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Eastern Bering Sea Report Card

e The North Pacific atmosphere-ocean system reflected a typical response to La Nina. The atmosphere
during summer 2011 was unusually cold. If these conditions persist into fall, they would promote
the relatively early development of sea ice during the winter of 2011-12, which is predicted to be
a neutral to a weak-moderate La Nina.

e Sea ice maximum extent was neutral in 2011.

e The Calanus spp. and euphausiid time series show significant increases in concentration of large
crustacean zooplankton since the recent 2001-2005 warm period. Both time series showed a small
decline in 2010 relative to 2009, but concentrations remained well above the 2001-2005 levels.
This suggests that prey availability for planktivorous fish, seabirds, and mammals continued to be
high during the summer of 2010.

e Thick-billed murre reproductive success on St. George Island was near record low in
2011, continuing a declining trend since 2009. Most of the loss occured during the egg stage resulting
in the lowest hatching success recorded, 0.26 chicks hatched per egg laid.

e Northern fur seal pup production for St. Paul Island continues a downward trend. The
2010 pup production estimates for St. Paul and St. George Islands were 8.8% and 1.0% less than
the 2008 estimates. In 1916, the northern fur seal population was increasing at approximately 8% per
year, while pup production on both islands is currently estimated to be decreasing at 5% per year

e The area of seafloor habitat disturbed by bottom trawling decreased in 2010 from the
previous year. The estimate of 63,249 km? was approximately 11% lower than the estimate from 2009.

Foraging guild biomasses were not updated in 2011, but the following summarizes their state through 2010:

e Current (2005-2010) mean biomass, catch, and exploitation rates of motile benthic epifauna and
benthic foraging fish have been within +one standard deviation of 1977-2010 levels. No trend is
apparent in recent years for these foraging guilds.

e There is a concern with two of the commercial crab stocks in the mobile benthic epifauna guild
which are overfished. However, this guild appears stable because the guild is dominated by non-target
fish and invertebrate biomass.

e There are no apparent trends in benthic forager catch and exploitation rate. The benthic
foragers guild appears stable.

e Pelagic foragers have biomass below mean and exploitation rate above mean, but increasing trends in
biomass and decreasing trends in catch and exploitation rates. The pelagic foragers guild biomass
has been at a historic low, which has been a recent management concern. However, there are signs
of recovery within the guild, as well as increased forage and positive physical conditions to support
recovery.

e The recent increasing trend in the apex predator guild biomass is driven largely by a decrease
in Pacific cod biomass being offset by an increase in arrowtooth flounder biomass. The fish apex
predators guild appears stable.
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Figure 1: Eastern Bering Sea ecosystem assessment indicators; see text for descriptions. * indicates
time series updated in 2011.

NPFMCEcosystenConsideration



EcosystenConsiderations DecembeR011

Aleutian Islands Report Card

3

-3

In 2010/2011, the winter North Pacific Index was positive by more than one standard deviation
implying a weaker Aleutian Low pressure system and less storminess in the region than
average. This is expected to continue into the winter 2011/2012 due in part to projected la
Nina conditions.

There is an overall decreasing trend in Pacific cod biomass, which contributes the largest
proportion to the fish apex predator foraging guild. Arrowtooth flounder, Kamchatka flounder
and skates all show an increasing trend.

There are several species showing longitudinal trends in the fish pelagic foragers foraging guild: the
biomass of walleye pollock increases towards the east, whereas that of northern rockfish
and Pacific ocean perch increases towards the west.

Fishing patterns have recently changed throughout the system, largely in response to in-
creased protection for Steller sea lions, although the final impacts to individual fishing sectors are
currently unknown.

In general, school enrollment numbers in the Aleutian Islands region have been on the decline
in the small village schools, possibly indicating that communities with year-round residents that
experience direct interactions with the ecosystem through residential and subsistence activites are
faring poorly.
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Figure 2: The winter North Pacific Index time series.

Western Ecoregion

Reproductive success of planktivorous auklets have been higher than average for the past
five years. Given the negative correlation between the strength of the Aleutian Low and planktivorous
seabird productivity, we anticipate continued favorable conditions for auklets in this ecoregion.
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e The increase in the fish apex predators foraging guild apparent in the 2010 trawl survey is
driven by Pacific cod, reversing the declining trend in this foraging guild since 2000.

e The pelagic fish foraging guild biomass has increased since the last survey in 2006. Pollock,
Pacific Ocean perch, northern rockfish, and Atka mackerel all contributed to this trend.

e Recent counts of otters show no trend, in contrast to the steep decline during the early 2000s.

e Steller sea lions continue their decades-long decline in this ecoregion. Between 1991 and 2008,
non-pup counts declined 81%, or at a rate of -10% per year.

e The amount of area trawled declined dramatically this year due to recent measures aiming at
increasing protection for Steller sea lions.
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Figure 3: Western Aleutian Islands ecoregion indicators. See Figure 20 for legend.
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Central Ecoregion

e Recent trends in auklet reproductive success are unknown but the predicted continued positive
state of the NPI indicates favorable foraging conditions for planktivorous auklets.

e The declining fish apex predator trend is largely driven by Pacific cod. Kamchatka flounder
contributes the second largest biomass.

e The pelagic fish foraging guild biomass declined since the last survey in 2006, although Pacific
ocean perch biomass increased.

e Recent counts of sea otters continue to decline.

e Counts of non-pup Steller sea lions declined 33% overall between 1991 and 2008, a rate of -2%
per year.

e School enrollment has shown no trend in recent years, following a decline since peak enrollment

in 2000.
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Figure 4: Central Aleutian Islands ecoregion indicators. See Figure 20 for legend.
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Eastern Ecoregion

e Although recent forage fish data are not currently available, puffins have shown opposite trends
in relative abundances of gadids and Ammodytes in prey brought back to feed chicks. These patterns
suggest puffins are responding to changes in forage fish availability.

e Fish apex predator biomass declined relative to past surveys. This trend is driven by arrowtooth
flounder jointly, which alternates with Pacific cod as the largest biomass in the area.

e The fish pelagic forager biomass increased, but remained below the peak value in 2004. Pollock,
Atka mackerel, and Pacific ocean perch all contributed to this trend, but only on the northern side of
the islands for Atka mackerel.

e In contrast to the other ecoregions, non-pup counts of Steller sea lions increased 21% overall
between 1991 and 2008. Counts were largely stable through the 1990s, but increased at a rate of 3%
per year between 2000 and 2008.

e School enrollment has fluctuated in this ecoregion, but has shown no overall trend in the past

five years.
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Figure 5: Eastern Aleutian Islands ecoregion indicators. See Figure 20 for legend.
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Executive Summary of Recent Trends

Physical and Environmental Trends

e The state of the North Pacific atmosphere-ocean system during 2010-2011 reflected the typical response
to La Nina. The Aleutian low was much weaker than usual in the winter of 2010-11, and the sea level
pressure was higher than normal in the eastern portion of the basin for the year as a whole (p. 101)

e Cooler than normal upper ocean temperatures prevailed in the eastern portion of the North Pacific
and warmer than normal temperatures occurred in the west-central and then central portion of the
basin. This pattern reflects a negative sense to the Pacific Decadal Oscillation (PDO) (p. 101)

e Near-normal conditions are present in the tropical Pacific at the current time; the models used to
forecast ENSO are indicating outcomes for the winter of 2011-12 ranging from a neutral to a weak-
moderate La Nina state (p. 101).

Arctic

e The tendency for reduced sea ice cover in the Arctic during the summer has continued into 2011. The
areal coverage in July 2011 was even less than in July 2007, and hence the lowest in the historical
record (p. 101).

e [t has become clear that the reduced ice cover at the end of the melt season tends to delay the
development of ice in marginal seas such as the Bering Sea during the following cold season (p. 101).

Bering Sea

e The Bering Sea shelf experienced another relatively heavy ice year, but not as extreme as those of
2008-09 and 2009-10 (p. 101).

e The average bottom temperature during summer was nearly a degree warmer than 2010 and equal to
the grand mean from 1982 to 2011. However, the surface temperature continued to be much lower
than the long term mean, reflecting the unusually cold atmospheric conditions during July and August
(p. 113).

e Maximum sea ice extent was neutral (p. 109).

e The most important aspects of the physical environment in the eastern Bering Sea during 2011, despite
the relatively neutral weather and sea ice conditions during winter and spring, was that cool fall 2010
temperatures and a newly seen cold summer did not allow the multi-year sequential continuation of
cold ocean temperatures to come to an end(p. 109).

e The summer of 2011 was relatively cold and stormy (p. 101, 109).

e If cold upper ocean conditions persist into fall, they would promote the relatively early development
of sea ice during the winter of 2011-12 (p. 101).
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Gulf of Alaska

e The poleward branch of the Alaska Current in the southeastern portion of the Gulf declined consider-
ably over the last 18 months since its peak in the winter of 2009-10. This change is presumably due,
at least in part, to the anomalous northerly and northwesterly winds over the interval (p. 101).

e The mixed layer depths in the Gulf have been near their seasonal norms (p. 101).

e Eddy Kinetic Energy (EKE) levels were very low in both NGOA and off Kodiak in 2009 and higher
2010. EKE in both regions was approximately average for the first six months of 2011 (p. 116).

e The pattern in water temperatures was generally similar to the pattern seen during the 2009 sur-
vey. East of 160W, the water column was stratified with relatively warm near-surface waters and
temperatures rapidly dropping to 6 C or less in the upper 50 meters. West of 160W, near surface
temperatures (<50 m) were much cooler and deeper waters were generally warmer than further east
with a prominent inversion pattern noted at most stations.

e Phytoplankton biomass was probably more tightly confined to the shelf during 2009 due to the absence
of eddies, while in 2007 and 2010, phytoplankton biomass likely extended farther off the shelf (p. 116).

o Cross-shelf transport of heat, salinity and nutrients were likely to be smaller in 2009 than in 2007 and
2010 (or other years with large persistent eddies) (p. 116).

e PAPA trajectory index trajectories fan out northeastwardly toward the North American continent
except for the 2010 trajectory, which resulted in the westernmost trajectory endpoint for the entire
set of model runs (1902-2011) (p. 119).

Alaska Peninsula and Aleutian Islands

o Westerly wind anomalies have prevailed in this region during the past year, except during spring 2011.
These anomalies have served to suppress the northward transport through Unimak Pass and perhaps
also the Aleutian North Slope Current (p. 101).

e The wind anomalies during spring 2011 were weak, but since they were easterly they would have acted
to enhance upwelling during that season along the north side of the Alaska Peninsula and Aleutian
Islands (p. 101).

e Particularly strong eddies were observed south of Amukta Pass in 1997/1998, 1999, 2004, 2006/2007,
and 2009/2010. Eddy energy in the region has been low from the spring of 2010 through the first 6
months of 2011 (p. 123).

e These trends indicate that higher than average volume, heat, salt, and nutrient fluxes to the Bering
Sea through Amukta Pass may have occurred in 1997/1998, 1999, 2004, 2006/2007, and 2009,/2010
while these fluxes may be reduced since spring of 2010 (p. 123).
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Figure 6: North Pacific and Eastern Bering Sea climate indices. *Time series updated in 2011.
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Ecosystem Trends

Bering Sea

e EBS trawl survey structural epifauna showed variable trends: sea anemones may be increasing, while
sponges and seapens were higher than in 2010 (p. 128).

e During 2003-2009, highest phytoplankton biomass was observed in the Outer shelf near the Pribilof
Islands, and in the south Inner shelf. Lowest biomass was observed in the north Bering and SE Middle
shelf (in a region of high stability). Larger phytoplankton were seen on the Inner shelf and near the
Pribilofs. Smaller phytoplankton were seen on the SE Middle shelf (an area of lower total chla), and
in the Outer shelf (an area of higher total chla) (p. 133).

e In the south Bering Sea, phytoplankton biomass and mean size of assemblages were higher in warm
(03-05) than in cold (06-09) years on the Middle shelf. This trend was not observed in the north
Bering Sea (p. 133).

e Both large copepod and euphausiid time series show a large increase since 2001-2005 (“warm years”)
, with the copepod increase lagging that for euphausiids. Both series showed a smaller decline in 2010
but remained well above 2001-2005 levels (p. 59).

e In warm years, the large copepod, Calanus marshallae, was in lower abundance than in cold years (p.
137).

e North-south variations in large zooplankton were also observed, with more Cnidaria present in the
northern Bering and more polychaeta (in warm years) and pteropods in the southern Bering Sea (p.
137).

e Sandfish were generally in low abundance in EBS trawl surveys, and typically caught in only a few
shallow stations. The relative CPUEs of sandlance and Stichaeids was higher prior to 1999. Eulachon
relative CPUE increased slightly in 2010 and 2011, and capelin relative CPUE remained relatively
low. Arctic cod relative abundance was higher in cold years (1999-2000, 2006-2010) compared to
warm years (1996-98, 2002-2005) because of its association with the cold pool on the middle shelf (p.
146).

e Reductions in temperature change index values from 2008 to 2011 suggest that conditions have contin-
ued to improve for the overwintering survival of pollock and cod from age-0 to age-1 in the Bering Sea.
The 2011 temperature change index value and cold year models predict 48,094 million age-1 pollock
and 785 million age-1 cod for 2011 (p. 167).

e Walleye pollock has dominated observed fluctuations in total groundfish biomass, particularly the
decreased biomass in recent years(p. 160).

e Several stocks experienced step-changes in survival in the late 1970s and 1980s; however, in general,
there was no indication of uniform step changes in all stocks in either time period for the BSAT (p.
160).

e The north-northeast wind drift pattern for 2011 suggests that winter spawning flatfish larvae may
have been advected to favorable nursery areas in Bristol Bay. Rock sole recruitment estimates in
recent years remain consistent with this larval drift hypothesis. For arrowtooth flounder and flathead
sole, the relationship has weakened since the 1990s, suggesting that these species may have different
settlement preferences than northern rock role (p. 165).

o Jellyfish relative CPUE during summer 2011 was nearly doubled that of 2009 and 2010 (p. ?7).

e During 2010, combined jellyfish species biomass nearly doubled compared to the previous highs of 2004
and 2005. The prominent species, C. melanaster continued to increase in 2010, tripling its WPUE
compared to 2009. During 2006-2009, biomass of all other species remained low in comparison to
previous levels in 2004 and 2005, suggesting the trend for the area has shifted from multiple species
to a single species dominant catch (p. 174).

10
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e Eelpouts, poachers, and sea stars show broadly similar time trends in trawl survey CPUE, but no
outstanding changes for 2011 (p. 176).

e Species richness and diversity on the Eastern Bering Sea shelf have undergone significant variations
from 1982 to 2010. Richness (the average number of species per haul) increased by one to two species
from 1995 to 2004 and has remained relatively high since then. The Shannon Index increased from 1985
through 1998 and decreased sharply in 1999. Diversity was low in 2002/03, increased substantially in
2005 and has been decreasing since then (p. 197).

e Total trawl survey CPUE in the EBS shows an apparent long-term increase from 1982-2005, followed
by a decrease from 2005 to 2009 and an increase in 2010. Recent changes in CPUE in the EBS have
been most pronounced on the middle-shelf, which is occupied by the cold pool during cold years.
Higher CPUESs on the middle shelf during the 2001-2005 warm period appeared to be related to the
increasing colonization of this area by subarctic demersal species (p. 200).

e A new multivariate seabird index based on 5 seabird species breeding on the Pribilof Islands from
1996-2010 explained 65.6% of the variance in reproductive data. Time series analysis indicate that
both prey supply (as measured by age-1 pollock CPUE and recruitment) and bottom temperatures
may influence seabird reproductive activity, although the effects may not been seen until the following
1-2 years (p. 189).

e Northern fur seal (listed as depleted under the MMPA) pup production on both Pribilof Islands is
estimated to be decreasing at approximately 5% per year (p. 187).

11
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Figure 7: Eastern Bering Sea ecosystem indices. *Time series updated in 2011.
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Figure 8: Eastern Bering Sea ecosystem indices. *Time series updated in 2011.

Gulf of Alaska

e Eddy kinetic energey (EKE) levels were very low in both regions in 2009 and higher 2010. EKE in
both regions was approximately average for the first six months of 2011(p. 116)

e Within year spatial patterns in chlorophyll a were apparent during a new annual survey off the Alexan-
der Archipelago in 2010. Elevated concentrations of chla were found north of Cross Sound in spring
and summer, and north of the entrance to Chatham Strait during summer (p. 136).

e The seasonal cycle of mesozooplankton biomass in the eastern North Pacific during 2010 was average
in terms of timing and duration of season. Mesozooplankton community analysis identified transition
years: 2003 transitioning from cold to warm, 2006 transitioning from warm to cold, and neutral years
in 2009 and 2010 (p. 143).

13
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e GOA groundfish biomass declined after peaking in 1982 at over 6 million metric tons, primarily due
to changes in walleye pollock biomass. Pollock were the dominant groundfish species prior to 1986 but
arrowtooth flounder has increased in biomass and is now dominant. Pacific halibut biomass increased
from 1978 to 1996, and declined slightly during 2001-2004 (p. 160).

e Several stocks experienced step-changes in survival in the late 1970s and 1980s; however, in general,
there was no indication of uniform step changes in all stocks in either time period for the GOA (p.
160).

e Arrowtooth flounder, flathead sole, and other flatfish continue to dominate the catches in the ADF&G
Kodiak trawl survey. A decrease in overall biomass is apparent from 2007 to 2008 from years of record
high catches seen from 2002 to 2005. In 2010, above average anomaly values were recorded for both
inshore and offshore skates, and Tanner crabs, while arrowtooth flounder, flathead sole, and Pacific
cod have decreased to below average values (p. 177).

e Forage species catch rates in small mesh surveys remain at low levels, one to two orders of magnitude
lower than peak values observed in the 1970s and early 1980s. The exception to this trend is eulachon.
In recent years including 2010, it has had the highest catch rates of the time series (p. 180).

e Total trawl survey CPUE in the western GOA varied over time with a decrease between 2005 and
2007. The eastern GOA shows a similar patterns with a significantly increasing trend (p. 200).

14
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Figure 9: Gulf of Alaska ecosystem indices. *Time series updated in 2011.
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Figure 10: Gulf of Alaska ecosystem indices. *Time series updated in 2011.

Aleutian Islands

e There is an overall decreasing trend in Pacific cod biomass, which contributes the largest proportion to
the fish apex predator foraging guild. Arrowtooth flounder, Kamchatka flounder and skates all show
an increasing trend.

e There are several species showing longitudinal trends in the fish pelagic foragers foraging guild: the
biomass of walleye pollock increases towards the east, whereas that of northern rockfish and Pacific
ocean perch increases towards the west.

e In the Western ecoregion, reproductive success of planktivorous auklets have been higher than average
for the past five years. The increase in the fish apex predators foraging guild apparent in the 2010
trawl survey is driven by Pacific cod, reversing the declining trend in this foraging guild since 2000.
Recent counts of otters show no trend, in contrast to the steep decline during the early 2000s. Steller
sea lions continue their decades-long decline in this ecoregion. Between 1991 and 2008, non-pup counts
declined 81%, or at a rate of -10% per year (p. 65).

e In the Central ecoregion, the fish apex predator trend is also largely driven by Pacific cod. Kamchatka
flounder contributes the second largest biomass. Atka mackerel and Pacific ocean perch drive the
biomass trend, making up 80% of the pelagic foragers biomass, with the remaining split between
walleye pollock and northern rockfish. Recent counts of sea otters continue to decline. Counts of
non-pup Steller sea lions in the central Aleutians declined 33% overall between 1991 and 2008, a rate
of -2% per year (p. 65).

e In the Eastern ecoregion, fish apex predator biomass declined relative to past surveys. This trend is
driven by Pacific cod and Arrowtooth flounder jointly, which alternate as the largest biomass in the
area. More than half the fish pelagic forager biomass is commonly contributed by walleye pollock
and Atka mackerel. Atka mackerel show an increasing trend, but only in the data from the northern

16
NPFMCEcosystenConsideration



EcosystenConsiderations DecembeR011

portion of the islands. In contrast to the other ecoregions, non-pup counts of Steller sea lions increased
21% overall between 1991 and 2008. Counts were largely stable through the 1990s, but increased at a
rate of 3% per year between 2000 and 2008 (p. 65).
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Figure 11: Aleutian Islands ecosystem indices. *Time series updated in 2011.
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Fishing and Fisheries Trends

Bering Sea

e At present, no BSAI or GOA groundfish stock or stock complex is overfished and no BSAI or GOA
groundfish stock or stock complex is being subjected to overfishing. Stocks that are considered over-
fished are Pribilof Island blue king crab and BSAI tanner crab. Currently there is no directed fishing
for snow crab, and the majority of blue king crab habitat is closed to bottom trawling (p. 230).

e Fishing effort has been stable in recent years, although pelagic trawl fishing effort has declined (p.
210, 226, 215, 221).

e The catch of non-specified species appears to have decreased overall since the late 1990s. The 2008-
2009 increase in non-specified catch was driven by jellyfish. HAPC biota catch has generally decreased
since 2004. The catch of forage species in the EBS increased in 2006 and 2007 and was comprised
mainly of eulachon that was caught primarily in the pollock fishery; however, forage catch decreased
in 2008-2010. (p. 204).

e The maximum potential area of seafloor disturbed by trawling had increased slightly in 2007-2008 but
continued to decrease in 2010 to below the low point in the time series estimated for 1999 (p. 125).
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Figure 12: Eastern Bering Sea fisheries indices. *Time series updated in 2011.

Gulf of Alaska

e Bottom and pelagic trawl fishing has remained below the long term mean. Fishing effort with pot
gear has declined recently; longline effort is increasing (p. 210, 226, 215, 221).

e Discarded tons of groundfish decreased in 2010, while the discard rate decreased to 10% (p. 204).
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e The catch of non-specified species in the GOA has been generally consistent aside from a peak in 1998
and lows in 2009 and 2010. The catch of forage species has undergone large variations, peaking in
2005 and 2008 and decreasing in 2006-2007 and 2009-2010. (p. 204).
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Figure 13: Gulf of Alaska fisheries indices. *Time series updated in 2011.

Aleutian Islands

e Fishing effort by gear type has been stable in recent years, although there was a increase in longline
effort (p. 210, 226, 215, 221).
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e Discard rates have declined over the past 7 years. Discards and discard rates are much lower now than
they were in 1996. (p. 204).

e Catch of non-specified species (primarily grendadiers) shows little trend over time, although the highest
catches were recorded in 2009-2010. HAPC catch has been similarly variable over time in the Al and is
driven primarily by sponges caught in the trawl fisheries for Atka mackerel, rockfish and cod. Forage
fish catches in the AI are minimal, amounting to less than 1 ton per year, with the exception of
2000 when the catch estimate was 4 tons, driven by (perhaps anomalous) sandfish catch in the Atka
mackerel fishery. (p. 204).
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Figure 14: Aleutian Islands fisheries indices. *Time series updated in 2011.
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Responses to Comments from the
Science and Statistical Committee

(SSC)

December 2011 SSC Comments

Kerim Aydin (NMFS-AFSC) presented updates for the Ecosystem Considerations report to the
SSC. The S5C commends the Ecosystem editors and contributors for continued improvement and
for their responsiveness to SSC comments. The Eastern Bering Sea Report Card is a particularly
useful addition. Regarding other sections, the FEcosystem Trends succinctly put recent trends in
context of long-term trends and environmental conditions, and the section on gaps and needs for
future EBS assessments identified potential analyses or research goals. New indices include the
use of late summer and fall large zooplankton abundance in EBS, fall YOY condition index for
age-1 EBS pollock recruitment, a combined juvenile salmon growth and temperature change index
for GOA and EBS groundfish. To the extent that predictive models are being developed, they should
be mowved into each species’ assessment.

Thank you. Due to the positive review of the EBS Report Card, we have developed one for the
Aleutian Islands which is included here. This Report Card differs in that is is presented in several
sections to represent the spatial variability in the system, which was the structuring theme around
which the assessment was developed. Our intention is to adapt these Report Cards in future
FEcosystem Considerations reports as we further refine the content and format based on feedback
from readers.

Some key Plan Team findings include: 1) Bering Sea ecosystem indices for pollock recruitment
are up, (ie, copepods, euphausiids, forage fish are all up, predation by arrowtooth flounder is low);
2) Al 2010 surveys indicated ecosystem shifts since 2006 (P. cod and Atka mackerel in particular);
3) the GOA team is looking forward to a synthesis workshop, and the team has identified three
hot topics: Chinook salmon bycatch, Cook Inlet Belugas, and the listing of the southern Distinct
Population Segment of eulachon (British Columbia to California).

We continue to adopt the changes suggested by the SSC in this draft, including the addition of
a new synthetic Ecosystem Assessment section for the Aleutian Islands included in this report.
This assessment is the outcome of a workshop that took place on September 28th, during which
hot topics were discussed. Due to scheduling changes, the GOA synthesis workshop is planned for
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winter 2012, during which the suggested hot topics will be evaluated.

For ecosystem indicators, the SSC finds the format helpful with 1) the description of the indez, 2)
description of the trends, 3) possible explanations of the trend and 4) their implications. However,
not all sections conformed to the format, (e.g., the marine mammal section combined 2-4 and did
not discuss sections 8 and 4). The figures with time series of indicators are particularly helpful and
the legends of the 5 year mean s.d. and trend is appreciated. Howewver, it may be useful to also
highlight the historical trend, which often is orthogonal to the 5 year trend, so as not to lose sight
of major historical changes

Greater effort was made this year to format all of the ecosystem indicator contributions similarly.
Information about the historical trend is implied in the plus or minus icon in the time series
figures. These icons compare the most recent 5 year mean to the long term mean. We highlighted
the long-term trends more explicitly in the text bullets in the executive summary this year.

The Early Warnings and Hot Topics sections highlight interesting changes and could ultimately
be quite useful. The early warning section could be improved by linking the observation to potential
management implications. For example, the apparent incursion of GOA skates and spiny dogfish
into the Bering Sea was reported but not examined further. In the Hot Topics section the text
clearly refers only to the Eastern Bering Sea, but this is not clear in the table of contents; it would
be helpful to mention that the Western Aleutian area is the area of major decline for Steller sea
lions.

The hot topics in last year’s report were developed during the eastern Bering Sea assessment
workshops and therefore focused only on the EBS. This year we have included hot topics from all
three ecosystems. The hot topics from the Aleutian Islands were chosen by the Aleutian Islands
Ecosystem Synthesis Team during the September 28th workshop. In addition, we have included hot
topics from the Gulf of Alaska chosen by the editor and from the eastern Bering Sea as suggested
by Eastern Bering Sea Ecosystem Synthesis Team members.

The SSC' looks forward to the planned spatial investigation of key indices and how distributions
of prey species might affect central place foragers such as birds and mammals. The suggested
development of these indices by shelf domain is also encouraged.

We did not fully update the eastern Bering Sea assessment this year, but we hope to have a spatial
component in the next update. The new Aleutian Islands assessment contained in this report has
a spatial component.

The selected indicators are often unique for different regions, but it may be useful to identify
a few indicators that are common to all regions (e.g. temperature) that will allow cross-region
comparisons. That being said, each region also has distinct features, and some region-specific in-
dicators, e.g. freshwater influz in GOA, would be useful and should be included if possible. A
2009 request from the SSC was that indices be tied to thresholds that might indicate regime shifts.
Towards this end, the editors plan a workshop in Spring 2011 to address such links. The SSC
encourages the establishment of an Ecosystem Synthesis Team for each of the three major regions
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(AI, BS, GOA). The SSC also recommends that the team make an effort to diversify and include
more expert opinions in the workshops.

Anne Hollowed, Stephani Zador and others held a workshop in April 2011 that addressed indica-
tors specific to groundfish and crab stocks. During this workshop, discussion focused on methods
to incorporate environmental indicators into assessments and specifying which physical, biological
or derived indicators could be used in particular assessments. Follow-up work to initiate research
identified as highest-priority is in progress. These research projects should aid in the establishment
of environmentally-induced thresholds. In terms of regime shifts, this report includes a new con-
tribution that updates Hare and Mantua (2000) to provide indicators of recent community-level
variability following climate regime shifts in Alaskan ecosystems. The editor organized an Aleutian
Island assessment meeting, which included the establishment of the Aleutians Ecosystem Synthesis
Team. Effort was made to increase the diversity of experts on the Team relative to the EBS team
by inviting representatives from academia and the non-profit and private sector.

In the Summary Statement section, the SSC encourages a guild approach for seabirds, similar to
fish guilds. For seabirds, the authors rely on a diving species and a surface foraging species, but
both are primarily piscivorous, and inclusion of a planktivorous guild could be informative. The
number of seabird indicators under ’Ecosystem Status and Management Indices (p.172), might,
however, be reduced or altered. For example, planktivores are represented by least auklets and
northern fulmars, but the latter are not primarily planktivorous nor are they reqularly monitored.
The proposed addition of sea ducks would contribute a benthic foraging bird guild. On p.61, the
authors suggest that for seabirds it would be ideal to have a single multivariate index representing
all birds. Any such analysis should consider that piscivores and planktivore seabird species often
show opposite trends and a single value might be misleading.

This year, the report will include a new contribution on multivarite seabird indices for the EBS,
which incorporates divers, surface-foragers, and a near-shore foraging species. The study authors
found similar trends across species and colonies, which indicated that they were good candidates for
inclusion in an integrated index. The two simplified indices used for time series analysis investigating
relationships with select environmental variables at up to 3 year lags. The new indices are included
in the EBS assessment update in this report and to move them into the EBS report card next year
to replace the thick-billed murre indicator, pending favorable review by the EBS ecosystem team
and council. The inclusion of sea ducks into a benthic foraging guild would be a useful addition.
Time series data summarizing trends are not currently available. However, this is an area of active
research and will hopefully be available in a book chapter in a couple years.

The sections on Steller sea lions and Pribilof Island seabirds are informative and thorough, but
other sections on seabirds and marine mammals are still lacking recent indices beyond 2008; in
particular, the section on seabird incidental take was last updated in 2006. This gap is not due to
lack of data and should be rectified. Similarly, the time trend in incidental take of prohibited species
under Ecosystem Goal: Maintain Diversity (p.189) was last updated in 2007.

Updated seabird incidental take rates have been recently estimated and are included as a new con-
tribution this year. The authors of the contribution on time trends in incidental take of prohibited
species are no longer able to update this contribution in this format.
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Some guilds used as EBS indicators are dominated by a single species and should probably be
split. For example, the pelagic foragers guild is dominated by walleye pollock, primarily because it
is the only species with reliable data and with time series data. The forage fish, salmon, and squid
lumped into this guild become inconsequential and conclusions could be misleading for the data-poor
species. If a magjor component is sz (i.e., 40%), run the index with and without that species to
test for sensitivity to the dominant species. Similarly, guilds like the mobile benthic epifauna, are
dominated by non-target fish and invertebrates. The SSC again suggests that Ecosystem Teams
strive to be consistent in fish foraging guilds in the GOA and EBS.

Due to staff loss, the Ecosystem Team was unable to complete any guild analysis for this report.
Analysis for the 2012 report will explore these suggestions.

The section on Fishing and Fisheries Trends was a nice summary of key issues. Related to the
trawl data, it might be useful to have a measure of HAPC biota caught as a function of the length
of time since that exact location was last trawled, in order to get a sense of regeneration rates.

This comment was passed along to the author. She agrees that it would be useful to have this
information, but it is not currently possible to calculate. The observer database records the end
location of trawls, and sometimes the start location, but not the trackline. Determining regeration
rates would require this information or controlled experiments at specific areas.

In several sections, and particularly for forage species, the authors note that indices are of lim-
ited value to managers because sampling is inadequate, and they look towards the GOA Integrated
Ecosystem Research Program (IERP) to improve these abundance estimates. However, the authors
also acknowledge the high variance in indices of forage abundance, and the GOA-IERP will be lim-
ited to two field seasons. The GOA-IERP and related studies will ideally lead to improved long-term
monitoring of forage species. Where indicator data are acknowledged to be unreliable, that conclu-
sion is often buried at the end of the species’ section. The SSC suggests that deficiencies in data
be stated up front or consolidated into a single section. Many indicators have not been updated for
several years, and if there are no plans to update a specific indicator, perhaps it should be dropped
from the main text body and incorporated into a table that lists indicators that are out of date. The
SSC recognizes that the chapter editors depend on people to contribute to the updates, and there
may not be any data available. Where data are available, the editors need to remind contributors
that these updates are critical to incorporating all components into the Ecosystem Assessment. The
SSC recognizes that the Stock Assessment Reports (SARs) for Alaska marine mammals are updated
on a schedule, except for endangered species, which are updated annually. Perhaps a sentence or
two about this system would be helpful in explaining the lack of updates for marine mammals.

Greater effort has been and will continue to be made to edit the language contained in this report
to clarify the utility of data. Contributions that have not been updated for several years, or that
will not be updated, have been deleted from the report. All past contributions will remain available
on the website at http://access.afsc.noaa.gov/reem/ecoweb/index.cfm. This report includes
an updated contribution on fur seals. A description and reference to the marine mammal stock
assessments has included in the marine mammal section. We plan to include a summary of the
marine mammal stock assessment with information relevent to this report next year, but were
unable to do so this year.
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The SSC requests that the authors be clear about what the data say and what the interpretation
1s of those data. For example, the authors state that ‘predation is low’ for pollock, but further
discussion revealed that this conclusion was not based on diet data, but rather on low spatial overlap
of adults and young Pollock.

We have paid special attention to editing for precision and will continue to do so in future drafts.

The northern fur seal (NFS) pup number time series is the longest term continuing data set for
pinnipeds in the EBS, however, it may not be an appropriate index of pinniped status in the EBS.
The rationale for choosing this measure is that females on St. Paul feed primarily on the shelf,
but that is during lactation when the pup is on the breeding beaches at St. Paul. Although lack of
food early in gestation might reduce the number of pups born the following year, food and condition
during the winter and spring when they are not feeding on the EBS shelf may be the causative
factor. The SSC suggests that authors investigate a recent study showing a significant relationship
between the number of arrowtooth flounder and number of NFS pups the following year.

We appreciate this type of feedback on the indicators. We plan to revisit the suite of indicators
chosen for the ecosystem assessments every few years. For the Bering Sea this year, we updated the
indicators chosen last year and evaluated last year’s predictions. Until the next full assessment, we
will continue to research alternate indicators, as is currently occuring with the multivariate seabird
indicator and copepod-euphausiid time series. We plan to address this comment on fur seals in the
next full assessment.

In general, the report could be improved by consolidating key statements or reducing repetitions,
such as the repeated statement that the usefulness (or lack thereof) of data for a species for man-
agement applications is limited. Throughout, there are also comments about planned changes or
ideas for new analyses. These could be consolidated into one section, perhaps as a preface.

Some statements require clarification, such as: What is meant by easterly winds (p. 4)? From
the east or to the east? Different disciplines designate direction differently.

We have attempted to increase precision in our editing. In the example above, the definition of
easterly is from the east. This has been clarified in the text.

Area disturbed by bottom trawls (p. 63): What is considered a bottom trawl? Only true bottom
trawls, or also mid-water trawls that come up with crabs?

We passed this question along to the contribution authors. The analysis referred to all trawl fishing
gear. The current contribution clarifies this in both the title and text.

The variability in the miscellaneous category is dismissed as an artifact of standardized survey
sampling methodology, but such patterns are accepted elsewhere in the document.

We have edited the text to agree with other contributions that describe trends in species from
surveys not specifically designed to sample those species. We believe that the standard survey
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methodology produces trends worthy of reporting.

Are the trends in fish numbers (p. 154) caused by differences in production or movements and
resulting distributions? What are the time lags between primary production and availability of food
for fish?

This comment was passed along to the contribution author. The author agrees that these are
good questions. However, the trawl survey offers a one-time snap shot each year of abundance and
distribution and isn’t designed to answer those questions.
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Introduction

The goal of the Ecosystem Considerations appendix is to provide stronger links between ecosys-
tem research and fishery management and to spur new understanding of the connections between
ecosystem components by bringing together many diverse research efforts into one document. There
are three main sections:

e Executive Summary
e Ecosystem Assessment

e Ecosystem Status and Management Indicators

The purpose of the first section, the Executive Summary, is to provide a consise summary of the
status of marine ecosystems in Alaska for stock assessment scientists, fishery managers, and the
public. 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 purpose of the second section, the Ecosystem Assessment, is to synthesize historical climate
and fishing effects on the eastern Bering Sea/Aleutian Islands and Gulf of Alaska ecosystems using
information from the Ecosystem Status and Management Indicators section and stock assessment
reports. Notable trends, “hot topics”, that capture unique occurrences, changes in trend direction,
or patterns across indicators are highlighted at the end. An ongoing goal is to produce an ecosystem
assessment utilizing a blend of data analysis and modeling to clearly communicate the current status
and possible future directions of ecosystems. In future drafts, the Ecosystem Assessment section
will also provide an assessment of the possible future effects of climate and fishing on ecosystem
structure and function.

The purpose of the third section, Ecosystem Status and Management Indicators, is to provide de-
tailed information and updates on the status and trends of ecosystem components as well as to
provide either early signals of direct human effects on ecosystem components that might warrant
management intervention or to provide evidence of the efficacy of previous management actions. In
the first instance, the indicators are likely to be ones that summarize information about the char-
acteristics of the human influences (particularly those related to fishing, such as catch composition,
amount, and location) that are influencing a particular ecosystem component.

Since 1995, the North Pacific Fishery Management Councils (NPFMC) Groundfish Plan Teams
have prepared a separate Ecosystem Considerations appendix to the annual SAFE report. Each
new Ecosystem Considerations appendix provides updates and new information to supplement the
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original appendix. The original 1995 appendix presented a compendium of general information on
the Bering Sea, Aleutian Island, and Gulf of Alaska ecosystems as well as a general discussion of
ecosystem-based management. The 1996 appendix provided additional information on biological
features of the North Pacific, and highlighted the effects of bycatch and discards on the ecosys-
tem. The 1997 appendix 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, effects 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 effect 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 Considerations appendix by including
more information on ecosystem 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 assess-
ments,

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, and

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

The 2000-2009 Ecosystem Considerations appendices included some new contributions in this regard
and will continue be built upon. Evaluation of the meaning of the observed changes needs to be
in the context of how the 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 appendix to system-
atically assess ecosystem factors such as climate, predators, prey, and habitat that might affect a
particular stock. Information 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 could be used by the Groundfish Plan
Teams and the Council to justify modification of allowable biological catch recommendations or
time/space allocations of catch.

In the past, contributors to the Ecosystem Considerations appendix were asked to provide a de-
scription of their contributed index/information, summarize the historical trends and current status
of the index, and identify potential factors causing those trends. Beginning in 2009, contributors
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were also asked to describe why the index is important to groundfish fishery management and im-
plications 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 manage-
ment decisions. Answers to these types of questions will help provide a “heads-up” for developing
management responses and research priorities.

It was requested that contributors to the ecosystem considerations appendix provide actual time
series data or make it available electronically. Most of the time series data for contributions are
now available on the web, with permission from the authors.

It is particularly important that more time is spent in the development of ecosystem-based man-
agement indices. Ecosystem-based management indices should be developed to track performance
in meeting the stated ecosystem-based management goals of the NPFMC, which are:

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 nonextrac-
tive uses

4. Maintain the concept that humans are components of the ecosystem
The Ecosystem Considerations appendix and data for many of the time series presented in the
appendix are now available online at: http://access.afsc.noaa.gov/reem/ecoweb/index.cfm

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 Appendix version prior to 2000, please
contact the Council office (907) 271-2809.
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Ecosystem Assessment

Stephani Zador and Kerim Aydin

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

Contact: stephani.zador@noaa.gov

Last updated: November 2011

Introduction

The primary intent of this assessment is to summarize and synthesize historical climate and fishing
effects on the shelf and slope regions of the eastern Bering Sea, Aleutian Islands and Gulf of Alaska
from an ecosystem perspective and to provide an assessment of the possible future effects of climate
and fishing on ecosystem structure and function. The Ecosystem Considerations section of the
Groundfish SAFE provides 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 ecosystems effects in order to clearly
recommend precautionary thresholds, if any, required to protect ecosystem integrity.

The eventual goal of the synthesis is to provide succinct indices of current ecosystem conditions
reflecting these ecosystem properties. In order to perform this synthesis, a blend of data analysis
and modeling will need to be employed to place measures of current ecosystem states in the context
of history and past and future climate. In this assessment, we have provided a short list of key
indicators to track in the EBS, AI, and GOA, using a stepwise framework, the DPSIR (Drivers,
Pressure, Status, Indicators, Response) approach (Elliott, 2002).

In applying this framework we initially determined four objectives based, in part, on stated
ecosystem-based management goals of the NPFMC: maintain predator-prey relationships, maintain
diversity, maintain habitat, and incorporate/monitor effects of climate change. Drivers and pres-
sures pertaining to those objectives were identified and a list of candidate indicators were selected
that address each objective and candidate indicators were chosen based on qualities such as, avail-
ability, sensitivity, reliability, ease of interpretation, and pertinence for addressing the objectives
(Table 1). In future drafts, we plan to more fully address the human responses (Response portion
of the DPSIR approach) to changes in status and impacts. Use of this DPSIR approach will enable
the Ecosystem Assessment to be in line with NOAAs vision of Integrated Ecosystem Assessments.
For each objective, driver and pressure identified, indicators are briefly described and the status
and trends of the indicators are explained. Where possible, factors that caused those trends are
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discussed and the potential implications are described. Some gaps in knowledge are listed for each
objective.

We initiated a regional approach to ecosystem assessments last year and presented a new ecosystem
assessment for the eastern Bering Sea. This year we followed the same approach and present a new
assessment for the Aleutian Islands based upon a similar format to that of the eastern Bering
Sea. The entire assessment is now organized into six sections. In the first “Hot topics” section
we present a succinct overview of potential concerns for fishery management, including endangered
species issues, for each of the three ecosystems. In the next three sections, we address objectives
and indicators specific to the Bering Sea, the Gulf of Alaska, and the Aleutian Islands ecosystems,
respectively. The fifth section addresses indicators common to all ecosystems, and the final section
summarizes conclusions based upon all regions.

While all sections follow the DPSIR approach in general, the eastern Bering Sea and new Aleutian
Islands assessments are 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 thought to best
guide managers on ensuring the needs of non-fishery apex predators and maintaining a sustainable
species mix in the harvest, given the current state and likely future ecosystem trends. Future
assessments will address additional ecosystem objectives identified above. We expect to apply a
team synthesis approach to the GOA ecosystem in 2012.

Table 1: Objectives, drivers, pressures and effects, significance thresholds and indicators for fishery
and climate induced effects on ecosystem attributes. Indicators in italics are currently unavailable

Pressures/Effects Significance Threshold Indicators

Objective: Maintain predator-prey relationships and energy flow
Drivers: Need for fishing; per capita seafood demand

Availability,
removal, or shift in

Fishery induced changes outside the natural e Trends in catch, bycatch, discards,
level of abundance or variability, taking into and offal production by guild and for

ratio between
critical functional
guilds

Energy redirection

Spatial /temporal
concentration of

fishery impact on
forage

account ecosystem services and system-level
characteristics and catch levels high enough
to cause the biomass of one or more guilds
to fall below minimum biologically acceptable
limits. Long-term changes in system function
outside the range of natural variability due to
fishery discarding and offal production prac-
tices

Fishery concentration levels high enough to
impair long term viability of ecologically im-
portant, nonresource species such as marine
mammals and birds
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entire ecosystem

Trophic level of the catch

Sensitive species catch levels
Population status and trends of each
guild and within each guild
Production rates and between-guild
production ratios (balance)

Scavenger population trends relative to
discard and offal production levels
Bottom gear effort (proxy for unob-
served gear mortality on bottom or-
ganisms)

Discards and discard rates
Total catch levels

Degree of spatial/temporal concentra-
tion of fishery on pollock, Atka mack-
erel, herring, squid and forage species
(qualitative)
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Introduction of
nonnative species

Fishery vessel ballast water and hull foul-
ing organism exchange levels high enough to
cause viable introduction of one or more non-
native species, invasive species

Total catch levels
Invasive species observations

Objective: Maintain diversity
Drivers: Need for fishing; per capita seafood demand

Effects of fishing on

Catch removals high enough to cause the

e Species richness and diversity
diversity biomass of one or more species (target, non- e Groundfish status
target) to fall below or to be kept from recov- ¢ Number of ESA listed marine' species
ering from levels below minimum biologically o Trends for key protected species
acceptable limits
Effects on Catch removals high enough to cause a o Size diversity
functional (trophic, change in functional diversity outside the e Bottom gear effort (measure of benthic
structural habitat) range of natural variability observed for the guild disturbance)
diversity system e HAPC biota bycatch
Effects on genetic Catch removals high enough to cause a loss o Size diversity
diversity or change in one or more genetic components e Degree of fishing on spawning aggre-
of a stock that would cause the stock biomass gations or larger fish (qualitative)
to fall below minimum biologically acceptable e Older age group abundances of target
limits groundfish stocks
Objective: Maintain habitat
Drivers: Need for fishing; per capita seafood demand
Habitat loss/ Catch removals high enough or damage e Areas closed to bottom trawling

degradation due to
fishing gear effects
on benthic habitat,
HAPC biota, and
other species

caused by fishing gear high enough to cause
a loss or change in HAPC biota that would
cause a stock biomass to fall below minimum
biologically acceptable limits.

Fishing effort (bottom trawl, longline,

pot)

Area disturbed

HAPC biota catch

HAPC biota survey CPUE

Objective: Incorporate/ monitor effects of climate change
Drivers: Concern about climate change

Change in
atmospheric forcing
resulting in changes
in the ocean
temperatures,
currents, ice extent
and resulting
effects on
production and
recruitment

Changes in climate that result in changes in
productivity and/or recruitment of stocks

North Pacific climate and SST indices
(PDO, AO, NPI, and NINO 3.4)

Combined standardized indices _of
groundfish recruitment and survival

Ice indices (retreat index, extent)
Volume of cold pool

Summer zooplankton biomass in the
EBS

Hot Topics: Eastern Bering Sea

Endangered short-tailed albatross bycatch

A short-tailed albatross was incidentally caught and killed on a longline fishing hook in the Bering
Sea in late October this year. The event occurred along the EBS shelf (Figure 15) on a longline
vessel fishing for Paific cod. This was the first recored death of this species by a U.S. commercial
fishing vessel this year and follows the two deaths recorded in the same fishery last year. Previous
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to 2010, the last recorded death in a U.S. commercial fishery was in 1998.

180" T70W T50W

Figure 15: Locations and dates of short-tailed albatross bycatch. Figure courtesy Rob Suryan,
OSU.

Short-tailed albatross were federally listed as endangered under the US Endangered Species Act in
2000. The current ESA biological opinion specifies that the expected take (bycatch) in the longline
fishery is four in any 2-year period. In the event that a fifth bird is bycaught, an ESA Section 7
consultation involving the U.S. Fish and Wildlife Service and the National Marine Fisheries Service
must be initiated. This process can lead to additional regulatory action on the fishery.

The short-tailed albatross were hunted to near extinction from the 1880s to the 1930s; by 1949
there were no known breeding colonies left. Since that time, the population has been increasing
rapidly due to a combination of high annual breeding success (>54%) and high adult and juvenile
survival (>95% and >91%, respectively) (Zador et al., 2008b). These high survival rates suggest
that fishery-related mortality currently appears to be a low risk for this population. However,
given that the short-tailed albatross population is expanding rapidly (~7% annually; USFWS
(2005), Zador et al. (2008b)) it has been suggested that their spatial and temporal overlap with
the Alaskan commercial fisheries will become more extensive (Zador et al., 2008a). Specifically,
increases in the cod quota may lead to more bycatch incidents. Recent actions by the Council to
restructure the observer program and increase data quality may allow for more detailed monitoring
and analysis of bycatch incidents.
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Recent increases in jellyfish

Time series of jellyfish catch-per-unit-effort are collected in the eastern Bering Sea during the
summer NOAA bottom trawl surveys (p. 174) and during the autumn BASIS surface trawl surveys
(p. 174). The summer time series dates back to 1982, whereas the autumn survey began in
2004. The species composition in both surveys has been dominated by Chrysaora melanaster. The
autumn survey in particular has demonstrated a decline in other jellyfish species caught since 2004,
suggesting that the trend has shifted to a single species-dominant catch.

Trends in the summer time series through 2004 were analyzed by Brodeur et al. (2008). They
described the steep increase in jellyfish biomass throughout the 1990s that ended with peak biomass
in 2000. Following that, biomass declined precipitously, stabilizing at a moderate level after 2001.
The authors suggest that the onsets of the outburst and decline coincided with transitions between
climatic regimes. Specifically, 1989 marked the beginning of a period of moderate temperatures in
the eastern Bering Sea, after the warm conditions of the late 1970s, through the 1980s. Very warm
conditions came to the eastern Bering Sea after 2000, as evidenced by decreased ice cover in winter
and increased total heat content and surface water temperatures in summer. Ice cover, sea-surface
temperature in spring and summer, and wind mixing were found to influence jellyfish biomass.
In addition, the importance of juvenile pollock biomass and zooplankton biomass suggested that
jellyfish biomass is sensitive to the availability of prey.

At the time of this study, most climate models suggest continued warming was likely in the Bering
Sea, so Brodeur et al. (2008) predicted that the jellyfish populations would remain at moderate
levels there but will likely shift northward into the Arctic Ocean. However, following this analysis,
the eastern Bering Sea experienced cool conditions. In fact, 2006 was the beginning of an ongoing
cycle of cool conditions. There was no change in jellyfish CPUE until a notable increase in 2009
and 2010. CPUE in 2011 was nearly double that of the previous two years and nearly the same as
the peak value in 2000. The autumn survey also showed a dramatic increase, but not until 2010.
Cieciel et al. (p. 174, this report) state that the cause for these shifts in biomass and distribution
does 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).

Current conditions in the eastern Bering Sea appear favorable overall for jellyfish, particularly
Chrysaora melanaster. These significant increases in jellyfish biomass may redirect energy pathways
in the food web through their predation on zooplankton and small fish.

Hot Topics: Gulf of Alaska

“Mushy” Halibut Syndrome

This condition has been observed with varying frequency for over 5 years, mostly in smaller halibut
of 15-20 lbs in the Cook Inlet area. There have been only been 2 recorded reports from outside
Cook Inlet - one from Kodiak, and one from Yakutat. In 2011 sport fishers noticed increasing
numbers of affected fish. Alaska Department of Fish and Game (ADFG) describes the typical
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condition consisting of fish having large areas of body muscle that is abnormally opaque and flaccid
or jelly-like. The overall body condition of these fish is usually poor and often they are released
because of the potential inferior meat quality. No infectious agents of parasites have been detected
in affected fish, therefore, transmission between fish is not likely.

The leading hypothosis is that a nutritional deficiency is the cause. According to ADFS, the Cook
Inlet and Homer/Seward areas are nursery grounds for large numbers of young halibut that feed
primarily on forage fish that have recently declined in numbers. Stomach contents of smaller halibut
now contain mostly small crab species. Whether this forage is deficient, either in quantity or in
essential nutrients is not known. However, mushy halibut syndrome is similar to that described for
other animals with nutritional deficiencies in vitamin E and selenium. This muscle atrophy would
further limit the ability of halibut to capture prey possibly leading to further malnutrition and
increased severity of the primary nutritional deficiency. Recent field and lab research led by Brad
Harris of Alaska Pacific University tested the hypothesis that parasite Icthyophonus was related to
mushy halibut syndrome. Although the parasite was found in approximately 8 - 40% of halibut
tested, only 1 of 14 halibut with mushy flesh was positive for Ichthyophonus. As of September 7Tth,
ADFG reports that captures of mushy halibut are declining.

Infectious salmon anemia

Two of 48 British Columbia wild sockeye salmon smolts have tested positive for infectious salmon
anemia (http://www.nytimes.com/2011/10/18/science/18salmon.html). This is the first inci-
dence of this virus on the West Coast of North America. Researchers suggest that the virus may
have spread from salmon farms, which import eggs from Europe, though at present local salmon
farms have not tested positive for the virus. Infected salmon farms in Chile and Scotland have lost
up to > 70% of their stock. Transmission occurs by contact with infected fish, their secretions, and
contact with humans and equipment that have handled infected fish. Sea lice have been shown to
carry the virus on their surface and digestive tract, although transmission to salmon by this route
has not been confirmed. Efforts are underway to determine the impacts of the virus on West Coast
salmon farms and wild populations.

Hot Topics: Aleutian Islands

Fishery changes in the western and central AI ecoregions in 2011

In 2011, increased protection for endangered Steller sea lions was implemented, which resulted
in changes to fishery management in the western and central Al ecoregions. Atka mackerel and
Pacific cod can no longer be retained in the western Al ecoregion. The Atka mackerel and Pacific
cod fisheries were also curtailed within critical habitat in the central Al ecoregion, and an overall
limit on Pacific cod catch in the central Al was instituted. The analysis implementing the regulatory
amendment estimated that all sectors (trawl and fixed gear, catcher vessels and catcher processors)
would respond by trying to shift their harvest of Pacific cod to the Bering Sea, with mixed success
across sectors. Atka mackerel quota allocated to the NMFS reporting area 543 (the western Al
ecoregion) is foregone under these measures. Individual sectors’ response to the new measures is not
yet apparent. In the Central Al ecoregion, after many years of changing ownership, the processing
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plant in Adak was bought by Icicle Fisheries, and opened for processing in the fall of 2011 for Al
golden king crab.

Aleutian Islands risk assessment released

The Aleutian Island Risk Assessment was released in August 2011. This risk assessment evaluates
the impact of oil spills and shipping traffic in the Aleutian Islands. The Marine Accident Risk
Calculation System (MARCS) tool was used to estimate spill frequency, spill size by Vessel Type,
spill origination by geographical location, and establish baseline spill scenarios for the base year
(2008/2009) and the predicted future year (2034). There are differing implications for the ecore-
gions. The greatest accident frequencies are predicted for the Eastern ecoregion, specifically the
area through Unimak Pass, Akutan Pass and the approach to Dutch Harbor. The semi-quantitative
traffic study included three elements: (1) summarization of vessel traffic patterns in the study area
during the base year (2008/2009), including the types of vessels, frequency of transit, routes, and
cargo; (2) prediction of anticipated changes in the vessel traffic patterns based on changes in trade,
vessel characteristics, and regulations; and (3) forecast of changes in the fleet expected over a 25-
year period (2009 - 2034). The largest increase in traffic for any vessel category was for chemical
carriers and container ships (>4,500 TEU) transits, which are forecasted to more than double in
the next 25 years. Oil spills are relevant to fisheries management because (1) spills may result in
fishing closures, and (2) fishing boats may be diverted to assist in clean up.

Eastern Bering Sea Ecosystem Assessment for 2012

Contributed by Todd TenBrink!, Stephani Zador!, and the Eastern Bering Sea Ecosystem Synthesis
Team: Sarah Gaichas', Phyllis Stabeno?, Jeff Napp!, Lisa Guy?, Kerim Aydin', Anne Hollowed!,
Patrick Ressler?, Nick Bond?, Troy Buckley!, Jerry Hoff*, Jim Ianelli', Tom Wilderbuer!, Lowell
Fritz®, Diana Evans®, Martin Dorn!, Pat Livingston', Franz Mueter’, Robert Foy*, Ed Farley®,
Sue Moore?, Stephani Zador!

1Resource Ecology and Fisheries Management Division, Alaska Fisheries Science Center, National
Marine Fisheries Service, NOAA

2Pacific Marine Environmental Lab, National Marine Fisheries Service, NOAA

3Joint Institute for the Study of the Atmosphere and Ocean, University of Washington

4Resource Assessment and Conservation Engineering Division, Alaska Fisheries Science Center,
National Marine Fisheries Service, NOAA

®National Marine Mammal Laboratory, Alaska Fisheries Science Center, National Marine Fisheries
Service, NOAA

SNorth Pacific Fisheries Management Council

"University of Alaska Fairbanks, 17101 Point Lena Road, Juneau, AK 99801

8 Auke Bay Laboratory, Alaska Fisheries Science Center, National Marine Fisheries Service, NOAA

Editor’s note: This year, we present an update to the full eastern Bering Sea assessement based on
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the ten ecosystem indicators chosen in 2010 (Figure 1). For details about the selection and definition
of the indicators see Zador and Gaichas (2010). New this year we also present an evaluation of
predictions from last year’s assessment.

Summary

Conditions in the eastern Bering Sea over the last 4 - 5 years through 2010 have been favorable
for lower trophic level production with extensive sea ice, early spring blooms, and moderately
high concentrations of euphasiids and large copepods for planktivorous feeders. These conditions
appear to be persisting, although moderating, through 2011 given the current state of North Pacific
atmosphere-ocean system and observations from the Bering Sea. The winter of 2010-2011 reflected
a typical oceanographic response to La Nina. The Aleutian low was much weaker than usual in the
winter of 2010-11. The weather during early winter was quite cold, but the late winter and spring
showed near neutral temperatures. The maximum sea ice extent and the cold pool were both less
extensive than in the previous four years. The average bottom temperature during summer was
nearly a degree warmer than 2010 and equal to the grand mean from 1982 to 2011. However, the
surface temperature continued to be much lower than the long term mean, reflecting the unusually
cold atmospheric conditions during July and August. If these conditions persist into fall, they
would promote the relatively early development of sea ice during the winter of 2011-12. The most
important aspects of the physical environment in the eastern Bering Sea during 2011, despite the
relatively neutral weather and sea ice conditions during winter and spring, were that cool fall 2010
temperatures and a newly seen cold summer did not allow the multi-year sequential continuation
of cold ocean temperatures to come to an end.

The persistent cool environment may be related to increased abundance in year class strength for
fishes. For juvenile pollock (age-0 and age-1) conditions have continued to be favorable for the
overwintering survival of pollock and cod in the Bering Sea based on moderate to low sea surface
temperatures. It has been shown that pollock may be more sensitive to thermal processes important
for overwintering survival during periods of warmer seas. Zooplankton biomass indices for both
euphasiids and large copepods (Calanus spp.) remained relatively high in 2010, providing evidence
that juvenile pollock prey was still abundant. Zooplankton indices for 2011 are currently unknown.

The increase in jellyfish catch rates, primarily Chrysaora melanaster, first seen during the summer
trawl survey in 2009 and the fall surface trawl survey in 2010, persisted through summer 2010
and doubled in summer 2011. An earlier increasing jellyfish biomass trend in the eastern Bering
Sea was linked to a period of climatic transition from warm to moderate conditions, with a sharp
decline in biomass at the transition back to a period of very warm conditions. The moderate
winter of 2010/2011 can be interpreted as the beginning of a transition out of the cold pattern
seen for the past 4 - 5 years, although the unusually cold summer did not allow these conditions
to persist. Jellyfish biomass has also been linked to prey availability. Increased jellyfish abundance
may indicate an increased source of mortality on their zooplankton and small fish prey.

Biomass estimates of four fish foraging guilds (apex predators, pelagic foragers, benthic foragers,
and motile epifauna) were not updated this year due to staff loss, so current trends are unknown.
In early years, the apex predator and pelagic forager series seem to be correlated and in phase with
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each other. In later years, they may be correlated, but out of phase. It is hypothesized that cold
conditions and high primary production could result in conditions that deliver food to both benthic
and pelagic food webs. Unknown is whether or not top-down control (predation) will eventually
occur once the biomass of these two guilds builds to a particular level (e.g. Oscillating Control
Hypothesis).

Top-down control continues to be a concern in the ecosystem, particularly with the increase in
arrowtooth flounder. Arrowtooth generally avoid areas with cold bottom temperatures during
summer, with the result that their distribution and predatory impacts increase across the shelf
during warm years. Reductions in the extent of the cold pool, as occurred during summer 2011,
may facilitate their expansion onto the shelf as seen during the warm years of 2003-2005.

Northern fur seals and seabirds breeding on the Pribilof Islands are representative of the air-
breathing central place piscivorous foragers in the eastern Bering Sea. Northern fur seal pup
production in the Pribilof Islands continued their overall decline in 2010, the last year they were
counted. The breeding populations of the western stock of Steller sea lions, meanwhile, continue
to respond differently despite the fact that both fur seals and sea lions forage extensively in the
southeast Bering Sea. Pup counts at rookery sites have either declined or have stabilized in the
western and central Aleutian Islands but have shown an increase in the eastern Aleutian Islands
(see Aleutian Islands ecosystem assessment for more detail, p. 65).

The reproductive success of thick billed murres at St. George has been in decline following a peak
in 2009, highlighted by very low breeding success this year. Most of this loss occurred early in the
breeding season during the egg stage (~July), unusual enough that hatching success was at a record
low and suggesting that sufficient prey were not available before or during this time. A multivariate
index representing black- and red-legged kittiwake productivity at the Pribilofs reached a minimum
this year in a 16-year time series for these surface-feeders, despite the moderate estimates of age-1
pollock in 2010. This represented a different pattern than seen in previous years, when estimates
of age-1 pollock were positively correlated with kittiwake productivity in the following year. A
second multivariate index representing seabird phenology and murre productivity at the Pribilofs
was neutral, which represented a decline from 2010.

Evaluation of 2010 predictions

In this section we provide an evaluation of predictions from the 2010 eastern Bering Sea assessment.
A strong La Nina formed on the equator during summer 2010 as reflected in the downward trend
in the NPI. The prediction for the Bering Sea was for above average sea-ice extent and duration in
winter and spring 2011. The state of the North Pacific atmosphere-ocean system during 2010-2011
reflected the typical response to La Nina. The Aleutian Low was much weaker than usual in the
winter of 2010-11, and the sea level pressure was higher than normal in the eastern portion of
the basin for the year as a whole. Cooler than normal upper ocean temperatures prevailed in the
eastern portion of the North Pacific and warmer than normal temperatures occurred in the west-
central and then central portion of the basin. This pattern reflects a negative sense to the Pacific
Decadal Oscillation (PDO). However, the prediction of above average sea-ice extent and duration
through the winter of 2011 along the eastern Bering Sea shelf did not hold true. Sea ice conditions
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were neutral both in duration as indicated by the average Ice Retreat Index value and in extent
as indicated by the maximum ice extent. The weather during early winter was quite cold, but the
late winter was a bit warmer than normal; the winds during the spring did not feature the same
northerlies that delayed the retreat of the ice in 2010. The most important aspects of the physical
environmental in the eastern Bering Sea during 2011, despite the relatively neutral weather and
sea ice conditions during winter and spring, were that cool fall temperatures and a newly seen cold
summer did not allow the multi-year sequential continuation of cold ocean temperatures to come
to an end. Consequently, the mechanism for the cold year was different than in the previous four
years.

Overall food availability for planktivorous species was considered to be high in 2010 based on the
euphausiid biomass index and thus the survival of this year classes of fishes was predicted to be po-
tentially better than average. Although a full evaluation of this prediction is not currently possible,
there is some indication that this may hold true. In evaluating sea temperatures to determine year
class strength for groundfishes, conditions suggest continued improvement for the overwintering
survival of pollock and cod from age-0 to age-1 in the Bering Sea. The 2011 temperature change
index value and cold year models predict 48,094 million age-1 pollock and 785 million age-1 cod
for 2011.

The numbers of northern fur seal pups born at St. Paul Island in 2010 was estimated to drop by
approximately 8.8% from 2008 estimates. This is consistent with the declining trend observed since
the mid-1990s. By contrast, the 2010 pup production estimate for St. George Island is 1.0% less
than the estimate in 2008. The overall decrease in pup production for St. Paul and St. George
Islands combined from 2008 to 2010 is approximately 7.6%. Since 1998, St. Paul Island has declined
at an annual rate of 5.5% and on both Pribilof Islands at an annual rate of 4.9%, down from the 6%
annual decrease anticipated during last year’s assessment which had incorporated available data
through 2008.

The prediction of an extention of cold conditions in the Bering led to a prediction that conditions
would be favorable for thick-billed murre reproduction on St. George Island. The low level of
reproductive success recorded for St. George thick-billed murres in 2011 (0.16) continues an un-
expected downward trend from 2010. Although predicted continued cold conditions were thought
likely to lead to favorable conditions for thick-billed murres nesting on St. George, the warmer
than expected spring and cold summer may have influenced their reproductive failure. According
to mean bottom temperature data from the 2011 Eastern Bering Sea groundfish survey, the cold
pool during the late spring and early summer sampling period was significantly reduced in size.
Most of the variation in murre reproductive success occurred during the egg period rather than the
chick period and so may have been driven by conditions set up very early in the year or even the
previous year’s reproductive effort.

Additional EBS indicators

Zooplankton biomass index Macrozooplankton are intermediaries in the transfer of carbon from
primary production to living marine resources (commercial fisheries and protected species). Un-
derstanding the mechanisms that control secondary production is an obvious goal toward building
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better ecosystem syntheses. In the absence of direct measurements of secondary production in the
eastern Bering Sea we must rely on estimates of biomass. We have chosen to use and interpret
estimates of summertime euphausiid and large copepod biomass for the eastern Bering Sea shelf
as an index of the forage available to planktivorous fish, seabirds, and marine mammals. These
time series (Figure 16) are relatively short compared to those of climate and fisheries, however they
appear to be in agreement with much longer time series of total zooplankton biomass from the T/S
Oshoro Maru begun in 1954 as shown in the Report Card (Figure 1). In future assessments we
plan to replace the T/S Oshoro Maru time series in the Report Card with a combined euphausiid
and copepod time series. In this section we describe the Calanus spp. and euphausiid time series
(Figure 17).
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Figure 16: Additional eastern Bering Sea indicator time series.

Methods: Ressler et al. (accepted) computed abundance and biomass of adult and juvenile eu-
phausiids on the middle and outer shelf of the eastern Bering Sea, using acoustic and Methot trawl
data from 2004-2010 surveys of midwater pollock (Honkalehto et al. 2010). Estimated euphausiid
density (no. m3) along acoustic survey transects was averaged over the water column and then
across the surveyed area to produce the mean estimates shown in the plot for each year. Error bars

are 95% confidence intervals computed from geostatistical estimates of relative estimation error
(Petitgas 1993).

Stabeno et al. (accepted) computed the abundance of Calanus spp. (all copepodite stages) on the
middle shelf of the eastern Bering Sea from summer net tows on multiple vessels (1981; PROBES,
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Large Crustacean Zooplankton
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Figure 17: Calanus spp. and euphausiid time series.

1998 - 2008; T/S Oshoro Maru and 2009-2010; AFSC RACE Groundfish Assessment cruises).
Shown are the mean and standard error. Raw data were fourth root transformed before calculation
of the summary statistics and then back transformed before plotting.

Status and Trends: Both series show a large increase since 2001-2005 (“warm years” according
to Stabeno et al., accepted), with the copepod increase lagging that for euphausiids. Both series
showed a smaller decline in 2010 but remained well above 2001-2005 levels. The areas of the Bering
Sea shelf sampled for copepods and euphausiids were not exactly the same, but we assume that
the interannual variability in mean density indicated in the plot is correctly represented for both
groups of animals, and that these groups are reasonable proxies for the trend in density of all large
copepods and euphausiids on the Bering Sea shelf. These two main groups of large crustacean
zooplankton are important in the Bering Sea ecosystem and in the diet of many predators. For
example, ecosystem modeling indicates that the biomass densities of euphausiids and copepods in
the Bering Sea are of the same order (Aydin et al. 2007a, p. 77; Aydin and Mueter, 2007, Fig. 3)
and that they are of comparable importance in the diet of walleye pollock (Aydin et al. 2007a, p.
51).

Interpretation and Implications: Standing stock of invertebrate forage is both a function of sec-
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ondary production and consumption by planktivorous species. Euphausiids are a key zooplankton
component of the Bering Sea food web (Aydin and Mueter, 2007) and euphausiids and large cope-
pods are important dietary components of multiple life history stages of walleye pollock (Livingston,
1991; Lang et al., 2000; Brodeur et al., 2002; Ciannelli et al., 2004; Lang et al., 2005). These taxa
are more numerous in cold as opposed to warm years (Baier and Napp, 2003; Coyle et al., 2008;
Hunt et al., 2008) The relative contributions of production and predation to the standing stock are
not yet known, however the high standing stocks from 2008 to 2010 are encouraging and suggest
that overall food availability for planktivorous species is high (ignoring mismatch in spatial distri-
butions). Age-0 pollock, in particular, may be dependent on the availability of sufficient prey to
generate enough depot lipids to survive their first winter. Thus, in the absence of compensatory
predation on the early life history stages, we predict that the survival of this particular year class
of fishes may be better than average. The same may be true for other planktivorous species.

Seabird indices During the initial meetings in 2010, the Team decided that the ideal indicator of
seabird productivity in the Bering Sea would be a multivariate index representing all combinations
of piscivores and planktivores, divers and surface feeders. In the absence of this, they elected to
choose a single sentinel species to represent seabird productivity on the Bering Sea shelf, thick-billed
murres nesting on St George. Zador and TenBrink developed new multivariate seabird indicators
representing all species nesting on the Pribilofs using a principal components analysis to combine
annual hatch dates and reproductive success values. Further information can be found in this
document on p.189. Strong and distinct trends were noted in the first two principal components.
The first captured mainly the hatch dates and murre productivity trends; the second captured
kittiwake productivity trends. The loadings on the two principal components followed the same
patterns when 2011 data was added to produce index values for this year and indicated poorer pro-
ductivity for both indices (Figure 18). These two indices may therefore serve as useful indicators to
follow to capture more comprehensive seabird trends. Although a single index would be preferable,
the analysis suggests that the two divergent patterns in the data could not be captured in a single
index.

Gaps and needs for future EBS assessments

This section is unchanged from the 2010 assessment

Climate index development: We plan to develop a multivariate index of the climate forcing of
the Bering Sea shelf in the near future. This index will likely have the NPI as one of its elements,
but also incorporate variables related to the regional atmosphere including winds and temperatures.
The primary application for this index, which has yet to be determined, will guide the selection
of the exact variables, and the domains and seasons for which they will be considered. Three
biologically significant avenues for climate index predictions include advection, setup for primary
production, and partitioning of habitat with oceanographic fronts and temperature preferences.

Primary production time series: No suitable indicator for primary production is currently
available. We are lacking direct measurements of primary production that could be assembled into a
time series. We do, however, have indices of phytoplankton biomass. Our chlorophyll measurements
are from M2, 70m isobath, and from satellites. Satellite (SeaWiFS) estimated chlorophyll (and
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Figure 18: Time series of the first two leading principal components for combined seabird produc-
tivity and mean hatch date extended through 2011. For PC1, a more positive value indicates higher
murre and cormorant productivity and earlier mean hatch dates. For PC2, higher values indicate
increased kittiwake productivity. See contribution on p.

productivity) go back to 1997 or 1998, but are spotty due to cloud cover. Continuous chlorophyll
fluorescence measurements at M2 started in 1995. Stabeno is working on generating a fluorescence-
to-chlorophyll conversion factor based on ground truth samples taken each year. These derived
estimates will have a significant error, but satellites are no better because of data gaps due to
cloud cover and surface-only data. Fluorescence at M2 was measured at 3 depths. The derived
measurements may also allow us to estimate what percent of phytoplankton standing stock ends
up on the seafloor.

In the future we would like to develop the ability to measure chlorophyll in sediments as is done
for the Northern Bering Sea by Grebmeier and Cooper. It will be important to decide where
such measurements should be taken. New production at M2 is thought to be low and may not be
good for epibenthic fish. The location formerly occupied by M3 would have been good, but it was
abandoned because boats kept running over the mooring there.

Some index of stratification may be a proxy for new production. We have stratification data for
M2, but no primary production data to go with it.

Spatial scales for assessment: The team reviewed EBS bottom trawl survey data at the guild
level to determine whether there were striking changes in distribution patterns over time. No
patterns of immediate concern were detected; however, the team felt that including a thorough
spatial investigation of key indices would be a high priority in upcoming assessments. For example,
spatial distributions of zooplankton, benthos, and forage fish would be critical for predicting the
foraging success of central place foragers such as seabirds and pinnipeds. It may be desirable to
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examine the selected indices by domain (e.g., outer, middle, and inner shelf) rather than EBS-wide.
Distributional indices could be developed for foraging guilds, indicator species, and fisheries (see
below) similar to some already presented in the Ecosystem Considerations SAFE (e.g. Mueter et
al. on p. 203). In addition, an index of cold-pool species or other habitat specific groups could be
developed and tracked. Spatially explicit indicators could be used to investigate observed patterns
such as the relative success of commercial crabs in Bristol Bay versus further out on the EBS shelf.

Considerable work is already underway to address processes at different spatial scales, in particular
for central place foragers. NMML has the following active fur seal research programs at the Pribilof
Islands:

1. Bienniel pup production estimation at each rookery

2. Adult female summer foraging, physiology and energy transfer to pup with specific focus on
differences by rookery and foraging habitat in the eastern Bering Sea

3. Adult female and pup over-winter satellite tracking to determine foraging and pelagic habitat
differences by year and rookery

4. Pup and adult female tagging to determine fur seal survival and reproductive rates

These programs have been underway since the early 2000s, but particularly in the case of item 4
above, take many years (e.g., decades to determine reproductive rates of such a long-lived species)
to produce results. NMML needs to continue this field work, and couple it with habitat and
ecosystem models to help us understand the differences in fur seal population responses between
Bogoslof and the Pribilof Islands, and differences in responses between air-breathing and fish apex
predator responses over the last 20 years.

Differences in Steller sea lion population response between the Pribilofs and the eastern Aleutian
Islands also requires further research, and may be related to spatial-temporal distribution and
abundance of prey.

Fishery performance index needed: Several measures of the performance of current man-
agement relative to the goals and objectives of the NPFMC should be considered. An obvious
candidate is an index of the catch relative to the TAC, ABC and OFL. The phase diagram showing
the distribution of current biomass/Bmsy and catch / OFL provides a quick assessment of whether
the stock is overfished or whether overfishing is occurring. However, for some stocks, the TAC is set
well below the ABC and OFL. Therefore an assessment of whether the TAC is fully utilized may
serve as a better indicator of the performance of the fishery relative to the predicted level of catch.
Likewise, catch relative to TAC may be a useful indicator for the efficiency of pollock because the
2 million t cap constrains this fishery when the stock is in high abundance.

Other measures of net income or revenue might be considered as fishery performance indicators.
For example, when stocks are low, the price may increase, this may compensate for longer search
time. Thus, when pollock is at a high abundance, and search time is low, the price per pound may
be lower than when pollock are scarce.

Integration with stock assessments: Ecosystem indicators specific to stocks and ABC decisions
within single species stock assessments will be developed in a separate workshop, to be scheduled
in early 2011. However, integration of the stock assessments and this ecosystem assessment will
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continue to be developed. The group noted that dominant species often dictate the time trend
in aggregate indicators. Several times the group strayed into conversations that were focused
on relationships between a select group of species. It is important that the synthesis chapter is
dynamically linked to the single species ecosystem assessments so that specifics on how climate
impacts dominant species, their prey, and their distribution can be readily obtained if a person
wishes to drill down to the single species interactions underlying the guild responses provided.

The development of predictive models for single species or a small group of interacting species
(e.g. multispecies stock assessments) is moving ahead at a rapid pace. Some stock assessments al-
ready include forecasts that incorporate climate forcing and efforts to address predation on natural
mortality rate and prey availability on growth are currently underway. As noted above it will be
important to provide a dynamic link between the description of these innovations to stock assess-
ments and the synthesis chapters. We expect that description of the models will continue to appear
in the stock assessment. This will allow a thorough review of the mathematical formulations used
to depict the relationships between predators, prey, competition and environmental disturbance
within the assessment.

Future use of ecosystem/climate models in development: Several reviews of the utility of
ecosystem models are available. Hollowed et al (in press) examined which quantitative modeling
tools were needed to support an Ecosystem Approach to Management (EAM) in the EBS. This
review revealed that a diverse suite of models were utilized to support an EAM in the EBS (Table
2). Single-species stock assessment and projection models are the most commonly used tools
employed to inform managers. Comprehensive assessments (e.g. Management Strategy Evaluation)
are emerging as a new and potentially valuable modeling approach for use in assessing trade-
offs of different strategic alternatives. In the case of management in the Eastern Bering Sea,
end-to-end models and coupled biophysical models have been used primarily to advance scientific
understanding, but have not been applied in a management context. In future synthesis attempts,
we will add a section that brings forward predictions from different models to initiate an evaluation
of the predictive skill of different assessment tools.

Gulf of Alaska

This report does not include a current ecosystem assessment of the Gulf of Alaska. A workshop
is scheduled for winter 2012, during which a new Gulf of Alaska Ecosystem Assessment team will
develop an assessment following the procedure and format of the EBS and Al assessments.

Aleutian Islands Ecosystem Assessment for 2012

Contributed by the Aleutian Islands Ecosystem Assessment Team: Stephani Zador!, Kerim Aydin',
Steve Barbeaux!, Nick Bond?, Jim Estes®, Diana Evans®, Dave Fraser®, Lowell Fritz®, Stephen
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Table 2: Suite of models used for implementation of an ecosystem approach to management in the
Bering Sea (From Hollowed et al. (In Press)).

Model

Application Issue

Example reference

Stock assessment models
Stock projection models
Management,

evaluation
Habitat assessment

strategy

Multispecies  Yield-per-
recruit
Multispecies  technical

interaction model

Coupled biophysical
models

Integrated  Ecosystem
Assessments

Mass Balance models
Dynamic food web mod-
els

FEAST

Tactical
Tactical
Strategic
Strategic
Strategic

Strategic

Research
Strategic
Strategic

Strategic

Strategic

Evaluate stock status
Assessing overfished condition

Assessing the performance of a
harvest strategy

Evaluating the long-term impact
of fishing on EFH

Assessing the implications of pro-
hibited species caps

Assessing the performance of
harvest strategies on combined
groundfish fisheries

Assessing processes controlling
recruitment and larval drift
Assessing ecosystem status

Describing the food-web
Describing trade-offs of different
harvest strategies through food-
web

End-to-end model

Tanelli (2005); Methot
(2005)
Turnock and Rugolo
(2009)
A’mar et al. (2008);

NOAA (2004)
Fujioka (2005)

Spencer et al. (2002)

NOAA (2004)

Hinckley et al. (2009)

Zador  and
(2010)

Aydin et al. (2007)
Aydin et al. (2007)

Gaichas

Jewett”, Carol Ladd®, Elizabeth Logerwell!, Sandra Lowe!, John Olson®, Ivonne Ortiz', John
Piatt!?, Chris Rooper!!, Paul Wade®, Jon Warrenchuk!'?, Francis Weise!?, Jeff Williams'* Addi-
tional data provided by Michael Martin'!

'Resource Ecology and Fisheries Management Division, Alaska Fisheries Science Center, National
Marine Fisheries Service, NOAA
2Joint Institute for the Study of the Atmosphere and Ocean, University of Washington
3Long Marine Laboratory, University of California at Santa Cruz
4North Pacific Fisheries Management Council

SIMARIBA West, Port Townsend, WA

6National Marine Mammal Lab, Alaska Fisheries Science Center, National Marine Fisheries Service,

NOAA

"University of Alaska Fairbanks
8Pacific Marine Environmental Lab, NOAA
9Habitat Conservation Division, Alaska Regional Office, National Marine Fisheries Service, NOAA
10 Alaska Biological Science Center, USGS
HResource Assessment and Conservation Engineering Division, Alaska Fisheries Science Center,
National Marine Fisheries Service, NOAA

120 ceana

13North Pacific Research Board
14 Alaska Maritime National Wildlife Refuge, USFWS

66

NPFMCEcosystenConsideration



EcosystenConsiderations DecembeR011

Summary

We present this summary of the Aleutian Islands ecosystem by three ecoregions. These are briefly
defined here and in more detail later in the document (Figure 19). The Western Aleutian Islands
ecoregion spans 170° to 177°E. These are the same boundaries as the North Pacific Fishery Council
fishery management unit 543. The Central Aleutian Islands ecoregion spans 177°E to 170°W. This
area encompasses the North Pacific Fishery Council fishery management units 542 and 541. The
Eastern Aleutian Islands ecoregion spans 170°W near Samalga Pass to False Pass at 164°W.

180° 170°W 160°W
1

Aiktak Island

45°N * Survey strata
Iﬁ‘ Management areas

180° 170°W 1680°W

Figure 19: The three Aleutian Islands assessment ecoregions. Seabird monitoring islands are indi-
cated by arrows.

Most of what we can say about the Aleutians Islands ecosystem is based upon biological trends.
There are large gaps in knowledge about the local physical processes and, as a result, their impact
on biological processes. These gaps are largely due to geographic reality. For example, persistent
cloudiness precludes obtaining comprehensive satellite-derived data. Also, the sheer distances in-
volved in surveying the island chain make comparing west-east trends in indicators such as bottom
temperature difficult because of the difference in timing of oceanographic surveys across the region.
Differences in survey timing may also affect detection of biological patterns, but biological indi-
cators such as fish or sea lion abundances are more integrative indicators than a specific physical
indicator such as bottom temperature that they may be responding to and thus are less sensitive to
survey timing. Also, the extensive nearshore component of the ecosystem, narrow shelf relative to
the entire ecosystem, as well as strong oceanographic input mean that some metrics commonly used
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as ecosystem indicators in other systems may not be as informative in the Aleutians. Therefore,
our synthesis of ecosystem indicators will by necessity include speculation.

The Aleutian Islands ecosystem is currently experiencing a general state of less storminess and
average bottom temperatures. The North Pacific Index, used as a measure of the intensity of the
Aleutian Low, was positive from 2006-2009, implying a weaker Aleutian Low pressure system and
less storminess in the region than average. Although the 2010 winter NPI was negative, the 2011
winter NPI was positive by more than one standard deviation implying a reversion to a weaker
Aleutian Low pressure system and less storminess. This is expected to continue into the winter
2011/2012, due in part to projected La Nina conditions.

There is an overall decreasing trend in Pacific cod biomass, which contributes the largest propor-
tion to the fish apex predator foraging guild across ecoregions. Arrowtooth flounder, Kamchatka
flounder and skates, all show an increasing trend. It is possible that species that are faring poorly
are those that are strictly tied to the shelf area due to limited depth range, such as Pacific cod,
and/or are influenced by nearshore processes compared to midwater species that reside on the shelf
and slope that are doing well, such as arrowtooth flounder and skates. However, this is an open area
for research. Owverall, the fish pelagic foragers increase in biomass towards the west, but Pacific
ocean perch are increasing across all ecoregions. There are several species showing longitudinal
trends in this group: the biomass of walleye pollock increases towards the east, whereas that of
northern rockfish and Pacific ocean perch increases toward west. Fishing patterns have recently
changed throughout the system, largely in response to increased protection for Steller sea lions,
although the final impacts to individual fishing sectors are currently unknown. In general, school
enrollments numbers in the Aleutian Islands region have been on the decline, possibly indicating
that communities with year-round residents that experience direct interactions with the ecosystem
through residential and subsistence activites are faring poorly. Rural communities in Alaska are
suffering losses as Alaska Natives increasingly leave villages for the cities.

Western Ecoregion In the Western ecoregion specifically, reproductive success of planktivorous
auklets, serving as indicators of zooplankton production, have been higher than average for the
past five years. Given the negative correlation between the strength of the Aleutian Low and
planktivorous seabird productivity (Bond et al., 2011), we anticipate continued favorable conditions
for planktivores. Trends in forage fish as indicated in puffin chick diets are currently unknown; data
have been collected since 2002 but not yet summarized. We anticipate these data will be included
in the next assessment produced in 2012. Variable patterns in puffin chick diet from 1988-2001,
specifically in proportions of hexagrammids, suggest that puffins are responding to changes in prey
availability. Aggregate biomass of fish apex predator and pelagic foragers have increased since the
previous trawl survey in 2006. The increase in the fish apex predators foraging guild apparent in
the 2010 trawl survey is driven by Pacific cod, reversing the declining trend in this foraging guild
since 2000. Atka mackerel and Pacific ocean perch drive the increasing biomass trend of pelagic
foragers, surpassing the previous peak in 2004. Recent counts of otters show no trend, in contrast
to the steep decline during the early 2000s, possibly indicating stability for this keystone species of
the nearshore environment. Steller sea lions continue their decades-long decline in this ecoregion.
Between 1991 and 2008, non-pup counts declined 81%, or at a rate of -10% per year. The population
appears to be continuing to fare poorly as one major rookery that produced almost 400 pups in
the early 1990s produced a singe pup in 2010. Causes for the declining trend are topics of active
research on these apex piscivores wohse diet consists primarily of commercially-fished species. The
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amount of area trawled declined dramatically this year due to recent measures aiming at increasing
protection for Steller sea lions.

Central Ecoregion Recent trends in auklet reproductive success are unknown but the predicted
continued positive state of the NPI indicates favorable foraging conditions for planktivores. Forage
fish trends as captured by puffins are not available from this ecoregion because puffins are not as
numerous and nests are not monitored regularly. Fish apex predator and pelagic foraging guild
biomasses have declined since the previous trawl survey in 2006, in contrast to the trend in the
Western ecoregion. The decline apex predators is largely driven by Pacific cod, although Kamchatka
flounder has increased. Atka mackerel and Pacific ocean perch make up 80% of the pelagic foraging
guild biomass. The recent decline is largely driven by Atka mackerel, as Pacific ocean perch biomass
has increased. Recent counts of sea otters continue to decline, possibly indicated poor conditions
in the nearshore environment for this species. Counts of non-pup Steller sea lions in the central
Aleutians declined 33% overall between 1991 and 2008, a rate of -2% per year. While this decline
is occuring at a lower rate compared to that in the Western ecoregion, there is a still concern for
these apex piscivores. School enrollment has shown no trend in recent years, following a decline
since peak enrollment in 2000.

Eastern Ecoregion Planktivorous auklets are not as numerous in the Eastern ecoregion as in
the Central and Western ecoregion and are not monitored in the Eastern ecoregion. Relative abun-
dances of gadids and Ammodytes in prey brought back to feed puffin chicks have shown opposite
trends, although recent data are not yet available. Hexagrammids comprise a lower proportion
of chick diets relative to those in the Western ecoregion. Although recent data are not currently
available, chick-provisioning patterns suggest puffins are responding to changes in forage fish avail-
ability. Fish apex predator biomass declined relative to past surveys. The long-term trends in this
foraging guild is driven by Pacific cod and arrowtooth flounder jointly, which alternate as the largest
biomass in the area. The recent decline is largely driven by arrowtooth flounder, as Pacific cod
biomass has increased. More than half the fish pelagic forager biomass is commonly contributed by
walleye pollock and Atka mackerel. Pollock, Atka mackerel, and Pacific ocean perch all contributed
to this trend, but only on the northern portion of the islands for Atka mackerel. All fish groups
fluctuate widely in this area, which has the lowest total biomass of pelagic foragers relative to the
other ecoregions. In contrast to the other ecoregions, non-pup counts of Steller sea lions increased
21% overall between 1991 and 2008. Counts were largely stable through the 1990s, but increased at
a rate of 3% per year between 2000 and 2008, indicating favorable conditions for these piscivores.
School enrollment has fluctuated in this ecoregion, but has shown no overall trend in the past five
years.

Objectives, selection and evaluation of key Aleutian Islands indicators

“What are the vital signs for the Aleutian Islands ecosystem, with an eye toward fishery management
objectives?”

The Aleutian Islands Ecosystem Assessment Team met in September 2011 to begin the development
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of a structuring theme and selection of key indicators for the Aleutian Islands ecosystem. Following
presentations and review of existing physical and biological data, the team concluded that the
significant variability in the island chain ecosystem warranted structuring the assessment by three
ecoregions: Western, Central, and Eastern. Accordingly, the suite of indicators chosen should be
those for which there are data across all ecoregions and characterize a global attribute with local
behavior. However, the final selection reflected the limitations of available data sets for this region.

The ecoregions were defined based upon evidence of significant ecosystem distinction from the
neighboring ecoregions. The team also concluded that developing an assessment of the ecosystem
at this regional level would emphasize the variability inherent in this large area, which stretches
1900 km from the Alaska Peninsula in the east to the Commander Islands in the west. For the
purposes of this assessment, however, the western boundary is considered the U.S. - Russia border
at 170°E.

The three Aleutian Islands ecoregions are defined from west to east as follows (Figure 19). The
Western Aleutian Islands ecoregion spans 170° to 177°E. These are the same boundaries as the
North Pacific Fishery Council fishery management area 543. This ecoregion was considered to
be distinct from the neighboring region to the east by primarily northward flow of the Alaska
Stream through wide and deep passes (Ladd, pers. comm.), with fewer islands relative to the other
ecoregions.

The Central Aleutian Islands ecoregion spans 177°E to 170°W. This area encompasses the North
Pacific Fishery Council fishery management areas 542 and 541. There was consensus among the
group that the eastern boundary of this ecoregion occurs at Samalga Pass, which is at 169.5°W, but
for easier translation to fishery management area, it was agreed that 170°W was a close approxi-
mation. The geometry of the passes between islands differs to the east and west of Samalga Pass
(at least until Amchitka Pass). In the Central ecoregion the passes are wide, deep and short. The
Alaska Stream, a shelf-break current, is the predominant source of water. There is more vertical
mixing as well as bidirectional flow in the passes. This delineation also aligns with studies suggest-
ing there is a biological boundary at this point based on differences in chlorophyll, zooplankton,
fish, seabirds, and marine mammals (Hunt and Stabeno, 2005).

The Eastern Aleutian Islands ecoregion spans 170°W to False Pass at 164°W. The passes in this
ecoregion are characteristically narrow, shallow and long, with lateral mixing of water and north-
ward flow. The prominent source is from the Alaska Coastal Current, with a strong freshwater
component.

The team was tasked with choosing a suite of indicators that together provide a comprehensive
view of the Aleutian Island ecosystem reflecting across trophic levels from the physical environment
to top predators and humans, as well as both the nearshore and offshore. In addition to providing
the “vital signs” for the Al the preliminarily chosen indicators needed to be updatable on a regular
basis, preferably annually; however, the team recognized that many of the surveys that collect data
for some indicators do not occur every year. Numerous gaps in available time series were noted
and discussed. See the Gaps and Needs section below. Although a single suite of indicators were
chosen for the entire ecosystem, not all are available or applicable in each of the three ecoregions.

The following indicators were selected for the Aleutian Island ecosystem assessment:

1. Winter North Pacific Index
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2. Reproductive anomalies of planktivorous least auklet and crested auklets as indicators of
zooplankton productivity

Proportions of hexagrammids, gadids, and Ammodytes in tufted puffin chick diets
Apex predator and pelagic forager fish biomass indices

Sea otter counts

Steller sea lion non pup counts (juveniles and adults)

Percent of shelf <500m deep trawled

* N o oo W

K-12 enrollment in Aleutian Islands schools

The team also discussed a spring North Pacific Index (NPI), mean groundfish trawl survey bottom
temperature, and the value of groundfish catch. The spring index, defined as the average NPI
for April through June, was thought to best represent conditions that may be important during
the spring bloom given that the quality of satellite-derived chlorophyll data is compromised due
to persistent cloudiness. However, this index was ultimately excluded due to lack of science that
relates this index to the ecosystem. The mean bottom water temperature recorded during NOAA
survey trawls was initially included for each ecoregion as an index of habitat characteristic for
commercially-fished groundfish. However, this index was ultimately excluded due to little evidence
of temperature influencing groundfish trends. Finally, the ex-vessel value of the groundfish fishery
catch was discussed as a measure of the health of the Aleutians fisheries, acknowledging the inclusion
of humans as part of the ecosystem. This index was ultimately considered more appropriate for an
economic analysis, for which the Team did not have expertise. Also, the inclusion of the indices for
the percent of the shelf <500 m trawled and Aleutian Islands school enrollment were considered
together to well represent both the physical impact of humans in the ecosystem and the health of
the in-situ human components of the ecosystem.

In the sections below, we give a brief rationale for each indicator’s selection, describe the indicator,
the appropriate ecoregion, its status and trends, and provide a statement of its individual implica-
tions for fishery management. The summary section above provides a synthetic assessment based
on all of the indicators available in each ecoregion. Time series of all indicators are presented in
Figures 20, 21, 22, and 23.
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