering Sea shelf: two red king crab Paralithodes camtschaticus (Bristol Bay, Pribilof
Islands), two blue king crab Paralithodes platypus (Pribilof District and St. Matthew Island), one golden king
crab Lithodes aequispinus (Pribilof Islands), and two Tanner crab stocks (southern Tanner crab Chionoecetes
bairdi and snow crab C. opilio). The three dominant species comprising the eelpout group are marbled
eelpout (Lycodes raridens), wattled eelpout (L. palearis), and shortfin eelpout (L. brevipes). The composition
of seastars in shelf trawl catches are dominated by the purple-orange seastar (Asterias amurensis), which is
found primarily in the inner/middle shelf regions, and the common mud star (Ctenodiscus crispatus), which
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is primarily an inhabitant of the outer shelf. Stock assessments for crabs have not been included to date,
but could be in the future.

5. Benthic foragers (fish only): The species which comprise the benthic foragers group are the Bering
Sea shelf flatfish species, juvenile Arrowtooth flounder (Atheresthes stomias), and the sculpins. The major
species of this group are surveyed annually and have abundances estimated by statistical models, therefore
our confidence in their time-trend of abundance is high.

6. Pelagic foragers (fish and squid only): This guild includes adult and juvenile Walleye pollock
(Gadus chalcogrammus), other forage fish such as Pacific herring ( Clupea pallasi), Capelin (Mallotus villosus),
Eulachon (Thaleichthys pacificus), and Sand lance, pelagic rockfish, salmon, and squid. Information quality
ranges from a sophisticated highly quantitative stock assessment for pollock (the biomass dominant in the
guild) through relatively high variance eastern Bering Sea shelf survey data for forage fish, to no time series
data for salmon and squid.

7. Apex predators (shelf fish only): This guild includes Pacific cod (Gadus macrocephalus), Arrowtooth
flounder, Kamchatka flounder (Atheresthes evermanni), Pacific halibut (Hippoglossus stenolepis), Alaska
skate, and large sculpins. Pacific cod and Arrowtooth flounder time series are from stock assessments, and
the remaining time series are from the annual eastern Bering Sea shelf bottom trawl survey.

8. Multivariate seabird breeding index: This index represents the dominant trend among 17 reproduc-
tive seabird data sets from the Pribilof Islands that include diving and surface-foraging seabirds. The trend
of the leading principal component (PC1) represents all seabird hatch timing and the reproductive success
of murres and cormorants.

Contact: Stephani.zador@noaa.gov

9. St. Paul Northern fur seal pup production: Pup production on St. Paul was chosen as an index
for pinnipeds on the eastern Bering Sea shelf because the foraging ranges of females that breed on this island
are largely on the shelf, as opposed to St. George which, to a greater extent, overlap with deep waters of
the Basin and slope. Bogoslof Island females forage almost exclusively in pelagic habitats of the Basin and
Bering Canyon and, as such, would not reflect foraging conditions on the shelf.

Contact: Rod. Towell@noaa.gov

10. Habitat impacted by trawls: Fishing gear can affect habitat used by a fish species for the processes
of spawning, breeding, feeding, or growth to maturity. An estimate of the area of seafloor disturbed by
trawl gear may provide an index of habitat disturbance. This new indicator uses output from the Fishing
Effects (FE) model to estimate the habitat reduction of geological and biological features over the Bering
Sea domain, utilizing spatially-explicit VMS data. The indicator more accurately reflects an estimate of time
that gear is in contact with the substrate. Further detail on this index is reported on p. 167.

Contact: John.V.Olson@noaa.gov
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Noteworthy (formerly Hot Topics)

We present items that are either new or otherwise noteworthy and of potential interest to fisheries managers
as Noteworthy Items.

Better Off Dead

The Ecosystem Conservation Office (ECO) of the Aleut Community of St. Paul Island maintains a rat
prevention program on St. Paul Island, within the Pribilof Islands, Alaska. The rat prevention program,
developed jointly by ECO and the U.S. Fish and Wildlife Service (USFWS), maintains bio-security via rodent
trap stations at points of entry to St. Paul Island, including the harbor, fish processing facility, boat yard,
airport, Tribal Store, and Post Office. The Pribilof Islands support a globally significant concentration of
breeding seabirds and the rat prevention program was put in place to provide an early detection system to
safeguard against the potentially catastrophic impacts that an established population of rats could have on
breeding seabirds.

Unfortunately a rat was detected at the St. Paul fish processing facility during the last week of August 2018.
ECO immediately initiated a response, via an aggressive trapping effort and deployment of motion detection
cameras, and coordinated with the fish processor, the City of St. Paul, and the USFWS. ECO employees
obtained photographic evidence of rat presence via the cameras in early September but were unable to capture
a specimen. In consultation with ECO, the USFWS deployed a ‘strike team’ of rat eradication experts to
the island on September 20, consisting of representatives from the USFWS, United States Department of
Agriculture Wildlife Services, and Island Conservation. The team worked directly with ECO for a week and
carried out increased trapping efforts, added new trapping stations, and trained ECO team members in best
practices for rat eradication. Since the strike team left the island, ECO has been intensively monitoring
trapping stations within the fish processing facility and the City of St. Paul. On October 21, ECO received
a report that a rat had again been sighted in the fish processing facility. As a result, ECO and their partners
will continue to maintain heightened rat monitoring and eradication efforts as long as the threat of a rat
introduction remains.

Contributed by Lauren Divine (Aleut Community of St. Paul Island),
Marc Romano (USFWS)

Genetic Evidence for Summer Northward Movement of Pacific Cod

Changing conditions have been observed in the northern Bering Sea (NBS) region in recent years, includ-
ing significant differences in the distribution of important commercial fish species from a National Marine
Fisheries Service (NMFS) survey in 2010 and 2017. Significant differences in the Pacific cod (Gadus macro-
cephalus) distribution were observed from 2010 to 2017 in the NBS, a 907% increase. Concurrently, the 2017
estimate for Pacific cod in the southeastern Bering Sea declined by 37% from estimates in 2016. Hypotheses
for these changes included northward movement of Pacific cod, population expansion of existing NBS pop-
ulations, or movement from other regions, such as the Gulf of Alaska (which also experienced a decline in
2017) or Russia.

Researchers at the Alaska Fisheries Science Center tested these hypotheses by comparing the genetic com-
position (using Restriction-site Associated DNA sequencing) of a sample from the NBS in 2017 (Figure 4)
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Figure 4: Sample locations with respect to Pacific cod biomass observed in 2017 in the northern Bering
Sea. Sample locations and sample sizes are shown in panel a. High density observations of Pacific cod
are shown in panel b, with the highest density in blue.

with that of spawning populations throughout the Bering Sea and an existing baseline from other spawning
populations throughout Alaska waters. They used a method called RADseq (Restriction digest associated
sequencing) that provided 3,731 Single Nucleotide Polymorphism (SNP) loci.

@ Kodiak

° ® Adak

I » @ Prince William Sound

| / Northern Bering Sda
Pervenets

© Pribilof

@ Unimak

Figure 5: Discriminant analysis of principal components for samples used in the study; all samples came
from spawning fish except the Norton Sound sample.

Results indicate that the sample taken in 2017 was most similar to eastern Bering Sea spawning populations
(Figure 5) and not from the Gulf of Alaska or the Aleutian Islands. A DAPC (discriminant analysis of
principal components) indicated that the sample from the NBS grouped strongly with spawning samples
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from Pervenets and Pribilof canyons and Unimak Pass. An assignment test (Figure 6) indicated roughly
equal probability that the NBS sample was from the three spawning samples from the eastern Bering Sea. It
is likely that there was not enough information in the data to specify more than the NBS sample originated
from eastern Bering Sea spawning stocks. Comparing observed and expected likelihood values from the
assignment test indicated that the NBS sample was not from a location not sampled (i.e., Russia).
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Figure 6: Assignment test results indicating that the northern Bering Sea sample of Pacific cod came

from Pribilof canyon with 21% posterior probability, Pervenets canyon with 31% probability, and Unimak
Pass with 46% probability.

Contributed by Ingrid Spies, Kristen Gruenthal, Lorenz Hauser, Anne Hollowed,
Duane Stevenson, and Carolyn Tarpey
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New Evidence of Stock Composition Differences in Pacific Herring from the
Bering and Chukchi Seas

Climate warming has impacted the southern extent of sea ice in the eastern Bering Sea (EBS) leading to
changes in ocean conditions and food webs. In 2018, the maximum sea ice extent was at a historical minimum
in the Bering Sea. These ecosystem changes have influenced Pacific herring (Clupea pallasii) distribution
and diet in this region (Andrews et al., 2015) and have led to further questions surrounding herring stock
composition and habitat use in the eastern Bering Sea.

Pacific herring are managed as a Prohibited Species in the Federal waters of the EBS. In addition, a com-
mercial spring sac roe fishery occurs in Togiak and smaller scale bait fisheries have occurred in Dutch Harbor
and Norton Sound. The Togiak spawning population is considered the largest in Alaskan waters and makes
up approximately 70% of the herring spawning biomass in the EBS (p. 99). However, while the largest
spawning biomass is from Togiak (southeastern Bering Sea), the Bering Arctic Sub-Arctic Integrated Survey
(BASIS) captured the largest biomass of herring in the northeastern Bering Sea. The majority of the herring
captured during BASIS are thought to be juveniles leading to a new hypothesis: Is the northern Bering Sea
(i.e., Norton Sound) an important nursery area for eastern Bering Sea herring populations? A pilot study
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Figure 7: Map of Pacific herring collection sites in the eastern Bering and southern Chukchi Seas.

was undertaken to explore this hypothesis. Pre-spawning herring were collected from the following three re-
gions in the Bering and Chukchi Seas: Kotzebue Sound (n=126), Norton Sound (n=>50), and Togiak (n=>50;
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Table 2: Results of isotopic analysis.

Location FL 015N 615N §13C 613C C:N C:N

(mean; mm) mean SD  mean SD mean SD
Kotzebue Sound 207.1 15.37 049 -21.41 0.66 3.99 0.83
Norton Sound 305.4 15.04 0.60 -20.49 0.63 455 0.21
Togiak 323.24 14.40 0.65 -20.73 0.59 4.71 0.97

Figure 7). We analyzed the samples for genetic and isotopic differences, and plan to analyze the otolith
microchemistry to provide additional evidence of spawning stock differentiation. Data from 15 microsatellite
loci indicate herring from Togiak and Norton Sound are genetically similar (p=0.72), but both collections
significantly differ from Kotzebue Sound herring (p<0.000; Figure 8). This finding supports previous work
(Grant and Utter, 1984) and emphasizes that the genetic split is north of Norton Sound. Results from the
isotopic analysis from a subset of these samples indicate that the §13C and 15N values are consistent with
known latitudinal gradients (Table 2). However, §13C values from Kotzebue Sound are more depleted and
may indicate a stronger association with nearshore environments with freshwater terrestrial input.

A better understanding of Pacific herring stock composition and habitat use for early and late life stages will
provide insights into the effects of climate change on different spawning populations in the eastern Bering
Sea.

12

10

® Eastern Bering Sea @ Kotzebue Sound

Figure 8: Principal component analysis plot of 15 microsatellite loci for herring collections from Kotzebue
Sound (n=126), Norton Sound (n=>50), and Togiak (n=>50). Kotzebue Sound samples significantly differ
from eastern Bering Sea samples (Norton Sound and Togiak).

Contributed by Alex Andrews, Sharon Wildes, and Todd Miller (NOAA/AFSC/ABL),
Sherri Dressel (ADF&G),
and Alex Whiting (Native Village of Kotzebue, Kotzebue IRA)
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Seabird Mortality Events in 2018 are highest in Beringia Region

In contrast to 2017 and earlier events, reported seabird mortality events in 2018 were more heavily con-
centrated in the Beringia region (Figure 9). Beginning in May and extending through June 2018, the U.S.
Fish and Wildlife Service (USFWS) received reports of dead and dying seabirds in the northern Bering and
southern Chukchi seas, with dozens to hundreds of dead birds on various beaches. The events continued
into July and expanded north to Utqiagvik in the Arctic, south to St. Paul Island in the central Bering Sea,
and to the Alaska Peninsula and Lower Cook Inlet in the northern Gulf of Alaska (GOA). During USFWS
seabird surveys from the northern GOA to the Beaufort Sea, 25 dead seabirds were encountered (Figure 10).
This is less than the 70 dead birds encountered during 2017 surveys, but still much higher than the typical
2 birds per year (another exception being fall 2014).
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Figure 9: Dead birds counted on shore in 2018.

Contributing to mortality reports, sample collections, and response throughout Alaska were the UAF-Alaska
Sea Grant, Kawerak, Inc., Aleut Community of St. Paul Island, Alaska Migratory Bird Co-management
Council, National Park Service, and the Coastal Observation and Seabird Survey Team (COASST). The
COASST community members continue to monitor select beaches to track this event with respect to long-
term patterns.

Members of subsistence communities are greatly concerned about the cause of the die-offs and whether birds
and eggs are safe to consume. To date, all bird carcasses (over 200 since 2015) sent to the USGS National
Wildlife Health Center or the USGS Alaska Science Center (ASC) for examination were determined to have
died of emaciation and starvation. To evaluate whether harmful algal bloom toxins may have contributed to
seabird deaths, the ASC, in collaboration with NOAA and other partners, tested birds from multiple locations
(including dead and apparently healthy birds from 2015-2017) for saxitoxin. They found detectable levels
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Figure 10: Dead birds counted at sea, by month, in 2018.

of saxitoxin in slightly more of the dead (45%) than apparently healthy (35%) birds tested. All saxitoxin
levels were below advisory limits for human consumption of shellfish (80 ug/100 g); however, these limits do
not apply to seabirds, and thus the ASC cannot advise on human harvest or consumption at this time.

This year’s seabird mortality has been reported over a wide geographic region and throughout summer, with
emaciation and starvation as the only identified cause of death (to date). In addition, observations at seabird
breeding colonies by community members and the Alaska Maritime National Wildlife Refuge indicate lack
of breeding attempts or very late and unsuccessful breeding. Together, these observations suggest that the
seabird die-offs stem from a lack of food or unfavorable foraging conditions, indicating ecosystem changes
that may be associated with abnormally high ocean water temperatures, particularly in the Pacific Arctic.

A 1-page information sheet on this recent die off is available at: https://www.fws.gov/alaska/pdf/Alaska_
2018_Seabird_Die-off_1Pager_VerAUG2018_FINAL.pdf.

Contributed by: Kathy Kuletz, Liz Labunski and Robb Kaler (USFWS)
Julia Parish, Timothy Jones and Hillary Burgess (COASST)

Gay Sheffield (Alaska Sea Grant/University of Alaska, Nome)
Brandon Ahmasuk (Kawerak, Inc.) and

Sarah Schoen and Caroline Van Hemert (USGS/ASC).
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Local Environmental Observer (LEO) Network

The NMFS AFSC is interested in documenting and learning from citizen science observations that may
be incorporated into Ecosystem Status Reports (ESRs). We identified the LEO Network as a potential
platform for tracking these observations in the 2017 ESR and were encouraged by the Council and SSC to
continue exploring the utilization of this framework in future reports. Other citizen science efforts exist in
Alaska, but to our knowledge these efforts are mostly project specific (e.g., bird spotting and identification)
or community specific.

The LEO Network was launched in 2012 by the Alaska Native Tribal Health Consortium (ANTHC) as a
tool for local observers in the Arctic to share information about climate and other drivers of environmental
change (see: https://www.leonetwork.org/en/docs/about/about). Anyone may join the network and
provide observations, and the network now spans the globe. Consultants with relevant expertise often, but
not always, review the observations and provide feedback. The observations are of unusual environmental
events or notable environmental changes, reported by geographic location and date, and classified by relevant
category (or multiple relevant categories) such as Weather, Land, Fish, Sea Mammals, Ocean/Sea, etc.
(Figure 11).
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Figure 11: LEO Network observations in Alaska for 2017 and 2018 (through August 15%). Source:
https://www.leonetwork.org.

Figure 12 shows LEO Network observations from January 1, 2017 to August 1, 2018 in the northern Bering
Sea (NBS) LME with the frequency by category. These categories are based on analysis of the 38 total ob-
servations in 2017 and 2018 (through August 1) in the NBS and are not limited to the marine environment.
The observations in Figure 12 were made in 16 total communities.

Similarly to Figure 12, Figure 13 shows LEO Network observations from January 1, 2017 to August 1, 2018
in the Eastern Bering Sea (EBS) LME with the frequency by category. There were 27 total observations in
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plant or animal unusual mortality events
coastal erosion

marine mammal strandings

changes in plant or animal seasonal distributions
or abundance

algal/plant/jellyfish blooms

extreme weather events or changes in weather
patterns

unusual or unidentified plants or animals

growths or diseases on plants and/or animals

Figure 12: Distribution of 2017 and 2018 (through August 15*) LEO Network observations in NBS
communities.

12 communities over this time period in the EBS.

In response to the Council’s and SSC’s previous comments on the use of LEO Network observations in
this report, AFSC is currently developing a LEO Network project to solicit observations from community
members on specific ecological questions. Alaska State agencies, non-profit organizations, universities, and
U.S. federal agencies have similarly developed projects on the network to track observations specific to their
area of interest, e.g., weather events, fish pathology, subsistence harvests, etc. AFSC is also actively pursuing
opportunities to examine ways of incorporating local and traditional knowledge into fisheries management
in the North Pacific with the Council’s Bering Sea Fishery Ecosystem Plan, Social Science Planning Team,
and through targeted research efforts.

Contributed by Marysia Szymkowiak
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Figure 13: Distribution of 2017 and 2018 (through August 1%*) LEO Network Observations in EBS
communities.
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Ecosystem Status Indicators

Indicators presented in this section are intended to provide detailed information and updates on the status
and trends of ecosystem components. Older contributions that have not been updated are excluded from
this edition of the report. Please see archived versions available at: http://access.afsc.noaa.gov/reem/
ecoweb/index.php

Physical Environment

North Pacific Climate Overview

Contributed by Nick Bond (UW/JISAO)

NOAA/PMEL, Building 3, 7600 Sand Point Way NE, Seattle, WA 98115-6349
Contact: nicholas.bond@noaa.gov

Last updated: August 2018

Summary: The state of the North Pacific atmosphere-ocean system during 2017-2018 was rather similar to
that during 2016-17. Both winters featured La Ninia and weaker than normal Aleutian lows (positive sea level
pressure, SLP anomalies). The more prominent sea surface temperature (SST) anomalies during 2017-18
tended to be in the positive sense, with persistent warmth in the subtropical eastern North Pacific, increasing
positive anomalies in the Bering Sea, and the expansion of warm waters off the east coast of Asia. The
Pacific Decadal Oscillation (PDO) was slightly positive during the past year, with a decline to near zero in
the summer of 2018. The climate models used for seasonal weather predictions are indicating about a 70%
chance of a weak-moderate El Nitio for the winter of 2018-19, and warmer than normal SSTs in both the
western and eastern mid-latitude North Pacific in early 2019.

Regional Highlights:

Alaska Peninsula and Aleutian Islands. The weather of this region included suppressed storminess during
the fall of 2017 and the following winter of 2017/18. The regional wind anomalies were from the southwest in
an overall sense. Based on synthetic data from NOAAs Global Ocean Data Assimilation System (GODAS),
the Alaska Stream appears to have been relatively diffuse, as opposed to concentrated into a narrower, high
velocity flow, on the south side of the eastern Aleutian Islands. The eddy activity in this region was on the
low side (see Aleutian Islands Ecosystem Status Report).

Bering Sea. The Bering Sea had the least amount of sea ice in the observational record back to 1979. This
can be attributed to the delayed start of winter (Being Strait was still open on 1 January) and then very
mild temperatures with strong winds from the southwest, particularly in February 2018. An important
consequence was a cold pool in summer 2018 of exceedingly small areal extent. The weather during summer
2018 was stormier than usual on the southeast Bering Sea shelf; at the time of this writing it is unknown
if those conditions helped sustain primary production later into the warm season than usual. In the region
of the M2 mooring the thermal stratification during summer 2018 was somewhat less than observed during
recent years; the vertically integrated heat content was the second greatest on record, topped by 2016.

Arctic. The winter of 2017/18 was relatively warm in the Arctic, and included an extreme “heat wave” (for
the season) in the central Arctic during February. The Arctic’s maximum ice extent in mid-March 2018 was
the 2" lowest on record. On the other hand, the decline in sea ice coverage during the late spring and early
summer of 2018 was on the slow side, primarily in association with relatively low SLP in the central Arctic
and cool and cloudy weather. The west winds accompanying this circulation pattern helped maintain a wide
band of ice near the coast east of Pt. Barrow. Relatively rapid losses in sea ice concentrations and coverage
occurred here in late July 2018. The edge of the pack ice in the Chukchi Sea was well north of its usual
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position during the summer of 2018. At the time of this writing, it appears that the minimum ice extent
for the Arctic as a whole will be well below of climatological norms, but more akin to the years of 2013 and
2014 rather than the extreme minimum ice cover year of 2012.

Sea Surface Temperature and Sea Level Pressure Anomalies

Contributed by Nick Bond (UW/JISAO)

NOAA/PMEL, Building 3, 7600 Sand Point Way NE, Seattle, WA 98115-6349
Contact: nicholas.bond@noaa.gov

Last updated: September 2018

Description of indices: The state of the North Pacific climate from autumn 2017 through summer 2018 is
summarized in terms of seasonal mean sea surface temperature (SST) and sea level pressure (SLP) anomaly
maps. The SST and SLP anomalies are relative to mean conditions over the period of 1981-2010. The SST
data are from NOAA’s Optimum Interpolation Sea Surface Temperature (OISST) analysis; the SLP data are
from the NCEP/NCAR Reanalysis project. Both data sets are made available by NOAA’s Earth System Re-
search Laboratory (ESRL) at http://www.esrl.noaa.gov/psd/cgi-bin/data/composites/printpage.

pl.

Status and trends: The eastern portion of the North Pacific ocean experienced during 2014-16 one of the
most extreme marine heat waves in the observational record (Scannell et al., 2016); the interval summarized
here can be considered a transition period between that event and a more climatologically normal SST
distribution on the basin-scale. More detail on the evolution of the SST and SLP from a seasonal perspective
is provided directly below.

The SST during the autumn (Sep—Nov) of 2017 (Figure 14a) was warmer than normal across almost the
entire North Pacific Ocean. Greater positive (> 1°C) anomalies occurred in the Chukchi Sea and northwest
Bering Sea in the northern and eastern Bering Sea, resulting in a delayed onset of sea ice the following winter.
The SST anomalies were negative in the eastern equatorial Pacific in association with the development of La
Nina. The SLP pattern during autumn 2017 featured prominent positive anomalies over the north central
portion of the North Pacific Ocean, with the greatest departures from normal over the open ocean south
of the western tip of the Alaska Peninsula (Figure 15a). This SLP distribution implies an enhanced storm
track along the east coast of Asia, and suppressed storminess from the Aleutians into the Gulf of Alaska
(GOA).

The North Pacific atmosphere-ocean system during winter (Dec—Feb) of 2017-18 reflected to large extent a
continuation of the previous fall season. The distribution of SST anomalies (Figure 14b) was quite similar,
with some additional warming in the subtropical northeastern Pacific extending southwestward from southern
California. The equatorial Pacific was characterized by weak /moderate La Nifia conditions with the strongest
negative SST anomalies well east of the dateline. The SLP during this period (Figure 15b) featured an
expansion of the pattern of the season before in terms of both magnitude and area, with substantial positive
anomalies from about 160°E to western North America north of about 30°N. This relatively high SLP in
combination with negative SLP anomalies over the East Siberian Sea resulted in a pressure pattern that
supported extremely strong wind anomalies (~3 to 4 m s™!) from the southwest across the Bering Sea.

The distribution of anomalous SST in the North Pacific during spring (Mar-May) of 2018 (Figure 14c) was
similar to that during the previous winter season. Exceptions were warming relative to seasonal normal in
the eastern Bering Sea and in an east-west band from 25° to 40°N from Japan to the dateline. The SST
anomalies in the tropical Pacific were of minor amplitude with the ending of La Nina. The SLP anomaly
pattern (Figure 15c) for spring 2018 featured bands of lower than normal pressure from eastern Siberia
to northwestern Alaska and higher pressure from south of the Aleutian Islands to the GOA, resulting in
another season of warm, southwesterly flow anomalies across the Bering Sea. The atmospheric circulation
in the northeast Pacific promoted relatively upwelling-favorable winds in the coastal GOA.
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The SST anomaly pattern in the North Pacific during summer (Jun—Aug) 2018 is shown in Figure 14d.
Positive anomalies continued in a broad band extending from Japan to the southeastern GOA and from
the northern Bering Sea into the Chukchi Sea. In the latter area, particularly strong positive temperature
anomalies (exceeding 2°C) developed in the vicinity of Bering Strait. Near normal SSTs were present along
most of the west coast of North America from Vancouver Island to southern California. Warmth continued
in the subtropical eastern North Pacific from Baja California to the equatorial Pacific east of the dateline,
where temperatures were roughly 0.5°C above normal. The distribution of anomalous SLP (Figure 15d)
during summer 2018 included mostly just weak anomalies, which is typical for the season. A band of higher
than normal pressure extended from the western North Pacific north of about 30°N into the GOA. Lower
pressure extended from northwestern Canada across interior Alaska into the Bering Sea.
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Figure 14: SST anomolies for autumn (September—November 2017), winter (December 2017-February 2018), spring (March-May 2018), and
summer (June-August 2018).
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Figure 15: SLP anomolies for autumn (September—November 2017), winter (December 2017-February 2018), spring (March—-May 2018), and

summer (June—August 2018).
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Climate Indices

Contributed by Nick Bond (UW/JISAO)

NOAA/PMEL, Building 3, 7600 Sand Point Way NE, Seattle, WA 98115-6349
Contact: nicholas.bond@noaa.gov

Last updated: September 2018

Description of indices: Climate indices provide an alternative means of characterizing the state of the
North Pacific atmosphere-ocean system. The focus here is on five commonly used indices: the NINO3.4
index for the state of the El Nino/Southern Oscillation (ENSO) phenomenon, Pacific Decadal Oscillation
(PDO) index (the leading mode of North Pacific SST variability), North Pacific Index (NPI), North Pacific
Gyre Oscillation (NPGO), and Arctic Oscillation (AO). The time series of these indices from 2008 into
spring/summer 2018 are plotted in Figure 16.

Status and trends: The North Pacific atmosphere-ocean climate system was mostly on the warm side
during 2017-18. This was despite the second fall/winter in a row with a negative value for the NINO3.4
index in association with a weak/moderate La Nifia event. The positive state of the PDO (indicating warmer
than normal SST along the west coast of North America and cooler than normal in the central and western
North Pacific) that began in early 2014 ended in 2017. This decline is consistent with the typical remote
effects of ENSO, and in particular the transition from a strong El Nino in 2015-16 to the following two
episodes of La Nina. The SST anomaly distribution during spring and summer of 2018 has a minimal
projection on the characteristic pattern of the PDO. The NPI was strongly positive from fall 2017 into 2018
due to the relatively high SLP in the region of the Aleutian low. A positive sense for the NPI commonly
accompanies La Nifia, its magnitude from late 2017 into 2018 was greater than might be expected.

The NPGO became strongly negative in 2017, and stayed negative into 2018 (February is the latest month
for which this index is available). This index has undergone an overall decline from positive values during the
period of 2008 to 2012. The AO represents a measure of the strength of the polar vortex, with positive values
signifying anomalously low pressure over the Arctic and high pressure over the Pacific and Atlantic Ocean
at a latitude of roughly 45°N. It was in a near-neutral state during the last half of 2017 with a transition
to a positive state in spring 2018 that has continued into summer. A consequence has been relatively low
pressure in the Arctic during early summer.

Seasonal Projections from the National Multi-Model Ensemble (NMME)

Contributed by Nick Bond (UW/JISAO)

NOAA/PMEL, Building 3, 7600 Sand Point Way NE, Seattle, WA 98115-6349
Contact: nicholas.bond@noaa.gov

Last updated: September 2018

Description of indicator: Seasonal projections of SST from the National Multi-Model Ensemble (NMME)
are shown in Figures 17. An ensemble approach incorporating different models is particularly appropriate
for seasonal and longer-term simulations; the NMME represents the average of eight climate models. The
uncertainties and errors in the predictions from any single climate model can be substantial. More detail
on the NMME, and projections of other variables, are available at the following website: http://www.cpc.
ncep.noaa.gov/products/NMME/.

Status and trends: First, the projections from a year ago are reviewed qualitatively. From an overall
perspective, the SST forecasts were essentially correct with respect to their basin-scale patterns of negative
and positive SST anomalies. The NMME forecasts included an under-prediction of the magnitudes of some
of the more prominent anomalies. In particular, Alaskan waters generally ended up warmer than forecast,
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Figure 16: Time series of the NINO3.4 (blue), PDO (red), NPI (green), NPGO (purple), and AO
(turquoise) indices for 2008-2018. Each time series represents monthly values that are normalized using
a climatology based on the years of 1981-2010, and then smoothed with the application of three-month
running means. The distance between the horizontal grid lines represents 2 standard deviations. More
information on these indices is available from NOAA’s Earth Systems Laboratory at http://www.esrl.
noaa.gov/psd/data/climateindices/.

especially the Bering Sea shelf during late winter and early spring 2018 where there was much less sea ice
than suggested by the model forecasts made during September 2017.

These NMME forecasts of three-month average SST anomalies indicate a continuation of warm conditions
across virtually all of the North Pacific through the end of the year (Oct—Dec 2018) with a reduction in
the longitudinal extent of cooler than normal temperatures offshore of the Pacific Northwest (Figure 17a).
The magnitude of the positive anomalies is projected to be greatest (exceeding 1°C) north of the Kuroshio
Extension in the western North Pacific and in the northern portion of the Bering Sea. Positive SST anomalies
are projected in the central and eastern equatorial Pacific. The ensemble model average is strong enough to
constitute El Nino of weak to moderate magnitude. As of early September 2018, the probabilistic forecast
provided by NOAA’s Climate Prediction Center (CPC) in collaboration with the International Research
Institute for Climate and Society (IRI) for the upcoming fall through winter indicates about a 70% chance of
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El Nifio, and otherwise equatorial SSTs in the neutral category. The overall pattern of SST anomalies across
the North Pacific is maintained through the 3-month periods of December 2018-February 2019 (Figure 17b)
and February—April 2019 (Figure 17¢). There is moderate but by no means a complete consensus among
the models that the Aleutian low will be deeper than normal (negative SLP anomalies) during the latter
portion of the winter of 2018-2019. This is a common remote response to El Nino, and tends to result in
relatively warm late winter and early spring weather for Alaska that is liable to be enhanced by the effects
of the warmth of the waters surrounding Alaska. For the period of February—April 2019, the models are
projecting little noticeable decline in the magnitude of the equatorial Pacific temperature anomalies even
though El Nino often weakens during the boreal spring. The positive SST anomalies along the west coast of
North America that are indicated in Figure 17c¢ commonly occur after El Nifio winters.

Implications: The PDO has also generally been positive during these kinds of periods in the past, but
the predicted warmth in both the western and eastern portions of the mid-latitude North Pacific does not
resemble the characteristic pattern of the PDO. An important implication is that the PDO is liable to be
ill-suited for characterizing the state of the North Pacific in early 2019.

o7
NPFMCBering Seaand AleutianislandsSAFE



DecembeR018 EBSEcosystenstatusreport

(c) Months FMA
~empg ) || |

-3 -2 -1 -0.5 025 025 a5 1 2 3

Figure 17: Predicted SST anomalies from the NMME model for OND (1 month lead), DJF (3 month
lead), and JEM (4 month lead) for the 2017-2018 season.
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Eastern Bering Sea Climate - FOCI

Contributed by Jim Overland, Phyllis Stabeno, Carol Ladd, Muyin Wang, and Nick Bond
NOAA/PMEL, Building 3, 7600 Sand Point Way NE, Seattle, WA 98115-6349

Contact: james.e.overland@noaa.gov

Last updated: October 2018

Summary. After 3 consecutive warm years (2014—2016), followed by moderate climate conditions over the
eastern Bering Sea in 2017, anomalously warm conditions returned in 2018. For example, air temperatures
in the northern Bering Sea experienced > +5°C anomalies January through April 2018. Several climatic
forces occurred that resulted in the warm conditions: (i) residual heat maintained above-average water
temperatures that caused delayed freeze-up (e.g., the Chukchi remained ice-free into December 2017), (ii)
a large and persistent high pressure system from February through April over the Aleutian Islands and
southern Bering Sea, which shifted the position of the Aleutian Low Pressure System (ALPS) northwest
over Siberia, and (iii) highly unusual winds from the southwest that brought warm air over the Bering Sea
and prevented sea ice from forming. The southern Bering Sea shelf experienced conditions typical of above-
average temperature years, while the northern Bering Sea experienced an unprecedented near-complete lack
of sea ice.

Air temperatures Slightly positive near surface air temperature anomalies occurred over the southeastern
Bering Sea shelf (+ 1-3°C ) during spring (January—April) 2018, while strongly positive temperature anoma-
lies persisted over the northern Bering Sea (+ 6-8°C) (Figure 18 top). By summer, temperature anomalies
over the southeastern shelf were 0-+1°C while over the northern shelf, temperature anomalies subsided to
1-2°C (Figure 18 bottom). Continued warm conditions are predicted based on the PDO pattern.

Sea level pressure patterns showed weak gradients over the eastern Bering Sea during June-August, indicating
weak winds following the contours of geopotential heights (Figure 19). Gradients in sea level pressure parallel
the Alaska Peninsula, with increasing pressures to the east and into the central Gulf of Alaska. This high
pressure system resulted in above-average warm temperatures and dry conditions over much of Alaska during
summer 2018. Long-term surface air temperatures measured on St. Paul Island (Figure 20) also reflect the
recent years’ continued warm anomalies. The St. Paul temperature anomalies have been on the positive side
since April 2014 for every single month. In 2018, four new records were set for the warmest temperature
anomalies since 1980: February, March, April, and May 2018.

Sea ice. Seasonal sea ice is a defining characteristic of the Bering Sea shelf. The presence of sea ice
influences the timing of the spring bloom and bottom temperatures throughout the year. Over the time
series, years with less sea-ice coverage occurred in 2001-2005 and 2014-2016, and years with more extensive
sea ice coverage occurred in 2007-2013 (excluding 2011). Moderated conditions in 2017 resulted in a more
southerly extent of sea ice over the Bering Sea shelf (more similar to 2006, although a narrow cold pool).
Note the unusual feature of the 2017 and 2018 sea ice boundary retreating into the Gulf of Anadyr (Figure
21).

For the ice season 20172018, significant amounts of sea ice did not arrive in the Bering Sea until December
(Figure 22). The areal extent largely increased until early February, when winds shifted and the northern
Bering Sea was impacted by strong, warm southerly winds. These winds persisted until approximately
10 March 2018. Wind direction then reversed and the system was dominated by cold northerly winds for
approximately one month. These winds forced the ice southward, but water conditions were particularly
warm (>1°C) and limited the advance of sea ice. Maximum ice extent occurred in mid-March. The maximum
areal ice extent was approximately half of the historical mean and sea ice was limited to the eastern shelf
(Figure 21). For the first time in the satellite era, sea ice did not reach St. Matthew Island at any point
during the winter. This is the lowest maximum ice extent in the satellite era. Without the cooling effect of
melting sea ice, the ocean temperatures remained well above freezing, even on the northern shelf.

Predictions for winter 2018-2019 include late ice arrival in the Bering Sea, similar to what occurred in 2017.
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However, the extreme low ice that occurred in 2018 was equally a result of the strong southerly winds in
February and early March. While such wind conditions could happen again in 2019, it is not expected.
Historically, the mean wind direction during the winter contains a southward (i.e., winds out of the north)
component.

Ocean temperatures. The cold pool (Figure 23), defined by bottom temperatures <2°C, influences not
only near-bottom biological habitat, but also the overall thermal stratification and ultimately the mixing
of nutrient-rich water from depth into the euphotic zone during summer. The cold pool extent for summer
2018 was nearly non-existent, reflecting the very low sea ice extent.

Depth-averaged temperatures. Moorings have been deployed at the M2 site (56.9°N, 164.05°W) since
1995. The depth-averaged temperatures show the annual range (Figure 24), with maximum temperatures
occurring in September and minimum temperatures occurring in winter months. The Bering Sea has had
periods of years with low ice extent resulting in warm ocean conditions (2001-2005) and extensive ice/cold
ocean conditions (2007-2013). More recently, 2014-2016 were warm years with low ice extent. 2017 had
more extensive ice that resulted in average water temperatures. Even though 2018 was the lowest ice extent
on record, the depth-averaged temperatures at M2 were only second warmest on record. The warmest
temperatures occurred in 2016, which followed the warmest (at that time) year on record.
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Figure 18: Near surface positive air temperature anomalies over the southeastern Bering Sea for
January—April (top) and June-August (bottom) 2018.
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Figure 19: Moderate positive sea level pressure anomaly over the greater Bering Sea for June-August
2018.
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Figure 20: Mean monthly surface air temperatures anomalies at St. Paul (Pribilof Islands). (a) Un-
smoothed 1980-2018 and (b) smoothed by 13-month running averages, January 1920 through August
2018. The base period for calculating anomalies is 1981-2010.
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Figure 21: Maximum sea-ice extent for 2018 (purple) and for selected other years in the southeastern
Bering Sea.
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Figure 22: Areal sea-ice extent in the Bering Sea for 2017-2018. Data are from Multisensor Analyzed
Sea Ice Extent—Northern Hemisphere (ASIE-NH; https://nsidc.org/data/masie). The black line is

the long-term mean.
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Figure 23: Cold po
from 2014-2016, moderate thermal conditions and a more extensive cold pool occurred in 2017. In 2018,
the cold pool was nearly non-existent.
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Figure 24: Depth-averaged temperature at M2 mooring. Note warm years of 2001-2005, cold years of
2007-2013, and warm years of 2014-2016 and 2018.

Temperature (DegC)

67
NPFMCBering Seaand AleutianislandsSAFE



DecembeR018 EBSEcosystenstatusreport

Satellite-derived Sea Surface Temperatures for Alaska Fishery Management Areas in
the Bering Sea

Contributed by Jordan T. Watson

Auke Bay Laboratories, Alaska Fisheries Science Center, NOAA Fisheries
Contact: jordan.watson@noaa.gov

Last updated: October 2018

Description of indicator: Sea surface temperature (SST) is often used to explore relationships between
commercial fisheries and environmental dynamics. During interpretation of fishery and ecological data, the
question often arises, “Was it a cold year or a warm year?” Using satellite data, this ecosystem indicator
provides a transparent and simple method by which to evaluate sea surface temperature anomalies across
spatial scales that are not limited to the location of a single buoy or data collected during seasonal surveys.
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Figure 25: Seasonal sea surface temperature anomalies by NMFS area for the Bering Sea. Data were
unavailable for summer 2002 and winter 2018, so these portions of their respective figures are omitted.

A common limitation of SST records derived from satellites has been missing data as a result of cloud cover.
Using the NASA multi-scale ultra-high resolution (MUR) SST dataset however, a combination of collection
modalities creates a gap-free blend of data (https://mur.jpl.nasa.gov/InformationText.php). Data are
available at the daily level for the North Pacific from mid—2002 to present and can be downloaded from the
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NOAA Coast Watch West Coast Node ERDDAP server (https://coastwatch.pfeg.noaa.gov/erddap/)
where they are searchable as “Multi-scale ultra-high resolution (MUR) SST Analysis fv04.1, Global, 0.01°,
2002—present, daily.” More than 24 billion individual daily temperature records were downloaded (October
1, 2002-September 30, 2018) and the data were averaged daily by Alaska Department of Fish and Game
(ADF&G) groundfish statistical areas (also called stat6 areas; www.adfg.alaska.gov/index.cfm?adfg=
fishingCommercialByFishery.statmaps), yielding about 10 million temperature records (a daily record for
each of the 1,736 statistical areas). More detailed methods are available online (github.com/jordanwatson/
ERDDAP).

As an ecosystem indicator for the Bering Sea, the daily average temperatures were calculated by month for
the statistical areas falling within each of the NMFS areas (https://alaskafisheries.noaa.gov/maps) in
the eastern and northern Bering Sea and anomalies were calculated (Figure 25). Monthly anomalies were
aggregated by winter (October—March) and summer (April-September). In Figure 25, winter 2002 refers to
October—December 2002 and January—March 2003. Horizontal dashed lines in Figure 25 are provided as a
reference.

Status and trends: The satellite derived time series of summer sea surface temperatures demonstrates a
general spatial coherence across NMFS areas and years. During winter, there was a greater degree of spatial
variability in temperature anomalies in the earlier years (when summer temperatures were anomalously
warm) with some NMFS areas demonstrating negative anomalies and others revealing positive anomalies.
Most notable perhaps is the sustained positive anomalies in northern Bering Sea temperatures during both
summer and winter for the last several years, including the warmest summer of the time series in 2018.

Factors influencing observed trends: The trends illustrated here are consistent with generally accepted
warm and cold year anomalies for the eastern Bering Sea. The NMFS areas (e.g., 508, 512, 514) with
negative anomalies during the otherwise warm early years of the time series include nearshore waters that
may be more heavily influenced by cold terrestrial temperatures during the winter, accounting for some of
the disparity between these areas and the other NMFS areas.

Implications: The importance of these observations lies with extensive Bering Sea research focused on
understanding how warm or cold stanzas may affect Bering Sea prey quality, predator-prey dynamics, north-
ward range shifts of commercial species, and the responses of fishers themselves. This sea surface temperature
contribution provides context for further examining bottom-up dynamics within the Bering Sea ecosystem.

For researchers that study fishery effects directly, the daily SST data described here are being linked to fish
ticket data in AKFIN so that landings information will be explicitly associated with the temperature of the
ADF&G statistical areas in which the fish were reported to have been caught.
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Summer Bottom and Surface Temperatures - Eastern Bering Sea Shelf

Contributed by Robert Lauth and Elizabeth Dawson

Resource Assessment and Conservation Engineering Division, Alaska Fisheries Science Center,
National Marine Fisheries Service, NOAA

Contact: bob.lauth@noaa.gov

Last updated: October 2018

Description of indicator: Survey operations for the annual AFSC eastern Bering Sea shelf bottom trawl
survey in 2018 started on 3 June and ended on 31 July.

Status and trends: Surface temperature mean for the 2018 eastern Bering Sea shelf decreased from the
2017 estimate, while bottom temperature mean increased from the 2017 estimate, but both were still warmer
than the long-term time-series mean (Figure 26). The 2018 mean surface temperature was 7.5°C, which was
0.3°C lower than 2017 and 0.9°C above the time-series mean (6.6°C). The mean bottom temperature was
4.3°C, which was 1.4°C higher than 2017, and 1.8°C above the time-series mean (2.5°C). The ‘cold pool’,
defined as the area where bottom temperatures are <2°C, was confined to a very small part of standard
EBS survey area (Figure 27). Moreover, it was the lowest areal coverage of the cold pool in the 37-year EBS
shelf time-series and the first time that bottom temperatures <0°C were not observed within the standard
EBS survey area (Figure 28).
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Figure 26: Average summer surface (green circles) and bottom (blue triangles) temperatures (°C) of
the eastern Bering Sea shelf collected during the standard bottom trawl surveys from 1982-2018. Water
temperature samples from each station were weighted by the proportion of their assigned stratum area.
Dotted lines represent the time-series mean for 1982-2018.

Factors influencing observed trends: Warm and cold years are the result of interannual variability in
climatic conditions that affect the extent, timing, and retreat of sea ice on the eastern Bering Sea shelf.
During warmer than average years, seasonal sea ice generally does not extend as far down the shelf and
retreats earlier in the spring.
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Figure 27: Map showing the near-bottom temperatures from the 2018 eastern Bering Sea shelf bottom
trawl survey.

Implications: The relatively large interannual fluctuations in bottom temperature on the EBS shelf affect
the spatial and temporal distribution of groundfishes and the structure and ecology of the marine community
(Kotwicki and Lauth, 2013; Mueter and Litzow, 2008; Spencer, 2008). The timing of phytoplankton and
subsequent zooplankton blooms are also affected by the extent of sea ice and timing of its retreat which in
turn can affect survival and recruitment in larval and juvenile fishes as well as the energy flow in the system
(Hunt et al., 2002; Coyle et al., 2011; Coyle and Gibson, 2017).

71
NPFMCBering Seaand AleutianislandsSAFE



DecembeR018 EBSEcosystenstatusreport

0.4
0.3

0.2 A1

1.0
W <2°C

g 097 0 219G

LR W <0°C

g . <-1°C

2 07

5

5 06

w

m

L 05 |

2

L]

E

o

ks

5

b=

o

g

&

0.1

0.0
1982 1986 1990 1994 1998 2002 2006 2010 2014 2018

Figure 28: Proportion of the standard eastern Bering Sea shelf survey area where bottom temperatures
were <2°C, <1°C, <0°C, and <-1°C for the 37-year time series.
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Eastern Bering Sea Winter Spawning Flatfish Recruitment and Wind Forcing

Contributed by Tom Wilderbuer

Resource Ecology and Fisheries Management Division, Alaska Fisheries Science Center, National Marine
Fisheries Service, NOAA

Contact: tom.wilderbuer@noaa.gov

Last updated: October 2018

Description of indicator: Wilderbuer et al. (2002, 2013) summarized a study examining the recruitment
of winter-spawning flatfish in relation to decadal atmospheric forcing, linking favorable recruitment to the
direction of wind forcing during spring. OSCURS model time series runs indicated in-shore advection to
favorable nursery grounds in Bristol Bay during the 1980s. The pattern changed to off-shore in the 1990-
97 time series coinciding with below-average recruitment for Northern rock sole (Lepidopsetta polyzystra),
Arrowtooth flounder (Atheresthes stomias), and Flathead sole (Hippoglossoides elassodon) relative to the
1980s. Favorable springtime winds were present again in the early 2000s which also corresponded with
improved recruitment. The time series is updated through 2018 and shown for 2010 through 2018 in Figure
29.
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Figure 29: OSCURS (Ocean Surface Current Simulation Model) trajectories from starting point 56°N,
164°W from April 1-June 30 for 2010-2018.
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Status and trends: The 2018 springtime drift pattern appears favorable with consistent drift in a northerly
direction during the 90-day period of the index. 2017 was mixed where winds during the first 60 days of the
90-day drift index were unfavorable off-shore winds that changed to a northerly on-shore direction in the last
30 days of the index. This causes some difficulty in interpretation of drift patterns but may be more consistent
with years of below-average recruitment for winter-spawning flatfish. Only two years out of the past ten
have OSCURS trajectories that are consistent with those which produced above-average recruitment in the
original analysis (2015, 2018). The 2018 north-northeast drift pattern suggests that larvae may have been
advected to favorable, near-shore areas of Bristol Bay by the time of their metamorphosis to a benthic form
of juvenile flatfish. Preliminary estimates of Northern rock sole recruitment in recent years are consistent
with this larval drift hypothesis. For Arrowtooth flounder and Flathead sole, the correspondence between the
springtime drift pattern from OSCURS and estimates of year class strength have weakened since the 1990s.
Arrowtooth flounder produced year classes of average strength during some off-shore drift years, suggesting
that this species may have different timing for spawning, larval occurrence, and settlement preferences than
Northern rock role. In the case of Flathead sole, the 2001 and 2003 year-classes appear stronger than the
weak recruitment that has persisted since the 1990s.

Implications: The 2018 springtime drift pattern appears to be consistent with years when above-average
recruitment occurred for Northern rock sole, Arrowtooth flounder, and Flathead sole. Wind patterns in 2008
and 2015 may promote average to above-average recruitment. 2010 featured a mixture of wind direction
as there were strong northerly winds for part of the spring but also southerly winds that would suggest
increased larval dispersal to Unimak Island and the Alaska Peninsula.
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Habitat

Structural Epifauna - Eastern Bering Sea Shelf

Contributed by Robert Lauth and Elizabeth Dawson

Resource Assessment and Conservation Engineering Division, Alaska Fisheries Science Center,
National Marine Fisheries Service, NOAA

Contact: bob.lauth@noaa.gov

Last updated: October 2018

Description of indicator: Groups considered to be structural epifauna include: sea whips, corals, anemones,
and sponges. Corals are rarely encountered on the eastern Bering Sea shelf so they were not included here.
Relative CPUE by weight was calculated and plotted for each species group by year for 1982-2018. Relative
CPUE was calculated by setting the largest biomass in the time series to a value of 1 and scaling other
annual values proportionally. The standard error (+1) was weighted proportionally to the CPUE to produce
a relative standard error.

Status and trends: Relative catch rates for both sponges and sea anemones remained similar to estimates
from 2017, which were lower than the catch rates during 2010-2015, and sea whip estimates increased from
2017 to a catch rate similar to that seen in 2010-2011. These trends should be viewed with caution, however,
because the quality and specificity of their field identifications and their enumeration have varied over the
time series (Stevenson and Hoff, 2009; Stevenson et al., 2016). Moreover, the identification of trends is
uncertain given the large variability in relative CPUE (Figure 30).

Factors influencing observed trends: Further research in several areas would benefit the interpretation
of structural epifauna trends including systematics and taxonomy of Bering Sea shelf invertebrates; survey
gear selectivity; and the life history characteristics of the epibenthic organisms captured by the survey trawl.

Implications: Understanding the trends as well as the distribution patterns of structural epifauna is im-
portant for modeling habitat to develop spatial management plans for protecting habitat, understanding
fishing gear impacts and predicting responses to future climate change (Rooper et al., 2016); however, more
research on the eastern Bering Sea shelf will be needed to determine if there are definitive links.
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Figure 30: AFSC eastern Bering Sea shelf bottom trawl survey relative CPUE for benthic epifauna
during the May to August time period from 1982-2018.
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Primary Production

There are no updates to Primary Production indicators in this year’s report. See the contribution archive
for previous indicators at: http://access.afsc.noaa.gov/reem/ecoweb/index.cfm
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Zooplankton

Rapid Zooplankton Assessment for 2018 — Distribution, Abundance, and Lipid Content
— and Historical Time Series

Contributed by David Kimmel®, Jesse Lamb', Nissa Ferm!, Corey Fugate?, and Colleen Harpold!
'Resource Assessment and Conservation Engineering Division

2Auke Bay Laboratories

Alaska Fisheries Science Center, National Marine Fisheries Service, NOAA

Contact: david.kimmel@noaa.gov

Last updated: October 2018

Description of indicator: In 2015, EcoFOCI implemented a method for an at-sea Rapid Zooplankton
Assessment (RZA) to provide leading indicator information on zooplankton composition in Alaska’s Large
Marine Ecosystems. The rapid assessment, which is a rough count of zooplankton (from paired 20/60 cm
oblique bongo tows from 10m from bottom or 300 m, whichever is shallower), provides preliminary estimates
of zooplankton abundance and community structure. The method employed uses coarse categories and
standard zooplankton sorting methods (Harris et al., 2005). The categories are small copepods (< 2 mm;
example species: Acartia spp., Pseudocalanus spp., and Oithona spp.), large copepods (> 2 mm; example
species: Calanus spp. and Neocalanus spp.), and euphausiids (< 15 mm; example species: Thysanoessa spp.).
Small copepods were counted from the 153 pm mesh, 20 cm bongo net. Large copepods and euphausiids
were counted from the 505 pum mesh, 60 cm bongo net. In 2016, the method was refined and personnel
counted a minimum of 100 organisms per sample at sea to improve zooplankton estimates. Other more
rare zooplankton taxa were present but were not sampled effectively with the on-board sampling method.
Detailed information on these taxa is provided after in-lab processing protocols have been followed (14 years
post survey).

Southeastern Bering Sea

The 70m isobath transect and Unimak Box were sampled 29 April-10 May 2018 and sampling occurred
along the 70m isobath and around the M5 mooring. The spring larval survey occurred from 14 May—1 June
2018 over the SEBS shelf. To provide comparison to yearly RZA data, long-term time-series for the inner,
middle, and outer domains were developed from archived data. The mean spring abundance of each RZA
category was plotted for the southern inner, middle, and outer shelf of the Bering Sea (Ortiz et al., 2012)
and represented primarily April and May as the months with the greatest sampling frequency. Plotted on
the time-series were the RZA estimates from the corresponding location and year, presented as an annual
mean.

Northern Bering Sea
For the first time since the implementation of the RZA, the NBS survey was sampled 27 August—18 September
2018. As this was the initial sampling, comparisons to previous years are not possible.

Lipid Content

Another new addition for this year is the inclusion of percent lipid content for large copepods and lar-
val/juvenile euphausiids. Samples were collected at sea during the RZA and lipid content was determined
using a modified calorimetric method (Van Handel, 1985). All lipid values reported are in terms of wet mass.
Lipid content data provides further context to zooplankton abundances by acting as a proxy for energy
content.

Southeastern Bering Sea

Status and trends:

All RZA categories had very low abundances along the 70m isobath (Figure 31A, C, and E), with the
exception of the Unimak Pass region where large copepods had higher abundance. Small copepod abundances
increased substantially during the spring larval survey (Figure 31B) and were at a high abundance along
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the middle shelf historically (Figure 32). Large copepods also were in higher abundance during the spring
larval survey as compared to the 70 m isobath survey. Large copepods were more abundant in the northwest
portion of the sampling grid (Figure 31D). From the time-series perspective, large copepod abundances were
lower in the inner shelf, but similar to historical means in the middle and outer shelves (Figure 33). Finally,
larval and juvenile euphausiid numbers were very low in both surveys (Figure 31E and F). Abundances were
also very low compared to the historical measures across the southeastern Bering Sea. However, near zero
euphausiid larval/juvenile abundances are not uncommon in spring (Figure 34). Lipid content for both large
copepods and euphausiids averaged 5.93% and 3.43% of wet mass, respectively (Figure 35).

Factors influencing observed trends: Two factors may explain the observed patterns in 2018: temper-
ature and the late arrival of the spring bloom. The lack of ice cover in the Bering Sea during 2018 resulted
in elevated temperatures and a spring bloom that did not begin until the spring larval survey, though it is
usually encountered during the 70 m isobath survey. Warm and cold year “stanzas” influence zooplankton
population dynamics in the Bering Sea (Eisner et al., 2014; Kimmel et al., 2018). Small and large copepod
abundances were low in the first survey (Figure 31A and C), but increased substantially during the spring
larval survey (Figure 31B and D). The combination of increased phytoplankton production observed during
the spring larval survey and temperatures increasing copepod growth rates resulted in population growth,
particularly among the smaller copepods. The result was historical abundances that were high for small
copepods (Figure 32) and near average for large copepods (Figure 33). Less is understood about fluctua-
tions in larval/juvenile euphausiid numbers, which were low on both surveys (Figure 31E and F). However,
based on historical sampling, some euphausiid larvae/juveniles should have been present in the southeastern
Bering Sea as reproduction for Thysanoessa raschii and T. inermis usually beings in March/April (Smith,
1991). Compared to historical numbers, abundances were low across the shelf (Figure 34). Lipid content
(Figure 35) was low for both large copepods and euphausiids; however, lipid values are generally lower for
large copepods during the spring as lipid content increases later in the year and in the copepodite 5 stage
for Calanus.

Implications: Smaller copepods form the prey base for larval to early juvenile Walleye pollock (Gadus
chalcogrammus) during spring (Figure 31A and B). The high abundances of small copepods indicate good
forage for larval and juvenile pollock early in the year. The warm temperatures increase copepod secondary
production rates and trophic transfer is generally favorable during warm springs (Kimmel et al., 2018). Low
abundances of large copepods are less critical in the spring, but very important later in the year (Hunt et al.,
2011). Large copepod abundances were high along the southeastern Bering Sea shelf during the spring larval
survey (Figure 31D) and higher large copepod abundances in spring are usually associated with reduced large
copepod abundances during fall (Eisner et al., 2014; Kimmel et al., 2018). This suggests that juvenile pollock
will not encounter larger, lipid-rich copepods in the fall. It has been hypothesized that euphausiids may
compensate for a lack of copepods during fall (Duffy-Anderson et al., 2017), however 2018 data indicated a
lack of euphausiid presence on the shelf (Figure 31E and F) and abundances much lower than in recent years
(Figure 34). It is less clear how the spring euphausiid numbers relate to fall abundances of adults, therefore
predicting the presence of euphausiids in fall is not possible with these data.
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Figure 31: Maps show the abundance of small copepods, large copepods, and euphausiid larvae/juveniles
as estimated by the Rapid Zooplankton Assessment during the 70 m isobath survey (left) and spring
larval survey (right) in 2018. Note all maps have different abundance scales (No. m™). X indicates a

sample with abundance of zero individuals m™3.
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Figure 32: Annual mean abundance of small (<2 mm) copepods in the southeastern region of the Bering
Sea (Ortiz et al., 2012). Black points and lines represent FOCI archived data, blue points represent
RZA data. Error bars represent standard error of the mean. Note differences in scale.
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Figure 33: Annual mean abundance of large (>2 mm) copepods in the southeastern region of the Bering
Sea (Ortiz et al., 2012). Black points and lines represent FOCI archived data, blue points represent
RZA data. Error bars represent standard error of the mean. Note differences in scale.
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Figure 34: Annual mean abundance of euphausiids in the southeastern region of the Bering Sea (Ortiz
et al., 2012). Black points and lines represent FOCI archived data, blue points represent RZA data.
Error bars represent standard error of the mean. Note differences in scale.
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Figure 35: Maps show the percent lipid of large copepods (top) and euphausiid larvae/juveniles (bottom)
as measured during the Rapid Zooplankton Assessment on the 70 m isobath survey.
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Northern Bering Sea

Status and trends:

Small copepods were abundant throughout the survey region (Figure 36A), with the exception of very low
abundances at the most northern stations. Conversely, large copepods (Figure 36B) displayed a range of
low to higher abundance from south to north, with highest abundances found at the most northern stations.
It is also worth noting that the majority of large copepods enumerated were Eucalanus bungii, which is not
a lipid-rich species. Lipid values for large copepods averaged 8.12% overall (Figure 37). As lipid values for
copepods are normally reported as % of dry mass (Lee et al., 2006), we are unable to assess this lipid content
value for copepods as we lack comparison data. Larval and juvenile euphausiids (Figure 36C) displayed a
similar gradient as large copepods, with low to higher abundances from south to north, with the exception
that they were only found in water with a depth of at least 25 meters. Lipid values were low for euphausiids,
averaging 1.61% overall. For context, total lipid as percent of wet mass for Thysanoessa raschii reported
from the SEBS during the last cold stanza ranged between 2.4% and 5.9% (Harvey et al., 2012). Lastly,
the highest abundances for large copepods and euphausiids occurred within close proximity to St. Lawrence
Island (Figure 36B and C). The station just north of St. Lawrence Island was the only station where adult
euphausiids were caught (not shown), but note that adult euphausiids are not well sampled by the bongo
nets.

Implications: The conditions in the Northern Bering Sea were similar to those found in the spring in
the southeastern Bering Sea (i.e., warm temperatures), which would suggest that both the factors and
implications for the southeastern Bering Sea could apply to this region, as well. We are unable to report
on any multi-year trends as this is the first time the RZA has been conducted in the region, however, a
previous study was conducted during the relatively cold year of 2007 (Eisner et al., 2013). Compared to
2007, the 2018 abundances of small copepods are similar, with abundances of large copepods almost an
order of magnitude lower, and abundances of larval and juvenile euphausiids multiple orders of magnitude
lower. The lack of larger, lipid-rich copepods and euphausiids (Figure 36) could affect the body condition
and survival of overwintering groundfish within the region.
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Figure 36: Maps show the abundance of small copepods, small copepods, and euphausiid larvae/juveniles
as estimated by the Rapid Zooplankton Assessment during the Northern Bering Sea survey. Note all
maps have different abundance scales (No. m™3). X indicates a sample with abundance of zero individuals
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Figure 37: Maps show the percent lipid of large copepods (top) and euphausiid larvae/juveniles (bottom)
as measured during the Rapid Zooplankton Assessment on the NBS survey.
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Eastern Bering Sea Euphausiids (‘Krill”)

Contributed by Patrick Ressler

Midwater Assessment and Conservation Engineering Program (MACE), Resource Assessment and Conserva-
tion Engineering Division, Alaska Fisheries Science Center (AFSC), Nation Marine Fisheries Service, NOAA
Contact: patrick.ressler@noaa.gov

Last updated: October 2018

Description of indicator: Ressler et al. (2012) developed a survey of the abundance and biomass of
euphausiids on the middle and outer shelf of the eastern Bering Sea using acoustic and Methot trawl data
from 2004-2010 surveys of midwater Walleye pollock (Gadus chalcogrammus, e.g., Honkalehto and McCarthy
(2015)). The method has been used to estimate an index of euphausiid abundance on a biennial schedule
since that time. Acoustic backscatter classified as euphausiids (Figure 38) was used to compute the numerical
density (no. m?®) of euphausiids in 0.5 nmi intervals along acoustic-trawl survey transects; these values were
then averaged over the water column and across the surveyed area to produce annual averages (Figure 39).
Because few trawl samples were available in the early years of the times series, the parameter used to convert
euphausiid backscatter to numerical density (target strength; Smith et al. (2013)) was modeled using the
average of length and species composition from samples collected 2004-2016 (length and species composition
from trawl samples collected in 2018 are not yet available). There is large uncertainty about the absolute
abundance of euphausiids in the eastern Bering Sea (Hunt et al., 2016), but the relative trends in the index
presented here are probably robust. Error bars on annual values indicate 95% confidence intervals computed
from geostatistical estimates of relative estimation error due to sampling variability (Petitgas, 1993).
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Figure 38: Spatial distribution of acoustic backscatter density (sa at 120 kHz, m? nmi?) attributed
to euphausiids in the 2018 NOAA/AFSC eastern Bering Sea summer acoustic-trawl survey. Note that
areas north of St. Matthew Island are not typically surveyed but were included this year as part of
a ‘northern extension’ of the pollock survey, and that the typically sampled shelf area near Pervenets
Canyon was not sampled this year.
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Since the previous update to this index, a) euphausiid backscatter observations from the 2018 acoustic-trawl
survey of pollock and b) euphausiid length and species composition from net tows conducted during the
2016 acoustic-trawl survey were added to the analysis. The addition of these new data changed the absolute
abundance given in previous reports, but the temporal pattern in the time series remained the same. Net
catches from euphausiid layers in 2004-2016 were dominated numerically by euphausiids (mean 87%) of
average length between 18 and 20 mm; Thysanoessa inermis dominated species composition on the outer
shelf, and T. raschii dominated inshore. These observations of length and species composition are consistent
with what is known from the literature (Smith, 1991; Coyle and Pinchuk, 2002). There is some indication that
euphausiids were smaller in 2004-2009 and in 2016 (by 1-2 mm), and that there was an increase in relative
abundance of T. spinifera in 2016 compared to other years in the time series. Overall though, no radical
changes in length or species composition of euphausiid scattering layers have been indicated. (De Robertis
et al., 2010) advocated the use of a mean normal deviate (z-score) of the frequency response to judge the
quality of the multifrequency backscatter classification process used here, where a value of 1 indicates that
the frequency response is within 1 standard deviation of the known response for a given class of acoustic
targets. For euphausiids, this value has averaged 0.87 (range 0.75-1.15) from 2004-2018; the 2018 value was
0.85, indicating consistent performance of the method.
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Figure 39: Acoustic estimate of average euphausiid abundance (no. m?) from NOAA-AFSC EBS
summer acoustic-trawl surveys. Error bars are approximate 95% confidence intervals computed from
geostatistical estimates of sampling error (Petitgas, 1993).

Status and trends: Summertime euphausiid density increased on the eastern Bering from 20042009, then
subsequently declined 2010 through 2016, when the lowest value in the time series was reported. Euphausiid
density increased slightly in summer 2018 from 2016, but remains relatively low. The 2018 value is similar to
what was observed in 2004, a year with very low euphausiid densities according to data from many sources
(reviewed in Hunt et al. (2016)).

Factors influencing observed trends: Factors controlling annual changes in euphausiid abundance in
the north Pacific are not well understood; possible candidates include bottom-up forcing by temperature
and food supply, and top-down control through predation (Hunt et al., 2016). When factors including
temperature, pollock abundance, primary production, and spatial location have been considered in spatially-
explicit multiple regression models, temperature has been the best predictor, with increases in euphausiid
abundance associated with cold temperatures in the eastern Bering Sea (Ressler et al., 2014), but not in
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the Gulf of Alaska (Simonsen et al., 2016). The summers of 2014-2018 have been unusually warm on the
Bering Sea shelf, with 2018 being particularly warm in the northern Bering Sea (see Overland contribution
p. 59, see Lauth contribution p. 70) and in the acoustic-trawl survey area (McCarthy et al., in prep.). The
biomass of eastern Bering Sea pollock (an abundant predator of euphausiids) has recently been above the
historical mean (Tanelli et al., 2017), though euphausiid abundance has not been strongly correlated with
pollock biomass in multiple regression models of euphausiid biomass in either the eastern Bering Sea or the
Gulf of Alaska (Ressler et al., 2014; Simonsen et al., 2016).

Annual values of this index are computed using all available survey data, including those collected in the
Russian EEZ with permission in some years, or north of the typical acoustic-trawl survey area in 2018. In
2018, there was a 2-week delay in survey execution during July, and after the survey continued some areas in
the northwest near Pervenets Canyon were ultimately not sampled, both due to vessel mechanical problems
(McCarthy et al., in prep.; Figure 38).

Implications: Euphausiids are food for many species of both ecological and commercial importance in the
eastern Bering Sea, including walleye pollock (Aydin and Mueter, 2007). The data presented here suggest
that euphausiid prey have become less available in 2012-2018 compared to 2006-2010, perhaps at a level of
availability comparable to 2004, which data from many sources suggest was a year with very low euphausiid
densities (reviewed in Hunt et al. (2016)).
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Jellyfish

Jellyfishes - Eastern Bering Sea Shelf

Contributed by Robert Lauth and Elizabeth Dawson

Resource Assessment and Conservation Engineering Division, Alaska Fisheries Science Center,
National Marine Fisheries Service, NOAA

Contact: bob.lauth@noaa.gov

Last updated: October 2018

Description of indicator: The time series for jellyfishes (primarily Chrysaora melanaster) relative CPUE
by weight was updated for 2018 (Figure 40). Relative CPUE was calculated by setting the largest biomass
in the time series to a value of 1 and scaling other annual values proportionally. The standard error (£1)
was weighted proportionally to the CPUE to produce a relative standard error. Status and trends: The
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Figure 40: AFSC eastern Bering Sea shelf bottom trawl survey relative CPUE for jellyfish during the
May to August time period from 1982-2018.

relative CPUE for jellyfishes in 2018 increased by 211% from 2017, returning the 2018 estimate within a
similar catch range as observed in the mid 1990’s and in 2009 and 2010. The low CPUE values observed
during 2016 and 2017 were within the range of those observed during the first nine years of the time series
(1982-1991). There was a period of increasing biomass of jellyfishes throughout the 1990’s (Brodeur et al.,
1999) followed by a second period of relatively low CPUE from 2001-2008 and then a second period with
relatively higher CPUE values from 2009-2015.

Factors influencing observed trends: The fluctuations in jellyfish biomass and their impacts on forage
fish, juvenile Walleye pollock (Gadus chalcogrammus), and salmon in relation to other biophysical indices
were investigated by Cieciel et al. (2009) and Brodeur et al. (2002, 2008). Ice cover, sea-surface temperatures
in the spring and summer, and wind mixing all have been shown to influence jellyfish biomass and affect
jellyfish sensitivity to prey availability (Brodeur et al., 2008).

Implications: Jellyfish are pelagic consumers of zooplankton, larval and juvenile fishes, and small forage
fishes. A large influx of pelagic consumers such as jellyfish can decrease zooplankton and small fish abun-
dance, which in turn can affect higher trophic levels causing changes to the community structure of the
ecosystem.
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Temporal Trends in the Abundance of Jellyfish in the Eastern Bering Sea, 2004—-2018

Contributed by Kristen Cieciel, Ellen Yasumiishi, and Andrew Dimond

Auke Bay Laboratories, Alaska Fisheries Science Center, National Marine Fisheries Service, NOAA
Contact: kristin.cieciel@noaa.gov

Last updated: October 2018

Description of indicator: Jellyfish were sampled using a trawl net towed in the upper 25m of the eastern
Bering Sea during the Alaska Fisheries Science Center’s Bering Arctic Subarctic Integrated Surveys (BASIS)
during late summer, 2004—2018. Stations were approximately 30 nautical miles apart and a trawl was towed
for approximately 30 minutes; since 2016 a staggered systematic grid has been used in the southeastern
Bering Sea making trawl station distance approximately 60 nautical miles longitudinally. Area swept was
estimated from horizontal net opening and distance towed.

Jellyfish catch was estimated in kilograms. Surveys were not conducted in the south (<60°N) during 2013
and 2015 and north (>60°N) during 2008 so abundance was not estimated for these years and regions. All
jellyfish medusae caught in the surface trawl (top 18-20m of the water column) are sorted by species and
subsampled for bell diameter and wet weight. Five species are commonly caught with the surface trawl:
Aequorea sp., Chrysaora melanaster, Cyanea capillata, Aurelia labiata, and Staurophora mertensi.

Abundance was estimated for each jellyfish species and region (north >59.9°N, and south <59.9°N) using the
VAST package (version 1.5.0) for multispecies version 1.1.0 (Thorson et al., 2015; Thorson and Kristensen,
2016; Thorson et al., 2016a,b) in RStudio version 1.1456 and R software version 3.3.0 (Team, 2016). The
abundance index is a standardized geostatistical index developed by Thorson et al. (2015); Thorson and
Kristensen (2016); Thorson et al. (2016a,b) to estimate indices of abundance for stock assessments. We
specified a gamma distribution and estimated spatial and spatio-temporal variation for both encounter
probability and positive catch rate components at a spatial resolution of 50 knots. Parameter estimates were
within the upper and lower bounds.

Status and trends: In 2018, jellyfish abundance was about 25% lower than 2016 during the late summer
survey in the eastern Bering Sea. Abundance of jellyfish was generally higher in the south than in the north,
but trends in abundance were similar (Figure 41), except for the high abundances in 2014, due to Chrysaora.
Chrysaora was the most abundant species until reaching a low level in 2018, when Aequorea dominate. 2014
was a peak abundance year for Chrysaora. Aequorea catches were high in 2016 and 2018. In the north,
the relative abundance during 2018 compared to 2017 increased for Aequorea, Cyanea, and Staurophora
and decreased for Aurelia and Chrysaora. In the south, the relative abundance was high and increased for
Aequorea and Aurelia, and was low and declined for Staurophora and Chrysaora in 2018 relative to 2016.
Chrysaora appears to be returning to lower levels similar to 2004-2007.

Factors causing observed trends: Shifts in abundance of single large sized jellyfish in cold years to
multiple smaller sized species in warm years indicate that there could possibly be a shift to multiple taxa
present in the future during warm stanzas. The cause for the shifts in biomass and distribution do not
seem to rely solely on physical ocean factors (temperature and salinity). These shifts could also be a result
of environmental forcing earlier in the growing season or during an earlier life history stage (polyp), which
may influence large medusae biomasses and abundances (Purcell et al., 2009). Jellyfish are predators of
zooplankton and may compete for food with other zooplanktivores such as small fish, birds, and marine
mammals.

Implications: Significant increases in jellyfish biomass may redirect energy pathways in the eastern Bering
Sea food web through jellyfish predation on zooplankton and larval fish, and could result in limiting carbon
transfer to higher trophic levels (Condon et al., 2011).
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Figure 41: Index of abundance (metric tonnes) + 1 standard deviation for jellyfish in the eastern Bering
Sea during late summer, 2004-2018.
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Ichthyoplankton

Abundance and Distribution of Larval Fishes in the Southeastern Bering Sea 2012—-
2018

Contributed by Steven Porter, Lauren Rogers, and Alison Deary

Recruitment Processes Program, Alaska Fisheries Science Center, National Marine Fisheries Service, NOAA
Contact: steve.porter@noaa.gov

Last updated: September 2018

Description of indicator: The southeastern Bering Sea shelf ichthyoplankton survey is conducted bian-
nually in the late spring to assess the abundance and spatial distribution of early life stages of fishes. Prior
to 2016 the spatial coverage of the survey varied. In 2016 a new sampling grid was implemented so that the
area surveyed would be consistent among years allowing for improved time series and calculation of indices
of larval fish abundance. Ichthyoplankton were sampled using a paired 60-cm bongo array with 505,m mesh
nets. Tows were conducted to 10 meters off bottom or 300 meters maximum depth. A Sea-Bird FastCat
CTD was mounted above the bongo array to acquire gear depth, temperature, and salinity profiles.

Larval fish abundance (number/10m?) for 2012-2016 was calculated from the number of larvae counted at
the Plankton Sorting and Identification Center in Szczecin, Poland and standardized by the volume of water
filtered during a tow. The abundance of larvae in 2018 was estimated at sea by counting the number of larvae
collected in the bongo codend and standardizing by volume filtered. Model-based estimates of mean larval
abundance (number/10m?) were produced using the VAST package (version 4.0.0; Thorson et al. (2015)).
Model selection supported a lognormal-Poisson distribution for the data, and a spatial resolution of 107
knots was used (equal to the least number of stations sampled in any year).

Walleye Pollock Pacific Cod Northern Rock Sole Southern Rock Sole Rockfish
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Figure 42: Mean numbers of larvae per 10m? in the southeastern Bering Sea estimated using VAST.

Open triangles indicate estimates based on at-sea counts of larvae. Errors bars indicate + 1 SD.

Status and trends: Temporal abundance and spatial distribution of fish larvae varied by species and year.
Walleye pollock (Gadus chalcogrammus) were the most abundant larvae of the five species examined for this
report, and their abundance increased from near the end of the last cold stanza (2012) through 2016 in the
current warm stanza that began in 2014 (Figure 42a). Walleye pollock larvae were distributed throughout
the area surveyed with high abundances near the Alaska Peninsula and the Pribilof Islands (Figure 43).
The abundance of Pacific cod (G. macrocephalus) larvae dramatically declined from near the end of the
cold stanza to the start of the warm stanza, and remained low through 2018 (Figure 42b). Pacific cod
larvae distribution varied greatly among years. In 2012 they were most abundant in the northern most
area surveyed, and in the warm years of 2016 and 2018 their distribution had shifted mostly south to near
the Alaska Peninsula (Figure 44). Similar to Pacific cod, the relative abundance of Northern rock sole
(Lepidopsetta polyzystra) larvae also significantly declined between the warm and cold stanzas and remained
low through 2018 (Figure 42¢). These larvae were abundant throughout the area surveyed in 2012 and 2014,
and in 2016 and 2018 they were distributed in northern and southern clusters (not shown). Southern rock
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sole (L. bilineata) larvae were the least abundant of all the species examined. This species was not present
in the survey area in 2012, were most abundant in 2014 and present at very low levels in 2016 and 2018
(Figure 42d). Larvae were sparsely distributed across the southeastern Bering Sea shelf (present at one
station in 2016 and three stations in 2018), except for 2014 when they were clustered east of the Pribilof
Islands (not shown). Rockfish (Sebastes spp.) larvae showed a general decline in relative abundance from
2012 to 2018 (Figure 42¢). They were present on the outer domain and along the shelf break and this pattern
was consistent among years (not shown).
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Figure 43: Distribution of larval Walleye pollock catch per 10m? during late-spring ichthyoplankton
surveys in the southeastern Bering Sea, 2012—-2018.

Factors influencing observed trends: Interannual variation in ocean temperature in early spring can
shift phenology of fishes and the timing of the spring bloom that is also important for the production of
prey for fish larvae. This can lead to a mismatch between fish larvae and their prey resulting in poor larval
survival. In addition, changes in the timing of spawning can affect whether larvae are in the study region
during the survey. The abundance of three out of the five species of fish larvae examined (Pacific cod,
Northern rock sole, and Rockfish) declined when conditions on the southeastern Bering Sea shelf changed
from cold to warm. Pacific cod and Northern rock sole larvae showed the most marked decline in abundance
during this time. However, Northern rock sole recruitment is typically higher in warmer years relative to
cold years, a pattern which is linked to differential use of a northern nursery area (Cooper and Nichol, 2016),
highlighting the importance of settlement processes for this stock. The low abundance of Pacific cod larvae
in recent warm years could indicate poor production or survival, but could also indicate a shift in phenology,
as larger and older larvae become more capable swimmers and are able to evade the sampling gear. Further
investigation of larval size will be needed to address this. Walleye pollock was the only species that showed
higher abundance during the warm stanza. For Walleye pollock the effects of warm ocean temperatures may
not be apparent until after their first winter (Hunt et al., 2011). Southern rock sole is at the northern most
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Figure 44: Distribution of larval Pacific Cod catch per 10m? during late-spring ichthyoplankton surveys
in the southeastern Bering Sea, 2012-2018.

extent of its range in the Bering Sea and this may account for its low abundance.

Implications: Ichthyoplankton surveys can provide early-warning indicators for ecosystem conditions and
recruitment patterns in marine fishes. In 2018, larval abundance declined or stayed roughly level for the five
studied species relative to 2016, reflecting a continuation of warm conditions on the southeastern Bering Sea
shelf. Ongoing research is focused on the importance of larval phenology, condition, geographic distribution,
and overlap with prey for eventual recruitment success.

Forage Fish

Temporal Trends in the Abundance of Forage Fish in the Eastern Bering Sea, 2002—
2018

Contributed by Ellen Yasumiishi, Alex Andrews, Kristin Cieciel, Jim Murphy, Elizabeth Siddon, and An-
drew Dimond

Auke Bay Laboratories, Alaska Fisheries Science Center, National Marine Fisheries Service, NOAA
Contact: ellen.yasumiishi@noaa.gov

Last updated: October 2018
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Description of indicator: Fish were sampled using a trawl net towed in the upper 25m of the eastern
Bering Sea during the Alaska Fisheries Science Center’s Bering Arctic Subarctic Integrated Surveys (BASIS)
during late summer, 2002-2018. Stations were approximately 30 nautical miles apart and a trawl was towed
for approximately 30 minutes; since 2016 a staggered systematic grid has been used in the southeastern
Bering Sea making trawl station distance approximately 60 nautical miles longitudinally. Area swept was
estimated from horizontal net opening and distance towed.

Fish catch was weighed in kilograms at each station. Surveys were not conducted in the south (<60°N)
during 2013, 2015, and 2017; and north (>60°N) during 2008 so no estimates of abundance were made for
these years or regions. Eight species were commonly caught with the surface trawl: age-0 Walleye pollock
(Gadus chalcogrammus), Capelin (Mallotus villosus), Pacific herring (Clupea pallasii), juvenile Chinook
salmon (Oncorhynchus tshawytscha), juvenile chum salmon (O. keta), juvenile pink salmon (O. gorbuscha),
juvenile coho salmon (O. kisutch), and juvenile sockeye salmon (O. nerka); for this analysis all non-Chinook
salmon have been pooled into a juvenile salmon group. Biomass was calculated for each species or group and
compared in the northern and southeastern regions of the Bering Sea. Few Chinook salmon were captured
in the south so we did not estimate abundance for these fish.

Abundance was estimated for each species or group using the VAST package (version 1.5.0, cpp version)
for multispecies version 1.1.0 (Thorson et al., 2015; Thorson and Kristensen, 2016; Thorson et al., 2016a,b)
in RStudio version 1.1456 and R software version 3.3.0 (Team, 2016). The abundance index is a standard-
ized geostatistical index developed by Thorson et al. (2015); Thorson and Kristensen (2016); Thorson et al.
(2016a,b) to estimate indices of abundance for stock assessments. We specified a gamma or normal distribu-
tion and estimated spatial and spatio-temporal variation for both encounter probability and positive catch
rate components at a spatial resolution of 50 knots (model estimated central locations between stations).
We used the Poisson delta link model. Parameter estimates were within the upper and lower bounds.

Status and trends: In 2018, the abundance of pelagic fish species increased in the southeastern Bering
Sea relative to 2016 and decreased in the northern Bering Sea relative to 2017. In the north, juvenile
non-Chinook salmon (primarily pink and chum salmon) were the only fish group that was above average
in 2018, while herring and capelin were below average and age-0 pollock was around the mean. In the
south, the model-estimated relative abundance of juvenile salmon and herring were both above the average,
while capelin was below average and age-0 pollock was near the mean (Figure 45). Warm and cold year
occurrences were observed in the normalized time series of abundance of fish in pelagic waters. Capelin
were typically more abundant during cold years, whereas herring were typically more abundant during warm
years. Juvenile salmon abundances were higher during the recent warm stanza (2014-2018), but not during
the earlier 2002-2005 warm stanza. Age-0 pollock also occurred in higher abundances during warm years
than cold years.

Factors influencing observed trends: Non-Chinook juvenile salmon had relatively high abundances in
both the northern and southeastern Bering Sea during 2018, indicating favorable conditions for juvenile pink
and chum salmon survival. Lower abundances of pollock, capelin, herring, and juvenile Chinook salmon
in the north indicate poor environmental conditions for the growth and survival in the eastern Bering Sea
during summer or movement out of the survey area.

Age-0 pollock did not appear in large biomasses in pelagic waters of the northern or southeastern Bering
Sea during late summer 2018 relative to 2002-2017. Age-0 pollock may have lowered abundance, deeper
distribution (e.g., off the shelf), or be distributed outside the survey area.

Implications: Lower abundances of forage fish in the north and higher abundances in the south during
2018 indicate differential productivity of pelagic waters in the eastern Bering Sea. Declining trends in four of
five forage fish groups in the north coincide with warmer than average water temperature in 2018, indicating
overall unfavorable conditions with the exception of juvenile pink and chum salmon. There was little evidence
of shifts in distribution northward based on changes in abundance.
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Figure 45: Relative abundance (metric tonnes) of forage fish in pelagic waters of the eastern Bering Sea
during late summer, 2002-2018.
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Togiak Herring Population Trends

Contributed by Greg Buck and Sherri Dressel, Alaska Department of Fish and Game
Contact: gregory.buck@alaska.gov
Last updated: October 2018

Description of indicator: The biomass of mature Pacific herring ( Clupea pallasii) occurring in the Togiak
District of Bristol Bay has been tracked through aerial surveys since the late 1970s using methods described
by Lebida and Whitmore (1985). Generally, the peak aerial survey biomass estimate during the days when
the commercial fishery is open, harvest prior to the peak aerial survey biomass, and the peak aerial survey
biomass after the commercial fishery is closed are combined to provide the survey estimate of mature herring
biomass. An age-structured analysis (ASA) model is then used to forecast herring biomass in Togiak District
of Bristol Bay for setting the State of Alaska commercial guideline harvest level for the spring sac roe fishery
and the Dutch Harbor bait fishery (Funk et al., 1992; Funk and Rowell, 1995). The data used in the
ASA model includes aerial survey estimates of biomass weighted by a confidence score (confidence depends
primarily on visibility conditions, aerial survey coverage, and number of surveys), age composition and
weight-at-age information collected from the fishery, and harvest from both the seine and gillnet fisheries.
Recruitment of Togiak herring to the fishery begins around age-4 and fish are believed to be fully recruited
into the fishery around age-8.

Togiak Bay herring is the largest herring spawning stock in Alaskan waters and thought to comprise approx-
imately 70% of the eastern Bering Sea (EBS) herring spawning biomass (from Port Heiden/Port Moller to
Norton Sound). Due to reduced market demands for herring and State of Alaska budget cuts, Togiak Bay
herring is the only mature herring stock in the EBS area that is currently monitored, surveyed, and assessed
on an annual basis.

The annual forecasted biomass of mature Togiak herring, combined with long-term average aerial survey
biomass estimates from other herring stocks in the EBS, provides the basis for establishing the prohibited
species catch (PSC) limit for groundfish fisheries in the EBS per Amendment 16A of the Bering Sea/Aleutian
Islands Groundfish Fishery Management Plan. The annual PSC limit is set at 1% of the annual biomass of
mature EBS herring and is apportioned among trawl fishery categories. Attainment of any apportionment
triggers closure of Herring Savings Areas to that fishery. If the NOAA Regional Administrator determines
that the PSC limit of herring is attained, the Herring Savings Areas may be closed for the remainder of the
year or season. This is important because if high herring PSC triggers Savings Area closures, the fleet may
be forced to move from an area of high herring and low salmon PSC, to an area of low herring and high
salmon PSC.

Status and trends: Togiak mature herring biomass as estimated by the ASA model increased from a
low of 63,500 short tons in 1980 to over 400,000 short tons from 1985 to 1987 (Figure 46), due to large
age-4 recruitments in 1981 and 1982 (Figure 47). The biomass then declined through the mid-1990s and has
remained stable since that time. The large biomasses estimated by the model during the late 1980s have
considerable uncertainty due to the poor aerial survey conditions and confidence scores during that time.
In 2017 we observed 90,268 tons on our aerial survey which is 55% of the most recent 10-year aerial survey
average and 59% of the most recent 20-year aerial survey average (G. Buck, unpubl. data). However, the
ASA estimated biomass in 2016 and 2017 was considerably greater than aerial survey estimates because of
the low confidence ranking of the surveys during these years and the contribution of the age-composition
information.

An active sac roe fishery is conducted on this population with gillnet and purse seine gear. A small spawn
on kelp quota is allowed but has not been utilized since 2003. The sac roe fishery has harvested an average
of 21,046 tons in recent years (2008-2017; G. Buck, unpubl. data).

Factors causing observed trends: Herring recruitment is both highly variable and cyclic with large
recruitment events occurring roughly every 8 to 10 years in this population. We believe fish from the

99
NPFMCBering Seaand AleutianislandsSAFE



DecembeR018 EBSEcosystenstatusreport

500,000
aerial weights
400,000 1 = 0.0
® 02
@04
Qo6
2 300,000 - @ o3
S
4
£
Q
& 200,000 A
%
100,000 -
(5] o ° (5]
(5]
0_ (5]
1980 1990 2000 2010 2020

Year

Figure 46: Aerial survey-estimated biomass plus pre-peak catch that were included in the model (green
points), model-estimated mature biomass (black solid line), and model-estimated mature biomass fore-
cast (black star). The size of the green points reflects the confidence weighting of each aerial survey
estimate in the model based on weather, number of surveys, quality of surveys, and timing of surveys

relative to the spawn (ranging from 0=no confidence to 1=perfect confidence). The gray line denotes
the threshold.

most recent large recruitment event began to show up in the commercial harvest around 2009 at age-4.
Williams and Quinn (2000) demonstrate that herring populations in the North Pacific are closely linked to
environmental conditions, particularly water temperature. Tojo et al. (2007) demonstrate how the complex
reproductive migration of EBS herring is related to temperature and the retreat of sea ice and how it has
changed since the 1980s. We believe that closer examination of environmental conditions such as sea surface
temperature, air temperature, and EBS ice coverage may increase our understanding of the recruitment
processes at play in this population.

Implications: Togiak herring are an important forage fish for piscivorous fish, seabirds, and marine mam-
mals as well as the basis for a directed herring sac roe fishery and the Dutch Harbor bait fishery. The cyclic
nature of recruitment into this population has implications for predators and prey of herring as well as the

fishery. The Alaska Department of Fish and Game considers this population healthy and sustainable at
current harvest levels.
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Figure 47: Model estimates of age-4 recruit strength (numbers of age-4 mature and immature fish).
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Salmon

Juvenile Chinook Salmon Abundance in the Northern Bering Sea

Contributed by Jim Murphy', Kathrine Howard?, and Sabrina Garcia?

! Auke Bay Laboratories, Alaska Fisheries Science Center, National Marine Fisheries Service, NOAA
2 Alaska Department of Fish and Game

Contact: jim.murphy@noaa.gov

Last updated: October 2018

Description of indicator: An index of juvenile Chinook salmon (Oncorhynchus tshawytscha) abundance
was constructed for the Canadian-origin (Upper Yukon) stock group of the Yukon River, 2003—2017. Juvenile
(first year at sea) abundance is estimated during late-summer (typically September) during surface trawl and
oceanographic surveys in the northern Bering Sea. Estimates are based on trawl catch-per-unit-effort data,
estimates of genetic stock composition, and mixed layer depth. Abundance for the Canadian-origin stock
group have ranged from 0.6 million to 2.8 million juveniles with an overall average of 1.6 million juvenile
Chinook salmon from 2003-2017 (Figure 48).
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Figure 48: Juvenile abundance estimates for the Canadian-origin stock group of Chinook salmon in
Yukon River, 2003-2017. Error bar range is one standard deviation above and below juvenile abundance
estimates.

Status and trends: Although the 2017 juvenile abundance estimates have been finalized, data complica-
tions during the 2018 survey have prevented us from completing preliminary estimates for 2018. However,
the 2018 catch of juvenile Chinook during the survey were among the lowest observed since 2003. It is likely
that the 2018 estimate will be below average, marking the second consecutive year of below average juvenile
Chinook salmon abundance in the northern Bering Sea.
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Factors influencing observed trends: Changes in the early life-history (freshwater and early marine)
survival, as indicated by the number of juveniles-per-spawner (Figure 49, is the primary factor impacting
juvenile abundance in the northern Bering Sea. Estimates of juveniles-per-spawner in 2017 is the lowest
we have observed since 2003. Juvenile abundance reflects both spawner abundance and the number of
juveniles-per-spawner, and spawner abundance was also the highest we have observed since 2003.
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Figure 49: Estimated number of juveniles-per-spawner and spawner abundance for the Canadian-origin
stock group of Chinook salmon in the Yukon River, 2003-2017. Error bar range is one standard deviation
above and below juvenile abundance estimates.

Implications: Juvenile abundance of the Canadian-origin stock group is significantly correlated (r=0.84;
Figure 50) with adult returns, indicating that much of the year-to-year variability in their survival occurs
during their early life stages (freshwater and initial marine). The Canadian-origin stock group of Chinook
salmon is the largest stock group of Chinook salmon in the Yukon River and has a complex management
framework, directed by both domestic and international (US/Canada) management policies and decisions.
Juvenile abundance has been used over the last five years to assist the pre-season fisheries management
decisions in the Yukon River. Juvenile abundance also has important implications for anticipating imple-
mentation of bycatch caps based on adult abundance of Chinook salmon in the eastern Bering Sea pollock
fishery. Assuming juvenile abundance continues to reflect future abundance, the abundance of immature and
adult life-history stages of Yukon River Chinook salmon will be expected to decline over the next few years.
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Figure 50: The relationship between juvenile abundance and adult abundance for the Canadian-origin
stock group of Chinook salmon in the Yukon River for juvenile years 2003-2011. Adult abundance is
the number of returning adults and only includes years where all juveniles have returned to the Yukon
River. Adult returns and juvenile data from 2005 are not included because genetic proportion data were
unavailable for apportionment.

Temporal Trend in the Annual Inshore Run Size of Bristol Bay Sockeye Salmon (On-
corhynchus nerka)

Contributed by Curry J. Cunningham®, Gregory Buck?, Katie Sechrist?, Jordan Head?

! Auke Bay Laboratories, Alaska Fisheries Science Center, National Marine Fisheries Service, NOAA
2 Alaska Department of Fish and Game, Anchorage, Alaska

Contact: curry.cunningham@noaa.gov

Last updated: September 2018

Description of indicator: The annual abundance of adult sockeye salmon ( Oncorhynchus nerka) returning
to Bristol Bay, Alaska is enumerated by the Alaska Department of Fish and Game (ADF&G). The total
inshore run in a given year is the sum of catches in five terminal fishing districts plus the escapement of sockeye
to nine major river systems. Total catch is estimated based on the mass of fishery offloads and the average
weight of individual sockeye within time and area strata. Escapement is the number of fish successfully
avoiding fishery capture and enumerated during upriver migration toward the spawning grounds, or through
post-season aerial surveys of the spawning grounds (Elison et al., 2018). Although there have been slight
changes in the location and operation of escapement enumeration projects and methods over time, these
data provide a consistent index of the inshore return abundance of sockeye salmon to Bristol Bay since 1963.

Status and trends: The 2018 Bristol Bay salmon inshore run of 63.0 million sockeye is the largest on record
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since 1963 and is 55.8% higher than the recent 10-year average of 40.4 million sockeye, and 98.0% higher than
the 19632017 average of 31.8 million sockeye. The temporal trend in Bristol Bay sockeye salmon run size
indicates a large increase during the recent 4-year period, with inshore run sizes in 2015-2018 above recent
and long-term averages (Figure 51). Also of note, inshore runs to the Nushagak District in 2018 and 2017
are the first and second highest on record since 1963, which at 33.5 and 20.0 million sockeye, respectively,
were 395.4% and 196.1% higher than the 1963—2018 average of 6.8 million sockeye (Figure 52).
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Figure 51: Annual Bristol Bay sockeye salmon inshore run size 1963—2018. Red line is the time series
average of 32.4 million sockeye.

Factors influencing observed trends: The return abundance of Bristol Bay sockeye salmon is positively
correlated with the Pacific Decadal Oscillation (Hare et al., 1999), specifically with Egegik and Ugashik
district run sizes increasing after the 1976/1977 regime shift. The abundance and growth of Bristol Bay
sockeye salmon has also been linked to the abundance of pink salmon (Oncorhynchus gorbuscha) in the
North Pacific (Ruggerone and Nielsen, 2004; Ruggerone et al., 2016).

Implications: The high inshore run of Bristol Bay sockeye salmon in 2018 and the preceding 3-year period
indicate positive survival conditions for these stocks while in the ocean. Given evidence that the critical
period for sockeye salmon survival occurs during the first summer and winter at sea (Beamish and Mahnken,
2001; Farley et al., 2007, 2011) and the predominant age classes observed for Bristol Bay stocks are 1.2,
1.3, 2.2, and 2.3 (European designation: years in freshwater—years in the ocean), the large 2018 Bristol
Bay sockeye salmon inshore run suggests these stocks experienced positive conditions at entry into the
southeastern Bering Sea in the summer of 2015-2016 and winter of 2016-2017.
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Figure 52: Annual Bristol Bay sockeye salmon inshore run size 1963-2018 by commercial fishing district.
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Groundfish

Eastern Bering Sea Groundfish Condition

Contributed by Jennifer Boldt', Chris Rooper!, and Jerry Hoff?

IFisheries and Oceans Canada, Pacific Biological Station, 3190 Hammond Bay Rd, Nanaimo, BC, Canada
V9T 6N7

2Resource Assessment and Conservation Engineering Division, Alaska Fisheries Science Center, National
Marine Fisheries Service, NOAA

Contact: chris.rooper@dfo-mpo.gc.ca

Last updated: October 2018

Description of indicator: Length-weight residuals are an indicator of somatic growth (Brodeur et al.,
2004) and, therefore, a measure of fish condition. Fish condition is an indicator of how heavy a fish is
per unit body length, and may be an indicator of ecosystem productivity. Positive length-weight residuals
indicate fish are in better condition (i.e., heavier per unit length); whereas, negative residuals indicate fish
are in poorer condition (i.e., lighter per unit length). Fish condition may affect fish growth and subsequent
survival (Paul et al., 1997; Boldt and Haldorson, 2004).

The AFSC eastern Bering Sea shelf bottom trawl survey data was utilized to acquire lengths and weights of
individual fish for Walleye pollock (Gadus chalcogrammaus), Pacific cod (Gadus macrocephalus), Arrowtooth
flounder (Atheresthes stomias), Yellowfin sole (Limanda aspera), Flathead sole (Hippoglossoides elassodon),
Northern rock sole (Lepidopsetta polyzystra), and Alaska plaice (Pleuronectes quadrituberculatus) (Figure
53). Survey strata 31 and 32 were combined as stratum 30; strata 61 and 62 were combined as stratum 60;
strata 41, 42, and 43 were combined as stratum 40. Strata 82 and 90 are included in the analyses but they
are not sampled in every year of the time series.

Length-weight relationships for each of the seven species were estimated with a linear regression of log-
transformed values over all years where data was available (during 1982-2018). Additionally, length-weight
relationships for age 1+ walleye pollock (length from 100-250 mm) were also calculated independent from the
adult life history stages. Predicted log-transformed weights were calculated and subtracted from measured
log-transformed weights to calculate residuals for each fish. Length-weight residuals were averaged for the
entire EBS and for the strata sampled in the summer survey. Temporal and spatial patterns in residuals
were examined.

Status and trends: Length-weight residuals have varied over time for all species with a few notable patterns
(Figure 54). Residuals for all species where there was data were negative in 1999, a cold year in the Bering
Sea. Residuals became positive or more positive in 2002 for five of the seven species examined. Flatfish
residuals were generally positive from 2002 to 2004 or 2005 depending on species. Age-1 pollock and Pacific
cod residuals were positive from 2001 to 2004 or 2005. In 2008, all species except Flathead sole and pollock
had negative residuals. There has been a distinct negative trend in Pacific cod since a peak value in 2003.
Condition of pollock older than age-1 in 2018 was the second lowest on record and continued a decreasing
trend. Age-1 pollock and older pollock were not well correlated in most years. Length-weight residuals for
most species increased or were the same from 2017 to 2018. The exceptions were pollock and Alaska plaice
which had lower condition in 2018 relative to 2017.

In the northern Bering Sea, two species (pollock and cod) have been sampled consistently when these survey
strata are completed. The existing time series for these species is shown in (Figure 54). In 2018, Pacific
cod and juvenile pollock both had higher than average condition in the northern Bering Sea (relative to the
entire Bering Sea fish population). Adult pollock had lower than average condition in the northern Bering
Sea, consistent with the rest of the eastern Bering Sea (Figures 54 and 55).

Spatial trends in residuals were also apparent for some species (Figure 56). Generally, fish were in better

107
NPFMCBering Seaand AleutianislandsSAFE



DecembeR018 EBSEcosystenstatusreport

60N+

ALASKA

587N+

56N+

Eastern Bering Sea

I:I Morthem Bering Sea

VESSEL

SN L Ry Aldebaran
s FV Vesteraalen
o FY Alaska Knight L
] FV Aldebaran red king crab resurvey [t fa
£x 5 Pt
175°W 170°W 165°W 160°W 155°W

Figure 53: NMFS summer bottom trawl survey strata (from Lauth (2011)). Survey strata 31 and 32
were combined as stratum 30; strata 61 and 62 were combined as stratum 60; strata 41, 42, and 43
were combined as stratum 40. Strata 70, 71, and 81 were combined into northern Bering Sea stratum
(identified as NBS). Note that strata 70, 71, 81, 82, and 90 are not standard survey strata and they are
not sampled in every year.

condition on the outer shelf and to the north (strata 50, 60, 82, and 90). For all species except Yellowfin
sole (which did not occur in outer shelf strata), residuals were almost always positive on the northern outer
shelf (strata 60, 82, and 90). For Yellowfin sole, residuals were positive in the outermost shelf strata in which
they occurred (stratum 40) except in 1999. In addition to having positive residuals on the outer shelf, gadids
tended to have negative residuals on the inner shelf. Pollock residuals were generally positive in strata 50
and 60 and negative in strata 10, 20, and 40. Pacific cod residuals were generally positive in strata 60-90
and negative in strata 10 and 20. In 2018, cod residuals were highest in strata 60-90. Spatial patterns in
flatfish residuals were also apparent but varied among species. Alaska plaice residuals were almost always
negative in stratum 40. Flathead sole residuals were often positive in strata 40.

Factors influencing observed trends: One potential factor causing the observed temporal variability in
length-weight residuals is temperature. The year 1999 was a particularly cold year in the Bering Sea and
also a year of negative length-weight residuals for all groundfish examined (where data existed). Despite the
abundant large crustacean zooplankton and relatively high microzooplankton productivity present in 1999
(Hunt et al., 2008), the spatial distribution of some groundfish species is affected by temperatures and a
cold year may, therefore, have affected the spatial overlap of fish and their prey. Cold temperatures may
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Figure 54: Length-weight residuals for seven eastern Bering Sea groundfish sampled in the NMFS
standard summer bottom trawl survey, 1997-2018.

have also affected fish energy requirements and prey productivity. Conversely, the continuing warmer than
normal 2016 temperatures across the Bering Sea shelf may have resulted in negative trends for length-weight
residuals.

Other factors that could affect length-weight residuals include survey sampling timing and fish migration.
The date of the first length-weight data collected annually varied from late May to early June (except
1998, where the first data available was collected in late July). Also, the bottom trawl survey is conducted
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Figure 55: Length-weight residuals for two eastern Bering Sea groundfish sampled in the Northern
Bering Sea strata during the summer bottom trawl survey (2010, 2017, and 2018).

throughout the summer months, and as the summer progresses, we would expect fish condition to improve.
Since the survey begins on the inner shelf and progresses to the outer shelf, the higher fish condition observed
on the outer shelf may be due to the fact that they are sampled later in the summer. We also expect that
some fish will undergo seasonal and, for some species, ontogenetic migrations through the survey months.
For example, seasonal migrations of pollock occur from overwintering areas along the outer shelf to shallow
waters (90-140 m) for spawning (Witherell, 2000). Pacific cod concentrate on the shelf edge and upper slope
(100250 m) in the winter, and move to shallower waters (generally <100 m) in the summer (Witherell,
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Figure 56: Length-weight residuals for seven eastern Bering Sea groundfish sampled in the NMFS
standard summer bottom trawl survey, 1997-2018, by survey strata (10-90). NMFS summer bottom
trawl survey strata are shown in the top left panel. Survey strata 31 and 32 were combined as stratum
30; strata 61 and 62 were combined as stratum 60; strata 41, 42, and 43 were combined as stratum 40;

stratum 82 is listed as stratum 80.

2000). Arrowtooth flounder are distributed throughout the continental shelf until age 4, then, at older ages,
disperse to occupy both the shelf and the slope (Witherell, 2000). Flathead sole overwinter along the outer
shelf, and move to shallower waters (20-180 m) in the spring (Witherell, 2000). Yellowfin sole concentrate
on the outer shelf in the winter, and move to very shallow waters (<30 m) to spawn and feed in the summer
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(Witherell, 2000). How these migrations affect the length-weight residuals is unknown at this time.

Implications: A fish’s condition may have implications for its survival. For example, in Prince William
Sound, the condition of Pacific herring prior to the winter may in part determine their survival (Paul and
Paul, 1998). The condition of Bering Sea groundfish, may therefore partially contribute to their survival
and recruitment. In the future, as years are added to the time series, the relationship between length-weight
residuals and subsequent survival can be examined further. It is likely, however, that the relationship is
more complex than a simple correlation. Also important to consider is the fact that condition of all sizes of
fish were examined and used to predict survival. Perhaps, it would be better to examine the condition of
juvenile fish, not yet recruited to the fishery, or the condition of adult fish and correlations with survival.

Multispecies Model Estimates of Time-varying Natural Mortality

Contributed by Kirstin K. Holsman, Jim Ianelli, Kerim Aydin, and Ingrid Spies

Resource Ecology and Fishery Management Division, Alaska Fisheries Science Center, National Marine Fish-
eries Service, NOAA

Contact: kirstin.holsman@noaa.gov

Last updated: October 2018

Description of indicator: We report trends in age-1 total mortality for Walleye pollock ( Gadus chalcogram-
mus), Pacific cod (Gadus macrocephalus), and Arrowtooth flounder (Atheresthes stomias) from the eastern
Bering Sea. Total mortality rates are based on residual mortality inputs (M1) and model estimates of annual
predation mortality (M2) produced from the multi-species statistical catch-at-age assessment model (known
as CEATTLE; Climate-Enhanced, Age-based model with Temperature-specific Trophic Linkages and Ener-
getics). See Appendix 1 of the BSAT pollock stock assessment for 2019, Holsman et al. (2016), Holsman and
Aydin (2015), Ianelli et al. (2016), and Jurado-Molina et al. (2005) for more information.

Status and trends: Estimated age-1 natural mortality (i.e., M14+M2) for pollock, Pacific cod, and Arrow-
tooth flounder peaked in 2016. At 1.67 yr™! age-1 mortality estimated by the model was greatest for pollock
and lower for Pacific cod and Arrowtooth flounder, with total age-1 natural mortality stable at around 0.67
and 0.62 yr'!. In 2018, for the fourth year in a row, pollock natural mortality remained slightly elevated
relative to the long-term mean (Figure 57), while Pacific cod and Arrowtooth flounder mortality were at and
below the long-term mean, respectively.

The total biomass of each species consumed by the predators in the model reflects patterns in age-1 natural
mortality. In 2018, the total biomass of pollock consumed increased slightly from 2017 and was above
average. Meanwhile, Pacific cod and Arrowtooth flounder biomass consumed was near and below the long-
term means, respectively. While pollock and Pacific cod estimates were within the 95% CI, estimates of
Arrowtooth flounder consumed were below the 95% CI for the long-term mean (Figures 58 & 59).

Factors influencing observed trends: Temporal patterns in natural mortality reflect annually varying
changes in predation mortality that primarily impact age 1 fish (but also impact ages 2 and 3 fish in the
model). Pollock are primarily consumed by older conspecifics, and pollock cannibalism accounts for 59%
(on average) of total age-1 predation mortality on average, with the exception of the years 2006-2008 when
predation by Arrowtooth flounder exceeded cannibalism as the largest source of predation mortality of age-1
pollock; Figure 60).

Combined annual predation demand (annual ration) of pollock, Pacific cod, and Arrowtooth flounder in
2018 was 6.63 million tons, down slightly from the 7.67 million t annual average during the warm years of
2014-2016. Pollock represent approximately 81% of the model estimates of combined prey consumed with
a long term average of 5.2 million tons of pollock consumed annually by all three predators in the model
(Figure 61).
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Figure 57: Annual variation in total mortality (M1, + M2;; ) for age-1 pollock (a), Pacific cod (b),
and Arrowtooth flounder (c) from the single-species models (dashed gray line) and the multi-species
models with temperature (black line). Updated from Holsman and Aydin (2015); more model detail
can be found in Appendix 1 of the BSAI pollock stock assessment for 2019.

Implications: We find evidence of continued elevated rates of predation mortality on age-1 pollock, while
Pacific cod and Arrowtooth flounder predation rates appear to be much lower than in previous years. This
pattern may reflect higher metabolic (and energetic) demand of predators under warm conditions combined
with maturing large 2010-2012 age classes of pollock and Pacific cod that have increased predator demand
in the EBS (Holsman and Aydin, 2015; Spencer et al., In press; Hunsicker et al., 2013; Zador et al., 2011).
This pattern may also explain and reflect low model estimates of recruitment of EBS pollock and Pacific cod
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Figure 58: Multispecies estimates of prey species biomass consumed by all predators in the model a)
total biomass of pollock consumed by predators annually b) total biomass of Pacific cod consumed by
predators annually, ¢) total biomass of Arrowtooth flounder consumed by predators annually. Gray lines
indicate 1979-2018 mean estimates for each species.

in recent years.

Between 1980 and 1993, relatively high natural mortality rates reflect patterns in combined annual demand
for prey by all three predators that was highest in the mid 1980’s (collectively 8.11 million t per year), and
in recent years (collectively 7.41 million t per year). The peak in predation mortality of age-1 pollock in
2006 corresponds to the maturation of a large age class of 5-7 year old pollock and 2 year old Pacific cod
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Figure 59: Multispecies estimates of prey species biomass consumed by all predators in the model Z-
score scaled to the mean and standard deviation for each species a) total biomass of pollock consumed
by predators annually b) total biomass of Pacific cod consumed by predators annually, ¢) total biomass
of Arrowtooth flounder consumed by predators annually. Gray lines indicate 1979-2018 mean estimates
and 1 SD for each species.

that dominated the age composition of the two species in 2006. Similarly, the recent peaks in mortality in
2016 reflect maturation of the large 2012 year class of pollock.
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Figure 60: Proportion of total predation mortality for age-1 pollock from pollock (solid), Pacific cod
(dashed), and Arrowtooth flounder (dotted) predators across years. Updated from Holsman et al. (2016);
more model detail can be found in Appendix 1 of the BSAI pollock stock assessment for 2019.
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Figure 61: Multispecies estimates of annual predator demand for prey, prey consumed, age-1 natural
mortality of pollock a) Combined total predator ration (tons; all three predators combined) over time
grouped by predator. b) Total prey consumed by all three predators combined (note the log scale). c)
Pollock predation mortality (M2; age-1 only) consumed by each predator species.
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Groundfish Recruitment Predictions

Age-0 Recruitment of Pacific Cod (Gadus macrocephalus) in the Southeastern Bering
Sea as Predicted by the Average of the North Pacific Index from October through
December

Contributed by Grant Thompson

Resource Ecology and Fisheries Management, Alaska Fisheries Science Center, National Marine Fisheries
Service, NOAA

Contact: grant.thompson@noaa.gov

Last updated: September 2018

Description of indicator: The North Pacific Index (NPI) was developed by Trenberth and Hurrell (1994),
and represents the area-weighted sea level pressure over the region 30°N-65°N, 160°E-140°W. Monthly values
of the NPI since January 1899 are reported at https://climatedataguide.ucar.edu/sites/default/
files/npindex_monthly.txt. Specifically, the indicator used in this analysis is the average of the monthly
NPI values from October—-December in each year.
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Figure 62: Average North Pacific Index (NPI) between October—December. The z-score is calculated
as the average Oct.—Dec. NPI minus the mean of the time series divided by the standard deviation of
the time series.

In the 2012 assessment of the eastern Bering Sea (EBS) stock of Pacific cod (Gadus macrocephalus) (Thomp-
son and Lauth, 2012), annual log-scale recruitment deviations (from the mean) estimated by the assessment
model were regressed against each of several environmental indices summarized by Zador et al. (2011). The
highest univariate correlation was obtained for the spring—summer NPI. Further investigations were con-
ducted with monthly NPI data from the website referenced above. The best univariate model obtained in
the 2012 analysis was a linear regression of recruitment deviations from 1977-2011 against the October—
December average NPI (from the same year). Vestfals et al. (2014) also noted a positive correlation between
Pacific cod recruitment and the NPI, although not the October-December average NPI in particular.

Status and trends: The 2017 assessment of the EBS stock of Pacific cod (Thompson, 2017) presented
the 19772016 time series shown in Figure 62. The trend depends on the range of years considered. If the
regression starts in 2014 or 2015, the trend is positive; if the regression starts anywhere from 2006 through
2013, the trend is negative; and if the regression starts anywhere from 1991 through 2005, the trend is
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positive.

In each assessment since 2012, the regression analysis has been updated. The regression in the 2017 as-
sessment (Thompson, 2017) resulted in a correlation of 0.53 (R?=0.28). The time series, regression line,
and 95% confidence interval from the 2017 regression are shown in Figure 63. According to this regression,
the probability of the 2016 year class being higher than the median for the time series is 56%. However,
the datum for 2016 (magenta diamond in Figure 63) falls quite a bit below the predicted value from the
regression. In fact, the error for 2016 is the largest (in absolute value) in the time series. The data for 2015
(red diamond in Figure 63) and 2016 mark the only two times in the last 12 years (cohorts) that the sign
of the difference from the mean estimated by the assessment model differs from the sign predicted by the
regression.
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Figure 63: Estimated log recruitment deviations of age-0 Pacific cod versus same-year October—
December average of the North Pacific Index, with regression line and 95% confidence interval.

Factors influencing observed trends: Two years, 1990 and 2002 (yellow and green diamonds in Figure
63), turned out to be far more influential than any other year in determining the magnitude of the estimated
slope, and both of these influences were negative. In other words, the positive slope is not due to the influence
of outliers; if anything, the outliers are making the relationship appear less strong than would be the case
without them.

Circulation patterns over the EBS shelf vary with large-scale climate drivers such as the Pacific Decadal
Oscillation (see p. 55). The strength of the Bering Slope Current is correlated with the NPI (Vestfals et al.,
2014) with higher NPT values related to weaker along-shelf transport. The positive relationship between the
NPI and Pacific cod recruitment may indicate that weaker circulation leads to better retention of age-0 fish
in suitable nursery habitats (Vestfals et al., 2014).

Implications: Potential uses of the estimated relationship in the context of fishery management are: 1) as
an independent means of corroborating initial estimates of year class strength, which are not made until the
year class reaches age-1 (the first age at which the fish show up in the EBS shelf bottom trawl survey); 2) as
a determinant of year class strength within the stock assessment model itself; and 3) in the event that the
average October—December NPI can be forecast into the future, as a means of forecasting future year class
strengths.
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Pre- and Post-Winter Temperature Change Index and the Recruitment of Bering Sea
Pollock

Contributed by Ellen Yasumiishi

Auke Bay Laboratories, Alaska Fisheries Science Center, National Marine Fisheries Service, NOAA
Contact: ellen.yasumiishi@noaa.gov

Last updated: August 2018

Description of indicator: The temperature change (TC) index is a composite index for the pre-and post-
winter thermal conditions experienced by Walleye pollock (Gadus chalcogrammus) from age-0 to age-1 in
the southeastern Bering Sea (Martinson et al., 2012)). The TC index (year t) is calculated as the difference
in the average monthly sea surface temperature in June (t) and August (t-1) (Figure 64) in an area of the
southern region of the eastern Bering Sea (56.2°N to 58.1°N by 166.9°W to 161.2°W). Time series of average
monthly sea surface temperatures were obtained from the NOAA Earth System Research Laboratory Physical
Sciences Division website. Sea surface temperatures were based on NCEP/NCAR gridded reanalysis data
(Kalnay et al. (1996), data obtained from http://www.esrl.noaa.gov/psd/cgi-bin/data/timeseries/
timeseriesl.pl). Less negative values represent a cool late summer during the age-0 phase followed by a
warm spring during the age-1 phase for pollock.
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Figure 64: The Temperature Change index values from 1949 to 2018. Values represent the differences
in sea temperatures on the southeastern Bering Sea shelf experienced by the 19482017 year classes of
pollock. Less favorable conditions (more negative values) represent a warm summer during the age-0
life stage followed by a relatively cool spring during the age-1 life stage. More favorable conditions (less
negative values) represent a cool summer during the age-0 life stage followed by a relatively warm spring
during the age-1 life stage.

Status and trends: The 2018 TC index value is -4.06, higher than the 2017 TC index value of -6.61,
indicating improved conditions for pollock survival from age-0 and age-1 from 2017 to 2018, respectively. The
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Table 3: Pearson’s correlation coefficient relating the Temperature Change index to subsequent esti-
mated year class strength of pollock. Bold values are statistically significant (p < 0.05).

Correlations
Age-1 Age2 Age-3 Age4d Age-5 Age-6
19642017 0.35 0.35 0.33 0.27 0.23 0.21
19962017 0.38 0.40 0.44 0.39 0.36 0.41

decrease in expected survival is due to the larger difference in sea temperature from late summer (warmer) to
the following spring (cooler). However, both the late summer sea surface temperature (10.67°C) in 2017 and
spring sea temperatures (6.61°C) in 2018 were warmer than the long-term average of 9.8°C in late summer
and 5.2°C in spring since 1949. The TC index was positively correlated with subsequent recruitment of
pollock to age-1 through age-4 from 1964 to 2018, but not significantly correlated for the shorter period
(1997-2018) (Table 3).

Factors causing observed trends: According to the original Oscillating Control Hypothesis (OCH),
warmer spring temperatures and earlier ice retreat led to a later oceanic and pelagic phytoplankton bloom
and more food in the pelagic waters at an optimal time for use by pelagic species (Hunt et al., 2002). The
revised OCH indicated that age-0 pollock were more energy-rich and have higher over wintering survival to
age-1 in a year with a cooler late summer (Coyle et al., 2011; Heintz et al., 2013). Therefore, the colder,
later summers during the age-0 phase followed by warmer spring temperatures during the age-1 phase are
assumed favorable for the survival of pollock from age-0 to age-1. The 2017 year class of pollock experienced
a warm to average summer during the age-0 stage and a warm to average spring in 2018 during the age-1
stage indicating slightly above average conditions for over wintering survival from age-0 to age-1.

Implications: The 2018 TC index value of -4.06 was slightly above the long-term average of -4.61, therefore
we expect average recruitment of pollock to age-3 in 2020 from the 2017 year class. The 2017 TC index value
of -6.16 was below the long-term average, therefore we expect lower than average recruitment of pollock to
age-3 in 2019 from the 2016 year class. The 2016 TC index value of -3.19 was above the long-term average,
therefore we expect slightly above average recruitment of pollock to age-3 in 2018 from the 2015 year class.
The 2015 TC index value of -5.96 was below the long-term average, therefore we expect slightly below average
recruitment of pollock to age-3 in 2017 from the 2014 year class (Figure 65).

Large copepod abundance (observed and modeled) as an indicator of pollock recruit-
ment to age-3 in the southeastern Bering Sea

Contributed by Lisa Eisner and Ellen Yasumiishi

Auke Bay Laboratories, Alaska Fisheries Science Center, National Marine Fisheries Service, NOAA
Contact: lisa.eisner@noaa.gov

Last updated: August 2018

Description of indicator: Interannual variations in large copepod abundance were compared to age-3
walleye pollock (Gadus chalcogrammaus) abundance (billions of fish) for the 2002-2016 year classes on the
southeastern Bering Sea shelf, south of 60°N, < 200 m bathymetry. The large copepod index sums the
abundances of Calanus marshallae/glacialis (copepodite stage 3 (C3)-adult), Neocalanus spp. (C3-adult),
and Metridia pacifica (C4-adult), taxa typically important in age-0 pollock diets (Coyle et al., 2011; Siddon
et al., 2013a; Strasburger et al., 2014). Zooplankton samples were collected with oblique bongo tows over
the water column using 60 cm/505 pm mesh nets for 2002-2011, and 20 cm/153 pm mesh or 60 cm/505
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Figure 65: Normalized time series values of the temperature change index (t-2) from 1964-2020 indi-
cating conditions experienced by the 1961-2017 year classes of pollock during the summer age-0 and
spring age-1 life stages. Normalized values of the estimated abundance of age-3 Walleye pollock in
the southeastern Bering Sea from 1964-2017 (t) for the 1961-2014 year classes. Age-3 Walleye pollock
estimates are from Table 28 in Ianelli et al. (2017). The TC index indicates above average conditions
for the 2015 and 2017 year class and below average conditions for the 2016 year classes of pollock.

I
[EY
1

pm nets, depending on taxa and stage for 2012-2016. Data were collected on the Bering Arctic Subarctic
Integrated Survey (BASIS) fishery oceanography surveys during mid-August to late September, for four
warm years (2002-2005) followed by one average (2006), six cold (2007-2012), and three warm (2014-2016)
using methods in Eisner et al. (2014). Zooplankton data was not available for 2013. Age-3 pollock abundance
was obtained from the stock assessment report for the 2002-2014 year classes (Ianelli et al., 2017). Two
estimates of large copepod abundances were calculated, the first using observed means among stations of
abundance data (number m?) and the second using the means estimated from the geostatistical model,
Vector Autoregressive Spatial Temporal (VAST) package version 4-2-0 (Thorson et al., 2015). We specified
50 knots, a log normal distribution, and the delta link function between probability or encounter and positive
catch rate in VAST.

Status and trends: Positive significant linear relationships were found between observed and VAST mod-
eled mean abundances of large copepods collected during the age-0 stage of pollock and stock assessment
estimates of these same pollock at age-3 for the 2002-2014 year classes (Figure 66). The stronger relationship
using the VAST package compared to observed means among stations (R? = 0.69 vs R? = 0.47) appears to
be partially due to the VAST package filling in data for survey areas missed in some years (e.g., 2008).

Fitted means and standard errors of the age-3 pollock abundances were estimated from the linear regression
model using means of large copepods from observed data and from the VAST model, and compared to
the pollock stock assessment estimates from Tanelli et al. (2017) (Figure 67). Our regression models using
observed means among stations predict an abundance of 2.83 and 3.39 billion age-3 pollock with a standard
error of 1.35 and 1.24 billion for the 2015 and 2016 year classes, respectively. Likewise, estimates using VAST
predict an abundance of 2.77 and 3.15 billion age-3 pollock with a standard error of 0.96 and 0.91 billion for
the 2015 and 2016 year classes, respectively.
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Figure 66: Linear relationships between observed (top) or VAST (bottom) estimated mean abundance
of large copepods during the age-0 life stage of pollock and the estimated abundance of these pollock
at age-3 pollock from Ianelli et al. (2017). Points are labeled with pollock year class. Red points are
warm (low ice) years, blue are cold (high ice) years, gray is an average year, and black and green are
estimates from the linear regressions for 2015 and 2016 year classes, respectively. No zooplankton data
were available for 2013.

Factors influencing observed trends: Increases in sea ice extent and duration were associated with
increases in large zooplankton abundances on the southeastern shelf (Eisner et al., 2014, 2015), increases
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in large copepods and euphausiids in pollock diets (Coyle et al., 2011), and increases in age-0 pollock lipid
content (Heintz et al., 2013). The increases in sea ice and associated ice algae and phytoplankton blooms
may provide an early food source for large crustacean zooplankton reproduction and growth (Baier and
Napp, 2003; Hunt et al., 2011). These large zooplankton taxa contain high lipid concentrations (especially
in cold, high ice years) which in turn increases the lipid content in their predators such as age-0 pollock
and other fish that forage on these taxa. Increases in energy density (lipids) in age-0 pollock allow them
to survive their first winter (a time of high mortality) and eventually recruit into the fishery. Accordingly,
a strong relationship has been shown for energy density in age-0 fish and age-3 pollock abundance (Heintz
et al., 2013).

Implications: Our results suggest that decreases in the availability of large copepod prey during the first
year at sea in 2015 and 2016 were not favorable for age-0 pollock overwinter survival and recruitment to
age-3. If the relationship between large copepods and age-3 pollock remains significant in our analysis, the
index can be used to predict the recruitment of pollock three years in advance of recruiting to age-3, from
zooplankton data collected three years prior. This relationship also provides further support for the revised
oscillating control hypothesis that suggests as the climate warms, reductions in the extent and duration of
sea ice could be detrimental to large crustacean zooplankton and subsequently to the pollock fishery in the
southeastern Bering Sea (Hunt et al., 2011).
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Figure 67: Fitted means and standard errors (red) of the age-3 pollock abundance estimated from the
linear regression models using means of large copepods from observed data (top) and VAST model
(bottom), and pollock stock assessment estimates (black) from Ianelli et al. (2017). Predicted estimates
of age-3 pollock for 2015 and 2016 year classes (recruited into fishery as age 3’s in 2018 and 2019,
respectively) are shown in blue.
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Fall Energetic Condition of Age-0 Walleye Pollock Predicts Survival and Recruitment
Success

Contributed by Ron Heintz, Elizabeth Siddon, Ed Farley, and Tayler Jarvis

Auke Bay Laboratories, Alaska Fisheries Science Center, National Marine Fisheries Service, NOAA
Contact: elizabeth.siddon@noaa.gov

Last updated: October 2018

Description of indicator: Average Energy Content (AEC; kJ/fish) is the product of the average individual
mass and average energy density of age-0 Walleye pollock (Gadus chalcogrammus) collected during the late-
summer BASIS survey in the southeastern Bering Sea (SEBS). Fish were collected from surface trawls in all
years except 2015 when oblique (water column) trawls were used. The average individual mass is calculated
by dividing the total mass by the total number of age-0 pollock caught in each haul. The average energy
density is estimated in the laboratory from multiple (2-5) fish within + 1 standard deviation of the mean
length (see Siddon et al. (2013a) for detailed methods). The haul-specific energy value is weighted by catch
to estimate average energy density per station. The product of the two averages represents the average
energy content for an individual age-0 pollock in a given year.

We relate AEC to the number of age-1 recruits per spawner (R/S) using the index of adult female spawning
biomass as an index of the number of spawners. Relating the AEC of age-0 pollock to year class strength
from the age-structured stock assessment indicates the energetic condition of pollock prior to their first
winter predicts their survival to age-1.
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Figure 68: Average energy density (kJ/g) of age-0 Walleye pollock (Gadus chalcogrammus) collected
during the late-summer BASIS survey in the eastern Bering Sea 2003-2017. Fish were collected with a
surface trawl in all years except in 2015 when an oblique trawl was used.

Status and trends: Energy density (kJ/g), mass (g), and standard length (SL; mm) of age-0 pollock
have been measured annually since 2003 (except 2013 when no survey occurred). Over that period, energy
density has varied with the thermal regime in the SEBS. Between 2003 and 2005 the SEBS experienced warm
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conditions characterized by an early ice retreat. Thermal conditions in 2006 were intermediate, indicating
a transition, and ice retreated much later in the years 2007-2013 (i.e., cold conditions). Warm conditions
returned in 2014 through 2016 while 2017 was moderate (i.e., intermediate).

The transition between warm and cold conditions is evident when examining energy density over the time
series (Figure 68). Energy density was at a minimum in 2003 (3.63 kJ/g) and increased to a maximum of
5.26 kJ/g in 2010. In contrast, the size (mass or length) of the fish has been less influenced by thermal
regime. The AEC of age-0 pollock in warm years between 2003-2017 accounts for 74% of the variation in
age-1 recruits per spawner, but only 9% in cold years between 2003-2017 (Figure 69).
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Figure 69: Relationship between average energy content (AEC) of individual age-0 Walleye pollock
(Gadus chalcogrammus) and the number of age-1 recruits per spawner from the 2017 stock assessment
(Tanelli et al., 2017). Fish were collected with a surface trawl in all years except in 2015 when an oblique
trawl was used.
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Factors influencing observed trends: The AEC of age-0 pollock integrates information about size and
energy density into a single index, therefore reflecting the effects of size dependent mortality over winter
(Heintz et al., 2010) as well as prey conditions during the age-0 period. Late summer represents a critical
period for energy allocation in age-0 pollock (Siddon et al., 2013a) and their ability to store energy depends
on water temperatures, prey quality, and foraging costs (Siddon et al., 2013b).

Prey availability for age-0 pollock differs between warm and cold years with cold years having greater
densities of large copepods (e.g., Calanus marshallae) over the SEBS shelf (Hunt et al., 2011; Coyle et al.,
2011). Zooplankton taxa available in cold years are generally higher in lipid content, affording age-0 pollock
a higher energy diet than that consumed in warm years. Lower water temperatures also optimize their ability
to store lipid (Kooka et al., 2007).

Implications: The model fit under warm years suggests that bottom-up processes (i.e., higher metabolic
demands, poor prey quality and quantity) have a strong impact on survival and subsequent recruitment
success of age-0 pollock. The model fit under cold years suggests survival and recruitment success are more
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variable and likely the result of a suite of processes, including bottom-up and top-down pathways. 2017
was a moderate year in the southeastern Bering Sea in terms of thermal conditions, with an extensive, yet
narrow cold pool. As such, it is difficult to predict the success of the 2017 year-class, but evidence from 2006
recruitment success suggests the 2017 year-class will have average success.
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Benthic Communities and Non-target Fish Species

Miscellaneous Species - Eastern Bering Sea Shelf

Contributed by Robert Lauth and Elizabeth Dawson

Resource Assessment and Conservation Engineering Division, Alaska Fisheries Science Center,
National Marine Fisheries Service, NOAA

Contact: bob.lauth@noaa.gov

Last updated: October 2018

Description of indicator: “Miscellaneous” species fall into three groups: eelpouts (Zoarcidae), poachers
(Agonidae), and sea stars (Asteroidea). The three species comprising the eelpout group are the wattled
eelpout (Lycodes palearis) and shortfin eelpout (L. brevipes) and to a lesser extent the marbled eelpout
(L. raridens). The biomass of poachers is dominated by a single species, the sturgeon poacher (Podothecus
acipenserinus) and to a lesser extent the sawback poacher (Leptagonus frenatus). The composition of sea
stars in shelf trawl catches are dominated by the purple-orange sea star (Asterias amurensis), which is found
primarily in the inner/middle shelf regions, and the common mud star (Ctenodiscus crispatus), which is
primarily an inhabitant of the outer shelf. Relative CPUE by weight was calculated and plotted for each
species or species group by year for 1982-2018. Relative CPUE was calculated by setting the largest biomass
in the time series to a value of 1 and scaling other annual values proportionally. The standard error (£1)
was weighted proportionally to the CPUE to produce a relative standard error.

Status and trends: The 2018 relative CPUE for eelpouts decreased by 12% from 2017, but the 2018
estimate was just above the average of the estimates over the last 10 years. The poacher group CPUE
decreased by 36% since 2017, by 55% since 2016, and by 66% since 2015. The 2018 poacher estimate ranked
as the lowest since 1987. Only during a single three year time period from 1984 to 1986, were poacher
estimates lower. The sea stars as a group decreased by 20% from 2017 to 2018, and the 2018 CPUE was
just below the CPUE average of the last 10 years (Figure 70).

Factors causing observed trends: Determining whether these trends represent real responses to envi-
ronmental change or are simply an artifact of standardized survey sampling methodology (e.g., temperature
dependent catchability) will require more specific research on survey trawl gear selectivity relative to inter-
annual differences in bottom temperatures and on the life history characteristics of these epibenthic species.

Implications: Eelpouts have important roles in the energy flow within benthic communities. For example,
eelpouts are a common prey item of Arrowtooth flounder (Atheresthes stomias). However, it is not known
at present whether these changes in CPUE are related to changes in energy flow.
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Figure 70: AFSC eastern Bering Sea shelf bottom trawl survey relative CPUE for miscellaneous fish
species during the May to August time period from 1982-2018.
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Eastern Bering Sea Commercial Crab Stock Biomass Indices

Contributed by Robert Foy, Christie Lang, Jon Richar

Kodiak Laboratory, Alaska Fisheries Science Center, National Marine Fisheries Service, NOAA, Kodiak, AK
Contact: robert.foy@noaa.gov

Last updated: October 2018

Description of indicator: This indicator is the commercial crab species biomass time series in the eastern
Bering Sea. The eastern Bering Sea bottom trawl survey has been conducted annually since 1975 by the
Resource Assessment and Conservation Engineering Division of the Alaska Fisheries Science Center, National
Marine Fisheries Service. The purpose of this survey is to collect data on the distribution and abundance
of crab, groundfish, and other benthic resources in the eastern Bering Sea. The data provided here include
the time series of results from 1998 to the present. In 2018, 375 total stations were sampled on the eastern
Bering Sea shelf from 3 June to 31 July. The trends in crab biomass may be indicative of trends in benthic
production or benthic response to environmental variability. The commercial crab biomass also indicates
trends in exploited resources over time.

Status and trends: The historical trends of commercial crab biomass and abundance are highly variable
(Figure 71). In 2018, there was an overall decrease in biomass and abundance in red king, blue king, and
Tanner crab stocks. Bristol Bay red king crab mature males declined by 43% in 2018, continuing a 71%
decline since 2014 and reaching a 35-year low. Bristol Bay red king crab mature females also declined 53%
in 2018 reaching a 22-year low. The St. Matthew blue king crab adult male stock continued a four year
decline to the lowest levels observed for this stock. Female blue king crab biomass is not adequately sampled
during this survey due to a nearshore distribution around St. Matthew Island. Tanner crab male and female
biomass declined by 20-30%, respectively, in 2018 due mostly to declines in the eastern portion of the stock.
The declining trend has continued since 2014 following previous cycles in biomass for this stock. The western
portion of the stock, however, has been increasing or stable in recent years. The snow crab stock biomass
increased in 2018 with a 60% increase in both mature males and females. The stock had declined to all-time
lows in 2016 but increased recruitment has led to an increase that is expected to continue. Pribilof Islands
crab stocks remain extremely depressed with variable survey biomass due to trawl survey limitations due to
habitat and the contagious crab distribution.

Factors influencing observed trends: Environmental variability and exploitation affect trends in com-
mercial crab biomass over time. Recent modeling analyses suggest that environmental variability is largely
driving inter-annual variability in crab stock recruitment.

Implications: The implications of the observed variability in crab stocks are dramatic inter-annual and
inter-decadal variability in benthic predators and ephemeral (seasonal) pelagic prey resources when crab are
in larval stages in the water column or as juveniles in the benthos. Although it is unclear at what life stage
crab stock variability is determined, it is likely that environmental variability affecting larval survival and
changes in predation affecting juvenile survival are important factors. As such, the environmental conditions
affecting larval crab may also be important for larval demersal groundfish and the availability of crab as prey
may be important for demersal fish distributions and survival.
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Figure 71: Historical biomass for commercial crab stocks caught on the National Marine Fisheries
Service eastern Bering Sea bottom trawl surveys (1998-2018).
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Seabirds

Seabird Monitoring Summary from Alaska Maritime National Wildlife Refuge

Contributed by Marc Romano and Heather Renner

Alaska Maritime National Wildlife Refuge, 95 Sterling Highway, Suite 1, Homer, AK 99603
Contact: marc_romano@fws.gov

Last updated: October 2018

Description of indicator: The Alaska Maritime National Wildlife Refuge has monitored seabirds at
colonies around Alaska in most years since the early- to mid-1970s. Time series of annual breeding success
and phenology (among other parameters) are available from over a dozen species at eight Refuge sites in the
Gulf of Alaska, Aleutian Islands, and Bering and Chukchi Seas (see Figure 72) . Monitored colonies in the
eastern Bering Sea include St. Paul and St. George Islands. Here, we focus on cliff-nesting, primarily fish-
eating species: black-legged kittiwake (Rissa tridactyla), red-legged kittwake (R. brevirostris), common murre
(Uria aalge), thick-billed murre (U. lomwvia), and red-faced cormorants (Phalacrocoraz urile). Reproductive
success is defined as the proportion of nest sites with eggs (or just eggs for murres, as they do not build
nests) that fledged a chick.

Status and trends: Both kittiwake species and red-faced cormorants showed overall poor reproductive
success in 2018 at both St. Paul and St. George Islands (Figure 73). This was the fourth consecutive year of
poor reproduction for both black-legged and red-legged kittiwakes. Thick-billed murres and common murres
at both islands had some reproductive success (0.34-0.50) but far fewer than normal birds showed up to
breed. As a result, while reproductive success was comparable to the long-term mean, total production of
murre chicks for both colonies was likely low. Mean hatching dates were late across the board for those
species that successfully hatched chicks. During a brief August visit to other Bering Sea colonies, both
kittiwakes and murres had extremely low production at all sites. In contrast, cormorants appeared to be
doing well at other sites.

Factors influencing observed trends: Poor reproductive success is presumed to be linked to warm
sea temperatures although the mechanism is unclear. In general, these species appear to be experiencing
negative responses to the marine heat wave in the Northeast Pacific over the past few years, with widespread
reproductive failures, die-offs, and low attendance at breeding colonies. Kittiwakes began to fail during the
first year of the heatwave in 2015, and continued to do so through 2018. Murres did not show negative
responses to the marine heat wave until 2016, and although reproductive success improved in 2018, low
breeding attendance and late hatching suggest that some reproductive parameters <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>