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Figure 64: Standardized catch-per-unit-effort (CPUE) of juvenile salmon during Southeast Coastal Moni-
toring surveys in lcy Strait, 1997-2025.The CPUE index is the peak monthly average catch rate during the
months of June and July. The ADFG is not responsible for the reproduction of data, subsequent analysis, or
interpretation.

Factors influencing observed trends: Multiple factors contribute to the variation in juvenile salmon
catch rates over time, and their relative importance differs by species. Early life-history ecology and
mortality remain the primary factors influencing juvenile CPUE; however, spawner abundance and the
migratory patterns of juveniles can also affect year-to-year variation.

e Pink salmon: Even-year escapement goals were frequently not met from 2012 through 2020 in the
northern inside region of SEAK (Piston and Heinl, 2020 and unpublished ADFG data). Despite
some improvement in escapement in 2022 and 2024 juvenile indices remained low in 2023 and
2025 and stayed well below the long-term mean, reflecting persistent limits to early marine survival
and migration success.
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e Chum salmon: Hatchery fish typically account for ~90 % of the SEAK chum harvest, so brood
escapement exerts little influence on juvenile catch rates. The below-average juvenile CPUE
coupled with exceptionally high adult harvests in 2023 — 2024 suggests that early marine survival
was stronger than expected in those brood years. Taken together, these observations indicate that
variation in early marine survival, rather than freshwater production, remains the primary driver
of recruitment, though recent strong survival events show this process can be highly episodic.

e Sockeye salmon: Spend at least one year in freshwater before migrating to sea; both freshwater
production and early marine survival contribute to declining catch rates and harvests.

e Coho and Chinook salmon: Juvenile CPUE for both species has remained negative since the
mid-2010s, and commercial catches continue to track those declines. Extended residence in
inside waters and differing offshore habitats may dampen the direct strength of the CPUE-harvest
linkage, but the direction of change is consistent.

Implications: The sustained negative phase across both juvenile CPUE and adult harvests indicates a
multi-species productivity regime shift in Southeast Alaska beginning around 2015 — 2017, coincident
with the 2014 — 2016 Gulf of Alaska marine heatwave and subsequent warm-ocean conditions.

e Pink salmon juvenile indices and commercial harvests both remain well below average in 2025,
underscoring continued poor marine survival despite brief odd-year improvements.

e Chum salmon catches show no durable rebound , emphasizing the central role of unfavorable
marine conditions.

e Sockeye salmon continue a long-term gradual decline in both juvenile CPUE and harvest.

e Coho and Chinook salmon exhibit persistent below-average CPUE and harvest, confirming that
low juvenile production now translates directly to reduced fishery yield. Together, these indicators
demonstrate that early life-history survival and marine ecosystem conditions are contributing to
regional salmon production, and that Icy Strait CPUE remains a valuable, timely predictor of
Southeast Alaska harvest potential.
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Figure 65: Standardized commercial harvest (metric tons) of salmon in Southeast Alaska, 1997-2025. Harvest
data through 2024 are from ADFG (https://npafc.org/statistics/); 2025 harvests are preliminary from
ADFG (https://wuw.adfg.alaska.gov/index.cfm?adfg=commercialbyfisherysalmon.bluesheet).
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Juvenile Salmon Size and Condition Trends in Icy
Strait, Southeast Alaska

Contributed by Emily Fergusson and Wesley Strasburger, Auke Bay Laboratories, Alaska Fisheries Sci-
ence Center, NOAA Fisheries
Contact: emily.fergusson@noaa.gov

Last updated: September 2025

Description of indicator: The Southeast Coastal Monitoring project (SECM, Auke Bay Laboratories,
AFSC) has been investigating how climate change may affect southeastern Alaska nearshore ecosystems
in relation to juvenile salmon (Oncorhynchus spp.) and associated biophysical factors since 1997 (Fer-
gusson et al., 2020a; Murphy et al., 2020). Juvenile pink (O. gorbuscha), chum (O. keta), sockeye (O.
nerka), and coho (O. kisutch) salmon size and nutritional condition data have been collected annually
in lcy Strait during monthly (June and July) fisheries oceanographic surveys. This report presents July
2025 size (fork length) and energy density data in relation to the past 29-year trend from Icy Strait.

During early marine entry and residency, juvenile salmon must grow quickly to avoid predation while also
acquiring enough lipid reserves to survive winter when food is severely limited (Beamish and Mahnken,
2001; Moss et al., 2005). The record low numbers of out-migrating juvenile pink and coho salmon in
2017 through 2019 may have resulted from low escapements in the previous years and/or low freshwater
survival (Murphy et al., 2020). Size trends (fork length) over time represent differences in growth,
migration routes, and timing of hatch, outmigration, and hatchery releases of the fish in response
to climate and ocean conditions during early marine residency. Energy density trends over time can
represent the condition of juvenile salmon and other taxa in response to climate and ocean conditions
during their early marine residency.

Status and trends: In 2025, juvenile salmon fork-length anomalies were at or below the 1997 — 2024
average for all four species (Figure 66). Juvenile pink and chum salmon remained below average, similar
to 2024 values, while sockeye and coho salmon increased from below-average to near average-size.

Energy density anomalies (ED, kJ/g dry weight) varied among the four juvenile salmon species (Figure
67). Pink salmon ED stayed above average and similar to 2024 levels. Chum and sockeye salmon
showed slight increases and remained above average. Coho salmon ED remained just below average,
consistent with the previous four-year trend.

Factors influencing observed trends: Conditions in 2025 reflected a complex system between a
major northeast Pacific marine heatwave and localized thermal refugia inside southeast Alaska. The
2025 sampling occurred during NEP25A, a pronounced marine heatwave that began in early May and
now spans nearly 8 million km? of the Northeast Pacific, including the Gulf of Alaska (NOAA Marine
Heatwave Tracker “Blobtracker”). NEP25A is the fourth-largest Northeast Pacific marine heatwave by
area since satellite monitoring began in 1982 and has expanded rapidly since late July. Such widespread
upper-ocean warming typically alters phytoplankton bloom timing, zooplankton prey availability, and
species composition.

However, inside waters of Southeast Alaska, including lcy Strait, appear to provide partial thermal
refuge during these basin-scale warm events. Recent analyses (Brooks et al., 2025) show that nearshore
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channels with strong freshwater influence can remain cooler and less saline than adjacent offshore Gulf
of Alaska waters, buffering salmon and their prey from extreme temperature stress. These conditions
likely help sustain favorable energy density and facilitate lipid accumulation.

Other processes, advection of nutrient-rich waters, freshwater discharge, and top-down control by preda-
tors, remain important, but in 2025 the combined influence of the NEP25A marine heatwave and the
mitigating effects of Southeast Alaska's inside-water thermal refuge appear to be relevant.

Implications: The length anomalies observed in 2025 for juvenile salmon continue to reflect the colder
water temperatures experienced in their early marine residency in Icy Strait. Larger fish generally have
increased foraging success and a decreased predation risk resulting in higher survival.

Based on the 2025 length frequency results relative to the long-term averages by species, juvenile salmon
are entering the Gulf of Alaska in 2025 with below-average size. However, these fish are entering the Gulf
of Alaska with average to positive energy stores which may contribute to higher survival and escapement
especially as it pertains to their overwinter survival when food is limited. Therefore, further growth and
survival will be dependent on favorable over-winter conditions in the GOA, which don't seem likely with
the current NEP25A event.
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Figure 66: Average fork length anomalies (mm; + 1 standard error) of juvenile salmon captured in lcy Strait,
AK by the Southeast Coastal Monitoring project, 1997 — 2025. Time series average is indicated by the dashed
line.
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Figure 67: Average energy density anomalies (kJ/g, dry weight; + 1 standard error) of juvenile salmon
captured in lcy Strait, AK by the Southeast Coastal Monitoring project, 1997 — 2025. The dashed line

indicated the time series average.
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Trends in Survival of Coho, Sockeye, and Pink
Salmon from Auke Creek, Southeast Alaska

Contributed by Scott C. Vulstek and Joshua R. Russell
Auke Bay Laboratories Division, Alaska Fisheries Science Center, NOAA Fisheries
Contact: scott.vulstek@noaa.gov

Last updated: September 2025

Description of indicator: The time series of marine survival estimates for wild coho, sockeye, and pink
salmon from the Auke Creek Weir in Southeast Alaska is the most precise and longest-running continuous
series available in the North Pacific. Auke Bay Laboratory began monitoring wild salmon survival in
1980. The Auke Creek weir structure facilitates near-complete capture of all migrating sockeye smolt
and returning adults and is the only weir capable of such precision on a wild system in the North Pacific.
All coho salmon smolts leaving the Auke Lake watershed have been counted, subsampled for age and
length, and injected with coded wire tags (CWT). These migrating fish included those with both 1 and
2 freshwater annuli and 0 or 1 ocean annuli. Coho marine survival is estimated as the number of adults
(harvest plus escapement) per smolt. The index is presented by smolt (outmigration) year. It is the
only continuous marine survival and scale data set in the North Pacific that recovers all returning age
classes of wild, CWT coho salmon as ocean age 0 and 1. The precision of the survival estimate was high
due to 100% marking and high sampling fractions that minimized the variance in the survival estimate
and made the series an excellent choice for model input relating to nearshore and gulf-wide productivity.
While no stock-specific harvest information is available for Auke Creek sockeye and pink salmon for a
direct estimation of marine survival, the precision of this long-term dataset is still unmatched, and the
series is an excellent choice for model input relating to nearshore and gulf-wide productivity.

Status and trends: The historical trends show marine survival of wild coho salmon from Auke Creek
varies from 5.2% to 45.0%, with an average survival of 20.5% from smolt years 1980 — 2024 (Figure
68a). Marine survival for 2024 was the fifteenth lowest on record at 16.1% and overall survival averaged
11.6% over the last 5 years and 10.3% over the last 10 years. The survival index for ocean age-0 coho
varies from 0.2% to 11.2% from smolt years 1980 — 2024 (Figure 68b).

Productivity of wild sockeye salmon smolts from Auke Creek varies from 1619 to 33616, with an average
productivity of 15279 from ocean entry years 1980 — 2025. In 2025 there were 3780 outmigrant smolts,
the third lowest on record (Figure 68c). Escapement of wild sockeye salmon from Auke Creek has
varied from 325 to 6123, with an average escapement of 2468 from return years 1980 — 2025. The
2025 season saw the eleventh lowest escapement of sockeye salmon to Auke Creek with 1326 returning
adults (Figure 68d).

Marine survival of wild pink salmon from Auke Creek varies from 1.1% to 53.3%, with an average
survival of 11.6% from ocean entry years 1980 — 2024 (Figure 68e). Marine survival for the 2024 ocean
entry year was 3.2% and overall survival averaged 15.2% over the last 5 years and 12.0% over the last
10 years. 2025 saw the fifteenth lowest return of pink salmon to Auke Creek with 3002 returning adults
(Figure 68f).

Factors influencing observed trends: Factors influencing observed trends in coho survival include:
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Figure 68: Auke Creek (SE Alaska) salmon marine survival and productivity indices.
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Coho salmon are

represented by total marine survival (ocean age-0 and age-1 harvest plus escapement) (A), and percentage of
ocean age-0 coho per smolt (escapement only) by smolt year (B). Sockeye salmon are represented by smolt
productivity by ocean entry year (C) and adult returns (D). Pink salmon are represented by marine survival
index is represented by ocean entry year (E) and adult returns by year (F). Return year 2025 data are denoted
with an asterisk as these may change by the end of the year. For coho, sockeye and pink indices, the solid,

horizontal line indicates the 1980 — 2025 average.
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smolt age, smolt size, migration timing, fishery effort and location, and marine environmental conditions
(Briscoe et al., 2005; Robins, 2006; Malick et al., 2009; Kovach et al., 2013a). Coho salmon marine
survival is influenced by a number of life history parameters such as juvenile growth rate and size, smolt
age and smolt ocean entry timing (Weitkamp et al., 2011). Recent studies have shown that climate
change has shifted the median date of migration later for juveniles. Recent studies have shown that
climate change has shifted the median date of migration later for juveniles and earlier for adults (Kovach
et al., 2013a). The marine survival of Auke Creek coho reflects nearshore rearing productivity and, as
such, is utilized to infer regional trends in coho salmon productivity as one of four indicator stocks
utilized by the Alaska Department of Fish and Game to manage coho salmon over all of southeast
Alaska (Shaul et al., 2011). The marine survival of Auke Creek coho salmon and growth inferred by
scales samples is influenced and reflective of broad scale oceanographic indices in the Gulf of Alaska
(Briscoe et al., 2005; Robins, 2006; Malick et al., 2009; Orsi et al., 2013).

Sockeye salmon marine survival has been influenced by trends that include: smolt age, smolt size,
migration timing, predation, and marine environmental conditions. Age and size at saltwater entry,
along with regional sea surface temperate have been shown to influence juvenile mortality at ocean
entry (Yasumiishi et al., 2016). Within the Auke Creek watershed, a system undergoing rapid climatic
change, climate-induced phenological shifts have been shown to influence a trend of later migration
of sockeye adults and age-1.0 smolts, while age-2.0 smolts are trending earlier (Kovach et al., 2013a;
Shanley et al., 2015). Additionally, positive effects of temperature have been observed on sockeye
biomass and length of age-2.0 smolts in the Auke Creek system (Kovach et al., 2014). In Southeast
Alaska, sablefish have been observed to prey upon juvenile sockeye in early summer before more abundant
food resources become available (Sturdevant et al., 2009).

Factors that have influenced these observed trends in pink salmon survival include: migration timing,
fishery effort and timing, predation, growth rates, maintained genetic variation, and stream conditions.
Within the Auke Creek system, a system undergoing rapid climatic change, climate-induced phenological
shifts have been shown to influence the trend of earlier migration of both the early and late run of pink
adults, as well as juvenile fry migration (Kovach et al., 2013b; Shanley et al., 2015). The effect of fishing
pressure on pink salmon has some obvious effects on marine survival, as well as, unapparent impacts
including decreases in body weight, variations in length, increases in earlier-maturing fish, and increases
in heterozygosity at PGM (Hard et al., 2008). As pink salmon are one of the most numerous and
available food sources of larger migrating juvenile salmon and other marine species, their early marine
survival can be heavily impacted by predation (Parker, 1971; Landingham et al., 1998; Mortensen et al.,
2000; Orsi et al., 2013). One resistance to this predation is that pink salmon fry are able to quickly
outgrow their main predators of juvenile coho and sockeye salmon and become unavailable as a food
resource do to their size (Parker, 1971). During juvenile development, the local conditions of stream
discharge and temperature are strong determinants of egg and fry survival. In addition, many of these
influencing factors have been shown to have a genetic component that can strongly influence survival
(Geiger et al., 1997; McGregor et al., 1998; Kovach et al., 2013a).

Implications: The marine survival index of coho, sockeye and pink salmon at Auke Creek is related
to ocean productivity indices and to important rearing habitats shared by groundfish species. The
productivity and escapement indices of Auke Creek salmon provide an opportunity for the examination
of annual variation in habitat quality of rearing areas and general ocean conditions and productivity.
Ocean age-0 coho leave freshwater in May through June and return in August through October, the
same time sablefish are moving from offshore to nearshore habitats. In contrast, ocean age-1 coho
salmon occupy those nearshore habitats for only a short time before entering the Gulf of Alaska and
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making a long migratory loop. They return to the nearshore habitats on their way to spawning grounds
after the first winter that age-0 sablefish spend in nearshore habitats. The relative growth and survival
of ocean age-0 and age-1 coho salmon from Auke Creek may provide important proxies for productivity,
overwintering survival of sablefish, and recruitment of sablefish to age-1. Within Southeast Alaska,
sockeye salmon productivity and escapement are of great interest to the Pacific Salmon Commission
with relation to the Transboundary and Northern Boundary areas and indices such as Auke Creek help
in assessment. As a result of these implications, the productivity and escapement of Auke Creek sockeye
salmon provide valuable proxies for Gulf of Alaska and Southeast Alaska productivity and may provide
insight to the overwintering survival and recruitment of sablefish and other groundfish species. Due
to the one ocean year life history of pink salmon, we are able to use their marine survival as a proxy
for the general state of the Gulf of Alaska. Additionally, as pink fry are a numerous food resource in
southeast Alaska, their abundance and rate of predation allow for insights into the groundfish fisheries.
Pink fry have been shown to be an important food resource for juvenile sablefish, making up a large
percentage of their diet (Sturdevant et al., 2009, 2012). The growth and marine survival of Auke Creek
pink salmon provide valuable proxies for Gulf of Alaska and southeast Alaska productivity, as well as the
overwintering survival and recruitment of sablefish.
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Groundfish
Groundfish Condition in the Gulf of Alaska

Contributed by Bianca Prohaska and Sean Rohan

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

Contact: bianca.prohaska®@noaa.gov

Last updated: September 2025

Description of indicator: Length-weight residuals represent how heavy a fish is per unit body length
and are an indicator of somatic growth variability (Brodeur et al., 2004). Therefore, length-weight
residuals can be considered indicators of prey availability, growth, general health, and habitat condition
(Blackwell et al., 2000; Froese, 2006). Positive length-weight residuals indicate better condition (i.e.,
heavier per unit length) and negative residuals indicate poorer condition (i.e., lighter per unit length)
(Froese, 2006). Fish condition calculated in this way reflects realized outcomes of intrinsic and extrinsic
processes that affect fish growth, which can have implications for biological productivity through direct
effects on growth and indirect effects on demographic processes, such as reproduction and mortality
(e.g., Rodgveller, 2019; Barbeaux et al., 2020b).

The groundfish morphometric condition indicator is calculated from paired fork lengths (mm) and
weights (g) of individual fishes that were collected during bottom trawl survey of the Gulf of Alaska
(GOA) which were conducted by the Alaska Fisheries Science Center biennial Resource Assessment and
Conservation Engineering (AFSC/RACE) - Groundfish Assessment Program’s (GAP). Fish condition
analyses were applied to walleye pollock (Gadus chalcogrammus), Pacific cod (Gadus macrocephalus),
arrowtooth flounder (Atheresthes stomias), southern rock sole (Lepidopsetta bilineata), northern rock-
fish (Sebastes polyspinis), Pacific ocean perch (Sebastes alutus), dusky rockfish (Sebastes variabilis),
shortraker rockfish (Sebastes borealis), rougheye rockfish (Sebastes aleutianus), sharpchin rockfish (Se-
bastes zacentrus), flathead sole (Hippoglossoides elassodon), Dover sole (Microstomus pacificus), and
rex sole(Glyptocephalus zachirus). All species were collected in trawls with satisfactory performance
at standard survey stations. Data were combined by the NMFS Statistical Reporting Areas; Shumagin
(610), Chirikof (620), Kodiak (630), West Yakutat (640) and Southeast Outside (650) (Figure 69).

To calculate indicators, length-weight relationships were estimated from linear regression models based
on a log-transformation of the exponential growth relationship, W = alL?, where W is weight (g) and L
is fork length (mm) for all areas for the period 1990 — 2025. Unique intercepts (a) and slopes (b) were
estimated for each species, survey stratum, sex, and interaction between stratum and sex to account for
sexual dimorphism and spatial-temporal variation in growth and bottom trawl survey sampling. Length-
weight relationships for 100 — 250 mm fork length walleye pollock (corresponding with ages 1 — 2 years)
were calculated separately from adult walleye pollock (> 250 mm). Residuals for individual fish were
obtained by subtracting observed weights from bias-corrected weights-at-length that were estimated
from regression models. Length-weight residuals from each stratum were aggregated and weighted
proportionally to total biomass in each stratum from area-swept expansion of mean bottom-trawl survey
catch per unit effort (CPUE; i.e., design-based stratum biomass estimates). Variation in fish condition
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Figure 69: National Marine Fisheries Service (NMFS) Alaska Fisheries Science Center Resource Assessment
and Conservation Engineering (AFSC/RACE) Groundfish Assessment Program (GAP) Gulf of Alaska summer
bottom trawl survey area with NMFS Statistical Reporting Areas demarcated.

was evaluated by comparing average length-weight residuals among years. To minimize the influence of
unrepresentative samples on indicator calculations, combinations of species, stratum, and year with a
sample size < 10 were used to fit length-weight regressions but were excluded from calculating length-
weight residuals. Morphometric condition indicator time series, code for calculating the indicators, and
figures showing results for individual species are available through the akfishcondition R package and
GitHub repository®.

Status and trends: Fish condition, indicated by length-weight residuals, has varied over time for all
species examined in the GOA (Figures 70 and 71). Fish condition in nine of the fourteen species
investigated in 2025 (adult walleye pollock (> 250 mm), small walleye pollock (100 — 250 mm), Pacific
cod, Pacific ocean perch, northern rockfish, dusky rockfish, arrowtooth flounder, northern rock sole,
and Dover sole) was similar to the values observed in 2023. Condition increased in rougheye rockfish,
continuing a trend observed since 2021. Fish condition declined for blackspotted rockfish, flathead sole,
southern rock sole and rex sole, compared to the values observed in 2023. Shortraker rockfish and
sharpchin rockfish length-weight samples were not collected in 2025, but both had shown a decline in
recent years. The average fish condition of the fourteen species examined in 2025 was generally negative,
with average condition for most species falling below the 1990 — 2025 time series mean. The exceptions
were rougheye rockfish, whose mean condition was above the time series mean, and arrowtooth flounder,
whose mean condition was roughly the same as the time series mean.

The general patterns of above- and below-mean body condition for fish examined in the GOA in 2025
were spatially consistent across NMFS Statistical Reporting Areas (Figures 72 and 73). For all but three
species in 2025, fish condition was negative across all NMFS areas. Rougheye rockfish, the only species
exhibiting positive fish condition in 2025, showed positive condition in Shumagin (610) and southeast
outside (650), but negative condition in Kodiak (630) and West Yakutat (640). Arrowtooth flounder
had negative fish condition in all NMFS areas observed except Chirikof (620) and Kodiak (630). Adult
walleye pollock exhibited negative fish condition in all NMFS areas observed except Shumagin (610).

Phttps://github. com/afsc-gap-products/akfishcondition
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Factors influencing observed trends: Factors that could affect residual fish body condition presented
here include temperature, trawl survey timing, stomach fullness, movement in or out of the survey area,
or variable somatic growth. Following an unprecedented warming event from 2014 — 2016 (Bond et al.,
2015; Stabeno and Bell, 2019; Barbeaux et al., 2020b), there has been a general trend of warming
ocean temperatures in the survey area and sea surface temperature anomaly data continue to reflect
temperatures above average historical conditions through 2023; these warmer temperatures could be
affecting fish growth conditions in this region. Changing ocean conditions along with normal patterns of
movement can cause the proportion of the population resident in the sampling area during the annual
bottom trawl survey to vary. Recorded changes attributed to the marine heatwave included species
abundances, sizes, growth rates, weight/body condition, reproductive success, and species composition
(Suryan et al., 2021). Warmer ocean temperatures can lead to lower energy (leaner) prey, increased
metabolic needs of younger fish, and therefore slower growth for juveniles, as observed in Pacific cod
(Barbeaux et al., 2020b). Additionally, spatial and temporal trends in fish growth over the season
become confounded with survey progress since the first length-weight data are generally collected in late
May and the bottom trawl survey is conducted throughout the summer months moving from west to
east. In addition, spatial variability in residual condition may also reflect local environmental conditions
that influence growth and prey availability in the areas surveyed (e.g., local differences in average cross-
shelf transport of heat via eddies reported this year in International Pacific Halibut Commission (IPHC)
regions).

Implications: Variations in body condition likely have implications for fish survival. The condition of
GOA groundfish may contribute to survival and recruitment. As future years are added to the time series,
the relationship between length-weight residuals and subsequent survival will be examined further. It
is important that residual body condition for most species in these analyses was computed for all sizes
and sexes combined. Requirements for growth and survivorship differ for different fish life stages and
some species have sexually dimorphic or even regional growth patterns. In the future, it may be more
informative to examine body condition by life history stage (e.g., early juvenile, subadult, and adult
phases), age, or sex.

Below-average body condition for many GOA species over the last four to five RACE/AFSC GAP bottom
trawl surveys is a potential cause for concern. It could indicate poor overwinter survival or may reflect
the influence of locally changing environmental conditions depressing fish growth, local production, or
survivorship. Indications are that the 2014 — 2016 marine heatwave (Bond et al., 2015; Stabeno and
Bell, 2019) has been followed by subsequent years with elevated water temperatures (Barbeaux et al.,
2020b; NOAA, 2021) which may be influence changes in fish condition in the species examined. It
should be noted that while many GOA species’ body condition remained below average this year, most
species’ condition improved relative to 2021; southern rock sole, dusky rockfish, Pacific cod, walleye
pollock adults, and sharpchin rockfish were the exceptions. As we continue to add years of fish condition
to the record and expand on our knowledge of the relationships between condition, growth, production,
and survival, we hope to gain more insight into the overall health of fish populations in the GOA.
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Figure 70: Biomass-weighted residual body condition index across survey years (1990 — 2025) for sixteen
Gulf of Alaska groundfish species collected on the National Marine Fisheries Service (NMFS) Alaska Fisheries
Science Center Resource Assessment and Conservation Engineering (AFSC/RACE) Groundfish Assessment
Program (GAP) standard summer bottom trawl survey. Filled bars denote weighted length-weight residuals,
error bars denote two standard errors. Horizontal lines denote the time series mean (solid) and one (dashed)
and two (dotted) standard deviations from the mean.
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Figure 71: Biomass-weighted residual body condition index across survey years (1990 — 2025) for sixteen
Gulf of Alaska groundfish species collected on the National Marine Fisheries Service (NMFS) Alaska Fisheries
Science Center Resource Assessment and Conservation Engineering (AFSC/RACE) Groundfish Assessment
Program (GAP) standard summer bottom trawl survey. Filled bars denote weighted length-weight residuals,
error bars denote two standard errors. Horizontal lines denote the time series mean (solid) and one (dashed)
and two (dotted) standard deviations from the mean.
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Figure 72: Residual body condition index for sixteen Gulf of Alaska groundfish species collected on the
National Marine Fisheries Service (NMFS) Alaska Fisheries Science Center Resource Assessment and Conser-
vation Engineering (AFSC/RACE) Groundfish Assessment Program (GAP) standard summer bottom trawl
survey (1990 — 2025) grouped by NMFS Statistical Reporting Area.
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Figure 73: Residual body condition index for sixteen Gulf of Alaska groundfish species collected on the
National Marine Fisheries Service (NMFS) Alaska Fisheries Science Center Resource Assessment and Conser-
vation Engineering (AFSC/RACE) Groundfish Assessment Program (GAP) standard summer bottom trawl
survey (1990 — 2025) grouped by NMFS Statistical Reporting Area.
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ADF&G Gulf of Alaska Trawl Survey

Contributed by Carrie Worton, Alaska Department of Fish and Game, Kodiak, AK
Contact: carrie.worton®@alaska.gov

Last updated: September 2025

Description of indicator: The Alaska Department of Fish and Game conducts an annual trawl survey
for crab and groundfish in Gulf of Alaska targeting areas of crab habitat around Kodiak Island, the
Alaska Peninsula, and the Eastern Aleutian Islands (Spalinger and Silva, 2025). Parts of these areas
have been surveyed annually since 1984, but the most consistent time series begins in 1988. The trawl
survey uses a 400-mesh eastern otter trawl constructed with stretch mesh ranging from 10.2 cm in the
body, decreasing to 3.2 cm in the codend. Constructed ideally to sample crab, it can also reliably sample
a variety of fish species and sizes, ranging from 15 cm to adult sizes, but occasionally capturing fish
as small as 7 cm for some species. While the survey covers a large portion of the central and western
Gulf of Alaska, results from Kiliuda and Ugak Bays (inshore) and the immediately contiguous Barnabas
Gully (offshore) are generally representative of the survey results across the region (Figure 74).

In 2025, a total of 49 stations were sampled from July 6 through July 14. The survey catches (mt/km)
from Kiliuda and Ugak Bays and Barnabas Gully were summarized by year for selected species groups
(Figure 75). Using a method described by Link et al. (2002), standardized anomalies, a measure of
departure from the mean catch (kg) per distance towed (km), were also calculated for selected species
including arrowtooth flounder Atheresthes stomias, flathead sole Hippoglossoides elassodon, Tanner
crab Chionoecetes bairdi, Pacific cod Gadus macrocephalus, skates, walleye pollock G. chalcogrammus,
and Pacific halibut Hippoglossus stenolepis (Figure 4). Temperature anomalies were calculated using
average bottom temperatures recorded for each haul from 1990 to 2025 (no data for 2024, see western
GOA summer temperatures in this Report, p.38).

Status and trends: The 2024 survey data showed an increase in overall biomass in both the inshore and
offshore stations (Figure 75). Arrowtooth flounder and Tanner crab have been the predominant species
in the ADF &G trawl survey catches in the last 3 years. In 2024, arrowtooth slightly increased while
Tanner crab significantly decreases in both the inshore and offshore stations. Flathead sole and starfish
increased in the inshore stations, while gadids and starfish showed slight increases in the offshore stations.
Of the starfish group, Pychnopodia helianthoides (sunflower sea star) continues to be the predominant
starfish species in both inshore and offshore stations. Increases in the number of small animals indicate
this species may be recovering from the significant die off that started in 2014. A sharp decrease in
survey overall biomass is apparent from 2007 to 2017 from the years of record high catches occurring
from 2002 to 2005.

Prior to the start of our standard trawl survey in 1988, Ugak Bay was the subject of an intensive seasonal
trawl survey in 1976 — 1977 (Blackburn, 1977). Today, the Ugak Bay species composition is markedly
different than in 1976. Red king crabs (Paralithodes camtschaticus) were the main component of the
catch in 1976 — 1977, but now are nearly non-existent. Flathead sole, skate, and gadid catch rates have
all increased roughly 10-fold. While Pacific cod made up 88% and walleye pollock 10% of the gadid
catch in 1976 — 1977, catch compositions have reversed with Pacific cod making up 14.7% of catch,
down from 19.4% in 2023, and walleye pollock 85.3% in 2024. an increase from 80.6% in 2023.
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Figure 74: Kiliuda Bay, Ugak Bay, and Barnabus Gully survey areas used to characterize inshore (dark gray,
14 stations) and offshore (light gray, 36 stations) trawl survey results, Kodiak, Alaska.

The catches of flathead sole, Pacific cod, Pacific halibut, and walleye pollock continue to have below-
average anomaly values (baseline 1988 — 2022) for both the inshore and offshore stations, while arrow-
tooth and skates were above average in both inshore and offshore stations in 2024 (Figure 76). Tanner
crab dropped below average in both the inshore and the offshore stations signaling the decline of a large
recruitment class first observed in 2018 (Spalinger and Silva, 2024).

Summer temperature anomaly values for both inshore and offshore stations were below average in

138



C1 GOA 2025 Ecosystem Status Report
FEBRUARY 2026

2023 (no data for 2024) in contrast to the previous year (see western GOA summer temperatures in this
Report, p.38). The higher-than-average temperatures in past years frequently occurred during moderate
and strong El Nifio years?®.

Factors influencing observed trends: It appears that significant changes in volume and composition
of the catches on the east side of Kodiak are occurring, but it is unknown to what extent predation,
environmental changes, and fishing effort are contributing. The lower overall catch from 1993 to
1999 (Figure 75) may reflect the greater frequency of El Nifio events on overall production, while the
period of less frequent El Nifio events, 2000 to 2003, corresponds to years of increasing production
and correspondingly higher catches. Lower than average temperatures were recorded from 2006 to 2009
along with decreasing overall abundances in 2008 and 2009. This may indicate a possible lag in response
to changing environmental conditions or some other factors may be affecting abundance that are not yet
apparent. Declines in Pacific cod abundance during the 2014 — 2016 period of the anomalously warm
water event in the GOA were well documented (Barbeaux et al., 2020a; Suryan et al., 2021). Recent
increases in Tanner crab abundance are likely influenced by the decrease in predation during years with
lower-than-average Pacific cod, arrowtooth flounder, flathead sole, and halibut catches.

Implications: Although trends in abundance in the trawl survey appear to be influenced by major
oceanographic events such as El Nifo, local environmental changes, predation, movements, and fishery
effects may influence species specific abundances. Monitoring these trends is an important process used
in establishing harvest levels for state water fisheries. These survey data are used to establish guideline
harvest levels of state managed fisheries and supply abundance estimates of the nearshore component
of other groundfish species such as Pacific cod and pollock. Decreases in species abundance will most
likely be reflected in decreased guideline harvest levels.

Pnttp://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ensoyears.shtml
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Figure 75: Total catch per km towed (mt/km) of selected species from Kiliuda and Ugak Bays (a) and

Barnabas Gully (b) survey areas off the east side of Kodiak Island, 1988— 2025.

140



C1 GOA 2025 Ecosystem Status Report
FEBRUARY 2026

Arrowtooth flounder Flathead sole Pacific cod

Pacific halibut Skates Tanner crab

-y
1

[\%]
I

[=]

T T T T T T T T
1990 2000 2010 2020 1990 2000 2010 2020

- Barnabas Gully

‘ Ugak and Kiliuda Bays

Walleye pollock

Standardized Anomaly Value

T T T T
1990 2000 2010 2020

Year

Figure 76: A comparison of standardized anomaly values based on catch (kg) per distance towed (km) for
selected species caught from 1988 to 2025 in Barnabas Gully and Kiliuda and Ugak Bays during the ADF&G

trawl survey, Kodiak.
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Distribution of Rockfish Species along Environ-
mental Gradients

Contributed by Alexandra Dowlin, Christina Conrath, Sophia Wassermann, Lewis Barnett, Margaret
Siple, and Zack Oyafuso, Resource Assessment and Conservation Engineering Division, Alaska Fisheries
Science Center, NOAA Fisheries

Contact: Alexandra.Dowlin@noaa.gov, Christina.Conrath@noaa.gov

Last updated: September 2025

Description of indicator: This indicator characterizes the distribution of rockfish population density
as the center-of-gravity along three gradients (geographical position, depth, bottom temperature) in
the Gulf of Alaska (GOA) based on summer bottom trawl survey data collected from 1990 to 2025.
In a previous analysis of rockfish from 14 bottom trawl surveys in the GOA and Aleutian Islands, six
species or species assemblages were defined based on similarities in their distributions along geographical
position, depth, and temperature gradients: Pacific ocean perch, shortraker rockfish, northern rockfish,
dusky rockfish, the rougheye-blackspotted rockfish complex, and shortspine thornyhead (Rooper 2008).
The 180 m and 275 m depth contours were major divisions between rockfish assemblages inhabiting the
shelf, shelf break, and lower continental slope. Another noticeable division was between species centered
in southeastern Alaska and those found in the northern GOA and Aleutian Islands.

In these time series, the mean-weighted distributions (also known as the center-of-gravity) of six rockfish
taxa along gradients of geographical position, depth and temperature were calculated for the GOA. The
indicators represent design-based mean position (presented as latitude and northings, and longitude and
eastings), depth and temperature, weighted by the rockfish CPUE in units of biomass per area swept.
A weighted mean for each spatial or environmental variable was computed for each survey year as:

> fiw
>fi’

where f; is the catch-per-unit-effort (CPUE) of each rockfish species group in tow i and z; is the value
of the environmental variable at tow i. The weighted standard error (SD) was then computed as:

SD = J (Zg\il filzi — 7))?

O A

Mean =

)

where N is the total number of tows, M is the number of tows with positive catches, and T is the
weighted mean CPUE. These indices can be used to monitor the distributions of major components
of the rockfish fisheries along these spatial and environmental gradients to detect changes or trends in
rockfish distribution.

In 2001, the Yakutat and Southeast Alaska International North Pacific Fisheries Commission (INPFC)
districts were not sampled due to budgetary constraints. Thus, 2001 is excluded from the analysis. Dusky
rockfish were identified with low confidence prior to 1999, and therefore all years prior were excluded in
the analyses for this species. Code used to produce indicator estimates and figures is available?”.

*nttps://github. com/afsc-gap-products/goa-rockfish-cog/tree/main
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Methodological Changes: The fundamental approach for calculating GOA rockfish distribution indi-
cators has not changed in 2025; however, some aspects of the analysis and visualizations have been
updated. In previous years, linear models were used to estimate trends in the weighted mean depth,
temperature, and distance from Hinchenbrook Island over time. Now, these trends are reported as
time series with uncertainty for visual evaluation of short- and long-term patterns, and weighted mean
latitude and longitude are presented in ‘sparkle plots’ (bivariate scatterplots with error bars in both axis
dimensions).

Status and trends: Several trends were observed with rockfishes along the three spatial and environ-
mental gradients examined in the GOA time series through 2025 (Figures 77 and 78). The dominant
trend in distribution of northern and dusky rockfishes has been a shift to the southwest, when evaluating
center of gravity trends along both axes of geographic position (Figure 77). While dusky rockfish have
generally shifted southwest since 1999, in 2025 the distribution had a large shift northeast. From 1990
to 2003, northern rockfish were the furthest northeast of the time series; the distribution then moved
southwest, reaching its most southwest distribution in 2021. Since 2021, northern rockfish have shifted
slightly northeast.

The other species displayed more stochastic variation in their position which was characterized by shorter-
term shifts that later reverted to the opposite direction. Pacific ocean perch has continued to shift
eastward since 2021 and had a slight northern shift in 2025. The rougheye-blackspotted rockfish complex
has moved slightly south in general since 1990 with high variability along the east-west axis. In 2025, the
rougheye-blackspotted rockfish complex shifted westward, compared to earlier years. Shortraker rockfish
shifted northeast from 2013 to 2025, but estimates were highly variable and uncertain. Shortspine
thornyhead have shifted southwest since 1993 and have remained consistent in their position.

The mean-weighted depth distributions of Pacific ocean perch, northern rockfish, and shortraker rockfish
have gradually become shallower throughout the time series (Figure 78). The shortspine thornyhead
distribution deepened from 1990 to 2009 and has since trended shallower with high variability. The
rougheye/blackspotted rockfish complex remained relatively constant in their depth distribution over
the time series with the exception of moving deeper in 2015 to 2017.

Deeper-dwelling taxa (shortspine thornyhead, shortraker rockfish, and rougheye/blackspotted rockfishes)
exhibited less variation in temperature distribution than shallower species (Figure 78). Northern and
dusky rockfish were distributed at their highest temperatures in 2003 and lowest in 2007. All species
have trended toward occupying warmer temperatures since 2007. Pacific ocean perch, dusky rockfish,
and northern rockfish had the largest shift in the mean-weighted temperature distributions from 2023
to 2025 with increases of 0.4 to 1.6°C.

Factors causing observed trends: In the GOA, most rockfish spatial distributions appear to be rela-
tively consistent although there is evidence the distribution of the two shallowest species (northern and
dusky rockfishes) may have shifted southwest over the time series. Factors that may influence these
trends in rockfish distribution include variability in the survey catch due to the distribution of rockfish
species, changing oceanographic conditions (Li et al., 2019; Yang et al., 2019), and shifts in either age
composition or productivity of these species. Movement is generally more limited for rockfish than other
fishes (Love et al. 2002), but can influence distribution at finer scales. Rockfishes tend to have patchy
distributions and for some species estimates of abundance can be driven by a few large catches (Williams
et al., 2024). In these cases, the estimate of the center of gravity will shift towards the location and
environmental conditions in which these catches occurred. This may explain some of the variability in
distribution we see in the center of gravity estimates.
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Figure 77: Weighted mean distribution (center-of-gravity) of rockfish taxa in the Gulf of Alaska, with respect
to spatial variables from 1990 to 2025. Points represent the mean and lines represent one standard deviation
from the mean latitude and longitude.

Changing oceanographic conditions in the GOA have been documented with marine heatwaves observed
in 2013 — 2016 and 2018 — 2020 (Bond et al., 2015; Hauri et al., 2024). The increase in the number
of extreme events has compounding environmental effects that include increased temperature, acidity,
and changes in carbonate chemistry (Hauri et al., 2024). One possible driver of distribution shifts is
changes in oceanography, particularly increasing temperature. While temperatures at greater depths
along the slope tend to remain more constant than along the shelf, significant warming was observed
during the mid-late 2010s. Bottom temperatures estimated from bottom trawl survey data in 2025
were generally warmer throughout the GOA with the most widespread warm anomalies observed in the
western GOA. The general pattern of shallow near-shore areas being warmer and having more variation
than continental slope areas at deeper depths continued in 2025 (Rohan in this Report, p.46). Given
the broad range of depths occupied by the species and assemblages examined here, the extent of change
experienced is likely different for each taxa.

The depth distributions for these species and assemblages have shifted slightly throughout the time series.
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Figure 78: Time series of weighted mean distribution (center-of-gravity) of rockfish taxa in the Gulf of Alaska
with respect to spatial and environmental variables from 1990 to 2025.

It is generally hypothesized that with warming temperature conditions there would be a shift to deeper
habitats as species seek thermal refugia (Li et al., 2019; Yang et al., 2019), but the observed change has
been toward shallower depths over time. Rockfishes tend to have limited movement, high generation
times, long lifespans and affinity for fixed physical bottom structure (Love et al. 2002, Rooper et al.
2019), characteristics that may result in slow or limited responses to temperature changes. Interestingly,
the shallower species began experiencing warmer temperatures much earlier than the 2014 — 2016 marine
heat wave.

The geographic shifts and more subtle changes in depth distribution could also be explained by changing
productivity or density dependence. Productivity may change over space to cause these patterns directly,
or indirectly through expansion or contraction into marginal habitats. For example, Pacific ocean perch
populations have increased over the time series until 2025 (Kapur et al., 2023) which may have led to
them occupying a wider geographic or depth range. Finally, age composition can influence distribution
in species that have ontogenetic habitat shifts (for rockfish species described here, typically in the form
of occupying deeper depths at older ages).

Implications: The trends in the mean-weighted distributions of rockfishes should continue to be mon-
itored, with special attention to mechanisms that could explain the shifting geographic distributions,
fluctuating population sizes, and changing productivity of these commercially important species. Repro-
ductive success and the rate of skipped spawning in some of these rockfish species has been shown to be
variable between years and this variability may be related to changing oceanographic conditions (Conrath
et al., 2019; Conrath and Hulson, 2021). The 2014 — 2016 marine heat wave affected the reproductive
success of other GOA groundfish (Rogers et al., 2021) and likewise these oceanographic changes may
have influenced rockfish productivity through shifts in recruitment and growth. Changes in the geo-
graphic distribution of species may influence their availability to some fishing ports more than others,
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so larger distribution shifts should be noted when evaluating the influence of environmental changes on
local communities. Given the complex geography and bathymetry of the GOA and ecological differences
among rockfish species, it is unlikely that there will be shifts that are consistent across all species, thus
socioeconomic considerations in management may need to be species- or assemblage-specific.
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Trends in Groundfish Biomass

Contributed by Sean Rohan!, Matt Callahan?, Lewis Barnett?!, Bridget Ferriss3

1Resource Assessment and Conservation Engineering Division, Alaska Fisheries Science Center, NOAA
Fisheries

2Alaska Fisheries Information Network, Pacific States Marine Fisheries Commission

3Resource Ecology and Fisheries Management, Alaska Fisheries Science Center, NOAA Fisheries
Contact: lewis.barnett@noaa.gov

Last updated: October 2025

Description of indicator: Examining trends in survey-estimated biomass multiple groundfish species
in the Gulf of Alaska can identify broadscale changes in the marine ecosystem. Common trends across
species within similar functional groups can indicate shared responses to environmental conditions, in-
cluding changes in physical habitat suitability (e.g., temperature, dissolved oxygen) and prey availability.
In addition, identifying trends in biomass within the groundfish community can inform food web dynamics
with respect to predation pressure and energy flow.

The data are collected from the NOAA AFSC Gulf of Alaska bottom trawl survey (Siple et al., 2024).
The survey has been conducted using the same randomized stratified design and season (late May to
early August) every three years from 1990 — 1999 and then alternating years (odd years) to 2023. Annual
design-based estimates of population biomass estimates are provided by the AFSC groundfish assessment
program?® accessed from the AKFIN database?®. Species selected for this contribution are listed below,
and include those supporting federally managed commercial groundfish fisheries, in addition to Pacific
halibut (Hippoglossus stenolepis). In some years species-specific estimates were not available due to
low confidence in ability to consistently identify that species during earlier years.

1. Flatfish: arrowtooth flounder (Atheresthes stomias), Pacific halibut (Hippoglossus stenolepis),
northern rock sole (Lepidopsetta polyxystra), southern rock sole (Lepidopsetta bilineata), Dover
sole (Microstomus pacificus), rex sole (Glyptocephalus zachirus), and flathead sole (Hippoglos-
soides elassodon).

2. Rockfish: Pacific ocean perch (Sebastes alutus), northern rockfish (Sebastes polyspinis), dark
rockfish (Sebastes ciliates), dusky rockfish (Sebastes variabilis), rougheye rockfish (Sebastes aleu-
tianus), blackspotted rockfish (Sebastes melanostictus), shortraker rockfish (Sebastes borealis),
shortspine rockfish (Sebastolobus alascanus), and yelloweye rockfish (Sebastes ruberrimus).

3. Roundfish: walleye pollock (Gadus chalcogrammus), Pacific cod ( Gadus macrocephalus), sablefish
(Anoplopoma fimbria).

4. Skates: big skate (Beringraja binoculata) and longnose skate (Beringraja rhina).

Status and trends: The groundfish species with the highest biomass (mt) in the Gulf of Alaska
bottom trawl survey in 2025 were (in descending order) arrowtooth flounder, walleye pollock, Pacific

% Design-Based Production Estimates generated by the gapindex R package (NOAA Fisheries Alaska Fisheries Science
Center, Groundfish Assessment Program, 2024)
Pnttps://github. com/MattCallahan-NOAA/gapproductssynopsis/tree/main/ESR
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ocean perch, Pacific cod, Pacific halibut, flathead sole, and sablefish (Figure 79). Arrowtooth flounder
returned to the top biomass in 2025, for the first time since 2017. Pacific ocean perch declined from
highest biomass to third highest in 2025.

NOAA bottom trawl survey-estimated biomass
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Figure 79: Design-based estimates of survey biomass (mt) of groundfish species with the highest biomass in
the Gulf of Alaska bottom trawl survey in 2025. Shaded area representes + 1 standard deviation (not shown
for groups > 1 stocks). The NOAA AFSC bottom trawl survey is conducted from May-August every three
years from 1990 — 1999 and every 2 years 2001 — 2025

Factors influencing observed trends: The biomass estimates of groundfish species in the NOAA
AFSC Gulf of Alaska bottom trawl survey reflect changes in population size but can be influenced by
changes in catchability. Specifically, spatial availability to the survey may be changing due to changes
in species distributions. The roundfish species show a mixture of responses to the 2014 — 2016 marine
heatwave, including a biomass decline (P. cod, walleye pollock) and biomass increase (sablefish, adults
of which generally reside deeper than surveyed habitat). The biomass of some species respond more
rapidly to large recruitment classes or environmental changes (e.g., walleye pollock) while other more
long-lived species are typically less variable on the short-term (e.g., rockfish). Some under-exploited
species experiencing long-term declining biomass (e.g., Dover sole) indicate potential environmental
drivers causing changes in population size or distribution (and thus availability to the survey). The
recent decline in sablefish could be due to the large year classes after 2016 maturing and moving off
the shelf (and survey area) to deeper slope habitat. The short-term variable survey biomass of rockfish

148



C1 GOA 2025 Ecosystem Status Report
FEBRUARY 2026

(long-lived species) may be due to changes in catchability or distribution.

Implications: The increase in arrowtooth flounder and decrease in Pacific ocean perch, as two of the
more abundant species in the bottom trawl catch, can indicate ecological implications for the GOA
marine food web. Arrowtooth flounder are piscivorous and predominantly prey on juvenile walleye
pollock, other fishes, euphausiids and shrimps. Pacific ocean perch are planktivorous, predominantly
feeding on copepods and euphausiids. Common trends across species with similar functional groups can
indicate responses to environmental conditions including physical conditions (temperature, dissolved
oxygen) and prey availability.
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Environmental Conditions Experienced by Ground-
fish

Contributed by Bridget Ferriss!, Parkes Kendrick?, James T. Thorson!

! Resource Ecology and Fisheries Management Division, Alaska Fisheries Science Center, NOAA Fish-
eries

2University of Washington

Contact: bridget.ferriss@noaa.gov

Last updated: October 2025

Description of indicator: Ocean conditions can influence fish survival, distribution, growth, and pro-
ductivity of groundfish. Some fish are able to change depth or horizontal distribution in response to
changing conditions, while others are more restricted in their ability to move (Pinsky2020). Identifying
ocean temperatures experienced by fish species can indicate potential impacts on their population.

The fish biomass, fish location, and bottom temperature data are collected from the biannual NOAA
AFSC bottom trawl survey in the Gulf of Alaska (Pinsky et al., 2020). The survey has been conducted
using the same randomized stratified design, May-August, from 1990-1999 (every three years) and
then alternating years (odd years) through 2023. The haul-specific bottom temperature, location, and
species’ biomass are analyzed using the spatio-temporal modelling package tinyVAST (Thorson et al.,
2024). We specifically fit a spatial index standardization model (sensu Thorson, 2019 using a log-linked
Tweedie distribution, an annual varying intercept, a spatial Gaussian Markov random field (GMRF),
and a spatio-temporal GMRF independently for each year. We then calculate the average temperature
utilization by calculating the area-expanded average temperature, weighted at each location by the
predicted density for a given species. This metric is analogous to the center-of-gravity used previously
as a spatial indicator for distribution shifts, except it calculates distribution with respect to a covariate
that varies over time (i.e., temperature instead of geographic coordinates). It therefore integrates both
changes in temperature across the landscape, as well as species distribution shifts among years.

Species selected for this contribution are listed below and include those supporting federally managed
commercial groundfish fisheries, those that are relatively well-sampled by the survey.

1. Flatfish: Alaska plaice (Pleuronectes quadrituberculatus), arrowtoowth flounder (Atheresthes sto-
mias), Pacific halibut (Hippoglossus stenolepis), northern rock sole (Lepidopsetta polyxystra),
southern rock sole (Lepidopsetta bilineata), Dover sole (Microstomus pacificus), rex sole ( Glypto-
cephalus zachirus), and flathead sole (Hippoglossoides elassodon), and Pacific halibut (Hippoglos-
sus stenolepis).

2. Pelagic rockfish: Pacific ocean perch (Sebastes alutus) and dusky rockfish (Sebastes variabilis),

3. Shelf rockfish: northern rockfish (Sebastes polyspinis), yelloweye rockfish (Sebastes ruberrimus),
and sharpchin rockfish (Sebastes zacentrus)

4. Slope rockfish: blackspotted rockfish (Sebastes melanostictus), shortspine rockfish (Sebastolobus
alascanus) and rougheye rockfish (Sebastes aleutianus), and shortraker rockfish (Sebastes bore-
alis)

150



C1 GOA 2025 Ecosystem Status Report
FEBRUARY 2026

5. Roundfish: walleye pollock (Gadus chalcogrammus), Pacific cod (Gadus macrocephalus), and
sablefish (Anoplopoma fimbria)

6. Skates: big skate (Beringraja binoculata) and longnose skate (Beringraja rhina).

Status and trends: All reported species increased in their average experienced temperature in the
summer of 2025, most warmer than 2023 and 2021 surveys (Figures 80, 81, 82, and 83). The deeper
species (slope rockfish and potentially older sablefish) experienced warmer tehmperatures than 2023
indicating warm ocean temperatures extended from the surface down to the upper slope. The species
that eperienced the largest increases (;1 °C) from the previous survey in 2023 include AK plaice (7.1
°C, SE 0.36), big skate (7.6 °C, SE 0.14) and northern rock sole (6.7 °C, SE 0.22).

The species that experienced moderate increases (0.5 to 1 °C) include P. cod (6.5°), walleye pollock (6.1
©), arrowtooth flounder (6.2 °), flathead sole (6.7 °), P. halibut (6.8 °), rex sole (5.9 °), southern rock
sole (6.6 ©), dusky rockfish (5.7 °), northern rockfish (5.7 ©), yelloweye rockfish (5.9 ©), and yellowfin
sole (6.8 °).

Species that experienced 0.5 © change include sablefish (4.9 ©), AK skate (6 ©), blackspotted rockfish
(4.6 ©), rougheye rockfish (5.8 ©), P. ocean perch (5.3 ©), sharpchin rockfish (5.8 ©), shortraker rockfish
(4.8 °), and shortspine thornyhead rockfish (4.9 °).
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Figure 80: Time series of the mean temperatures experienced by key groundfish in the Gulf of Alaska. Figures
are produced by combining AFSC bottom trawl survey catch data with bottom temperature obtained from
the NOAA Fisheries bottom trawl survey.
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Factors influencing observed trends: Gulf of Alaska ocean temperatures in 2025 were warm at the
surface and at depth, due to a combination of strong gyre circulation and upwelling of warm water
at depth, and strong downwelling along the coast. The warm waters persisted at the surface and at
depth across the shelf for most of the year, with some 'average’ surface temperatures in late spring/early
summer. The temperatures experienced by these groundfish species reflect a warming habitat from the
last survey in 2023 with little refuge.

Ocean temperatures at depth on the Gulf of Alaska shelf can be influenced by mixing from the surface
(particularly in the stormier and less stratified winter), coastal downwelling that transfers warmer surface
waters to depth, and deep water intrusion that brings cooler water from the continental slope onto the
shelf bottom. El Nifio events (e.g., winters of 2023/2024, 2016) are associated with warmer surface
waters while La Nifia events (e.g., 2020 — 2023) are associated with cooler surface waters. The 2014 —
2016 marine heatwave persisted long enough that the warm surface water mixed to the shelf bottom.
Over the longer-term, the Gulf of Alaska ocean temperatures are warming (see Thoman, p.32). Deeper
dwelling species, such as slope rockfish and Dover sole, experience more stable ocean temperatures, but
could have less ability to move away from stressful conditions due to being close to other environmental
thresholds, such as low dissolved oxygen.

Implications: Knowing the temperatures experienced by commercially important fish species can iden-
tify time periods in which fish exceed optimal thermal windows for survival. It can also give insight
into implications for fish growth in the summer months. These data provide insight into their ability to
adapt to challenging conditions, such as moving to cooler areas in warmer years.
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Figure 81: Time series of the mean temperatures experienced by flatfish species in the Gulf of Alaska. Figures
are produced by combining AFSC bottom trawl survey catch data with bottom temperature obtained from
the NOAA Fisheries bottom trawl survey. 153
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Figure 82: Time series of the mean temperatures experienced by shelf rockfish species in the Gulf of Alaska.
Figures are produced by combining AFSC bottom trawl survey catch data with bottom temperature obtained

from the NOAA Fisheries bottom trawl survey.
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Figure 83: Time series of the mean temperatures experienced by slope and pelagic species in the Gulf of
Alaska. Figures are produced by combining AFSC bottom trawl survey catch data with bottom temperature
obtained from the NOAA Fisheries bottom trawl surilg%
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Description of indicator: Benthic species are widely recognized as reliable ecosystem indicators because
of their sensitivity to environmental fluctuations (Tampo et al., 2021) and their central role in marine
food webs (Griffiths et al., 2017)). Accordingly, shifts in their abundance are often interpreted as
signals of broader changes in environmental conditions and ecosystem functioning (Godson et al., 2022;
Salas et al., 2006). The benthic fauna presented here are categorized into four taxonomic groups:
eelpouts (family Zoarcidae), poachers (family Agonidae), shrimps (infraorder Caridea), and sea stars
(class Asteroidea). Within eelpouts, biomass is dominated by the shortfin eelpout (Lycodes brevipes)
and the wattled eelpout (L. palearis), with the Bering eelpout (L. beringi) contributing to a lesser extent.
The biomass of poachers is primarily composed of sturgeon poachers (Podothecus accipenserinus),
with sawback poachers (Sarritor frenatus) and blackfin poachers (Bathyagonus nigripinnis) constituting
a smaller proportion. The biomass of shrimps is largely Alaskan pink shrimp (Pandalus eous) and
sidestripe shrimp (Pandalus dispar), whereas the biomass of sea stars are primarily comprised of mud
stars (Ctenodiscus crispatus) and the common rose star (Crossaster papposus). Considered alongside
commercially targeted and formally assessed species, these taxa provide valuable ecological context for
interpreting the overall status of the Gulf of Alaska (GOA) ecosystem. Since 1990, the biennial RACE
Groundfish Assessment Program'’s fishery-independent summer bottom trawl survey in the Gulf of Alaska
has deployed standardized trawl gear (footrope and trawl net) across the survey region. As a result,
biomass indices from the survey are expected to capture real changes in the abundance of species and
life history stages available to the gear, particularly when trends persist over time.

Regional and subarea (NMFS statistical areas 610, 620, 630, 640, 650) indices of abundance (biomass
in kilotons) and confidence intervals were estimated for each taxonomic group by fitting a multivariate
random effects model (REM) to subarea design-based index of abundance time series that were calculated
from RACE Groundfish Assessment Program (GAP) summer bottom trawl survey catch and effort data.
Indices were calculated for the entire standardized survey time series (1990 to 2025). Design-based
indices of abundance were produced using the gapindex R package (Oyafuso, 2025) and REM were
fitted to the time series using the rema R package (Sullivan and Balstad, 2022). Code and data used
to produce these indicators are provided in the esrindex R package and repository (Rohan, 2025).

Methodological Changes: Methods for calculating this indicator have been updated for this year, as
described in the Gulf of Alaska Structural Epifauna contribution (see Conrath in this Report, p.59).
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Status and trends: Shrimps and sea stars have exhibited notable fluctuations over the survey time
series (Figure 84). Shrimp biomass remained relatively stable during the early years (1990 — 2002) but
declined sharply, reaching a minimum in 2008. Since then, shrimp populations have rebounded, with
biomass steadily increasing through 2021, largely driven by growth in the Kodiak subarea (NMFS Area
630; Figure 85). Recent estimates suggest that shrimp biomass is near the time series mean, with the
largest biomass primarily in the Chirikof (NMFS Area 620) and Kodiak subareas. In contrast, sea stars
showed population growth in the initial survey years (1990 — 1999) before experiencing a steady decline
through 2019, primarily driven by trends in the Chirikof region. Since 2019, sea star biomass appears
to be recovering, a trend supported by 2025 data, with populations increasing mainly in the Shumagin
and Chirikof regions relative to previous years.

Eelpouts and poachers show considerable year-to-year variability in annual biomass observations, making
long-term trends difficult to identify. On average, both groups are consistently encountered across years,
with biomasses fluctuating around their respective means. While eelpouts are generally distributed across
all regions, eelpout biomass increased in the Shumagin subarea (NMFS Area 610) and decreased in the
Chirikof subarea from 2023 to 2025. Poacher biomass has historically been concentrated in the Shumagin
and Kodiak regions, but populations have not rebounded from a decline in the Kodiak area in 2017 and
have since been found primarily in the Shumagin region.

Factors influencing observed trends: We hypothesize that thermal conditions and ecosystem produc-
tivity documented in the GOA may be contributing to the trends found in all four taxonomic groups
since the mid-late 2010s. Many of these taxa are known to be sensitive to thermal stress (Anderson,
2000; Brodte et al., 2006), and sea stars in particular have been subjected to an outbreak of wasting
disease, presumably triggered by such temperature shifts. However, other factors, such as changes in
prey or predator dynamics, disturbance, or a combination of effects may also be contributing to these
patterns. Further investigation of these non-target benthic taxa is needed to provide a more robust
understanding of the mechanisms responsible for the biomass trends documented here.

Implications: These taxa form an important dietary component for many commercially valuable species,
including Atka mackerel (Pleurogrammus monopterygius), Pacific cod Gadus macrocephalus, and king
crabs Paralithodes sp.). Consequently, shifts in their biomass could substantially alter trophic dynamics
and trigger ecosystem-wide effects. Focused research on the population ecology of these groups would
help clarify links between population metrics and the overall health of the region.
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Figure 84: Biomass index (kilotons) of miscellaneous benthic fauna (eelpouts, poachers, shrimps, sea stars)
from RACE Groundfish Assessment Program summer bottom trawl surveys of the Gulf of Alaska from 1990
to 2025. Panels show the observed survey biomass index mean (blue points), random effects model fitted
mean (solid black line), 95% confidence interval (gray shading), overall time series mean (solid gray line),
and horizontal dashed gray lines representing one standard deviation from the time series mean.

158



2.5
2.0
1.5

1.0-ﬂ| |

0.5-]
0.0~

C1 GOA 2025 Ecosystem Status Report

Poachers

FEBRUARY 2026

Eelpouts

0.4- I
0.34 B !
021
= 047 .
g | |
e 0.0—— — : : -
g
@ 10.0- _ — _
S
5.0 ‘

25"i
0.0-

161 .

1992 1996 2000 2004

2008

Year

2012

2016

2020

2024

Subarea . 610 J 620 | |30 | | e . 650

Figure 85: Biomass index (kilotons) of miscellaneous benthic fauna (eelpouts, poachers, shrimps, sea stars)
in NMFS Statistical Areas in the Gulf of Alaska (610 - Shumagin, 620 - Chirikof, 630 - Kodiak, 640 - West
Yakutat, 650 - Southeast Outside) estimated from RACE Groundfish Assessment Program summer bottom
trawl survey data from 1990 to 2025. Colors denote NMFS statistical areas.

159



C1 GOA 2025 Ecosystem Status Report
FEBRUARY 2026

Seabirds

Seabird Synthesis

Contributed by Daniel Cushingl, Brie Drummond?, Scott Hatch3, Robert Kaler*, Elizabeth Labunski*,

John F. Piatt®, Heather Renner?, Florence Sullivan®, and Shannon Whelan3

LUniversity of Alaska Fairbanks, Fairbanks, AK; Contact: dacushing@alaska.edu

2U.S. Fish and Wildlife Service, Alaska Maritime National Wildlife Refuge; Contact: Brie_Drummond@fws.gov
3|nstitute for Seabird Research and Conservation; Contact: swhelan.bio@gmail.com

4U.S. Fish and Wildlife Service, Migratory Birds - Alaska; Contact: elizabeth_labunski@fws.gov, robert.kaler@fws.gov
U.S. Geological Survey, Alaska Science Center

SUniversity of Washington, Coastal Observation and Seabird Survey Team; Contact:coasst@uw.edu

Last updated: November 2025

Summary Statement: Indicators of seabird reproduction indicate approximately above-average envi-
ronmental conditions in the Gulf of Alaska, in 2025, with early hatch dates indicating warm spring ocean
conditions (Figure 86). A few elevated encounters of dead black-legged kittiwakes in Homer/Kachemak
Bay and trends in seabird distribution in the northern GOA are potential warnings of stressors in the
ecosystem. Most of the reported seabird data represent western and central GOA in 2025 (and not
eastern GOA).

Reproductive success for fish-eating seabirds across the GOA (an indicator of sufficient forage fish as
prey) was above average in the western GOA (Chowiet Isl.) and below average for pelagic cormorants
(Middleton Isl.) and rhinoceros auklets in the central GOA (Middleton Isl.). The presence of capelin as
a valuable prey resource may have supported the high reproductive success of the piscivorous surface
feeding seabirds (e.g., black-legged kittiwakes) (Whelan in this Report, p.96). Zooplankton-eating
seabirds had close to one standard deviation above-average reproductive success across the GOA in
2025 (limited eastern GOA data), reflecting higher availability of zooplankton biomass in the spring.
The hatch timing was early to very early for most seabirds reported, another indicator of adequate prey
availability. The early spring hatch timing could also reflect earlier phenology in the lower trophic levels
(earlier onset of stratification, earlier spring bloom, zooplankton phenology) that can occur in warm
winter/spring ocean conditions in the GOA.

The distribution of seabirds provides a potential warning of less ideal feeding conditions in spring 2025.
Seabirds observed on the Seward Line spring survey (central GOA cross shelf transect) were less evenly
distributed across the shelf than 2024, with some reductions in the outer shelf and slope regions. Gen-
erally, a dispersed nature of the surveyed distribution indicates a more available prey base. Additionally,
in times of high capelin availability, black-legged kittiwakes on Middleton Isl. forage closer to the island,
but in 2025 ranged further nearshore than previous years of capelin abundance. It is unknown if the 2025
distribution reflects the beginnings of a compressed seabird distribution into the inner domain during
lower productive marine heatwave years (2014-2016). Implications for groundfish include sufficient to
good zooplankton (e.g., prey for juvenile groundfish and adult Pacific ocean perch, walleye pollock,
dusky rockfish) and forage fish (e.g., prey for sablefish, Pacific cod, arrowtooth flounder) prey resources
to meet metabolic needs in 2025. The indicators of early spring phenology could reflect the potential for
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a mismatch in timing between groundfish larvae and availability of small zooplankton as prey (Rogers
in this Report, p.89).
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Figure 86: Summary of 2025 indicators for timing of breeding, reproductive performance, mass mortality
events, and distribution of seabird feeding guilds (surface-feeding and diving, fish and plankton-eating) in
the Gulf of Alaska.

Description of indicator: Seabirds are sensitive indicators of changes in the productivity of marine
ecosystems, and their populations can signal processes affecting the availability of prey for commercial
fish stocks (Warzybok et al., 2018). From field data and observations collected by government, university
and non-profit partners, we provide a summary of the best available data on seabird productivity in the
Gulf of Alaska in 2025. We forefront environmental impacts on seabirds (e.g., heatwaves) and interpret
changes in seabird mortality, attendance, and reproduction as a reflection of ecosystem productivity and
prey availability (Koehn et al., 2021).

In this synthesis, we divide seabirds by preferred prey: fish or plankton, and foraging location: deep or
surface because each group responds to a different part of the ocean ecosystem. To describe the status
of seabird groups we use three types of information that represent different spatial and temporal scales
of seabird responses:

1. Breeding timing can represent conditions prior to breeding and/or phenological variation in the
environment. Birds arriving to breed at a later date can reflect poor winter and/or spring foraging
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conditions, or later peaks in ocean productivity. This metric is defined as the hatch date for data
from USFWS and Middleton Isl.

2. Reproductive success which can represent food availability around the colony during the breeding
season (summer), with a lower number of fledged chicks generally reflecting a decrease in the local
abundance of high-quality prey. This metric is defined as the following:

e The ratio of fledged chicks to eggs for murres, auklets, puffins, and storm-petrels (USFWS)

The ratio of nests producing fledglings to nests for black-legged kittiwakes (USFWS)

Chicks fledged per laying pair for pelagic cormorants on Middleton Isl. (ISRC)

Late-stage chicks per egg for rhinoceros auklets on Middleton Isl. (ISRC)
Chicks fledged per pair for black-legged kittiwakes on Middleton Isl. (ISRC)

3. Mortality which gives insight into environmental and ecosystem impacts beyond breeding colonies
and the breeding season. Unusual mortality events in the Gulf of Alaska have been linked to
declines in prey abundance and quality during recent marine heatwaves (Piatt et al., 2020).

4. Distribution which provides area-specific and season-specific index of use as a function of physical
environmental drivers that affect the characteristics of the habitat and influence the distribution
and availability of prey.

Status and trends:

Primarily fish-eating, surface feeding seabirds: Fish-eating, surface feeding seabirds in the Gulf of
Alaska include black-legged kittiwakes Rissa tridactyla and glaucous-winged gulls Larus glaucescens.
These species feed on small schooling fish that are available at the surface (e.g., sand lance, sablefish,
capelin and herring), making them potential indicators of processes affecting juvenile groundfish that
migrate to the surface to feed.

Breeding timing: Breeding timing was very early in the western GOA in 2025. In the western GOA
(Chowiet Isl. and Middleton Isl.), hatch dates in spring 2025 were close to or greater than one standard
deviation earlier than 2024 for black-legged kittiwakes and glaucous-winged gulls (Figure 87). Black-
legged kittiwakes on Middleton Isl (mean hatching date was June 28) breeding timing was early in the
season (Chowiet Isl. baseline 1990 — 2023; Middleton Isl. baseline 1996 — 2024). Hatch timing on St.
Lazaria Isl (Eastern GOA) was not reported in 2025 (Figure 83).

Reproductive success: Reproductive success was above average in 2025. Black-legged kittiwakes
(Chowiet Isl.) increased to above-average (baseline 1990 — 2024) reproductive success in 2025, after
two below-average years (Figure 89). Black-legged kittiwakes on Chowiet Isl. experienced reproductive
failure in 2023 after a record high (baseline 1989 — 2023) in 2022. Naturally foraging kittiwakes on
Middleton Isl. increased to above-average breeding productivity (0.82 chicks fledged per pair; Figure
89), possibly due to the increased proportion of energy-rich capelin Mallotus villosus in their diets.

Mortality: A few elevated encounters of dead black-legged kittiwakes in Homer/Kachemak Bay in 2025
based on beach surveys in the Western Gulf of Alaska (Figures 91, 92). Like much of Alaska, beach
surveys show a late summer, post-breeding mortality pattern. A single day, unusual mortality event of
black-legged kittiwakes in Homer/ Katchemak Bay occurred in August, increasing the monthly average
of observed dead seabirds in the GOA (Figure 92).. This should not be considered indicative of the state
of black legged kittiwakes throughout the GOA. No other large-scale mortality events were recorded by
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beached bird surveys. On Middleton Island, black-legged kittiwakes were observed exhibiting symptoms
consistent with avian botulism in 2025. This disease was first documented on the island in 2021 and

has been observed every year since then, however fewer birds have been affected since the larger 2021
— 2022 die-offs.

Distribution: Average middle-shelf use; decreased use of the slope domain. Historical GPS-tracking
shows that kittiwakes tagged on Middleton Isl. tended to forage close to the island when capelin were
abundant prior to the heatwave, then expanded their foraging range during and after the heatwave
(Osborne et al., 2020). Despite the high occurrence of capelin in the 2025 kittiwake diets (Whelan
in this Report, p.96), GPS tracking showed variable foraging distances. Though shorter, more local
foraging has increased in recent years, 2025 foraging trips still often extended to mainland Alaska and
the entrance to Prince William Sound throughout the breeding season.

Along the Seward line transect, in the northern Gulf of Alaska, in the spring of 2025, black-legged
kittiwake densities remained near average on the inner shelf and middle shelf. Densities of kittiwakes
remained below average on the outer shelf and decreased to well below average in the oceanic domain
(continental slope), after reaching a time series high densities in 2024 (Figure 93).

Primarily fish-eating, diving seabirds: Fish-eating, diving seabirds in the Gulf of Alaska include com-
mon murres Uria aalge, rhinoceros auklets Cerorhinca monocerata, tufted puffins Fratercula cirrhata and
pelagic cormorants Urile pelagicus. The status of this group is impacted by changes in the availability
of small, schooling fish up to 90 m (300 feet) below the surface, making them potential indicators of
feeding conditions that may affect fish-eating groundfish species.

Breeding timing: Breeding timing was early in the western GOA in 2025. Breeding timing of these
seabirds on Chowiet Isl. was generally earlier than the time series average (baseline: 1990 — 2024)
with the exception of thick-billed murres (Chowiet Isl.) and pelagic cormarants (Middleton Isl.) (Figure
87). Common murres continue a multi-year trend of hatch times one standard deviation earlier than
average. The mean hatching date of rhinoceros auklets (June 19) was earlier than average, while the
mean hatching date of pelagic cormorants (June 28) was close to average on Middleton Island in 2025.
(Figure 87). Hatch timing on St. Lazaria Isl (Eastern GOA) was not reported in 2025 (Figure 88).

Reproductive success: Reproductive success was above-average (western GOA peninsula) to average
(central GOA) to average/above average (southeast AK) for fish-eating, diving seabirds in 2025. In the
western GOA, the reproductive success of this group of seabirds remained close to one standard deviation
above average on Chowiet Isl. in 2025, with the exception of horned puffins (the down year of a biannual
pattern) (Figure 89). Breeding success of rhinoceros auklets and pelagic cormorants was below average
on Middleton Island in 2025 (Figure 90). In the eastern GOA, common murres and thick-billed murres
on St. Lazaria Isl. continued a multi-year trend of slightly above average reproductive success (baseline
1994 — 2024; Figure 90).

Mortality index: No large-scale mortality event was recorded for fish-eating, diving seabirds based
on beach surveys in the western GOA in 2025. This marks 9 years since the mass mortality event of
common murres linked to the 2014 — 2016 marine heatwave (Figure 92).

Distribution: Common murres densities decreased along Seward Line). Densities of common murres
along the Seward Line, northern GOA, in spring 2025 decreased to below average on the inner shelf
(Figure 93). Murres were absent from the middle shelf after reaching a 9 year high in 2024. An influx of
murres into coastal waters preceded an unprecedented mass-mortality event during the winter of 2015
— 2016. Following this dieoff event, spring densities of murres on the middle shelf were below average
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from 2016 — 2023.

Primarily plankton-eating seabirds: Plankton-eating seabirds in the Gulf of Alaska include surface-
feeding species such as Leach’s and fork-tailed storm-petrels (Hydrobates leucorhous, Hydrobates furca-
tus), and diving species such as least auklets (Aethia pusilla), crested auklets (Aethia cristatella), and
parakeet auklets (Aethia psittacula). The status of these groups is impacted by changes in zooplank-
ton production, making them potential indicators of feeding conditions that may affect planktivorous
groundfish species, including the larvae and juveniles of fish-eating species.

Breeding timing: Breeding timing was average in western GOA. In the western GOA, Parakeet auklets
breeding timing decreased to average on Chowiet Isl. (baseline: 2002 — 2024; Figure 87). Hatch timing
on St. Lazaria Isl (Eastern GOA) was not reported in 2025 (Figure 88).

Reproductive success: Reproductive success was above average for plankton-eating seabirds in 2025.
In the western GOA (Chowiet Isl.), the reproductive success of parakeet auklets continued a four-
year increase to greater than one standard deviation above average (baseline: 1998-2024), potentially
reflective of local foraging conditions around the colony (Figure 89). In eastern GOA, earlier breeding St.
Lazaria fork-tailed were not reported in 2025 and later breeding Leach’s storm-petrels increased greater
than one standard deviation above-average success (baseline starting in 1994 and 1995 respectively)
(Figure 90).

Mortality index: No large-scale mortality event was recorded for plankton-eating seabirds based on
beach surveys in the Gulf of Alaska in 2025. In 2025, auklet carcasses observed during COASST surveys
were able to be verified to the auklet subgroup, but not species. They were not found in abundances
suggestive of unusual/elevated mortality (Figure 92). Crested auklets last appeared dead on beaches,
2015 — 2016, following the marine heatwave; no least auklets have been found in the Gulf of Alaska
since monitoring was established (2006).

Distribution: Decrease in density in outer shelf and slope, along Seward Line. Densities of fork-tailed
storm-petrels along the Seward Line, northern GOA, in spring 2025 continued to be well below average
on the middle shelf, and decreased from 2024 to below average in the outer shelf and the oceanic domain
(Figure 93).

Factors influencing trends and implications for ecosystem productivity: Seabirds represent differ-
ent aspects of prey resources, depending on species-specific life histories and foraging characteristics.
Rhinoceros auklets can represent a broader spatial range of foraging conditions, given their ability to
dive and broad foraging range. Kittiwakes have more variable reproductive performance in response to
short-term environmental fluctuations, while murres have more consistent breeding patterns, indicative
of broader foraging conditions and more extreme events. Early breeding timing can indicate increased
prey availability, however other environmental and phenological aspects can influence this metric. The
distribution of seabirds observed during the Seward Line spring survey can reflect spatial trends in prey
availability, such as compression closer to shore during the lower productive marine heatwave years of
2014 — 2016. The three seabird colonies summarized in this section span the Gulf of Alaska shelf
from west (Chowiet Isl.), central (Middleton Isl.), to east (St. Lazaria Isl). Seabird diet data, relevant
to reproductive success and timing and distribution, are presented in the Seabird-Derived Forage Fish
Indicators chapter of this Report (Whelan et al., p.96).

The absence of common murres on the middle shelf and their low abundance on the inner shelf during
spring 2025 is consistent with continued lack of recovery. An influx of murres into coastal waters
preceded an unprecedented mass-mortality event during the winter of 2015 — 2016. Following this die-
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off event, spring densities of murres on the middle shelf were below average from 2016 — 2024. While
densities of both kittiwakes and storm-petrels were high over the continental slope during spring 2024,
suggesting enhanced availability of oceanic prey, densities of both species were below average in these
domains during 2025.

On Middleton Island, the relatively early breeding phenology of black-legged kittiwakes was likely driven
by high availability of capelin in spring. Breeding success was markedly higher among surface-foraging
black-legged kittiwakes relative to the two diving species (pelagic cormorants and rhinoceros auklets).
Though capelin were higher in kittiwake diets in 2025, capelin comprised a similar proportion of biomass
in rhinoceros auklet diets in both 2024 and 2025 (Whelan et al. in this Report, p.96). Rhinoceros
auklets and pelagic cormorants on Middleton island may be more sensitive to the decline in availability
of Pacific sand lance, relative to surface-foraging kittiwakes (Whelan et al. in this Report, p.96).

The increased reproductive performance of zooplankton-eating seabirds would indicate that zooplankton
prey were adequate to meet the reproductive needs of these bird species, despite mixed zooplankton
survey trends in 2025. Spring zooplankton surveys in the western GOA observed mixed trends in small
zooplankton biomass, a decrease in large zooplankton, and increased euphausiids (Hopcroft in this
Report, p.79 and Kimmel et al. in this Report, p.72).
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Figure 87: Reproductive timing of western Gulf of Alaska piscivorous (common murres, thick-billed murres,
horned puffins, tufted puffins, black-legged kittiwakes) and planktivorous (parakeet auklets) seabird species
on Chowiet Isl. and Middleton Isl. The dashed line is the long-term average and solid green lines are £ 1 SD.
Yellow/blue shading indicates values greater than 1 SD above/below the mean. Data provided by the U.S.
Fish and Wildlife Service, Alaska Maritime National Wildlife Refuge and the Institute for Seabird Research
and Conservation.
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Figure 88: Reproductive timing of eastern Gulf of Alaska piscivorous (common murres, thick-billed murres,
rhinoceros auklets, glaucous-winged gulls) and planktivorous (fork-tailed storm-petrels, Leach’s storm-petrels)
seabird species on St. Lazaria Isl. The dashed line is the long-term average and solid green lines are + 1 SD.
Yellow/blue shading indicates values greater than 1 SD above/below the mean. Data were not available for
2025. Data provided by the U.S. Fish and Wildlife Service, Alaska Maritime National Wildlife Refuge.
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Figure 89: Reproductive success of western Gulf of Alaska piscivorous (common murres, thick-billed murres,
horned puffins, tufted puffins, pelagic cormorants, rhinoceros auklets, black-legged kittiwakes) and planktiv-
orous (parakeet auklets) seabird species on Chowiet Isl. and Middleton Isl. The dashed line is the long-term
average and solid green lines are + 1 SD. Yellow/blue shading indicates values greater than 1 SD above/below
the mean. Data provided by the U.S. Fish and Wildlife Service, Alaska Maritime National Wildlife Refuge
and the Institute for Seabird Research and Conservation.
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Figure 90: Reproductive success of eastern Gulf of Alaska, piscivorous (common murres, thick-billed murres)
and planktivorous (fork-tailed storm-petrels, Leach's storm-petrels) seabird species on St. Lazaria Isl. The
dashed line is the long-term average and solid green lines are & 1 SD. Yellow/blue shading indicates values
greater than 1 SD above/below the mean. Only Leach’s storm-petrels were updated in 2025. Data provided
by the U.S. Fish and Wildlife Service, Alaska Maritime National Wildlife Refuge.
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Figure 91: The relative abundance of beached birds encountered per km of beach surveyed by citizen
scientists in the Gulf of Alaska. Data indicate regional trends, but are biased toward more accessible beaches
in areas of higher human population density. Light gray shading indicates time-periods where surveys were
not performed. Figure provided by the Coastal Observation and Seabird Survey Team (COASST), October

2025.
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Figure 92: The number of black-legged kittiwakes (primarily fish-eating, surface feeding) encountered per
km of beach surveyed by citizen scientists in the Gulf of Alaska. Data indicate regional trends, but are
biased toward more accessible beaches in areas of higher human population density. A single day hyper-local
wreck event in Homer Alaska is reflected in the August 2025 encounter rate. Light gray shading indicates
time-periods where surveys were not performed. Figure provided by the Coastal Observation and Seabird
Survey Team (COASST), October 2025.
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Figure 93: The spring Seward Line in the Northern Gulf of Alaska, and four domains used for analysis (A).
Mean densities (birds km) of common murres, black-legged kittiwakes, and fork-tailed storm-petrels within
domains during spring Seward Line cruises, 2007 — 2025 (B-D). Black indicates no seabird surveys were
conducted. Figure provided by University of Alaska, Fairbanks, and US Fish and Wildlife Service, Migratory
Birds — Alaska.
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Methods:

e The Coastal Observation and Seabird Survey Team (COASST) and regional partners provided a
standardized measure of relative beached bird abundance collected by citizen scientists.Carcass
identifications are verified using collected measurements and photographs. Basis data (carcass
count, identity and condition information) are used to create a baseline (long-term normal) against
which unusual events can be compared. Information for the two most data-rich species are included
in this Report: common murres and black-legged kittiwakes, representatives of the diving, fish
eating group and the surface feeding, fish eating group respectively. Note that data collection is
biased toward accessible beaches close to human population centers.

e The Institute for Seabird Research and Conservation (ISRC) provided data on breeding timing and /or
reproductive performance of pelagic cormorants, rhinoceros auklets and black-legged kittiwakes
on Middleton Island. These data have been collected since the mid-1990s, including an exper-
iment involving feeding a group of kittiwakes to highlight the effect of food availability on the
reproductive performance of wild-foraging birds.

e The USFWS Migratory Birds used vessel-based seabird surveys conducted as a component of
multidisciplinary sampling of the Seward Line, during spring (typically the first 10 days of May),
2007 — 2025, to examine cross-shelf distribution of three selected seabird species representative
of their foraging guild: common murre (diving, primarily feed on forage fish during the summer
breeding season but also feed on small nektonic invertebrates such as euphausiids and squid,
especially during the non-breeding period), black-legged kittiwake (surface-feeding, primarily feed
forage fish and other small nektonic invertebrates, with a higher proportion of fish during the
breeding season) and fork-tailed storm-petrel (surface feeding, primarily feed on zooplankton and
ichthyoplankton, also small fish). Seabird surveys were conducted while the vessel was underway
using USFWS survey protocol and subsequently divided into ~3 km transects for analysis. For
each year, transects within 10 km of each of the 13 stations along the Seward Line were used to
calculate densities (birds km2) for each species within each station-centered cell; these station-
centered values were then averaged within each of 4 domains (Inner shelf, Middle shelf, Outer
shelf, Oceanic). We considered observations within the lowest decile of the data to be “well below
average”, the lowest tercile to be “below average”, the middle tercile to be “near average”, the
upper tercile to be “above average” and the upper decile to be "well above average”.

e The USFWS Alaska Maritime National Wildlife Refuge has monitored seabirds at colonies around
Alaska in most years since the early to mid-1970's. Time series of annual breeding success and
phenology (and other parameters) are available from over a dozen species at eight Refuge sites in
the GOA, Aleutian Islands, and Bering and Chukchi Seas. Monitored colonies in the GOA include
Chowiet (Semidi Islands), East Amatuli (Barren Islands), and St. Lazaria (southeast Alaska)
islands.
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Marine Mammals

Trends in Humpback Whale Calving in Glacier Bay
and lcy Strait

Contributed by Christine M. Gabriele, Janet L. Neilson, Piper D. Bishop, Glacier Bay National Park and
Preserve, Gustavus, AK 99826
Contact: chris_gabriele@nps.gov

Last updated: September 2025

Description of indicator: Humpback whale (Megaptera novaeangliae) reproductive success in Glacier
Bay and Icy Strait can be considered an indicator of changes in prey quantity and/or quality available
for groundfish in the eastern Gulf of Alaska because groundfish and humpback whales target the same
lipid-rich prey i.e., forage fish and euphausiids.

Annually since 1985, Glacier Bay National Park biologists have used consistent methods and levels of
effort from June 1 — August 31 to photographically identify individual humpback whales and document
their reproductive parameters in Glacier Bay and Icy Strait (Gabriele et al., 2017). We match each year’s
photographs of the flukes and dorsal fin of each whale to curated catalogs of identified individuals. We
document the survival and reproductive status of Glacier Bay and Icy Strait whales when they are
elsewhere in the North Pacific using the collaborative Southeast Alaska Database and Happywhale.com
automated humpback whale fluke identification system (Cheeseman et al., 2023). Individual sightings
from research collaborators are reported with their permission. From these data, we document 1) crude
birth rate (CBR) (defined as the number of calves divided by the total whale count); 2) within-season
calf survival and 3) opportunistic observations of the body condition of cows and calves. We explore
factors such as the return of calves in subsequent years, female age at first calving, and female calving
intervals that provide context for the CBR.

Status and trends:

Crude Birth Rate: We observed six calves in 2025 (Table 2). Our preliminary whale count for 2025 was
157 whales, therefore, the 2025 preliminary humpback whale crude birth rate (CBR) was 3.8% (Table
2, Figure 94). The number of whales and the number of calves are both much lower than in 2024. This
year's CBR is far below the long-term average CBR (9.2%, 1985 — 2013) observed before the Northeast
Pacific marine heatwave (PMH, Di Lorenzo and Mantua, 2016; Walsh et al., 2018; Holbrook et al.,
2019), and below the post-PMH mean (6.7%, Table 2, Figure 94).

Within-season calf survival: All of the 2025 calves were with their mother on our final observations of the
cow/calf pairs for the season, thus we documented no mid-season calf mortalities (Table 2). However,
five of the six cow/calf pairs were not sighted after the first week of August, having apparently left the
study area. Notably, this summer we resighted the 2024 calf of female #1846, whose absence during a
late September 2024 observation led to speculation about mid-season mortality (Gabriele et al., 2024).
The documented survival of this whale reinforces the concept that an absent calf in the fall may indicate
temporary separation or weaning rather than calf mortality.
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Body condition of cows and calves: Five of the six mothers were noted to be in poor body condition
throughout the summer, based on protruding scapulas or low amounts of nuchal fat, caudal to their
blowholes. All of the 2025 calves appeared to be in relatively good body condition with a healthy
amount of nuchal fat. None of the calves had the questionable skin conditions that we noted in several
2024 calves (Gabriele et al., 2024)).

Calf return and recruitment: Four of the 2024 calves were sighted as yearlings; two were documented
in our study area (#2780 and #1846_calf_2024) and two were sighted elsewhere by citizen science
contributors to Happywhale (#2778 in Sitka Sound, by Captain Gary's Sikta Adventures and others,
and #2787, by Condor Cruises off Santa Barbara, California). We continue to document the survival of
numerous calves born between 2019 — 2023 in the study area or elsewhere, but it is notable that only
one of the 22 calves born during or right after the PMH (in 2014 — 2018) is known to have survived
(#2772, an individual from the Mexico Distinct Population Segment (DPS) which was less affected by
the PMH than the Hawai'i DPS; Cheeseman et al., 2024) (Table 2).

Age at first calving: Two of this year's cohort of mothers had their first known calf; #2324, age 15, and
#2582 whose age is unknown. Female #2324 has a complete sighting history, except when she was a
yearling, therefore we would have detected any previous calves that accompanied her to the study area.
She was reported to be accompanied by a calf at age 12 during a March 2022 citizen science sighting in
Hawai'i, however this could not be confirmed, and when we observed her in the study area in summer
2022, she did not have a calf. Age 15 is higher than the average of 11 — 12 years that was documented
for this population using data from 1985 — 2014 (Gabriele et al., 2007, 2017). Note that in 2024, we
erroneously reported the age at first calving for three females (Gabriele et al., 2024). The correct ages
for the 2024 first-time mothers are as follows: #2310 was 17 years old and has a complete sighting
history; #2032 was 17 years old and #2055 was 16 years old. The latter two females have incomplete
sighting histories and may have had a calf in years that they were not sighted.

Calving intervals: The four mothers in 2025 who had prior calves had apparent calving intervals of 2 —
4 years, which is within the normal range for this population (Baker et al., 1987; Gabriele et al., 2017).

Factors influencing observed trends: The simplest explanation for the low CBR in 2025 is that the
record high number of females with a calf in 2024 (Table 2) left fewer females available to have a calf in
2025, given the 2 — 3 year mean calving interval for this population (Gabriele et al. 2017). This effect is
exacerbated by the number of adult females (and males) that are presumed to have died during and after
the PMH, estimated at 58 whales in Glacier Bay and Icy Strait alone (Neilson et al., 2024, Neilson In
Prep). The poor body condition of most mothers suggests that feeding conditions are making it difficult
for these females to regain the substantial resources that they use in reproduction (van Aswegen et al.,
2025), but are sufficient for mid-season calf mortality to remain rare (Table 2).

Implications: The profound ecological effects of the PMH and its aftermath (e.g., Von Biela et al.,
2019; Piatt et al., 2020; Arimitsu et al., 2021; Frankel et al., 2021; Suryan et al., 2021; Gabriele
et al., 2022) are still reflected in Southeast Alaska humpback whale reproduction and recruitment. The
PMH induced a 6-year period of low humpback whale calf survival, low productivity, and negligible
recruitment that began in 2014 (11 years ago) (Gabriele et al., 2022) which is also the mean age at
first calving for this humpback whale population (Gabriele et al., 2007, 2017). We surmise that the
absence of the cohort of females that would be expected to produce their first calf in 2025 — 2031
will be reflected in low CBRs for years to come. Moreover, if the PMH trophic disruption continues
to alter the age at first calving, as suggested by our past few years' observations, that too may affect
long-term population growth. Food limitation has been associated with delayed onset of reproduction in
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Table 2: Humpback whale calf production and survival in Glacier Bay & lcy Strait, Alaska. Crude birth
rate is calculated by dividing the number of calves by the total number of whales in June-August. In this
table, the 2025 crude birth rate is based on a preliminary total number of whales in 2025. The Northeast
Pacific marine heatwave occured from 2014 — 2016.*Calves that do not show their flukes are much harder to
re-identify in future years. **The median age at which juveniles tend to return to the study area is 3 years
(Gabriele et al., 2017). *** Calf absences in the fall might indicate weaning or temporary separation rather
than calf mortality.

Time Period Number of  # Fluke-identified Crude Birth Number of # Calves
Calves (June-Aug) Calves (June-Aug)* Rate (%) Calves Lost in Resighted in

Mid-summer (%) Later Years (%)**

1985-2013 mean 9.1 191 mean 9.2 8 (4%) 128 (67%)
2014 14 6 7.9 5 (36%) 1
2015 5 1 3.0 0 0
2016 0 0 0.0 0 0
2017 2 1 1.5 1 (50%) 0
2018 1 0 1.0 1 (100%) 0
2019 2 1 1.3 0 1
2020 12 8 7.4 0 4
2021 11 8 6.5 1(9%) 3
2022 6 2 3.6 0 2
2023 11 8 6.4 0 3
2024 24 16 12.8 0 4
2025 6 2 3.8 0 NA

ungulates (J.M. et al., 2000) and would not be unexpected for post-PMH whale populations. Previous
work demonstrated that recruitment from within, as opposed to immigration, has been the foundation
of humpback whale population growth in the Glacier Bay — Icy Strait area (Pierszalowski et al., 2016).
All of these factors suggest reduced humpback whale population growth in the coming years, even if
feeding conditions are favorable. The CBR and explanatory factors seem likely to reflect groundfish prey
availability in prior feeding seasons, although other factors are likely at play.
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Figure 94: Annual number of calves (blue bars) and crude birth rate (CBR, red line) in Glacier Bay-lcy Strait,
1985-2025. CBR is calculated by dividing the number of calves by the total number of whales identified in
June-August each year. The preliminary CBR for 2025 is 3.8% based on a preliminary whale count of 157
individually identified whales during the monitoring period. The dotted line indicates the long-term mean
CBR of 9.2% observed 1985-2013, prior to the Northeast Pacific marine heatwave.
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Steller Sea Lions

Contributed by Katie Sweeney and Tom Gelatt, Alaska Ecosystem Program, Marine Mammal Lab,
Alaska Fisheries Science Center, NOAA Fisheries

Contact: katie.sweeney@noaa.gov

Last updated: August 2025

Description of indicator: Steller sea lions serve as an indicator species as a large apex, piscivorous
predator that spans a broad geographic range. Depending on the area, a large portion of the Steller sea
lion diet generally includes one or more of three commercial groundfish species: Atka mackerel, Pacific
cod, and walleye pollock (Sinclair et al., 2013; Fritz et al., 2019; Maniscalco, 2023).

In Alaska, Steller sea lions span the southern coastline from southeast Alaska to the western Aleutian
Island chain, and into some sites in the Bering Sea (Young et al., 2024). The species is divided into
two populations at the 144°W longitudinal line (near Cape Suckling): the eastern and western Distinct
Population Segments (DPSs). The Gulf of Alaska (GOA) geographic area is comprised of four Steller
sea lion regions: eastern, central and western GOA regions (western DPS), and southeast Alaska region
(eastern DPS; Figure 95). The range of eastern DPS Steller sea lions extends from southeast Alaska
and down along the west coast of Canada and the United States.

During the non-breeding season, sea lions disperse and can move widely throughout the North Pacific
Ocean, especially juveniles and males. During the summer breeding season, sea lions aggregate on land,
usually at their natal rookery site, to breed and give birth. The Marine Mammal Laboratory (MML)
conducts annual population surveys during the peak of the breeding season to collect counts throughout
the population range in Alaska3C. Generally, survey effort in Alaska alternates between the GOA and
Aleutian Islands. Challenging survey logistical factors and weather can result in sites being missed.
MML uses the R package agTrend (Johnson and Fritz, 2014; Gaos et al., 2021) to interpolate counts for
the missed sites and model estimated counts (an index of population abundance) and trends for defined
geographic areas.

A note about agTrend model outputs—MML does not report abundance estimates but rather agTrend
derived modeled counts (an index of population abundance) and trends. The model outputs do not
account for non-pups (juveniles and adults) at-sea during the survey. As pups do not take to the water
until they are older (>1 month), pup counts are considered a census but do not account for pups that
were born or died after the survey. Adding non-pup to pup counts represents a minimum population
estimate (Nmin; Young et al., 2024).

Two types of estimates are generated with agTrend and generally MML reports predicted counts and
trends unless otherwise indicated:

1. Realized counts—Uses the standardized variance of raw counts at each site throughout the time
series to estimate survey counts we could expect to collect if we had completely surveyed all sites.
Therefore, the more complete the survey, the more similar raw counts are to realized counts. When
available, MML uses realized counts that have not been “smoothed” (i.e., predicted counts) to report
on changes over time. 2. Predicted counts—Uses the model fit to estimate count values that would
be predicted at a site in a given year if it were surveyed. For trend analyses, predicted counts are more

Onttps://www.fisheries.noaa.gov/alaska/marine-mammal-protection/steller-sea-1lion-survey-reports
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appropriate because they account for both measurement and process error.

160°W 1sol°w 14(}:‘\'4' 13(}‘°W
N
£ w3 e ‘ \
) " o -
-‘:" . e, o, .-'
r L - ’ LN S s.
- -
. '"' " -‘ :'
« % < . it
oi o.. , | ." - :
- - i L
. ..-’ ¢ E GULF ' SE AK e N
. ’ . ! . - 4
- '.' ‘ L]
-
. ]
e .
i"' ‘. CGULF '. ® Rookery
- « Haulout
— Region Boundaries
WGULF . ---- 144°W DPS Boundary
0 75 150 300 Miles
| 1 [ | 1 1 1 |
] T T T T T 1
- 0 150 300 600 Kilometers
£

S0°N

Figure 95: Map of Steller sea lion known rookery and haulout sites in the western (W), central (C), and
eastern (E) Gulf of Alaska (GULF) regions and southeast Alaska (SE AK, eastern DPS; (Fritz et al., 2016a)).

Status and trends: In 2024, MML conducted a crewed aircraft survey in the GOA (Sweeney et al.,
2025). The southeast Alaska region was not included in order to focus effort towards a complete survey
of all three GOA regions in the western DPS given this area had not been surveyed since 2021. The
2025 crewed aircraft survey was cancelled due to budget limitations, which was the first time in 22 years
this survey was not conducted (with exception of in 2020 which was cancelled due to COVID).

Steller sea lion population declines were first recorded in the 1970s, with the steepest beginning in the
mid-1980s (Fritz et al., 2016b). The total western DPS in Alaska began to rebound in 2002, however,
there are contrasting regional trends throughout. West of Samalga Pass, sea lions have shown no signs
towards recovery and continue to decline or remain stable. The GOA regions began to increase in
the early 2000s and maintained relatively steady rates of increase until anomalous trends began to be
recorded in 2017, initiated by the 2014 — 2016 Pacific Marine Heatwave (PMH; McHuron et al., 2024;
Suryan et al., 2021; Sweeney et al., 2017. Hastings et al. (2023) reported reduced survival during and
after the PMH from brand data in the central and eastern GOA regions.

Modeling all count data through 2025 (unpublished data, MML), we report modeled counts and trends
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from 2010 to 2015. This is the first time western DPS non-pups in Alaska have been statistically stable
(0.62% y'; 95% confidence interval [Cl] -0.05 — 1.30) since the population began to rebound in the
early 2000s (Table 3). The Alaskan western DPS pup counts increased 0.69% y! (95% CI 0.10 — 1.29),
between 2010 and 2025. Overall, young juvenile survival did not vary among regions, but has gradually
decreased over time (Warlick et al., 2023).

The following analyses were derived from modeling count data up to and including the 2024 Steller sea
lion count surveys (Sweeney et al., 2025). Between 2009 and 2024, the aggregated eastern, central, and
western GOA regions non-pup and pup counts increased 1.68 and 1.15% y!, respectively (Figure 96).
During this same time period (2009 — 2024), for the first time in the GOA since the historical decline,
the eastern GOA region non-pups declined (-1.88%y*; 95% Cl: -3.78 — -0.11%y™!) and pups remained
stable (0.16%y*, 95% Cl: -1.23 — 1.59; Figure 97). Among all western DPS regions, pup survival was
the lowest in the eastern GOA region (Warlick et al., 2023). In contrast, this region had the highest
survival among yearlings and age-2 individuals.

For the same 15-year period, the central GOA region non-pups and pups increased (2.52 and 1.27%y?,
respectively). The western GOA, a region that was previously steadily increasing and had shown relatively
minimal impacts from the PMH (McHuron et al., 2024; Sweeney et al., 2017), was stable for non-pups
(0.76%yt, 95% Cl: -0.31 — 1.88) while pups increased (1.27%y, 95% Cl: 0.24 — 2.23).

Steller sea lion diet data is rather limited, especially in the last decade. The most recent data is from
hard parts analysis from scat samples collected from 1990 to 2009 in the central and western GOA
(Sinclair et al., 2013). Generally, in the winter from 1990 to 2009, sea lion diet was dominated by
walleye pollock and Pacific cod, especially in the western GOA. Pacific cod and sandlance had an even
greater frequency of occurrence in the 2000s. In the 1990s, summer diet in the western GOA was more
diverse with salmonids, walleye pollock, and then sandlance dominating. In the 2000s, there was an
increase in sandlance, Pacific cod, and rocksole. In the central GOA in the 1990s, the dominant prey
species were walleye pollock, salmonids, and then arrowtooth. In the 2000s, salmonids became more
important and walleye pollock declined.

Table 3: Annual rates of change (% y-1 with £95% credible intervals [Cl]) of Steller sea lion non-pup and
pup counts over a 15-year period. We modeled trends for the aggregated Gulf of Alaska (GOA) and the
western (W), central (C), and eastern (E) GOA regions individually (2009-2024; Sweeney et al., 2025), as
well as the total western DPS in Alaska (2010-2025; unpublished data, MML).

Area/Region Rate Non-pup Non-pup Rate Pup Pup
-05%Cl  -95%Cl -95%Cl  +95%Cl

GOA (Aggregated) 0.09 -0.34 0.55 0.36 -0.55 1.34

W GOA -6.90 -7.53 -6.21 -4.34 -5.50 -3.10

C GOA -0.83 -1.62 0.07 -0.90 -2.72 1.00

E GOA 1.90 1.35 241 1.69 0.73 2.67

Factors influencing observed trends: Since 2017, many studies have shown the anomalous impacts
to Steller sea lion counts, survival, pup production, diet, and potentially movement, caused by the PMH
(Suryan et al., 2021; McHuron et al., 2024; Hastings et al., 2023; Maniscalco, 2023; Warlick et al.,
2023). There was an observed reduction in pup production in the eastern (33.5%) and central (17.4%)
GOA regions in 2017 (compared to 2015), with less significant declines observed in southeast Alaska
(McHuron et al., 2024). Pup production in the eastern and central GOA rebounded in 2019, suggesting
failure to pup was also a contributing factor (McHuron et al., 2024). Reductions in pup production
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Figure 96: Steller sea lion modeled non-pup and pup counts of the aggregated regions within the Gulf of
Alaska (GULF), 1994-2024 (Sweeney et al., 2025). Realized counts are represented by points and vertical
lines (£95% credible intervals). Predicted counts are represented by the gray line and shaded area (£95%
credible intervals).

typically result from failure to become pregnant, termination of the fetus during pregnancy, or female
mortality. Hastings et al. (2023) found evidence of reduced adult female survival in these three regions.
(Warlick et al., 2023) reported that generally, pup production has decreased over time in the western
DPS.

These changes in population dynamics correspond to changes in abundance and quality of important sea
lion prey species in the area (Maniscalco, 2023; Suryan et al., 2021), such as, Pacific cod (abundance
declined 53% from 2016 to 2017 and 71% between 2015 and 2017 (Barbeaux et al., 2020b), capelin,
sandlance, and herring (McHuron et al., 2024). Prey availability in winter is thought to be a key factor in
energy budgets of sea lions, especially for pregnant females and those supporting a pup and/or juvenile
(National Marine Fisheries Service, 2013). Females have smaller blubber stores than males and require
more accessible availability of prey to sustain themselves, their fetus, and/or their pup or juvenile (Boyd,
2000; Malavaer, 2002; Winship et al., 2002; Williams, 2005).

Most recently, Maniscalco (2023) collected scat samples during the winter from sites in the eastern
GOA region (in the vicinity of Resurrection Bay and Chiswell Island) from 2014 — 2015 and 2017 — 2018
(“post-PMH"). The most notable prey species found at a higher rate post-PMH were polychaetes,
Pacific sandlance, sculpins, skates, and snailfishes, while capelin was much less frequent followed by
Pacific herring and walleye pollock (Maniscalco, 2023). Maniscalco (2023) observed a 12% increase in
diet diversity post-PHW; inversely, sea lion counts at the sampling sites declined 33%. This suggested
that a change to a more diverse diet negatively impacted abundance. Summer breeding season counts
and population demographics indicated sea lions (likely adult females and juveniles) atypically moved
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Figure 97: Steller sea lion modeled non-pup and pup counts of the western (W-), central (C-), and eastern
(E) Gulf of Alaska (GULF) regions, 1994-2024 (Sweeney et al., 2025). Realized counts are represented by
points and vertical lines (£95% credible intervals). Predicted counts are represented by the gray line and
shaded area (£95% credible intervals).

from the eastern to the central GOA between 2015 and 2017 (Sweeney et al., 2017; McHuron et al.,
2024).

Implications: The NOAA Fisheries western DPS Steller sea lion 5-year review in 2020 sustained the
endangered listing status, largely driven by declines in the Aleutian Islands, incomplete information of the
Russian subpopulation, and the uncertainty of the cause of declines (Service, 2020). Another 5-year plan
is currently being conducted by the NOAA Fisheries Alaska Regional Office. As an endangered species,
the status of Steller sea lions has potential to impact and influence fishery management decisions.
The stability of non-pups in the western DPS in Alaska, continued declines in the Aleutian Islands,
and perturbations in the GOA since 2017 prove that this endangered population is still sensitive and
susceptible to threats. Further and continued research into the future is necessary to understand survival,
pup production, movements, diet, and counts of this endangered population.
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Ecosystem or Community Indicators

Intertidal Ecosystem Indicators in the Northern
Gulf of Alaska

Contributed by Heather Coletti!, Sarah Traiger?, Katrin Iken3, James Bodkin?, Brenda Ballachey?,
George Esslinger?, Kim Kloecker?, Brenda Konar?, and Robert Suryan*

INational Park Service, 240 W 5th Avenue, Anchorage, AK

2U.S. Geological Survey, Alaska Science Center

3University of Alaska Fairbanks

*NOAA Fisheries, Auke Bay Laboratory, Alaska Fisheries Science Center, Juneau, AK

Contact: heather_coletti@nps.gov

Last updated: September 2025

Description of indicator: Nearshore monitoring in the Gulf of Alaska (GOA) provides ongoing eval-
uation of status and trends of more than 200 species associated with intertidal and shallow subtidal
habitats (Suryan et al., 2023). The spatial extent of sampling includes 21 sites distributed across four
regions in the northern GOA: western Prince William Sound (WPWS), Kenai Fjords National Park
(KEFJ), Kachemak Bay (KBAY), and Katmai National Park and Preserve (KATM). Since 2018, we
have reported on one physical indicator (intertidal water temperature; U.S. Geological Survey - Alaska
Science Center, National Park Service - Southwest Alaska - Inventory and Monitoring Network, and
University of Alaska Fairbanks - College of Fisheries and Ocean Sciences, 2016) and three biological
indicators monitored annually beginning in 2005 — 2012. Respectively, these indicators represent key
nearshore ecosystem components of primary production (algal cover; U.S. Geological Survey - Alaska
Science Center, National Park Service - Southwest Alaska Inventory and Monitoring Network, 2022),
prey abundance (mussel density; U.S. Geological Survey - Alaska Science Center, National Park Service -
Southwest Alaska Inventory and Monitoring Network, 2016), and predator abundance (sea star density;
U.S. Geological Survey - Alaska Science Center, National Park Service - Southwest Alaska Inventory
and Monitoring Network, 2022). The algal cover indicator used is percent cover of rockweed (Fucus
distichus) in quadrats sampled at the mid intertidal level (1.5 m). Intertidal prey are represented by
density estimates of large (> 20 mm) Pacific blue mussels (Mytilus trossulus) sampled quantitatively
within mussel beds. The nearshore predator abundance indicator is density of sea stars, estimated along
an approximately 200 m 2 transect at each rocky intertidal monitoring site. Indicators are presented as
annual anomalies compared to the long-term mean of the data record, which is an average across sites
within each region. KEFJ was not sampled in 2025 due to the lack of staffing and resources available.

Status and trends: In 2025, at the time of data collection (mid-summer), the three regions sampled
(WPWS, KBAY, KATM) remained warmer than average. In the past, nearshore water temperature
across the GOA from Prince William Sound to the Alaska Peninsula were elevated from 2014 through
2016 across all regions and into 2017 in WPWS and KEFJ (Figure 98). These results confirm that the
2014-2016 Pacific marine heatwave (PMH) in the GOA was expressed in intertidal zones in addition
to known patterns in open ocean environments (Danielson et al., 2022). While temperatures returned
to cooler conditions in 2017, another heat spike was recorded in all regions starting in 2018, which
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was punctuated with a brief cooling across all regions in 2020, although highly variable with more
pronounced cooling in KATM and KBAY and minimal cooling in WPWS and KEFJ. Warming then
continued through 2020 in all regions until 2021. In general, it has been anomalously cool or close
to average temperatures across all four regions (except for a warm period that was short in duration
in 2022) since 2021. However, the first half of 2025 (time of data logger retrieval), all regions were
anomalously warm. In addition, higher among-region temperature variability persists, which was not
observed prior to the heat wave.

Intertidal sea water temperature monthly anomaly
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Figure 98: Monthly intertidal water temperature anomalies at the 0.5 m tide level four regions of the western
Gulf of Alaska (west of 144 W), western Prince William Sound (WPWS; 2011 — 2025), Kenai Fjords National
Park (KEFJ; 2008 — 2024), Kachemak Bay (KBAY; 2013 — 2025), and Katmai National Park adjacent to
Shelikof Strait (KATM; 2006 — 2025). 2025 data included are January to June for KATM, January to April
for KBAY, and Jan-May for WPWS. KEFJ was not sampled in 2025. Data are available in U.S. Geological
Survey - Alaska Science Center, National Park Service - Southwest Alaska Inventory and Monitoring Network

(2016).

Of the three regions sampled in 2025, only KATM had above-average percent cover of Fucus. The
KATM region showed consistently negative values since the PMH through 2023, only becoming positive
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in 2024 and remaining so in 2025. KEFJ had negative anomalies that started in 2014 and ended in
2021, with 2022 — 2024 being positive; however, KEFJ was not sampled in 2025. Fucus in WPWS
has had negative values since 2016 (except for 2019), which have persisted through 2025. KBAY did
not show any specific trend over time with roughly average Fucus cover without a noticeable response
to temperature fluctuations. However, it should be noted that in all regions, the variability around the
mean appears to be decreasing among regions during more recent years (Figure 99).
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Figure 99: Percent cover anomalies for rockweed (Fucus distichus) in four regions of the western Gulf of
Alaska, WPWS (2007, 2010 — 2019, 2021 - 2025), KEFJ (2008 — 2019, 2021 — 2024), KBAY (2012 - 2025),
and KATM (2006 — 2010, 2012 — 2019, 2021 - 2025). WPWS, KEFJ and KATM were not sampled in 2020
due to COVID-19. KEFJ was not sampled in 2025. Note: years when anomalies are very close to zero and
bars are not clearly visible are indicated by an asterisk. Data are available in U.S. Geological Survey - Alaska
Science Center, National Park Service - Southwest Alaska Inventory and Monitoring Network (2022).

In 2025, large mussel densities (> 20 mm) in all three regions sampled had negative anomalies compared
to long-term means (Figure 100). However, trends in densities of large mussels were variable across the
regions. For example, KATM experienced negative anomalies in the density of large mussels, concurrent
with positive to strongly positive anomalies in sea star abundance. This trend continued through 2025
(Figures 100 and 101). Patterns in the other regions are less clear. KBAY had positive large mussel
anomalies through 2023 but had strongly negative anomalies in 2024 and 2025. Conversely, WPWS
was the only region in 2024 with a positive large mussel anomaly, the first positive anomaly observed
in this region since 2018 (Figure 100), but negative in 2025. Historically, large mussel densities (> 20
mm) showed an overall positive trend across regions consistent with timing of the PMH, in this case
switching from generally negative prior to 2014 to positive for the regional long-term mean after 2014
(Figure 100); this is an opposite response compared to algal cover and sea stars (Figures 99 and 101).
Variability in mussel abundance at these regional spatial scales supports our conclusion that, in the
absence of broad-scale perturbations like the PMH or SSW, other variables and local conditions become
the primary drivers of mussel abundance (Bodkin et al., 2018; Traiger et al., 2022; LaBarre et al., 2007).

In 2025, sea star density, species distribution and size distributions were measured in three of the four
regions. A slight negative density anomaly was observed in WPWS in 2025. However, positive density
anomalies indicated that KBAY was far above average compared to the long-term mean density. KATM
density continues to be strongly positive through 2025 as well (Figure 101).

Data from 2025 also showed that variability in sea star composition among (and within) regions has
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Figure 100: Percent of density anomalies for large mussels (> 20 mm) in four study regions spanning the
northern Gulf of Alaska. WPWS (2010 - 2019, 2021 — 2025), KEFJ (2008 — 2019, 2021 — 2024), KBAY
(2012 — 2025), and KATM (2008 — 2010, 2012 — 2019, 2021 — 2025). Note: KBAY anomaly in 2022 was
close to 0, hence the lack of clearly visible bar for KBAY in 2022 (symbolized by an asterisk in 2022). KEFJ
was not sampled in 2025. Data are available in U.S. Geological Survey - Alaska Science Center, National
Park Service - Southwest Alaska Inventory and Monitoring Network (2016).

increased. In KATM, Evasterias previously dominated the sea star assemblage with 66% in 2024 but
was only 46% in 2025 and Pisaster accounted for 45% (up from 32% in 2024). In WPWS, Dermasterias
continues to be the dominant species with 65% (an increase from 54% in 2024) followed by Pycnopodia
at 26% (down from 32% in 2024), Evasterias at 6% (down from 10% in 2024), and Pisaster continuing at
4%. In KBAY, sea star densities were the highest recorded since monitoring began in KBAY, although it
should be noted that this was mostly driven by a single site in this region (Elephant Island). Orthasterias
was proportionally dominant at 64% in 2023, but that proportion declined to 8% in 2024 and 7% in
2025. Evasterias dominated the observed sea star assemblage in 2025 with 90% (up from 83% in 2024
and a significant increase from 14% in 2023). Historically, variability in density and species composition
of sea stars differed greatly among regions through 2015. Starting between 2015 and 2017, densities
declined and remained strongly negative across all regions through 2019 (Figure 101), with average to
below-average densities continuing through 2021. Declines were likely due to sea star wasting (Konar
et al., 2019), possibly exacerbated by the PMH (Harvell et al., 2019). 2024 was the first and only year
since monitoring began that all four regions exhibited positive anomalies, although to varying degrees.
Variability in the sea star assemblage among regions and across years within regions may be an indication
of the ecosystem returning to one dominated by local-scale conditions as opposed to being driven by
large-scale perturbations such as sea star wasting and the PMH.

Factors influencing observed trends: During the PMH, negative anomalies of Fucus in three of the
four regions and negative anomalies of sea stars across all regions were coincident with warm water tem-
peratures in nearshore areas. The decline in sea star abundance across the Gulf was likely due to sea star
wasting (Konar et al., 2019), first detected south of Alaska in 2013 and generally thought to be exacer-
bated by warm water temperature anomalies (Eisenlord et al., 2016; Harvell et al., 2019). Recent work
by Prentice et al. (2025) determined the bacterium, Vibria pectenicida, as the causative agent of SSW.
This finding may allow researchers to determine the persistence of V. pectenicida in the environment
and examine what conditions (such as warming waters) may increase transmission. Warming waters
and concurrent declines in sea stars were associated with increased mussel densities across our study
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Figure 101: Density anomalies of sea stars (primarily Dermasterias imbricata, Evasterias troschelii, Pisaster
ochraceus, and Pycnopodia helianthoides) in four study areas spanning the northern Gulf of Alaska. WPWS
(2007, 2010 — 2025), KEFJ (2008 — 2019, 2021 — 2024), KBAY (2011 — 2025), and KATM (2006, 2008 —
2010, 2012 - 2019, 2021 — 2025). KEFJ was not sampled in 2025. Note: years when anomalies are very
close to zero and bars are not clearly visible are indicated by an asterisk. Data are available in U.S. Geological
Survey - Alaska Science Center, National Park Service - Southwest Alaska Inventory and Monitoring Network
(2022).

regions (Traiger et al., 2022), with a general trend of algal dominated systems turning more into inver-
tebrate dominated systems (Weitzman et al., 2021). This pattern is similar to those observed in other
rocky intertidal systems of the North Pacific following the recent large-scale temperature perturbations
(Meunier et al., 2024). However, as nearshore waters appeared to cool starting in 2021, large increases
in Fucus percent cover in KBAY and WPWS have not occurred (Figure 99). KATM is the exception,
with Fucus increasing in 2024-2025, after negative anomalies being observed since 2014. Nearshore
data indicated that the first half of 2025 had anomalously warm water temperatures in the intertidal.
It is unknown whether this warm water pattern will persist and what ecosystem responses may occur.
Even with average to low cover of Fucus continuing to provide open space for mussel settlement, high
densities of large mussels have not persisted through time. Higher densities of sea stars have occurred
in recent years, but further examination of species distribution and size distribution may provide insights
as to changes in community structure. We have documented that these nearshore communities can
be driven by large-scale perturbations such as the PMH and SSW with similar responses across the
GOA. We have also documented diverse community structure under local conditions, in the absence of
large-scale perturbations.

Implications: Collectively, these indicators suggest that in the presence of large-scale perturbations,
responses in the nearshore community tend to be consistent throughout much of the western GOA,
including areas both inside (WPWS, KBAY) and outside (KEFJ and KATM) of protected marine wa-
ters. As noted, a comprehensive analysis of rocky intertidal community structure was completed post-
PMH, indicating a change of autotroph-macroalgal dominated communities to heterotroph-filter-feeder
communities, ultimately resulting in a homogenization of community structure across all four regions
(Weitzman et al., 2021). Concurrently, we found that the loss of sea stars likely contributed to the
increase in large mussel density due to a decline in predation pressure from sea stars (Traiger et al.,
2022). However, as large-scale perturbations subside, we hypothesize that nearshore communities will
tend to be structured by more local-scale conditions. With warming again evident in 2025 across all
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regions sampled, we may observe consistent community responses across the GOA.

Intertidal and nearshore ecosystems provide valuable habitat for early life stages of various commercially
important species in the GOA, including Dungeness crab (Metacarcinus magister), Pacific cod (Gadus
macrocephalus), salmonids, and several species of rockfish (Sebastes spp.). Our indicators suggest that
some nearshore biological responses to the PMH appeared to continue into 2021 in some regions and
could have affected recruitment and survival of species whose life stages rely on nearshore habitat. For
some metrics, evidence of a return to more average conditions in nearshore habitats suggests that PMH
effects, both positive and negative, are dissipating. A major pattern that is emerging, however, is that
the differences in abundance for these biological indicators across regions appear to be larger than they
were before the PMH. Marine heatwaves are expected to become more common and widespread as
a consequence of climate change (Frdlicher et al., 2018) and synergistic phenomena, like invertebrate
disease outbreaks, predation and marine heatwaves may also drive apparent shifts in rocky intertidal com-
munities (Meunier et al. 2024). Furthermore, we also hypothesize that in the long-term, we may see
responses of nearshore-reliant, upper trophic level species (such as sea otters and sea ducks) to shifts in
prey availability from changing ocean conditions across the GOA. Disclaimer: Any use of trade, firm, or
product names is for descriptive purposes only and does not imply endorsement by the U.S. Government.
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Foraging Guild Biomass
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Last updated: October 2025

Description of indicator: Foraging guilds are non-taxonomic groups of species with similar diet com-
positions (Root, 1967). We present time trends in biomass of two foraging guilds in the eastern and
western GOA: motile epifauna and apex predators. Foraging guild biomass is based on catch data from
the NMFS/AFSC biennial summer bottom-trawl survey of the GOA shelf and upper continental slope,
modified by an Ecopath-estimated catchability coefficient that takes into account the minimum biomass
required to support predator consumption (see Appendix 1 in Boldt, 2007 for complete details). The
GOA groundfish survey was conducted on a triennial basis from 1984 through 1999. Starting in 2001
the survey has been conducted on a biennial basis; however, the eastern GOA was not surveyed in 2001.
Surveys prior to 1990 preceded some of the standardized survey practices, therefore those survey years
are not included in this indicator. The foraging guild biomasses are reported separately for the western
and eastern GOA. We use the division between the Kodiak and West Yakutat sub-regions in the AFSC
bottom trawl survey strata to separate the western and eastern GOA, which aligns with the ESR regions
and NPFMC regulatory area divisions.

In 2025, the AFSC implemented new survey strata for the GOA bottom trawl survey and reduced the
total survey area by 1.4%. Several stations where successful hauls had been conducted over the time
series were included in the trimmed stratum areas and are no longer a part of this index. The new
strata have different depth distributions than the previous strata design, resulting in different stratum
areas. For example, the shallowest strata in previous design extended to a depth of 100 m, while in the
updated design the shallowest strata extends down to 50 m, in most survey sub-regions (e.g., Shumagin,
Chirikof). Previously, we limited trawl survey data included in this survey index to stations less than
500 m depth, due to fewer stations having been sampled in deeper strata, and those strata having not
been sampled in all years a survey was conducted. With the new strata design it is no longer practical
to use this same maximum depth cutoff. Thus, we now limit stations included to those < 701 m depth.
Collectively, these differences represent a discontinuity in this survey index. Therefore, in the figures we
do not connect the 2025 data point to 2023 with a line to highlight these changes.

Status and trends: Motile epifauna in the east GOA is below the long-term mean, while motile epifauna
in the west GOA is nearly equal their long-term mean (Figure 102). Apex predators in the west GOA are
below their long-term mean, while apex predators in the east are above their long-term mean (Figure
102).

Western GOA Motile epifauna: The biomass of motile epifauna increased from 2021 to 2025 and is
just above the long-term mean (1990 — 2025). The biomass of this guild is dominated by hermit crabs,
brittle stars, other echinoderms, and octopus. In 2025, hermit crab biomass increased 20%, while brittle
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Figure 102: Biomass trends of motile epifauna and apex predator foraging guilds in the western and eastern
GOA. The 2025 point not connected to 2023 with a line due to changes in survey methodology (data from
the NMFS AFSC biennial summer bottom trawl survey). The dashed line is the long-term mean and solid
straight lines are £+ 1 standard deviation.

stars and other echinoderms decreased by 6% and 1%, respectively.

Western GOA Apex predators: The biomass of apex predators in the western GOA increased 22% from
2023 to 2025 and is within one standard deviation below the long-term mean. The biomass trends for
apex predators are primarily driven by arrowtooth flounder, Pacific cod, Pacific halibut, and sablefish.
All four species are below their long-term means. However, arrowtooth flounder, Pacific halibut, and
Pacific cod all increased from 2023 to 2025.

Eastern GOA Motile epifauna: The biomass of motile epifauna in the eastern GOA has increased
from 2023 to 2025 and is below the long-term mean. Eelpouts, hermit crabs, brittle stars, and other
echinoderms are dominant components of this guild. Brittle stars, hermit crabs, and other echinoderms
have increased from 2023 to 2025.

Eastern GOA Apex predators: The biomass of apex predators in the eastern GOA has decreased 13%
from 2023 to 2025 and is above the long-term mean. Apex predator biomass in the eastern GOA is
primarily driven by arrowtooth flounder and Pacific halibut. From 2023 to 2025, arrowtooth flounder
biomass increased by 13% while Pacific halibut decreased by 51%.

Factors influencing observed trends: The 2014—2016 marine heatwave followed by multiple years of
moderately warm conditions has had lasting impacts across trophic levels in the GOA (Suryan et al.,
2021) and may be a contributing factor in the current lower apex predator biomass in the western GOA.
The marine heatwave was a major perturbation to pelagic primary and secondary production throughout
the GOA altering phenology, community composition, and abundance at lower trophic levels (Batten
et al., 2018; Suryan et al., 2021). These changes may have impacted the abundance and energetic
content of key pelagic forage fish that are critical prey to apex predators (Arimitsu et al., 2021). Pacific
cod are a prominent component of the apex predator guild in the GOA. The marine heatwave and its
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attendant ecosystem effects reduced the amount of suitable spawning and larval habitat for Pacific cod,
increased their metabolic demands, and reduced the quantity and quality of prey available to Pacific
cod helping explain their low abundance in the years following the heatwave (2017 — 2021) (Barbeaux
et al., 2020b; Laurel and Rogers, 2020; Laurel et al., 2021).

Apex predators in the western GOA have remained well below their long-term mean while there was
a sharp increase in apex predators in the eastern GOA in 2023 to well above their long-term mean.
Arrowtooth flounder are a primary driver of the apex predator foraging guild in both the western and
eastern GOA, accounting for 57% and 65% of apex predator biomass in 2025 respectively, and their
biomass trends help explain the guild trends. In the western GOA, arrowtooth increased from 2023,
while in the eastern GOA their biomass decreased.

The motile epifauna guilds in both eastern and western GOA are within one standard deviation of their
long-term means. Interannual variation in motile epifauna biomass is primarily driven by short-term
fluctuations in dominant groups, including hermit crabs, brittle stars, other echinoderms, and eelpouts.

Implications: The biomass of apex predators in the western GOA has remained low in the years since
the marine heatwave warrants continued monitoring of apex predator status and the status of key prey
groups.

Stability of Groundfish Biomass

Contributed by George A. Whitehouse, Cooperative Institute for Climate, Ocean, and Ecosystem Studies
(CICOES), University of Washington, Seattle WA
Contact: gaw@uw.edu

Last updated: October 2025

Description of indicator: The stability of the groundfish community total biomass is measured with
the inverse biomass coefficient of variation (1 divided by the coefficient of variation of total groundfish
biomass (1/CV[B]). This indicator provides a measure of the stability of the ecosystem and its resistance
to perturbations. The variability of total community biomass is thought to be sensitive to fishing and
is expected to increase with increasing fishing pressure (Blanchard and Boucher, 2001). The CV is
the standard deviation of the groundfish biomass index over the previous 10 years divided by the mean
biomass over the same time span (Shin et al., 2010). This metric is presented as an inverse, so as the
CV increases the value of this indicator decreases, and if the CV decreases the value of this indicator
increases.

The biomass index for groundfish species was calculated from the catch of the NMFS/AFSC biennial
summer bottom-trawl survey of the Gulf of Alaska (GOA). Initially, the GOA groundfish survey was
conducted on a triennial basis from 1984 through 1999. Starting in 2001 the survey has been conducted
on a biennial basis; however, the eastern GOA was not surveyed in 2001. Surveys prior to 1990 preceded
some of the standardized survey practices, therefore those survey years are not included in this indicator.
Since 10 years of data are required to calculate this metric, the indicator values start in 2011 for the
western GOA and in 2013 for the eastern GOA, the tenth time the regions were surveyed in the trawl
survey time series (1990 — 2023).
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In 2025, the AFSC implemented new survey strata for the GOA bottom trawl survey and reduced the
total survey area by 1.4%. Several stations where successful hauls had been conducted over the time
series were included in the trimmed stratum areas and are no longer a part of this index. The new
strata have different depth distributions than the previous strata design, resulting in different stratum
areas. For example, the shallowest strata in previous design extended to a depth of 100 m, while in the
updated design the shallowest strata extends down to 50 m, in most survey sub-regions (e.g., Shumagin,
Chirikof). Previously, we limited trawl survey data included in this survey index to stations less than
500 m depth, due to fewer stations having been sampled in deeper strata, and those strata having not
been sampled in all years a survey was conducted. With the new strata design it is no longer practical
to use this same maximum depth cutoff. Thus, we now limit stations included to those < 701 m depth.
Collectively, these differences represent a discontinuity in this survey index. Therefore, in the figures we
do not connect the 2025 data point to 2023 with a line to highlight these changes.

This indicator specifically applies to the portion of the demersal groundfish community efficiently sampled
with the trawling gear used by NMFS during the summer bottom-trawl survey of the GOA (for complete
survey details see Siple et al., 2024). Species that are predominately found in the pelagic environment
(e.g., capelin, pelagic smelts), are infrequently encountered (e.g., sharks, grenadiers, myctophids), or
otherwise not efficiently caught by the bottom-trawling gear are excluded from this indicator. The
survey index used here is the same as that used for the foraging guild biomass indices in the “Foraging
Guild Biomass" contribution (Whitehouse in this Report, p.189) and in the report card (not produced
in 2025).

Several species of pelagic forage fishes are abundant in the GOA and their populations may vary sub-
stantially which could drive the value of this indicator. While many species of pelagic forage fish are
occasionally encountered during the survey, most are not consistently sampled well enough to be in-
cluded in the survey index, such as sandlance, capelin, and other pelagic smelts. Herring and eulachon
are included in the survey index, so this indicator is presented with and without herring and eulachon
to highlight their influence on indicator value.

Status and trends: The stability of groundfish biomass in the western Gulf of Alaska is at a time
series high for the series with eulachon and herring and near the time series high for the series without
herring and eulachon (Figure 103, circles). Both series have generally trended upward since 2007. When
herring and eulachon are removed, this indicator has slightly higher values from 2007 — 2017 (Figure
103, triangles), and follows the same overall trends of the indicator with herring and eulachon. From
2019 to 2023, the series with eulachon and herring has higher stability.

In the eastern Gulf of Alaska, this indicator has been stable over the time series with only minor
fluctuations between survey years (Figure 103, right panel). Over 2009-2021, when herring and eulachon
are excluded from the indicator, the values are slightly lower indicating more variability in total groundfish
biomass (Figure 103, right panel, triangles). In 2023 both series increased to time series high values
and remain approximately equal to those values in 2025.

Factors influencing observed trends: Fishing is expected to influence this metric as fisheries can
selectively target and remove larger, long-lived species effecting population age structure (Berkeley
et al., 2004; Hsieh et al., 2006). Larger, longer-lived species can become less abundant and be replaced
by smaller shorter-lived species (Pauly et al., 1998). Larger, longer-lived individuals help populations to
endure prolonged periods of unfavorable environmental conditions and can take advantage of favorable
conditions when they return (Berkeley et al. 2004). A truncated age-structure could lead to higher
population variability (CV) due to increased sensitivity to environmental dynamics (Hsieh et al., 2006).
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Figure 103: The stability of groundfish in the western and eastern GOA represented with the inverse biomass
coefficient of variation (1/CV|[B]). Ten years of data are required to calculate this metric, so this time series
begins in 2011 for the western GOA and in 2013 for the eastern GOA (no survey in 2001) after the tenth
occurrence of the NMFS/AFSC summer bottom-trawl survey. The circles are the series with herring and
eulachon included in the index, and the triangles are the same series without herring and eulachon. The 2025
point not connected to 2023 with a line due to changes in survey methodology.

Interannual variation in this metric could also be influenced by interannual variation in species abundance
in the trawl survey catch, and patchy spatial distribution for some species. This metric, as calculated
here with trawl-survey data, reflects the stability of the groundfish community that is represented in the
catch of the GOA summer bottom-trawl survey. In general, as total biomass decreases, species spatial
distribution may contract or have increasingly isolated patches, both of which may lead to increased CV
(Shin et al., 2010).

The index of groundfish stability in the western GOA with herring and eulachon included, reached its
highest level in 2023, reflecting the relative stability of the groundfish biomass index in the most recent
ten survey years. POP and herring are both biomass dominant species in the western GOA and have
had contrasting biomass dynamics since 2017, where one species had relatively high biomass while the
other was low and vice versa. The net result of these contrasting biomass dynamics was for very stable
total biomass in the series with herring and eulachon included.

This indicator has lower values in the eastern GOA than in the western GOA for both series, with and
without herring and eulachon. While greater variability in groundfish biomass in the eastern GOA has
resulted in lower overall indicator values than in the western GOA, the level of variability has been
relatively steady from 2009 to 2021, resulting in the nearly flat trajectories. There was a sharp increase
in herring in the eastern GOA survey index from 2021 to 2023, which led to the series without herring
surpassing the series with herring included.

Implications: The stability of groundfish biomass in the eastern GOA has been relatively constant over
the time series and the stability in the western GOA has been increasing. The groundfish biomass in
the eastern GOA is less stable than the west and may be more sensitive than the western GOA to
perturbations.

193



C1 GOA 2025 Ecosystem Status Report
FEBRUARY 2026

Mean Length of the Fish Community

Contributed by George A. Whitehouse, Cooperative Institute for Climate, Ocean, and Ecosystem Studies
(CICOES), University of Washington, Seattle WA
Contact: gaw@uw.edu

Last updated: October 2025

Description of indicator: The mean length of the groundfish community tracks fluctuations in the size
of groundfish over time. This size-based indicator is thought to be sensitive to the effects of commercial
fisheries because larger predatory fish are often targeted by fisheries and their selective removal would
reduce mean size (Shin et al., 2005). This indicator is also sensitive to shifting community composition
of species with different mean sizes. Fish lengths are routinely recorded during the biennial bottom trawl
survey of the Gulf of Alaska. Initially the survey was conducted on a triennial basis from 1984 to 1999
before switching to a biennial schedule in 2001; however, the eastern GOA was not surveyed in 2001.
Surveys prior to 1990 preceded some of the standardized survey practices, therefore those survey years
are not included in this indicator.

In 2025, the AFSC implemented new survey strata for the GOA bottom trawl survey and reduced the
total survey area by 1.4%. Several stations where successful hauls had been conducted over the time
series were included in the trimmed stratum areas and are no longer a part of this index. The new
strata have different depth distributions than the previous strata design, resulting in different stratum
areas. For example, the shallowest strata in previous design extended to a depth of 100 m, while in the
updated design the shallowest strata extends down to 50 m, in most survey sub-regions (e.g., Shumagin,
Chirikof). Previously, we limited trawl survey data included in this survey index to stations less than
500 m depth, due to fewer stations having been sampled in deeper strata, and those strata having not
been sampled in all years a survey was conducted. With the new strata design it is no longer practical
to use this same maximum depth cutoff. Thus, we now limit stations included to those < 701 m depth.
Collectively, these differences represent a discontinuity in this survey index. Therefore, in the figures we
do not connect the 2025 data point to 2023 with a line to highlight these changes.

Species-specific mean lengths are calculated for groundfish species from the length measurements col-
lected during the trawl survey. The mean length for the groundfish community is calculated with
the species-specific mean lengths, weighted by biomass indices (Shin et al., 2010) calculated from the
bottom-trawl survey catch data. The survey index used here is the same as that used in the “Foraging
Guild Biomass” contribution (Whitehouse in this Report, p.189) and in the Report Card (not com-
pleted in 2025). This indicator specifically applies to the portion of the demersal groundfish community
efficiently sampled with the trawling gear used by NMFS during the summer bottom-trawl survey of
the GOA and have their lengths regularly sampled (for complete survey details see Siple et al., 2024).
This includes species of skates, flatfishes, roundfishes (e.g., cods, sculpins, eelpouts), and rockfish.
Species that are predominately found in the pelagic environment (e.g., capelin, pelagic smelts), are
infrequently encountered (e.g., sharks, grenadiers, myctophids) or otherwise not efficiently caught by
the bottom-trawling gear are excluded from this indicator.

Several species of pelagic forage fishes are abundant in the GOA and their populations may vary sub-
stantially which could drive the value of this indicator. While many species of pelagic forage fish are
occasionally encountered during the survey, most are not consistently sampled well enough to be in-
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cluded in the survey index, such as sandlance, capelin, and other pelagic smelts. Herring and eulachon
are included in the survey index, so this indicator is presented with and without herring and eulachon,
to examine their influence on the indicator state and trends.

Status and trends: With herring and eulachon—The mean length of the groundfish community in the
western Gulf of Alaska is 36.8 cm, down from 38.7 cm in 2023, and is below the long-term mean of 37.9
cm (Figure 104, left panel, circles). In the eastern Gulf of Alaska, the mean length of the groundfish
community is 31.5 cm, down from 33.2 cm 2023, and is above the long-term mean of 30.3 cm (Figure
104, right panel circles).

Without herring and eulachon—The mean length of the groundfish community in the western GOA with
herring and eulachon excluded is only slightly higher (Figure 104, left panel, triangles) than when they
are included. In the eastern GOA there is a larger difference between the status of the two series, with
the series without herring and eulachon being higher (Figure 104, right panel, triangles). The value in
the eastern GOA in 2025 is 33 cm and is above the long-term mean of 32.4 cm.
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Figure 104: Mean length of the groundfish community sampled during the NMFS/AFSC summer bottom-
trawl survey of the Gulf of Alaska (1990 — 2025). The groundfish community mean length is weighted
by the relative biomass of the sampled species. The circles represent the indicator series with herring and
eulachon included and the triangles are the indicator series without herring and eulachon. The 2025 point
not connected to 2023 with a line due to changes in survey methodology.

Factors influencing observed trends: This indicator is specific to the fishes that are routinely caught
and sampled during the NMFS summer bottom-trawl survey. The estimated mean length can be biased
if specific species-size classes are sampled more or less than others, and is sensitive to spatial variation
in the size distribution of species. Changes in fisheries management or fishing effort could also affect
the mean length of the groundfish community. Modifications to fishing gear, fishing effort, and targeted
species could affect the mean length of the groundfish community if different size classes and species are
subject to changing levels of fishing mortality. The mean length of groundfish could also be influenced
by fluctuations in recruitment, where a large cohort of small forage species could reduce mean length
of the community. Additionally, density dependent factors could contribute to size reductions.

Environmental factors could also influence fish growth and mean length by effecting the availability and
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quality of food, or by direct temperature effects on growth rate. The decline in this indicator from 2015
to 2019, in both series in both the western and eastern GOA coincided in time with the “blob” marine
heatwave. The indicator values in all four series have increased since 2019.

Fluctuations in this indicator are in part due to variation in the biomass indices of forage species
who have shorter mean lengths. In the eastern GOA, herring have mean lengths shorter than much
of the groundfish community, are a dominant component of the biomass index and can have large
fluctuations in abundance from year to year. Years with low mean groundfish length in the eastern GOA
typically coincide with years of higher than average herring biomass. When herring are removed from
this indicator, the values are higher. The similarity in series values in the western GOA, regardless of
whether herring and eulachon are included, is in part due the relative prominence of other forage species
with shorter lengths, such as pricklebacks (Stichaeidae) and Pacific sandfish ( Trichodon trichodon).

In the series without herring and eulachon in the eastern GOA, recent low indicator values in 2003 and
2011 were years with high biomass of other forage fish including pricklebacks and Pacific sandfish.

Implications: The mean length of the groundfish community in the western and eastern GOA has been
generally stable over the bottom-trawl time series (1999 — 2025). Low indicator values are broadly
attributed to peaks in the biomass index of smaller, shorter-lived forage species. The downward trend
from 2015 — 2019 aligned with the presence of warmer water (“the blob") but the indicator has since
increased.

Mean Lifespan of the Fish Community

Contributed by George A. Whitehouse, Cooperative Institute for Climate, Ocean, and Ecosystem Studies
(CICOES), University of Washington, Seattle WA
Contact: gaw@uw.edu

Last updated: October 2025

Description of indicator: The mean lifespan of the community is a proxy for the turnover rate of
species and communities and reflects the resistance of the community to perturbations (Shin et al.,
2010). Lifespan estimates of groundfish species regularly encountered during the NMFS/AFSC biennial
summer bottom-trawl survey of the Gulf of Alaska were retrieved from the AFSC Life History Database3!.
The groundfish community mean lifespan is weighted by the relative biomass of groundfish species
sampled during the summer bottom-trawl survey (Shin et al., 2010). Initially, the GOA bottom trawl
survey was conducted triennially from 1984 to 1999, and then switched to a biennial schedule beginning
in 2001; however, the eastern GOA was not surveyed in 2001. Surveys prior to 1990 preceded some
of the standardized survey practices, therefore those survey years are not included in this indicator.
The survey index used here is the same as that used in the “Foraging Guild Biomass” contribution
(Whitehouse in this Report, p. 189) and in the Report Card (not completed in 2025).

In 2025, the AFSC implemented new survey strata for the GOA bottom trawl survey and reduced the
total survey area by 1.4%. Several stations where successful hauls had been conducted over the time

$https://apps-afsc.fisheries.noaa.gov/refm/reem/lhweb/index . php

196


https://apps-afsc.fisheries.noaa.gov/refm/reem/lhweb/index.php

C1 GOA 2025 Ecosystem Status Report
FEBRUARY 2026

series were included in the trimmed stratum areas and are no longer a part of this index. The new
strata have different depth distributions than the previous strata design, resulting in different stratum
areas. For example, the shallowest strata in previous design extended to a depth of 100 m, while in the
updated design the shallowest strata extends down to 50 m, in most survey sub-regions (e.g., Shumagin,
Chirikof). Previously, we limited trawl survey data included in this survey index to stations less than
500 m depth, due to fewer stations having been sampled in deeper strata, and those strata having not
been sampled in all years a survey was conducted. With the new strata design it is no longer practical
to use this same maximum depth cutoff. Thus, we now limit stations included to those < 701 m depth.
Collectively, these differences represent a discontinuity in this survey index. Therefore, in the figures we
do not connect the 2025 data point to 2023 with a line to highlight these changes.

This indicator specifically applies to the portion of the demersal groundfish community efficiently sampled
with the trawling gear used by NMFS during the summer bottom-trawl survey of the GOA (for complete
survey details see Siple et al., 2024). This includes species of skates, flatfishes, roundfishes (e.g., cods,
sculpins, eelpouts), and rockfish. Species that are predominately found in the pelagic environment (e.g.,
capelin, pelagic smelts), are infrequently encountered (e.g., sharks, grenadiers, myctophids) or otherwise
not efficiently caught by the bottom-trawling gear are excluded from this indicator.

Several species of pelagic forage fishes are abundant in the GOA and their populations may vary sub-
stantially which could drive the value of this indicator. While many species of pelagic forage fish are
occasionally encountered during the survey, most are not consistently sampled well enough to be in-
cluded in the survey biomass index, including sandlance, capelin, and other pelagic smelts. Herring
and eulachon are included in the survey index, so we have recalculated this indicator with and without
herring and eulachon, to examine their influence on the indicator state and trends.

Status and trends: The mean lifespan of the western GOA demersal fish community in 2025 with
herring and eulachon included is 27.6, which is down from 31.3 in 2023, and is the lowest value over the
time series (Figure 105, left panel, circles). When herring and eulachon are excluded from the series,
the indicator status and trends follows the same general pattern.

In the eastern GOA, the mean lifespan in 2025 with herring and eulachon included is 35.1, down from
42.2 in 2023 (Figure 105, right panel, circles). When herring and eulachon are removed from the series,
the indicator values are shifted higher but follow similar overall trends. Both series in the eastern GOA
are above their long-term means.

Factors influencing observed trends: Fishing can affect the mean lifespan of the groundfish commu-
nity by preferentially targeting larger, older fishes, leading to decreased abundance of longer-lived species
and increased abundance of shorter-lived species (Pauly et al., 1998). Interannual variation in mean
lifespan can also be influenced by the spatial distribution of species and the differential selectivity of
species to the trawling gear used in the survey. Strong recruitment events or periods of week recruitment
could also influence the mean community lifespan by altering the relative abundance of age classes and
species.

In the western GOA, recent low indicator values in 2001, 2003, 2007, and 2019 were years with high
biomass indices for Pacific herring, eulachon, and other managed forage species (e.g., pricklebacks
(Stichaeidae), Pacific sandfish (Trichodon trichodon), etc.) which reduced the mean lifespan for the
groundfish community. The recent low indicator values in 2023 and 2025 are due to decreases in the
biomass index of POP. High values in mean lifespan are driven by higher biomass indices of long-lived
species, including POP, dusky rockfish, and sablefish. In the eastern GOA, low mean lifespan in 1999,
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Figure 105: The mean lifespan of the eastern and western Gulf of Alaska demersal fish communities, weighted
by a biomass index calculated from the NMFS/AFSC summer bottom-trawl survey. The circles represent the
indicator series with herring and eulachon included and the triangles are the indicator series without herring
and eulachon. The 2025 point not connected to 2023 with a line due to changes in survey methodology.

2003, and 2019 in the series with herring and eulachon corresponded to years with high biomass indices
for Pacific herring and/or other managed forage fish (Figure 1, right panel, circles). The high mean
lifespans in 1996, 2009, 2017, and 2023 in the series with herring and eulachon corresponded to years
with below-average herring biomass and/or high biomass in long-lived rockfish, such as POP. When
herring and eulachon are excluded, high mean lifespans in the eastern GOA in 2009, 2017, and 2023
were driven by long-lived rockfishes, including POP, shortraker rockfish, rougheye/blackspotted rockfish,
and shortspine thornyhead (Figure 105, right panel, triangles).

Implications: The groundfish mean lifespan in the GOA has shown interannual variability over the
time series, with years of low indicator values corresponding to years with high biomass indices for
shorter-lived forage species, such as herring and other managed forage fish, and/or lower biomass for
longer-lived species, such as POP. Species that are short-lived are generally smaller and more sensitive to
environmental variation than larger, longer-lived species (Winemiller, 2005). Longer-lived species help
to dampen the effects of environmental variability, allowing populations to persist through periods of
unfavorable conditions and to take advantage when favorable conditions return (Berkeley et al., 2004,
Hsieh et al., 2006).
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Disease & Toxins Indicators

Harmful Algal Blooms

Contributed by Thomas Farrugial, Gulce Kurtay2, Kari Lanphier3, Shannon Cellan3, Bruce Wright4,
Jackie McConnell*, Kim Schuster®, Rosie Masui®, Andie Wall®, Isaiah Dela Cruz®, Allison Carl”.

! Alaska Ocean Observing System, Anchorage, AK

2University of Washington, CICOES, Seattle, WA

3 Sitka Tribe of Alaska, Sitka, AK

4 Knik Tribe of Alaska, Palmer, AK

5> Kachemak Bay National Estuarine Research Reserve, Homer, AK
6 Kodiak Area Native Association, Kodiak, AK

"Chugach Regional Resources Commission, Seward, AK

Contact: farrugia@aoos.org

Last updated: September 2024

Sampling Partners:

Alaska Ocean Observing System

Central Council of Tlingit and Haida*
Chilkoot Indian Association*

Chugach Regional Resources Commission
Craig Tribal Association*

Hoonah Indian Association*

Hydaburg Cooperative Association*
Kachemak Bay NERR

Organized Village of Kasaan*
Petersburg Indian Association*
Qawalangin Tribe of Unalaska

Sitka Tribe of Alaska*

Skagway Traditional Council*
Southeast Alaska Tribal Ocean Research
Sun’aq Tribe of Kodiak*

Wrangell Cooperative Association*

Ketchikan Indian Association*
Klawock Cooperative Association*
Knik Tribe of Alaska

Kodiak Area Native Association
Metlakatla Indian Community*
Organized Village of Kake*

Yakutat Tlingit Tribe*

*Partners of Southeast Alaska Tribal Ocean Re-
search (SEATOR)

Description of indicator: Alaska's most well-known and toxic harmful algal blooms (HABs) are caused
by Alexandrium spp. and Pseudo-nitzschia spp. Alexandrium produces paralytic shellfish toxins (PST)
which can cause paralytic shellfish poisoning (PSP) and has been responsible for five deaths and over
100 cases of PSP in Alaska since 1993 (State of Alaska, 2022). Analyses of paralytic shellfish toxins
are commonly reported as ug of toxin/100 g of tissue, where the FDA regulatory limit is 80 ug/100g.
Toxin levels between 80 pg - 1000 ug/100 g are considered to potentially cause non-fatal symptoms,
whereas levels above 1000 1g/100g (~12x regulatory limit) are considered potentially fatal.

Testing for PSTs is done for all commercial species by regulation, whereas for marine subsistence food
items, testing is done as funding allows. Different species tend to accumulate and depurate these toxins
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at different rates. Blue mussels (Mytilus trossulus) have been found to accumulate and depurate PSTs
relatively quickly (on the order of days to weeks). This makes blue mussels a good sentinel species to
use as an indicator of when a HAB may have happened. Therefore, this report focuses on the toxin
levels of blue mussels from around the state, in addition to the presence of the harmful algal species.

Pseudo-nitzschia produces domoic acid which can cause amnesic shellfish poisoning and inflict permanent
brain damage. Domoic Acid has been detected in 13 marine mammal species and has the potential to
impact the health of marine mammals and birds in Alaska. No human health impacts of domoic acid
have been reported in Alaska, although both acute and chronic amnesic shellfish poisoning has been
reported in several states, including Washington and Oregon.

Dinophysis spp., produces okadaic acid which can lead to diarrhetic shellfish poisoning. This primarily
impacts the gastrointestinal system and is not usually life-threatening but can lead to nausea, vomiting,
abdominal cramping, and diarrhea. Although there have not been recorded cases of diarrhetic shellfish
poisoning in Alaska, Dinophysis has been detected throughout Alaska, and okadaic acid is at times
detected in shellfish.

As a way of detecting these harmful species in Alaska and using them as an ecosystem status indicator,
we have started to develop a monitoring program using Imaging FlowCytoBots3? (IFCBs). IFCBs are
connected to the flow-through seawater system of research vessels and sample 5mL approximately every
20 minutes. These samples are run through a flow cell and images are taken of individual particles
up to 150 um in size. In 2025, the Alaska Ocean Observing System (AOOS) deployed two IFCBs on
research vessels that transited through Alaskan waters between Prince William Sound and the Chukchi
Sea (Figure 106).

The Alaska Department of Environmental Conservation (ADEC) tests bivalve shellfish harvested from
classified shellfish growing areas meant for commercial market for marine biotoxins including paralytic
shellfish toxin (PST) in all bivalve shellfish and domoic acid (DA) specifically in razor clams. The
Environmental Health Laboratory (EHL) is the sole laboratory in the state of Alaska certified by the
FDA to conduct regulatory tests for commercial bivalve shellfish. The EHL also does testing for research,
tribal, and subsistence use.

The State of Alaska tests all commercial shellfish harvest, however there is no state-run shellfish testing
program for recreational and subsistence shellfish harvest. Regional programs, run by Tribal, agency,
and university entities, have expanded over the past five years to provide test results to inform harvesters
and researchers and reduce human health risk. All of these entities are partners in the Alaska Harmful
Algal Bloom Network which was formed in 2017 to provide a statewide approach to HAB awareness,
research, monitoring, and response in Alaska. More information can be found on the Alaska HAB
Network website33 or through the sampling partners listed above.

Status and trends:

Alaska Region: Results from shellfish and phytoplankton monitoring in 2025 showed an uptick in the
presence of harmful algal blooms (HABs) and toxins in some regions of Alaska compared to 2024,
although the longer-term trends show evidence that fewer toxins have been detected the last couple of
years compared to 2019 — 2021 (Figure 107). Bivalve shellfish from areas that are well known for having
PSP levels above the regulatory limit, including Southeast Alaska and the Aleutians, continued to have

nttps://ahab.acos.org/ifcb/
Bhttps://ahab.aocos.org
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Figure 106: Tracks of the two IFCBs deployed on research vessels during June-September 2025. Colors
represent the densities of Chaetoceros (above) and Alexandrium (below) detected by the IFCBs. Red circle

highlight areas of high densities. .

samples that tested above the regulatory limit. In Southeast Alaska, the first blue mussels tested above
the regulatory level for PSTs at one of the earliest date in the 10-year time series (April 8, 2025). In
Southwest Alaska, fewer blue mussels tested above the regulatory level than in 2024, and values were

201



C1 GOA 2025 Ecosystem Status Report
FEBRUARY 2026

not as elevated as last year. However, bloom events of both Pseudo-nitzschia and Alexandrium were
detected in Kachemak Bay, and water temperatures were higher than last year. So far, 2025 seems to
have been a little less active for blooms and toxin levels compared to 2021, 2020 and 2019, but areas
continue to have HAB organisms in the water, and shellfish testing above the regulatory limit. Sea
surface temperature remains elevated in parts of Alaska well into the fall, and the HABs season usually
ends in December. Over the last few years, the dinoflagellate Dinophysis has become more common and
abundant in water samples, and 2025 continued that trend. We are also seeing a geographic expansion
of areas that are sampling for phytoplankton species.

Thanks to the deployment of two IFCBs that sampled for over 120 days total in Alaskan waters, several
HABs were detected, including of Alexandrium and Chaetoceros. Chaetoceros are a diatom that do
not produce toxins, but can mechanically damage fish gills during blooms and lead to fish kills. Blooms
of Alexandrium were detected in the SE Bering Sea, and blooms of Chaetoceros were detected in the
northern Bering Sea as well as along the Aleutian Islands. The Alexandrium bloom in the SE Bering
was in a similar location as one that was detected in 2024. We hope that future development of the
IFCB program will allow for even more monitoring of HABs across all of Alaska.

Trends in PSP concentrations in Alaska Shellfish, 2019-2025
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Figure 107: Paralytic shellfish toxin levels for multiple shellfish species collected throughout Alaska from
2019 to 2025, and tested by the Alaska DEC Environmental Health Lab using the mouse bioassay or high-
performance liquid chromatography testing method. Data from the Knik Tribe of Alaska.

Eastern GOA:
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Southeast Alaska —The Southeast Alaska Tribal Ocean Research (SEATOR) Consortium is composed
of partner Tribes who help safeguard their communities by monitoring HABs and shellfish toxins. Tribal
environmental staff collect phytoplankton data and test shellfish for PSTs in their local waters. SEATOR
partners gather a variety of subsistence shellfish species, including littlenecks, cockles, butter clams, and
blue mussels, with blue mussels serving as an indicator species to provide near real-time information
relevant to other shellfish. In 2025, SEATOR partners collected over 150 blue mussel samples for PST
testing, analyzed at the Sitka Tribe of Alaska Environmental Research Laboratory (Figure 108). PST
levels vary across Southeast Alaska by location and season. This year, the Skagway Traditional Council
recorded the highest toxicity in a blue mussel sample, with concentrations exceeding 2,000 ug of toxin
per 100 grams of tissue, well above the regulatory limit of 80 ug. In Sitka, a low-intensity but long-
duration bloom resulted in blue mussels testing above the regulatory threshold from April 8 through May
20, peaking at just over 200 ug per 100 grams of tissue. By contrast, six of the eleven Tribes who tested
blue mussel samples in 2025 did not have any blue mussel samples that exceeded the regulatory limit.
For more information, please refer to the SEATOR website34. (Kari Lanphier, SEATOR and Shannon
Cellan, Sitka Tribe of Alaska)

The Knik Tribe's Harmful Algal Blooms (HABs) project, Paralytic Shellfish Poisoning Risk Management,
is a nineteen-year initiative conducted in collaboration with the Alaska Department of Environmental
Conservation’s (ADEC) Environmental Health Laboratory. The project monitors subsistence harvests,
particularly blue mussels, to assess the occurrence and progression of harmful algal blooms in samples
submitted from across Alaska. Paralytic shellfish toxin (PST) concentrations are analyzed using either
mouse bioassay or high-performance liquid chromatography (HPLC). Knik Tribe field technicians, sta-
tioned from Southeast Alaska to the Aleutian Islands, collect blue mussel samples weekly year-round, as
mussels serve as the primary indicator species for bloom initiation, duration, and severity. Other species
of interest are also collected for analysis. Additional samples are received from partner projects (e.g.,
ADF&G, USFWS, NPS). In total, the Knik Tribe processes and analyzes approximately 1,500 samples
annually, mostly via HPLC to quantify PST congeners.

The highest PST levels observed to date in 2025 were in hermit crabs from Juneau. On May 26, six
samples of hermit crabs from different beaches in the area consistently exceeded the FDA limit, with
the highest concentration reaching 3,080 pg/100 g. During the same sampling event, Dungeness crab
hepatopancreas (commonly known as crab butter) from Juneau measured 1,640 1g/100 g.

In salmon, digestive tracts, kidneys, and livers frequently exceeded the FDA regulatory limit. For
example, samples collected from pink salmon in Upper Cook Inlet on July 18, 2025, contained 92.7
1g/100 g in digestive tracts, 82 ug/100 g in kidneys, and 81.8 1g/100 g in livers. To date, salmon
muscle (flesh) has not tested above the FDA limit. For more information, all results are posted on the
Tribe's website3®. (Bruce Wright and Jackie McConnell, Knik Tribe).

Western GOA:

The Chugach Regional Resources Commission (CRRC) and the Alutiiq Pride Marine Institute (APMI)
have been conducting phytoplankton and shellfish monitoring at seven locations in Lower Cook Inlet and
in the Prince William Sound since 2021. In August 2025 they established an eighth sample location in the
City of Whittier in Prince William Sound. The monitoring program found elevated levels of Alexandrium
spp. in one sample from eastern Prince William Sound in May of 2025; blue mussel samples collected
during this time were found to be above the regulatory limit and Tribes in the area were notified. Pseudo-
nitzschia spp. were observed in low levels throughout the sampling region and were found in elevated

$nttps://seator.org/
®https://wuw.kniktribe.org/alaska-knik-tribe-paralytic-shellfish-poisoning
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Figure 108: Paralytic shellfish toxin levels in blue mussels tested by the Southeast Alaska Tribal Ocean
Research (SEATOR) and Sitka Tribe of Alaska (STA) around 15 different communities. The red horizontal
dashed line represents the FDA regulatory limit is 80u:g/100g. Testing for these data was done using the
ELISA testing method.

levels in one sample from Seward in July of 2025, however domoic acid concentrations in blue mussels
were found to be below the regulatory limit. Domoic acid is frequently observed in low levels but has not
been found above the regulatory limit in any samples since inception of the monitoring program. APMI
has also established the capacity for in-house testing using a receptor binding assay for total saxitoxin
concentration and will continue to process samples into fall and over winter. Phytoplankton and toxin
testing data can be found on the Alutiiq Pride Marine Institute website®®. (Allison Carl, CRRC)

The Kachemak Bay National Estuarine Research Reserve (KBNERR) collected and identified phyto-
plankton in 419 samples from 28 different locations so far in 2025. Species of concern were detected
at elevated levels in samples starting in the beginning of July, with a Pseudo-nitzschia bloom taking
place throughout Kachemak Bay and occurring at the same time as a seabird die off event and marine
mammal mortalities. Starting in September the program saw elevated levels of Alexandrium cells in
the Inner Bay, which correlated with toxic blue mussels collected in the area tested through the Alaska
Harmful Algal Bloom Network. The program is currently still finding Alexandrium cells in a wide range
of samples throughout the Kachemak Bay area. The phytoplankton monitoring program is supported
by partner organizations and community monitors representing commercial, recreational, and subsis-
tence harvesters in the area. These two HAB events were likely precipitated by water temperatures in
Kachemak Bay that were higher than in previous years, with the seasonal increase in water temperature
happening earlier than usual (Figure 109). (Rosie Masui and Kim Schuster, KBNERR)

The Kodiak Area Native Association's (KANA) Environmental Department has taken 93 phytoplankton

¥nttps://wuw.alutiigprideak.org/hab-watch
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samples in 2025 and has identified Pseudo-nitzschia sp., Dinophysis sp., and Alexandrium sp. in 33, 5,
and 10 samples, respectively. Alexandrium spp. were observed as present or elevated in early May at all 3
sampling sites, and reappeared at these levels in late July through August. Biweekly blue mussel samples
were tested by the Sitka Tribe of Alaska, and were found to have toxin levels above the regulatory limit
in August and September (Figure 110). Temporary monitoring sites were added to track the bloom
during this time. The maximum toxin level detected was 962 1g/100g on September 5", over 10x the
regulatory limit. In addition to the baseline toxin monitoring, 14 samples from community members
were submitted for free toxin testing as part of KANA's harvest and hold program. More information
on KANA's sampling program for HABs is available on their website3”. (Andie Wall and Isaiah Dela
Cruz, Kodiak Area Native Association)

Surface layer water temperature, Inner Kachemak Bay
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Figure 109: Mean water temperatures from the surface layer (down to 15 m) in Kachemak Bay. Figure by
Martin Renner using KBNERR SWMP data at the Homer Harbor).

Factors influencing observed trends: HABs pose a risk to human health when present in wildlife
species that people consume, including shellfish, birds and marine mammals. Research across the state
is attempting to better understand the presence and circulation of HABs in the food web. HAB tox-
ins have been detected in stranded and harvested marine mammals from all regions of Alaska in past
years (Lefebvre et al., 2016). A multi-disciplinary statewide study funded by NOAA's ECOHAB pro-

$"https://kodiakhealthcare.org/what-we-do/community-services/environmental-management/
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Figure 110: Paralytic shellfish toxin levels in blue mussels from Kodiak collected by the Kodiak Area Native
Association and tested by the Sitka Tribe of Alaska (STA). The red horizontal dashed line represents the
FDA regulatory limit is 80ug/100g. Testing for these data was done using the ELISA testing method.

gram is underway and encompasses ship-based sediments samples, water samples, zooplankton samples,
krill samples, copepod samples, multiple species of fish, bivalves, and the continuation of sampling
subsistence-harvested and dead stranded marine mammals.

HABs are likely to increase in intensity and geographic distribution in Alaska waters with warming water
temperatures. Observations in Southeast and Southcentral Alaska suggest Alexandrium blooms occur
at temperatures above 10°C and salinities above 20 (Vandersea et al., 2018; Tobin et al., 2019; Harley
et al., 2020). As waters warm throughout Alaska, blooms may increase in frequency and geographic
extent.

The Alaska Department of Health, Section of Epidemiology (SOE) continues to partner with the AHAB
network. Nurse consultants join in on the monthly meetings and collaborate with stakeholders so they
can be made aware of reportable illness such as Paralytic shellfish Poisoning (PSP). SOE published an
Epidemiology Bulletin describing cases of PSP from 1993 — 202138 More information about PSP and
other shellfish poisoning can be found on the SOE website3°.

®nttps://epi.alaska.gov/bulletins/docs/b2022_05.pdf
¥nttps://health.alaska.gov/en/education/shellfish-poisoning/
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“Mushy” Halibut Syndrome Occurrence

Contributed by Stephani Zador
Resource Ecology and Fisheries Management Division, Alaska Fisheries Science Center, NOAA Fisheries
Contact: stephani.zador@noaa.gov

Last updated: September 2025

Description of indicator: Mushy Halibut Syndrome was first detected in GOA halibut in 1998. When
prevalent, it is most often observed in smaller halibut of 15-20 Ibs in the Cook Inlet area, but has
also been noted in Kodiak, Seward, and Yakutat. Alaska Department of Fish and Game (ADF&G)
describes the typical condition consisting of fish having large areas of body muscle that are 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. Data are collected through searches
of ADF&G fishing reports*®) and queries to IPHC and ADF&G staff. Incidence of mushy halibut is
reported opportunistically in recreational fishing reports and by port samplers, and may not represent
true trends. In particular, for these types of qualitative indicators, absence of reporting does not prove
absence in the environment.

Status and trends: In 2025, there were some sightings of mushy halibut by charter fishermen early in
the spring (pers. comm. Marian Ford, ADF&G). There were no mentions in the ADF&G central Alaska
fishing reports. Increased prevalence occurred in 2005, 2011, 2012, 2015, and 2016. It was apparently
absent in 2013 and 2014. Since 2017 there have been very few to no reports of mushy halibut.

Factors influencing observed trends: The condition is considered a result of nutritional myopa-
thy/deficiency, and thus may be indicative of poor prey availability for halibut when it is prevalent.
According to ADF&G, 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. Also, as the reporting for this indicator
is opportunistic and subject to observation error, it may not reflect true prevalence or absence in the
ecosystem.

Implications: The relatively few reports of mushy halibut since the end of the 2014-2016 marine
heatwave in the GOA may indicate that foraging conditions for young halibut have been more favorable
in recent years. However, the absence of mushy halibut reports during the 2019 heatwave year suggests
there there is not a simple link between environmental conditions and the prevalence of this condition.

“nttp://www.adfg.alaska.gov/sf/fishingreports/
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Fishing Indicators

Time Trends in Non-Target Species Catch

Contributed by George A. Whitehouse® and Sarah Gaichas?

!Cooperative Institute for Climate, Ocean, and Ecosystem Studies (CICOES), University of Washington,
Seattle WA,

2Hydra Scientific LLC, Falmouth

Contact: gaw@uw.edu

Last updated: August 2025

Description of indicator: This indicator reports the catch of non-target species in groundfish fisheries
in the Gulf of Alaska (GOA). Catch since 2003 has been estimated using the Alaska Region's Catch
Accounting System (Cahalan et al. 2014). This sampling and estimation process does result in uncer-
tainty in catches, which is greater when observer coverage is lower and for species encountered rarely in
the catch. Since 2013, the three categories of non-target species tracked here are:

1. Scyphozoan jellyfish
2. Structural epifauna (seapens/whips, sponges, anemones, corals, tunicates)

3. Assorted invertebrates (bivalves, brittle stars, hermit crabs, miscellaneous crabs, sea stars, marine
worms, snails, sea urchins, sand dollars, sea cucumbers, and other miscellaneous invertebrates).

The catch of non-target species/groups from the GOA includes the reporting areas 610, 620, 630, 640,
649, 650, and 659*'. Within reporting area 610, the GOA and Aleutian Islands (Al) Large Marine
Ecosystems (LMEs) are divided at 164 °W. Non-target species caught east of 164 °W are within the
GOA LME and the catch west of 164 °W is within the Al LME.

Status and trends: The trend in the catch of jellies in from 2020 — 2024 has been generally flat, with
the time series low in 2022. The catch of Scyphozoan jellies in the GOA has been variable from 2011 —
2020, with peaks in 2012, 2015, 2016, and 2019 (Figure 111). Scyphozoan jellies are primarily caught
in the pollock fishery. The catch of structural epifauna gradually increased from 2011 to 2016, and
has since trended downward to the time series low in 2023 and remained low in 2024. Sea anemones
comprised the majority of the structural epifauna catch from 2011 — 2019, and in 2024, and were
co-dominant with unidentified corals and bryozoans from 2020 — 2022. Sponges were the dominant
component of structural epifauna catch in 2023. Structural epifauna has primarily been caught in hook
and line and non-pelagic trawl fisheries. The catch of assorted invertebrates increased from 2012 to
a peak in 2015 then decreased each year to a low in 2021 and has remained low through 2024. Sea
stars dominate the assorted invertebrate catch, accounting for more than 76% of the total assorted
invertebrate catch in each year. Sea stars are caught primarily in pot and hook and line fisheries.

“https://www.fisheries.noaa.gov/alaska/sustainable-fisheries/alaska-fisheries-figures-maps-
boundaries-regulatory-areas-and-zones
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Scyphozoan Jellies
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Figure 111: Total catch of non-target species (tons) in the GOA groundfish fisheries (2011 — 2024). Note
the different y-axis scales between species groups.

Factors influencing observed trends: The catch of non-target species may change if fisheries change,
if ecosystems change, or both. Because non-target species catch is unregulated and unintended, if there
have been no large-scale changes in fishery management in a particular ecosystem, then large-scale
signals in the non-target catch may indicate ecosystem changes. Catch trends may be driven by changes
in biomass or changes in distribution (overlap with the fishery) or both.

Jellyfish population dynamics are influenced by a suite of biophysical factors affecting the survival, repro-
duction, and growth of jellies including temperature, wind-mixing, ocean currents, and prey abundance
(Purcell, 2005; Brodeur et al., 2008). The lack of a clear trend in the catch of scyphozoan jellies may
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reflect interannual variation in jellyfish biomass or changes in the overlap with fisheries.

Implications: The catch of structural epifauna and assorted invertebrates is very low compared with the
catch of target species. Abundant jellyfish may have a negative impact on fishes as they compete with
planktivorous fishes for prey resources (Purcell and Sturdevant, 2001), and may prey upon the early life
history stages (eggs and larvae) of fishes (Purcell and Arai, 2001; Robinson et al., 2014). Additionally,
jellyfish may be an important prey resource for predators, including commercially important groundfishes
(Brodeur et al., 2021).
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Sustainability (for consumptive and non-
consumptive uses)

Fish Stock Sustainability Index

Contributed by George A. Whitehouse, Cooperative Institute for Climate Ocean and Ecosystem Studies
(CICOES), University of Washington, Seattle, WA
Contact: gaw@uw.edu

Last updated: August 2025

Description of indicator: The Fish Stock Sustainability Index (FSSI) is a performance measure for
the sustainability of fish stocks selected for their importance to commercial and recreational fisheries*?.
The FSSI will increase as overfishing is ended and stocks rebuild to the level that provides maximum
sustainable yield. The FSSI is calculated by awarding points for each fish stock based on the following

rules:

1. Stock has known status determinations:

(a) overfishing level is defined = 0.5
(b) overfished biomass level is defined = 0.5

2. Fishing mortality rate is below the “overfishing” level defined for the stock = 1.0
3. Biomass is above the “overfished” level defined for the stock = 1.0

4. Biomass is at or above 80% of the biomass that produces maximum sustainable yield (Bmsy) =
1.0 (this point is in addition to the point awarded for being above the “overfished” level)

The maximum score for each stock is 4.

In the Alaska Region, there are 35 FSSI stocks and an overall FSSI of 140 would be achieved if every
stock scored the maximum value, 4. Over time, the number of stocks included in the FSSI has changed
as stocks have been added and removed from Fishery Management Plans (FMPs). To keep FSSI scores
for Alaska comparable across years we report the FSSI as a percentage of the maximum possible score.

In the GOA region there are 14 FSSI stocks including sablefish. The assessment for sablefish is based
on aggregated data from the GOA and BSAI regions. Additionally, in Alaska there are 26 non-FSSI
stocks, three ecosystem component species complexes, and Pacific halibut, which are managed under
an international agreement. Two of the non-FSSI crab stocks in the BSAI region are overfished but are
not subject to overfishing. None of the other non-FSSI stocks are known to be subject to overfishing,
are overfished, or known to be approaching an overfished condition. For more information on non-FSSI
stocks see the Status of U.S. Fisheries webpage*3.

“https://www.fisheries.noaa.gov/national/population-assessments/fishery-stock-status-updates
“https://www.fisheries.noaa.gov/national/population-assessments/fishery-stock-status-updates
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Status and trends: The GOA FSSI remains at 86.6% in 2025 (consistent since 2023), an increase
from 84.8% in 2022 (Figure 112). As of June 30, 2025, none of the GOA groundfish stocks or stock
complexes are subject to overfishing, are known to be overfished, or known to be approaching an
overfished condition (Table 4). Points continue to be deducted for the shortraker rockfish stock, the
demersal shelf rockfish complex, and the thornyhead rockfish complex for unknown status determinations
and not estimating B/Busy.

The overall Alaska FSSI remains at 90% in 2025. The index generally trended upwards from 80% in
2006 to a high of 94% in 2018, then trended downward to 88.2% in 2022 (Figure 113). It has increased
incrementally to 89% in 2023 and 90% in 2024 and 2025.
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Figure 112: The trend in GOA FSSI from 2006 through 2025 as a percentage of the maximum possible FSSI.
The maximum possible FSSI is 140 from 2006 to 2014, 144 from 2015 to 2019, and 140 since 2020. All
scores are reported through the second quarter (June) of each year, and are retrieved from the Status of U.S.

Fisheries website. All scores are reported through the second quarter (June) of each year, and are retrieved
from the NOAA Fishery Stock Status Updates**.
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Table 4: GOA FSSI stocks under NPFMC jurisdiction updated June 2025 adapted from the NOAA Fishery Stock Status Updates®>. See FSSI and
non-FSSI Stock Status Table on the Fishery Stock Status Updates webpage for definitions of stocks and stock complexes. The multiple B/Bysy values
in a given row represent western/central and eastern regions for northern and southern rock sole (shallow water flatfish) and rex sole.

Stock Overfishing  Overfished ~ Approaching  Progress B/Bmsy  FSSI Score
GOA Arrowtooth flounder No No No N/A 2.05 4
GOA Flathead sole No No No N/A 2.83 4
GOA Shallow water flatfish complex® No No No N/A 1.44/2.40/1.86/2.19 4
GOA Rex sole No No No N/A 2.79/2.19 4
GOA Blackspotted and rougheye rockfish complex”  No No No N/A 1.73 4
GOA Shortraker rockfish No Unknown Unknown N/A Not estimated 1.5
GOA Demersal shelf rockfish complex® No Unknown Unknown N/A Not estimated 1.5
GOA Dusky rockfish No No No N/A 1.79 4
GOA Thornyhead rockfish complex® No Unknown Unknown N/A Not estimated 1.5
Northern rockfish-western / central GOA No No No N/A 1.37 4
GOA Pacific ocean perch No No No N/A 1.91 4
GOA Pacific cod No No No N/A 0.90 4
Walleye pollock-western / central GOA No No No N/A 1.93 4
GOA BSAI Sablefish® No No No N/A 1.49 4
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Figure 113: The trend in Alaska FSSI, as a percentage of the maximum possible FSSI from 2006 through
2025. The maximum possible FSSI is 140 for 2006 to 2015, 144 from 2015 to 2019, and 140 since 2020.
All scores are reported through the second quarter (June) of each year, and are retrieved from the NOAA
Fishery Stock Status Updates website®S.

Factors influencing observed trends: Since 2006, the GOA FSSI has been generally steady, fluctuating
between a low of 83% in 2020 to a high of 91% from 2015-2018 (Figure 113). There were minor drops in
the FSSI in 2008-2009, in 2012—2013, and 2019-2020. In 2008 and 2009, a point was lost each year for
Bmsy walleye pollock in the western/central GOA dropping below 0.8. In 2009, an additional 2.5 points
were lost for the Rex sole stock having unknown status determinations and for not estimating Busy.
In 2012 and 2013, 2.5 points were lost for having unknown status determinations and not estimating
Bmsy for the deepwater flatfish complex. The drop in 2019 was due to biomass dropping below 80%
Bmsy for Pacific cod and sablefish. An additional point was gained in 2023 for GOA Pacific cod biomass
increasing above Bysy.

Implications: The majority of Alaska groundfish fisheries appear to be sustainably managed, including
GOA groundfish fisheries. Until the overfished status determinations are defined for the Demersal
Shelf Rockfish complex, the Thornyhead Rockfish complex, and shortraker rockfish, it will be unknown
whether these stocks are overfished or approaching an overfished condition.
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Skipper Science 2025 Observation Report

Contributed by K. Drummond!, M. Reda-Williams!, L. Divinel?, C. Tran®3, C. Turner>*, and B.
Robson!#

1Skipper Science Partnership

2Aleut Community of St. Paul Island Ecosystem Conservation Office

3Aleut Community of St. Paul Island Bering Sea Research Center

#Indigenous Sentinels Network

Contact: kdrummond®@aleut.com
Last updated: October 2025

Introduction: This report documents significant observations submitted by participants in the Skipper
Science program in Alaska between April and September 2025, with the majority taking place within the
summer months. The Skipper Science Partnership is a citizen science program based in Alaska'’s fisheries
and dedicated to connecting the knowledge and experiences of fishermen and mariners to the scientific
research and resource management policies affecting Alaska’s coastal waters. Participants in the program
are primarily small boat fishermen*’ across regions, fisheries, and gear types statewide. Using pre-made
forms in the ISN Skipper Science smartphone app, participants submit observations with narrative
descriptions of marine species and environmental conditions and phenomena, along with geolocation,
date-time information, and optional audio, video, or fishery-specific information. Participation in the
program is voluntary, with some participants rewarded for their efforts through an end of season raffle.
The program serves as a bridge between those who work on the water and domain experts and policy
makers, enabling on-the-water data collection and collaborative marine ecosystem research.

This report has been written specifically for submission to the Resource Ecology and Fisheries Man-
agement (REFM) Division of the National Oceanic and Atmospheric Administration (NOAA) in con-
sideration of the forthcoming 2025 Ecosystem Status Report (ESR) published by NOAA. The report
is divided into three chapters which represent themes present in the data submitted, and build on the
chapters in the 2024 Skipper Science Observation Report included in the 2024 GOA ESR (Drummond
et al., 2024). The chapters are organized into three sections titled “Emerging Topic”, “Trends”, and
“Continued Research” which reflect the content of the chapters in the broader scope of citizen science
data generated through Skipper Science.

Methodology: We define citizen science here as a method by which those who do not hold a formal title
as a ‘scientist’ engage in data collection and monitoring. The main demographics of citizen scientists that
currently participate in Skipper Science are commercial fishermen in small boat fisheries of various gear
types and across regions in Alaska. Fisheries citizen science is a growing component of scientific processes
to better inform understanding and management areas of inquiry and concern (McKinley et al., 2015).
This methodology rests on the understanding that fishermen are already observing and witnessing aspects

*’Small boat fishermen are defined here as fishermen operating vessels less than 40 feet. While these make up the majority
of participants in the program, the program is not at all exclusive to small boat fisheries defined as such. Participation in
the program has been shaped by areas of heavy outreach since 2021, and while it is likely to be shaped by characteristics
of each fishery and region that may include vessel size, no formal analysis has been done.
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of marine ecosystem health repeatedly throughout the year. Skipper Science uses this methodology to
improve relationships between fishermen, scientists, and managers; facilitate communication between
these groups about fisheries and marine research and management; and fill data gaps and strengthen
data sets by expanding elements such as seasonality and geographic range (Bonney et al., 2021; McKinley
et al., 2017; DiBattista et al., 2021).

Through the smartphone app ISN Skipper Science, users access customizable data collection forms to
submit observations. All observations in this report were generated through the “Basic Observation”
form, available to all users who download the app and create an account. This form was created by
the Skipper Science Partnership in 2021 and refined over time with feedback from fishermen and other
participants. The fields include date and time; name of the observer; species/object; ID confidence; text
comments; audio recording/comments; GPS; photo and video capture/selection. All data submitted
through the app goes through a quality assurance process and is read and categorized by the Skipper
Science team. In addition to the app-collected data, the Skipper Science team communicated directly
with participants and research scientists about several of the observations submitted in 2025, discussed in
further detail within each chapter. This flexible approach to data collection that includes communication
with users and scientists outside of the app provides a valuable complement to the ecosystem data
possible through the data form.

The chapters and individual observations included in the report were selected by the Skipper Science
team after reviewing the 2025 data based on their completeness and regional relevance. The total
number of observations submitted in 2025 that are relevant to the Gulf of Alaska region has decreased
over the past two years. The reasons for this drop in participation in the General Observation Program
from which these observations are drawn is unknown at the time of writing this report. The Skipper
Science team conducts outreach throughout the year to encourage fishermen to join the program through
approaches including dock walking, presenting to and working with fishery associations, in-person events,
and social media content.

Ch. 1: Citizen Science observations of sea otter abundance and distribution in Cook Inlet

Summary: Northern sea otters (Enhydra lutris) are a federally protected keystone species that has
experienced dramatic population shifts in the Gulf of Alaska. Fifteen observations from June, July, and
August 2025 document sea otter sightings in Cook Inlet. Large rafts of otters were observed outside of
Kachemak Bay in an area and in group sizes not previously seen.

Introduction: The USGS has conducted aerial surveys of sea otters in the Kachemak Bay and Eastern
Lower Cook Inlet, most recently in 2019 (Ballachey et al., 1987). Mapped data from these surveys
shows a distribution of otters in groups of 1 — 5 in the Kachemak Bay region (Figure 115). During
the summer of 2025 participants in the Skipper Science Partnership collected fifteen observations of
sea otters in Cook Inlet near the mouth of Kachemak Bay. Some observations included photographs
depicting individual otters and rafts of otters.

Methodology: The data discussed here were submitted by a commercial fisherman during the summer
fishing season between the dates of May 1 to August 31, 2025, through the ISN Skipper Science
app. Data described in this report chapter include GPS locations, species observed, date and time of
observation, text comments, and photos submitted to accompany observations. Quantities of otters
present in observations were estimated based on the content of the comments, and coded to reflect
groups of 1, 2, 3 — 10, and 10 — 30 as a source for the estimated total number of animals observed.
Text comments were analyzed for additional context for the data fields, specifically location information,
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number of animals, and observed behavior, and were summarized for inclusion in the report. All sea otter
observations were made by a single participant between 26 June and 12 August 2025. An additional
informal phone interview was conducted with the participant to clarify the submissions, with the central
question being why these observations of sea otters were notable; this is included in the Discussion
section. All data submitted through the form has been interpreted by the Skipper Science team to best
fit the needs of this report.

Region: The observations submitted occurred in Cook Inlet, in an area northwest of Kachemak Bay off
of Anchor Point between 59.6 and 59.9 °N and -151.4 and -152.2 °E. All observations appear to have
occurred in waters over the continental shelf, at an estimated depth between 60 — 150 feet. Rafts were
noted to generally be an estimated 3 — 4 miles offshore by the participant.

Results: A total of 15 observations of sea otter presence were logged. There were no interactions
with fishing gear reported, and limited behavioral observations except for describing them as “lounging”
(SSC-488487, Table 5), either alone or in groups of 2 or more. The quantity of otters observed was noted
in the comments in most submissions, with an estimated total number of animals observed between 67
and 161. Table 5, below, summarizes the otter observations, including the observation code, number of
otters observed and paraphrased comments, and quantity of otters. Photos accompanied many of the
observations including Figure 114, which shows a raft of otters. In an informal interview, the participant
who provided these observations described feeling that their numbers and locations were significant
because in a lifetime of fishing in this area they do not remember seeing them this far outside of the
shelter of Kachemak Bay, or in rafts this size. The first map in Figure 115 shows the locations and
estimated quantity of sea otters observed through Skipper Science. The map in Figure 116 from the
USGS 2017 aerial survey (Esslinger et al., 2021) shows sea otter abundance and distribution in the same
area and shows smaller raft sizes.

Table 5: All observations of sea otters included in this region with observation code, date, number of otters
observed and comments included in the submission.

Observation Code Dates (2025) Number Comments

SSC-48484 06-26 2 Two otters observed together

SSC-48485 06-26 1 One otter lounging

SSC-48486 06-26 2 Another group of 2 otters

SSC-48487 06-26 1 Single otter

SSC-48488 06-26 3-10 3x in a group that dove as | drove by

SSC-48489 06-26 10+ Numerous otters in this area as evidenced by all my previous
observations. Just saw 3x more lounging as | drove by

SSC-48496 06-30 2 Two together

SSC-48497 06-30 10 Raft of about 10 otters

SSC-48498 06-30 10+ Two rafts of otters with a total number of animals about 30

SSC-48499 06-30 10+ Another raft of otters

SSC-48517 07-03 1 Lone otter. I've seen a lot fewer otters today than previous

days that | have transited this area from Homer to the fishing
grounds in lower cook inlet

SSC-48521 07-07 3-10 Three animals together
SSC-48529 07-07 1

SSC-48599 08-09 1

SSC-48603 08-12 10+ A whole raft of otters. See photos
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Figure 114: Photo submitted in 2025 of sea otters observed from a fishing vessel near Kachemak Bay in
June. (S5C-48499, Table 5).
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Figure 115: Locations of sea otter sightings and abundance estimates by fishermen citizen scientists through
the ISN Skipper Science smartphone app, dated from 26 June-12 August, 2025.
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Figure 116: Sea otter sightings from May 2017 USGS aerial survey, (Esslinger et al., 2021).
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Citizen science observations of predator-prey and fishery interactions in Gulf of Alaska

Summary: In the last 4 years of citizen science data collection through the Skipper Science Partnership
fishermen have consistently submitted observations of marine mammal sightings, which often include
detailed descriptions of behavior including predator-prey interactions and fishery interactions with fishing
gear and vessels. These observations are rich in qualitative data, spatial and temporal scope, and
fishermen-based perspectives; and the consistent trend of voluntary data submission underscores the
importance of these topics to fishermen and the potential for expansion on this theme in citizen science
research in Alaska on these keystone species. In 2025 the trend continued with observations of sightings,
observed hunting behavior, and interactions with fishery activities of marine mammals including killer
whales (Orcinus orca), Stellar sea lions (Eumetopias jubatus), and harbor seals (Phoca vitulina).

Introduction: This chapter outlines three themes in the data from the 2025 season that included
observations of killer whales engaged in predator-prey interaction close to vessels, observations of specific
predation and fishery interaction in Stellar sea lions in Southeast, and an observed trend of harbor seal
presence and predation and fishery interaction behavior in the Kasilof rivermouth. In previous years
observations of sharks have been included within this theme, but this year only yielded marine mammal
observations.

Methods: The marine mammal observations discussed in this chapter were submitted by commercial
fishermen during the spring and summer fishing seasons between the dates of 1 April — 31 August,
2025 in the Cook Inlet, Kodiak, and Southeast regions of the Gulf of Alaska. Relevant form fields
include GPS locations, named regions, observed species, date and time of observation, text comments,
and optional fishery information, photos, or videos submitted to accompany observations. Additional
qualitative information was collected through an informal phone interview after data submission. Some
observations have only a few descriptors while others include long comments of several hundred words,
all of which are coded and summarized in alignment with the purpose of this report by the Skipper
Science team, and do not reflect technical definitions or designations of fisheries interactions that may
be used in agency or other applications. As such, below are definitions used in our interpretation of the
data.

Fishing Interaction: Fishing interaction was identified whenever an observation comment mentioned an
interaction with marine life during fishing activities, including gear interactions, loss of fish, and marine
mammal or shark presence around gear with no direct interaction. This last identifier was included
considering the further context of the observation comment where the observer mentioned explicitly
presence with no gear interaction or fish loss.

Predator/Prey Interaction: Predator/Prey Interaction was identified based on the description and/or
behavior of the animal observed. A majority of comments noted a type of interaction while also making
notes on predation by marine mammals and sharks on fish both in relation and not in relation to the
fishing interaction.

Results: A total of 15 citizen science observations were submitted that included marine mammals
observed in close proximity to vessels, interacting with fishing activity, or engaged in predator-prey
activity. Six species of marine mammals were identified in these observations. No shark data was
reported. The marine mammal species include harbor porpoise (Phocoena phocoena) , humpback
whale (Megaptera novaeangliae), killer whale, Pacific white-sided dolphin (Aethalodelphis obliquidens),
harbor seal, and Stellar sea lion. The table below (Table 6) shows the observations submitted including
the region, species, summary of interaction observed and the fishery that the observer was participating
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in. Table 7 shows the number of reported marine mammal and shark observations from 2023 — 2025,
and the number of those that included descriptions of fishery interactions. The 2025 results are further
described in sections specific to each species observed.

Table 6: Citizen science observations of marine mammals engaged in predator-prey behavior, in close proximity
to vessels, or interacting with fishing gear in the 2025 summer fishing season.

Observation Code Region Species Summary Fishery

Code and Gear Type

SSC-48523 Cook Inlet  Harbor porpoise Close proximity to vessel Unknown

SSC-48522 Cook Inlet Humpback whale  Close proximity to vessel Unknown

SSC-48333 SE Killer whale Pod in close proximity to Salmon, trolling
boat, following trolling line

SSC-48519 Cook Inlet  Killer whale

SSC-48524 Cook Inlet  Killer whale Close proximity to vessel, Salmon, gillnet
more than 4 present

SSC-48604 SE Killer whale Orca predation on coho Salmon, trolling
salmon, 50 meters from boat

SSC-48362 Kodiak Pacific whitesided Hundreds of animals sighted Unknown

dolphin

SSC-48539 SE Steller sea lion Interaction with fishing Salmon, trolling
gear/catch, affecting catch.
Fish observed to have rake marks

SSC-48493 Cook Inlet  Harbor seal Close to nets, looking for salmon  Salmon, gillnet

SSC-48520 Cook Inlet  Harbor seal Observed in harbor Salmon, gillnet

SSC-48530 Cook Inlet  Harbor seal 4 seals catching salmon Salmon, gillnet
at mouth of Kasilof river

SSC-48531 Cook Inlet  Harbor seal West side of east rip Salmon, gillnet

SSC-48532 Cook Inlet  Harbor Seal Close proximity to boat, Salmon, gillnet
grooming itself

SSC-48537 Cook Inlet  Harbor Seal Close to nets, looking for salmon  Salmon, gillnet

SSC-48549 Cook Inlet Harbor Seal 3 seals catching salmon Salmon, gillnet

at mouth of Kasilof River

Table 7: Total number of observations for marine mammal species and sharks with number of observations
that include fishery interactions in parentheses.

Species

2023

Sea Lion 3(3)

Seal 0(0)
Orca 2(2)
Shark 6(6)

2024 2025
33)  1(1)
33) 7(4)
2(2)  4(2)
2(2) 0(0)

Harbor Seals: Four of the seven harbor seal observations described a fishery or predator-prey interaction.
A number of harbor seals were seen near the mouth of Kasilof river preying on salmon, with others
reported to be targeting fishing nets of salmon gillnetters in the area. In an informal interview with
the participant they noted an increase in harbor seal sightings over time, with consistent and increasing
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behavior of seals targeting salmon in the nets of gillnetters. The observation included a comment
describing how seal behavior has impacted their fishing activity by forcing them to reset their nets
sometimes several times after seals descend on the net, “if you get a handful of them on the net, you
won't have any fish left.” (Phone interview with observer on 18 September 2025).

Killer whales: Three of the four killer whale observations in the Gulf of Alaska reported the whales
in close proximity to fishing vessels. In one interaction in Southeast they were observed following the
troll line to catch coho salmon off the line, “Pod of orcas lingered for about an hour on the winter
chinook trolling line” (SSC-48333, Table 6). Another observation reported a young male within 50
yards of the vessel, with the observer commenting that the same pod or another was observed 2 weeks
prior. A third observation in Southeast documented killer whales hunting around the fishing vessels and
targeting coho, but not otherwise interacting with the fishing activity, “Completely unconcerned about
our activity. Just as other encounters in the past, the group of killer whales were hunting right in and
around vessels actively fishing for coho, as if they chose or targeted a group of active fishing vessels as
a likely location for food” (SSC-48604, Table 6, Figure 117).

Stellar sea lion: The sole observation of a Stellar sea lion included a lengthy commentary on observed
sea lion behavior observed over time. The fisherman described in great detail their experience of Stellar
sea lions expertly targeting juvenile Chinook salmon caught on a troll line. They hypothesized that the
sea lions have learned this behavior over time to more easily acquire their preferred prey. The participant
was contacted, as well as a sea lion expert, to discuss what further data could be helpful to explore the
trend of this observed behavior, but no further action was taken during the duration of the research
period included for this report.
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Figure 117: Photo of pod of killer whales observed between Torch Bay and Palma Bay in the Southeast
region of the Gulf of Alaska (SSC-48604, Table 6).

Discussion: Both resident and transient marine mammals including but not limited to sharks, harbor
seals, killer whales, and dolphins are apex predators in Alaska's coastal waters, and important indicators
of ecosystem health. The 2025 data captured an increase of harbor seals in the Kasilof rivermouth, killer
whale predation in Southeast and Cook Inlet, and the continued trend of Stellar sea lion interaction with
fishing vessels in Southeast. It is noted that in this season there were no shark observations submitted,
which in previous years have included instances of direct observation of or evidence of shark predation
of fish on lines, sharks caught as bycatch, or observed in the water. It is unknown why no shark data
was submitted this year. These marine mammal observations of behavior targeting fishing activity as
a source of prey, and demonstrating learned behavior to expertly feed from fishing gear are consistent
with previous years of data collection, and there are many informal interviews over the duration of the
program with fishermen which reflect these trends. Fishermen have a unique perspective to observe
marine mammals of many species, across a wide temporal and spatial range. The frequency of fishery
interactions with predators that impact catch yields a high interest in fishermen collecting data regarding
these topics, with high potential for a variety of targeted research projects including marine mammals
possible through this methodology. The data submitted on marine mammal observations of this nature
tends to be rich with qualitative elements, historical observations, and reflections and suggestions on
potential research questions.

Ch 3. Citizen Science observations of stomach contents and forage fish in the Gulf of Alaska

Summary: Using a methodology developed by the Skipper Science Partnership, fishermen in 2025 col-
lected data on the diets of salmon as they process fish. Stomach content data through this methodology
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provides direct data on diet composition of target species, and is complemented by additional observa-
tions of spawning and baitballs that provide data on forage fish, which we generally describe as small,
nutrient-dense, schooling fish that are crucial for healthy food-webs in coastal Alaska. These two meth-
ods enable citizen science collected data that can illuminate food web dynamics, diet composition, and
forage fish data important for monitoring ecosystem dynamics for commercial species. The 2025 data
includes observations of stomach contents in coho salmon and herring spawn sites.

Introduction: Citizen science data collection on stomach contents of target species of salmon in the
Gulf of Alaska continues in 2025, with the noted presence of a novel forage species not recognized by
fishermen. Distribution and abundance fluctuations in forage fish can be important ecosystem indicators,
and are noted by citizen scientists (Livingston et al., 2005). The 2025 observations of stomach contents
were submitted by salmon trollers in Southeast, which is consistent with prior years as the gear type
and region most likely to include stomach contents in their observations.

Region(s): Both observations of herring spawning and stomach contents occurred in the Southeast
region of the Gulf of Alaska. Stomach content data collected on vessels salmon trolling in Southeast,
and herring spawn observations were land-based near Sitka.

Methods: Observations were submitted in Spring and Summer 2025 by commercial fishermen in South-
east Alaska using the Basic Observation form in the ISN Skipper Science smartphone app (Table 8).
Observations include GPS locations, named regions, date and time of observation, and descriptive com-
ments; a subset of observations included photographs of stomach contents. These data were collected
using an iteration on a method for analyzing the stomach content of black cod developed by the Skipper
Science Partnership in collaboration with the Alaska Fisheries Science Center; designed to contribute
citizen science research to research on food web dynamics in the Southeast region (Skipper Science
Partnership, 2023). During outreach in the spring current and potential participants were encouraged to
log observations of stomach contents, and to include an indication of measurement, target species and
stomach content species ID when possible. Identification of species in stomach contents was done by the
Skipper Science team based on the data in the observation and further research. Spawning events and
sightings of bait balls were also encouraged to continue data collection on forage fish. Direct comments
from observations are included in the data table (Table 9), which have not been paraphrased.

Results: Two observations of herring spawn events were submitted on May 14th, 2025 in the Sitka
area of Kruzof island. One noted a comment that historically, spawn had not been seen in the slough
near Pelican Harbor. Two observations of an unidentified fish in coho stomach contents were submitted
through the app by a participant on a vessel trolling for salmon (Figure 118). The Skipper Science team
attempted identification of the fish through the photos submitted in the observation, and communication
with the NOAA Auke Bay Lab in Juneau, identifying the fish as a Pacific sandfish ( Trichodon trichodon).
Further communication via email on August 11, 2025 with the participant shared that this was not an
isolated event. The participant shared that they continued to see the same baitfish identified as Pacific
sandfish in “almost every single coho we have caught”. Between the date of the email and July 10, 2025
they had caught 2,813 coho with troll gear in the region specified in the comments of the observation in
Southeast. They noted that the lack of decomposition of the stomach contents at the time of dressing
the coho caught, when stomach contents are generally observed. They noted, “New fish move through
this area constantly, bound for icy straits and inside rivers. We have observed sandfish in every single
coho, and that the sandfish is almost exclusively freshly consumed or very recently consumed, evidenced
by the lack of decomposition at the time of dressing the fish. There have been other types of baitfish
(mainly herring) in the stomach contents but at far greater stages of decomposition, suggesting the
other types of baitfish were consumed prior to transiting this particular area” (Troller in SE AK salmon
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fishery, email correspondence with authors, August 11, 2025). Photos including measurement of the
stomach contents are included in the observations.

Table 8: The total number of observations that noted forage fish (herring, capelin, sand lance, Pacific
sandfish) in salmon stomachs in 2023, 2024, and 2025, with the total number of Skipper Science observations
for each year in parentheses.

Prey Species 2023 (173) 2024 (67) 2025 (44) Predator salmon species

Herring 6 2 0 King salmon
Capelin 1 2 0 King salmon
Sandlance 2 0 0 Coho, King salmon
Sandfish 0 0 2 Coho

Total 9 4 2

Table 9: Forage fish and stomach content citizen science observations in 2025.

Observation Code Species Region
SSC-48400 Pacific Herring SE

Comment: Thousands of herring and spawn in and around the waters of Pelican Harbor, Pelican Creek,
and slough near breakwater. Elder resident reports having never witnessed herring spawn in the slough.

SSC-48403 Pacific Herring SE
Comment: Herring spawning Pelican Boat Harbor
SSC-48540 Unidentified Coho stomach SE
contents

Comment: Coho were feeding on this fish off Graves Harbor/Astrolabe stretch. They may have
consumed this feed last night/morning judging by decomp. These are coho that were not here
yesterday so they may have come from offshore overnight. Also, big minus tide moves baitfish around
and may have brought this feed in close to shore. We caught 100+ coho today that all showed up just
today with this particular baitfish in their stomach.

SSC-48589 Unidentified Coho stomach SE
contents

Comment: Trolling for coho we had coho spitting up this odd baitfish we have never seen before.
Water is 54.6 degrees on the surface.
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Figure 118: Stomach contents of coho salmon caught trolling for coho in the Southeast region. These
photos sparked further email communication between the observer and the AFSC, and identified as a Pacific
sandfish. (SSC- 48540, SSC- 48589).

Discussion: The two observations were submitted in 2025, fewer than in 2023 or 2024 (Drummond
et al., 2024). Each of the 2025 observations noted the presence of a fish in coho stomach contents that
was unknown to the experienced fisherman making the observation. These observations were made, in
part, because of the novelty. This demonstrates two layers of value to this citizen science data: the
ecosystem food-web information from the diet data, including temporal and spatial specificity, size and
quality of fish in photos; and the novel, qualitative note that this type of baitfish has not been observed
previously by these fishermen. Subsequent email communication between Skipper Science, the AFSC,
and the participant helped determine that the unknown fish found in coho stomach contents was likely
the Pacific sandfish. This discovery is interesting because the life cycle of the sandfish as it is typically
understood makes it an unusual prey for Coho in the time and location these observations were made.

Though present in 2023 and 2024, herring, capelin, and sandlance were entirely absent from observations
in 2025. However, the 2025 data included several observations of herring spawning which, combined
with emailed comments about decomposed herring in stomach contents quoted in results section, above,
complement stomach content data from previous years.
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