Small fish, big implications: considerations for an ecosystem approach to capelin fisheries management
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Iceland – East Greenland – Jan Mayen

Data availability and evidence-based implications for capelin biology and ecology, by ecosystem components, for the Iceland-East Greenland-Jan Mayencapelin 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); Habitat around Iceland continental shelf.
	Physical environment (temperature, salinity, net primary production, currents)
	Temperature and salinity measurements from annual oceanographic surveys around Iceland continental shelf conducted in Feb, May, Aug.

[bookmark: _Int_3dGwyXBz]Primary production measurements available from surveys conducted every May.
	1960–2024

	Yes











Yes

	Yes











Yes

	Good
	No
	
	1
	Even though ample data exist on the physical environmental conditions in the larvae habitat, studies linking larvae abundance to physical environmental conditions are limited. This is partly due to limited information on larvae abundance.

Potential drift to areas outside of Iceland continental shelf is a possibility.

	Yes

	
	Prey (zooplankton)
	Zooplankton biomass from annual surveys around Iceland continental shelf
	1960–2024

	Yes
	Yes
	Good
	No
	
	0
	Studies linking larvae to zooplankton have not been conducted partly because of the short time series of larvae abundance data. 
	No

	
	Larvae 
	Larvae abundance from 0-group survey (Aug); Larvae measured during other standard surveys (May, Aug)
	1970–2003

2017–2020 
	Yes

	Yes
	Moderate
	No
	
	0
	Our knowledge on larvae abundance and distribution is on a moderate level because of limited survey data. 

It is unclear if larvae are an indicator of spawning stock biomass or recruitment at age 1, making our evidence-based knowledge on capelin productivity weak.


	No

	
	Predators
	Herring survey (Mar / Oct)


Mackerel survey (Jul)
	1973–2024


1981–2024
	No
	Yes
	Poor
	No
	Hard to quantify the amount of capelin consumption by predators.
	0
	Some studies have shown Norwegian spring spawning herring and mackerel partly feed on capelin. In Iceland, there is no reason to implicate
predation as a dominant factor, although detailed studies have not been carried out.
	No

	Juvenile; Habitat - Early feeding between North Iceland shelf and Jan Mayen, late feeding (North Iceland in the past / East Greenland shelf at present
	Physical environment 






Primary production – none
	standard oceanographic survey around Iceland

Limited time series along East Greenland



	1980–2024


2017–2023

	Yes
	Yes
	Moderate
	No
	
	2
	There is evidence that physical environment affects the distribution and life history. There are density-dependent effects evident in life history traits
	

	
	Prey (Zooplankton)
	Limited time series along East Greenland
	2018–2023
	Yes
	Yes
	Poor
	No
	
	1
	Studies establish zooplankton as main source of food for capelin. Early feeding also includes phytoplankton.
	

	
	Late feeding period capelin data / Recruitment (1 yr old in fall)











Early feeding period capelin data




	Autumn survey data (abundance estimates by age, biological information (age, length, sex, maturity) 










Summer fishery data (commercial data) 


	1981–2023














1980–2004 




	Yes














Yes
	Yes














No
	Good
	Yes
	Uncertainty in maturity estimates which is sometimes corrected using sensitivity analysis with a knife-edge; Uncertainties in survey design, acoustic index, and target-strength relationship

Only covers mature fish because based on catch
	2
	Good information exists about the distribution of capelin during this period by age, length, weight, maturity, sex. / Good time series but unclear whether is it a good indicator because a stock-recruitment relationship doesn’t exist





Gives some information of the past distribution of capelin during Jun-Aug
	Yes

	
	Predators
	Autumn groundfish survey north Iceland shelf








Some whale abundance data along east Greenland
	1996–2023










2017–2018
	No
	Yes (partly – North Iceland shelf)
	Moderate
	
	
	1
	Information available only from the past when feeding grounds were in Iceland shelf. No data available from recent feeding ground along East Greenland




An overlap is seen between capelin and whale distribution but feeding data is not available.
	Yes

	Mature; Habitat Early feeding between North Iceland shelf and Jan Mayen, late feeding (North Iceland in the past / East Greenland shelf at present               
	Physical environment
	Oceanography survey in Aug in north Iceland 

Limited time series along East Greenland; Primary production - none
	1980– 2024



2017–2023
	Yes



Yes
	Yes



Yes

	
	
	
	
	
	Yes

	
	Prey (zooplankton)
	Limited time series along East Greenland
	2018–2023
	Yes
	Yes
	Poor
	No
	
	1
	Studies establishing zooplankton as main source of food for capelin. Early feeding also includes phytoplankton.
	No

	
	Late feeding period capelin data / Recruitment (1 yr old in fall)












Early feeding period capelin data




	Autumn survey data (abundance estimates by age, biological information (age, length, sex, maturity) 











Summer fishery data (commercial data) 


	1981– 2023















1980–2004 




	Yes















Yes
	Yes















No
	Good
	Yes
	Uncertainty in maturity estimates which is sometimes corrected using sensitivity analysis with a knife-edge; Uncertainties in survey design, acoustic index, and target-strength relationship


Only covers mature fish because based on catch
	2
	Good information exists about the distribution of capelin during this period by age, length, weight, maturity, sex. / Good time series but unclear whether is it a good indicator because a stock-recruitment relationship doesn’t exist






Gives some information of the past distribution of capelin during Jun-Aug
	Yes

	
	Predators
	Autumn groundfish survey north Iceland shelf

Some whale abundance data along east Greenland
	1996–2023



2017–2018
	No



No
	Yes (partly – North Iceland shelf)
	Moderate
	
	
	1
	Information from the past when feeding grounds were in Iceland shelf where cod and other predators along the edge of the continental shelf. Recent time limited to no information about predators during the feeding season.
	Yes

	








Spawning (Mature); Habitat along Iceland continental shelf
	Physical environment
	Oceanography survey in Feb around Iceland

Primary production  - none
	1980–2024
	No
	Yes
	Good
	
	
	2
	
	

	
	Prey (zooplankton)
	Limited data from capelin stomach samples
	2018–2021
	Yes
	Yes
	Poor
	
	
	1
	
	

	
	Spawning distribution
	Winter abundance estimates and biological samples 
	1981–2024
	Yes
	Yes
	Good
	
	uncertainty in maturity estimates; could do sensitivity analysis with a knife-edge; survey design, acoustic index, stock structure (same stock?); consistency of the survey between autumn and winter is extremely poor (benchmark report)
	2
	Good time series on abundance and biological data during winter (spawning migration)
	

	
	Predators
	Spring groundfish survey

Limited whale data with no spatial or temporal overlap
	1985–2023
	No
	Yes
	Good
	
	
	2
	Knowledge on other predators, such as whales,  are missing.
	



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 by vessel type and biological catch samples


	1993-2023





	Good





	Partly	 - Spatial distribution and time of historical catches is used to predict distribution of catches in the predation model
	
	1
	Good time series of fisheries data, but no studies on how fisheries affect the age structure of the stock. Fisheries targets the migration front; it is unclear how does that affect the life history traits and stock productivity (SSB). 
	Yes

	Fishing Effort
	Landed catch by vessel type; Number of vessels and gears operating in the fishery
	1981-2023
	Good
	No
	
	1
	
	Yes

	Value of catch and commodities
	Price of capelin catch and capelin roe
	
	Good
	No
	business structure and company reporting; costs are not classified by species 
	1
	Price of commodity affects the fishing pressure. Economics data may have impact on management plan and setting the quota
	Yes

	Export earnings
	Export earnings by different capelin products
	
	Good
	
	Ex-vessel price has high uncertainty
	
	
	




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
	Fishers, vessel owners, processing plant owners, communities that directly rely on income from capelin fisheries, Ministry and stakeholder organizations
	
	Moderate 
	No
	Difficult to isolate data on impact of capelin only as other pelagic fish may be used as substitutes

	1
	Need to collaborate with social scientists and economists to integrate these data correctly in assessment; difficult to isolate data on impact of capelin on communities so other p

	Yes

	Cultural Heritage
	Importance for coastal communities
	
	Moderate 
	No
	
	1
	Historical significance; important component of many coastal communities’ economic profiles
	No

	Local food provisioning
	Not an important local food item; but could have been important historically
	
	Green 
	No
	
	1
	Historical contribution to local food provisioning
	No

	Stakeholder inclusion in assessment
	Participation of key industry stakeholders during survey and assessment
	
	Green 
	Yes
	
	2
	Key stakeholders are well-informed and engaged during the survey and assessment process
	



State of knowledge on capelin ecosystem dynamics

Ecological 
During the early life stage, capelin larvae are mainly distributed over the continental shelf and shelf edge around Iceland (Olafsdottir and Anderson 2010). A 0-group survey was conducted annually in August from 1970 to 2003 by the Marine and Freshwater Research Institute (MFRI), Iceland (Sveinbjörnsson and Hjörleifsson 2003) and provided data on larval length, distribution, and abundance. The 0-group survey was discontinued in 2003, resulting in a persistent knowledge gap, with only two exceptions: a one-year research project conducted in summer 2007 (Pálsson et al. 2012) and a four-year research project beginning in 2017 that investigated the biology and ecology of larval capelin (dos Santos Schmidt and Kennedy 2023). Extensive environmental data dating back to the 1960s exists for capelin larval habitat. These data are collected during MFRI oceanographic monitoring surveys that occur in May, shortly after the larvae hatch. However, the impacts of temperature and salinity on larval size, density, and distribution remain unclear (Olafsdottir and Anderson 2010). Recent research suggests surface currents play a significant role in larval distribution and that changes in spawning location and/or timing can impact drift trajectories and subsequent nursey ground locations (Jansen et al., 2021). Information on predation pressure during the larval stage is poor but mackerel (Scomber scombrus) and herring are known to prey on capelin larvae (Kvaavik et al. 2019; Kvaavik et al. 2021). Overall, the available data on the larval stage is limited, and its implications on capelin biology and ecology during juvenile and mature stages are poorly understood, highlighting a crucial knowledge gap (Fig. 3).

Since 1978, data on the juvenile stage of the stock have been collected during the annual autumn scientific survey, which targets both immature and maturing capelin during the late feeding season (September-December) (ICES 2024a). Extensive knowledge based on acoustic recordings and biological trawl sampling exists on the abundance, distribution, age structure, and life history of capelin at this life stage (ICES 2024a). This data set is used by the capelin assessment to provide an intermediate TAC prior to the opening of the fishery on October 15th. Changes in environmental conditions have been linked to the displacement of juvenile capelin from shelf areas north of Iceland to the east Greenland shelf in the early 2000s (Carscadden et al., 2013). Although in situ oceanographic data are limited for the juvenile capelin habitat, Copernicus ocean model outputs have been used to link distributional shifts to temperature, salinity, currents and primary production as a proxy for food availability (Singh et al. 2025). This establishes that the physical environment plays a key role in determining capelin ecology during this life history stage (Singh et al. 2025). 

Capelin are known to be opportunistic feeders which feed on available zooplankton species. Short-term studies indicate that juvenile capelin primarily prey on copepods, while mature capelin feed on euphausiids and copepods (Astthorsson and Gislason 1997; Pétursdóttir et al. 2023). In general, as capelin grow, they shift to eating larger prey items.  Feeding ecology data remains poor and sporadic for juvenile life stage. Benthopelagic species such as cod, haddock and saithe (Pollachius virens) are some of the main predators of capelin (Pálsson and Bjornsson, 2011). Additionally, whales also prey on capelin (Sigurjónsson and Víkingsson 1997; Sigurjónsson et al. 2000; Víkingsson et al. 2014; Samarra et al. 2022). At the new feeding grounds off the east Greenland shelf, humpback whales and harp seals are likely important predators (Heide-Jørgensen et al. 2023); however, limited studies exist on capelin predation in this area resulting in a knowledge gap (Fig. 3). Scarce information is available about the early feeding period, which occurs between June and August. In the past, capelin used to feed between Iceland and Jan Mayen during this time, which was evident from the summer fishery that has been mostly discontinued after 2004 (ICES 2024a). Capelin are occasionally observed northeast and east of Iceland during the International Ecosystem Spring Survey in Nordic Seas, conducted in May, and during the International Ecosystem Summer Survey in Nordic Seas in July, which could help to partially fill the early feeding period knowledge gap.

The mature stock component is surveyed and assessed during January and February while undergoing their spawning migration along the Icelandic continental shelf, moving towards their spawning grounds to the south and west of Iceland (Vilhjálmsson 1994; Olafsdottir and Rose 2012). Acoustic recordings and biological trawl samples from the winter surveys provide insights into capelin abundance, distribution, age structure, and life history during this life stage. The SSB estimates from these surveys are used to provide advice for the final TAC (ICES 2024a). In situ data on physical environmental conditions along the capelin spawning migration route (Ólafsdóttir et al. 2020) is provided by the MFRI annual winter oceanographic research cruise in February. Variability in the timing of the spawning migration has been linked to stock size and temperature on the summer feeding grounds (Olafsdottir and Rose 2012). A finer spatial-temporal analysis using ocean model outputs revealed that delays in the arrival of capelin to the spawning grounds can be linked to changes in the physical environment. This suggests that climate change can have far-reaching consequences for the route along which capelin migrate and, hence, for fisheries in this region (Singh et al. 2025). Commercial samples from the capelin fishery frequently contain capelin with gonads in advanced stages of development, which can be used as an indicator to identify potential spawning grounds. Capelin feeding is limited during this time and therefore it can be hypothesized that prey may not be a crucial driving factor for spawning migration route and timing. The spring groundfish survey around the Iceland continental shelf provides data on capelin predation. Stomach samples from this survey, which was initiated in 1985, have been used to quantify consumption during the spawning season, with cod, haddock and saithe being the primary predators. The most important series of predators’ stomach data is from the demersal survey in March, usually collected from 1st to 20th of March, near and in the capelin spawning period. Those stomach samples show in many years, consumption of capelin in the north, north-west and northeast, as well as on the main spawning grounds of capelin south of Iceland. The capelin found in the stomachs in the north is a mixture of immature capelin and later arriving schools that could either take the western route to the usual spawning areas or spawn in the north. In most years, some capelin schools arrive later to the spawning grounds, and in two cases (1979 and 2001) most of the spawning migration took the western route. Those late-arriving capelin schools may in some years have acted as a reserve buffer for the spawning stock. Further, it has been recognized that substantially increasing fisheries from the main clockwise migrating stock component based on measurements of the late-arriving capelin in the north and northwest, can have negative effects on intra-species diversity for this stock (ICES 2023c). Predation during the spawning season has considerable implications for the SSB of capelin (Pálsson and Björnsson 2011) and, consequently, for fisheries, so forecasted cod, haddock and saithe predation during the spawning migration is included in the stock assessment and TAC calculations (ICES 2023c). 

Economic
Capelin became prominent in the Icelandic commercial fisheries in the 1960s after the collapse of the Atlantic herring stock. The nature of the capelin fishery has remained largely consistent, with winter fishing happening every year mostly from January through March, except during the 1982/1983, 2008/2009, 2018/2019, 2019/2020 and 2024/2025 fishing seasons when moratoria were in effect. The IEGJM fishery is multinational conducted by Iceland, Greenland, Norway, and Faroe Islands. Iceland however gets the largest share of the TAC and has full access to the entire fishing grounds during the entire fishing season. Restrictions with respect to quota allocation, fishing areas and timing apply for other fishing fleets (https://island.is/reglugerdir/nr/1200-2022). 

Purse seines have been the primary gear, with pelagic trawls being introduced in the mid-1990s. The number of vessels operating in the fishery has decreased over time; however, the size and efficiency of vessels have increased. Landed catch statistics for capelin are compiled by the Icelandic Directorate of Fisheries and date back to the early 1980s (ICES 2024a). Additionally, logbook data provides finer spatial resolution on catches by gear type since 1993 (Singh et al. 2020). A sound understanding of the biological traits of the catch can be obtained from the commercial catch samples (Fig. 4a). 

The landed catch has fluctuated widely over the years, ranging from 100,000 to over 1 million tons during the mid-1990s. A gradual decline in catches followed, with larger variations observed up to the present, reflecting the dynamic nature of the capelin stock. The impact of fisheries on the life history of capelin and their stock structure or recruitment remains poorly defined (Fig. 4a). In a region where the environmental conditions also play a crucial role in the biology and ecology of capelin, it is difficult to disentangle the effects of fisheries from climate driven factors. Given that capelin fisheries target the spawning stock, the scale and timing of fisheries operations can have significant implications for fisheries management. 

As with BS capelin, landings of IEGJM saw similar market trends in capelin utilization over time, with fishmeal and oil production early on to a growing market for human consumption (whole capelin and roe) more recently. In 2023, the value of capelin and capelin roe combined was approximately 19 billion ISK (200 million CAD) (Statistics Iceland 2024), second only to cod on the list of Iceland’s most commercially important fish species. Price information on capelin catch and capelin roe are compiled by Statistics Iceland together with export earnings from capelin fisheries. However, it is noted that ex-vessel prices recorded by Statistics Iceland are mostly direct sales within vertically integrated companies, and that these prices tend to be lower than those abroad or prices obtained at auction (Matthiasson and Valsson 2000; Byrne et al. 2019). Export prices in Iceland therefore may be more reliable as an indicator of the quality and market value of the product (Byrne et al. 2019).

As with fisheries for the BS capelin, low catch quotas may drive fishermen to delay fishing closer to spawning to target the more valuable capelin roe, which has potential consequences for management (Fig. 4a). The Icelandic capelin fishery is assumed to have negligible by-catch (ICES 2024a). Occasionally marine mammals are caught in the purse seine gear. Other fish species are sometimes caught in the pelagic trawl but constitute a small fraction of the total catch and thus poorly monitored. 

Social
The main stakeholders for the capelin fisheries include fishers, vessel owners, processing plant owners, and communities that directly rely on income from capelin fisheries. Also, representatives from the Ministry of Food, Agriculture, and Fisheries (MFAFF) and the major stakeholder organization Fisheries Iceland closely follow the survey, assessment, and advisory process. On occasions, extra funding is also allocated from the MFAFF to conduct multi-vessel surveys during winter to accelerate the established MFRI survey coverage when the fish are known to migrate quickly to reach the spawning grounds. Overall, the key stakeholders are well-informed and engaged during the assessment process (Fig. 4b). The information from the surveys and catch records are also shared with the stakeholders through standardized technical reports and advice sheets. 

Capelin are not considered an important local food item in modern-day Iceland. Although capelin do not exhibit the same beach spawning as in Canada, there are historical records of consumption of what was called “hairy herring” when they ran ashore (Vilhjálmsson 1994). Therefore, there is perhaps a historical contribution of capelin to local food provisioning, but in modern Iceland the fisheries’ contribution to cultural heritage rests in the general importance of fisheries in Icelandic society (Fig. 4b). In terms of community development, data on number of jobs, fishers, and processing plants are available for most Icelandic fisheries, but separating out specific numbers related to the impact of capelin on communities and families can be difficult (Fig. 4b). In general, it is known that capelin fisheries are an important component of many coastal communities’ economic profiles, and in years when capelin catch is not advised, a gap in the income from fisheries directly impacts the stakeholders, with reduced employment and profit. The fleet sometimes targets Icelandic summer-spawning herring or blue whiting (Micromesistius poutassou) but this may increase costs of fishing activity if the fleet must travel far to obtain adequate catches, and the value of these species are lower than capelin leading to reduced profits. In some of these years (2009-2011), an experimental fishery for Pearlside (Maurolicus mülleri) has been conducted, with variable success. Additionally, Atlantic mackerel and Norwegian spring spawning herring are targeted by the capelin fleet, but usually at different times of the year. 

