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1.  INTRODUCTION 

The incidental bycatch of seabirds is a well-known 
challenge in gillnet fisheries in all parts of the world, 
as even moderate harvesting pressures can have sig-
nificant effects on bird populations (Österblom et al. 
2002, Michael et al. 2017, Dias et al. 2019). Because 
species taken as bycatch are often migratory, the 
effects of bycatch are not limited to local populations 

but extend beyond national borders and specific fish-
eries (Dias et al. 2019). Globally, at least 400 000 
birds are estimated to die annually due to gillnet fish-
eries (Žydelis et al. 2013). 

The gillnet fisheries in the North Atlantic for roe of 
lumpfish Cyclopterus lumpus are no exception to this 
problem, with significant bycatch being reported 
from all the major fishery regions in Iceland, Norway 
and Greenland (Fangel et al. 2015, MFRI 2018, 
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Christensen-Dalsgaard et al. 2019). Besides the bio-
logical consequences for non-target species, the un -
intentional bycatch has potential economic ramifi -
cations, as lumpfish fishers and companies must 
maintain the standards of the Marine Stewardship 
Council (MSC) in order to retain certification. An 
example is the world’s largest lumpfish fishery in Ice-
land, where bycatch-related issues resulted in the 
withdrawal of the MSC certificate in 2019 (Lassen et 
al. 2021b). 

The West Greenland lumpfish fishery was MSC-
certified in 2015, but continues to have pending con-
ditions relating to bycatch quantification, enforce-
ment and strategy (Lassen et al. 2021a). Without 
accurate data on bycatch, it is challenging for scien-
tists and managers to assess the impact on non-target 
species and problematic for the industry to maintain 
any sustainability accreditation. Therefore, obtaining 
accurate information on bycatch levels in the West 
Greenland lumpfish fishery is in the interest of all 
stakeholders, including non-governmental organiza-
tions (NGOs), the fishing industry, managers and 
individual fishers, especially as bycatch is presumed 
to be underreported (Lassen et al. 2021a).  

The fishery takes place in April to June (during 
lumpfish spawning) in West Greenland coastal 
waters, employing large-meshed gill nets (260 mm). 
The nets are set in shallow water (<20 m), during a 
relatively short  season (4−8 wk), where the fishery 
overlaps both in time and space with several over-
wintering populations of North Atlantic seabirds, 
most notably common eider Somateria mollissima, 
king eider S. spectabilis, long-tailed duck Clangula 
hyemalis and black guillemot Cepphus grylle 
(Merkel et al. 2019). All of these avian species can 
potentially get entangled in fishing nets during feed-
ing dives (Žydelis et al. 2013). The foraging habits of 
common eiders make them particularly vulnerable, 
as their preferred diving depth and local habitat 
overlap substantially with the lumpfish gillnets (Mer -
kel & Mosbech 2008, Merkel et al. 2019). The long-
tailed duck is also distributed in the coastal area 
(Merkel et al. 2019), but tends to forage in deeper 
waters (up to 66 m) than the common eider (up to 
42 m) (Guillemette et al. 1993, Robertson & Savard 
2020), and is therefore less likely to be caught. This is 
also the case for the king eider and black guillemot, 
because they are mainly distributed further offshore 
in Southwest Greenland during winter (Merkel et al. 
2019). Although bycatch of birds appears to be 
under reported (Merkel 2011), the relative contribu-
tion of these species to the bycatch is confirmed by 
official reporting (Piniarneq 2019). 

Northwest Greenland is the most important com-
mon eider breeding area in Greenland (Merkel 
2004a). This breeding population winters in South-
west Greenland and has increased in size over the 
past 2 decades (Merkel 2010, F. Merkel unpubl.). 
However, recent surveys indicate that this is not the 
case for the sedentary breeding population in South-
west Greenland, which has shown only small fluctu-
ations over the past decade (Rasmussen 2021). Local 
hunting also contributes substantially to the annual 
mortality of common eiders in Southwest Greenland 
(Piniarneq 2019), and there is a need to disentangle 
the impact of hunting and bycatch on the population 
trend. To do this, quantitative data on hunting and 
bycatch need to be supplemented with detailed in -
formation on demography, because adult birds, and 
in particular females, are most important for the 
growth potential of the population (e.g. Grüebler et 
al. 2008). Information on age and sex is not part of the 
obligatory reporting system in Greenland and can 
currently only be obtained by in situ observations of 
the bycatch. 

To improve the management of the lumpfish 
fishery and assess its impact on other species, we 
quantified the bycatch in the West Greenland lump-
fish fishery through in situ observations in the most 
important fishing area in 2019 and 2021. No observa-
tions were done in 2020 due to issues related to the 
SARS-CoV-2 (Covid-19) global pandemic. We pro-
vide data on all species taken as bycatch, using de-
tailed data on common eider to estimate the relative 
impact of the bycatch on the common eider growth 
potential, and compare this to the effects of hunting. 
The results address specific MSC conditions for the 
lumpfish fishery, and provide managers with the 
knowledge needed to implement measures that en-
sure the sustainability of the fishery for lumpfish roe. 

2.  MATERIALS AND METHODS 

2.1.  Study area and fishery 

All observations were done in the Nuuk area in 
West Greenland (Fig. 1). This area is centrally 
located in the Greenland lumpfish fishing area, 
extending from 60 to 70° N in West Greenland. The 
sampling area was between 63.83 and 64.34° N, 
which includes field codes JA024 to JH024 based on 
the field code grid applied to Greenlandic fisheries 
for reporting and geographical reference. 

Approximately 20−25% of Greenland’s annual 
total lumpfish landings are caught by Nuuk-based 
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fishers fishing in the study area investigated here 
(GS 2021). The fishing fleet consists of small open 
boats (Fig. 2), typically between 6 and 8 m, that land 
their catch daily to local buyers. Normally, only the 
roe is landed, and the carcasses are discarded at sea. 
In 2019 and 2021, there were, on average, 632 active 
lumpfish fishing boats (each manned by 1−2 persons) 
in all of Greenland, of which 88 were active in the 
study area. 

The lumpfish fishery is managed according to a 
management plan that defines 7 management areas 
(Ministry of Fisheries and Hunting 2021). The fishing 
season is defined locally, but it starts on 1 April at the 
earliest, with the exact date being determined by 
weather conditions and presumed fish density. The 
season is limited to no more than 60 d, but typically 
lasts for less than half of that due to constraints on the 
total allowable catch (TAC) (Ministry of Fisheries and 
Hunting 2021). There is a region-specific TAC, but no 
individual TAC. Thus, the fishery is essentially an 
Olympic fishery (‘first come, first served’). It starts 
when female lumpfish arrive at the coastline, which 

varies slightly from year to year. The onset of the fish-
ery is also linked to latitude, normally being early 
April in South Greenland and late May in the 
northern part of the fishing area. In Nuuk, the season 
typically starts in early to mid-April. Each fisher sets 
between 5 and 100 nets, each 60 m in length. The nets 
are typically combined in rows of 5−6 nets anchored 
at both ends and set at 5−25 m depth. Less frequently, 
one end of the net row is tethered to shore. 

The nets are typically set at the start of the fishing 
season and moved as little as possible. The average 
soak time is 2−3 d. The small vessels are exempt from 
keeping logbooks, but all catch, including bycatch, 
must be reported in weight at the landing site. 

2.2.  Bycatch sampling 

Initially, we contacted the Greenland Hunters and 
Fishers Association (Kalaallit Nunaanni Aalisartut 
Piniartullu Kattuffiat, KNAPK) to inform them about 
the project. KNAPK notified local fishers of the pro-
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Fig. 1. In situ sampling sites in West Greenland in 2019 and 2021. The intensity of the commercial lumpfish fishery is shown  
in the inset as a heatmap based on combined 2019 and 2021 data on lumpfish landings
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ject, and flyers were distributed before the fishing 
season at landing sites, the local port and local 
KNAPK headquarters. No fishermen were contacted 
directly in advance. On a sampling day, we ap -
proached the fishers in the morning when they re-
fueled and asked to accompany them to the fishing 
grounds on that day. All participation by fishers was 
voluntary, and all except 1 fisher approached were 
willing to assist with sampling. The fishers were cho-
sen semi-haphazardly each day, as we preferred to 
follow fishers with a large number of nets (>20 nets). 
This approach was chosen to maximize the sampling 
coverage, while at the same time sampling different 
areas within the study area (see Fig. 1). Hence, on 
most days when weather allowed, we accompanied a 
fisher to the fishing grounds in our boat (a 6.5 m open 
boat powered by a 250 hp outboard engine) and 
approximately 1% of the landing catches (in bio-
mass) in the study area was sampled. 

At the fishing grounds, the fishers emptied their 
nets as they would normally do. We positioned our 
boat so that it was possible to count all lumpfish 
entering the boat. All bycatch was disentangled and 
transferred to our boat after the nets had been emp-

tied. Each specimen taken as bycatch was photo -
graphed and returned to the fisher after processing 
(to avoid influencing the subsequent use of the by -
catch, e.g. own consumption). Before returning, the 
bycatch was identified to species level, and for fish, 
the length was measured (total length, TL, measured 
to nearest cm). The sex and age (juvenile/adult) of 
birds were also determined using external examina-
tion (Baker 1993). In both 2019 and 2021, we meas-
ured the length of a subsample of the female lump-
fish on 8 different occasions spanning the entire 
fishing season. The sub-sample included 20−50% of 
the lumpfish caught in a given net. The soak time, 
position and number of nets were registered at each 
sampling location. 

2.3.  Bycatch estimation 

Greenland’s Fisheries License Control Authority 
(Grønlands Fiskerilicenskontrol, GFLK) maintains 
records of all individual landings (by roe quantity) in 
the sampling area. Based on these records, we 
divided the seasons into 2 periods; Early and Late. 
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Fig. 2. Bycatch and net retrieval from typical lumpfish fishing boat in Southwest Greenland, 2022. Picture taken from the 
authors’ boat positioned adjacent to the fishing vessel. On the left, a common eider entangled in the net; on the right, a lump- 

fish being removed from the net. Photos: Julius Nielsen
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The Early period was defined as the period it took to 
catch approximately 50% of the catches in the sam-
pling area that year, and the Late period was the 
remaining part of the season. In 2019, the periods 
were 10 April to 7 May and 8−27 May, and in 2021 
they were 11−25 April and 26 April to 7 May. The 
reason for dividing the season into periods was the 
expected spring migration of overwintering birds out 
of the study area (see Section 4), which might result 
in seasonally dependent bycatch rates. To balance 
the sampling effort in the Early and Late periods in 
2021, the cut-off date was shifted slightly, causing 
the landed amount to be 43% and 57% in the 2 peri-
ods. 

For each sampling event, we calculated the female 
lumpfish catch per unit effort (CPUE): 

CPUEfemale lumpfish =  
(K × no. females)/(soak time (h) × net length (m)) (1) 

where K is a season-specific constant indicating the 
amount of roe in an average female that season. K 
was calculated based on the length measurements 
and the relationship between length and roe 
amount described by Hedeholm et al. (2014). K 
equaled 0.435 kg female–1 in 2019 and 0.530 kg 
female–1 in 2021 (see Section 3 for average lengths). 
The CPUE was then calculated for the Early and 
Late periods as the average of all sampling events 
(CPUEfemale lumpfish, period). 

Using CPUEfemale lumpfish, period we calculated the 
total effort (net hours) needed to catch the amount of 
lumpfish roe in that period: 

Total net hoursperiod =  
Total landingsperiod /CPUEfemale lumpfish, period

(2) 

where Total landingsperiod (for the study area) were 
derived from the GFLK data: 107 t in 2019early, 103 t 
in 2019late, 116 t in 2021early, 153 t in 2021late. 

For each bycatch species, we estimated a sample-
specific CPUE as: 

CPUEspecies, sample = no. caughtsample /  
(soak time (h)sample × net length (m)sample)

(3) 

To provide an uncertainty measure of the bycatch 
estimates, we calculated 95% confidence intervals 
(CIs) around the mean CPUE for each species and 
period. This was done by bootstrapping, where we 
randomly drew (with replacement) 10 000 new data 
sets of observations for the individual CPUE observa-
tions. Mean and CIs (2.5 and 97.5% quantiles) were 
estimated from the distribution of the bootstrapped 
CPUE data. The estimated bycatch for each species 
in a given period was calculated as: 

Bycatch estimatespecies, period =  

CPUEspecies, period × Total net hoursperiod
(4)

 

and repeated for the upper and lower CPUE confi-
dence limits. 

These calculations applied only to the study area. 
To provide estimates of the bycatch for the entire 
Greenland fishery, all estimates were extrapolated 
by multiplying by a factor determined by the year-
specific proportion of the fishery taking place in the 
study area. In 2019, this factor was 5.52, and in 2021 
it was 4.29. This was done for all species that were 
caught in both years and both periods, as well as for 
Atlantic halibut Hippoglossus hippoglossus that was 
caught less frequently. The uncertainty was too large 
for other species and hence the data from these did 
not allow for meaningful conclusions. The fish spe-
cies taken as bycatch were not weighed during sam-
pling, but using the average lengths, the fish bycatch 
estimates were converted to weight using published 
conversion factors (Froese & Pauly 2020). 

2.4.  Common eider impact assessment model 

The bycatch data and supporting information from 
other studies allowed for a detailed population 
impact assessment for common eider, but not for 
other species. The impact was assessed for the total 
winter population in Greenland, which was esti-
mated to be 442 676 eiders (95% CI: 405090−487542) 
in March 2017 (Merkel et al. 2019). This constitutes a 
shared winter population of birds breeding in Can-
ada and West Greenland, belonging to the northern 
common eider subspecies Somateria mollissima bo -
realis (Lyngs 2003, Mosbech et al. 2006, Goudie et al. 
2020). Because the proportional mixture of these 
breeding populations in the wintering area is un -
known and likely to change over the lumpfish sea-
son, it was not possible to allocate the potential 
impact of bycatch on specific breeding populations. 

We included hunting in the model for 2 purposes: 
to illustrate the relative impact of bycatch and hunt-
ing, and to account for the hunting effect on the age 
composition of the winter population before the 
bycatch period. For the model, we used the average 
number of common eiders reported shot for South-
west Greenland for the period 2012−2017 (Piniarneq 
2019, Table 1). Birds hunted outside Southwest 
Greenland, i.e. north of the district of Ilulissat and in 
East Greenland, comprise 20% of the total hunt 
(Piniarneq 2019) and were not included in the model. 
No recent information about the age and sex distri-
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bution of the hunted birds was available, so we had 
to rely on previous studies from the local market in 
Nuuk, where commercial hunters sell their harvest 
(Merkel 2004b, Table 1). 

The impact on the common eider population was 
modelled separately for 2019 and 2021, but the age 
and sex composition of the bycatch were averaged 
across the 2 years due to sample size considerations. 
The model was constructed as a deterministic 
female-only matrix population model with 4 age 
classes and a pre-breeding census (Caswell 2001). It 
was programmed in R version 3.5.2 (R Core Team 
2018), and the ‘popbio’ package was used for demo-
graphic modelling (Stubben & Milligan 2007). We 
used the same values used by Gilliland et al. (2009) 
for most demographic parameters, including a com-
bination of parameter values known from existing 
field data specific to the northern common eider. 
Also, values extracted from published literature on 
other sub-species of common eiders (Table 2) were 
used. For clutch size, we used a slightly higher value 
than Gilliland et al. (2009), based on more recent 
data from West Greenland (Merkel 2010). 

We partitioned the annual cycle into 3 equal peri-
ods of 4 mo, referred to as summer, fall and winter, 
and partitioned annual survival rates (Table 2) 
among these 3 periods. As a starting point, we 
assumed that the population was below carrying 
capacity and that there were no stresses on the pop-
ulation, i.e. no periodic catastrophic events, stochas-
ticity in demographic parameters, hunting or bycatch 
mortality. Under these conditions, it was assumed 
that annual adult survival rates would be near the 
maximum reported for common eiders (~95%; Swen-
nen 1991). This scenario predicted an intrinsic popu-
lation growth rate (λ) of 1.074, similar to the popula-
tion growth rate observed during a period of ex -
pansion of a non-hunted common eider population in 
the Dutch Wadden Sea (1.07; Swennen 1991). The 
stable age distribution of this projection had 24.8% of 
the population ≤2 yr old just before the breeding sea-
son. Hunting in Southwest Greenland occurs in the 
fall and during winter, while bycatch takes place in 
late winter. In the model, both hunting and bycatch 
were removed at the end of the winter, i.e. allowing 
natural fall and winter mortality to act on the popula-
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Parameter                                                                         Value                               Year(s)                      Source 
 
Winter population size (95% CI)                    442676 (405090−487542)                 2017                        Merkel et al. (2019) 
Hunting, mean (range) no. of birds                   16538 (12331−23662)                 2012−17                     Piniarneq (2019) 
Hunting, proportion of juvenile/older                         0.65/0.35                           2000−01                     Merkel (2004b) 
Hunting, proportion of female/male                           0.46/0.54                           2000−01                     Merkel (2004b) 
Total bycatch (95% CI)                                       19938 (3486−59661)                     2019                        This study, Table 4 
Total bycatch (95% CI)                                        9802 (1260−29940)                      2021                        This study, Table 4 
Bycatch, proportion of juvenile/older                         0.24/0.76                         2019, 2021                   This study, Table 4 
Bycatch, proportion of female/male                            0.60/0.40                         2019, 2021                   This study, Table 4

Table 1. Initial values for common eider population size, hunting and bycatch levels, and the age and sex composition of birds  
from hunting and bycatch in Southwest Greenland

Parameter                                                        Age class (yr)                                            Source 
                                                         1               2                3               ≥4 
 
Proportion breeding (pb)                0             0.26           0.42           1.00               Baillie & Milne (1982) 
Clutch size (cs)                                0              3.7             3.7             3.7                Merkel (2010) 
Nest success (ns)                             0              0.9             0.9             0.9                Nyegaard (2004), Gilliland et al. (2009) 
Hatch success (hs)                           0              0.9             0.9             0.9                Nyegaard (2004), Gilliland et al. (2009) 
Duckling survival (Sd)                     0              0.3             0.3             0.3                Swennen (1991) 
Overall fecunditya (F)                     0             0.23           0.38           0.90 
Annual survival (Sa)                      0.5b          0.69           0.95           0.95               Non-harvested population: Swennen (1991) 
 

aOverall fecundity: F = pb × cs × ns × hs × Sd 
bNot including the duckling survival (Sd) 

Table 2. Age-specific demographic parameter values used by Gilliland et al. (2009) were also used in our eider impact assess-
ment model to simulate the shared (Greenland/Canada) northern common eider population wintering in Southwest Green- 

land. Clutch size has been updated (from 3.6 eggs) with newer information from West Greenland
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tion first. Thus, we assumed that hunting and 
bycatch mortality was additive to natural mortality. 
Hunting was removed first and subsequently by -
catch, and the age distribution was recalculated in 
between these transitions. Population projections 
were run over 10 yr. 

3.  RESULTS 

3.1.  Lumpfish 

The lumpfish fishery differed substantially be -
tween 2019 and 2021. The catch of roe in the study 
area was similar (2019: 209 t; 2021: 269 t), but the 
2019 season was longer (2019: 47 d; 2021: 26 d), 
although both seasons started at the same time. This 
was caused by a difference in CPUE. In our samples, 
the average CPUE (females per 1000 m net per  
hour) differed 160% between years: 1.79 (95% CI: 
0.37−5.32) and 4.66 (0.90−13.22) in 2019 and 2021, 
respectively. In addition to dissimilar CPUEs, the dif-
ference between years was augmented by smaller 
females in 2019 (mean ± SD; 2019: 36.1 ± 2.9 cm, N = 
758; 2021: 38.0 ± 3.0 cm, N = 452). 

Male CPUEs were approximately 5 times lower 
than female CPUEs. In 2019, the male CPUEs were 
highest early in the season but dropped drastically 
from 9 May and onwards. For the remainder of the 
season, male bycatch was virtually absent. In 2021, 
such a period of low CPUEs was not observed, as the 
season ended much earlier, although on 29 April, the 
CPUE was very low. 

3.2.  Bycatch 

Ten bycatch species were recorded (4 birds and 
6 fishes, Table 3). Marine mammals were not ob -
served. The most common bycatch was common 
eider, which was present in both years and all periods. 
The same was true for 3 fish species (Atlantic cod 
Gadus morhua, Greenland cod G. macrocepha lus and 
spotted wolffish Anarhichas minor), but in smaller 
numbers. Bycatch was present in 48% of the sampling 
events in 2019 (N = 52) and 59% in 2021 (N = 41). 
However, the number of species was generally low, 
and only 10% of the sampling events in cluded 5 spec-
imens or more. The samples with a large bycatch 
were all connected to common eider and 2021, with 
4 notable events with 7, 8, 10 and 16 common eiders 
caught in a single row of nets, although the mean net 
length (row of nets) in these 4 events was longer than 
the overall mean length of observed nets (1005 m ver-
sus 288 m, respectively). The mean soak time was the 
same as the overall mean (60 h). In 2019, the highest 
number of common eiders in a single sample was 5 
(net length = 300 m, soak time = 144 h). In both years, 
the common eiders were mainly older birds (adults or 
subadults), whereas only 6% (2019) and 30% (2021) 
were young birds (<1 yr). Females were more 
common as bycatch, constituting 69% of the common 
eiders in 2019 and 57% in 2021. 

For commonly caught species, the CPUEs were 
high, but due to large variation also relatively uncer-
tain (Fig. 3), because large bycatches are sporadic 
events. For common eider, the CPUEs were similar in 
2019 and 2021, and in both years, the CPUE declined 

129

Species                                                                                2019                         2021                Average         Red List status 
                                                                                     Early      Late         Early      Late           length          national/global 
                                                                                    period    period       period    period            (cm)                          
 
Birds                                                                                  
Common eider Somateria mollissima                          11            5              48           11                  −                      LC/NT 
Long-tailed duck Clangula hyemalis                           0             2               0             0                   −                      LC/VU 
Black guillemot Cepphus grylle                                   1             0               0             0                   −                      LC/LC 
Great northern diver Gavia immer                               0             0               1             0                   −                      NT/LC 
Fish 
Atlantic cod Gadus morhua                                          3             7               2            10                 49                      –/VU 
Spotted wolffish Anarhichas minor                              2             5               2             5                 114                         – 
Greenland cod Gadus macrocephalus                         3             2               2             2                  51                          – 
Atlantic halibut Hippoglossus hippoglossus                0             1               6             4                  57                      –/EN 
American plaice Hippoglossoides platessoides           0             1               0             0                  40                          – 
Shorthorn sculpin Myoxocephalus scorpius                0             1               0             1                  25                          –

Table 3. All species taken as bycatch in 2019 and 2021 divided into Early and Late periods (N). The average fish length is total 
length. Conservation status according to the global IUCN Red List (IUCN 2022) and the national Greenland Red List  

(Boertmann & Bay 2018) is also shown (LC: Least Concern; NT: Near Threatened; VU: Vulnerable)



Mar Ecol Prog Ser 702: 123–137, 2022

late in the season. For fishes, CPUEs were generally 
low, although there was an increase at the end of the 
season in 2021, when Atlantic cod and Atlantic hal-
ibut became more common. For Atlantic halibut, this 
change was primarily caused by a single sample 
including 3 specimens, and only 1 additional speci-
men was caught in all remaining samples. For 
Atlantic cod, the change was caused by few speci-
mens (1−2) in several samples. 

Despite the difference in the duration of the fishing 
season and the uncertainty associated with the 
CPUEs, the bycatch estimates for most species were 
similar between years (Table 4). The exceptions were 
species only caught in either 2019 (black guillemot, 
long-tailed duck, American plaice Hippoglossoides 
platessoides) or 2021 (great northern diver [common 
loon] Gavia immer). 

For common eider, the estimated bycatch in the 
study area was 3612 (95% CI: 631−10 799) in 2019 
and 2285 (293−6361) in 2021. When extrapolated to 
the entire West Greenland lumpfish fishery, the esti-
mated bycatch was considerably higher in 2019 (19 938 
[3486−59 661]) than in 2021 (9802 [1260−29 940]). 
Most bycatch occurred in the Early period and 
declined to less than half in the Late period in both 

years. The opposite was estimated for fish bycatch, 
which increased for all species from the Early to 
the Late period (except 2019 for Greenland cod) 
(Table 4). The bycatch 95% CIs overlapped between 
years for all species, and therefore no differences 
were  significant. 

The total estimated weight (extrapolated to the 
entire fishery) of the most common fish taken as by -
catch in 2019 and 2021, respectively, were: spotted 
wolffish: 190 and 65 t; Atlantic halibut: 3 and 12 t; 
Atlantic cod: 10 and 10 t; Greenland cod: 12 and 2 t. 

3.3.  Common eider impact assessment 

The basic model scenario showed an asymptotic 
annual growth rate λ of 1.074 in the absence of 
hunting and bycatch, corresponding to a 7.4% 
increase per year (Table 5). For 2019, the impact of 
bycatch was roughly 3 times higher than the 
impact of hunting (Table 5), because more birds 
were estimated to be killed by bycatch and 
because bycatch involved a larger proportion of 
females and adult birds (Table 1). In 2019, the 
average realised growth potential after 10 yr was 
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negative (λ = 0.981) when including both bycatch 
and hunting mortality. In contrast, bycatch and 
hunting had equal impacts in 2021 (−0.022 vs. 
−0.022, Table 5), and the growth potential after 
10 yr was 3.0% per year (λ = 1.030). Assuming that 
the mean bycatch in 2019 and 2021 represents a 
realistic mean bycatch level for the winter popula-
tion, the growth potential would average 1.4% per 
year after 10 yr when including both bycatch and 
hunting mortality (model 4, Table 5). 

4.  DISCUSSION 

4.1.  Bycatch of common eider 

Our results are in line with other reports on seabird 
bycatch from the North Atlantic lumpfish fishery 
(Christensen-Dalsgaard et al. 2019), namely that 
common eider is the most common species. The esti-
mated mean size of the common eider bycatch for 
2019 and 2021, when extrapolated to the whole fish-
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                                                                            2019                                                                          2021     
Species                                     Early       Late           Total                Total               Early     Late         Total              Total 
                                                period     period       (95% CI)          (95% CI)           period   period    (95% CI)        (95% CI) 
                                                                                Study area    Entire fishery                                   Study area   Entire fishery 
 
Effort (million net hours)        51.8         66.3            118.1                   –                    22.8       37.8           60.6                   – 
                                                                               (93.9−156.7)                                                             (46.3−83.1)               

Birds (n)                                                                                                                                                                                   
Common eider                         2567        1044            3612                19938               1526       759           2285               9802 
Somateria mollissima                                            (631−10799)   (3486−59661)                                   (293−6961)   (1260−29940) 

Long-tailed duck                        0            607              607                     –                      0            0           0 (0−0)                 – 
Clangula hyemalis                                                   (0−2039                                                                                                  

Black guillemot                         48             0                 48                     –                      0            0                0                     – 
Cepphus grylle                                                         (0−208)                                                                      (0−0)                    

Great northern diver                 0              0                  0                      –                     28           0               28                    – 
Gavia immer                                                                (0−0)                                                                      (0−126)                  

Fish (t)                                                                                                                                                                                     
Atlantic cod                              0.39         1.46             1.85                10.21                0.09       2.23           2.32                9.99 
Gadus morhua                                                       (0.39−4.66)      (2.16−25.74)                                    (0.50−5.76)    (2.17−24.79) 

Spotted wolffish                      12.18       22.21           34.38               189.96               0.67      14.42         15.09              64.92 
Anarhichas minor                                               (18.87−112.51)    (104.25−621.60)                                   (2.78−38.28)  (11.97−164.65) 

Greenland cod                         1.55         0.70             2.25                 12.42                0.13       0.34           0.47                2.02  
Gadus macrocephalus                                             (0−8.30)          (0−45.86)                                         (0−1.58)          (0−6.82) 

Atlantic halibut                          0           0.52             0.52                 2.89                 0.22       2.63           2.85               12.26 
Hippoglossus hippoglossus                                     (0−1.93)          (0−10.67)                                         (0−9.92)         (0−42.68) 

American plaice                         0           0.10             0.10                                         0.00       0.00             0                     – 
Hippoglossoides platessoides                                  (0−0.38)                 –                                                  (0−0)                    

Shorthorn sculpin                       0           0.04             0.04                    –                    0.00       0.02           0.02                  – 
Myoxocephalus scorpius                                         (0−0.14)                                                                    (0−0.9)                  

Table 4. Species-specific bycatch estimates in numbers for birds and in weight (t) for fishes for the study area by period and 
in total. The estimated total commercial fishing effort (million net hours) is given for each period. For some species, the total  

bycatch is also extrapolated to the entire fishery (see Section 2)

Model scenario                                          Added mortality                     λ                Contribution              Contribution  
                                                                                                                                     from hunting             from bycatch  
 
1: Base model (BM)                                            None                          1.074                                                            
2: BM + 2019 harvest                              +Hunting +Bycatch               0.981                  −0.022                        −0.071 
3: BM + 2021 harvest                              +Hunting +Bycatch               1.030                  −0.022                        −0.022 
4: BM + mean harvest (2019, 2021)       +Hunting +Bycatch               1.014                  −0.022                        −0.038

Table 5. Growth rate (λ) for the common eider population in Southwest Greenland under different model scenarios and the  
size of the reduction caused by hunting and bycatch. See Tables 1 & 2 for input parameter values
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ery in Southwest Greenland (14 870 birds yr−1), was 
roughly 3 times higher than the annual mean num-
ber reported to the Greenlandic national harvest 
regime (Piniarneq 2019). Such a difference was 
expected, since underreporting is a well-established 
phenomenon when comparing self-reported bycatch 
data to observed bycatch data (Northridge 1996, 
NMFS 2004, MFRI 2018, Christensen-Dalsgaard et 
al. 2019). 

For the impact assessment on the common eider 
population, we extrapolated the bycatch estimate 
from our study area to the entire lumpfish fishing 
area to match the available estimate for the total win-
ter population (see Section 2). Using the same CPUE 
for common eider bycatch outside our study area 
adds to the uncertainties, and further studies are 
needed to verify this assumption. Although the den-
sity of common eiders is fairly even in late winter 
throughout the coastal area of Southwest Greenland 
(Merkel et al. 2019), a lower bycatch rate north of our 
study area could be expected due to the later onset of 
the lumpfish fishery. In contrast, a higher bycatch 
rate could be expected south of our study area where 
the lumpfish fishery starts earlier. For now, we argue 
that the conservation perspectives of having a rough 
first estimate of the total common eider bycatch in 
Greenland outweighs the uncertainty about bycatch 
CPUE outside our study area. 

The extrapolated bycatch for 2019 and 2021 for the 
entire lumpfish fishery was slightly smaller than the 
reported mean number of hunted birds (14 870 vs. 
16 538 birds, Table 1). However, according to the 
assessment model, the impact of the bycatch was 
considerably larger (Table 5). Hunting reduced the 
potential growth rate by 30%, whereas bycatch 
caused a reduction of 51% (Table 5, model scenario 
4). The model illustrates that the common eider pop-
ulation wintering in Southwest Greenland is more 
vulnerable to bycatch mortality. This is mainly be -
cause the bycatch involves a larger proportion of 
females and adult birds (see also Genovart et al. 
2017), while hunting primarily affects the younger 
segment of the population (Merkel 2004b). A con-
tributing factor is that bycatch mortality occurs in late 
winter, when natural winter mortality and hunting 
mortality have already affected the population. 

Although there is good support from the literature 
that our base model scenario (Table 5) represents an 
optimal growth situation for common eider (λ = 
1.074), Merkel (2010) showed that the growth rate for 
the breeding population in Northwest Greenland 
during the 2000s was higher (λ = 1.126) than this the-
oretical optimum. It thus seems that the current 

bycatch mortality is not a serious threat to the North-
west Greenland breeding population, probably be -
cause this breeding population tends to winter in the 
northern part of the wintering area (64.2−69° N, Mos-
bech et al. 2006) where the lumpfish fishery is absent 
or less intensive (Fig. 1). In contrast, eiders breeding 
in eastern Canada tend to winter further south in 
Southwest Greenland (60−64.5° N, Mosbech et al. 
2006) and could be more heavily impacted by the 
bycatch. This is also the case for the sedentary breed-
ing population in Southwest Greenland, which has 
been more or less stable over the past decade (Ras-
mussen 2020, 2021). Here, the combined impact from 
hunting and especially bycatch could be the main 
reason why this population is not increasing. 

In both 2019 and 2021, there was a tendency that 
bycatch was lower in the second half of the fishing 
period (Table 4), which could be due to eiders 
migrating out of the wintering area at some point in 
late April or early May (Merkel et al. 2006, Mosbech 
et al. 2006). Such a decrease in the eider density 
would likely lead to lower total bycatch rates. How-
ever, this may not be the case for the local breeding 
population that remains in the study area throughout 
the fishing season (Merkel et al. 2006, Mosbech et al. 
2006), making them more exposed to late-season 
bycatch. A more in-depth analysis of the bycatch 
impact on the different breeding populations in east-
ern Canada and western Greenland will require 
additional information about breeding population 
sizes and migration patterns. Alternatively, a method 
where the origin of the eiders can be determined by 
means of claw tissue sampling could perhaps be 
developed, similar to Steenweg et al. (2017) who 
used stable isotopes to infer overwintering locations 
of pre-breeding eiders in eastern Canada. 

4.2.  Bycatch of other seabirds 

Bycatch studies in Iceland and Norway also report 
black guillemot as a common bycatch species (Chris-
tensen-Dalsgaard et al. 2019), but our study, as well 
as previous work (Merkel 2004b, 2011), indicates 
that black guillemot is a rare bycatch species in 
Greenland. This is likely because of a small overlap 
between the lumpfish fishery and the black guil -
lemot distribution. Aerial surveys from Southwest 
Greenland showed that the main winter distribution 
of black guillemot occurs north of 67° N and usually 
in connection with dense pack ice at some distance 
from the coastal zone (Merkel et al. 2019). Long-
tailed ducks have previously been reported as 
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bycatch in small numbers from Iceland and Green-
land (Merkel 2011, Christensen-Dalsgaard et al. 
2019), and this study also documents a few bycatch 
incidents (Table 3). Based on the fact that the Nuuk 
coastal area constitutes a key wintering area for 
long-tailed ducks in Southwest Greenland, with den-
sities almost as high as for common eider (Merkel et 
al. 2019), the estimated total bycatch of 607 long-
tailed ducks in 2019 (and the absence in 2021, Table 
4) is smaller than what could be expected. However, 
the estimate of 607 birds is relatively high (50% of 
the common eider relative bycatch) considering that 
the total winter population of long-tailed duck in 
West Greenland is estimated to be only 41500 birds 
(Merkel et al. 2019). Additional sampling is needed 
to verify the magnitude of the bycatch of long-tailed 
ducks in Greenland. Bycatch of great northern diver, 
which is listed as near threatened on the Greenland 
red list (Boertmann & Bay 2018), has not previously 
been reported for Greenland, and the single bird that 
was caught in our study also indicates that this is 
likely a rare occurrence. 

One striking difference between this study and 
previous bycatch work in Greenland is the absence 
of king eiders. A local market survey in Nuuk in 
2000/2001 found that 28% of the eider bycatch were 
king eiders (Merkel 2004b). The absence in 2019/
2021 is perhaps related to a recent northerly shift in 
the king eider distribution. Aerial winter surveys 
conducted in 2017 showed that almost all king eiders 
were distributed north of Nuuk, while densities were 
higher and more evenly distributed in Southwest 
Greenland during similar surveys conducted in 1999 
(Merkel et al. 2002, 2019). The absence of king eiders 
in the present bycatch study suggests that densities 
are still low in the Nuuk area. 

4.3.  Mitigation of seabird bycatch 

Minimizing bycatch is in the interest of all stake-
holders, including NGOs, the fishing industry and the 
individual fishers. This goal can be pursued by imple-
menting spatial or temporal closures of the fishery to 
avoid using the areas or periods where bycatch mor-
tality is highest (O’Keefe et al. 2014, 2021). In theory, 
both tools could potentially reduce the by catch of ei-
ders in the Greenland lumpfish fishery, and there are 
also documented cases where spatial and temporal 
closures have been used successfully to reduce the 
bycatch without negatively impacting  target fish 
catch (Melvin et al. 1999). However, the spatial ap-
proach can be challenging since it relies on effective 

enforcement of the closed areas and de tailed knowl-
edge on the distribution, and the interannual varia-
tion, of both the bycatch species and lumpfish (Gun-
narsson & Tómasson 2011, O’Keefe et al. 2021). From 
a biological and enforcement point of view, temporal 
closures alone represent the simpler solution and are 
likely the more effective method to minimize bycatch. 
As previously mentioned, the ob served lower bycatch 
level of eiders in the later part of the fishing period 
(Table 4) is likely linked to a gradual reduction in bird 
densities due to spring migration, which is expected 
to occur in the period from mid-April to mid-May 
(Mosbech et al. 2006). Since the cumulative lumpfish 
catch curve in April is less steep than later in the sea-
son (GINR 2021), the ideal trade-off might be to post-
pone the onset of the fishery until, for instance, 1 May 
in this study area. In 2019, 71% of the common eider 
bycatch was caught in the early period (before 7 May) 
and 54% in 2021 (before 25 April; Table 4). Thus, 
based on these 2 years and the current study area, a 
significant reduction of bycatch levels would be ex-
pected if the onset of the fishery is postponed until 1 
May. For the fishery, the possible socioeconomic im-
pact is mainly linked to logistical constraints, because 
the small boats involved in this fishery may not be 
able to increase the effort and catch the quota in a 
shorter time. Shifting the season also has a natural 
endpoint since the lumpfish depart the coastal areas 
in late May or early June, depending on the area 
(Kennedy et al. 2015). The fact that the arrival and de-
parture of the lumpfish in Southwest Greenland 
follow a latitudinal gradient also complicates the tem-
poral closure approach. Finally, it is important to 
recognise that temporal closures would only benefit 
the migrating part of the winter eider population, i.e. 
birds breeding in Northwest Greenland or Canada, 
not the local breeding population in Southwest 
Greenland. Al though the latter makes up only a small 
proportion of the winter population, this breeding 
population appears to have the least favourable con-
servation status (Merkel 2010, Maftei et al. 2015, Ras-
mussen 2020, 2021). 

Mitigation using modified nets that can drastically 
reduce bycatch while maintaining lumpfish catch 
rates would be an attractive alternative approach to 
minimize bycatch without the unwanted effects of 
spatial or temporal closures. Modified nets are easily 
manufactured, require little or no enforcement, and 
all fishers are affected equally. However, in contrast 
to longline and trawl fisheries (ACAP 2022), best-
practice technical mitigation measures have proven 
difficult to develop for gillnet bycatch, despite some 
research attention (Martin & Crawford 2015, Hanam-
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seth et al. 2018, Field et al. 2019, Cantlay et al. 2020, 
Rouxel et al. 2021). Inspired by Melvin et al. (1999), 
who had some success by increasing the contrast of 
drifting gillnets, modified lumpfish gillnets have 
been tested in Greenland in 2021 and 2022. The data 
are currently being analysed and will be published 
elsewhere. 

4.4.  Bycatch of fish 

The large 260 mm mesh used in the lumpfish fish-
ery naturally excludes most fish bycatch. Besides the 
large spotted wolffish, which are caught by the gills, 
all other fish bycatch is accidental entanglement of 
smaller species. This high selectivity for the target 
species generally means that fish bycatch in the 
lumpfish fishery is of minor importance, and only 
spotted wolffish constituted more than 1% of the 
lumpfish landings (4.3% in 2019 and 1.5% in 2021). 
Similar low fish bycatch rates were observed in both 
the Norwegian and Icelandic lumpfish fisheries 
 (Dignan et al. 2020, Lassen et al. 2021b), although 
Atlantic cod was relatively common in the Icelandic 
fishery (5−11% of lumpfish landings). This is proba-
bly related to the much larger cod stock in Iceland, 
which includes larger individuals that are more eas-
ily caught in the gillnets (ICES 2021) or perhaps a 
larger species overlap in Iceland. 

Spotted wolffish is not a common bycatch in num-
bers, but an average weight of almost 17 kg makes 
them the dominant bycatch in terms of weight. There 
is no directed commercial fishery for spotted wolffish 
in Greenland, but the total reported landings in all 
fisheries were 227 t in 2019 (2021 numbers not avail-
able), and the lumpfish fishery appears to be the pri-
mary source of fishery mortality for this species. 
There is no survey targeting spotted wolffish in the 
inshore area, but the stock distribution covers both 
in- and offshore West Greenland waters, and the 
annual fish survey in offshore waters indicates a 4-
fold increase in spotted wolffish biomass over the 
past 15 yr (Nygaard & Nogueira 2021). Hence, spot-
ted wolffish bycatch in the lumpfish fishery does not 
appear to hinder stock productivity, but there are no 
fishery reference points estimated for spotted wolf -
fish, and these should be considered before conclud-
ing on the effect of the current catch (not limited to 
lumpfish fishery bycatch). 

Atlantic halibut are listed on the global IUCN Red 
List as ‘Endangered’ (Sobel 1996), and fishers are by 
Greenlandic law obligated to release them alive 
whenever possible. The survival rate of released 

Atlantic halibut in the gillnet fishery is unknown, but 
even with an assumed mortality rate of 100%, the 
estimated bycatch is less than 1% of lumpfish land-
ings. There are no specific surveys to inform on the 
Atlantic halibut stock in West Greenland, but inshore 
gillnet surveys targeting Atlantic cod show a reduced 
Atlantic halibut abundance over the past decade (A. 
Retzel pers. comm.). However, considering the com-
bination of low bycatch estimates and the specimens 
caught being juveniles (based on size), the lumpfish 
fishery likely has little impact on the Atlantic halibut 
stock. 

In general, fish bycatch appears to be underre-
ported. For instance, the total reported bycatch of the 
main fish species in 2021 were 0.8 t wolffish, 1.4 t 
Atlantic cod and 0.09 t Atlantic halibut, which is 1.2, 
14 and 0.7% of the estimated bycatch in this study. 
The discrepancy may be different (higher or lower) 
considering the uncertainty in our study, but some 
level of underreporting seems highly likely. Al -
though none of the bycatch species is severely 
impacted by the lumpfish fishery, an effort should be 
made to ensure correct reporting, as the industry oth-
erwise risks losing the MSC certification as a conse-
quence. Some of the bycatch can be landed at land-
ing sites alongside the lumpfish, but often fishers 
only catch 1−2 fish per trip, and rather than landing 
the catch, these are kept for personal consumption 
and reporting is not considered ‘worthwhile’ by the 
fishers. 

4.5.  Conclusions and further work 

In general, the confidence intervals of the bycatch 
estimates are wide, and the estimates should there-
fore be treated with caution. However, since high 
precision of bycatch rates is difficult to obtain due to 
the nature of the bycatch (relatively rare incidents 
and large variation in the numbers caught), some 
degree of uncertainty should also be accepted, at 
least in the early study phase. Despite the uncertain-
ties, the present dataset represents a considerable 
improvement on the previous information available 
on seabird bycatch in the Greenland lumpfish fishery 
(Merkel 2004b, 2011). For the fish species, this is the 
first report on bycatch levels. Our results clearly 
show that bycatch in the Greenland lumpfish fishery 
is a concern for at least the common eider population, 
and we believe that the rough estimate of the total 
bycatch presented here is sufficient to act upon. It is 
unsustainable that the impact of bycatch on the com-
mon eider population appears to be roughly the same 
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as or larger than the impact of hunting. Hunting is  
an integrated part of the management strategy for 
eiders in Greenland and an important component of 
the ecosystem services that many Greenlanders rely 
on (Merkel & Tremblay 2018). It should be noted that 
hunting may be more extensive than reported here. 
The quality of the official hunting statistics has not 
been validated in recent time, but at least in the early 
1990s there was indication of underreporting (Frich 
1997). However, even with possible conservative 
estimat es  the harvest, the present study indicates 
that in some years, the combined impact of hunting 
and bycatch in Southwest Greenland during winter 
and spring is unsustainable for the local breeding 
population in Southwest Greenland and the Cana-
dian breeding population. At this point, the most ob -
vious solution to reduce this bycatch is by postponing 
the onset of the fishery until approximately 1 May. 
This may reduce the bycatch significantly but will 
undoubtedly compromise the fishery and make man-
agement more challenging. Over time, such tempo-
ral closures could be replaced or supplemented by 
other mitigation measures if new techniques, such as 
modified gillnets, become available. 

Additional estimation of bycatch rates in South-
west Greenland is clearly still necessary. For bycatch 
species where we have extrapolated beyond our 
study area, there is a need to verify that bycatch 
CPUE is not markedly different outside our study 
area. As the most common bycatch species, this is 
especially important for common eider, but also for 
other species such as long-tailed duck and king 
eider. The apparent absence of king eider bycatch 
within the Nuuk study area may be due to a northern 
shift in winter distribution, which highlights the need 
for sampling north of the Nuuk study area. Finally, 
additional bycatch monitoring is vital to document 
whether mitigation measures or other management 
actions reduce the bycatch. 

Having emphasized the importance of additional 
sampling, it should also be noted that this is not 
a simple task. Given the fleet composition with 
many active boats and a large latitudinal gradient 
(>1000 km) of the fishery, implementing an inde-
pendent ob server programme that will ensure proper 
bycatch estimates would require a sizeable dedi-
cated sampling programme beyond the capabilities 
of the current Greenland management set-up (Bab-
cock et al. 2003). One alternative option for achiev-
ing a sufficient sampling effort in this fishery is 
remote electronic monitoring (REM), which is in -
creasingly used worldwide (van Helmond et al. 
2020). The REM would provide unbiased data and 

possibly motivate fishers to report. However, a REM 
system is challenged by the implementation and 
maintenance resources, the many active fishers and 
the resistance it may face from fishers (Mangi et al. 
2015). However, it is a viable option especially if 
combined with detailed snapshot studies such as the 
present study. 
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