Marine Environmental Research 177 (2022) 105625

Contents lists available at ScienceDirect o

ne
Environmental
Research

Marine Environmental Research

FI. SEVIER

o
F Regoli I Sokolova.

journal homepage: www.elsevier.com/locate/marenvrev

t.)

Check for

Seabird beachcast events associated with bycatch in the Norwegian purse &
seine fishery

Signe Christensen-Dalsgaard ®, Bjgrnar Ytrehus ™", Magdalene Langset?®, Jgrgen Ree Wiig®,
Kim Magnus Baerum

@ Norwegian Institute for Nature Research (NINA), P.O. Box PO 5685 Torgarden, 7485, Trondheim, Norway

b Department of Biomedical Sciences and Veterinary Public Health, Swedish University of Agricultural Sciences (SLU), SE-75007,Uppsala, Sweden
¢ Directorate of Fisheries, Sea Surveillance Unit, P.O. Box 185 Sentrum, 5804, Bergen, Norway

4 Norwegian Institute for Nature Research (NINA), Vormstuguvegen 40, 2624, Lillehammer, Norway

ARTICLE INFO ABSTRACT

Keywords: Beachcast events, where a large number of seabird carcasses drift ashore, occur with irregular intervals. These
Coastal waters events are due to specific situations where mass mortality of seabirds have occurred. Disentangling the cause of
Fisheries interaction these events can provide valuable information on stressors impacting seabird populations. Following several

Ii‘:rliIZae mass mortality events involving gulls in northern Norway, an investigation of the probable cause of death was
Mortality initiated. In total 75 dead gulls were collected at two occasions and necropsies were carried out. The findings
Necropsies from the necropsy of the gulls were consistent with drowning as the primary cause of death. Bycatch in coastal

Observer programme
Stranding’s

purse seine fishery was considered a potential cause of the mortality and monitoring of seabird bycatch in this
fishery was thus initiated. The monitoring of fishing operations revealed that 10% of 91 fishing events observed
led to bycatch, with a total of 32 bycaught seabirds. These bycatch events resulted in a total estimated bycatch
rate of 0.356 (95% CI = 0.133-0.949) birds per haul. These findings are consistent with the hypothesis that the
registered mortality events were caused by bycatch in the purse seine fishery. The highly episodic and unpre-
dictable nature of these events makes it demanding to achieve solid estimates of the occurrence and extent of
bycatch without a very high monitoring effort. Our study shows that systematic investigation following

beachcast events can shed light on the occurrence of such extreme events.

1. Introduction

Seabird mass mortalities leading to beachcast events, characterized
by stranding of hundreds to thousands of seabird carcasses occur from
time to time all over the world. These events can get large public
attention, as they often generate a lot of emotions, depending on which
species is involved and where the beachcast birds are found. The events
also trigger the curiosity and concern of ecologists and managers, as
numerous carcasses within a small spatial scale and a short time frame
strongly indicates that specific events have resulted in elevated mor-
tality (e.g., Van Pelt and Piatt, 1995; Newman et al., 2007). Although
mortality is an omnipresent demographic process, mass mortality events
are of particular interest as they might have a profound impact on
affected populations (Frederiksen et al., 2008). Especially for small
populations and endangered species, it is crucial to address questions
concerning why and how often these mortality events occur, and to what
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degree they affect the population dynamics. Known causes of mass
mortality events for seabirds include harmful algal blooms (Jones et al.,
2017), oil spill (Munilla et al., 2011), weather anomalies such as heat-
waves (Jones et al., 2018; Piatt et al., 2020), storms (Anker-Nilssen
et al., 2017), infectious disease (Allison et al., 2015; Strauch et al.,
2020), and starvation (Piatt and Van Pelt, 1997; Camphuysen et al.,
2002). Even though causal relationships between mass beachcast events
and mortality events have been established in some cases (e.g.
McKechnie and Wolf, 2010; Jones et al., 2018), others might be hard to
disentangle without careful forensic investigations. Furthermore, the
beachcast birds may be found far away from the site of the actual
mortality event (Flint and Fowler, 1998; Hart et al., 2006), and
knowledge about weather, prevailing winds and ocean currents is
crucial. Therefore, and as in a crime scene investigation, the applied
scientific method to disentangle a probable cause of death must often
involve necropsies, measurements of relevant variables in the
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surrounding environment and interviews of possible witnesses.

In Troms, northern Norway (Fig. 1), a large number of beachcast
gulls (primarily herring gulls Larus argentatus and great black-backed
gulls Larus marinus) were recorded in November 2015. The event got
attention from national media, as dead gulls were washed to shore in the
hundreds, close to urban settlements. Four bird carcasses were sent to
the Norwegian Veterinary Institute in Oslo for necropsy, and drowning
was established as the most probable cause. The unexplained mortality
event raised concerns among ecologists, considering the overall decline
in many populations of Norwegian seabirds, including herring gulls
(Fauchald et al., 2015). In addition, it was regarded as important to
perform a thorough investigation to ease public tensions, as speculations
flourished about whether anthropogenic activities in the area were to
blame. Following the initial mortality event, awareness and commit-
ment was increased on recording observations of dead gulls in the area,
and in January 2017, January 2018 and November 2019 similar events
were recorded and further bird carcasses collected and examined.

The beachcast events occurred during periods with high availability
of Norwegian spring spawning (NSS) herring Clupea harengus in the area.
The NSS herring is highly migratory, performing seasonal migrations
between wintering, spawning and feeding grounds (Dragesund et al.,
1997). A large part of the stock overwinter close to the Norwegian coast
(Huse et al., 2010). However, it has long been observed that the
migration pathways of NSS herring can change, leading to abrupt shifts
in winter area use (Huse et al., 2010). In autumn 2010, NSS herring
suddenly started entering the fjords of Troms, Northern Norway. This
attracted large amounts of top predators such as seabirds (mainly gulls)
and whales to the fjords as well as high densities of purse seine fishing
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vessels targeting herring.

Several probable causes of death leading to the beachcast events
were initially suggested, including bycatch in fisheries, mortality asso-
ciated with aquaculture operations, starvation, intoxication or infectious
disease. Bycatch in many of the Norwegian fisheries have been moni-
tored for years, however, there is a dearth of scientific knowledge about
the extent of seabird bycatch in the purse seine fishery (but see Oliveira
etal., 2015; Norriss et al., 2020). Yet, high numbers of seabirds taken as
bycatch in a single fishing event have occasionally been observed in
many fisheries in Norway (Fangel et al., 2017; Baerum et al., 2019;
Christensen-Dalsgaard et al., 2019), although not in quantities that
would likely result in mass occurrence of beachcast birds like the
observed events. Nets used at aquaculture facilities (e.g., nets to keep
fish from jumping out of the pens and prevent predator access) has been
known to unintentionally catch seabirds (Cermaq, 2020), however the
extent of this is not described in the scientific literature. Other potential
causal factors, perhaps regarded as the most likely ones among the lay
public, was an outbreak of an unknown pathogen in the dense crowds of
gulls accumulating in the area or a mass exposure to a biological or
anthropogenic toxic substance.

In this study, we use a trans-disciplinary applied approach to eluci-
date the etiology of multiple beachcast events involving large numbers
of seabirds in Northern Norway from 2015 to 2020. The study reflects
the dynamic process of understanding the underlying cause of the
beachcast events observed, from having no clear hypothesis of what
could have led to the first event, to progressively identifying bycatch in
the purse seine fishery as the primary hypothesis to test. We based our
investigation on a synthesis of citizen science observations, standardised
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Fig. 1. Map of Norway and overview of the study area. Purse seine activity was carried out in two distinct different areas in respectively 2012-2017 and 2017-2020.
Fishing activity given as number of hauls is shown for the period 2012-2020, with blue showing fishing activity from autumn 2012 to spring 2017 and red showing
fishing activity from autumn 2017 throughout 2020. Black x indicate aquaculture facilities. Black squares marked with “A”, “B” and “C” are the regions with observed

gull mortality (see Fig. 3 for more detailed maps of each region).
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and professional necropsies, official records of environmental conditions
(from weather stations) and standardised monitoring of bycatch in the
purse seine fishery carried out in the area. Based on these data we
conclude that purse seine fishery bycatch most probably was a major
cause of the mortality events and following this we estimate the po-
tential extent and occurrence of such bycatch.

2. Material and methods
2.1. Data collection from beachcast events

Following the beachcast event in November 2015, monitoring with
the aim to record similar cases was initiated by the Norwegian Institute
for Nature Research (NINA). Information on beachcast events was ob-
tained through local media (online news feeds), from locals and through
notifications on the Facebook group “Whales in Norway”, where many
people visiting the area are active. We specifically asked about infor-
mation on events involving more than ten dead seabirds. When
receiving observations, we asked for an estimate of the number of dead
birds based on counts in the area. Furthermore, we initiated collection of
beachcast carcasses in order to carry out necropsies to identify cause of
death. This resulted in the collection of a substantial number of dead
birds from two events of high gull mortality, one in January 2017 and
one in November 2019. The birds from 2017 were collected and stored
frozen until they were packed and sent frozen to NINA in Trondheim.
The birds from 2019, were collected and immediately send to the NINA
laboratory for necropsy, to avoid freezing artifacts such as accumulation
of blood-tinged fluid, formation of pseudo-hemorrhages, subcutaneous
pseudo-bruises and changes in texture and discoloration caused by
damage to cell membranes, ruptures of blood vessels and increased
autolysis and bacterial growth (Roe et al., 2012), and thereby improve
diagnostic accuracy.

2.2. Necropsy of beachcast birds

Necropsy was performed according to in-house standard protocols
(Ytrehus and Work, 2019). Due to financial limitations, samples for
histopathological examination were not processed and serological,
bacteriological, virological or toxicological examinations were not per-
formed. The necropsy was performed by a skilled wildlife pathologist
and board certified veterinary expert in wildlife population health
together with an experienced seabird biologist in 2017, and by the latter
in 2019.

In 2017, the carcasses were thawed in room temperature for 24 h
before necropsy. In 2019, the carcasses arrived fresh and necropsy was
performed within a day after arrival.

During necropsy the birds were thoroughly inspected for external
lesions and skinned to allow examination for signs indicative of trauma.
The body cavity was opened and all organs examined. The mouth,
oropharynx, trachea and esophagus were opened and examined, and the
cranium split to allow examination of the cranial cavity and the brain.
The birds were sexed following methods described by Van Franeker
(2004) and Camphuysen et al. (2007). Based on plumage, the appear-
ance of the sexual organs and absence, presence and eventual size of
bursa of Fabricius, the age group of each bird was characterized as
juvenile/immature or adult (Van Franeker and Meijboom, 2002). The
body condition of the birds was determined based on the overall con-
dition score ranging from O to 9 (with O being very cachectic and 9
extremely good body condition) (Van Franeker, 2004).

2.3. Diagnosis of drowning

Finding carcasses of seabirds stranded on a beach does not neces-
sarily mean that the birds have drowned, but rather that they died at sea
or were disposed there. As such, drowning is a difficult diagnosis to
substantiate, and presumptive evidence of drowning relies on exclusion
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of other causes of death that could have occurred before the animal was
immersed in water (McEwen and Gerdin, 2018). Analyses that can
provide corroborative evidence in humans and dogs, for example the
diatome test (Piegari et al., 2019), are not validated in seabirds and
hence not recommended (Simpson and Fisher, 2017). In addition,
postmortem changes occurring during submersion, as for example
dilution of haemorrhages, osmotic effects of salt water and trauma
occurring in the surf, may create new and change lesions that were
present before death.

In humans, drowning is defined as “the process of experiencing
respiratory impairment from submersion/immersion in liquid” and
drowning outcomes classified as “death, morbidity and no morbidity”
(Van Beeck et al., 2005). It is recommended that this terminology also is
adopted by animal health professionals (McEwen and Gerdin, 2018).
Use of previous terms that were used to classify drownings as dry, wet,
passive, active, silent and secondary, are now discouraged (Idris et al.,
2003; Van Beeck et al., 2005; McEwen and Gerdin, 2018). Much of our
knowledge of the pathogenesis of drowning comes from gruesome ex-
periments performed on dogs (For a review, see McEwen and Gerdin
2018). In short: An animal immersed or submersed in water will initially
hold its breath voluntary. This will rapidly cause oxygen depletion.
Furthermore, presence of only small amounts of water in the larynx
induce a reflective spastic closing of the airways, lasting up to 2 min.
During this period, hypercarbia ensues and acidosis develops while the
animal struggle and swallow water due to heavy respiratory movements.
If the animal then loses consciousness, the laryngeal muscles relax and
water is aspirated. If the animal still is conscious, it will gasp and
consequently also aspirate water. Death normally occurs between five
and 10 min after submersion.

2.4. Environmental conditions

The direction of wind and water current plays an important role in
where the stranding of carcasses occur in relation to the site where the
animals died (Flint and Fowler, 1998; Hart et al., 2006). This makes it
challenging to backtrack where the carcasses found originated from. To
take the probable area of origin of the dead birds into account and
compare this area with the distribution of purse seine fishery activities
and aquaculture facilities, we considered the prevailing direction of
wind and water current in the area.

As the carcasses included in our study were all characterized as
mildly to moderately autolytic, we assumed that the mortality-event
happened less than three days before the stranding, and used a three
day cut-off for wind data. Information on average wind speed and di-
rection at hourly intervals during the three day period prior to each
stranding event was downloaded from the nearest meteorological sta-
tions (available from Norwegian Meteorological Institute, http
s://seklima.met.no/). As wind speed and direction are two compo-
nents of the same quantity, i.e., wind is a vector with both magnitude
and direction, the average wind speed and the resultant vector average
wind direction was calculated by converting speed and direction to an
east-west- and the north-south vector using the R package openair
(Carslaw and Ropkins, 2012).

To take into account the current in the study area, the prevailing
currents were assessed from Norwegian coastal current modelling
website (http://www.havstraum.no, accessed August 13, 2021). In
addition, the current in the study area is strongly influenced by the di-
rection of the tide, with the tide-induced current going inwards in the
fjords during flood and going outwards doing ebb tide.

2.5. Fisheries data

The beachcast events included in the study all occurred within
enclosed fjord systems. The fishing in these areas is regulated by the
Norwegian harvesting regulation (J-21-2022  https://lovdata.
no/dokument/SF/forskrift/2021-12-23-3910/KAPITTEL_17#%C2%
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A774), prohibiting vessels >15 m in overall length to fish within the
fjord lines. Exceptions are, however, made for specific vessel groups in
specific areas for a specific period of time, for instance allowing purse
seine fishery vessels >15 m targeting NSS herring to fish within the fjord
line. Consequently, the fishery in the study area consisted primarily of
some small gillnet boats targeting cod and saithe, and purse seine boats
targeting NSS herring. Gillnets are known to take surface feeding sea-
birds as bycatch (Barum et al., 2019). Nonetheless, we considered it
unlikely that the limited number of gillnet-vessels active in the area
could result in the substantial number of gulls killed, and focus was put
on the purse seine fishery.

The purse seine fishery is an active fishery where a ringed net is set
around the shoals of fish. After the fish have been surrounded, the
bottom of the net is closed, which prevents the fish from escaping. When
the bottom has been closed, the vessel starts hauling in the net, to in-
crease the density of fish in the net, by reducing the volume of the net
bag. When the density is high enough, a fish pump is deployed and the
fish is pumped onboard. The time spend pumping fish onboard is highly
dependent on the size of the catch, but can take as much as 60 min.

The purse seine fleet targeting NSS herring consists primarily of
small vessels between 20 and 40 m in length and large vessels that are
between 60 and 80 m in length. The latter primarily operating offshore
(Mul et al., 2020). All Norwegian fishing vessels exceeding 15 m are
subject to electronic reporting of catch, activity and position data. This
information from purse seine fishing boats was made available by the
Directorate of Fisheries (www.fiskeridir.no). Since fishing vessels
remain relatively stationary while hauling the net, we assigned a posi-
tion to each fishing event. To explore the overall distribution of purse
seine fishing activity in the area, we created 1 x 1 km grids of the area
and summed the number of fishing events per fishing season (Novem-
ber-January) within these grids. There was a clear shift in distribution of
fishing activity between the 2016-2017 and the 2017-2018 fishing
season, with boats moving their activity to the Kvaenangen area in the
fall of 2017. Hence, an average number of hauls per winter season per 1
x 1 km grid was calculated for the period 2012-2017 and 2017-2020
respectively.

To assess the amount of fishing activity in the focal area of each
beachcast event, we applied the three days cut-off described above, and
used data on location of purse seine hauls from the three days prior to
the beachcast event. To further delimit the study area we focused on the
anthropogenic activities within a 10 km radius of the area where dead
birds were observed.

2.6. Data collection on bycatch

Based on the results from the first necropsy suggesting drowning
being the cause of death and as the beachcast events co-occurred with an
ongoing purse seine fishery close by, a causal relationship was sug-
gested. During this fishery, a coast guard vessel and/or a fishery control
vessel from The Directorate of Fisheries are present at all times, carrying
out fishery inspections. Inspections from The Directorate of Fisheries are
usually not completely random and can depend on for example number
of vessels in the area conducting fishing operations, area of the fishing
operation (e.g. close to or within closed areas for fishing), risk assess-
ment for the vessel (a priori assessed), or the size of the catch of the
target species. This means that the same vessel can be inspected several
times. In addition to the inspectors from The Directorate of Fisheries, we
placed external observers on a coast guard vessel observing the fishery
during January 2017. Subsequent monitoring of the purse seine fishery
was carried out in three following fishing seasons (2018/2019, 2019/
2020, and 2020/2021). The monitoring of the purse seine fishery
gathered data through three main channels, 1) dedicated seabird
bycatch researchers traveling with fishery patrol vessels, 2) fishery in-
spectors utilizing customized fill-in forms for registration of seabird
bycatch, and 3) fishery inspectors reporting through general purpose
inspection forms (no customized columns for seabird bycatch). All the
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three observations processes were composed of both observations from
the fishing patrol vessel and observations from onboard the fishing
vessels. In total, these sampling processes did not follow a strict random
sample processes, but rather represented a sample of the nearby vessels
with a likely bias towards sampling situations based on prior knowledge
of the inspectors. In total, the sample included registrations from 40
different identified vessels and 49 entities where the vessel identities
were unknown.

2.7. Bycatch rate estimates

Seabird bycatch rates were calculated as the number of birds per
observed seine-haul rate. The 91 observed seine hauls comprised nine
seabird bycatch events, with a total of 32 seabirds registered as bycatch,
and 82 zero-bycatch events. Numbers of seabirds taken per bycatch
event ranged from one to ten. We thus used a negative binomial
generalized linear mixed effect model to account for non-normal data.
As we had rather few observations, we did not explore possible trends in
the data, but rather constructed an intercept only model to estimate an
expected mean bycatch value per haul. The datapoints were collected
across three different years/seasons, but as we had no reason to believe
there should be any obvious differences between years, we neither
considered this in the model (i.e., each fishing event could be considered
a random sample across all years). However, the observations could be
considered as nested under three different observations processes, and
we thus included type of observation (i.e. originating from observing
researchers (N = 17), fishery inspectors with dedicated bycatch schemas
(N = 23) or from general fishery inspection observation (N = 50) as a
random intercept in the model. Thus, in a general notion, seabird
bycatch (Y) on seine-haul j within observer process i was modelled ac-
cording to:

Yii ~ NB(P‘,‘/» k)

2
Hij
E(Yy)=p; and var(Yy) = py; + =

log(uy) =a+bi + &

where a the is the coefficient (intercept) under estimation, b; is the
random observer process-specific intercept (assumed to be independent
and identically distributed as N(0, 63, process))» and & is the random

residual variation. The model was specified using the gimmTMB library
(Brooks et al., 2017) in the statistical software R (R Core Team 2021).

3. Results
3.1. Documentation of beachcast events

In total three beachcast events and one event with dead birds
observed floating on the water were documented in the period
November 2015-November 2019 (Table 1). Two of these events were
reported directly to the project group and the remaining two we were
made aware of through local newspaper articles. In addition, throughout
the study period we got several reports from tourists and researchers in
the area who had observed <10 dead gulls floating in the fjords.

Beachcast event one and two was documented in the Lyfjord and
Bellvika area (Fig. 1, box A) in fall 2015 and winter 2017. In both events,
a number of dead gulls were observed washed up on the beach by locals
using the area for recreational purposes. In the event in 2015, 43 dead
gulls were counted on shore and based on dead birds counted on the
water the local observers estimated that approximately 200 gulls died.
In the 2017 event more than 350 dead gulls were observed on the shore,
and based on the number of dead birds observed in the water it was
assumed that as much as 1000 birds could have died during the event.
From event two, 35 dead gulls were opportunistically collected for
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Table 1
Description of beacatch events registered in the period November
2015-November 2020.

Event  Date Area Description Source Dead
of birds
event collected

1 6th A: Lyfjord/
nov. Bellvika
2015 (Kvalgya,
Troms)

Local hikers
observed 43
birds dead
gulls on the
shore in
Lyfjord. An
estimate of at
least 200 dead
birds was
given.

More than Own 35
350 dead communication

gulls were with observers,
observed on Nordlys 2017,

the shore in NRK 2017

Bellfjord by a
local
biologist. He
estimated that
more than
1000 birds
had probably
died in the
event.

B: Seglvik Local
inhabitant has
found dead
gulls on the
shore over the
last days. On
the day
reported he
found 25 dead
gulls, but
states that this
is just a small
part of the
dead birds
NINA was Own 40
13th Reisafjorden contacted communication

Nov (Troms) directly with with observers

2019 reports of

dead seabirds

floating in the

Reisafjorden

on both days.

Between 250

and 500 gull

carcasses

Nordlys 2015a, 4"
Nordlys 2015b

2 8th A: Lyfjord/
Jan Bellvika
2017 (Kvalgya,
Troms)

3 6th
Jan (Kveenangen,
2018 Troms)

Nordlys 2018 0

4 12- C:

were
observed.
None of the
birds seem to
have reached
shore.

Nordlys 2015a: https://www.nordlys.no/maker/maser/fugleliv/ida-gjorde-
sjokkfunn-fant-over-40-dode-maker-i-fjara-i-tromso/s/5-34-283535.  Nordlys
2015b: https://www.nordlys.no/maker/dodsfall/tromso/na-er-konklusjonen-k
lar-etter-sjokkfunnet-i-fjara/s/5-34-335899. Nordlys 2017: https://www.nordl
ys.no/var/fiskeri/fugler/fant-over-350-dode-fugler-pa-stranda-i-tromso-det-er-
trist/s/5-34-545411. NRK  2017: https://www.nrk.no/tromsogfinnmar
k/_-jeg-vasset-i-dode-maser-pa-stranda-1.13311870. Nordlys 2018: https://
www.nordlys.no/kvanangen/make/dod/store-mengder-dod-fugl-er-skylt-i-lan
d-aldri-sett-maken-til-dette/s/5-34-762082.

@ Birds were sent to the Norwegian Veterinary Institute for necropsy and are
therefore not included in this study.
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necropsy. At both events it was observed that the dead birds were only
present on the coast for a limited period of time. Following the subse-
quent high tide, most of the birds had disappeared from the shore.

Beachcast event three and four took place in northern Troms (Fig. 1,
box B & C) in 2018 and 2019. Event three was reported by a local
resident who over a period of some days observed dead gulls washing up
on the local beach in Seglvika. He did not provide an exact number, but
claimed that the 25 carcasses found in the 6th January was just a small
proportion of what he had observed. The fourth event was reported
directly to our project by local researchers, who observed and estimated
250-500 gull carcasses floating in the fjord (pers. comm. Eve Jourdain).
Notably, no beachcast birds were reported in connection to this event. In
total 40 carcasses were collected for necropsy.

3.2. Necropsies

From the beachcast event in 2017, 35 gulls were examined. Most of
the birds were classified as adults (86% in 2017 and 83% in 2019). All
the birds were in moderate (n = 9, 26%) to good (n = 26, 74%) condition
and the necropsies revealed consistent lesions. The autolytic changes
were moderate, considering that the birds had been frozen and thawed.
The birds had pale conjunctiva and oral mucosa and their eyes lied deep
in their orbits. A few of the birds were scavenged. The examinations did
not reveal any findings consistent with contamination or trauma, for
example oil in the plumage, external wounds, burns, hemorrhages or
fractures. When the hind part of the birds was lifted and slight pressure
applied to the abdomen, moderate amounts of watery fluid was seen in
the cervical part of the clavicular air sac. The lower parts of trachea and
the bronchi contained large amounts of blood-tinged, watery fluid. In
some birds, moderate amounts of watery and blood-tinged fluid were
present also in the abdominal air sacs (Fig. 2). The lungs were consis-
tently severely congested and edematous, with blood-tinged watery
fluid oozing from cut surfaces. In some birds, mild enlargement of the
spleen and mild congestion in the kidneys was observed. The proven-
triculus and the gizzard were either empty or contained small remnants
of fish scales and -bones.

From the beachcast event in 2019, 40 relatively fresh carcasses of
gulls were examined. Most of the birds were classified as adults (83%).
Overall, the findings were relatively similar to those observed in 2017,
but since the carcasses were fresh, we observed that a majority of them
smelled intensely from herring and many had silvery fish scales in their
plumage. In addition, the fluid in the trachea, bronchi, air sacs and lungs
frequently contained large amounts of foam (Fig. 2). In addition, all the
birds were in excellent condition with large fat deposits, and their livers
were consistently yellowish and had decreased texture (indicative of
hepatic steatosis).

3.3. Fishery activity and environmental conditions

During the study period, the distribution of the purse seine fishery in
the region shifted northeastwards, and there were two distinct areas of
fishery, specifically the fjords of central Troms (October 2012-February
2017) and the Kvanangen/Reisafjorden area in northern Troms
(November 2017-February 2020) (Fig. 1).

We considered the fishery and aquaculture activity within a 10 km
radius of all the mortality events to assess likely sources of mortality.
Within this radii there was purse seine fishery activity with the numbers
of hauls ranging from 14 to 51 in the three days preceding each event
(Fig. 3, Supplementary Material Table A2). Aquaculture facilities are
widespread in the whole region, being primarily placed in sheltered
areas (Fig. 1). Within the 10 km radius of the different events, there were
between 0 and 6 aquaculture facilities (Fig. 3, Supplementary Material
Table A2).

The average wind strength ranged from 5.8 m/s — 9.72 m/s, with the
wind direction and speed being event specific (Supplementary Material
Figure Al and Table A2). In all beachcast events the direction of the
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wind was consistent with mortality occurring at the same location as the
purse seine fishery and that the carcasses had drifted into the areas
where they were observed. The two events in respectively 2015 and
2017 happened in close vicinity of two aquaculture facilities, and based
on prevailing wind and current, the birds could have died there. How-
ever, this was not the case in the last two events, where no aquaculture
facility was present (event 3) or the prevailing wind direction made in
unlikely that the birds originated from any facility (event 4).

3.4. Qualitative observations of bycatch events and quantitative seabird
bycatch rates

In total, we obtained a sample of 93 observations of hauling in the
purse seine fishery from the period November 2018-January 2021. Of
these, two were qualitative observations made by inspectors at a coast
guard vessel and a photographer on board a fishing vessel. They
respectively described a bycatch event with an estimated range between
35 and 40 birds taken as bycatch and a series of bycatch events during an
afternoon of fishing where bycatch of up to 50 gulls were observed in
three out of four hauls.

The remaining 91 observed fishing events was recorded by observers
using standardised quantitative protocols, where information regarding
seabird bycatch were recorded for each event. The registered bycatch
consisted of 13 common gulls (Larus canus), nine herring gulls, six great
black-backed gulls and four gulls of undetermined species. Based on the
GLMM, the mean bycatch rate per purse seine operation (including
everything from setting to pumping of the herring from the purse seine
into the boat) was estimated to approximately 0.356 birds per haul, with
a 95% confidence interval between 0.133 and 0.949.

Based on own and reported observations, gulls appear to be at risk of
getting caught within the purse seine during the late part of the hauling,
when the upper and outer parts of seine are hoisted above the water and
towards the boat. If gulls are present within the seine in large numbers
during this situation, the gulls might not be able to escape and thus risks
drowning in the seine. The observations indicated that once the birds
landed in the densely packed herring in the purse seine, some of them
were pushed down among the fish and subsequently drowned. When the
seine was opened after the pumping of herring was completed, the dead
and injured birds floated away from the boat. The fate of the birds that
still were alive after being released is not known.
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Fig. 2. Water in the cranial air sac was a consistent
finding in the necropsied gulls. The images are taken
from the head of the bird in a caudal direction during
skinning of the neck. A shows one of the frozen and
thawed carcasses from 2017. Blood-tinged fluid
without foam is present in the trachea (black arrow)
and the cranial air sac (white arrow). B shows one of
the fresh carcasses from 2019. The cranial air sac is
partly filled with clear fluid covered with small
amounts of whitish foam (white arrows). Notice the
large amount of yellow subcutaneous fat. Photo:
Signe Christensen-Dalsgaard.

4. Discussion

Large beachcast events of seabird carcasses are concerning as they
might represent mass mortality events of unknown size and origin. In a
management and conservation perspective, it is thus crucial to get
inference on the cause and frequency of such events. In this study, we
used a combination of scientific methods to disentangle the probable
cause of death following several mass mortality events among gulls in
northern Norway. By performing necropsies to collect data on macro-
scopical findings, together with thorough investigation of plausible
environmental and anthropogenic factors, we found that bycatch during
the purse seine fishery is the most likely cause of the observed mass
mortality events.

4.1. Indices from necropsies

Based on the consistency in findings between the individual car-
casses, it is most likely that the birds in each of the two beachcast events
were killed by the same mechanism within a short period of time. The
overall good condition of birds excludes starvation as a plausible cause
of death. Together with the absence of macroscopic pathological find-
ings indicative of trauma, sepsis or acute intoxication, the consistent
observation of water in the air sacs and the severe lung congestion and
edema indicate that the birds died from drowning (Simpson and Fisher,
2017).

Notably, the lung anatomy and physiology of birds is very different
from mammals (Ewbank et al., 2020). We have not found any scientific
experimental descriptions of the pathogenesis of drowning in seabirds,
and relatively few reports describe pathoanatomical lesions associated
with drowning. Most of the recent reports describe entanglement of
diving birds in fishing nets (Vanstreels et al., 2016; Simpson and Fisher,
2017; Ewbank et al., 2020), while some reports describe drowning of
anatids during storms (Miller et al., 1986; Springer et al., 1989).

The consistent finding of moderate amounts of water in the clavic-
ular air sac and smaller amounts in the more caudal air sacs, is
compatible with findings described in other reports of presumed
drowning (Vanstreels et al., 2016; Simpson and Fisher, 2017). Van-
streels et al. (2016) suggest that inhalation of water into the intra-
pulmonary bronchi may cause such an increase in flow resistance that
the negative inhalation pressure not is sufficient to draw the liquid
through the lungs and into the caudal air sacs. Simpson and Fisher
(2017), however, regard the finding of water in air sacs as
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Fig. 3. Map depicting fishing activity, aquaculture facilities and prevailing wind direction during the four events involving dead birds getting washed on shore (A)

2015, (B) 2017 and (C) 2018) and being observed floating (D) 2019.

pathognomonic for drowning, but describes presence of water also in the
caudal air sacs. They argue that the water first reaches the cranial air
sacs after being exhaled from the caudal air sacs through the secondary
bronchi. Water in the air sacs was not described in the reports of Miller
et al. (1986) or Springer et al. (1989), who described findings in
beachcast geese and swans.

Our interpretation of the current necropsy findings in the gulls, is
that they are consistent with drowning as the primary cause of death.
Compared to the descriptions of changes in diving birds entangled in
nests below water, the gulls in our study showed relatively mild
congestion. We suspect that this may indicate a more rapid death in the
gulls, which not to that degree should be expected to be physiologically
adapted to diving. These findings are consistent with the hypothesis that
the mortality events were caused by the gulls being taken as bycatch.
Bycatch in aquaculture nets could also potentially have led to some of
the same findings in carcasses, but would most probably have been
accompanied by traumatic lesions characteristic for entanglement. In
addition, it seems unlikely that the carcasses then had showed such
consistent lesions and that the birds had died so simultaneously. Other

factors, such as the distribution of aquaculture facilities and the obser-
vations of bycatch in purse seine nets, adds to make it unlikely that
bycatch in aquaculture facilities was the ultimate cause of the events.

Notably, the changes were much easier to interpret in fresh car-
casses, while freezing and thawing created artifacts, for example accu-
mulation of fluid in tissues that made evaluation of congestion and water
in lungs and air sacs difficult, and disappearance of the characteristic
foam in the airways. To perform necropsies on fresh carcasses instead of
frozen ones, hence facilitates a correct diagnosis of drowning in
beachcast events.

4.2. Seabird bycatch

The necropsies performed after the first beachcast event in 2017
indicated that the birds initially were healthy, but had drowned simul-
taneously. There are few events that can cause such a thing to happen,
and the suspicion of most plausible cause of death pointed to bycatch in
fisheries. Following this, monitoring of bycatch in the areas was initi-
ated. As the purse seine fishery targeting herring is the major fishery in
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the area during the period in question, focus was put on this fishery.
Seabird bycatch is in general characterized by low levels of bycatch
interspaced with episodic events of high bycatch numbers (Piatt and
Nettleship, 1987; Beerum et al., 2019). This pattern was also evident in
coastal purse seine fishery for herring in Norway in our study, and seem
to be a trend observed in other purse seine fisheries as well (Hedd et al.,
2016; Norriss et al., 2020). In our sample of fishing operations, most
fishing events resulted in zero bycatch, but the few bycatch events
registered were noteworthy and resulted in the fairly high estimated
bycatch rate in total. This high rate was somewhat surprising given that
the Norwegian purse seine fishery has been regarded as having a low
bycatch risk, based on interviews of fishers (Christensen-Dalsgaard
et al., 2008; Fangel et al., 2011). However, given the distinct bycatch
distribution containing mostly zero bycatch, it is perhaps not surprising
that the fishers do not have the impression that the type of fishery is of
any special concern in terms of seabird bycatch. Observations and dia-
logue with the fishers revealed that, although the bycatch events are rare
in general, gulls do sometimes get caught within the purse seine during
the late part of the haul. As there often are very high densities of gulls
around the fishing vessels in this type of fishery, the number of gulls
potentially trapped in the seine can be substantial. When the seine is
opened after the fish have been pumped onboard the fishing vessel, the
dead and injured birds just float away from the boat and thus never
reach the deck of the boat. Hence, if no dedicated observers are onboard,
bycatch events might go unnoticed or neglected, especially when fishing
takes place in periods with little daylight. Of the mass mortality events,
two occurred in the beginning of the fishing season in November and
two at the start of the year when the boats had new quotas to fish. There
might thus be higher likelihood of such bycatch events in the start of the
fishing season, as well as after breaks within the season. This pattern
could be related to birds being more hungry and therefore aggressive
after periods with less fishing activity. The proventriculus and gizzard of
the bycaught birds contained either no or very little remnants of fish
scales and -bones, indicating that the birds getting caught were the ones
that were actively foraging for herring in the purse seine. However, we
did not obtain enough observations to test these indices within the data.
Globally, incidental bycatch of seabirds in fishing gear has been
identified as one of the key factors that can have detrimental effects on
seabird populations (Dias et al., 2019). The population of herring gulls
in Northern Norway has decreased significantly during the last decades
(Fauchald et al., 2015), and the species is now listed as “vulnerable” on
the Norwegian red list (Artsdatabanken, 2021). The periodic high
availability of NSS herring in the area most likely attract herring gulls
from the whole northern part of Norway (https://seatrack.seapop.no
/map/), and consequently bycatch in the purse seine fishery can affect
the breeding populations of gulls from a large region. Given the severity
of the declines of the herring gull population in the region it is crucial to
identify functional and effective mitigation measures that can be applied
in the fishery. Most of the knowledge on seabird bycatch stems from
longline fisheries (Anderson et al., 2011; Melvin et al., 2019), which is
thus naturally also the type of fishery where the most mitigation tool-
boxes has been developed (e.g., Lokkeborg 2011; Melvin et al., 2014;
Jiménez et al., 2020). However, other fisheries such as gillnet-fishery
(Zydelis et al., 2013; Christensen-Dalsgaard et al., 2019), trawl fishery
(Watkins et al., 2008) and purse seine (Norriss et al., 2020) might also
pose a risk to seabird species as bycatch rates can be substantial.
Implementing effective mitigation measures in these fisheries is not al-
ways simple (Martin and Crawford, 2015), and the effect of applied
measures range from promising (Bielli et al., 2020; Da Rocha et al.,
2021; Rouxel et al., 2021) to rather small (Field et al., 2019). To our
knowledge, there has not been a large focus on mitigation measures to
prevent seabird bycatch in the purse seine fisheries, with the exception
of some trials with varying success (Suazo et al., 2019; Oliveira et al.,
2020). Our findings indicate that the extreme bycatch events usually
takes place during a specific part of the fishing operation, namely when
the purse is very close to the vessel. This makes the type of fishery a good
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candidate for implementing specific and effective mitigations actions
such as scaring the scavenging birds away from the purse seine in critical
times of the fishing operation (e.g., when the purse is lifted slightly from
the surface and towards the boat). Further studies are warranted to
investigate variations in the likelihood of bycatch, and to find effective
and easy implementable scaring devices.

4.3. Using beachcast events to infer on bycatch events

Data on seabird stranding’s and mass mortality events have previ-
ously been used to identify bycatch of seabirds (Hamel et al., 2009;
Simeone et al., 2021). As argued by Zydelis et al. (2006), beached birds
have a limited value in determining bycatch rates. However, investi-
gating beachcast events can be crucial in identifying the existence of
bycatch that was previously not known, which is an important first step
in mitigation. The highly episodic and unpredictable nature of bycatch
events makes it very data demanding to achieve solid estimates on the
occurrence and extent of bycatch. Consequently, beachcast events can
shed light on the occurrence of extreme events.

It is, however, important to note that the absence of beachcast events
is not necessarily indicative of no mortality. The direction of the wind
and ocean currents plays an important role in where the stranding’s of
carcasses occur, and when animals die at sea, it might only be a small
fraction that wash up on shore (Flint and Fowler, 1998; Hart et al.,
2006). For instance, Boor and Ford (2019) estimated an overall beaching
probability of 0.14 for carcasses released in the ocean. Indeed, following
the qualitative observations of bycatch events involving a large number
of dead birds, no carcasses were washed ashore. Similarly, at the event
in 2019, dead birds were just observed floating in the ocean but never
reached shore, and would not have been discovered had there not been
people out on boats in the area. It is therefore likely that what has been
reported considerably underestimates the frequency of such events
occurring.

5. Conclusions

Investigation of beachcast events with unknown cause is complicated
and should ideally include thorough histopathological examination and
testing for a wide range of potential microbial and toxicological agents
(Wobeser, 2007; Work, 2015). However, systems or financial funds to
examine sudden beachcast events of multiple birds rarely exists to get in
depth knowledge of probable causes, as was also the case for the
observed events in this study. Yet, the bycatch observations together
with the environmental factors, the findings of large number of birds
that has died more or less simultaneously and has consistent findings of
water in the air sacs and absence of other macroscopic changes, provide
compelling evidence for drowning in purse seines as the cause of death.
These extreme bycatch events are likely rare, but might involve a large
number of gulls given the high bird density commonly accumulating
close to the fishing vessels. Although we never observed bycatch events
that resulted in hundreds of birds being caught in one fishing operation,
observations indicated up to 40-50 gulls being caught simultaneously.
During very high seabird densities, and subsequent feeding frenzies for
the gulls within the seine, it is likely that this number could potentially
be higher. There might also be special conditions of which will increase
the likelihood of extreme bycatch events for multiple vessels in the same
area, resulting in an accumulation of seabird mortality events within a
small spatial and temporal scale. More data and further investigations
are needed to get inference on how the likelihood changes according to
different variables and how preventive measurements and awareness
can mitigate this problem.

CRediT authorship contribution statement

Signe Christensen-Dalsgaard: Conceptualization; Methodology;
Investigation; Writing - original draft; Visualization; Project


https://seatrack.seapop.no/map/
https://seatrack.seapop.no/map/

S. Christensen-Dalsgaard et al.

administration. Bjgrnar Ytrehus: Conceptualization; Methodology;
Investigation; Writing - original draft. Magdalene Langset: Investiga-
tion; Data Curation; Writing - review & editing. Jegrgen Ree Wiig:
Investigation; Writing - review & editing. Kim Magnus Bzrum:
Conceptualization, Methodology; Formal analysis; Data Curation;
Writing - original draft; Project administration; Funding acquisition.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

A special thanks to Audun Rikardsen for information on beachcast
events and collection of carcasses throughout the whole study period, to
Tone Reiertsen, Trond Johnsen and Manuel Ballesteros for organising
and collection dead birds in 2017 and to Eve Jourdain and Richard
Korneliussen from Norwegian Orca Survey, for information on obser-
vations and collection of birds in the 2019 event.

Also, thanks to Per Finne from the Directorate of Fisheries, who made
data on occurrence of seine fishery available, and to the Directorate of
Fisheries Sea Surveillance Unit for allowing us to use their boat as an
observation platform and for providing observational data.

The study was funded by the Norwegian Environment Agency and
the SEAPOP programme (www.seapop.no), which is financed by the
Norwegian Ministry of Climate and Environment via the Norwegian
Environment Agency, the Norwegian Ministry of Petroleum and Energy
via the Norwegian Research Council (grant 192141), and the Norwegian
0Oil and Gas Association.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.marenvres.2022.105625.

References

Allison, A.B., Ballard, J.R., Tesh, R.B., Brown, J.D., Ruder, M.G., Keel, M.K., Munk, B.A.,
Mickley, R.M., Gibbs, S.E., Travassos da Rosa, A.P., Ellis, J.C., Ip, H.S., Shearn-
Bochsler, V.I., Rogers, M.B., Ghedin, E., Holmes, E.C., Parrish, C.R., Dwyer, C., 2015.
Cyclic avian mass mortality in the northeastern United States is associated with a
novel orthomyxovirus. J. Virol. 89, 1389-1403. https://doi.org/10.1128/
JVI.02019-14.

Anderson, O.R.J., Small, C.J., Croxall, J.P., Dunn, E.K., Sullivan, B.J., Yates, O., Black, A.,
2011. Global seabird bycatch in longline fisheries. Endanger. Species Res. 14,
91-106. https://doi.org/10.3354/esr00347.

Anker-Nilssen, T., Harris, M.P., Kleven, O., Langset, M., 2017. Status, origin, and
population level impacts of Atlantic Puffins killed in a mass mortality event in
southwest Norway early 2016. Seabird 30, 1-4.

Artsdatabanken, 2021, 2021, accessed 24th November 2022). Norsk rgdliste for arter. htt
ps://www.artsdatabanken.no/lister/rodlisteforarter/2021.

Bielli, A., Alfaro-Shigueto, J., Doherty, P.D., Godley, B.J., Ortiz, C., Pasara, A., Wang, J.
H., Mangel, J.C., 2020. An illuminating idea to reduce bycatch in the Peruvian small-
scale gillnet fishery. Biol. Conserv. 241, 108277. https://doi.org/10.1016/j.
biocon.2019.108277.

Boor, G.K.H., Ford, R.G., 2019. Using a mark-recapture model to estimate beaching
probability of seabirds killed in nearshore waters during the Deepwater Horizon oil
spill. Environ. Monit. Assess. 191 https://doi.org/10.1007/510661-019-7919-9.

Brooks, M.E., Kristensen, K., van Benthem, K.J., Magnusson, A., Berg, C.W., Nielsen, A.,
Skaug, H.J., Maechler, M., Bolker, B.M., 2017. glmmTMB balances speed and
flexibility among packages for zero-inflated generalized linear mixed modeling.
RELC J. 9, 378400.

Barum, K.M., Anker-Nilssen, T., Christensen-Dalsgaard, S., Fangel, K., Williams, T.,
Volstad, J.H., 2019. Spatial and temporal variations in seabird bycatch: incidental
bycatch in the Norwegian coastal gillnet-fishery. PLoS One 14. https://doi.org/
10.1371/journal.pone.0212786.

Camphuysen, C.J., Bao, R., Nijkamp, H., Escuer, R.G., Heuback, M.e., 2007. Handbook
on Oil Impact Assessment. http://www.zeevogelgroep.nl/downloads/handbook-oil
-impact-assessment.

Camphuysen, C.J., Berrevoets, C.M., Cremers, H.J.W.M., Dekinga, A., Dekker, R., Ens, B.
J., van der Have, T.M., Kats, R.K.H., Kuiken, T., Leopold, M.F., van der Meer, J.,
Piersma, T., 2002. Mass mortality of common eiders (Somateria mollissima) in the

Marine Environmental Research 177 (2022) 105625

Dutch Wadden Sea, winter 1999/2000: starvation in a commercially exploited
wetland of international importance. Biol. Conserv. 106, 303-317. https://doi.org/
10.1016/50006-3207(01)00256-7.

Carslaw, D.C., Ropkins, K., 2012. Openair — an R package for air quality data analysis.
Environ. Model. Software 27-28, 52-61.

Cermagq, 2020. Sustainability Report 2020. https://www.cermagq.com/assets/C
ermag-Group-Annual-Sustainability-Report-2020.pdf.

Christensen-Dalsgaard, S., Fangel, K., Dervo, B.K., Anker-Nilssen, T., 2008. The by-catch
of seabirds in Norwegian fisheries - present knowledge and suggestions for future
work. NINA Rep. 382, 62.

Christensen-Dalsgaard, S., Anker-Nilssen, T., Crawford, R., Bond, A., Sigurdsson, G.M.,
Glemarec, G., Hansen, E.S., Kadin, M., Kindt-Larsen, L., Mallory, M., Merkel, F.R.,
Petersen, A., Provencher, J., BarumBarum, K.M., 2019. What’s the catch with
lumpsuckers? A North Atlantic study of seabird bycatch in lumpsucker gillnet
fisheries. Biol. Conserv. 240 https://doi.org/10.1016/j.biocon.2019.108278.

Da Rocha, N., Oppel, S., Prince, S., Matjila, S., Shaanika, T.M., Naomab, C., Yates, O.,
Paterson, J.R.B., Shimooshili, K., Frans, E., Kashava, S., Crawford, R., 2021.
Reduction in seabird mortality in Namibian fisheries following the introduction of
bycatch regulation. Biol. Conserv. 253, 108915. https://doi.org/10.1016/j.
biocon.2020.108915.

Dias, M.P., Martin, R., Pearmain, E.J., Burfield, I.J., Small, C., Yates, O., Phillips, R.A.,
Lascelles, B., Borboroglu, P.G., Croxall, J.P., 2019. Threats to seabirds: a global
assessment. Biol. Conserv. 237, 525-537. https://doi.org/10.1016/j.
biocon.2019.06.033.

Dragesund, O., Johannessen, A., Ulltang, O., 1997. Variation in migration and
abundance of Norwegian spring spawning herring (Clupea harengus L.). Sarsia 82,
97-105. https://doi.org/10.1080/00364827.1997.10413643.

Ewbank, A.C., Sacristan, C., Costa-Silva, S., Antonelli, M., Lorenco, J.R., Nogueira, G.A.,
Ebert, M.B., Kolesnikovas, C.K.M., Catao-Dias, J.L., 2020. Postmortem findings in
Magellanic penguins (Spheniscus magellanicus) caught in a drift gillnet. BMC Vet.
Res. 16, 153. https://doi.org/10.1186/s12917-020-02363-x.

Fangel, K., Wold, L.C., Aas, (., Christensen-Dalsgaard, S., Qvenild, M., Anker-Nilssen, T.,
2011. Bycatch of seabirds in Norwegian coastal fisheries. A mapping and
methodology study with focus on gillnet and longline fisheries. NINA Rep. 719, 72.

Fangel, K., Baerum, K.M., Christensen-Dalsgaard, S., Aas, @., Anker, N., Tycho, 2017.
Incidental bycatch of northern fulmars in the small-vessel demersal longline fishery
for Greenland halibut in coastal Norway 2012-2014. ICES J. Mar. Sci. 74, 332-342.
https://doi.org/10.1093/icesjms/fsw149.

Fauchald, P., Anker-Nilssen, T., Barrett, R.T., Bustnes, J.O., Bardsen, B.-J., Christensen-
Dalsgaard, S., Descamps, S., Engen, S., Erikstad, K.E., Hanssen, S.A., Lorentsen, S.-H.,
Moe, B., Reiertsen, T., Strgm, H., Systad, G.H., 2015. The status and trends of
seabirds breeding in Norway and Svalbard. NINA Rep. 1151, 84.

Field, R., Crawford, R., Enever, R., Linkowski, T., Martin, G., Morkunas, J., Morkune, 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, e0060 https://doi.
org/10.1016/j.gecco.2019.e00602.

Flint, P.L., Fowler, A.C., 1998. A drift experiment to assess the influence of wind on
recovery of oiled seabirds on St Paul Island, Alaska. Mar. Pollut. Bull. 36, 165-166.
https://doi.org/10.1016/50025-326x(97)00178-1.

Frederiksen, M., Daunt, F., Harris, M.P., Wanless, S., 2008. The demographic impact of
extreme events: stochastic weather drives survival and population dynamics in a
long-lived seabird. J. Anim. Ecol. 77, 1020-1029. https://doi.org/10.1111/j.1365-
2656.2008.01422.x.

Hamel, N.J., Burger, A.E., Charleton, K., Davidson, P., Lee, S., Bertram, D., Parrish, J.K.,
2009. Bycatch and beached birds: assessing mortality impacts in coastal net fisheries
using marine bird strandings. Mar. Ornithol. 37, 41-60.

Hart, K.M., Mooreside, P., Crowder, L.B., 2006. Interpreting the spatio-temporal patterns
of sea turtle strandings: going with the flow. Biol. Conserv. 129, 283-290. https://
doi.org/10.1016/j.biocon.2005.10.047.

Hedd, A., Regular, P.M., Wilhelm, S.I,, Rail, J.F., Drolet, B., Fowler, M., Pekarik, C.,
Robertson, G.J., 2016. Characterization of seabird bycatch in eastern Canadian
waters, 1998-2011, assessed from onboard fisheries observer data. Aquat. Conserv.
Mar. Freshw. Ecosyst. 26, 530-548. https://doi.org/10.1002/aqc.2551.

Huse, G., Ferno, A., Holst, J.C., 2010. Establishment of new wintering areas in herring co-
occurs with peaks in the “first time/repeat spawner’ ratio. Mar. Ecol. Prog. Ser. 409,
189-198. https://doi.org/10.3354/meps08620.

Idris, A.H., Berg, R.A,, Bierens, J., Bossaert, L., Branche, C.M., Gabrielli, A., Graves, S.A.,
Handley, A.J., Hoelle, R., Morley, P.T., Papa, L., Pepe, P.E., Quan, L., Szpilman, D.,
Wigginton, J.G., Modell, J.H., 2003. Recommended guidelines for uniform reporting
of data from drowning: the "Utstein style. Circulation 108, 2565-2574. https://doi.
org/10.1161/01.Cir.0000099581.70012.68.

Jiménez, S., Domingo, A., Winker, H., Parker, D., Gianuca, D., Neves, T., Coelho, R.,
Kerwath, S., 2020. Towards mitigation of seabird bycatch: large-scale effectiveness
of night setting and Tori lines across multiple pelagic longline fleets. Biol. Conserv.
247, 108642. https://doi.org/10.1016/j.biocon.2020.108642.

Jones, T., Parrish, J.K., Punt, A.E., Trainer, V.L., Kudela, R., Lang, J., Brancato, M.S.,
Odell, A., Hickey, B., 2017. Mass mortality of marine birds in the Northeast Pacific
caused by Akashiwo sanguinea. Mar. Ecol. Prog. Ser. 579, 111-127. https://doi.org/
10.3354/meps12253.

Jones, T., Parrish, J.K., Peterson, W.T., Bjorkstedt, E.P., Bond, N.A., Ballance, L.T.,
Bowes, V., Hipfner, J.M., Burgess, H.K., Dolliver, J.E., Lindquist, K., Lindsey, J.,
Nevins, H.M., Robertson, R.R., Roletto, J., Wilson, L., Joyce, T., Harvey, J., 2018.
Massive mortality of a planktivorous seabirdps in responser to a marine heatwave.
mh Geophys. Res. Lett. 45, 3193-3202. https://doi.org/10.1002/2017GL076164.


http://www.seapop.no
https://doi.org/10.1016/j.marenvres.2022.105625
https://doi.org/10.1016/j.marenvres.2022.105625
https://doi.org/10.1128/JVI.02019-14
https://doi.org/10.1128/JVI.02019-14
https://doi.org/10.3354/esr00347
http://refhub.elsevier.com/S0141-1136(22)00070-8/sref3
http://refhub.elsevier.com/S0141-1136(22)00070-8/sref3
http://refhub.elsevier.com/S0141-1136(22)00070-8/sref3
https://www.artsdatabanken.no/lister/rodlisteforarter/2021
https://www.artsdatabanken.no/lister/rodlisteforarter/2021
https://doi.org/10.1016/j.biocon.2019.108277
https://doi.org/10.1016/j.biocon.2019.108277
https://doi.org/10.1007/s10661-019-7919-9
http://refhub.elsevier.com/S0141-1136(22)00070-8/sref7
http://refhub.elsevier.com/S0141-1136(22)00070-8/sref7
http://refhub.elsevier.com/S0141-1136(22)00070-8/sref7
http://refhub.elsevier.com/S0141-1136(22)00070-8/sref7
https://doi.org/10.1371/journal.pone.0212786
https://doi.org/10.1371/journal.pone.0212786
http://www.zeevogelgroep.nl/downloads/handbook-oil-impact-assessment
http://www.zeevogelgroep.nl/downloads/handbook-oil-impact-assessment
https://doi.org/10.1016/S0006-3207(01)00256-7
https://doi.org/10.1016/S0006-3207(01)00256-7
http://refhub.elsevier.com/S0141-1136(22)00070-8/sref11
http://refhub.elsevier.com/S0141-1136(22)00070-8/sref11
https://www.cermaq.com/assets/Cermaq-Group-Annual-Sustainability-Report-2020.pdf
https://www.cermaq.com/assets/Cermaq-Group-Annual-Sustainability-Report-2020.pdf
http://refhub.elsevier.com/S0141-1136(22)00070-8/sref13
http://refhub.elsevier.com/S0141-1136(22)00070-8/sref13
http://refhub.elsevier.com/S0141-1136(22)00070-8/sref13
https://doi.org/10.1016/j.biocon.2019.108278
https://doi.org/10.1016/j.biocon.2020.108915
https://doi.org/10.1016/j.biocon.2020.108915
https://doi.org/10.1016/j.biocon.2019.06.033
https://doi.org/10.1016/j.biocon.2019.06.033
https://doi.org/10.1080/00364827.1997.10413643
https://doi.org/10.1186/s12917-020-02363-x
http://refhub.elsevier.com/S0141-1136(22)00070-8/sref19
http://refhub.elsevier.com/S0141-1136(22)00070-8/sref19
http://refhub.elsevier.com/S0141-1136(22)00070-8/sref19
https://doi.org/10.1093/icesjms/fsw149
http://refhub.elsevier.com/S0141-1136(22)00070-8/sref21
http://refhub.elsevier.com/S0141-1136(22)00070-8/sref21
http://refhub.elsevier.com/S0141-1136(22)00070-8/sref21
http://refhub.elsevier.com/S0141-1136(22)00070-8/sref21
https://doi.org/10.1016/j.gecco.2019.e00602
https://doi.org/10.1016/j.gecco.2019.e00602
https://doi.org/10.1016/s0025-326x(97)00178-1
https://doi.org/10.1111/j.1365-2656.2008.01422.x
https://doi.org/10.1111/j.1365-2656.2008.01422.x
http://refhub.elsevier.com/S0141-1136(22)00070-8/sref26
http://refhub.elsevier.com/S0141-1136(22)00070-8/sref26
http://refhub.elsevier.com/S0141-1136(22)00070-8/sref26
https://doi.org/10.1016/j.biocon.2005.10.047
https://doi.org/10.1016/j.biocon.2005.10.047
https://doi.org/10.1002/aqc.2551
https://doi.org/10.3354/meps08620
https://doi.org/10.1161/01.Cir.0000099581.70012.68
https://doi.org/10.1161/01.Cir.0000099581.70012.68
https://doi.org/10.1016/j.biocon.2020.108642
https://doi.org/10.3354/meps12253
https://doi.org/10.3354/meps12253
https://doi.org/10.1002/2017GL076164

S. Christensen-Dalsgaard et al.

Lokkeborg, S., 2011. Best practices to mitigate seabird bycatch in longline, trawl and
gillnet fisheries—efficiency and practical applicability. Mar. Ecol. Prog. Ser. 435,
285-303. https://doi.org/10.3354/meps09227.

Martin, G.R., Crawford, R., 2015. Reducing bycatch in gillnets: a sensory ecology
perspective. Glob. Ecol. Conserv. 3, 28-50. https://doi.org/10.1016/j.
gecco.2014.11.004.

McEwen, B.J., Gerdin, J.A., 2018. Drowning and bodies recovered from water. In:
Brooks, J.W. (Ed.), Veterinary Forensic Pathology, vol. 2. Springer Nature, Cham,
Switzerland, pp. 1-16.

McKechnie, A.E., Wolf, B.O., 2010. Climate change increases the likelihood of
catastrophic avian mortality events during extreme heat waves. Global Change Biol.
6, 253-256. https://doi.org/10.1098/rsbl.2009.0702.

Melvin, E.F., Guy, T.J., Read, L.B., 2014. Best practice seabird bycatch mitigation for
pelagic longline fisheries targeting tuna and related species. Fish. Res. 149, 5-18.
https://doi.org/10.1016/j.fishres.2013.07.012.

Melvin, E.F., Dietrich, K.S., Suryan, R.M., Fitzgerald, S.M., 2019. Lessons from seabird
conservation in Alaskan longline fisheries. Conserv. Biol. 33, 842-852. https://doi.
org/10.1111/cobi.13288.

Miller, S.L., Gregg, M.A., Murdock, M.K., Kuritsubo, A.R., Combs, S.M., Nilsson, J.A.,
Botzler, R.G., 1986. Probable drowning of tundra swans on the northern coast of
California. J. Wildl. Dis. 22, 137-140. https://doi.org/10.7589/0090-3558-
22.1.137.

Mul, E., Blanchet, M.A., McClintock, B.T., Grecian, W.J., Biuw, M., Rikardsen, A., 2020.
Killer whales are attracted to herring fishing vessels. Mar. Ecol. Prog. Ser. 652, 1-13.
https://doi.org/10.3354/meps13481.

Munilla, L, Arcos, J.M., Oro, D., Alvarez, D., Leyenda, P.M., Velando, A., 2011. Mass
mortality of seabirds in the aftermath of the Prestige oil spill. Ecosphere 2. https://
doi.org/10.1890/ES11-00020.1 art83.

Newman, S.H., Chmura, A., Converse, K., Kilpatrick, A.M., Patel, N., Lammers, E.,
Daszak, P., 2007. Aquatic bird disease and mortality as an indicator of changing
ecosystem health. Mar. Ecol. Prog. Ser. 352, 299-309. https://doi.org/10.3354/
meps07076.

Norriss, J.V., Fisher, E.A., Denham, A.M., 2020. Seabird bycatch in a sardine purse seine
fishery. ICES J. Mar. Sci. 77, 2971-2983. https://doi.org/10.1093/icesjms/fsaal79.

Oliveira, N., Henriques, A., Miodonski, J., Pereira, J., Marujo, D., Almeida, A., Barros, N.,
Andrade, J., Margalo, A., Santos, J., Oliveira, I.B., Ferreira, M., Aratjo, H.,
Monteiro, S., Vingada, J., Ramirez, I., 2015. Seabird bycatch in Portuguese mainland
coastal fisheries: an assessment through on-board observations and fishermen
interviews. Glob. Ecol. Conserv. 3, 51-61. https://doi.org/10.1016/j.
gecco.2014.11.006.

Oliveira, N., Almeida, A., Alonso, H., Constantino, E., Ferreira, A., Gutiérrez, L.,
Santos, A., Magalhaes Silva, E., Andrade, J., 2020. A contribution to reducing
bycatch in a high priority area for seabird conservation in Portugal. Bird. Conserv.
Int. 1-20 https://doi.org/10.1017/50959270920000489.

Piatt, J.F., Nettleship, D.N., 1987. Incidental catch of marine birds and mammals in
fishing nets off Newfoundland, Canada. Mar. Pollut. Bull. 18, 344-349. https://doi.
org/10.1016/50025-326X(87)80023-1.

Piatt, J.F., Van Pelt, T.I., 1997. Mass-mortality of guillemots (uria aalge) in the gulf of
Alaska in 1993. Mar. Pollut. Bull. 34, 656-662. https://doi.org/10.1016/S0025-
326X(97)00008-8.

Piatt, J.F., Parrish, J.K., Renner, H.M., Schoen, S.K., Jones, T.T., Arimitsu, M.L.,
Kuletz, K.J., Bodenstein, B., Garcia-Reyes, M., Duerr, R.S., Corcoran, R.M., Kaler, R.
S.A., McChesney, G.J., Golightly, R.T., Coletti, H.A., Suryan, R.M., Burgess, H.K.,
Lindsey, J., Lindquist, K., Warzybok, P.M., Jahncke, J., Roletto, J., Sydeman, W.J.,
2020. Extreme mortality and reproductive failure of common murres resulting from
the northeast Pacific marine heatwave of 2014-2016. PLoS One 15, e0226087.
https://doi.org/10.1371/journal.pone.0226087.

Piegari, G., De Biase, D., d’Aquino, I., Prisco, F., Fico, R., Ilsami, R., Pozzato, N.,
Genovese, A., Paciello, O., 2019. Diagnosis of drowning and the value of the diatom
test in veterinary forensic pathology. Front. Vet. Sci. 6 https://doi.org/10.3389/
fvets.2019.00404.

10

Marine Environmental Research 177 (2022) 105625

R Core Team, 2021. R: A Language and Environment for Statistical Computing. R
Foundation for Statistical Computing, Vienna, Austria. URL. https://www.R-project.
org/.

Roe, W.D., Gartrell, B.D., Hunter, S.A., 2012. Freezing and thawing of pinniped carcasses
results in artefacts that resemble traumatic lesions. Vet. J. 194, 326-331. https://
doi.org/10.1016/j.tvjl.2012.03.028.

Rouxel, Y., Crawford, R., Cleasby, L.R., Kibel, P., Owen, E., Volke, V., Schnell, AK.,
Oppel, S., 2021. Buoys with looming eyes deter seaducks and could potentially
reduce seabird bycatch in gillnets. R. Soc. Open Sci. 8, 210225. https://doi.org/
10.1098/1505.210225.

Simeone, A., Anguita, C., Daigre, M., Arce, P., Vega, R., Luna-Jorquera, G., Portflitt-
Toro, M., Suazo, C.G., Miranda-Urbina, D., Ulloa, M., 2021. Spatial and temporal
patterns of beached seabirds along the Chilean coast: linking mortalities with
commercial fisheries. Biol. Conserv. 256 https://doi.org/10.1016/j.
biocon.2021.109026.

Simpson, V.R., Fisher, D.N., 2017. A description of the gross pathology of drowning and
other causes of mortality in seabirds. BMC Vet. Res. 13, 302. https://doi.org/
10.1186/512917-017-1214-1.

Springer, P.F., Lowe, R.W., Stroud, R.K., Gullett, P.A., 1989. Presumed drowning of
aleutian Canada geese on the pacific coast of California and Oregon. J. Wildl. Dis. 25,
276-279.

Strauch, E., Jackel, C., Hammerl Jens, A., Hennig, V., Roschanski, N., Dammann, I.,
Cameron Thrash, J., 2020. Draft genome sequences of Vibrio cholerae non-O1, non-
0139 isolates from common tern chicks (Sterna hirundo) following a mass mortality
event. Microbiol. Resour. Announc. 9, 01053 https://doi.org/10.1128/
MRA.01053-20, 20.

Suazo, C., Frere, E., Anguita, C., Krause, P., Letelier, C.G., Ramirez, M.V., Crawford, R.,
Yates, O., Soazo, P.O., 2019. Best Pratice Advice for Mitigating Seabird Bycatch in
the Purse-Seine Fisheries. Ninth Meeting of the Seabird Bycatch Working Group.

Van Beeck, E.F., Branche, C.M., Szpilman, D., Modell, J.H., Bierens, J.J.L.M., 2005.

A new definition of drowning: towards documentation and prevention of a global
public health problem. Bull. World Health Organ. 83, 853-856. https://doi.org/
10.1590/50042-96862005001100015.

Van Franeker, J.A., 2004. Save the North Sea Fulmar. Litter-EcoQO. Manual Part 1:
Collection and Dissection Procedures. Alterra Report 672. Wageningen.

Van Franeker, J.A., Meijboom, A., 2002. Litter NSV — Marine Litter Monitoring by
Northern Fulmars: a Pilot Study. Alterra Report 401. Wageningen.

Van Pelt, T.L, Piatt, J.F., 1995. Deposition and persistence of beachcast seabird carcasses.
Mar. Pollut. Bull. 30, 794-802. https://doi.org/10.1016/0025-326X(95)00072-U.

Vanstreels, R.E., Hurtado, R., Ewbank, A.C., Bertozzi, C.P., Catao-Dias, J.L., 2016.
Lesions associated with drowning in bycaught penguins. Dis. Aquat. Org. 121,
241-248. https://doi.org/10.3354/dao03052.

Watkins, B.P., Petersen, S.L., Ryan, P.G., 2008. Interactions between seabirds and deep-
water hake trawl gear: an assessment of impacts in South African waters. Anim.
Conserv. 11, 247-254. https://doi.org/10.1111/j.1469-1795.2008.00192..x.

Wobeser, G.A., 2007. Disease in Wild Animals. Investigation and Management. Springer-
Verlag, Berlin Heidelberg, Germany.

Work, T.M., 2015. Mortality investigation. In: Franson, J.C., et al. (Eds.), Field Manual of
Wildlife Diseases. U.S. Geological Survey, U.S. Fish and Wildlife Service. National
Park Service, Reston, VA, p. 10.

Ytrehus, B., Work, T.M., 2019. Feltunderspkelse Og Prgveuttak Av Dgd Fugl — Veiledning
for Feltpersonell [Field Examination and Specimen Collection from Dead Birds — a
Manual for Field Personnel]. Norwegian Institute for Nature Research, Trondheim,
Norway, p. 40. https://doi.org/10.13140/RG.2.2.16779.77606.

Zydelis, R., Dagys, M., Vaitkus, G., 2006. Beached bird surveys in Lithuania reflect oil
pollution and bird mortality in fishing nets. Mar. Ornithol. 34, 161-166.

Zydelis, R., Small, C., French, G., 2013. The incidental catch of seabirds in gillnet
fisheries: a global review. Biol. Conserv. 162, 76-88. https://doi.org/10.1016/j.
biocon.2013.04.002.


https://doi.org/10.3354/meps09227
https://doi.org/10.1016/j.gecco.2014.11.004
https://doi.org/10.1016/j.gecco.2014.11.004
http://refhub.elsevier.com/S0141-1136(22)00070-8/sref36
http://refhub.elsevier.com/S0141-1136(22)00070-8/sref36
http://refhub.elsevier.com/S0141-1136(22)00070-8/sref36
https://doi.org/10.1098/rsbl.2009.0702
https://doi.org/10.1016/j.fishres.2013.07.012
https://doi.org/10.1111/cobi.13288
https://doi.org/10.1111/cobi.13288
https://doi.org/10.7589/0090-3558-22.1.137
https://doi.org/10.7589/0090-3558-22.1.137
https://doi.org/10.3354/meps13481
https://doi.org/10.1890/ES11-00020.1
https://doi.org/10.1890/ES11-00020.1
https://doi.org/10.3354/meps07076
https://doi.org/10.3354/meps07076
https://doi.org/10.1093/icesjms/fsaa179
https://doi.org/10.1016/j.gecco.2014.11.006
https://doi.org/10.1016/j.gecco.2014.11.006
https://doi.org/10.1017/S0959270920000489
https://doi.org/10.1016/S0025-326X(87)80023-1
https://doi.org/10.1016/S0025-326X(87)80023-1
https://doi.org/10.1016/S0025-326X(97)00008-8
https://doi.org/10.1016/S0025-326X(97)00008-8
https://doi.org/10.1371/journal.pone.0226087
https://doi.org/10.3389/fvets.2019.00404
https://doi.org/10.3389/fvets.2019.00404
https://www.R-project.org/
https://www.R-project.org/
https://doi.org/10.1016/j.tvjl.2012.03.028
https://doi.org/10.1016/j.tvjl.2012.03.028
https://doi.org/10.1098/rsos.210225
https://doi.org/10.1098/rsos.210225
https://doi.org/10.1016/j.biocon.2021.109026
https://doi.org/10.1016/j.biocon.2021.109026
https://doi.org/10.1186/s12917-017-1214-1
https://doi.org/10.1186/s12917-017-1214-1
http://refhub.elsevier.com/S0141-1136(22)00070-8/sref56
http://refhub.elsevier.com/S0141-1136(22)00070-8/sref56
http://refhub.elsevier.com/S0141-1136(22)00070-8/sref56
https://doi.org/10.1128/MRA.01053-20
https://doi.org/10.1128/MRA.01053-20
http://refhub.elsevier.com/S0141-1136(22)00070-8/sref58
http://refhub.elsevier.com/S0141-1136(22)00070-8/sref58
http://refhub.elsevier.com/S0141-1136(22)00070-8/sref58
https://doi.org/10.1590/S0042-96862005001100015
https://doi.org/10.1590/S0042-96862005001100015
http://refhub.elsevier.com/S0141-1136(22)00070-8/sref60
http://refhub.elsevier.com/S0141-1136(22)00070-8/sref60
http://refhub.elsevier.com/S0141-1136(22)00070-8/sref61
http://refhub.elsevier.com/S0141-1136(22)00070-8/sref61
https://doi.org/10.1016/0025-326X(95)00072-U
https://doi.org/10.3354/dao03052
https://doi.org/10.1111/j.1469-1795.2008.00192.x
http://refhub.elsevier.com/S0141-1136(22)00070-8/sref65
http://refhub.elsevier.com/S0141-1136(22)00070-8/sref65
http://refhub.elsevier.com/S0141-1136(22)00070-8/sref66
http://refhub.elsevier.com/S0141-1136(22)00070-8/sref66
http://refhub.elsevier.com/S0141-1136(22)00070-8/sref66
https://doi.org/10.13140/RG.2.2.16779.77606
http://refhub.elsevier.com/S0141-1136(22)00070-8/sref68
http://refhub.elsevier.com/S0141-1136(22)00070-8/sref68
https://doi.org/10.1016/j.biocon.2013.04.002
https://doi.org/10.1016/j.biocon.2013.04.002

	Seabird beachcast events associated with bycatch in the Norwegian purse seine fishery
	1 Introduction
	2 Material and methods
	2.1 Data collection from beachcast events
	2.2 Necropsy of beachcast birds
	2.3 Diagnosis of drowning
	2.4 Environmental conditions
	2.5 Fisheries data
	2.6 Data collection on bycatch
	2.7 Bycatch rate estimates

	3 Results
	3.1 Documentation of beachcast events
	3.2 Necropsies
	3.3 Fishery activity and environmental conditions
	3.4 Qualitative observations of bycatch events and quantitative seabird bycatch rates

	4 Discussion
	4.1 Indices from necropsies
	4.2 Seabird bycatch
	4.3 Using beachcast events to infer on bycatch events

	5 Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	Appendix A Supplementary data
	References


