Small fish, big implications: considerations for an ecosystem approach to capelin fisheries management
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Newfoundland and Labrador Shelf

Data availability and evidence-based implications for capelin biology and ecology, by ecosystem components, for the Newfoundland and Labrador 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)

	Atlantic Zonal Monitoring Program (AZMP) surveys occur offshore three times a year along fixed transects around the Island of Newfoundland and in Labrador.
Station 27 (off St. John’s; 47° 32.8’ N, 52° 35.2’ W) is sampled monthly.
Inshore thermograph network
	AZMP survey: 1998–2024

Station 27: 1948– 2024

SST from satellites: 1982–2024

Thermographs: 2001–2024
	Yes
	No
	Good
	No
	Data is primarily collected offshore except for inshore thermograph network near spawning beaches.
	1
	There is a spatial mismatch between offshore physical data and inshore larval emergence. Coastal abiotic factors such as onshore wind events and downwelling have been linked to larval survival although this relationship has changed with a change in spawning phenology. More research is required to link the physical environment to larval dynamics.
	Yes

	
	Prey (zooplankton)

	AZMP surveys occur offshore three times a year along fixed transects around the Island of Newfoundland and in Labrador.
Continuous Plankton Recorder  (opportunistic data).
Inshore zooplankton collections.
	AZMP survey: 1998–2024;

CPR: 1958– 2024

Inshore zooplankton collections: 2014–2024
	Yes
	Yes
	Moderate
	Yes
	Data is primarily collected offshore, but zooplankton data collected at Station 27 is used to provide trends in densities of main larval prey. Inshore zooplankton samples are sorted sporadically, and initial analyses show a similar trend in inshore and offshore zooplankton communities. 
	2
	Pseudocalanus spp. densities, a main prey of capelin larvae, have been related to recruitment dynamics. However, Pseudocalanus spp. densities are not included in the most parsimonious capelin forecast model indicating that this relationship has decreased in importance. 
	Yes

	
	Distribution, abundance, biology
	High frequency sampling of emergent larvae at an index beach area.
Late-larval sampling in bay.
	Emergent larvae sampled at beach: 1990–2012;

Emergent larvae sampled in inshore area: 2021–2024;

Late larvae: 1982–1986; 2002–2024
	Yes
	Yes
	Good
	Yes
	Emergent and late-larval sampling occur in one bay. Research in the 1990s and 2020s support the continued use of this index beach and bay as representative of larval densities in other areas of Newfoundland.
	2
	Capelin emergent densities sampled in inshore area (2001 – 2024) are a parameter included in the most parsimonious forecast model.
	Yes

	
	 Predators

	Limited studies on capelin egg and larval predators
	1980s
2000s
2020s
	Yes
	Yes
	Poor
	No
	From the literature; limited information on egg predators, jellyfish, adult herring

	0
	Predation on larval stages is a knowledge gap
	No

	Juvenile
	Physical environment (temperature, salinity, net primary production, currents, sea ice volume)


	AZMP surveys occur offshore three times a year along fixed transects around the Island of Newfoundland and in Labrador.
Station 27 (off St. John’s; 47° 32.8’ N, 52° 35.2’ W) is sampled
	AZMP surveys: 1998–2024
Station 27: 1948–2024

SST from satellites: 1982–2024
	Yes
	Yes
	Good
	Yes
	
	2
	Timing of the sea ice retreat has been related to capelin biomass dynamics. The sea ice parameter is included in the most parsimonious capelin forecast model.
	Yes

	
	Prey (zooplankton)

	AZMP surveys occur offshore three times a year along fixed transects around the Island of Newfoundland and in Labrador.
Continuous Plankton Recorder  (opportunistic data).

	AZMP surveys: 1998–2024
CPR: 1958 – 2024

	Yes
	Yes
	Moderate
	No
	Published literature and DFO studies on juvenile diet are sporadic, but stomachs have been consistently collected since 1999 for fish > 70 mm TL. Relating juvenile diet to zooplankton densities has not been done.


	1
	Diets of <70 mm TL fish are unknown since these fish are poorly recruited to the trawl gear.
	Yes

	
	Distribution, abundance, biology
	Acoustic-trawl surveys
Bottom-trawl surveys
	Former USSR: 1975–1992

Canada: 1982–2024

Juvenile survey: 1994–1999

Inshore acoustic surveys: 2003–2005
 
Bottom-trawls: 1980–2024
	Yes
	Yes
	Moderate
	yes
	Distribution and abundance of juveniles inshore are not surveyed. Small juveniles (< 70 mm TL) are poorly recruited to the trawl gear. 
	1
	Juvenile fall condition (age-1 and age-2) is one parameter included in the most parsimonious capelin forecast model.
	Yes

	
	Predators
	Bottom-trawl surveys
	1980–2024
	Yes
	Yes
	Poor
	No
	Diets of finfish predators are not parsed by capelin size classes, so we don’t know if juveniles are being targeted by different predators than adult stages
	0
	Predation of juvenile stages may be an important driver of recruitment dynamics. Minimal data on marine mammal and seabird predation.
	Yes

	Adult
	Physical environment (temperature, salinity, net primary production, currents, sea ice volume)

	AZMP surveys occur offshore three times a year along fixed transects around the Island of Newfoundland and in Labrador.
Station 27 (off St. John’s; 47° 32.8’ N, 52° 35.2’ W) is sampled
	AZMP surveys: 1998–2024

Station 27: 1948–2024

SST from satellites: 1982–2024.

	Yes
	Yes
	Good
	Yes
	Sea ice extent has decreased due to climate change. This may result in a decrease in importance of sea ice to capelin dynamics.
	2
	Timing of the sea ice retreat has been related to capelin biomass dynamics. The sea ice parameter is included in the most parsimonious capelin forecast model.
	Yes

	
	Prey (zooplankton)
	AZMP surveys occur offshore three times a year along fixed transects around the Island of Newfoundland and in Labrador.
Continuous Plankton Recorder  (opportunistic data).

	AZMP surveys: 1998–2024

CPR: 1958–2024

	Yes
	Yes
	Good
	Yes
	Published literature and DFO studies on adult diet are sporadic. A decrease in euphausiids in capelin diet since the 1990s may be impacting stock productivity. Diets have been consistently collected since 1999.


	2
	Timing of the sea ice retreat is considered a proxy for the spring bloom and secondary production. Capelin diet data are presented at the assessment and linked to the biological oceanography. Stomach fullness indices are also presented. 
	Yes

	
	Distribution, abundance, biology
	Acoustic-trawl surveys

	Former USSR: 1975–1992

Canada: 1982–2024

Academic acoustic-trawl surveys: 1990s, 2000s
	Yes
	Yes
	Moderate
	Yes
	The spring acoustic survey targets a known nursery area where age-2 non-migratory fish are located. This survey provides an index of the stock. However, the survey does not survey the entire stock area, so a spawning biomass cannot be estimated. The survey does not chase spawning migrations so older age-classes are not targeted in this survey. A change in maturation timing of the stock (a high proportion of age-2 female fish are maturing since the stock collapsed) impacts the ability of the index to forecast the number of age-3 fish in the fishery the following summer.
	2
	The spring acoustic acoustic-trawl surveys estimate a biomass index. The capelin forecast model predicts this biomass index (in-season forecast and 1-year forecast)
	Yes

	
	Predators
	Bottom-trawl surveys
	1980–2024

	Yes
	Yes
	Good
	No
	Diets of finfish are well understood, but less data are available on marine mammal and seabird diets. Research has linked the diet of Atlantic cod to capelin dynamics (bottom-up driver of cod dynamics).
	1
	The bottom-trawl survey provides a presence/absence index of capelin. Further research is required to determine if we can use the bottom-trawl index as a potential spawning biomass index since the survey covers the entire capelin stock area.
	Yes




Economic

	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

	Catch and landings 
	Logbook data
Fish samples for science
	Landings data: 1972 – 2024
Samples: 1978 - 2024
	Good
	Yes
	Impact of fishing on stock is unknown
	1
	These time series are long and provide valuable data on landings (kilotonnes) as well as data on the spawning stock (i.e. maturation timing and condition). The impact of fishing on the spawners before they reach the beaches to spawn is unknown.
	Yes

	Fishing Effort
	Landed catch by vessel type; information on number of vessels and gears operating in the fishery

	1972 - 2024
	Good
	No
	Effort is not quantified for this stock.   
	1
	There are management rules in place to control effort like where and when specific gear types are used, daily catch limits, and quotas.
	No

	Value of catch and commodities
	Price of capelin per lb. 
	1990 - 2024
	Good
	No
	
	1
	Market forces like capelin quotas in Europe, processing plant capacity, and quotas in other NL commercial fisheries play an important role in capelin price per lb.
	No

	Export earnings
	Varies by capelin product, and capelin product currently on the market
	
	Good
	No
	
	1
	
	No








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
	Employment in rural areas: directly in fishery and processing plants; and indirectly in services to the fishery and processing plants
	
	Moderate
	No
	
	1
	Need to collaborate with social scientists and economists to integrate these data correctly in assessment

	Yes

	Cultural Heritage
	Indigenous culture; European culture
	
	Good
	No
	
	2
	Need to collaborate with social scientists and Indigenous groups if we wanted to integrate cultural importance into stock assessment (via MSE?).

	No

	Local food provisioning
	Society’s engagement and participation in collecting capelin from beaches
	
	Good
	No
	Collection of dead and dying capelin after they’ve spawned likely has no impact on the stock; however, we have no data on the extent of the recreational fishery.
	2
	No data are available on the extent of the recreational fishery for capelin. Participation in local food provisioning is extensive and has been happening for centuries
	No

	Stakeholder inclusion in assessment
	The Fish Food and Allied Workers Union; environmental non-governmental organizations; academics; provincial government; Indigenous groups
	
	Good
	Yes
	Scientific data collected by stakeholders are not currently incorporated into the assessment
	2
	Stakeholders are active participants in the science review process.
	Yes



State of knowledge on the capelin ecosystem dynamics 

Ecological 
The NL capelin stock occupies Northwest Atlantic Fisheries Organization (NAFO) Divisions 2J3KL (Supplementary Fig. 1). The NL capelin stock collapsed in 1990-1991 with minimal recovery in 30+ years (Buren et al. 2019). The capelin spawning migration starts offshore in May/June on the southern portion of the shelf (NAFO Div. 3L) and moves inshore then northwards along the coast of the Island of Newfoundland to Labrador in the summer (June to August) (Nakashima 1992). Capelin spawn primarily on or near beaches but also in deeper waters (Templeman 1948). Capelin beach spawning behavior is locally referred to as the capelin ‘roll’ and is a social event in many NL communities. Capelin dying on the beaches after spawning are collected by the public for personal use such as food or fertilizer. Due to the visibility of the capelin roll, newspapers (Murphy et al. 2021), websites (e.g., https://ecapelin.ca/), and citizen scientists (Murphy 2022) have documented the timing and extent of annual capelin beach spawning for at least the past 100 years. When the stock collapsed in 1991, capelin spawning was delayed on average 3 weeks compared to the 1919– 1990 period and this delay in spawning has persisted due to a combination of factors including smaller spawner size and environmental conditions (Murphy et al. 2021). While capelin have been documented spawning at coastal deep-water spawning habitats (< 40 m) since the 1940s (Templeman 1948), interviews with fishers in the 1990s (Nakashima and Clark 1999) indicated that deep-water spawning increased after the stock collapse which is likely related to the delay in spawning timing resulting in beaches being too warm (> 12 °C) later in the summer so capelin choose to spawn at habitats within their optimal temperature range (2– 12 °C) (Nakashima and Wheeler 2002; Davoren 2013; Crook et al. 2017). Larval survival from eggs spawned at deep-water spawning habitats has been found to be lower than at beaches due to prolonged development times at cooler water temperatures (Nakashima & Wheeler 2002). However, recent research has found similar densities of larvae being produced by both beach and deep-water spawning habitats, suggesting that deep-water habitats may be an important source of recruits (Tripp et al. 2023). It is unclear if this is due to regional differences in hatching success of eggs spawned at deep-water habitats; differences in the relative number of eggs being spawned at different spawning locations; or some other factor.    
  
The first capelin larval and 0-group surveys were conducted sporadically offshore in NAFO Divisions 2J3KLNO from 1978 - 1987 by the former Union of Soviet Socialist Republics (USSR) (Poletayev 1979, Bakanev and Oganin 1988). More recently, larval surveys by the Federal Department of Fisheries and Oceans Canada (DFO) occurred inshore at an index beach as larvae emerged from sediments (1990 - 2012); in the nearshore area close to an index beach and deep-water spawning sites (2001 - 2024); and in a bay (1982 - 1986, 2002 - 2024) (Dalley et al. 2002; Nakashima and Mowbray 2014; Murphy et al. 2024), and these larval indices have been used to provide science advice on estimates of year-class strength (Evans and Nakashima 2002; Nakashima and Mowbray 2014; Murphy et al. 2024). Larval survival has been related to recruitment, both before and after the stock collapse (Leggett et al. 1984; Carscadden et al. 2000; Dalley et al. 2002; Murphy et al. 2018) although the statistical relationship has weakened in recent years (Murphy et al. 2024); moreover, the importance of the early life stage to stock dynamics is reflected in the use of a larval-recruit model (Murphy et al. 2018) in the development of a capelin forecast model (Lewis et al. 2019). Delayed spawning predicts weaker year-classes (Murphy et al. 2021), and the mechanism is hypothesized to be later larval emergence resulting in a mismatch with optimal environmental conditions for survival and/or reduced time for growth before overwintering. Capelin larvae can be dispersed out of the bays and onto the Grand Banks (NAFO Div. 3L) by late summer/early autumn, typically within 30 days of emergence depending on location (DeYoung et al. 1994; Anderson et al. 2002; Dalley et al. 2002) although year-round inshore residence of juveniles can occur (Buren et al. 2019). 

The accessibility of capelin eggs and larvae in the inshore has resulted in a fairly extensive body of literature on the drivers of early life survival, including abiotic (onshore wind events, temperature) and biotic (zooplankton, predation) factors (Frank and Leggett 1981a, b, 1982a, b, 1984, 1986; Leggett et al. 1984; Deblois and Leggett 1993;  Carscadden et al. 2000; Murphy et al. 2018; Tripp et al. 2024). Capelin larvae were found to be weak foragers compared to ten other larval species in NL (Pepin 2024). Larval diet from before the stock collapse was found to be dominated by Oithona similis and Temora longicornis (Pepin 2023) with an ontogenetic shift in diet from small prey like copepod eggs and nauplii to larger calanoid nauplii and copepodites (Pepin and Penney 1997). Larval diet after the stock collapse was found to contain a high occurrence of Pseudocalanus sp. (Murphy et al. 2018), and Pseudocalanus sp. densities were included as a parameter in the capelin forecast model suite based on its importance to recruitment dynamics, but Pseudocalanus sp. densities were not included in the most parsimonious forecast model (Lewis et al. 2019). Adult Atlantic herring have been shown to feed on capelin larvae and eggs (Randall et al. 2022); however, the impact appears to be lower in NL than in the Barents Sea (Gjøsæter & Bogstad 1998, Hjermann et al. 2010), but data is lacking on juvenile herring diet. Overall, the data available on the early life stages is moderate, and there are knowledge gaps relating to seasonal inshore predation especially by juvenile stages of fishes and jellyfish since 1991; location and importance of deep-water spawning habitats to stock dynamics; identification of mechanisms (both bottom-up and top-down) that are related to larval survival and recruitment dynamics since the stock collapse in 1991; and distribution and abundance of larvae across the entirety of capelin’s spawning range (Fig. 3).  
  
Abundance and distribution of immature and maturing NL capelin have been extensively surveyed since 1975 in both acoustic-trawl and bottom-trawl surveys. Acoustic-trawl surveys were conducted in the spring by both the former USSR in NAFO Divisions 3LNO from 1975– 1994 and Canada (DFO) in NAFO Divisions 3L from 1982, 1985– 1992, 1996, 1999– 2006, 2007– 2015, 2017– 2019, 2022– 2024 (with southern [< 50° N] Division 3K included since 1996); and in the autumn in NAFO Divisions 2J3K by both the former USSR and DFO from 1982 – 1992 (Buren et al. 2019; Murphy et al. 2024). The DFO spring acoustic-trawl survey is the only ongoing survey focused on capelin (Murphy et al. 2024).  Prior to 1996, a midwater trawl (Diamond IX) was used to collect capelin samples, and from 1996 – 2002 both mid-water (International Young Gadoid Pelagic Trawler) and bottom trawls (Campelen 1800) were used to sample fish (Murphy et al. 2024). The use of a bottom trawl was required since capelin’s diel vertical migratory behavior changed after the stock collapse, and they became increasingly associated with the seafloor (Mowbray 2002). Since 2003, the Campelen 1800 trawl has been used for both mid-water and bottom trawls (Murphy et al. 2024). Age-1 fish are poorly recruited to this gear type due to their small sizes in the spring, which has resulted in poor biological sampling of this age class (Murphy et al. 2024). Thus, data on the juvenile life stage is primarily based on immature age-2 fish, which are typically < 50 % of the age-2 fish sampled in the acoustic-trawl survey since timing of maturation changed after the stock collapse with a significant increase in the proportion of female age-2 fish maturing (DFO 2024a). Juvenile (ages 1 and 2) capelin were primarily distributed on the northern Grand Banks and northeast coast of Newfoundland in late summer (NAFO Div. 3KL) (Anderson et al. 2002). They tend to avoid the deep water on the shelf and the shallow waters of the southern Grand Banks. Their distribution occasionally reaches the Labrador coast. Juvenile fish have been found to occupy a northeast embayment year-round (Winters 1970; Buren et al. 2019). Distribution of capelin in the spring in NAFO Divisions 3KL (south of 50°N) is well documented annually, but distribution of the immature portion is not reported separately from the maturing component of the stock (Murphy et al. 2024). 

The autumn multispecies bottom-trawl survey (1980 - 2024; hereafter autumn bottom-trawl) provides presence/absence data across capelin’s entire stock area (NAFO Divisions 2J3KL). Detailed biological data on juveniles (60– 120 mm TL) in both the acoustic-trawl and bottom-trawl surveys are collected: ages, lengths, weights, maturities, and diets. Condition of age-1 and age-2 capelin in the autumn is one of the parameters in the most parsimonious capelin forecast model, indicating autumn condition is important for overwinter survival (Lewis et al. 2019).  Detailed diet data for juveniles (> 60 mm TL) is available from both the spring acoustic-trawl (1999– 2022) and autumn bottom-trawl surveys (2008– 2020) (Murphy et al. submitted this issue), and, like earlier studies on juvenile diet, capelin were preferentially preying upon Calanoid copepods, specifically Calanus spp. and Metridia sp, while hyperiid amphipods and euphausiids were also present in the diet in small proportions (Gerasimova 1994; O’Driscoll et al. 2001; Dalpadado and Mowbray 2013; Obradovich et al. 2014). An interval scale of stomach fullness (0 empty to 4 full) is available for juvenile fish from the 1980s until present, with annual proportions of full stomachs reflecting changes in stock status (i.e., fuller stomachs occurred in years with improved stock status) (Murphy et al. submitted this issue). Predators of the juvenile stage are assumed to be the same as those for mature stages of capelin: piscivorous fishes (i.e., Atlantic cod and Greenland halibut (Reinhardtius hippoglossoides), marine mammals, and seabirds (Lilly 1995; Lawson and Stenson 1997; Rose and O’Driscoll 2002b; Davoren and Montevecchi 2003; Dwyer et al. 2010; Koen-Alonso et al. 2021). Physical and biological oceanographic data are collected annually in the NL region by DFO’s Atlantic Zonal Monitoring Program and are reviewed in stock assessments. The timing of sea ice retreat was found to be an important driver of capelin dynamics and is included in the most parsimonious capelin forecast model (Buren et al. 2014; Lewis et al. 2019). Overall, the available data on the juvenile life stage is moderate (Fig. 3). Numerous knowledge gaps exist for the juvenile life stage of capelin: predation on the juvenile stage is poorly documented as predator stomach content data does not parse between the juvenile and mature stages; distribution and abundance data of the age-1 age class is limited due to low catchability in the trawl gear; and biological data including diets of fish smaller than 60 mm TL is minimal. 

The spring acoustic-trawl survey is the primary data source for maturing capelin, but since it does not chase spawning migrations, maturing fish south and north of the survey area and between transect lines are missed by the survey (Mowbray 2013). The spring acoustic-trawl survey produces a stock biomass index since the survey does not cover the entire stock area due to the potential of sea-ice coverage in waters further north in the spring, and the trend in this index is used to provide science advice (DFO 2024a). In addition to a biomass index, acoustic-trawl surveys were also used to provide data on spawning migrations (Shackell et al. 1994), diel vertical migratory behavior (Mowbray 2002), and inshore and offshore distributions (O’Driscoll and Rose 2001; Buren et al. 2019). While there is no longer an autumn acoustic-trawl survey, the autumn bottom-trawl survey (1980 - 2024) provides presence/absence data and biological information on maturing fish across the entire offshore stock area (NAFO Divisions 2J3KL). Biological information on the maturing stock from the spring acoustic-trawl and autumn bottom-trawl surveys include lengths, weights, maturity stages, ages, and diets. Based on capelin diet studies both before and after the stock collapse, euphausiids have decreased in importance in capelin diet since the stock collapsed (Gerasimova 1994; O’Driscoll et al. 2001; Dalpadado and Mowbray 2013; Obradovich et al. 2014), which corresponds with a decrease in euphausiids on the NL shelf between the 1960s and early 1990s based on Continuous Plankton Recorder data (Head and Sameoto 2007; Head and Pepin 2010). Resource limitation is hypothesized to be one factor that is limiting the recovery of this stock based on lower stomach fullness indices for NL capelin compared to populations worldwide (Obradovich et al. 2014) (Murphy et al. submitted this issue), and a stomach fullness index that is lower during periods of lower stock status including the post-collapse period of 1992 – 2015 (Murphy et al. submitted this issue). There is detailed information available on the diets of mature capelin’s main predators including Atlantic cod (Lilly 1995; Rose and O’Driscoll 2002b; Berard and Davoren 2020; Koen-Alonso et al. 2021); Greenland halibut (Dwyer et al. 2010); Arctic char (Salvelinus alpinus) (Cote et al. 2021); seabirds (Carscadden et al. 2002; Davoren and Montevecchi 2003; Baillie and Jones 2004); harp seals (Pagophilus groenlandicus) (Lawson and Stenson 1997; Stenson et al. 2016); and whales (Piatt et al. 1989; Gulka et al. 2017; Johnson and Davoren 2021). Temperature (Shackell et al. 1994; Nakashima 1996; Carscadden et al. 1997), timing of the spring sea ice retreat (Buren et al. 2014; Lewis et al. 2019), and broadscale climatic indices (Murphy et al. 2021) have been related to capelin population demographics. Overall, the available data on the mature life stage is moderate (Fig. 3). However, there are still significant knowledge gaps including a lack of a SSB estimate. Other data gaps include predation by marine mammals and the impact of the roe-fishery on stock dynamics. The impact of climate change on capelin distribution and abundance is an important research area, especially with the reduced occurrence of sea ice due to climate change (Buren et al. 2014; Lewis et al. 2019; DFO 2024a).
 
Economic
Prior to 1972, capelin fishery landings were limited to inshore catches during the spawning season (June -August) (Anon 1997). In 1972, an offshore autumn (August – November) commercial capelin fishery commenced on the NL shelf that targeted immature and maturing stages (Anon 1995). This fishery was prosecuted by international (e.g., former USSR) and Canadian fleets, and landings peaked at 250,000 tonnes in 1976 before quickly declining to 11,000 tonnes in 1979. Offshore catches in the 1980s were managed by quotas between 5000 and 31,000 tonnes, and the offshore fishery closed in 1992 (Anon 1997). An inshore summer (June – August) roe-fishery began in 1978 and landings peaked in 1990 at 71,000 tonnes (Murphy et al. 2024). Total allowable catches generally reflected market demand, and the increase in TACs in the late 1980s reflected an increase in market demand when the capelin fishery in the Barents Sea closed. The NL capelin stock collapsed in the early 1990s and management of the stock changed in response to the subsequent smaller size of female spawners including implementing a test fishery to ensure the quality of roe-bearing females and implementing a no dumping policy for males. From 1991 – 2023, the median TAC was 28,344 tonnes (range 14,533 – 57,000 tonnes), with the lowest TACs in the time series occurring in recent years (14,533 tonnes in 2021–24). 
  
Fishing interests or enterprises in NL are divided into two categories: < 40 ft vessels and 40 – 89 ft vessels.   
In 2023, there were 214 active < 40 ft enterprises and capelin made up 18% of landed value for their catches; snow crab (Chionoecetes opilio) was the most important species at 42% of landings followed by Atlantic cod (16%). In 2023, there were 48 active 40 – 89 ft enterprises and capelin made up 11% of their landings while snow crab made up 69% of landed value followed by northern shrimp (Pandalus borealis) (3%). 

For the past decade, the landed value of NL capelin has ranged from $4.4 (2023) to $12.1 (2019) million CAD with the price per lb increasing from $0.15 CAD in 2014 to $0.35 CAD in 2021. The main markets for NL capelin are China (49%), Japan (19%), the United States of America (14%), and Taiwan (10%).  
 
Social 
The main stakeholders in the NL capelin fishery are fish harvesters, enterprise owners, fish processors and processing plant owners, communities that rely on income from the fisheries, Indigenous groups, and the general public. Representatives from Indigenous groups, environmental non-governmental organizations, the provincial government, universities, and the fisheries union all attend and participate in the stock assessment and advisory processes. At stock assessment meetings, representatives from the different sectors provide their perspectives on scientific data presented at the assessment and provide recommendations for scientific work; and during the advisory process, the different sectors provide their recommendations for a TAC for the upcoming fishing season. While these groups do not collect science data that are used in the stock assessments, they are involved in the peer-review process and provide specialized knowledge and perspectives on stock dynamics. At the advisory meetings, these same stakeholders provide information on socioeconomic factors that are impacting the capelin fishery including the importance of the fishery to rural employment, and the impact of TACs of other fisheries on capelin landings. The Federal Fisheries Minister uses both the science advice and  feedback on socioeconomic factors provided by stakeholders from the advisory process and economists to determine the annual TAC for capelin (Fig. 4b). 

