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Worldwide, incidental bycatch in fisheries is a conservation threat to many seabird species. Although knowledge
on bycatch of seabirds has increased in the last decade, most stems from longline fisheries and the impacts of
coastal gillnet fisheries are poorly understood. Gillnet fishing for North Atlantic lumpsucker (Cyclopterus lumpus)
is one such fishery. We collated and synthesized the available information on seabird bycatch in lumpsucker
gillnet fisheries across the entire geographical range to estimate and infer the magnitude of their impact on the
affected seabird populations. Most birds killed were diving ducks, cormorants and auks, and each year locally
high numbers of seabirds were taken as bycatch. We found large differences in bycatch rates among countries.
The estimated mean bycatch in Iceland was 2.43 birds/trip, while the estimates in Norway was 0.44 and 0.39
birds/trip, respectively. The large disparities between estimates might reflect large spatial differences in bycatch
rates, but could partly also arise due to distinctions in data recorded by onboard inspectors (Iceland), selfadministered registration (Norway) and direct observations by cameras (Denmark). We show that lumpsucker
gillnet fisheries might pose a significant risk to some populations of diving seabirds. However, a distinct data
deficiency on seabird bycatch in terms of spatio-temporal coverage and the age and origins of the birds killed,
limited our abilities to fully assess the extent and population consequences of the bycatch. Our results highlight
the need for a joint effort among countries to standardize monitoring methods to better document the impact of
these fisheries on seabirds.

1. Introduction
Seabirds are one of the most threatened groups of birds globally,
and many seabird populations are experiencing severe declines, although trends vary greatly among species and areas (e.g. Croxall et al.,

2012; Gaston et al., 2012; Berglund and Hentati-Sundberg, 2015;
Paleczny et al., 2015; Dias et al., 2019). To support conservation efforts,
there is a continuous need for quantitative information on population
trends and key drivers of change, especially in relation to the possible
effects of human activities (e.g. Nordic Council of Ministers, 2010).
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2
Not certified

Landings in the Kattegat, the
area contributing the most to
landings for Denmark, have
decreased by 90% from the late
1980s to 2003, stabilizing since
to around 1000 tonnes per year.
However, lumpsuckers remain
important seasonally for many
Danish small-scale fishermen

2017
Landings peaked in late 1980’s
and 1990’s with highest harvest
being 7300 t in 1987. Since 2000
the landings have declined due to
market conditions. In 2018, after
the fishery was MSC-certified,
numbers of active boats increased

2014 (but suspended in 2018)
Landings peaked between late 1970’s
and 1980’s, when landings fluctuated
between 6000–12.000 tonnes annually.
Between 1990 and 2017 landings have
been 2000-6000 tonnes and was ca.
5000 tonnes in 2017–2018

2015

Landings increased from almost
nothing in the early 1990’s to ca.
2100 t of roe in 2013. Subsequently
landings declined again due to
market conditions and the
implementation of a management
plan. In 2016 ca. 750 t of roe was
landed (ca. 2775 t of whole fish)

267 – no max

267–292

Between 1998–2018, the size of
the commercial fleet varied
between 23 and 67 vessels. From
2014 and onward, the yearly
number of active vessels has
been on average to 57
None

Commercial operations require a
license. There are mesh size
regulations, but no management
plan, input control or catch
quota.

Not regulated

Lumpsucker can be commercially
fished in the three northernmost
counties. Fishing is not allowed
after 20th June west of 26 °E or
after 5th July further east. For
2019, total catch quota per boat
is 5 t roe. Boats must be under
13 m.
Between 2005‒2015, the active
fleet size varied between 10 and
409 vessels

Kattegat, Skagerrak and the West
coast of Jutland

Mesh size (minmax, mm)
MSC- certification
year
History of fishery

Limits placed on the total length of nets
set, number of fishing days per boat and
total number of licences

Norwegian mainland north of
65 °N

Late January to May

Denmark

Between 144-372 boats active over the
last 20 years, with an average of 260
boats fishing over the past 5 years

Lumpsucker management plan was
implemented in 2015 and led to a
shortening of the season length
(44‒47 consecutive days per vessel)
and to the introduction of quotas

Regulation

West and north coast of Iceland

April to July

Norway

The fleet size varies among years
and the highest number recorded
was 700 dinghies in 2010. In 2016
the number was 420

West Greenland, north to 70 °N

Main fishing area

Late March until August

Iceland

Fleet size

Varies with latitude, overall range
is from early April to late June

Fishing period

Greenland

Table 1
Overview of lumpsucker fishing activity in the countries included in the analysis.

Not certified
Number of fishers dropped from
404 in 1986–2009 to 65 in
2010–2015. Peak landings of
1203 t in 1999 and has been on
average 63 t annually since 2010

Landings vary from year to
year with no apparent
long-term trend. Vessel
numbers are declining

267 – no max

There are Annual Integrated
Fisheries Management Plans
(IFMPs) produced for each NAFO
subdivision for groundfish, which
includes lumpsucker. Limits are in
place on the maximum length of
nets (50 fathoms), and number of
nets (Max 50 nets per boat)
Fleet is currently typically small
with 65 fishers, but this has been
greatly reduced since the early
2000s

Gulf of St Lawrence (GSL) and
around Newfoundland

June to July

Canada

Not certified

120 – no max

The fleet size has declined
but varies between years,
with around 55 active
vessels since 2010.

Timing of fishing is
unknown, but spawning
takes place February to
May
Øresund (the narrow strait
between Sweden and
Denmark)
Commercial operations
require a license. There are
mesh size regulations, but
no management plan, input
control or catch quota.

Sweden
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Fig. 1. Map of the North Atlantic showing with red the main areas where North Atlantic lumpsucker (Cyclopterus lumpus) is fished (based on Kennedy et al., 2019 and
www.fao.org) (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article).

North Atlantic seabirds are no exception and their populations share
many characteristics that make them susceptible to excessive mortality.
Many species are colonial during breeding and may also form large
feeding aggregations in wintering and staging areas, meaning that large
numbers of birds can be affected when human activities occur near such
aggregations (Boersma et al., 2002). As predators often near the top of
marine food webs, their populations may already be stressed by natural
and human-induced changes in prey stocks (Frederiksen et al., 2004),
climate-driven effects on habitats (Moe et al., 2009; Iverson et al.,
2014), changes in fisheries discard practices (Votier et al., 2004) or
contamination (Bustnes et al., 2003; Fisk et al., 2005). Moreover, most
seabirds migrate significant distances, and their health and survival are
therefore affected by human activities in a wide range of areas
(Montevecchi et al., 2012; Reiertsen et al., 2014). Consequently, sound
management and conservation of these populations requires multinational, collaborative attention to reduce threats throughout the year.
Incidental bycatch of seabirds in fishing gear is one of the factors
that may have detrimental effect on seabird populations (Dias et al.,
2019), and has been reported in several fisheries in the North Atlantic
region (Bakken and Falk, 1998; Dunn and Steel, 2001; Žydelis et al.,
2009; Merkel, 2011; Fangel et al., 2015). Žydelis et al. (2013) estimated
that on a global scale, 400 000 seabirds were killed as bycatch in gillnets annually, of which almost 200 000 were taken in the eastern North
Atlantic. Gillnets are known to catch an array of non-target taxa
(Wallace et al., 2010; Reeves et al., 2013) with the most susceptible
seabird species being those that dive in pursuit of prey (e.g., seaducks,
divers, alcids and cormorants). Unfortunately, there is still a severe lack
of quantitative information on what species are most affected and the
potential effects on their populations (Lewison et al., 2014; Pott and
Wiedenfeld, 2017). The increased public demand for sustainably managed fisheries (Potts et al., 2016) has however led to increased
awareness of the bycatch of non-target species. For instance, minimal
bycatch of seabirds is one of the criteria that should be met for a fishery
to be certified with the Marine Stewardship Council (MSC) ecolabel
(MSC, 2018). Yet, there are evident limitations in the existing standard

as to how this bycatch is evaluated (Crespo and Crawford, 2019). Regardless, quantifying and then tackling seabird bycatch (where relevant) are key elements in ensuring the sustainability of fisheries under
such certification schemes. In this context, the MSC certification of the
gillnet fishery for North Atlantic lumpsucker (Cyclopterus lumpus,
hereafter lumpsucker), in Iceland (Petersen, 2002; Pálsson et al., 2015),
Greenland (Merkel, 2011; Lassen et al., 2015) and Norway (Fangel
et al., 2015; Gaudian et al., 2017) all highlighted seabird bycatch issues.
This has motivated additional data collection in Iceland (Gascoigne
et al., 2017) and Greenland (Lassen and Chaudhury, 2018), though only
Iceland has done this through independent on-board observers/inspectors.
With this background, the main aims of this study are to collate,
review, and quantify relevant information on seabird bycatch in
lumpsucker fisheries in the North Atlantic to: 1) promote an ocean
basin scale approach to assess potential conservation issues; 2) assess
bycatch in relation to the status and trends of the most susceptible
species across countries and regions; 3) assess the results in relation to
differences in methods and sources of bias; and 4) identify priorities for
future fisheries management.
Our study constitutes a first attempt to quantify, in the most proper
statistical terms, the potential direct impact on seabird populations of a
species-specific fishing activity across its entire range. This work will
contribute to a better understanding of the overall effects of coastal
gillnet fisheries on seabird populations and serve as a base to motivate
bycatch reduction efforts.
2. Material and methods
2.1. Description of the fishery
The lumpsucker is found throughout the North Atlantic and migrates considerable distances between offshore feeding habitats and
inshore spawning areas (Davenport, 1985; Kennedy et al., 2015).
Spawning occurs in spring and early summer, and commercial fishing
3
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takes place in inshore waters during the spawning migration, using
demersal large-mesh gillnets (Table 1) set close to shore and in shallow
waters (Tún, 2014; Lassen et al., 2015; FAO, 2017; Gaudian et al., 2017;
Kennedy et al., 2019). The soak time of the nets is usually at least one
night, but often longer. The commercial lumpsucker fishery primarily
targets females for roe, but there is also a small commercial fishery in
Iceland for male lumpsuckers (Kennedy et al., 2019).
The commercial lumpsucker fishery began in earnest in the North
Atlantic after the Second World War (Davenport, 1985; Kennedy et al.,
2019). Since then, vessels have targeted this species across much of its
range in the North Atlantic, spanning from Newfoundland and Labrador, Canada in the west, the Barents Sea in the northeast and Denmark in the southeast (www.fao.org, Fig. 1). Prior to 2000, most of the
lumpsucker was fished in Iceland and Canada, but the Canadian catch
has since declined dramatically (Table 1). In turn, Iceland, Greenland
and Norway have accounted for most of the landings of lumpsucker in
the last decade (Kennedy et al., 2019, Table 1). Traditionally, lumpsuckers are caught using small fishing vessels (< 13 m) with only one
fisherman on board, but in recent years, boats with crews of two to
three people have also been in operation (Johannesson, 2006). The
fishing period and intensity varies among and within countries
(Table 1).

registered in those years. The spatial distribution of the sampling accorded well with the spatial distribution of the fishery (Marine and
Freshwater Institute, 2018). Total number of landings by the fleet was
used as the metric for effort rather than data on the number of nets and
soak time from the fleet/logbooks, as the reporting of these data in the
logbooks has been inadequate. For example, only 604 out of 3309
landings in 2016 (18%) included soak time and number of nets set,
highlighting one of the issues with self-reporting, namely low compliance.
2.2.3. Bycatch sampling: Denmark
In Denmark, lumpsucker gillnet fishing was not covered by a dedicated observer programme. Nevertheless, an estimation of the overall
bycatch of seabirds in gillnet fisheries is currently ongoing, using CCTV
cameras and a remote electronic monitoring (REM). Since 2010, 17
gillnet vessels have been equipped with REM systems. The vessels originated from all major fishing areas of Denmark, except for Bornholm,
where no fishers volunteered to participate. The spatial and temporal
coverage was highest for Øresund, Skagerrak and the inner Danish
waters. Kattegat and the North Sea were only partially covered, i.e.
with fewer vessels and/or shorter data collection. The Danish data were
therefore not considered representative of the whole Danish lumpsucker fleet. From 2010 to 2018, 816 fishing trips (i.e., < 4% of all the
recorded trips) were identified as targeting lumpsuckers specifically, or
targeting multiple species, with lumpsuckers constituting the most valuable part of the catch.
Information on bycatch of seabirds was collected for each trip by
analysing video data. Each vessel was equipped with at least two
cameras, one filming the sorting table and the other the areas where the
net breaks the water during the fishing operation (see Kindt-Larsen
et al., 2012 for more details). For each haul, the date, position of the
boat, net length, soak time, target species, and bycatch events were
recorded. Birds were identified to species, unless the video quality was
too poor (9% of the cases). In rare cases (< 1%), identification to family
level was not possible, and these bycatches were marked as unidentified.

2.2. Data on seabird bycatch
We reviewed the available published and unpublished information
related to lumpsucker fisheries, as well as seabird interactions reported
in these fisheries. We also assembled an overview of seabird species
documented to be taken as, or expected to be susceptible to, bycatch in
these fisheries. In addition, we collated all available quantitative data
on seabird bycatch in the lumpsucker fisheries in order to estimate the
overall bycatch of the most commonly killed species.
2.2.1. Bycatch sampling: Norway
The Norwegian bycatch data originate from self-administered registration conducted by lumpsucker fishers during 2012, 2013, and
2015. The data comprised bycatch records for 177 fishing trips targeting lumpsucker, from 18 different vessels. These data represented
11.6% of the total number of fishing trips recorded for the lumpsucker
fishery in the official Norwegian fishery statistics for the same period.
All fishers included in the survey voluntarily reported their catch
through standardized forms developed for the project, and received a
small economic compensation for the extra work associated with this.
Through participation in the study the fishers also recorded all seabirds
caught. As more than 96% of the recorded commercial lumpsucker
fishery in Norway (2012–2015) was situated in the two northernmost
counties, Troms and Finnmark, our data only included bycatch records
from vessels operating within this area.

2.2.4. Bycatch sampling: Sweden
In Sweden there is no observer program targeting the lumpsucker
fishery. Incidental bycatch may be reported by fishermen, using logbooks, but identification to species level is typically not recorded,
precluding quantification of bycatch rates. Logbook data are confidential, and consequently not easily accessible. For this study, it was
therefore not possible to include bycatch data from Sweden.
2.2.5. Bycatch sampling: Greenland
Reports on bycatch of seabirds in Greenland are part of the
Greenland harvest statistics and were made available by the Greenland
Home Rule Department of Hunting and Fisheries. Information on harvest (including hunting and bycatch in the fishery) was collected on a
national scale by means of hunters/fishers mandatory self-reporting of
their monthly harvest for the period 2013–2016. For commercial
fishers, a supplementary reporting system was introduced by the
Greenland Fisheries Licence Control Authority in 2015, where fishers
have to report bycatch when landing the catch at the fish factory.
However, data from this system were not included in this study, as they
were still limited.

2.2.2. Bycatch sampling: Iceland
The Icelandic bycatch data came from two independent sampling
projects using on-board observers/inspectors. One study covered 31
fishing trips joined by observers hired by Birdlife International in 2016.
These trips were conducted in collaboration with individual fishers that
allowed observers on their boats. The boats were selected opportunistically. The other study covered 192 trips monitored by on-board inspectors from the Icelandic Directorate of Fisheries in 2014–2017. The
main objective of the latter project was to enforce regulations concerning discards and gear. From 2014 onwards, the inspectors recorded
all bycatch of marine mammals and birds, but before 2014, reports of
bycatch events were only sporadic. Inspection trips were generally not
selected randomly, as the process was often guided by anomalies in
landings, or by the need to check for maximum number of nets, bycatch
of cod (Gadus morhua), or potential infractions.
The two datasets were combined for this analysis, totalling 223
trips, which represent 1.6% of the total number of landings of catch

2.2.6. Bycatch sampling: Canada
Bycatch data for the lumpsucker fishery in Canada was accessed via
the Department of Fisheries and Oceans. There is a target to have 10%
observer coverage for all lumpsucker fisheries in Canada (Gauthier
et al., 2017), but in at least some management areas only self-reported
logbooks or dockside monitors are used. As a result, there is minimal
observer coverage, and therefore very limited data for incidental bycatch available. The data reported here are from third-party at-sea
4
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Table 2
Bycatch of seabirds in the Icelandic, Danish and Norwegian lumpsucker fisheries in 2014–2017, 2010–2018 and 2012–2013, 2015, respectively. Observed numbers
refer to the total bycatch recorded by inspectors/observers/fishers over those years (with estimated mean bycatch per trip in parentheses), whereas extrapolated
numbers are estimates of annual bycatch raised by total fishing effort of the whole fleet. Species with small number of observed birds (< 5 birds) were not raised by
effort separately. The Danish data were not extrapolated to the whole fleet, due to their non-representative nature.
Species

Iceland: Observed

Norway: Observed

Great northern diver
Northern gannet
Cormorant/Shag
Long-tailed duck
Common eider
Velvet scoter
Unidentified scoter
Black-legged kittiwake
Razorbill
Common guillemot
Brünnich’s guillemot
Black guillemot
Atlantic puffin
Unidentified auk
Species not identified
Total

3
1
58 (0.26)
5 (0.02)
260 (1.17)

30 (0.10)
‒
‒

1
2
79 (0.35)
4
126 (0.57)
3

‒
‒
‒
71 (0.11)
‒

‒
542 (2.43)

40 (0.11)
141 (0.44)

Denmark: Observed

Iceland: Extrapolated annual (95% CI)

Norway: Extrapolated annual (95% CI)

1
0
3
0
133 (0.33)
3 (0.001)
4 (0.003)
0
0
21 (0.003)
0
0
0
4
3
172 (0.39)

‒
‒
898 (671‒1174)
‒
4030 (2863‒5241)

50 (16‒84)
‒
‒

‒
‒
1185 (673‒1750)
‒
1930 (1449‒2409)
‒

‒
‒
‒
60 (15‒94)
‒

‒
8290 (6694‒9992)

55 (13‒97)
218 (94‒329)

observers and likely represents less than 1% of coverage in only a
handful of years. As in other regions discussed above, the self-reported
logbooks are not easily queried. Data on fishing effort were not available from this fishery.

1000 m of nets set/24 h, based on the same model approach, using
recorded fishing effort as an offset. We were only able to extrapolate
seabird bycatch rates for the whole fishery based on the per trip estimator.

2.3. Statistical modelling

2.3.2. Icelandic bycatch estimates
Due to zero inflation, we used a Gamma Hurdle intercept only
model to estimate bycatch rates (Zuur et al., 2009). This two-step
process first estimates the probability of a bycatch event, and then their
intensity (Hilborn and Mangel, 1997). Multiplying these values together results in an overall bycatch rate for all the trips (Hothorn et al.,
2008). Bycatch probability (i.e. the probability of a non-zero bycatch
event) was estimated with a binomial generalized linear model with
logit-link function while the bycatch intensity (number of birds) was
estimated with a gamma-generalized linear model with log-link function (R Core Team, 2018, Achim Zeileis and Hothorn, 2002).

Data from all countries were compiled and compared. The data were
sampled independently of each other in the different countries and
using different sampling procedures (see 2.2). This warranted variations in the data analysis applied to the different data sources to extract
valid information. For all countries with available data, the species
documented as bycatch were summarised. However, data on fishing
effort were only available for Iceland, Norway and Denmark, and estimates of bycatch rate were therefore only produced for these datasets.
2.3.1. Norwegian and Danish bycatch estimates
To produce representative bycatch estimates that account for the
nested structure (i.e. trips nested within vessel), non-normal and zeroinflation in the data, we used generalized linear mixed models (GLMM).
Specifically, we modelled seabird bycatch as intercept only models in
the statistical software R, version 3.4.3 (R Core Team, 2017), utilizing
the glmmADMB package (Fournier et al., 2012; Skaug et al., 2014).
Fishing vessel ID was used as a random intercept. The GLMM aimed to
produce estimates for all seabirds combined, together with separate
estimates for the most common species caught in the fisheries.
For the models, we considered response distributions such as
Poisson, negative binomial, zero-inflated Poisson, and zero-inflated
negative binomial distributions. We used a negative binomial distribution and zero inflation to accommodate overdispersion, and the
excess of zeros, due to patchiness in occurrence of seabirds and bycatch.
To assess the most appropriate distribution and model, we first tested
and graphed the response to consider whether the negative binomial
distribution could be preferred over the Poisson distribution (following
Friendly and Meyer, 2015). We then compared the Akaike Information
Criteria (AIC) values (Burnham and Anderson, 2002) for each model
with different response distributions, as well as model rankings, utilizing the bbmle package (Bolker, 2016). The highest ranked model (i.e.,
lowest AIC value) was considered having most support. Both procedures favoured a negative binomial GLMM, without a zero inflation
parameter. We validated the final model by plotting the Pearson residuals against the fitted values. We also estimated the number of birds/

2.3.3. Extrapolation of bycatch estimates to national fleets
The data from Norway and Iceland had sufficient spatio-temporal
coverage to extrapolate the bycatch rate estimates to the fleet level,
whereas the Danish data were not considered representative for the
whole Danish lumpsucker fleet due to low spatial coverage.
Extrapolation was therefore only possible for Norway and Iceland and
was done by a bootstrapping procedure which randomly sampled
(10,000 iterations) bycatch rate estimates, which again was multiplied
with total number of national landings in the respective fleet. This included the years 2012, 2013 and 2015 for Norway, and 2014–2017 for
Iceland, representing respectively in total 1531 and 13,710 landings of
catch. As there were no recordings of fishing effort at a better resolution
than landings (normally representing one trip in these fisheries) in the
national records of catches, extrapolations to the whole fishery were
also based on these estimators. Upscaled bycatch predictions are presented as annual means with 95% confidence intervals, based on the
results from the bootstrapping procedure.
2.4. Population effects of bycatch
One of the ultimate goals of characterizing and quantifying the
extent of seabird bycatch is to assess the impact of additional fisheryinduced mortality on seabird population dynamics. This, however, requires not only reliable bycatch estimates but also detailed demographic and life history information on the affected species (e.g., Arnold
5

Biological Conservation 240 (2019) 108278

S. Christensen-Dalsgaard, et al.

et al., 2006; Le Bot et al., 2018). In order to assess the estimated bycatch
in relation to the status and trends of the most susceptible seabird
species across countries and regions, we summarized the most recent
published estimates of population sizes (number of breeding pairs),
population trends, and apparent adult survival rate for the four seabird
species most often taken as bycatch in the fisheries studied. Based on
the corresponding bycatch estimates derived in our analysis, we subsequently calculated the resulting proportions of populations killed
annually (minimum and maximum value), both on the national level
and summarized for the whole North Atlantic Ocean.

to the whole Norwegian lumpsucker fishing fleet, an estimated 230
(95% CI = 112–359) seabirds were caught annually between 2012 and
2015. This assumes a total of 1530 fishing trips, the number of fishing
trips that were recognised in the official Norwegian fishery statistics as
specifically targeting lumpsuckers within the same time period. The
bulk of seabirds taken as bycatch were black guillemots (Cepphus grylle)
and cormorants (Table 2).
3.3. Bycatch estimates for Iceland
In Iceland, about 47% of the observed fishing trips had seabird
bycatch, and of these, 85% of the bycatch events involved < 5 birds per
trip. However, mean seabird bycatch per trip was much higher than in
Norway amounting to 2.43 birds/trip (SD = 4.84). When extrapolated
to the entire Icelandic fishing fleet, the estimate was around 8290
seabirds annually (95% CI = 6694–9992) for the 2014–2017 fishing
seasons. The most frequent seabird taken was common eider (Somateria
mollissima), followed by black guillemot, cormorant species (great
cormorant Phalacrocorax carbo and European shag P. aristotelis) and
common guillemot (Uria aalge). Other species caught with lower frequency included Brünnich’s guillemot (Uria lomvia), long-tailed duck
(Clangula hyemalis), great northern diver (Gavia immer), black-legged
kittiwake (Rissa tridactyla), Atlantic puffin (Fratercula arctica), northern
gannet (Morus bassanus) and razorbill (Alca torda) (Table 2).

3. Results
3.1. Species composition
In total, 20 different seabird species were documented taken as
bycatch in the lumpsucker fisheries in the five countries (Table S1).
Most birds taken were diving species of ducks (Anatidae), cormorants
(Phalacrocoracidae), and auks (Alcidae). Iceland had the highest diversity of species affected (19 species). The overall prevalence of species documented as bycatch however likely reflects both the distribution of diving seabird species within the study area, and the intensity of
registration of bycatch of seabirds in each fishery. For example, in
Canada only three species were documented as bycatch, while 15 others
were suggested as being susceptible (Table S1).

3.4. Bycatch estimates for Denmark

3.2. Bycatch estimates for Norway

The frequency of bycatch events in the Danish fishery was lower
compared to Norway and Iceland. Only 11% of the trips had registered
seabird bycatch, of which 85% involved < 5 seabirds per trip. Mean
seabird bycatch per trip was however similar to the Norwegian data and
estimated to 0.39 birds (SD = 0.10). It must however be stressed that

About 38% of the fishing trips were reported to have seabird bycatch, of which 90% involved < 5 birds caught per trip. Estimated
mean seabird bycatch/1000 m of nets set/24 h was 0.40 (SD = 0.12)
and estimated seabird bycatch per trip was 0.44 (SD = 0.13). Upscaling

Table 3
Published estimates of most recent population sizes, trends and adult survival rates for the four seabird species that most often are taken as bycatch in lumpsucker
fisheries in Greenland, Iceland, Norway and the North Atlantic as a whole, with the corresponding total bycatch estimates derived in this study (Table 2) and the
resulting proportions of the breeding populations killed annually as bycatch if all birds taken were established breeders (i.e., ‘worst case’ scenario). For common
eider, Canada/Greenland refers to the sum of the source populations in West Greenland and East Canada, which winter mainly in Greenland. As bycatch of
cormorants were not identified to species, the estimates for European shags and great cormorants (P. c. carbo) were made assuming the bycatch was distributed
proportionally to their national population sizes. Conservation status is indicated according to the latest national assessments or, in case of the North Atlantic as a
whole, the IUCN global red list of threatened species (EN = endangered, VU = vulnerable, NT = near threatened, LC = least concern).
Species

Area

Black guillemot

Greenland
Iceland
Norway
Other
All North Atlantic
Canada/Greenland
Iceland
Norway
Other
All North Atlantic
Greenland
Iceland
Norway
Other
All North Atlantic
Iceland
Norway
Other
All North Atlantic

Common eider

Great cormorant

European shag

Conservation status

Breeding pairs/ Source pop§
(thousands)

Trend
% p.a.

LC 4
EN 11
VU 9

200 3
10‒15 19
35 2
118‒195 1,18-21
363–445 18
460§ 16
300 23
87 14
960‒1160 23
1577‒1877 14
> 5 14
5.0 8
19 5
22 18,21
51 18
4.9 7
28 5
40‒41 18
74‒75 18

Stable? 3
−3.5 20
+4.7 22
?
Unknown
Increasing 15,17
Stable? 13
−4.3 22
?
Decreasing 23
Increasing 3
+3.5 8
−7.3 22
?
Unknown
−2.4 7
−10.8 22
Decreasing 12
Decreasing 25

LC 12
LC 1,4
VU 11
NT 9
NT 12
LC 4
LC 11
LC 9
LC 12
VU 11
LC 9
LC

12

Adult survival
% p.a.
?

87.0
85.3

6

86.0

10

22

?

?
90.0 24
77.9 22
?
86.0 10
?
85.0 8
?
?
87.0 10
?
82.4 22
?
85.0 10

Estimated bycatch
p.a. (range* or 95% CI)

Proportion taken
% p.a. (min-max)

13 (0‒20*)
1930 (1449‒2409)
60 (15‒94)
0 (?)
2003 (1466‒2523)
4128 (3789‒4541*)
4030 (2863‒5241)
0 (0‒0)
0 (?)
8158 (6652‒9782)
5 (0‒10*)
454 (339‒593)
20 (6‒34)
0?
479 (345‒637)
444 (332‒581)
30 (10‒50)
0?
474 (342‒631)

0.00
7.72
0.09
0?
0.25
0.90
0.67
0.00
0?
0.23
0.05
4.63
0.05
0?
0.47
4.53
0.05
0?
0.32

(0‒0.01)
(4.8‒12.1)
(0.02‒0.13)
(0.2‒0.4)
(0.8‒1.0)
(0.5‒0.9)
(0.2‒0.3)
(0‒0.1)
(3.5‒6.1)
(0.02‒0.09)
(0.3‒0.6)
(3.4‒5.9)
(0.02‒0.09)
(0.2‒0.4)

References: 1) Asbirk, 2013, 2) Barrett et al., 2006, 3) Boertmann et al., 2010 (rough assessment), 4) Boertmann and Bay, 2018, 5) Fauchald et al., 2015, 6)
Frederiksen and Petersen, 1999, 7) Garðarsson and Petersen, 2009, 8) Gardarsson and Jónsson, 2019, 9) Henriksen and Hilmo, 2015, 10) ICES, 2017, 11) Icelandic
Institute of Natural History 2017, 12) IUCN, 2018, 13) Jónsson et al., 2015, 14) Kuletz et al., 2017, 15) Maftei et al., 2015, 16) Merkel et al., 2002, 17) Merkel, 2010,
18) Mitchell et al., 2004, updated by more recent estimates from some countries, 19) Petersen, 2000, 20) Petersen et al., 2016, 21) Rail and Cotter, 2007, 22) SEAPOP
database, www.seapop.no, 23) BirdLife International, 2018, 24) Wood et al. (submitted), 25) Based on the other estimates give.
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due to the low spatial coverage of the Danish sampling, the Danish data
were not representative of the fishery. The estimates should therefore
be treated with caution, and we did not extrapolate the bycatch estimates to the whole Danish fleet.

underreporting of bycatch in Norway, an effect which is well established when comparing self-reported bycatch data to observed bycatch
data (Northridge, 1996; NMFS, 2004). For example, in Iceland, selfreported seabird bycatch rate based on logbooks in 2017 (the year
where most seabirds were reported in logbooks) was 0.66 birds per trip,
while the bycatch rate reported in the same year from vessels carrying
an observer was 2.04 birds/trip (Marine and Freshwater Institute,
2018). Underreporting may be the result of fishers perceiving that accurate reporting could result in sanctions (NMFS, 2004). Underreporting of bycatch is also a likely scenario in Greenland (Merkel,
2011). However, the magnitude of underreporting is uncertain and may
have changed over time as a result of increasing awareness of the potential sanctions associated with bycatch. On the other hand, Merkel
(2011) also argued the possibility that some hunters in Greenland incorrectly report hunted birds as bycatch, which to some extent could
counterbalance the expected underreporting. The Danish data were
independently collected using cameras, so factors like bird abundance
likely explain the difference here.
It is also surprising that no common eiders were reported in the
Norwegian bycatch, given that they are among the most common and
widespread seabirds breeding all along the Norwegian coast (Fauchald
et al., 2015), and are commonly captured in lumpsucker nets elsewhere
(Table 3). This also contradicts local knowledge that “considerable
quantities” of common eiders, king eiders (Somateria spectabilis) and
long-tailed ducks were taken in lumpsucker nets off the coast of Troms
and Finnmark in the 1980s (Bustnes and Erikstad, 1988; Follestad and
Strann, 1991). Indeed, dialogue with Norwegian lumpsucker fishers
revealed that common eiders are still taken as bycatch, although the
extent is not known. The lack of eider bycatch in our data set may
therefore be a consequence of underreporting. The timing of the Norwegian lumpsucker fishery may also be a factor, as female common
eiders do not feed much in the incubation period (e.g. Gabrielsen et al.,
1991), during which most males in this area congregate in flocks at the
outermost shoals and skerries to prepare for the moulting period.
In recent years, the apparent low seabird bycatch in the Canadian
lumpsucker fishery may be attributable to a dramatic decline in fishing
effort and catch (Kennedy et al., 2019), following a decline in the Canadian lumpsucker population (Government of Canada, 2019). Consequently, we suspect that seabird bycatch was much greater in Canada in
the past. It is important to note that the seabird bycatch data from
Canada were very sparse with only a handful of records since 2003.
Notably, the coverage of at-sea observers in the Canadian fishery
(NAFO management divisions 3Pn and 4R off western and southwestern
Newfoundland) also changed over this time period with a 10% observer
coverage target included in the fishing plan in 2010 then later removed
from the plan. Therefore, while seabird bycatch appears to decline in
the data available, so has the at-sea observer coverage. As such, the data
for the Canadian lumpsucker fishery represent a large underreporting of
seabird bycatch.
The population level effect of the mortality from bycatch in the
lumpsucker fishery is highly dependent not only on the number of birds
caught, but also on the sex and age structure of the birds killed, the
source populations to which they belong, and the status of these populations (Tasker et al., 2000; Genovart et al., 2017). The black guillemots taken in the Norwegian bycatch were predominantly adults
(Barrett et al., 2016) whereas both adult and immature black guillemots
were caught in Iceland (Frederiksen and Petersen, 1999). In Greenland,
66% of common eider bycatch was adults (Merkel, 2004). For the remaining species/areas no information is available. Relative to the most
recent published estimates of their breeding population sizes, the most
affected species were black guillemots and cormorants in Iceland with
an estimated annual catch proportional to around 7.7% and 4.5% of the
breeding population, respectively. To put these figures in a demographic perspective, the annual survival rate for all these species are
documented to be around 85–87% (see e.g. Table 2.1 in ICES, 2017 and
references therein). Therefore, the Icelandic bycatch estimate for black

3.5. Bycatch in relation to seabird population status
When compared with the sizes of breeding populations, the estimated annual bycatch of the most frequent inshore species taken in the
lumpsucker fishery in Norway, Iceland and Greenland corresponded to
between 0.23‒0.47% of their total North Atlantic populations (Table 3).
When considering the national populations, black guillemot in Iceland
was most affected, with an estimated 7.72% of the population being
killed every year. This was followed by great cormorants and shags in
Iceland with an estimated 4.63% and 4.53% of the population being
killed every year respectively (assuming that shags and great cormorants were equally abundant in the bycatch). For the remaining species
and countries, the estimated bycatch was < 0.54%. Note that this
comparison does not consider numbers of immature birds or birds that
move across national borders, except for bycatch of eiders in Greenland
where the whole overwintering population of eiders is considered.
4. Discussion
This study is the first to estimate the number of seabirds killed in the
commercial gillnet fisheries targeting lumpsuckers across the entire
North Atlantic. We found that these fisheries might pose a significant
risk to some populations of diving seabirds, although this risk varied
considerably among countries and areas. The bycatch consisted of a
variety of species, but the most abundant were diving ducks, cormorants and auks, which is consistent with these birds being considered the
most susceptible of getting entangled in fixed nets (Žydelis et al., 2013).
As gillnets for lumpsuckers are often placed in shallow waters close to
the shoreline, it is not surprising that coastal foraging seabird species
appear to be the most vulnerable. Less expected were the apparent large
spatial differences in species composition in the reported bycatch, and
that the estimated bycatch rates for Iceland were orders of magnitude
greater than for Norway. The limited quantitative information from
Denmark indicated a bycatch rate comparable to the Norwegian
fishery, but as the most important fishing areas in terms of landings of
lumpsuckers in Danish waters were largely under-sampled for seabird
bycatch, this estimate should be treated with caution.
There are several potential reasons for the observed differences in
species composition and bycatch rates between countries. Firstly, the
occurrence of more extreme bycatch events (i.e., many birds caught on
a single trip) was much more frequent in Iceland. The estimated bycatch per trip in Iceland was 5–6 times that in Norway, although the
proportion of trips without bycatch was similar between the two
countries. This could be due to differences in the occurrence, abundance and species composition of birds, as well as how and where
gillnets were set. As we here only have enough information to estimate
bycatch per trip, we also disregard potentially important factors (e.g.
fishing depth, number of nets set, and distance to shore) determining
the amount of seabird bycatch (Marine and Freshwater Institute, 2018;
Bærum et al., 2019). It is also possible that bycatch rates were underestimated by the Norwegian and Danish sampling schemes due to lower
spatial and temporal coverage. Lower coverage is likely to result in
fewer recorded incidents of extreme bycatch events, as these events are
rare, and probably not evenly distributed in space and time (Bærum
et al., 2019).
Another likely explanation is that in Norway, the bycatch rate estimates could have been biased by the reliance on self-reporting of
bycatch by fishers. Conversely, the Icelandic data were collected by
independent on-board observers/inspectors. The substantial difference
in estimated bycatch per trip, despite large aggregations of diving
seabirds in both countries, suggests that there may have been
7
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guillemots, the most resident species taken as bycatch (Petersen, 2002),
may account for as much as half the normal mortality in this population, which is now in severe decline (Petersen et al., 2016). The actual
level of mortality is, however, probably somewhat lower as these estimates do not account for the unknown proportions of immature birds
among those taken. In this context, it should be noted that the population estimates used for comparison here cannot be considered very
accurate, given the lack of a consistent census and monitoring scheme
for the populations in question.
Most of the bycatch of common eiders in southwestern Greenland
occurs before the spring migration, and therefore to a large extent affects Canadian birds wintering in the area rather than birds breeding in
Greenland. Bycatch in this region therefore affects a large metapopulation, and though the yearly bycatch is quite high, the overall population effect is likely to be low. For the Norwegian fishery, the estimated
levels of bycatch were < 0.13% of the breeding population for all
species affected. It is, however, worth noting that the effects on local
sub-populations might be much higher, especially for a species like the
black guillemot which is relatively sedentary all year round (Ewins and
Kirk, 1988).
In this context, it is also important to emphasize that our study focuses on bycatch of seabirds in only one specific fishery. Gillnets targeting other fish species also take an array of seabird species (e.g.
Petersen, 2002; Merkel, 2011; Žydelis et al., 2013; Bærum et al., 2019),
thus some of these populations may be subjected to multiple stressors
from bycatch. This calls for an assessment of the total effects of seabird
bycatch on a wide range of seabird species across multiple types of
fisheries and fishing gear to evaluate the cumulative impact of the
fishing activity, integrated across populations (Bærum et al., 2019).
When evaluating the lumpsucker fishery across the North Atlantic
there was a distinct data deficiency on seabird bycatch, which restricted
the possibility to assess the extent of the bycatch and the population
consequences. Our results, and specifically the large variation in estimated bycatch rates between countries, highlight the need for a joint
effort among countries to standardize monitoring methods and analysis
to further assess the impact of these fisheries. It is perhaps telling that
the highest bycatch rate was demonstrated in the Icelandic fleet, from
which the largest independent dataset has been collected among the
countries assessed. There is also clearly a need to ensure that self-reporting schemes are supported by independent observer- or camerabased monitoring to determine bycatch rates and levels adequately.
There were several layers of uncertainty in the estimates, where perhaps the most important variation to account for was due to a large
variation in the frequency of incidents with high bycatch intensity. A
priority should therefore also be to obtain representative sampling
coverage, to illustrate the frequency of extreme bycatch events, and
also where and how these events occur. Ensuring expanded data collection in this fishery across the Atlantic, alongside common approaches to methods and analyses, will help better establish the true
scale of the issue. This might prove increasingly important if the MSCcertification leads to an increase in fishing intensity, which appears to
be the case in Norway (Norwegian fishery statistics, www.
fiskeridirektoratet.no).
Unlike longline and trawl fisheries (ACAP, 2019), there are presently no best practice technical mitigation measures that demonstrably
reduce seabird bycatch in gillnets, though research is being carried out
on the use of visual alerts (Martin and Crawford, 2015; Hanamseth
et al., 2018; Field et al., 2019), and temporal and spatial local-scale
fishery closures (Melvin et al., 1999). To reduce bycatch, there is an
increased reliance on spatiotemporal measures such as periodic closures
of the fishery or gear-switching (Žydelis et al., 2013), which may be met
with resistance by the fishing industry. However, there are demonstrable cases where local-scale fishery closures have reduced bycatch
without impacting target fish catch negatively (Melvin et al., 1999),
and closures during the pre-breeding period around important seabird
colonies have previously been proposed as a bycatch reduction measure

for the Canadian lumpsucker fishery (Benjamins et al., 2008). Closures
in shallower depths may also help to reduce bycatch (Carretta and
Chivers, 2004), and this was suggested for the Icelandic lumpsucker
fishery, where birds are more likely to get caught in shallower set nets
(Marine and Freshwater Institute, 2018). Careful consideration of target
and bycatch species ecology may allow for designing well-functioning
closures that reduce bycatch while minimising economic impact.
Of the four seabird species that constituted the bulk of the bycatch
in the lumpsucker fishery, only the common eider is currently recognized as near threatened on the global list of threatened species
(IUCN, 2018). At the national level however, only the great cormorant
is of least concern across areas with lumpsucker fisheries, whereas the
three others (black guillemot, common guillemot and common eider)
are listed as vulnerable in at least one country with the black guillemot
rated as endangered in Iceland (cf. Table 3). Although our results are
subjected to different sources of bias discussed above, they strongly
indicate that the lumpsucker fishery alone may be a potential “highrisk” fishery for all these species, at least in some countries and regions.
Bycatch of seabirds in lumpsucker nets is not only of conservation
concern but has other consequences as well. As the first of the three
largest lumpsucker fleets, the Icelandic fishery was certified as sustainable by the Marine Stewardship Council in 2014. This certification
was suspended in 2018 due to high bycatch of harbour seals (Phoca
vitulina), grey seals (Halichoerus grypus), and black guillemots
(Gascoigne et al., 2017). Both the Norwegian and Greenlandic fisheries
are now committed through conditions of MSC certification to assess
and address bycatch (Lassen et al., 2015; Gaudian et al., 2017). Certification may be a pre-requisite to market access in some cases (Potts
et al., 2016), so addressing bycatch as part of this process may also
become an economic concern as well as a biological one. It is, however,
worrying that fisheries, such as that with gillnets set for lumpsucker,
can be certified as sustainable with limited information on seabird
bycatch. Fortunately, the MSC is in the process of reviewing its standard, with the requirements for endangered, threatened and protected
species identified as a key topic (MSC, 2019). Improving the data requirements for the extent of bycatch of such species should be a starting
point, as other authors have pointed out (Crespo and Crawford, 2019).
It is important to bear in mind that fishers do not set out to capture
birds intentionally. Though there are undoubtedly challenges to overcome in tackling gillnet bycatch, particularly in the local or small-scale
fisheries that often favour this gear type, reducing the capture of seabirds should evidently be a win-win for fishers and conservationists.
Efforts and resources invested to find solutions should match the scale
of the issue, which is clearly substantive.
Declaration of Competing Interest
The manuscript has not been published elsewhere and is submitted
exclusively to Biological Conservation. The work is original research
carried out of the authors, and the publication is approved by the coauthors. Any research not carried out by us is fully acknowledged, as
are also all sources of funding. The authors have no financial benefits by
the publication and there are no conflict of interest.
Acknowledgements
This work is dedicated to the memory of our dear colleague, Kirstin
Fangel, who initiated this study. We are also indebted to CBird, the
Circumpolar Seabird Expert Group under CAFF, without whose support
and active involvement this study would have been much more difficult
to accomplish. Special thanks are due to Jóhannis Danielsen, Maria
Gavrilo, and David Schönberg-Alm for trying to obtain additional information from the Faroes, Russia and Sweden, respectively, and to
Rasmus Hedeholm for providing input to Table 1 for Greenland. A big
thanks also to all the fishermen, on-board inspectors, and field workers
that helped collect the data. The study was supported by The Nordic
8

Biological Conservation 240 (2019) 108278

S. Christensen-Dalsgaard, et al.

Council of Ministers; the Norwegian Environment Agency; the Norwegian Institute for Nature Research; the David and Lucile Packard
Foundation and the Royal Society for the Protection of Birds.

Dalsgaard, S., Descamps, S., Engen, S., Erikstad, K.E., Hanssen, S.A., Lorentsen, S.-H.,
Moe, B., Reiertsen, T.K., Strøm, H., Systad, G.H., 2015. The Status and Trends of
Seabirds Breeding in Norway and Svalbard. Norwegian Institute for Nature Research
NINA Report 1151, 84 pp.
Field, R., Crawford, R., Enever, R., Linkowski, T., Martin, G., Morkūnas, J., Morkūnė, R.,
Rouxel, Y., Oppel, S., 2019. High contrast panels and lights do not reduce bird bycatch in Baltic Sea gillnet fisheries. Glob. Ecol. Conserv. 18, e006022019.
Fisk, A.T., De Wit, C.A., Wayland, M., Kuzyk, Z.Z., Burgess, N., Letcher, R., Braune, B.,
Norstrom, R., Blum, S.P., Sandau, C., Lie, E., 2005. An assessment of the toxicological
significance of anthropogenic contaminants in Canadian arctic wildlife. Sci. Tot.
Environ. 351, 57–93.
Follestad, A., Strann, K.-B., 1991. Sjøfugl Og Fiskegarn. Problemets Omfang Og Karakter I
Norge [Seabirds and Fishing Nets. The Scope and Nature of the Problem in Norway].
Norwegian Institute for Nature Research, Trondheim NINA Oppdragsmelding 78, 14
pp. (In Norwegian with English summary).
Fournier, D., Skaug, H., Ancheta, J., Ianelli, J., Magnusson, A., Maunder, M., Nielsen, A.,
Sibert, J., 2012. AD Model Builder: using automatic differentiation for statistical
inference of highly parameterized complex nonlinear models. Optim. Methods Softw.
27, 233–249.
Frederiksen, M., Petersen, A., 1999. Adult survival of the black guillemot in Iceland.
Condor 101, 589–597.
Frederiksen, M., Wanless, S., Harris, M.P., Rothery, P., Wilson, L.J., 2004. The role of
industrial fisheries and oceanographic change in the decline of North Sea black‐legged kittiwakes. J. Appl. Ecol. 41, 1129–1139.
Friendly, M., Meyer, D., 2015. Discrete Data Analysis with R: Visualization and Modeling
Techniques for Categorical and Count Data. Chapman and Hall/CRC.
Gabrielsen, G.W., Mehlum, F., Karlsen, H.E., Andresen, Ø., Parker, H., 1991. Energy cost
during incubation and thermoregulation in the female Common Eider (Somateria
mollissima). Norsk Polarinstitutt Skrifter 195, 51–62.
Garðarsson, A., Petersen, A., 2009. Íslenski toppskarfsstofninn. [The Icelandic population
of European Shag]. Bliki 30, 9–26 (In Icelandic with English summary).
Gardarsson, A., Jónsson, J.E., 2019. Numbers and distribution of the Great Cormorant in
Iceland: limitation at the regional and metapopulation level. Ecol. Evol. https://doi.
org/10.1002/ece3.5028).
Gascoigne, J., Daníelsson, Á., Jagielo, T., le Roux, L., Guðmundsdóttir, L.Ó., 2017.
Icelandic Gillnet Lumpfish. Third Annual Surveillance Report. Vottunarstofan Tún
ehf. 35 pp. .
Gaston, A.J., Mallory, M.L., Gilchrist, H.G., 2012. Populations and trends of Canadian
Arctic seabirds. Polar Biol. 35, 1221–1232.
Gaudian, G., Hønneland, G., Lassen, H., 2017. NFA Norwegian Ling and Tusk Fishery,
NFA Norwegian Lumpfish Fishery. Acoura Marine Ltd. Public Certification Report.
500 pp.
Gauthier, J., Grégoire, F., Nozères, C., 2017. Assessment of Lumpfish (Cyclopterus
lumpus) in the Gulf of St. Lawrence (3Pn, 4RS) in 2015. DFO Can. Sci. Advis. Sec. Res
Doc. 2017/051.
Genovart, M., Doak, D.F., Igual, J.-M., Sponza, S., Kralj, J., Oro, D., 2017. Varying demographic impacts of different fisheries on three Mediterranean seabird species.
Glob. Change Biol. Bioenergy 23, 3012–3029.
Government of Canada, 2019. Species Profile – Lumpfish. Accessed 24th January 2019.
https://wildlife-species.canada.ca/species-risk-registry/species/speciesDetails_e.
cfm?sid=1365.
Hanamseth, R., Baker, G.B., Sherwen, S., Hindell, Lea M.-A., 2018. Assessing the importance of net colour as a seabird bycatch mitigation measure in gillnet fishing.
Aquatic Conserv: Mar. Freshw. Ecosyst. 28, 175–181.
Henriksen, S., Hilmo, O. (Eds.), 2015. Norsk Rødliste for Arter 2015 [Norwegian Red List
of Threatened Species]. Artsdatabanken, Norge (In Norwegian).
Hilborn, R., Mangel, M., 1997. The Ecological Detective: Confronting Models with Data.
Monographs in Population Biology no. 28. Princeton Univ. Press, New Jersey.
Hothorn, T., Bretz, F., Westfall, P., 2008. Simultaneous inference in general parametric
models. Biom. J. 50, 346–363.
Icelandic Institute of Natural History, 2017. Válisti Fugal [Bird List]. (In Icelandic).
https://www.ni.is/midlun/utgafa/valistar/fuglar/valisti-fugla.
ICES, 2017. Report of the OSPAR/HELCOM/ ICES Working Group on Marine Birds
(JWGBIRD). 6-10 November 2017, Riga, Latvia. ICES CM 2017/ACOM:49, 98 pp. .
IUCN, 2018. The IUCN Red List of Threatened Species. Version 2018-2 Downloaded on
14 November 2018. http://www.iucnredlist.org.
Iverson, S., Gilchrist, H.G., Smith, P.A., Gaston, A.J., Forbes, M.R., 2014. Longer ice-free
seasons increase the risk of nest depredation by polar bears for colonial breeding
birds in the Canadian Arctic. Proc. R. Soc. B. 281, 20133128.
Johannesson, J., 2006. Lumpfish Caviar ‒ from Vessel to Consumer, vol. 485 FAO, Rome
FAO Fisheries Technical Paper. 60 pp.
Jónsson, J.E., Kristjánsson, Þ.Ö., Ásgeirsson, Á., Gunnarsson, T.G., 2015. BREYTINGAR Á
FJÖLDA ÆÐARHREIÐRA Á ÍSLANDI [Changes in nest numbers of common Eider in
Iceland]. Náttúrufræðingurinn 85, 141–152 (Icelandic with English summary).
Kennedy, J., Durif, C.M., Florin, A.B., Fréchet, A., Gauthier, J., Hüssy, K., Jónsson, S.Þ.,
Ólafsson, H.G., Post, S., Hedeholm, R.B., 2019. A brief history of lumpfishing, assessment, and management across the North Atlantic. ICES J. Mar. Sci. 76, 181–191.
Kennedy, J., Jónsson, S.Þ, Kasper, J.M., Ólafsson, H.G., 2015. Movements of female
lumpfish (Cyclopterus lumpus) around Iceland. ICES J. Mar. Sci. 72, 880–889.
Kindt-Larsen, L., Dalskov, J., Stage, B., Larsen, F., 2012. Observing incidental harbour
porpoise Phocoena phocoena bycatch by remote electronic monitoring. Endanger.
Species Res. 19, 75–83.
Kuletz, K., Mallory, M., Gilchrist, G., Robertson, G., Merkel, F., Olsen, B., Hansen, E.,
Rönkä, M., Anker-Nilssen, T., Strøm, H., Descamps, S., Gavrilo, M., Kaler, R., Irons,
D., Below, A., 2017. Seabirds. In: Anon (Ed.), State of the Arctic Marine Biodiversity
Report. CAFF, Akureyri, Iceland, pp. 139–165.

References
ACAP, 2019. Agreement on the Conservation of Albatrosses and Petrels Bycatch
Mitigation Review and Advice. website https://acap.aq/en/resources/bycatchmitigation/mitigation-advice. Accessed 25th January 2019. .
Arnold, J.M., Brault, S., Croxall, J.P., 2006. Albatross populations in peril: a population
trajectory for Black-browed Albatrosses at South Georgia. Ecol. Appl. 16, 419–432.
Asbirk, S., 2013. Tejst. In: Lange, P. (Ed.), Fugleåret 2012 [Bird Year 2012]. Dansk
Ornitologisk Forening, Copenhagen, Denmark p. 78. (In Danish).
Bakken, V., Falk, K. (Eds.), 1998. Incidental Take of Seabirds in Commercial Fisheries in
the Arctic Countries. CAFF International Secretariat, Akureyri, Iceland CAFF
Technical Report no. 1. 50 pp.
Barrett, R.T., Lorentsen, S.-H., Anker-Nilssen, T., 2006. The status of seabirds breeding in
mainland Norway. Atlantic Seabirds 8, 97–126.
Barrett, R.T., Christensen-Dalsgaard, S., Anker-Nilssen, T., Langset, M., Fangel, K., 2016.
Diet of adult and immature black guillemots Cepphus grylle. Seabird 29, 1–14.
Benjamins, S., Kulka, D.W., Lawson, J., 2008. Incidental catch of seabirds in
Newfoundland and Labrador gillnet fisheries, 2001–2003. Endang. Species Res. 5,
149–160.
Berglund, P.-A., Hentati-Sundberg, J., 2015. Arctic Seabirds Breeding in the AfricanEurasian Waterbird Agreement (AEWA) Area: Status and Trends 2014. CAFF’s
Circumpolar Seabird expert group (CBird). CAFF Assessment Series Report No. 13,
December 2015 (ISBN 978-9935-431-57-8.). CAFF International Secretariat,
Akureyri, Iceland.
BirdLife International, 2018. Somateria mollissima. The IUCN Red List of Threatened
Species 2016: e.T22680405A92861620. https://doi.org/10.2305/IUCN.UK.2016-3.
RLTS.T22680405A92861620.en.
Boersma, P.D., Clark, J.A., Hillgarth, N., 2002. Seabird conservation. In: Schreiber, E.,
Burger, J. (Eds.), Biology of Marine Birds. CRC Press, New York, pp. 559–579.
Boertmann, D., Bay, C., 2018. Grønlands Rødliste 2018 - Fortegnelse over grønlandske
dyr og planters trusselstatus [Greenlandic red list 2018]. Aarhus Universitet,
Nationalt Center for Energi og Miljø (DCE) og Grønlands Naturinstitut. (In Danish
with English summary). http://www.natur.gl/roedliste.
Boertmann, D., Mosbech, A., Bjerrum, M., Labansen, A.L., Merkel, F., 2010. The
Greenland seabird colony register. In: Poster, 1st World Seabird Conference. 7–10
Sept 2010, Victoria, BC, Canada.
Bolker, B., R development core team, 2016. bbmle - Methods and functions for fitting
maximum likelihood models in R. https://cran.r-project.org/web/packages/bbmle/
vignettes/mle2.pdf.
Burnham, K.P., Anderson, D.R., 2002. Model Selection and Multimodel Inference: a
Practical Information-theoretic Approach. Springer, New York.
Bustnes, J.O., Erikstad, K.E., 1988. The diet of sympatric wintering populations of
common Eider Somateria mollissima and King Eider S. spectabilis in Northern Norway.
Ornis Fenn. 65, 163–168.
Bustnes, J.O., Erikstad, K.E., Skaare, J.U., Bakken, V., Mehlum, F., 2003. Ecological effects of organochlorine pollutants in the Arctic: a study of the glaucous gull. Ecol.
Appl. 13, 504–515.
Bærum, K.M., Anker-Nilssen, T., Christensen-Dalsgaard, S., Fangel, K., Williams, T.,
Vølstad, J.H., 2019. Spatial and temporal variations in seabird bycatch: incidental
bycatch in the Norwegian coastal gillnet-fishery. PLoS One 14 (3), e0212786.
Carretta, J.V., Chivers, S.J., 2004. Preliminary Estimates of Marine Mammal Mortality
and Biological Sampling of Cetaceans in California gillnet Fisheries for 2003.
Scientific Committee Paper SC/56/SM1. International Whaling Commission.
Crespo, J.P., Crawford, R., 2019. Bycatch and the Marine Stewardship Council (MSC): a
Review of the Efficacy of the MSC Certification Scheme in Tackling the Bycatch of
Non-target Species. Birdlife International. Available at: https://www.birdlife.org/
sites/default/files/msc_bycatch_review_summary_report_final.pdfCroxall.
Croxall, J.P., Butchard, S.H.M., Lascelles, B., Stattersfield, A.J., Sullivan, B., Symes, A.,
Taylor, P., 2012. Seabird conservation status, threats and priority actions: a global
assessment. Bird Conserv. Int. 22, 1–34.
Davenport, J., 1985. Synopsis of Biological Data on the Lumpsucker, Cyclopterus lumpus
(Linnaeus, 1758). FAO Fisheries Synopsis No. 147. 31 pp. (ISBN 92-5-102330-1).
Food and agriculture organization of the United Nations, Rome.
Dias, M., Martin, P.R., Pearmain, E.J., Burfield, I.J., Small, C., Phillips, R.A., Yates, O.,
Lascelles, B., Borboroglu, P.G., Croxall, J.P., 2019. Threats to seabirds: a global assessment. Biol. Conserv. https://doi.org/10.1016/j.biocon.2019.06.033.
Dunn, E., Steele, C., 2001. The Impact of Longline Fishing on Seabirds in the North-east
Atlantic: Recommendations for Reducing Mortality. RSPB, Sandy, Norwegian
Ornithological Society NOF Rapportserie 5‒2001. (ISSN 0805-4932, ISBN 82-7852048-8).
Ewins, P.J., Kirk, D.A., 1988. The distribution of Shetland black guillemots Cepphus Grylle
outside the breeding season. Seabird 11, 50–61.
Fangel, K., Aas, Ø., Vølstad, J.H., Bærum, K.M., Christensen-Dalsgaard, S., Nedreaas, K.,
Overvik, M., Wold, L.C., Anker-Nilssen, T., 2015. Assessing incidental bycatch of
seabirds in Norwegian coastal commercial fisheries: empirical and methodological
lessons. Glob. Ecol. Conserv. 4, 127–136.
FAO, 2017. Fishing Gear Types. Gillnets and Entangling Nets. Technology Fact Sheets.
Updated 13 September 2001. [Cited 5 April 2017]. FAO Fisheries and Aquaculture
Department [online], Rome. http://www.fao.org/fishery/geartype/107/en.
Fauchald, P., Anker-Nilssen, T., Barrett, R.T., Bustnes, J.O., Bårdsen, B.J., Christensen-

9

Biological Conservation 240 (2019) 108278

S. Christensen-Dalsgaard, et al.

Pálsson, Ó.K., Gunnlaugsson, Þ., Ólafsdóttir, D., 2015. Meðafli sjófugla og sjávarspendýra
í fiskveiðum á Íslandsmiðum [By-catch of sea birds and marine mammals in Icelandic
fisheries]. Hafrannsóknir nr. 178, Reykjavik. (In Icelandic with English summary). .
Petersen, A., 2000. Vöktun sjófuglastofna [Monitoring of Icelandic seabirds].
Náttúrufræðingurinn 69, 189–200 (Icelandic with English summary).
Petersen, A., 2002. Fugladauði í veiðarfærum í sjó við Ísland [Seabird bycatch in fishing
gear in Iceland]. Náttúrufræðingurinn 71, 52–61 (Icelandic with English summary).
Petersen, A., Thorstensen, S., Brides, K., Frederiksen, M., 2016. Long-term study of black
guillemots in Iceland. In: Poster at the 13th International Seabird Group Conference.
Edinburgh, UK, 6–9 Sept 2016.
Pott, C., Wiedenfeld, D.A., 2017. Information gaps limit our understanding of seabird
bycatch in global fisheries. Biol. Conserv. 210, 192–204.
Potts, J., Wilkings, A., Lynch, M., McFatridge, S., 2016. State of Sustainability Initiatives
Review: Standards and the Blue Economy. International Institute for Sustainable
Development, Winnipeg, Canada (ISBN: 978-1-894784-74-0).
R Core Team, 2017. R: a Language and Environment for Statistical Computing. R
Foundation for Statistical Computing, Vienna, Austria.
R Core Team, 2018. R: a Language and Environment for Statistical Computing. R
Foundation for Statistical Computing, Vienna, Austria.
Rail, J.-F., Cotter, R.C., 2007. Sixteenth census of seabird populations in the sanctuaries of
the North Shore of the Gulf of St. Lawrence, 2005. Can. Field-Nat. 121, 287–294.
Reeves, R.R., McClellan, K., Werner, T.B., 2013. Marine mammal bycatch in gillnet and
other entangling net fisheries, 1990 to 2011. Endanger. Species Res. 20, 71–79.
Reiertsen, T.K., Erikstad, K.E., Anker-Nilssen, T., Barrett, R.T., Boulinier, T., Frederiksen,
M., González-Solís, J., Gremillet, D., Johns, D., Moe, B., Ponchon, A., SkernMauritzen, M., Sandvik, H., Yoccoz, N.G., 2014. Prey density in non-breeding areas
affects adult survival of black-legged kittiwakes Rissa tridactyla. Mar. Ecol. Prog. Ser.
509, 289–302.
Skaug, H., Fournier, D., Bolker, B., Magnusson, A., Nielsen, A., 2014. Generalized Linear
Mixed Models Using AD Model Builder.
Tasker, M.L., Camphuysen, C.J., Cooper, J., Garthe, S., Montevecchi, W.A., Blaber, S.J.M.,
2000. The impacts of fishing on marine birds. ICES J. Mar. Sci. 57, 531–547.
Tún, 2014. Marine Stewardship Council Fisheries Assessment: ISF Icelandic Gillnet
Lumpfish Fishery– Public Certification Report. December 2014.
Votier, S.C., Furness, R.W., Bearhop, S., Crane, J.E., Caldow, R.W.G., Catry, P., Ensor, K.,
Hamer, K.C., Hudson, A.V., Kalmbach, E., Klomp, N.I., Pfeiffer, S., Phillips, R.A.,
Prieto, I., Thompson, D.R., 2004. Changes in fisheries discard rates and seabird
communities. Nature 427, 727–730.
Wallace, B.P., Lewison, R.L., McDonald, S.L., McDonald, R.K., Kot, C.Y., Kelez, S.,
Bjorkland, R.K., Finkbeiner, E.M., Helmbrecht, S., Crowder, L., 2010. Global patterns
of marine turtle bycatch. Conserv. Lett. 3, 131–142.
Wood, K.A., Thorstensen, S., Lúðvíksson, S.J., Brides, K., Petersen, A., 2019. submitted.
Long-term trends in the survival rates of adult female Common Eider (Somateria
mollissima) at three colonies in Iceland (submitted).
Achim Zeileis, A., Hothorn, T., 2002. Diagnostic checking in regression relationships. R
News 2 (3), 7–10.
Zuur, A.F., Ieno, E.N., Walker, N., Saveliev, A.A., Smith, G.M., 2009. Mixed Effects Models
and Extensions in Ecology with R. Springer, New York, NY. https://doi.org/10.1007/
978-0-387-87458-6.
Žydelis, R., Bellebaum, J., Österblom, H., Vetemaa, M., Schirmeister, B., Stipniece, A.,
Dagys, M., van Eerden, M., Garthe, S., 2009. Bycatch in gillnet fisheries ‒ an overlooked threat to waterbird populations. Biol. Conserv. 142, 1269–1281.
Žydelis, R., Small, C., French, G., 2013. The incidental catch of seabirds in gillnet fisheries: a global review. Biol. Conserv. 162, 76–88.

Lassen, H., Chaudhury, S., 2018. Surveillance no. 3 - Report for the Greenland Lumpfish
Fishery. DNV-GL Report No. 2018-017, Rev. 2, DNV-GL, Høvik, Norway, 46 pp. .
Lassen, H., Lockwood, S., Cappell, R., Pedersen, G.M., 2015. Public Certification Report Initial Assessment of the Greenland Lumpfish Fishery. DNV-GL Report No. 2014018, Rev. 5, DNV-GL. 313 pp. Høvik, Norway.
Le Bot, T., Lescroël, A., Grémillet, D., 2018. A toolkit to study seabird-fishery interactions.
ICES J. Mar. Sci. 75, 1513–1525.
Lewison, R.L., Crowder, L.B., Wallace, B.P., Moore, J.E., Cox, T., Žydelis, R., McDonald,
S., DiMatteo, A., Dunn, D.C., Kot, C.Y., Bjorkland, R., Kelez, S., Soykan, C., Stewart,
K.R., Sims, M., Boustany, A., Read, A.J., Halpin, P., Nichols, W.J., Safina, C., 2014.
Global patterns of marine mammal, seabird, and sea turtle bycatch reveal taxa-specific and cumulative megafauna hotspots. Proc. Natl. Acad. Sci. 111, 5271–5276.
Maftei, M., Davis, S.D., Mallory, M.L., 2015. Assessing regional populations of groundnesting marine birds in the Canadian high Arctic. Polar Res. 34, 25055.
Marine and Freshwater Institute, 2018. Bycatch of Seabirds and Marine Mammals in
Lumpsucker Gillnets 2014-2017. . https://www.hafogvatn.is/static/files/skjol/
techreport-bycatch-of-birds-and-marine-mammals-lumpsucker-en-final-draft.pdf.
Melvin, E.F., Parrish, J.K., Conquest, L.L., 1999. Novel tools to reduce seabird bycatch in
coastal gillnet fisheries. Conserv. Biol. 13, 1386–1397.
Merkel, F.R., 2004. Impact of hunting and gillnet fishery on wintering eiders in Nuuk,
Southwest Greenland. Waterbirds 27, 469–479.
Merkel, F.R., 2010. Evidence of recent population recovery in common eiders breeding in
western Greenland. J. Wildl. Manage. 74, 1869–1874.
Merkel, F.R., 2011. Gillnet Bycatch of Seabirds in Southwest Greenland, 2003‒2008.
Technical Report No. 85. Pinngortitaleriffik, Greenland Institute of Natural
Resources.
Merkel, F.R., Mosbech, A., Boertmann, D., Grøndahl, L., 2002. Winter seabird distribution
and abundance off south-western Greenland, 1999. Polar Res. 21, 17–36.
Mitchell, I.P., Newton, S.F., Ratcliffe, N., Dunn, T.E., 2004. Seabird Populations of Britain
and Ireland. Results of the Seabird 2000 Census (1998−2002). T. & A.D. Poyser,
London.
Moe, B., Stempniewicz, L., Jakubas, D., Angelier, F., Chastel, O., Dinessen, F., Gabrielsen,
G.W., Hanssen, F., Karnovsky, N.J., Rønning, B., Welcker, J., 2009. Climate change
and phenological responses of two seabird species breeding in the high-Arctic. Mar.
Ecol. Prog. Ser. 393, 235–246.
Montevecchi, W., Fifield, D., Burke, C., Garthe, S., Hedd, A., Rail, J.F., Robertson, G.,
2012. Tracking long-distance migration to assess marine pollution impact. Biol. Lett.
8, 218–221.
MSC, 2018. MSC General Certification Requirements v.2.2. Available at:. https://www.
msc.org/docs/default-source/default-document-library/for-business/programdocuments/general-certification-requirements/msc-general-certificationrequirements-v2-2.pdf?sfvrsn=9b9f9b74_18.
MSC, 2019. Press Release. available at:. https://www.msc.org/media-centre/pressreleases/msc-confirms-topics-to-be-included-in-its-fisheries-standard-review.
NMFS (National Marine Fisheries Service), 2004. Evaluating Bycatch: a National
Approach to Standardized Bycatch Monitoring Programs. NMFS-F/SPO-66, 108 p.
On-line version. U.S. Dep. Commer., NOAA Tech. Memo. http://spo.nmfs.noaa.
gov/tm.
Nordic Council of Ministers, 2010. Action Plan for Seabirds in Western-nordic Areas.
Report from a workshop in Malmö, Sweden, 4‒5 May 2010. TemaNord 2010:587.
(ISBN 978-92-893-2147-1). Nordic Council of Ministers, Copenhagen.
Northridge, S.P., 1996. A Review of Marine Mammal Bycatch Observer Schemes with
Recommendations for Best Practice. JNCC Report no. 219. .
Paleczny, M., Hammill, E., Karpouzi, V., Pauly, D., 2015. Population trend of the world’s
monitored seabirds, 1950–2010. PLoS One 10, e0129342.

10

