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ORIGINS OF EcoFOCI 
In the spring of 1980, the echosounder 
of a NOAA ship returning from the 
Bering Sea detected a massive fish sig-
nal in Shelikof Strait, Gulf of Alaska 
(GOA). This was verified in 1981 by a 
directed survey (see echogram image on 
title page)—a finding that would expand 
NOAA ecosystem and fisheries studies in 
Alaskan waters. 

Prior to this survey, physical oceanog-
raphers from the NOAA Pacific Marine 
Environmental Laboratory (PMEL) and 
biologists from the National Marine 
Fisheries Service (NMFS) conducted 
joint studies through an informal part-
nership that began shortly after the for-
mation of PMEL in 1973, when intense 
field programs were launched in the 
GOA and the Bering Sea. The Shelikof 
Strait echogram set in motion a series of 
events that resulted in a formal partner-
ship between two laboratories that has 
become the gold standard of collabora-
tion within NOAA line offices.

Subsequent to the echogram, sam-
pling in Shelikof Strait revealed spawning 

walleye pollock (Theragra chalcogramma, 
later reclassified Gadus chalcogrammus), 
and large numbers of eggs (Kendall et al., 
1987). In 1982, PMEL’s director, Eddie 
Bernard, met with Bill Aron, director 
of the Northwest and Alaska Fisheries 
Science Center (NWAFSC, later split into 
two Science Centers, AFSC and NWFSC) 
to discuss common research opportu-
nities. Aron and Bernard forwarded 
an initiative to their respective head-
quarters, and staff at NOAA Fisheries 
and NOAA Research—having never pre-
viously received a joint initiative—liked 
the idea. NOAA Administrator Anthony 
Calio learned about the joint proposal, 
visited Seattle, and in 1984 the initiative 
was funded. James Schumacher (PMEL) 
and Arthur Kendall Jr. (AFSC) were 
chosen as the lead scientists of the new 
joint program—Fisheries-Oceanography 
Coordinated Investigations (FOCI, ini-
tially Fisheries Oceanography Experi
ment, FOX; Wilson et  al., 1986)—with 
a goal of understanding recruitment 
mechanisms and variations in year-
class strength of commercially exploited 

fish in Alaskan waters. Walleye pollock 
in Shelikof Strait was the initial focus 
(Reed et al., 1988). 

In the following decades, the breadth 
and depth of research into ecosystem 
dynamics expanded with observations, 
long-term monitoring, laboratory exper-
iments, and modeling across four of 
Alaska’s five large marine ecosystems—
GOA, Aleutian Arc, Bering Sea, and 
Chukchi Sea (Figure 1). This research 
was enabled through a multitude of 
external grants from various sources, 
including the North Pacific Research 
Board (NPRB), the National Science 
Foundation (NSF), and the Bureau of 
Ocean Energy Management, and part-
nerships with other AFSC divisions and 
NOAA Line Offices, cooperative insti-
tutes at the University of Washington 
and University of Alaska Fairbanks, and 
academic and international partners. 
EcoFOCI was a partner in programs such 
as GLOBal Ocean ECosystems Dynamics 
(GLOBEC), the first integrated ecosystem 
study of the Aleutian Islands, and NPRB’s 
Gulf of Alaska Integrated Ecosystem 
Research Program. In 2004, an initiative 
called North Pacific Climate Regimes and 
Ecosystem Productivity was funded, and 
FOCI transitioned into EcoFOCI (see 
Stabeno et  al., 2023, in this issue). We 
highlight here a few contributions regard-
ing the GOA that are among the hun-
dreds of publications produced across 
the history of EcoFOCI. Other articles 
in this issue discuss EcoFOCI’s model-
ing approaches (Hermann et  al., 2023) 
and climate impacts in the US Arctic 
(Stabeno et al., 2023).

POLLOCK RECRUITMENT 
IN SHELIKOF STRAIT 
FOCI’s early emphasis was on recruit-
ment of Shelikof Strait pollock stock that 
can exhibit order-of-magnitude vari-
ability from year to year. Shelikof Strait, 
located between the Alaskan Peninsula 
and Kodiak Island, is ~190 km long and 
35–60 km wide (Figure 2). To the north-
east, most of the Alaska Coastal Current 
(ACC, Figure 3) flows down Shelikof 

ABSTRACT. Ecosystems & Fisheries-Oceanography Coordinated Investigations 
(EcoFOCI) is a joint research program between the NOAA Pacific Marine 
Environmental Laboratory and the Alaska Fisheries Science Center. FOCI was estab-
lished by NOAA in 1984 to study the variability in recruitment success of commer-
cially valuable fin and shellfish in Alaskan waters. The project initially studied walleye 
pollock (Gadus chalcogrammus) in the context of western Gulf of Alaska oceanogra-
phy and meteorology. Transitioning from FOCI to EcoFOCI, the program broadened 
into ecosystem research in the North Pacific and US Arctic (including climate), draw-
ing on multiple scientific disciplines, and continuing to match NOAA scientists with 
academic colleagues working at NOAA’s cooperative institutes and other universities. 
EcoFOCI is an authoritative provider of scientific information that supports decision-​
making and environmental stewardship in Alaskan marine ecosystems through col-
laborative partnerships, innovation, and scientific integrity. Here, we discuss the ori-
gins of EcoFOCI and highlight a few of the scientific accomplishments of the program 
in understanding the drivers and impacts of long-term oceanographic trends, as well 
as extreme and episodic events, in the Gulf of Alaska and Aleutian Island ecosystems.

FACING PAGE. (top image) The Gulf of Alaska extends from the Queen Charlotte Islands (Haida 
Gwaii) to Kodiak Island, east to west. Eddies and filaments in the Gulf of Alaska are visible in this 
image obtained from the NASA Visible Infrared Imaging Radiometer Suite (VIIRS) on September 30, 
2018. (bottom image) A mural on display in the entrance to the NOAA-Fisheries Alaska Fisheries 
Science Center, Seattle, Washington, depicts an acoustic fish-finder echogram from NOAA Ship Miller 
Freeman that shows an aggregation of spawning walleye pollock in Shelikof Strait, Alaska. The echo-
gram covers 12.9 km from the sea surface to the wavy lines that denote the seabed. The red colors at 
intermediate depths denote high fish densities. (Mural designed in 1985 by Mathew Del Fave and pro-
duced in porcelain enamel on aluminum by Firesign Porcelain Enamel Co.) Photo Credit: Evan Mordy
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Strait (Stabeno et al., 1995). Upon exiting the strait, 
it enters the Shelikof sea valley where it bifurcates. 
Approximately one-third of the ACC flows between 
Sutwik Island and the Shumagin Islands, eventu-
ally entering the Bering Sea through the eastern 
Aleutian Passes, while the remainder flows down 
the Shelikof sea valley to the slope (Stabeno et al., 
2016a). Baroclinic instability within Shelikof Strait 
results in small-scale (10–20 km) eddies occurring 
within the sea valley (Schumacher and Reed, 1980). 
The sea valley has estuarine-like circulation with 
inflow of colder, nutrient-rich slope water near the 
bottom and on the eastern side.

Following these patterns of flow, adult pollock 
enter the sea valley to spawn within Shelikof Strait 
(Figure 2). Larvae hatch after two to three weeks and 
surface with sufficient swimming ability to maintain 
larval patches (Schumacher et al., 1993). If retained 
in an eddy, larvae are less likely to be transported 
offshore into the Alaska Stream and may remain 
in the nursery ground near the Shumagin Islands. 
Biophysical models suggest that transport to the 
coastal area between the Semidi and Shumagin 
Islands before mid to late May would not be advan-
tageous due to the lack of prey (e.g., copepod nau-
plii) in that region early in the year (Hinkley et al., 
2009). In the late 1990s, factors determining pol-
lock recruitment switched from environmental con-
trol of larval survival (bottom-​up control) to preda-
tion on juveniles (top-​down control) (Bailey, 2000), 
although currents still influence the geographic dis-
tribution and habitat suitability of juveniles.

PHYSICAL OCEANOGRAPHY 
Under EcoFOCI, the breadth and scope of observa-
tions in the GOA now extend from Southeast Alaska 
to the western Aleutian Passes (Figure 1) in order to 
resolve the physical dynamics of the region (Stabeno 
et al., 2004, 2016a, 2016b) that underpin numerous 
ecosystem studies. Mean flow on the GOA shelf is 
dominated by the ACC, which is largely continuous 
over the ~3,000 km coastline from the southern tip 
of Baranof Island to Samalga Pass in the Aleutian 
Islands (Figure 3). The ACC is forced by strong 
cyclonic winds, and its baroclinic structure is con-
trolled by freshwater runoff from rivers and glaciers 
along the mountainous Alaskan coastline. Along 
the path of the ACC, enhanced mixing and cross-
shelf exchange at various locations bring nutri-
ents into the surface waters in this downwelling-​
dominated system (Stabeno et  al., 2016b; Mordy 
et al., 2019), contributing to the high productivity of 

FIGURE 1. (a) Map of Alaskan waters showing the location of Ecosystems & Fisheries-
Oceanography Coordinated Investigations (EcoFOCI) moorings (orange dots) and CTD 
casts (blue dots, colored by year). Adapted from Tabisola et al. (2021) (b) The histogram 
displays the number of CTD profiles collected on EcoFOCI and collaborative cruises. 

a

b

FIGURE 2. Early life history of walleye pollock in the Shelikof Strait region. Black arrows 
indicate the spawning migration of adults, and the movement of larval (green arrows) 
and juvenile (blue arrow) pollock. Adapted from Kendall et al. (1996)
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these coastal waters. Spatially, the high-
est transport in the ACC occurs at Gore 
Point (~1.4 Sv [Sv =106 m3 s–1]; Stabeno 
et al., 2016a), with weaker flow in south-
east Alaskan waters and to the west. 

Eddies are ubiquitous features 
throughout the GOA and are import-
ant for aggregating plankton species 
(Kroeger et al., 2021). Both the Shelikof 
sea valley eddies and the larger shelf-
break eddies are correlated with high 
chlorophyll concentrations (Ladd, 2007). 
In the southeastern GOA, most of the 
larger basin eddies (~200 km diameter) 
form at three primary sites: Queen 
Charlotte Islands, Sitka, and Yakutat. In 
addition to mesoscale basin eddies, the 
steep topography lining Cross Sound can 
funnel the atmospheric flow into strong 
gap winds that influence the coastal 
ocean up to 200 km offshore (Ladd and 
Cheng, 2016). Around Kodiak Island, gap 
winds influence chlorophyll levels, tem-
peratures, and larval retention by mod-
ifying the ACC, driving Ekman pump-
ing and increasing local mixing (Bond 
and Stabeno, 1998; Ladd et  al., 2016). 
The eddies and gap wind events magnify 
basin-shelf exchange with meanders and 
filaments that extend far offshore (see 
NASA image on title page). 

Off the shelf, basin circulation is dom-
inated by the Subarctic Gyre, which tends 
to be stronger during positive phases of 
the Pacific Decadal Oscillation (PDO; 
Hristova et al., 2019). The Alaska Current 
is the eastern boundary current of this 
gyre. Off Kodiak Island, the circulation 
narrows to form the Alaskan Stream, a 
narrow (~60 km), deep (>3,000 m), high-
speed western boundary current with 
annual mean transport of ~20 Sv (Stabeno 
and Hristova, 2014). Approximately half 
of the Alaskan Stream enters the Bering 
Sea through the deeper Aleutian Passes, 
particularly Amukta Pass, Amchitka 
Pass, and Near Strait (Figure 4; Reed 
and Stabeno, 1994; Stabeno et al., 2005b; 
Stabeno and Hristova, 2014), transport-
ing heat and salt (including nutrients) 
into the Bering Sea and providing a path-
way for marine species.

ALEUTIAN PASSES 
The dramatic decline of western Steller 
sea lions (Eumetopias jubatus) in 1970–
1990 resulted in 2001 congressional legis-
lation that called for investigation of pos-
sible causes. In 2001 and 2002, EcoFOCI 
collaborated with other NOAA and aca-
demic partners on the first comprehensive 
multidisciplinary study of the eastern and 
central Aleutian Passes, with joint fund-
ing by NOAA and NSF (Stabeno et  al., 
2005a). EcoFOCI focused on physics, 
chemistry, and lower trophic production 
to provide information that was linked 
to studies conducted by outside investi-
gators on corals, fish, birds, and marine 
mammals inhabiting the archipelago. 

The Aleutian Passes allow water 
exchange between the Pacific Ocean and 
the Bering Sea. The depth and width of 
the passes generally increase from east to 
west (Figure 4), with Kamchatka Strait 
in the west being the only pass that per-
mits exchange of deep (>2,000 m) water. 
Net transport is northward, with strong 
northward flow on the east side of each 
pass and weaker, or nonexistent, south-
ward flow on the west sides (Cokelet 
et  al., 1996; Stabeno et  al., 2005b). 
Tidally induced vertical mixing is evi-
dent over the sills in the passes, to depths 
greater than 200 m from fall to spring 
(Stabeno et al., 2005b), thereby introduc-
ing salt and nutrients to surface waters 
(Figure 4; Mordy et  al., 2005) and pro-
moting primary production downstream 
in the northeastward flowing Aleutian 
North Slope Current (first identified in 
Reed and Stabeno, 1999). 

A major finding of the Aleutian Passes 
study was partitioning of the Aleutian 
ecosystem at Samalga Pass (Ladd et  al., 
2005; Stabeno et al., 2005b), as reported in 
a special issue of Fisheries Oceanography 
and summarized by Stabeno et al. (2005a) 
as follows. East of Samalga, the GOA shelf 
widens, is fed by the ACC, and has a shelf-
like ecosystem that includes more abun-
dant neritic zooplankton species that 
serve as prey for short-tailed shearwaters; 
abundant fish species with euphausi-
ids serving as an important prey spe-
cies; pollock as the main prey item for sea 
lions; and an absence of sperm whales. To 
the west, the shelf is narrow, the passes 
are fed by the Alaskan Stream, and the 
ecosystem is more oceanic, including 
oceanic zooplankton as prey for north-
ern fulmars and auklets, fewer fish spe-
cies with copepods and myctophids as 
primary prey, Atka mackerel as the pri-
mary prey for sea lions, and a diversity of 
cold-water corals and sponges.

CLIMATE AND RECRUITMENT 
The 1980s and 1990s represented a period 
of major progress in our understand-
ing of climate variability of the North 
Pacific. The PDO was identified, along 
with its correspondence to biological vari-
ables (Mantua et al., 1997). Under the aus-
pices of EcoFOCI, Stabeno et  al. (2004) 
followed up those earlier studies with a 
review of the mesoscale oceanography of 
the northern GOA vis-à-vis the larger-​
scale atmosphere-ocean system. But the 
North Pacific atmosphere-ocean system, 
and associated ecosystem responses, are 

FIGURE 3. Sketch of major currents in the Gulf of Alaska. After Reed and Schumacher (1986)
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arguably not as simple as first described; 
examples of these complications were 
found under the broad umbrella of 
EcoFOCI and related programs.

One finding was that the PDO was 
often, but not always, the leading source 
of variability in the North Pacific (Bond 
et  al., 2003). Di Lorenzo et  al. (2013) 
summarized linkages between vari-
ous elements of the ecosystem and the 
second-leading mode of North Pacific 
Ocean variability, the North Pacific Gyre 
Oscillation. Additional advances were 

made in appreciating the importance of 
advection in the Pacific Subarctic Gyre 
(Hristova et  al., 2019). Recent research 
shows that North Pacific climate patterns, 
such as the PDO, have different expres-
sions in different multi-year periods. This 
is evident in the spatial distributions of 
the various patterns of sea surface tem-
perature and sea level pressure anoma-
lies, and in their relationships to fishery 
catches and other ecosystem indicators 
(e.g., Litzow et al., 2020). 

The role of subsurface temperatures 

represents one of EcoFOCI’s recent con-
tributions to the fisheries-​oceanography 
understanding of the GOA. A marine 
heatwave, called “the Blob,” produced 
anomalously warm waters off the 
US West Coast and in the GOA in 2014–
2016 that led to closure of a major fed-
eral fishery—Pacific cod (Gadus macro-
cephalus) in 2020. 

As the nation’s marine ecosystem 
stewards, NOAA has conducted trawl-
net surveys of groundfish (fish that live 
on or near the bottom) in the GOA since 
1990. Measurements from those surveys 
show that in 2015, the average bottom 
temperatures (<500 m deep) in the west-
ern (central) gulf regions were 1.25°C 
(0.88°C) warmer than average. EcoFOCI 
and other regional researchers studied six 
commercial groundfish species in differ-
ent life stages to determine whether indi-
viduals moved to more favorable habitats 
during warming (Yang et al., 2019), while 
recognizing that fishes are also affected by 
predation from larger fishes, prey avail-
ability, and metabolic demands.

Most species showed complex 
responses to warming that were related to 
species-​specific ontogeny and partition-
ing within temperature-​depth habitats. In 
the central GOA, all sizes of Pacific cod 
shifted to deeper, colder water during the 
heatwave. Nevertheless, they were still in 
a habitat that was warmer than one they 
had, on average, occupied over the previ-
ous decade. Pacific cod biomass declined 
substantially due to an increase in meta-
bolic demand, a reduction in prey supply 
during the heatwave, and continued fish-
ing pressure. Historically low recruitment 
concurrent with the heatwave resulted in 
the 2020 closure of the federal Pacific cod 
fishery in the GOA, the second largest 
commercial groundfish fishery in Alaska 
(Barbeaux et al., 2020).

FUTURE DIRECTIONS 
The GOA marine heatwave of 2014–2016 
and the subsequent extreme biological 
responses across the ecosystem (e.g., fish 
stock collapses, seabird mass mortalities, 
increase in harmful algal blooms, marine 

a

b

c d

FIGURE 4. Surface currents (a) and bathymetry (b) along the Aleutian archipelago. Salinity sections 
show the extent of mixing over sills in deep (c) versus shallow (d) passes. Red bars in (a) show the 
locations of the salinity sections, and arrows over each section indicate the locations of CTD casts. 
Adapted from Ladd et al. (2005) and Stabeno et al. (2005b) 
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mammal mortality events) have drawn 
intense focus on the future of the GOA 
region and connections among climate, 
oceanography, and ecosystems. Societal 
interests are being impacted, and accel-
erating anthropogenic climate change is 
certain to continue driving complex and 
potentially unprecedented ecosystem 
variability in the near future. 

Sustained observations, integration 
among research disciplines, and new 
observing techniques are essential to 
improving our understanding of future 
climate-​biology relationships and assess-
ing vulnerability of stakeholders to shift-
ing ecosystems in the GOA and Aleutian 
region. EcoFOCI is set up to meet 
those challenges.

The EcoFOCI partnership was in 
many respects ahead of its time. Prior to 
EcoFOCI, PMEL and AFSC conducted 
independent but overlapping research. 
Their partnership brought a whole-​
ecosystem context to fishery science—
and a fishery context to oceanographic 
science. This partnership was formed a 
decade or more before ecosystem-based 
fisheries management became the aspira-
tional standard in the United States and 
the world. Now, after nearly 40 years of 
EcoFOCI collaboration, Alaskan fisher-
ies are among the best managed and most 
understood, thanks in part to construc-
tive relationships among fishing industry, 

management, and marine scientists 
across disciplines, including EcoFOCI 
(Figure 5). In the future, we expect these 
partnerships to become increasingly 
important as high-latitude marine eco-
systems are undergoing rapid, unprec-
edented change. Maintaining the blue 
economy while building coastal and cli-
mate resilience requires continued mon-
itoring, incorporating new technologies, 
and updating models to keep pace with 
these evolving ecosystems in this highly 
dynamic region. 
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