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With seabird populations in rapid decline, understanding and reducing anthropogenic mortality factors is essential. One such factor is inci-
dental bycatch in fisheries. Here we analyze bycatch in the small-vessel demersal longline fishery for Greenland halibut outside the coast of
Northern Norway in 2012–2014, by means of self-reporting from fishers and independent observers. A sample of killed birds were analysed for
sex, age, reproductive status and condition. Nearly all were northern fulmars. Estimated total bycatch for this fishery for the 3-year period was
about 312 birds (SE� 133) using a stratified estimator. Bycatch rate per 1000 hooks was estimated to approximately 0.031 (SE� 0.012).
Exploring per trip bycatch rates utilizing generalized linear mixed models, we found no convincing trends of environmental, spatial and tem-
poral variables in explaining bycatch. However, trips using longlines with non-swivel hooks had a more than 100-fold larger bycatch rate
(mean� 0.760, SE� 0.160) than those using swivel hooks (mean� 0.008, SE� 0.002). Further, trips with external observers had higher
bycatch estimates (mean� 0.75, SE� 0.16) compared with trips where bycatch was registered by the fishers (mean� 0.02, SE< 0.01). Of the
analysed birds, about two-thirds were adult birds and males dominated (71.1%). A majority were in good or moderate condition. The findings
suggest that the incidental bycatch in the Greenland halibut fishery along the Norwegian coast is more limited than previous studies indi-
cated, and that the use of swivel hooks can significantly reduce such bycatch. However, the impacts on the red-listed, diminishing population
of fulmars breeding in mainland Norway should be assessed further and requires a method to assign killed birds to regions/colonies. Also,
gaining a better understanding of what triggers events with extreme bycatch numbers is important to reduce the problem further and to
improve bycatch modelling.
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Introduction
Incidental bycatch in commercial fisheries has received growing

attention over the last couple of decades, and a large proportion

of the seabird species that may be affected are in decline (ICES,

2013). Most of the focus has been drawn to the large numbers of

albatrosses and petrels caught in demersal and pelagic longline

fisheries in the southern hemisphere (e.g. Brothers et al., 1999a;

Cooper et al., 2001; Anderson et al. 2011; Yeh et al., 2013).

However, other species and fisheries have received attention (e.g.

Tasker et al., 2000; Croxall, 2008; �Zydelis et al., 2013; Oliveira

et al., 2015; Fangel et al., 2015). Incidental bycatch of seabirds has

been shown to have potentially severe consequences for some spe-

cies (see e.g. Tuck et al., 2001; Lewison and Crowder, 2003).

Globally, an estimated range of 160 000–320 000 seabirds are
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killed annually in longline fisheries (Anderson et al., 2011), an

estimate that portrays a large degree of uncertainty of bycatch

numbers in many fisheries. This is especially true for the smaller

longline vessels in the Northeast Atlantic Ocean where little or no

data on seabird bycatch have been available for estimation of

bycatch rates. Given the severity of many ongoing seabird

declines in this region (e.g. Croxall et al., 2012; Fauchald et al.,

2015), it is crucial to document seabird bycatch in these waters in

more detail and gain a better understanding of the causes of the

variability in bycatch numbers. Besides reducing estimate uncer-

tainty, this is key information for identifying functional and effec-

tive mitigation measures that can be applied in the fisheries of

most concern.

Mitigation measures can have significant effects in reducing

incidental seabird bycatch in longline fisheries (e.g. Løkkeborg,

2003; Dietrich et al., 2008). Possible mitigation measures include

the use of bird-scaring lines (Løkkeborg, 2003), dyeing of bait

(Cocking et al., 2008), increased weighting for fast sinking of

longlines (Robertson et al., 2006; Dietrich et al., 2008) and hook

design (Li et al., 2012). Other factors that may help explain

bycatch rates are spatio-temporal circumstances such as time of

year, distance from seabird colonies, light and weather conditions

(including wind speed) and vessel type and activity (Brothers

et al., 1999b; Dietrich et al., 2009; Jimenez et al., 2014). The indi-

vidual importance of the abovementioned variables may, how-

ever, depend on the specific fisheries, seabird species, habitats and

locations in question, making generalizations complicated and

not always relevant. Furthermore, sampling method may influ-

ence the results of bycatch studies (NMFS 2004), applicable for

interview methods (Lien et al., 1994) and data sampled by log-

books/catch reports or independent observer (Walsh et al., 2002;

Warner, 2004: Van Atten, 2007; Oliveira et al., 2015).

In a study of three small-vessel fisheries outside Northern

Norway in 2009, the longline fishery for Greenland halibut

(Reinhardtius hippoglossoides) stood out as having a surprisingly

high bycatch of seabirds, especially of northern fulmars

(Fulmarus glacialis) (Fangel et al., 2015). Overrepresentation of

this species in seabird bycatch has also been found in other stud-

ies of longline fisheries in the Northeast Atlantic (Dunn and Steel,

2001; Løkkeborg and Robertson, 2002). The northern fulmar

(hereafter fulmar) is a circumpolar boreo-arctic seabird. With

between 2.4 and 4.4 million pairs coarsely estimated to breed in

the Northeast Atlantic (BirdLife International, 2004; Mitchell

et al., 2004), the fulmar is one of the most widespread and abun-

dant seabird species in the region. In terms of breeding numbers,

this is, however, not the case in mainland Norway, where only an

estimated 9.000 pairs bred in the early 2000s (Barrett et al.,

2006a). Due to a significant decrease over the next decade (e.g.

Anker-Nilssen et al., 2016), the now small mainland population

(500–1000 pairs; Shimmings and Øien, 2015) is listed as endan-

gered on the national red list (Kålås et al., 2015). The fulmar is a

surface-feeding seabird with an extensive offshore foraging range

during its entire life cycle. Fulmars do not start to breed until 9

years old on an average (Ollason and Dunnet, 1978), so that the

population includes large numbers of immature birds. In the

Northeast Atlantic, there is a big floating population of fulmars

(e.g. Barrett et al., 2002, 2006b) originating from most breeding

areas in the region.

Being generalist predators and scavengers feeding on the sea

surface, fulmars are known to follow ships and often assemble in

large numbers around fishing vessels (e.g. Camphuysen et al.,

1995). This interaction with fishing operations makes them vul-

nerable to being killed as bycatch. As with many other seabird

species, fulmars are long-lived and have a low reproductive rate,

making them especially sensitive to increases in adult mortality

(e.g. Croxall, 1987; Tasker et al., 2000). In addition to the actual

bycatch rate, the population level effect of seabird bycatch will,

therefore, also depend on the sex and age structure of the

birds killed, which source populations they belonged to, and the

status of those populations (Tasker et al., 2000; Phillips et al.,

2010; Lewison et al., 2012). To be able to assess these parameters,

seabirds taken as bycatch must be collected and examined. To

date there is no method to determine with reasonable accuracy

the population origin for fulmars (but see van Franeker and

Wattel, 1982; Burg et al., 2003). Knowledge about bycatch

rates, and sex and age distributions of fulmars killed, can, there-

fore, only point to the most likely order of size for possible

impacts on any source population. As several of the fulmar popu-

lations in the Northeast Atlantic are now in decline (e.g. JNCC,

2015; Anker-Nilssen et al., 2016), better knowledge about bycatch

rates of fulmars in offshore fisheries, and the effects of possible

measures to prevent it, may prove crucial. Given also the endan-

gered status of the small remnant population of fulmars breeding

on the Norwegian mainland coast (Kålås et al., 2015), the small-

vessel longline fishery for Greenland halibut off North Norway is

of special interest in this context, since it has been documented to

kill significant numbers of fulmars in some years (Fangel et al.,

2015).

With this background, the goal of this case study is to estimate

incidental bycatch of fulmars in the Norwegian small-vessel long-

line fishery for Greenland halibut. The analyses are based on data

from self-administered recordings made by the fishers and obser-

vations from independent on-board observers, and aim to (1)

provide better estimates of fulmar bycatch in this fishery, (2)

explore variations in this bycatch in a spatio-temporal landscape

as a function of different mitigation efforts and (3) assess demo-

graphic traits of the fulmars killed. The findings are discussed in a

management perspective.

Material and methods
The Greenland halibut fishery 2012–2014
Greenland halibut (hereafter halibut) is a circumpolar deep-sea

flatfish that can reach 120 cm in length and a body mass of 20 kg.

The north-eastern part of the population inhabits a wide geo-

graphical range along the deep continental slopes from the east-

ern coast of Canada to north of Spitsbergen. The halibut fishery

in the Norwegian Economic Zone is strictly regulated. It includes

an overall total quota, vessel-quotas for the targeted fishing, mini-

mum length in catches, and restrictions to bycatch of other fish

species. Targeted fishing for the halibut is legal in two fishing

periods for vessels< 28 m length over all (LOA), which mainly

conduct their fishing as a coastal fishery along the continental

slope from Vesterålen to Tromsøflaket and outside the county of

Finnmark, in the Norwegian Sea and south-western Barents Sea

(Figure 1).

In the years of this study, 2012–2014, the first period for tar-

geted fishing started 26–28 (The two periods for targeted fishery

opens at midnight the last Sunday in May and July.) May and

lasted 2–3 weeks (holding 60–70% of the fishing quota for
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targeted fishing), the second period started 28–30 July and lasted

1–4 weeks until the quotas were reached. For the vessel-group up

to 27.99 m LOA, the annual vessel quotas ranged between 12.5

and 17.5 tonnes depending on LOA. The annual total catch in the

targeted halibut fishing in these years ranged between 4.5 and 5.8

thousand tonnes of halibut annually, within a total Norwegian

annual quota of 8.8–10.0 thousand tonnes. Each year, between

186 and 220 vessels (mean length¼ 12.2 m LOA, SD¼ 2.4 m)

participated in this coastal fishery.

The targeted fishery is normally practiced as 2–4 day outings

(hereafter trips) from the vessel’s home harbour. Because of the

small size of the vessels, these fishers need to return to their har-

bour to deliver catch, rest and get supplies after only a few days.

Usually, they fish most actively during the first 1–2 weeks of the

first fishing period, within which many are able to reach their ves-

sel quota. Much fewer vessels are thus active in the second fishing

period. On an average, each vessel completed on median four

trips annually (25–75% quartiles: 2–9) in the longline fishery for

halibut in 2012–2014.

Study area
We aimed to cover the fishing in the major areas for the

Norwegian halibut fishery as described above, namely that con-

ducted along the continental shelf edge in the Norwegian Sea

from Vesterålen up to the western part of Finnmark county, as

well as that taking place in the shallower Barents Sea outside east-

ern Finnmark. Essentially, we aimed to investigate fishing in

Fishing areas 05 (outside Vesterålen up to Tromsø), 04

(Tromsø—Nordkapp) and 03 (East of Nordkapp), as defined by

Norwegian fishing authorities. The distance from the harbours to

the fishing areas depended mainly on the distance to the nearest

seafloor with suitable condition (depth) for halibut fishing, as

considered by the fishers.

Data collection
Sampling design
We employed a multi-stage procedure to develop our sampling

procedure. First, based on official landing statistics we identified

a number of harbours important for the halibut fishery. We then

selected seven harbours spread along the entire coastline of the

study area, where a suitable local organizer could be hired to

assist our sampling. These harbours were Båtsfjord and Berlevåg

(area 03), Honningsvåg (areas 03 and 04), Torsvåg (area 04), Stø/

Myre (area 05) and Ballstad (primarily fishing in area 04). In each

harbour, vessels registered with a halibut quota were approached

randomly and their key crew invited to participate in the study.

Participation in the study was voluntary. Fishers from a total of

55 vessels (mean length 12.7 m LOA, SD¼ 2.8 m) were recruited

and provided data spread across areas, years and fishing periods

as shown in Table 1. Harbours where the catch were landed are

shown in Figure 1. Overall, the study gathered data from 426

trips, which represent a large share (approx. one-fourth) of the

overall fishing effort in this fishery.

We registered data on seabird bycatch and possible covariates

by means of two approaches: (1) by self-administered registration

conducted by the skipper/headman (n¼ 389 trips) and (2) by

independent on-board observers (n¼ 37 trips). Both procedures

used a detailed logbook for registering a range of parameters

detailing the fishing activity and results, including location/posi-

tion, fishing depth, weather, fish catch, catch of dead seabirds (i.e.

bycatch), tackle/bait, hook type and number of hooks used. A

sample of seabirds taken as unintentional bycatch (82% of all

birds reported) were collected and brought to the harbour.

Examination of bycatch
Dead birds unintentionally taken as bycatch were collected and

labelled with a tag identifying vessel and date of capture. The

birds were stored frozen until they were packed and sent frozen

to Norwegian Institute for Nature Research (NINA) in

Figure 1. Positions of Greenland halibut fishing lines set in the years 2012–2014. White dots indicate trips with no registered bycatch of
northern fulmars. Coloured dots indicate fishing trips with at least one fulmar registered as bycatch. Triangles indicate fishing harbours where
the catches were delivered and registered, also encompassing harbours where the fishing vessels used in the study were recruited. Areas refer
to specific Fishing areas as defined by Norwegian fishing authorities. Shading in the sea-area of the map represents rough depth estimates,
where lighter tones indicates shallower water.
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Trondheim for further analysis. At the NINA laboratory, the birds

were thawed and their species determined. All birds were then

measured, dissected and sexed following the internationally

standardized methods described by van Franeker (2004) and

Camphuysen (2007). Based on the developmental stage of sexual

organs and presence/size of bursa fabricius, each fulmar was aged

as either juvenile, immature, subadult or adult (van Franeker and

Meijboom, 2002). For analytical purposes, all juveniles, imma-

tures and subadults were subsequently categorized as immatures

for comparisons with adult birds. Body condition of fulmars was

assessed using a subjective scoring system evaluating subcutane-

ous fat, internal fat and size of the bird’s left breast muscle on a

0–3 scale as described by van Franeker (2004). The three values

were then summed up to produce an overall index of condition

ranging from 0 to 9, where 0 to 3 was categorized as ‘poor’, 4 to 6

as ‘moderate’ and 7 to 9 as ‘good’. Where subcutaneous fat was

present, the thickness of subcutaneous fat deposits was measured

over the lower end of the breastbone to the nearest 0.1 mm. Each

specimen was also assigned to one of four fulmar colour morphs:

double light (LL), light (L), dark (D) or double dark (DD), col-

ouration attributes that can point to latitude affiliation (van

Franeker and Wattel, 1982; van Franeker and Luttik, 2008).

Analyses
Estimation of bycatch rates
Bycatch rate was estimated as a stratified mean bycatch per trip

extrapolated to the total number of trips by all vessels. For trip k

by vessel i in stratum h, let Xi; k;h be the bycatch of seabirds in

numbers. An estimator for mean bycatch per trip across all vessels

in area h is then

�xh ¼
P

i

P
k x̂i;k;h

nh

(1.1)

where nh is the total number of trips in area h. An estimator for

the total bycatch in h is

X̂h ¼ Nh �xh (1.2)

with variance

varðX̂hÞ ¼ N 2
h varð�xhÞ (1.3)

where Nh is the total number of trips in h by all vessels.

Seabird bycatch per unit effort (BPUE) was calculated as a

stratified ratio-estimator, specifically as the mean ratio of bycatch

in number of birds per 1000 hooks. For fishing operation j by ves-

sel i in stratum h let yi;j;h be the hooks set and let xi;j;h be the

bycatch of seabirds in numbers. An estimator for the mean

bycatch ratio for vessel i in stratum h is then

R̂i;h ¼
P

j xi;j;hP
j;h yi;j;h

(1.4)

and an estimator for the mean bycatch ratio for all vessels in stra-

tum h is

R̂h ¼
P

i Yi;h � R̂i;hP
i Yi;h

: (1.5)

Table 1. Description of variables used in the analysis of factors potentially effecting bycatch of northern fulmars in the Norwegian longline
fishery for Greenland halibut.

Variable name Description Statistics (no. of vessels)

Fulmar bycatch Count of fulmars caught as incidental bycatch on the specific trip. This
only includes dead birds attached to the longline after hauling

Min ¼ 0, mean ¼ 0.24, max ¼ 33

Hook type Binomial indicator representing either a swivel hook or a hook without a
swivel

n, swivel hook ¼ 155 (22)
N, hook without swivel ¼ 271 (37)

Season Binomial indicator representing the first (until and including June) or
second (July and later) fishing period

n, spring ¼ 309 (42)
n, summer ¼ 117 (19)

Wind Continuous, indicating average wind speed in m s�1 Min ¼ 0, mean ¼ 5.2, max ¼ 12
Mitigation Binomial indicator representing whether any mitigation measures to

avoid incidental bycatch of birds was applied
n, yes ¼ 368 (45)
n, no¼ 53 (12)

Bait Binomial indicator representing whether the bait was frozen or thawed n, frozen ¼ 100 (15)
n, thawed ¼ 279 (36)

Area ID for the specific fishing area n, area 3 ¼ 154 (18)
n, area 4 ¼ 44 (13)
n, area 5 ¼ 228 (25)

Number of hooks Continuous, total number of hooks set on the specific fishing trip Min ¼ 900, mean ¼ 5259, max ¼ 36000
Dataset Binomial indicator representing whether the data was obtained from

self-recordings made by the fishermen or from an independent on-
board observer attending the specific trip

n, self registration ¼ 389 (42)
n, observations ¼ 37 (14)

Year of capture Year of each sample (i.e. fishing trip) n, 2012 ¼ 19 (7)
n, 2013 ¼ 201 (29)
n, 2014 ¼ 206 (28)

Vessel ID Individual identification code assigned to each vessel. Used as a random
effect in the model approach

Number of vessels ¼ 55

The statistics are based on number of trips registered (in total 426 trips) for the respective variable-level, with the respective numbers of vessels represented
within each variable level indicated in parentheses. Variable-specific statistics might not always sum up to total number of trips or vessels, as some trips might
miss information on the respective variable and vessels might be represented in multiple levels of a variable (e.g. one vessel might have been fishing both with
swivel hooks and non-swivel hooks).
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where Yi;h is the total catch of the target species for all fishing

operations by vessel i in stratum h. The variance of (1.5) is esti-

mated by bootstrapping. Since the sampling fraction of PSUs gen-

erally is negligible, we assumed sampling with replacement in the

first stage (see e.g. Williams, 2000). Each bootstrap replicate was

generated by first sampling the PSUs at random with replace-

ment. The bycatch and catch samples within each PSU were then

selected by simple random sampling.

The total bycatch of seabirds in stratum h and its variance is

then estimated by

X̂h ¼ R̂hYh (1.6)

and

varðX̂hÞ ¼ Y 2
h varðR̂hÞ; (1.7)

respectively, where Yh is the total catch taken by all vessels in stra-

tum h obtained from the official landings statistics. An estimator

of the total bycatch across strata is then

X̂ ¼
X

h

X̂h (1.8)

with variance

varðX̂Þ ¼
X

h

varðX̂hÞ (1.9)

Upscaling
To estimate the total numbers of fulmars taken as bycatch in the

halibut longline fishery in Norway for the study period, we

extracted from the Norwegian fishery statistics the total number

of trips where longline was used and halibut was registered in the

catch. Further, we selected only catches registered within the legal

time span for the halibut fishery, and where halibut (in kg) con-

stituted> 50% of the total catch. Following this selection, most

fishing trips selectively targeting halibut should be included, and

amounted to 1912 trips over the 3 years. However, the probability

of actually overestimating the numbers of trips that had halibut

as their target species might be significant.

Modelling potential drivers of variations in bycatch of fulmars
Potential drivers of variations in fulmar bycatch were explored

utilizing the generalized linear mixed model (GLMM) framework

in the statistical software R (v. 3.1.2, R Development Core Team

2014). First, we included all variables of interest (Table 1) in a

global model as additive fixed effects:

Fulmar bycatch � Hook type þ Season þ Year of capture

þWind þ Mitigation þ Bait þ Dataset þ

Area þ Number of hooks:

This model was also nested within the primary sampling unit,

vessel. Specifically, random intercepts for Vessel ID were included

in the model. A visual inspection of the response displayed many

zero-events (i.e. trips with no bycatch), and indicated a relatively

high proportion of multiple birds captured given a non-zero

event. As the visual inspection gave no clear-cut answer to the

appropriate response distribution, we included multiple candi-

date distributions to the global model including Poisson, negative

binomial, zero-inflated Poisson and zero-inflated negative bino-

mial distributions. The models were fitted using an AD-model

builder platform through an R interface (glmmADMB package,

Fournier et al., 2012; Skaug et al., 2014). The most appropriate

distribution was selected based on AICc-values (weights calcu-

lated from the bbmle-package, Bolker and R Development Core

Team, 2016), where the highest ranked model (i.e. with the lowest

AICc value) was chosen for further analysis. We then constructed

multiple models nested within our global model with the most

appropriate probability distribution, to explore potential effects

of the fixed variables. Each model represented different combina-

tions, with inclusions or exclusions of the various fixed effects. In

the candidate models, the variables included were interpreted as

described in Table 1, expect for Number of hooks which was also

assumed to be strictly proportional to fulmar bycatch (i.e. using

log(Number of hooks) as an offset) in some models. Due to data

limitations, we did not explore possible interaction effects

between the fixed variables or included all possible combinations

of variables. The final model used for evaluating effects on fulmar

bycatch was chosen based on a comparison of two selection crite-

ria, AICc and BIC (Kuha, 2004). These represent two different

parsimony estimators that might be appropriate under slightly

different model selection setting, depending on the process gener-

ating the data (see e.g. Aho et al., 2014). BIC is often considered

more consistent compared with AIC as it picks the correct model

whereas AIC picks a model more complex when increasing sam-

ple size (when sufficiently large) (Kass and Raftery, 1995). When

choosing the most appropriate model for our system, we found it

useful to use a combination of both selection methods as we had

very little a prior knowledge of underlying processes generating

the bycatch in this particular fishery. If the two model selection

procedures were consistent in selecting the most supported

model, we would have more confidence in that model.

Non-parametric testing of results from
post-mortem examinations
To test for differences in distribution among age, sex and morph

categories among the fulmars killed as bycatch, we applied simple

Chi-square tests calculated as described by Zar (1984) and using

the Yates correction for continuity (Yates, 1934) for all 2� 2 and

2� 1 contingency tables.

Results
Fulmar bycatch rates
In our study of the longline fishery for Greenland halibut outside

North Norway in 2012–2014, 102 fulmars and two great black-

backed gulls (Larus marinus) constituted the total bycatch of sea-

birds on the 426 fishing trips included in the analyses. Mean

bycatch per trip was estimated to� 0.24 birds (SE� 0.09). This

was the naı̈ve estimator, under the assumption of a simple ran-

dom sample of trips from the entire fleet (i.e. ignoring possible

variation between areas). Trying to account for the variation

between areas, a stratified mean bycatch per trip was calculated

to� 0.16 birds (SE� 0.07). Estimated total bycatch of fulmars for

all trips (n¼ 1912) in this fishery during 2012–2014 thus

amounted to approximately 458 (SE� 174) birds utilizing the

naı̈ve estimator and 312 (SE� 133) birds using the stratified esti-

mator. As a more fine-scale BPUE measure, the naı̈ve estimator
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of bycatch rate per 1000 hooks was calculated to� 0.045

(SE� 0.017), while the stratified bycatch rate per 1000 hooks was

calculated to� 0.031 (SE� 0.012). As there exist no records of

the number of hooks set per trip in the Norwegian fishery statis-

tics, we were not able to estimate the total bycatch of fulmars in

this fishery based on the latter estimators.

Drivers of variations in fulmar bycatch
The most supported model, based on a cross-examination of AICc

and BIC (Table 2), was a negative binomial model that included

Hook type, Dataset and Number of hooks as an offset in the fixed

effect structure (Table 3). The variance estimates for the random

effect were� 3.00 (SD� 1.73). Predictions for trips with non-swivel

hooks revealed an almost 100-fold larger bycatch rate (mean¼ 0.76,

SE� 0.16) compared with using swivel hooks (mean� 0.008,

SE� 0.002). There was also a very large effect of Dataset (i.e. type of

observation) where trips with external observers had a more than 37

times higher predicted bycatch rate (mean� 0.75, SE� 0.16) com-

pared with trips where bycatch was registered by the fishers (mean-

� 0.02, SE< 0.01). Surprisingly, we found no convincing effect of

Mitigation (use of bird-scaring line). The model fit had a relatively

low accuracy when compared with the bycatch data (r2 of predicted

bycatch vs. observed bycatch¼ 0.03). Accordingly, although our

model picked up some trends for a few variables, much of the varia-

tion in our bycatch data appears to be random and remains unex-

plained by any of the measured variables. The model selection

procedure based solely on AICc also revealed two other models

competing for being the most supported (DAICc< 2), where one

also included an effect of Wind, and the other Year of capture (see

Table 2). We still put most emphasis on the model that both selec-

tion criteria agreed on as the most supported, also because the inclu-

sion of either Wind or Year of capture to that model imposed very

little change to the effect estimates for Hook type and Dataset, sug-

gesting they would contribute little to the interpretation of our main

results. Model averaged parameter estimates from the three most

supported models from the AICc selection procedure are reported

in Supplementary material (Table S1).

Sex, age and condition of fulmars killed
In total, 85 fulmars from the bycatch in 2012–2014 were exam-

ined post-mortem. About two-thirds of the birds were adults,

and there was a strong sex bias with 71.1% of the sexed birds

being males (v2¼13.93, df¼ 1, p< 0.001, Table 4). Most birds

proved to be in good (n¼ 50, 60.2%) or moderate (n¼ 31,

37.3%) condition, and only 2 birds (2.4%) appeared to have low

body reserves.

There was significant variation in both the spatial and the tem-

poral distribution of the fulmar bycatch, with marked differences

also between immatures and adults. Specifically, we found a tem-

poral difference in the age distribution (v2¼7.97, df¼ 1,

p¼ 0.005) with a predominance of adult birds (81.4%) in the

catches in the second fishing period (July and August, n¼ 43),

whereas catches in the first fishing period (May and June, n¼ 42)

had an even distribution of the two age groups (50:50). On a spa-

tial scale, immatures and adults were relatively evenly distributed

in the catch in both the southern-most area (Area 05—

Vesterålen, n¼ 6) and north-eastern area (03—Eastern

Finnmark, n¼ 11), although sample sizes there were small, while

adult birds dominated (72.3%) the catch in the more central area

(04—Troms and West Finnmark, n¼ 65) (v2¼12.06, df¼ 1,

p< 0.001).

The majority of the fulmars examined (92.6%) were of the

light colour morphs (L and LL, Table 5), with no apparent sex-

or age-related differences (tests of sums Lþ LL vs. sums DþDD,

sex: v2¼0.001, df¼ 1, p¼ 0.975, age: v2¼0.768, df¼ 1,

p¼ 0.381). The light morph adults were exclusively LL, in con-

trast to many of the light immatures (v2¼15.46, df¼ 1,

p< 0.001). Interestingly, no double-dark birds were registered.

Discussion
In this study, we have estimated the incidental bycatch of north-

ern fulmars in the Norwegian small-vessel longline fishery for

Greenland halibut, a fishery that has received little focus in the lit-

erature, shown to have the potential for high rates of seabird

Table 2. Differences in AICc and BIC values for the five most
supported negative binomial GLMMs, from each model selection
procedure.

Candidate model DAICc

�Hook type þ Dataset þ Number of hooks (offset) 0
�Hook type þWind þ Dataset þ Number of hooks

(offset)
0.6

�Hook type þ Dataset þ Year of capture þ Number of
hooks (offset)

1.2

�Hook type þ Area þ Dataset þ Year of capture þ
Number of hooks (offset)

5.8

�Hook type þ Number of hooks (offset) 5.9

DBIC

�Hook type þ Dataset þ Number of hooks (offset) 0
�Hook type þ Number of hooks (offset) 1.9
�Hook type þWind þ Dataset þ Number of hooks

(offset)
4.6

�Hook type þWind þ Number of hooks (offset) 5.9
� 1 (random intercept only) 7.0

Only the fixed effects of the candidate models are shown. All models share
common random effect: Vessels ID.

Table 3. Parameter estimates, including standard errors (SE),
z-values and p-values for the most supported model from the
model selection procedure.

Parameter Estimate SE z-value Pr(>jzj)
Intercept �12.34 1.69 �7.30 <0.001
Non-swivel hooks 4.44 1.63 2.72 0.007
Self-registration �3.66 1.25 �2.92 0.004

Table 4. Distribution of age and sex of northern fulmars caught in
the Norwegian longline fishery for Greenland halibut.

Sex

Age

All agesImmature Adult

N % N % N %

Female 7 29.2 17 70.8 24 28.2
Male 21 35.6 38 64.4 59 69.4
Unknown 1 50.0 1 50.0 2 2.4
Total 29 34.1 56 65.9 85

The immature group includes also juveniles and subadult birds.
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bycatch (Fangel et al., 2015). Our findings indicate that bycatch

of fulmars in this fishery is currently relatively low, with an esti-

mated total of between 180 and 630 birds taken in total over the

years 2012–2014. Interestingly, we found that hook type affected

bycatch rates, with swivel hooks having much lower bycatch rates

than hooks without swivels. The exact causality behind this effect

is not fully understood, but could for instance indicate that bait

on a swivel hook behaves less predictably and is more difficult for

the fulmars to catch, and/or that a swivel hook does not easily

hook into the bird. It is also worth noticing that the swivel hook

is heavier (�6 g) when compared with a similar sized non-swivel

hook (�2 g), which may contribute to faster sinking rate of the

line. In addition to the effect of hook type, bycatch estimates for

trips with observers were considerably higher than for trips with

no observer. The simplest interpretation is of course that bycatch

of seabirds are underreported by the fishermen, which further

implies that data from surveys without observers might seriously

underestimate the true seabird bycatch rates. This has, for

instance, been shown for bycatch of blue sharks in the Hawaii-

based longline fishery (Walsh et al., 2002) and for prohibited spe-

cies catch within Alaskan fisheries (Warner, 2004). In contrast,

Oliveira et al. (2015) reported bycatch estimates of seabirds were

higher based on fishermen interviews compared with on-board

observations. However, the distribution of fulmar bycatch per

fishing trip shows an excess of zeros, and that, in a non-zero

event, the probability of catching more than one bird is relatively

high. These few yet sometimes extreme bycatch events are thus

highly influential in controlling the bycatch estimates. As we have

relatively few trips with observers compared with trips without

observers, a few random events of unusually high bycatch on the

observer trips could, therefore, have produced the observed effect.

Hence, our restricted dataset does not allow us to conclude on

the causality underling this difference. Nonetheless, the exclusion

of the most extreme bycatch event (33 birds) among the observer

trips still gave a significant effect of dataset (i.e. with/without

observer). We can, however, conclude that the bycatch in general

is difficult to predict from the spatio-temporal, environmental

and other mitigation variables included in our analysis, which

suggests that incidental bycatch of fulmars in the Greenland hali-

but fishery is more random than systematic. To fully address

how, where and why such extreme bycatch events might occur,

longer data series are needed and more variables should be

explored. A possibly important factor not explored in this study

is the effect of patchiness in fulmar distribution at sea, and how

they accumulate around specific fishing vessels. More birds near

the baited line might cause higher competition and bolder behav-

iour, and result in increased bycatch, especially in offshore areas

where the more competitive gulls (Phillips et al., 2010) are fewer.

The bycatch rates estimated in this study contradicts the higher

bycatch rates documented in an initial study of the same fishery,

through an access point survey interviewing fishermen about

bycatch on their last fishing trip (Fangel et al., 2015). However,

the study of Fangel et al. (2015) was based on a much smaller

sample size (19 trips) from a different year (2009), making direct

comparisons less valid. Due to the seemingly high probability of

capturing more than one bird in a non-zero bycatch event, only a

few random non-zero bycatch events in a low sample of trips

could produce an elevated bycatch estimate. When comparing

the BPUE values, bycatch estimates have dropped substantially

from an indicated 0.294 seabirds per 1000 hooks in the 2009

study (Fangel et al., 2015), to 0.045 seabirds per 1000 hooks in

the present, which as mentioned before, is based on a much larger

data set. In a global review of bycatch in longline fisheries,

Anderson et al. (2011) found that rates of BPUE in longline hali-

but fisheries ranged from 0.0071 seabirds per 1000 hooks in

British Colombia, Canada, to 0.092 seabirds per 1000 hooks in

the Kamchatka Region, Russia. Our new estimate for the

Norwegian fishery is hence safely within the range of rates

reported from these two other halibut fisheries.

Seabird distribution and numbers at sea vary considerably

from year to year (e.g. Fauchald and Erikstad, 2002), which is

likely to contribute to similar variations in bycatch rates. Even if

our model results indicated little inter-annual variation in

bycatch rates in 2012–2014, it is also important to point out that

these years were all very poor breeding seasons for fulmars and

other pelagic seabirds in north-western Norway (SEAPOP data

portal, www.seapop.no), including Røst in the Lofoten area, the

second largest fulmar colony on the Norwegian mainland.

Breeding conditions for pelagic seabirds in 2009 were somewhat

better and, even if fulmars still experienced a bad season (e.g.

Anker-Nilssen, 2010), a higher colony attendance of fulmars in

that summer as compared with the later years (T.A.-N., unpub-

lished data) indicates that they had access to food that not only

allowed them to stay longer in the colony area, but which may

also have attracted birds from elsewhere. Another important dif-

ference between the studies worth noticing is a plausible differ-

ence in the ratio of swivel hooks, which were relatively new on

the market in 2009 and gradually have come into use in the later

years.

After many years of increase in European waters (e.g. Mitchell

et al., 2004), several populations of northern fulmar in the tem-

perate part of the North Atlantic have declined significantly since

the late 1990s, e.g. in UK and Norway (JNCC 2015; Anker-

Nilssen et al., 2016). Unfortunately, we know little about the sta-

tus of the largest fulmar populations, most of which breed farther

north and in general are less well monitored (e.g. Irons et al.,

2015). The drivers of the recent declines remain uncertain, but as

these trends coincide with widespread problems for many other

pelagic seabird species in the Nordic countries it is likely that

climate-induced factors are involved, such as phenological mis-

matches between seabird breeding and prey availability (e.g.

Durant et al., 2005, Burthe et al., 2012). Such effects may both be

masked and amplified by fishery-induced variations in prey abun-

dance (Frederiksen et al., 2004, Bicknell et al., 2013), making it

even more complex to quantify the total population effects of

bycatch on seabird survival rates.

Table 5. Distribution of colour morphs (LL, double light; L, light; D,
dark; DD, double dark) of northern fulmars caught in the
Norwegian longline fishery for Greenland halibut in 2012–2014.

Colour morph

LL L D DD

N % N % N % N %

Immature females 4 66.7 0 0 2 33.3 0 0
Immature males 9 56.3 6 37.5 1 12.5 0 0
Adult females 14 100 0 0 0 0 0 0
Adult males 30 93.8 0 0 2 6.3 0 0
Total 57 83.8 6 8.8 5 7.4 0 0

The immature group includes also juveniles and subadult birds.
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Because of its high affinity to fishing vessels (e.g. Fisher, 1952),

extreme foraging ranges in the breeding season (Weimerskirch

et al., 2001) and wide dispersal in winter (e.g. Hatch et al., 2010),

the sum of bycatch in a variety of fisheries might prove more

important for the population dynamics of fulmars than for most

other North Atlantic seabirds (Fisher, 1952). Assessing incidental

bycatch is thus one important step on the way to uncover drivers

behind the population declines, and certainly essential for identi-

fying and implement effective mitigation measures to reduce sea-

bird bycatch overall. In this context, it is still worth noting that

the fulmar populations now in decline did increase substantially

in the second half of the 20th century (e.g. Størkersen, 1994;

Mitchell et al., 2004; Lorentsen and Christensen-Dalsgaard,

2009), perhaps partly because they profited from discards and

offal from the fishing fleet (e.g. Camphuysen and Garthe, 1997)

which was then much larger (e.g. Kelleher, 2005). Thus, a recent

reduction of this food source may have contributed to the popu-

lation declines and will be further reduced when discarding of

fish is soon to be banned in EU waters (as it successively was in

Norway in the period 1987–2004). If the existing level of fulmar

bycatch proves (or is likely) to be an important problem at the

population level, it is also important to assess to what extent

bycatch rates have increased in parallel with possible reductions

in the overall food supply for fulmars or along with changes in

fisheries practice towards a more automated offshore fishing.

Understanding what are the main drivers of survival and

recruitment, as well as their relative importance, is key informa-

tion for the management of any species. Assessing effects of

bycatch on demographic traits of seabirds are, therefore, essential

when trying to model its overall effects on the population level.

The effects of bycatch mortality on the population level

strongly depend on the status of the source populations affected.

The breeding population of fulmars on the Norwegian mainland

is small and in decline, which makes it particularly vulnerable to

increased mortality. In the present study, we were not able to

determine the origin of the birds taken as bycatch. The fulmars

sampled were, however, almost exclusively in the light colour

morph, which strongly indicates they originated from popula-

tions in the temperate regions (van Franeker and Luttik, 2008).

This was further supported by the lack of double-dark individu-

als, typically found in high-arctic colonies. Breeding fulmars have

been estimated to have a max foraging range of 580 km (Thaxter

et al., 2012), with recent studies showing that they can travel up

to 2700 km from the colony during the incubation period

(Edwards et al., 2013). In addition, failed breeders can undertake

long trips of up to 1000 km away from the colony as the breeding

season progresses (Edwards, 2015). The birds could thus originate

from colonies located far away from the point of capture.

The significant age- and sex-specific bias in this study is com-

parable with that found for northern fulmars caught in the

demersal longline fisheries in the Bering Sea (Phillips et al., 2010).

In both areas, there was a clear overweight of males and adults in

the bycatch. This could suggest a sex-related variation in foraging

locations, but dietary studies using fatty acids have shown that a

difference in diet between males and females diminish during the

incubation period (Owen et al., 2013). As tracking studies so far

have shown little evidence for sex-related differences in move-

ments during the breeding season (Hatch et al., 2010; Edwards,

2015), the male bias in the bycatch more likely suggests that males

are more aggressive than females when competing for bait around

the longliners.

In the last part of the breeding season (July and August) most

of the birds captured were adults, compared with an even age dis-

tribution in May–June. This shift in age composition could be

caused either by failed breeders from elsewhere dispersing into

the area for feeding or by resident breeders staying longer in the

study area when feeding conditions deteriorate than immatures,

which are not constrained in their movements by having to

return to the nest. As all three-study years were very poor breed-

ing seasons for pelagic seabirds in north-western Norway, the lat-

ter alternative seems the most likely. Admittedly our sample size

is low but, if the latter explanation is correct, an increased pro-

portion of local fulmars in the bad years would imply that even

low rates of bycatch could have significantly negative consequen-

ces for this already small and vulnerable population. A decreased

food supply could perhaps also increase the remaining birds’

attraction to fishing vessels and thereby their risk of bycatch, even

if the body condition of most birds examined was seemingly fair.

We conclude that even if the bycatch of fulmar documented in

this study was generally low, future studies are needed to address

these issues in more detail, especially in the context of environ-

mental changes predicted from climate change and what factors

can trigger incidents of mass-bycatch.

Our study provided interesting findings in relation to the effect

of mitigation measures. The much lower bycatch rate for swivel

hooks is highly promising and needs confirmation by similar

assessments for other longline fisheries. Bird-scaring lines are

used extensively in the halibut fishery as in other longline fish-

eries, but in this case seemingly without any apparent effect in

terms of reduced bycatch rates. However, this might be because

the design and protocols for use are lacking and that scaring lines

perhaps are only employed when many birds are present and

bycatch has already occurred. Future research on optimal design

and operational use of bird-scaring lines for small longline vessels

is thus required.

Supplementary data
Supplementary material is available at the ICESJMS online ver-

sion of the manuscript.

Acknowledgements
We are grateful to the fishermen that collected data and to our

local organizers assisting the data collection in the field: B.

Altman, Ø. Hansen, J. Andreassen, O. Telebond, L. Godvik, J.R.

Knutsen and O. Berglund. We also want to thank members of the

project’s reference group: B. Veie-Rosvoll, M. Irgens (Norwegian

Environment Agency), K. Nedreaas, J.H. Vølstad (Institute of

Marine Research), M. Overvik (Directorate of Fisheries) and E.

Lorentsen (The Norwegian Fishermens’ Association), for valuable

discussions and input. The editor and two anonymous reviewers

have given helpful feedback on the manuscript. Hannah Harrison

has corrected the language. We are thankful for these contribu-

tions, which have improved the article.

Funding
This research was funded by the Norwegian Environment

Agency.

References
Aho, K., Derryberry, D., and Peterson, T. 2014. Model selection for

ecologists: the worldviews of AIC and BIC. Ecology, 95: 631–636.

Incidental bycatch of northern fulmars in the small-vessel demersal longline fishery for Greenland halibut 339

D
ow

nloaded from
 https://academ

ic.oup.com
/icesjm

s/article/74/1/332/2669565 by guest on 24 April 2024

Deleted Text: ,
Deleted Text: ,
Deleted Text: ,
Deleted Text: ,
Deleted Text: ,
Deleted Text: ,
Deleted Text: -
Deleted Text: is 
Deleted Text: to 
Deleted Text: to 
Deleted Text: -
Deleted Text: ,
Deleted Text: three 
Deleted Text: ,
http://icesjms.oxfordjournals.org/lookup/suppl/doi:10.1093/icesjms/fsw149/-/DC1


Anderson, O. R. J., Small, C. J., Croxall, J. P., Dunn, E. K., Sullivan,
B. J., Yates, O., and Black, A. 2011. Global seabird bycatch in
longline fisheries. Endangered Species Research, 14: 91–106.

Anker-Nilssen, T. (Ed.) 2010. Seabirds in Norway 2009. Results from
the SEAPOP programme. SEAPOP annual report, Norwegian
Institute for Nature Research, Trondheim, 12 pp.

Anker-Nilssen, T., Strøm, H., Barrett, R., Bustnes, J. O., Christensen-
Dalsgaard, S., Descamps, S., Erikstad, K. E. et al. 2016. Key-site
monitoring in Norway 2015, including Svalbard and Jan Mayen.
SEAPOP Short Report, 1-2016 14. pp. (Available at www.seapop.
no)

Barrett, R. T., Anker-Nilssen, T., Gabrielsen, G. W., and Chapdelaine,
G. 2002. Food consumption by seabirds in Norwegian waters.
ICES Journal of Marine Science, 59: 43–57.

Barrett, R. T., Chapdelaine, G., Anker-Nilssen, T., Mosbech, A.,
Montevecchi, W. A., Reid, J. R., and Veit, R. R. 2006a. Seabird
numbers and prey consumption in the North Atlantic. ICES
Journal of Marine Science, 63: 1145–1158.

Barrett, R. T., Lorentsen, S. H., and Anker-Nilssen, T. 2006b. The sta-
tus of breeding seabirds in mainland Norway. Atlantic Seabirds, 8:
97–126.

Bicknell, W. J., Oro, D., Camphuysen, K. C. J., and Votier, S. C.
2013. Potential consequences of discard reform for seabird com-
munities. Journal of Applied Ecology, 50: 649–658.

BirdLife International. 2004. Birds in Europe: Population Estimates,
Trends and Conservation Status. BirdLife International,
Cambridge, UK.

Bolker, B., and R Development Core Team, 2016. Bbmle: Tools for
General maximum Likelighood Estimation. R package version
1.0.18. http://CRAN.R-project.org/package¼bbmle.

Brothers, N. P., Cooper, J., and Løkkeborg, S. 1999a. The incidental
catch of seabirds by longline fisheries: worldwide review and tech-
nical guidelines for mitigation. FAO Fisheries Circular, No. 937.
FAO, Rome. 101 pp.

Brothers, N., Gales, R., and Reid, T. 1999b. The influence of environ-
mental variables and mitigation measures on seabird catch rates
in the Japanese tuna longline fishery within the Australian Fishing
Zone, 1991–1995. Biological Conservation, 88: 85–101.

Burg, T. M., Lomax, R. A., Almond, R., Brooke, M. d L., and Amos,
W. 2003. Unravelling dispersal patterns in an expanding popula-
tion of a highly mobile seabird, the northern fulmar (Fulmarus
glacialis). Proceedings of the Royal Society, London Series B, 270:
979–984.

Burthe, S., Daunt, F., Butler, A., Elston, D. A., Frederiksen, M., Johns,
D., Newell, M,. et al. 2012. Phenological trends and trophic mis-
match across multiple levels of a North Sea pelagic food web.
Marine Ecology Progress Series, 454: 119–133.

Camphuysen, C. J. 2007. Standard autopsy: post-mortem examina-
tions of stranded seabirds. Technical documents 4.1, Handbook
on Oil Impact Assessment, version 1.0. Online edition: www.oiled
wildlife.eu (see www.zeevogelgroep.nl/CJC/ for version 1.2).

Camphuysen, C. J., Calvo, B., Durinck, J., Ensor, K., Follestad, A.,
Furness, R. W., Garthe, S. et al. 1995. Consumption of discards by
seabirds in the North Sea. Final Report EC DG XIV Research
Contract BIOECO/93/10. NIOZ-Rep. 1995-5, Netherlands
Institute for Sea Research, Texel.

Camphuysen, K., and Garthe, S. 1997. An evaluation of the distribu-
tion and scavenging habits of northern fulmars (Fulmarus glacia-
lis) in the North Sea. ICES Journal of Marine Science, 54:
654–683.

Cocking, L. J., Double, M. C. and Milburn, P. J. 2008. Seabird bycatch
mitigation and blue-dyed bait: A spectral and experimental assess-
ment. Biological Conservation, 141: 1354–1364.

Cooper, J., Croxall, J. P., and Rivera, K. S. 2001. Off the hook?
Initiatives to reduce seabird bycatch in longline fisheries. In
Seabird Bycatch: Trends, Roadblocks and Solutions, pp. 9–32. Ed.

by E. F. Melvin and J. K. Parrish. University of Alaska Sea Grant,
AK-SG-01-01, Fairbanks.

Croxall, J. P. (Ed.) 1987. Seabirds Feeding Ecology and Role in
Marine Ecosystems. Cambridge University Press, Cambridge.

Croxall, J. P. 2008. Seabird mortality and trawl fisheries. Animal
Conservation, 11: 255–256.

Croxall, J. P., Butchart, S. H. M., Lascelles, B., Stattersfield, A. J.,
Sullivan, B., Symes, A., and Taylor, P. 2012. Seabird conservation
status, threats and priority actions: a global assessment. Bird
Conservation International, 22: 1–34.

Dietrich, K. S., Melvin, E. F., and Conquest, L. 2008. Integrated
weight longlines with paired streamer lines – best practice to pre-
vent seabird bycatch in demersal longline fisheries. Biological
Conservation, 141: 1793–1805.

Dietrich, K. S., Parrish, J. K., and Melvin, E. F. 2009. Understanding
and addressing seabird bycatch in Alaska demersal longline fish-
eries. Biological Conservation, 142: 2642–2656.

Dunn, E., and Steel, C. 2001. The impact of longline fishing on sea-
birds in the north-east Atlantic: recommendations for reducing
mortality. RSPB, Sandy; The Norwegian Ornithological Society,
Trondheim. NOF Rapportserie Report No. 5-2001.

Durant, J. M., Jhermann, D. Ø., Anker-Nilssen, T., Beaugrand, G.,
Mysterud, A., Pettorelli, N. and Stenseth, N. C. 2005. Timing and
abundance as key mechanisms affecting trophic interactions in
variable environments. Ecology Letters, 8: 952–958.

Edwards, E. W. J. 2015. The breeding season foraging trip characteris-
tics, foraging distribution and habitat preference of northern ful-
mars, Fulmarus glacialis. PhD thesis, University of Aberdeen.

Edwards, E. W. J., Quinn, L. R., Wakefield, E. D., Miller, P. I., and
Thompson, P. M. 2013. Tracking a northern fulmar from a
Scottish nesting site to the Charlie-Gibb Fracture Zone: evidence
of linkage between coastal breeding seabirds and Mid-Atlantic
Ridge feeding sites. Deep-Sea Research II, 98: 438–444.

Fangel, K., Aas, Ø., Vølstad, J. H., Bærum, K. M., Christensen-
Dalsgaard, S., Nedreaas, K., Overvik, M. et al. 2015. Assessing
incidental bycatch of seabirds in Norwegian coastal commercial
fisheries: Empirical and methodological lessons. Global Ecology
and Conservation, 4: 127–136.

Fauchald, P., Anker-Nilssen, T., Barrett, R. T., Bustnes, J. O.,
Bårdsen, B. J., Christensen-Dalsgaard, S., Descamps, S. et al. 2015.
The Status and Trends of Seabirds Breeding in Norway and
Svalbard. NINA Report, 1151 84 pp.

Fauchald, P., and Erikstad, K. E. 2002. Scale-dependent predator-
prey interactions: the aggregative response of seabirds to prey
under variable prey abundance and patchiness. Marine Ecology
Progress Series, 231: 279–291.

Fisher, J. 1952. The Fulmar. Collins, London.

Fournier, D., Skaug, H., Ancheta, J., Ianelli, J., Magnusson, A.,
Maunder, M. N., Nielsen, A. et al. 2012. AD Model Builder: using
automatic differentiation for statistical inference of highly para-
meterized complex nonlinear models. Optimization Methods and
Software, 27: 233–249.

Frederiksen, M., Wanless, S., Harris, M. P., Rothery, P., and Wilson,
L. J. 2004. The role of industrial fisheries and oceanographic
change in the decline of North Sea black-legged kittiwakes.
Journal of Applied Ecology, 41: 1129–1139.

Hatch, S., Gill, V. A., and Mulcahy, D. M. 2010. Individual and
colony-specific wintering areas of Pacific northern fulmars
(Fulmarus glacialis). Canadian Journal of Fisheries and Aquatic
Sciences, 67: 386–400.

ICES, 2013. Report of the Joint ICES/OSPAR Expert Group on
Seabird Ecology (WGBIRD), 22-25 October 2013, Copenhagen,
Denmark. ICES CM 2013/ACOM:78.

Irons, D., Petersen, A., Anker-Nilssen, T., Artukhin, Y., Barrett, R.,
Boertmann, D., Gavrilo, M. V. et al. 2015. Circumpolar Seabird
Monitoring Plan. CAFF Monitoring Report, No.17. 70 pp. CAFF
International Secretariat, Akureyri, Iceland.

340 K. Fangel et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/icesjm

s/article/74/1/332/2669565 by guest on 24 April 2024

http://www.seapop.no
http://www.seapop.no
http://CRAN.R-project.org/package=bbmle
http://CRAN.R-project.org/package=bbmle
http://www.oiledwildlife.eu
http://www.oiledwildlife.eu
http://www.zeevogelgroep.nl/CJC/


Jimenez, S., Philips, R. A., Brazeiro, A., Defeo, O., and Domingo, A.
2014. Bycatch of great albatrosses in pelagic longline fisheries in
the southwest Atlantic: contributing factors and implications for
management. Biological Conservation, 171: 9–20.

JNCC, 2015. Seabird population trends and causes of change: 1986–
2014 Report. Joint Nature Conservation Committee. Updated
October 2015. (Accessed 8 December 2015 at http://www.jncc.
defra.gov.uk/page-3201)

Kass, R. E., and Raftery, A. E. 1995. Bayes factors. Journal of the
American Statistical Association, 90: 773–795.

Kelleher, K. 2005. Discards in the world’s marine fisheries. FAO
Fisheries Technical Paper, 470 131. pp.

Kuha, J. 2004. AIC and BIC: comparisons of Assumptions and
Performance. Sociological Methods & Research, 33: 188–229.
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