Small fish, big implications: considerations for an ecosystem approach to capelin fisheries management
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Alaska

Data availability and evidence-based implications for capelin biology and ecology, by ecosystem components, for the Alaska capelin stock. A detailed explanation of how we assess our state of knowledge based on this available information is included below. 

Ecological 

	Life stage
	Ecosystem Component
	Available data
	Time series
	Temporal match
	Spatial match
	Good (green)
Moderate (yellow)
Poor (red)
	Currently used in assessment
	Main sources of uncertainty
	Evidence based implications for capelin biology and ecology [unknown: 0, weak: 1, strong: 2]
	Justification
	Potential inclusion in assessment and advice as a next step

	Early life (Larvae)
	Physical environment (temperature, salinity, net primary production, currents, sea ice volume)
	EcoFOCI-PMEL spring surveys


late-summer GOA small-mesh survey


Seward Line

NGALTER
	1979–2023 (odd years >2011)

2000, 2001–2023 (odd years)

1998–2024

2018–2024
	Yes
	Yes
	Good
	No
	
	1
	
	No

	
	Prey (zooplankton)
	EcoFOCI-PMEL spring surveys


late-summer GOA small-mesh survey


Seward Line

NGALTER
	1979–2023 (odd years >2011)

2000, 2001–2023 (odd years)

1998–2024

2018–2024
	Yes
	Yes
	Moderate
	No
	
	1
	
	No

	
	Distribution, abundance, biology
	EcoFOCI-PMEL spring surveys

late-summer GOA small-mesh survey


Glacier Bay


Cook Inlet


Yakutat/Icy Bay

Prince William Sound process studies
	1979–2023 (odd years >2011)
2000, 2001–2023 (odd years)

1999, 2001–2002, 2004

1996–1999, 2016–2024

2011

???
	No
	Yes
	Moderate
	No
	Spring surveys occur prior to peak capelin spawning; only larvae from prior year are potentially available, and those fish may avoid sampling gear designed for zooplankton and less motile larval fish

	1
	
	No

	
	Predators
	North Pacific groundfish diet database
	1981–2024

	No
	No
	Poor
	No
	Larval capelin categorized as larval fish
	1
	
	No

	Juvenile
	Physical environment (temperature, salinity, net primary production, currents, sea ice volume)
	EcoFOCI-PMEL spring surveys


late-summer GOA small-mesh survey


Seward Line

NGALTER
	1979–2023 (odd years >2011)

2000, 2001–2023 (odd years)

1998–2024

2018–2024
	Yes
	Yes
	Moderate
	No
	
	2
	
	Yes

	
	Prey (zooplankton)
	EcoFOCI-PMEL spring surveys


late-summer GOA small-mesh survey


Seward Line

NGALTER
	1979–2023 (odd years >2011)

2000, 2001–2023 (odd years)

1998–2024

2018–2024
	Yes
	Yes
	Moderate
	No
	
	2
	
	No

	
	Distribution, abundance, biology
	Summer GOA pollock acoustic-trawl (AT) survey

GOA bottom trawl survey



late-summer GOA small-mesh survey


Fisheries Interaction Team GOA surveys

USFWS/USGS/ISRC seabird diets

North Pacific groundfish diet database

GLBA

Cook Inlet


Yakutat/Icy Bay

Prince William Sound process studies
	2013–2023 (odd years)


1984–1999 (tri-years), 2001-2023 (odd years)

2000, 2001–2023 (odd years)

2001–2005


1978, 1990, 1993–2024

1981–2024


1999, 2001–2002, 2004

1996–1999, 2016–2024

2011

???

	Yes
	Yes
	Moderate
	No
	Collectively, available data sources are limited by either short time series, biased sampling gear, &/or limited spatial coverage.

	3
	Predator diet-based indices currently primary source for monitoring relative abundance. GOA AT survey provides most accurate spatially-explicit estimates of abundance.
	Yes

	
	Predators
	USFWS/USGS/ISRC seabird diets

North Pacific groundfish diet database
	1978, 1990, 1993–2024

1981–2024

	Yes
	Yes
	Moderate
	Yes
	Seabird diets from breeding colonies, limited by lack of fine-scale spatial info
	1
	



	Yes

	Adult
	Physical environment (temperature, salinity, net primary production, currents, sea ice volume)
	Gulf Watch Alaska
Long-term ecosystem monitoring program
	2012–2024
	Yes
	No
	Moderate
	No
	
	1
	
	No

	
	Prey (zooplankton)
	Gulf Watch Alaska
Long-term ecosystem monitoring program



	2012–2024
	Yes
	No
	Moderate
	No
	Minimal sampling of capelin 
spawning areas
	1
	
	No


	
	Distribution, abundance, biology
	USFWS/USGS/ISRC seabird diets

	1978, 1990, 1993–2024
	Yes
	No
	Poor
	No
	Minimal sampling of capelin 
spawning areas
	1
	
	No


	
	 Predators

	USFWS/USGS/ISRC seabird diets

North Pacific groundfish diet database

	1978, 1990, 1993–2024

1981–2024
	Yes
	No
	Poor
	No
	Minimal sampling of mature or spawning capelin. Adult capelin rarely encountered in groundfish diets from shelf
	1
	
	No





Economic – No directed commercial fishery in Alaska. See text for details


Social

	Data type
	Available data
	Time series
	Good (green)
Moderate (yellow)
Poor (red)
	Currently used in assessment
	Main sources of uncertainty
	Evidence based implications for capelin management
[unknown: 0, weak: 1, strong: 2]
	Justification
	Potential inclusion in assessment and advice as a next step

	Community indicators
	
	
	Poor
	No
	
	1
	No data available
	No

	Cultural Heritage
	
	
	Moderate
	No
	
	1
	Subsistence harvest only known to occur in US & Canadian Arctic communities
	No

	Local food provisioning
	
	
	Moderate
	No
	
	1
	Subsistence harvest only known to occur in US & Canadian Arctic communities
	No

	Stakeholder inclusion in assessment
	Groundfish stock assessment authors

North Pacific Fisheries Management Council

Citizen Science: capelin spawning
	
	Moderate
	No
	
	2
	Fisheries managers and scientific community interested in capelin availability as prey to other managed fish and protected species. Growing citizen science engagement in reporting capelin spawning to USGS
	Yes



State of knowledge on the capelin ecosystem dynamics 

Ecological  
Pacific capelin spawn on beaches across Alaska from April to October depending on location, with more synchronous timing during summer months in the north, and more protracted spawn timing occurring near the species’ southern range in the Gulf of Alaska (GOA, Arimitsu et al., 2008; Pahlke, 1985; Ressel et al., 2020).  Demersal spawning has not been documented in the North Pacific. Although most capelin are known to spawn at age 2-4 (Pahlke, 1985; Ressel et al., 2020), spawning age shifted to age-1 at smaller sizes (Arimitsu et al. 2021) following a population collapse in the GOA in 2015.  
Most larvae are transported offshore over the continental shelf from nearshore spawning areas in the GOA and Bering Sea, although in the GOA some larvae are retained within fjords and bays along the coast (Brown 2002; Arimitsu et al. 2008; McGowan et al. 2020). In the GOA, where long running ichthyoplankton surveys are primarily conducted in spring (1979-2010 annual, 2011–present odd years), summer (sporadic), and early fall (2000, 2001–present odd years), capelin are the most abundant larval fish species over the shelf in summer and fall (July-November). Their protracted larval phase, i.e., their ability to overwinter as larvae, makes it possible for capelin to take advantage of favorable conditions at any time of the year (Doyle et al., 2002; Doyle et al., 2019). Few studies have investigated factors influencing capelin early life stages; however, in glacier fjords of Southeast Alaska larval capelin CPUE was significantly related to colder temperature, increased thermocline intensity, and lower salinity (Arimitsu et al. 2008). We are not aware of any information on capelin larvae diets or predators. Nonetheless, ichthyoplankton surveys are ongoing and include in situ physical and biological oceanographic sampling, providing spatially explicit measures of environmental conditions and prey availability (Sousa et al. 2016; Kimmel and Duffy-Anderson 2020) to relate to larval distribution and density in future studies. Additional modeling efforts including nutrient-phytoplankton-zooplankton (NPZ) numerical model (Coyle et al. 2019) embedded within regional ocean modeling systems (ROMS) circulation model (Dobbins et al. 2009; Hermann et al. 2009; Coyle et al. 2019), mooring- and satellite-based monitoring of oceanographic and atmospheric forcing, primary production (1998–present, Waite and Mueter, 2013) and larval drift models (McGowan et al. 2020) potentially allow for future investigations into drivers of capelin production in Alaska (Fig. 3). 

Core areas of distribution for juvenile capelin have been identified over the shelf near Kodiak Island and Cook Inlet in the western GOA (Piatt et al. 2018; McGowan et al. 2020; Turner 2024), and in the inner and middle shelf regions of the eastern Bering Sea (Hollowed et al. 2012; Parker-Stetter et al. 2013; Yasumiishi et al. 2020; Gunther et al. 2024b). Monitoring juvenile capelin is primarily conducted by diet information from their predators (groundfish, seabirds), stock assessment and ecosystem surveys designed for other shelf-associated species, and more spatially and temporally limited surveys of coastal fjords and bays in the GOA and coastal zones and lagoons in the Bering Sea (Hollowed et al. 2012; McGowan et al. 2020; Turner 2024b). Prey composition time series from multiple groundfish and seabird species provide the longest indices used for tracking abundance trends for juvenile and mature capelin combined since the 1970s as an indicator of forage fish availability to higher trophic predators (Renner et al. 2012; Hatch 2013; Zador et al. 2013; Turner 2024a). Acoustic-trawl surveys designed for age-1+ walleye pollock (Gadus chalcogrammus) are presumed to provide the most reliable relative abundance estimates for capelin over the GOA shelf (McGowan et al. 2020), but have only been available in odd years since 2013, collect limited oceanographic data, and do not collect biological samples for ageing or diet analysis of capelin (McGowan et al. 2024). Other surveys that are designed for sampling groundfish (summer GOA bottom trawl survey), age-0 walleye pollock, or juvenile Pacific salmon (multiple ecosystem surveys), likely resulting in biased estimates of capelin density that vary by orders of magnitude due to sampling biases associated with the use of fixed-depth gear (e.g., surface or bottom trawl), trawl selectivity, temporal sampling (e.g., differences in diel catch rates), and/or uncertainties in acoustic identification of capelin during ecosystem surveys and short-term process studies (Parker-Stetter et al. 2013; McGowan et al. 2020). These surveys have collected more in situ physical oceanographic data, as well as predator diets (bottom trawl survey) and zooplankton prey (ecosystem surveys) that have been used to understand physical and biological drivers of capelin distributions and habitat associations in the GOA (Wilson 2009; Logerwell et al. 2010; McGowan et al. 2019b, a) and Bering Sea (Andrews et al., 2016). Inshore trawl or acoustic-trawl surveys in the GOA targeting capelin and other prey taxa in seabird and humpback whale foraging habitat in bays and fjords (Speckman et al. 2005; Arimitsu et al. 2008, 2016, 2023), or spawning surveys (Ressel et al., 2020) and process studies to identify capelin condition (Barton et al. 2017) in the Bering Sea provide useful insights to key bottom-up drivers influencing capelin distributions in these environments, but are limited in spatial and/or temporal scope (Arimitsu et al., 2008, 2016; Speckman et al., 2005). While there is limited capelin diet information available for Alaska, their preference for copepods and euphausiids (Wilson et al. 2006; Barton et al. 2017) is consistent with diet studies from the Atlantic (Fig. 3).

Mature capelin are captured regularly by seabirds during summer months and caught in midwater trawls in bays and glacial fjords (Arimitsu et al., 2008; Hatch, 2013; Renner et al., 2012), but they are rarely observed over the shelf. The timing and paths of the migration from offshore feeding areas to spawn locations are unknown. The lack of information for the mature component of the population over the shelf is likely due to migrations to nearshore waters occurring in spring months when there is a gap in offshore survey coverage (winter acoustic-trawl surveys in February–March, summer pollock acoustic-trawl and bottom trawl surveys in June–August). Inshore surveys conducted in summer (June–August) encountered aggregations of mature, spawning capelin in some years in bays and glacial fjords along coastal regions of the eastern (Arimitsu et al. 2008, 2016) and central GOA (Pahlke, 1985), and the eastern and northern Bering Sea (Pahlke 1985; Wespestad 1987; Ressel et al. 2020). Although these process studies have improved our understanding of the environmental conditions associated with spawning capelin, as well as how some seabird and marine mammal predators utilize these seasonal pulses of prey, significant knowledge gaps remain (Fig. 3).

Economic
Given the absence of a directed fishery for capelin in the broader Northeast Pacific, there are no direct economic impacts (Fig. 4a). Capelin bycatch that is retained may be processed as fish meal, but the economic benefit is presumed to be negligible.

Social
The main stakeholders that follow capelin abundance trends in Alaska are stock assessment authors assessing the availability of mid-trophic level prey when they consider the status of the overall ecosystem prior to recommending catch limits for groundfish stocks, and fisheries managers, within the North Pacific Fisheries Management Council, in determining final harvest levels for stocks and the ecosystem. Indirectly, there is increased interest in population fluctuations of capelin and other forage fish species in Alaska’s large marine ecosystems among stakeholders for groundfish stocks and protected species that experienced sharp declines in abundance in the GOA following the North Pacific marine heatwave in 2014–2016, such as Pacific cod (Gadus macrocephalus, Barbeaux et al., 2020), common murres (Uria aalge, Piatt et al., 2020), and humpback whales (Cheeseman et al. 2024) (Fig. 4b).

[bookmark: _Hlk181632162]Among local communities, capelin is not believed to be targeted for subsistence fishing in the GOA or Bering Sea as opposed to eulachon (Thaleichthys pacificus, Betts, 1994) or other smelts that migrate to freshwater rivers. In the Arctic, capelin may be important subsistence for Iñupiat communities along Alaska’s North Slope (George et al. 2009) as well as for local communities along Darnley Bay in the western Canadian Arctic (McNicholl et al. 2017). Some studies have been conducted on capelin in U.S. Arctic waters that provide information potentially beneficial for subsistence harvest; however, this information would not be used for EAFM due to a commercial fishing moratorium established in 2009 for U.S. Arctic waters (NPFMC 2009) (Fig. 4b).

Monitoring capelin spawning is challenging along Alaska’s vast, rugged and sparsely populated coastline, and direct observations of spawning events are rare beyond those provided by resource users and community members through local and traditional ecological knowledge  (Brown et al. 2002; McNicholl et al. 2017), and more recently through an informal citizen science reporting system (Arimitsu et al. 2023). These reports from community members and social media outlets have identified dozens of capelin spawning site locations across the GOA, eastern Bering Sea, and Arctic used to support capelin habitat classification, selecting starting points for larval drift simulations in the GOA (McGowan et al. 2020), and to collect spawning samples for age and condition (Arimitsu et al. 2023). In the western Canadian Arctic, information gathered from traditional ecological knowledge by community members of Paulatuk, Northwest Territories has also provided local observations of capelin spawning (McNicholl et al. 2017). Additionally, community-supported monitoring of coastal waters in the Alaska Arctic by the North Slope Borough’s Department of Wildlife Management has provided some of the longer time series for capelin and other species in this region (Sformo et al. 2019).

