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Seabirds and fisheries have been interacting from ancient times, sometimes with mutual benefits: Seabirds provided fishermen with visual
cues of fish aggregations, and also fed upon food subsids generated by fishing activities. Yet fisheries and seabirds may also compete for the
same resources, and their interactions can lead to additional seabird mortality through accidental bycatch and diminishing fishing efficiency,
threatening vulnerable seabird populations. Understanding these complex relationships is essential for conservation strategies, also because it
could enhance and ease discussion between stakeholders, towards a common vision for marine ecosystem management. As an aid in this pro-
cess, we reviewed 510 scientific publications dedicated to seabirds—fisheries interactions, and compiled a methodological toolkit. Methods
employed therein serve four main purposes: (i) Implementing distribution overlap analyses, to highlight areas of encounter between seabirds
and fisheries (ii) Analysing movement and behavioural patterns using finer-scale information, to characterize interaction types (iii)
Investigating individual-scale feeding ecology, to assess fisheries impacts at the scale of bird populations, and (iv) Quantifying the impacts of
seabird—fishery interactions on seabird demography and population trends. This latter step allows determining thresholds and tipping points
with respect to ecological sustainability. Overall, we stress that forthcoming studies should integrate those multiple approaches, in order to

identify and promote best practices towards ecosystem-based fisheries management and ecologically sound marine spatial planning.
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Introduction

Seabird and fisheries occur in all areas of the world ocean. In
aquatic environments exposed to global changes, they share com-
mon challenges linked to e.g. vanishing fish resources. Their rela-
tionships are ancestral but the development of fishing and
research technologies has transformed their many interactions,
and our capacity to study these processes and rate their ecological
consequences.

Notably, seabirds are conspicuous scavengers (Figure la;
Hudson and Furness, 1988; Catchpole et al., 2006; Depestele
et al., 2016) and have been feeding on fishery waste around the
world ever since humans started harvesting marine organisms.
For instance, the albatross sung by Charles Baudelaire
(Baudelaire, 1857) probably followed ships in search of food.

Depending on the species involved, seabirds feed on fishery dis-
cards or on offal, whereby birds tend to target energy-rich organs
(Hudson and Furness, 1988). In addition to discards and offal,
Procellariforms have been shown to target baits used in longline
fisheries (e.g. Brothers, 1991; Kumar et al., 2016). Furthermore,
even if a limited number of cases have been reported in the litera-
ture, some diving species (e.g. cormorants and gannets) are
strongly suspected to depredate fishing devices underwater
(Ferrari et al., 2015), as already well-described in marine mam-
mals (Guinet and Bouvier, 1995). Finally, slippage and escapees
from purse seine and trawl fisheries represent another potential
food source for seabirds. Exploiting such easily accessible food
may be advantageous for some species (Tasker et al, 2000;
Furness, 2003), at least when natural prey is scarce (Tew-Kai
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et al., 2013). These supplementary prey items represent an impor-
tant part of the diet in some species, and have been shown to po-
tentially promote seabird population growth (Bicknell et al,
2013). However, when it is of lower nutritional value, fishery
waste may set ecological traps for seabirds (Grémillet et al., 2008).
Overall, these predictable anthropogenic food subsidies (Oro
et al., 2013) have shaped seabird communities, to the advantage
of generalist predators (Votier et al., 2004).

To benefit from fishery wastes seabirds need to approach fish-
ing vessels, exposing themselves to bycatch on fishing gear
(Figure 1b). The proximity between seabirds and fishing vessels
also arises from the use of seabirds as indicators of profitable har-
vesting grounds (Figure 1c). This ancestral fishing strategy
(Crawford and Shelton, 1978) uses the fact that seabirds aggregate
when foraging on pelagic fish shoals, and can then be easily spot-
ted from a distance. This technique is still commonly used today,
especially by the tuna fishing fleet, which uses radars to spot sea-
bird aggregations at sea. This specific fishing strategy enhances
spatial overlaps between seabirds and fishing vessels, increasing
the probability of interaction.

Three major types of casualties (bycatch on longlines, entan-
glement in gill nets and collision with trawling cables) and several
other risks to seabirds are reported in the literature (Figure 1b).
Notorious are bycatches of procellariforms on the hooks of long-
line fishing fleets. Such bycatch has been described in numerous
areas, e.g. albatrosses in Patagonian toothfish fisheries (Wienecke
and Robertson, 2002; Delord et al., 2005), albatrosses in Japanese
tuna longline fisheries (Brothers, 1991), shearwaters in
Mediterranean longline fisheries (Garcia-Barcelona et al., 2010),
albatrosses and petrels in Brazilian longline fisheries (Bugoni
et al., 2008). Worldwide, bycatches in longline fisheries have been
estimated to at least 160 000 seabirds annually (Anderson et al.,
2011), with albatrosses making up to 80% of the bycaught indi-
viduals in some areas (Jiménez et al., 2009). Entangling of diving
seabirds in gill-nets, especially alcids (Darby and Dawson, 2000;
Osterblom et al., 2002; Cardoso et al., 2011), is another common
case of incidental catch. Zydelis et al. (2013) estimated that
>400 000 seabirds are accidentally caught by worldwide gillnet
fisheries each year. Trawl fisheries also represent a major threat to
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seabirds, which are killed or injured through collision with wrap
cables (Gonzalez-Zevallos et al., 2007; Croxall, 2008; Watkins
et al., 2008). Further, seabird mortality through artisanal fisheries
is hard to assess, but is also considered as non-negligible (Suazo
et al., 2013). Overall, even in omission of substantial mortalities
caused by abandoned fishing gear (Rodriguez et al., 2013), threats
caused by fisheries activities to seabird populations have been
confirmed as a major conservation issue (Lewison et al., 2004;
Croxall et al., 2012).

As the capture of non-target organisms such as seabirds is also
detrimental to fishing efficiency, there is a global concern and a
common interest for fishery management and seabird conserva-
tion stakeholders to eradicate bycatch. This led to the publication
of a special guideline by the Food and Agriculture Organization
by the United Nations in 1999 (International plan Of Action—
Seabirds), prescribing mitigation measures built upon technical
solutions (Cooper et al., 2001), and enhanced specific actions for
dedicated organisms (e.g. BirdLife International and Agreement
on the Conservation of Albatrosses and Petrels, 2009). Those ef-
forts gathering non-governmental organizations, scientists, man-
agers and fishermen led to substantially reduced impacts (Agnew
et al., 2000; Abraham et al., 2009; Bull, 2009), even if bycatch
could not be eradicated, and may still arise through uncontrolled
and/or illegal fisheries (Grémillet et al, 2015). Synoptically, re-
search conducted across the last two decades triggered a paradigm
shift in fisheries management. Evidence that humans affect fish
populations and marine ecosystems around the world (Jackson
et al., 2001; Christensen et al., 2003; Myers and Worm, 2003;
Chavance ef al, 2004) led to a shift from single-species
approaches to ecosystem-based fishery management (Pikitch
et al., 2004). In this context, several new legislations have been
implemented to reduce the collateral damages of fishing activities.
For example, in Europe, the new Common Fishery Policy en-
forces a reduction of discarding practices through a landing obli-
gation of all organisms for species under quotas, which is
predicted to modify seabirds—fisheries interactions (Bicknell
et al, 2013).

However, despite these new insights, marine conservation is
now facing the same research-implementation gap as its
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Figure 1. Schematic representation of direct interactions between seabirds and fisheries. (a) Seabirds forage on food subsidies from fishing
activity. A1, Offal; A2, Discards; A3, Baits; A4, Depredation; A5, Escapees. (b) Foraging in the vicinity of fishing vessels causes accidental
mortality for seabirds. B1, Bycatch; B2, Collision. (c) Fishermen cue on seabirds for profitable fishing grounds.
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Methods to study seabird-fishery interactions

terrestrial counterpart (Knight et al, 2006, 2008; Ban and Klein,
2009; Biggs et al., 2011), partly stemming from the difficulty to
develop true cooperation among typically diverse stakeholder
groups, whose interests, norms, values, powers or communica-
tion skills may diverge. To overcome this hurdle, Lescroél et al.
(2016) proposed to use charismatic marine predators, such as
seabirds, as ambassadors of global ocean conservation to “see the
oceans through the eyes of seabirds” and foster stakeholder coop-
eration. Part of this approach requires improved knowledge of
seabird-fisheries interactions. Specifically, forthcoming research
should enhance operational approaches, to better understand and
forecast the impact of management policies on fishing practices
and seabird populations. As an aid to these developments, we
propose a methodological review and synthesis of the best meth-
odologies currently available for the study of seabird—fishery di-
rect interactions (see Sydeman et al., 2017 for a review of
competition interaction), with additional suggestions for future
key developments.

Methods

We used the Web Of Science database with the following combi-
nation of search terms for the 1990-2017 time period: [seabird*
OR gull* OR gannet* OR albatross* OR petrel* OR shearwater*
OR fulmar* OR penguin* OR skua* OR kittiwake* OR tern* OR
guillemot* OR shag* OR cormorant*) AND (fisher* OR bycatch*
OR discard* OR offal* OR longline* OR gillnet* OR trawl* OR
seine*]. After eliminating studies focussed on food competition
between seabirds and fisheries (methods reviewed in Sydeman
et al., 2017), and incorporating some missing studies rated as im-
portant by our group of authors, we obtained 510 papers of inter-
est for our synthesis. To quantify the diversity of approaches
reported in the literature, we specifically focussed on 249 original
studies, putting aside reviews and technical studies relative to
mitigation measures and their implementation. We classified
these studies according to four broad categories, which may
nonetheless partially overlap: (i) Analyses of large-scale distribu-
tional overlaps between seabirds and fisheries, (ii) Analyses of
their movement and behaviour, (iii) Analyses of seabird feeding
ecology and dependence from fishery subsidies, and (iv)
Quantification of the impacts of these interactions on seabird de-
mography and population trends. For each of these four catego-
ries, we critically evaluated methodological processes, from data
acquisition to statistical analyses, and provided a synthetic sum-
mary table to guide choices and rank methodologies.

Distribution overlap analyses

The main objective of distribution overlap analyses is to identify
areas of potential interactions between seabirds and fisheries,
based on separately acquired data sets on seabird and fishery dis-
tributions (Table 1[A]).

The major difficulty has always been to acquire information
about seabird distributions, as some of their ranges may stretch
over several ocean basins (Egevang et al, 2010). Therefore, except
for some species for which presence can be studied from land
(such as gulls, e.g. Castilla and Perez, 1995; Arcos and Oro, 1996),
knowing where seabirds go requires advanced logistics and meth-
odologies. At-sea surveys from either scientific cruises (Jespersen,
1924; Garthe, 1997; Camphuysen and van der Meer, 2005; Guy
et al., 2013) or fishing vessels (Cabezas et al., 2012) are the pri-
mary source of knowledge about large-scale seabird at-sea distri-
butions. From these ships, observers will report the presence and
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number of the different species, associated with the position of
the boat (Tasker ef al., 1984). Aerial survey transects can also be
used to estimate seabird at-sea distribution at large spatial scales
(Certain and Bretagnolle, 2008). Benefiting from developments in
telemetry technologies, animal-borne devices have also been de-
veloped to monitor the movements of wild animals. Three main
electronic devices are used for the study of seabird at-sea distribu-
tions. Platform terminal transmitters (PTTs) linked to the Argos
system are the most commonly used (43% of distribution overlap
studies). These platforms emit a signal which is received by a sat-
ellite and transferred to a ground receiving station. They can pro-
vide ~10-12 locations per day with a relative accuracy of up to a
few kilometres (e.g. Nel et al., 2002; Cuthbert er al, 2005; Hatch
et al., 2016). Global positioning system (GPS) loggers are used in
25% of all distribution overlap studies. Contrary to PTTs, GPSs
do not emit, but receive signals from a satellite network.
Locations are accurate to 3-5 m and can be sampled at any fre-
quency, starting from 1 s. They can be either stored onboard and
retrieved after recovery of the device, or downloaded remotely via
Argos, ultra high frequency, or the cellphone network. In the lat-
ter cases, tracking can therefore be performed in near-real time
(Navarro et al., 2016), i.e. as with PTTs, but with greater posi-
tioning accuracy. For both PTTs and GPSs, the recording dura-
tion is limited by power supply and attachment to the tracked
birds (devices attached to the feathers will be shed during molt).
Recent advent of solar-powered devices has drastically expanded
deployment durations in some species, to several months, or even
years (Bouten ef al, 2013). GPS device mass has also been re-
duced to a few grams (Amélineau et al., 2016). Global location
sensors (GLS) is the third main type of loggers used in distribu-
tion overlap analyses. Those devices record light level and time,
which after processing can provide one to two daily positions
(outside of the equinox periods) with an accuracy of = 190 km
(Wilson, 1992; Phillips et al, 2004). GLSs are small and light
enough (<1 g) to be affixed to a bird ring, and deployed for one
to several years (Weimerskirch et al., 2014). very high frequency
tags have been used occasionally to study distribution overlap be-
tween seabirds and fisheries (Manosa et al., 2004; Hamel et al.,
2008), but the logistical costs of mapping large-scale bird pres-
ence (aerial detection) make its implementation too difficult for a
more common use.

Regarding the spatial and temporal distribution of fisheries, re-
searchers benefit from diverse sources of data produced by a wide
range of fishery stakeholders, although not all are easily available.
Historically, these consist in logbooks from individual boats re-
cording fishing zones and the number of sets, hauls, as well as
gear type, together with indices of fishing effort such as numbers
of hooks set per unit area (e.g. Cuthbert et al., 2005; Bugoni et al.,
2009; Reid et al., 2013). This information is collated and archived
by international governance instances such as the International
Commission for the Conservation of Atlantic Tunas (ICCAT) or
the Indian Ocean Tuna Commission (IOTC) for tuna longline
fisheries, or by national instances as the National Oceanic and
Atmospheric Administration (NOAA) in the United States or the
Marine Fisheries Agency in the United Kingdom. Such official
statistics have nonetheless been demonstrated to be underesti-
mates, both in terms of catch volumes and exploited areas (Pauly
and Zeller, 2016). More recently, a specific application of moni-
toring commercial fishing boats, the vessel monitoring system
(VMS), has been implemented worldwide. VMS is particularly
useful as a database of fishing vessels positions, which allows
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accurate tracking of their movements at 30 min to 3 h intervals
(Granadeiro et al, 2011; Copello et al., 2014; Patrick et al., 2015).
The automatic identification system (AIS) developed to prevent
ship collisions has also proved extremely useful (Robards et al.,
2016), notably to map fishing activities (Mazzarella et al., 2014;
Natale ef al., 2015) and will soon be used extensively to study sea-
birds—fisheries interactions. Further, bird-borne devices coupling
a GPS and a ship radar/AIS detector (Weimerskirch et al., 2017)
enable recording seabird-ship encounters, as well as the AIS regis-
tration number of the vessels. This enables using seabirds as senti-
nels of fishing activities, being legal or illegal; especially in areas
were surveillance is logistically challenging (e.g. West Africa, the
Southern Ocean). Finally, fishing vessels distribution can be esti-
mated from reported presence during scientific at-sea surveys,
producing data equivalent to those from seabird direct
observations.

To identify areas used by seabirds and fisheries from these data,
the most common method is kernel analysis. This algorithm cal-
culates a density distribution of the locations and a probability
distribution in space use, termed utilization distribution (UD).
Thereby, the density matrix is estimated via fixed kernel home-
range analyses following Worton (1989; see also Brothers et al,
1998; Nel et al., 2000, 2002; Copello et al, 2014), with potential
modifications following (Wood et al. 2000; Xavier et al, 2004;
Bugoni et al., 2009). Contour plots can be generated, over which
areas of overlap between seabirds and fisheries are visually identifi-
able. The degree of overlap can also be quantified using a UD
overlap index (UDOI, Fieberg and Kochanny, 2005) derived from
the estimated UDs. It has been used extensively to quantify large-
scale overlaps between seabirds and fisheries (e.g. Granadeiro
et al., 2011, 2014; Copello et al., 2014). Two other important over-
lap indices can be computed without relying on probability distri-
bution in space: (i) A Spearman correlation coefficient (r;),
calculated between geographical grid cells for the density of pres-
ence of both seabirds and fisheries (Camphuysen and Garthe,
1997; Hyrenbach and Dotson, 2003); (ii) A measure of the overlap
between individual seabird geographical density and fishing effort
(Cuthbert et al., 2005). This latter index is the simple multiplica-
tion of the density of birds by the fishing effort (number of hooks,
hours of trawling) reported to unit area. It is commonly used to
study overlaps with longline fisheries (Hamel et al., 2008; Thiers
et al., 2014; Jiménez et al., 2016), and with trawling fisheries (Guy
et al., 2013). In the literature, such overlap indices are not always
calculated, and fishing effort or distribution are handled as envi-
ronmental variables susceptible to impact modelled seabird space
utilization. The corresponding statistical methods are principal
component analyses (Garthe, 1997; Weichler et al., 2004) or gen-
eralized models (e.g. generalized linear model (GLM), Cama et al,
2012; Catry et al., 2013 or generalized additive model (GAM),
Weimerskirch et al., 2010; Renner et al., 2013) with seabird pres-
ence or density as the response variable and fishing effort or distri-
bution and other environmental variables as explanatory
variables.

Whatever the method used, distribution overlap approaches
have the huge advantage of identifying areas with strong proba-
bility of encounter between seabirds and fisheries. It allows defin-
ing high-risk areas deserving specific conservation efforts (e.g.
Tancell et al., 2016) and their projection following global change
scenarios (e.g. Kriiger et al., 2018). Yet, overlap does not always
mean direct interaction. Sharing the same resources, seabirds and
fishing vessels are targeting the same areas (e.g. Pichegru et al,
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2009), but conservation and management measures will largely
depend upon interaction types. This calls for the downscaling of
impact studies, to include information on the actual behavioural
patterns of seabirds and fishing units (Table 1[B], Torres et al.,
2013).

Analysis of movement and behaviour

Using direct observations and tracking data, it is possible not
only to define space use in seabirds and fisheries, but also to asso-
ciate at-sea positions with specific behaviours. For instance, dedi-
cated observers onboard fishing boats (hereafter seabird
observers) can record the characteristics of seabird feeding aggre-
gations (mainly species and broad age composition), as well as
the different behaviours displayed by seabirds, with respect to
prey choice, intra- and interspecific competition and rank-order
(Hudson and Furness, 1988; Garthe and Huppop, 1994; Otley
et al., 2007; Carniel and Krul, 2011; Depestele et al., 2016), and
also interaction types, food choices and any potential accidental
mortality (Bugoni ef al, 2008). Specifically, efforts have been
made by concerned nations to deploy fisheries observers on at-
risk fisheries (such as longline and gillnet fisheries), so as to re-
cord accidental seabird bycatch (Reviewed in Anderson et al.,
2011; Zydelis et al., 2013). Yet observers focus on caught seabirds
and hardly take in account individuals injured or killed that are
not hauled on board. Furthermore, costs incurred limit the num-
ber of deployed observers and the rate of monitored fisheries is
still low, some remaining unmonitored (Pauly et al, 2014). At-
sea observations using video-based monitoring (McElderry,
2008) could be a solution in the future. This approach still re-
quires research and development (e.g. observation event detection
algorithms for automatic analysis of video sequences) and en-
hanced co-construction of video monitoring programmes with
fishery stakeholders (Lescroél et al, 2016).

Fisheries observer’s data may nonetheless be an important in-
put, allowing an evaluation of interaction levels at a broader scale
(Gilman et al., 2017). A simple method consists in up-scaling ob-
served bycatch rates, taking into account overall fishing effort
(Francis and Sagar, 2012). But as incidental catches are rare
events, even recorded at large regional scales, error margins are
substantial (Lewison et al., 2004). Methods to model rare events
have been recently improved, and their application to bycatch es-
timates offers fruitful perspectives. Notably, generalized models
have been used in this field (e.g. Winter et al., 2011; Yeh et al.,
2013), but Bayesian frameworks providing robustness for uncer-
tainty accounting may soon become the norm (e.g. Martin et al,
2015). Another problem to address when estimating mortality
from bycatch observer data is to identify the origin of individuals
incidentally caught. However solutions based on the application
of biochemical and molecular markers have been implemented
(Burg, 2007; Lavers et al, 2013; Jiménez et al., 2015; Techow
et al., 2016). Relevantly, Burg et al. (2017) have been able to dif-
ferentiate origins of intraspecific groups of albatrosses using mi-
tochondrial DNA extracted from blood or feathers of bycaught
individuals. Furthermore, seabird observer data are essential to
quantify the amount of subsid prey fed to seabirds. Foraging suc-
cess indices can be calculated by species (Garthe and Huppop,
1998; Jodice et al., 2011), providing feeding rates upon which to-
tal consumed amounts can be estimated. Some studies go further,
by using bioenergetics modelling so as to estimate the implica-
tions of discard consumption for seabird energy balances
(Lilliendahl and Solmundsson, 1997; Walter and Becker, 1997;
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Arcos and Oro, 2002). Even though ecophysiological modelling
tools (Votier et al., 2004; Fort et al., 2009) offer great perspectives,
estimating the amount of consumed subsid prey is still complex.
Notably, direct seabird observations do not provide any informa-
tion on the number of other fishing vessels visited by seabirds
during their foraging trips.

A solution is to reverse the viewpoint, from the birds towards
fishing vessels, which is difficult to obtain, but can be achieved
with novel electronic tools. The most obvious ones are bird-
borne cameras, which can directly record the visual landscape of
the bird. It is then possible to detect when fishing vessels are pre-
sent in the vicinity of the birds and whether there are direct inter-
actions with them (Grémillet et al, 2010; Votier et al., 2013;
Lescroél et al., 2016). However, in the case of video recordings,
the battery size of such portable devices is still limiting the dura-
tion of image acquisition to a few hours. Progress in automatic
image processing is also required to detect and characterize inter-
actions more efficiently (e.g. Spampinato et al, 2010). For these
reasons, the most commonly used devices to study behavioural
interactions between seabirds and fisheries remain GPS recorders,
but the use of radar detector loggers (see previous section,
Weimerskirch et al., 2017) could soon become important to. Two
types of analyses are performed using GPS tracks; the first is in
the continuity of distribution overlap studies, and aims at detect-
ing overlaps between individual birds and fishing vessel trajecto-
ries. The second aims at identifying specific seabird behavioural
patterns as they approach fishing vessels. The two approaches are
dependent upon fine-scale localization of fishing vessels, mostly
via VMS. When individual tracks from both seabirds and fishing
vessels are available, interactions can simply be assumed when
tracks overlap spatially and temporally (Granadeiro et al., 2011;
Torres et al., 2011; Tew-Kai et al., 2013). To go further, and con-
trary to overlap analyses, seabird foraging tracks can be analysed
individually to extract characteristics such as foraging trip dura-
tion, path length and maximum distance reached (e.g. Mattern
et al., 2013; Garcia-Tarrason et al., 2015). The influence of fisher-
ies on seabird foraging behaviour can then be assessed by model-
ling the effect of fishery activity patterns (e.g. weekdays vs.
weekends, Garcia-Tarrason et al., 2015; Tyson et al., 2015) on
these characteristics using GAMs or generalized linear mixed
models. Some studies go further and identify the strict periods of
active foraging within seabird tracks (i.e. excluding resting and
travelling periods, see Barraquand and Benhamou, 2008; Torres
et al., 2017 for a specific discussion), usually using residence time
methods. Seabird specific overlap with active vessels is then iden-
tified and differentiated from “natural” foraging, i.e. in the ab-
sence of fishing vessels (Votier et al, 2010; Patrick et al., 2015).
The second approach focuses on identifying seabird behavioural
changes when in the vicinity of a fishing boat. There again, move-
ment analysis methods are used to track specific behavioural sig-
natures or responses in bird tracks interacting with fishing
vessels. For example, birds may redirect flight trajectories towards
boats (Collet et al., 2015) or adopt vessel cruising pattern (Torres
et al., 2011). In this way, Bodey et al. (2014) showed that seabirds
switched between foraging and commuting behaviour according
to the fishing activity of the followed vessel. As this method is
based on the preliminary identification and isolation of behaviou-
ral sequences that are specific to interactions with fishing vessels,
it avoids confounding direct interactions and mere spatial overlap
of two entities co-existing in the same area, because targeting the
same resources. However, automatic detection of such behaviour
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can be difficult, and is strongly dependent upon individualities in
behavioural patterns.

Feeding ecology and dependence on fishery
subsidies

Another powerful way to quantify the dependence of a given sea-
bird species or population on food sources originating from fish-
eries is to search for traces of these food sources (Table 1[C]) in
bird stomach contents (diet sampling) or tissues (usually blood
or feathers, using biochemical methods). This relies on the as-
sumption that prey items provided by fisheries are different from
natural prey targeted by the studied species. The most obvious ex-
ample is the case of seabirds naturally targeting pelagic prey and
eating discards from demersal fishing activities (Kakela et al,
2010).

Diet sampling analysis can be performed on dead or live birds.
On dead birds (e.g. from bycatch, Gould et al, 1997) the stomach
or the entire digestive track is removed and stored for latter iden-
tification of the content. These samples may be biased in popula-
tions containing diet-specialist, as all sampled birds are caught in
the vicinity of fishing vessels, and naturally foraging individuals
may be missed. To sample the diet of live birds, it is possible to
retrieve stomach contents by stomach flushing (Wilson, 1984),
but for those seabird species which vomit when captured, acquir-
ing samples from regurgitation may be easier. Fresh food bowls
can then be sorted and prey items can be directly identified when
digestion is not too advanced (Blaber et al, 1995; James and
Stahl, 2000). When it is the case, rigid parts such as otoliths and
cephalopods beaks are still identifiable (James and Stahl, 2000).
Those non-digestive parts are evacuated by some species by the
production of pellets, which can be collected and studied after-
wards (Votier et al., 2008). This method has limitations, as the
otoliths of some species (e.g. clupeids) are very small and might
be fully digested or simply not retrieved, with an overall bias to-
wards larger prey (Alonso et al., 2013).

Two different biochemical methods are used in the studies of
interactions between seabirds and fisheries. Most prominent are
stable isotopic analyses (SIA; Jaeger et al., 2013; Mariano-Jelicich
et al., 2014; Edwards et al., 2015). Those technics rest on the mea-
surement of the differential between stable isotopes for carbon
(3"Q), nitrogen (8"°N), and further elements. Nitrogen ratios
mainly reflect trophic level, and carbon ratios are linked to at-sea
habitats (Bearhop ef al., 2001). SIA can be performed on different
tissues which will have different proprieties for signalling diet
specification. Inert tissues as feathers provide signals upon the
diet during feather synthesis, which can be different from the iso-
topic signature of food items ingested later on (Jaeger et al,
2009). Complementary information about the current diet of the
studied animals can then be found in plasma or red blood cells
(Mariano-Jelicich et al., 2014). Isotopic signature is indicative of
diet over at least a few days (plasma) and presents the big advan-
tage of not being dependent upon a single meal. It avoids there-
fore the risk of sampling food caught by an adult bird, not for its
own use, but for its chick (Grémillet et al., 2008). Yet, specific
items constituting the diet are not directly identifiable through
SIA, although mixture models allow reconstruction of overall diet
composition, provided SIA signatures are known for potential
prey. Such stable isotope analysis in R (SIAR) models (Jackson
et al., 2009) which follow a Bayesian structure are being widely
used (e.g. Meier et al., 2015; Osterback et al., 2015).
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Second, fatty acid signatures measured in bird plasma may
also help distinguishing natural from discarded prey (Kakela
et al., 2009, 2010). This method requires larger blood samples
and has been used less extensively in the literature, because of its
lower accuracy with respect to differentiating natural from subsid
prey (but see Moseley et al., 2012). Combining classical dietary
analyses based upon e.g. stomach contents, with aforementioned
biochemical methods reduces overall biases in estimating seabird
diet composition (Karnovsky et al., 2012). It is therefore recom-
mended to cross those different approaches to detect and quantify
the presence of fisheries subsids in seabird diet (e.g. Jiménez
etal., 2017).

Dietary studies allow extensive sampling which can be per-
formed within very limited time periods at seabird colonies, with
modest associated field costs and, in most cases, without the need
for at-sea campaigns. They are therefore a very powerful tool for
the study of seabird-fishery resource overlap, even if necessary
sample sizes have to be carefully determined with respect to the
potential impact of sampling (e.g. stomach flushing, blood sam-
pling) on animal well-being. Method standardization nonetheless
strongly promotes the expansion of dietary studies from the indi-
vidual, to the populational, meta-populational, and inter-specific
levels, to yield better understanding of fisheries impacts on the
diet of the entire seabird community (e.g. Phillips et al, 1997;
Votier et al., 2008).

Impacts of fishery interactions upon seabird

populations

Beyond characterizing and quantifying seabird—fishery at-sea in-
teractions, evaluating the ultimate impact of these processes on
seabird population dynamics is the most important step towards
sounds marine management and conservation (Table 2). At the
populational level, one approach consists in confronting long-
term seabird population trends with indicators of seabird-fishery
interactions. Along these lines, population size can be observed in
parallel to fishing effort, within shared areas, using discarded prey
volumes as a covariate (Chapdelaine and Rail, 1997; Bunce et al,
2002). This correlative approach may provide a qualitative view
upon the level of interaction, but cannot rate impacts; neither
provides metrics of sustainability thresholds. Specifically in the
case of seabird bycatch, reference points are required to assess the
sustainability of the bycatch level relative to a conservation objec-
tive. Those conservation reference points (reviewed and discussed
in Moore et al., 2013) can be used as a main indicator in the con-
text of seabird mortality (e.g. Jiménez et al., 2012; Genovart et al,
2016). Primarily developed to estimate marine mammals allow-
able bycatch (Wade, 1998), the potential biological removal
(PBR) is also an estimation of the additional mortality that can
be sustained by a population each year. Calculation of the PBR
rests on estimates of population size and its maximum annual re-
cruitment rate (Ry.x sensu Dillingham and Fletcher, 2008).
Rmax can be estimated from matrix population models when ap-
propriate demographic information is available. However, it is
seldom the case in seabird studies, even though Niel and
Lebreton (2005) proposed a method allowing Rmax estimation in
a data-poor context, while only relying on age at first reproduc-
tion and adult survival (See Dillingham and Fletcher, 2011 for de-
tails). By including those reference points (e.g. Tuck et al. 2011),
ecological risk assessment (reviewed in Small et al., 2013) offers a
framework particularly relevant for the study of incidental seabird

1519

mortalities through fisheries. Within vulnerable species or popu-
lations, it allows a focus on high-risk seasons and/or areas, facili-
tating specific bycatch mitigation measures.

When a seabird population is monitored in the longer term,
the influence of interacting with fisheries can be evaluated
through regression analyses. Typically, reproductive success and
population size is then modelled as a function of discard avail-
ability (Oro et al., 1995; Louzao et al., 2006; Mullers et al., 2009).
Thereby, potential confounding effects can be tested, but forward
projections are difficult using these methods. When capture-
mark-recapture (CMR) data are available, classical CMR analyses
can also be used to estimates different demographic parameters
and confront them to interaction influence. Most of the studies
implemented Cormack-Jolly-Seber like models to estimate adult
survival in the population (e.g. Delamare and Kerry, 1994;
Arnold et al, 2006; Francis and Sagar, 2012), adding age-
structured matrixes models (Caswell, 2001) in most cases
(Lewison and Crowder, 2003; Awkerman et al., 2006; Barbraud
et al., 2008; Genovart et al, 2016). This second step offers the
possibility to estimate probabilities of transition from one age
class to another. It is particularly relevant for the study of sea-
bird-fishery interactions, as individual vulnerability may diverge
according to age (e.g. Baker et al, 2007). Those demographic
models provide parameters that can be linked to environmental
covariates, as incidental mortality from fisheries. Yet, they may
also be calculation-intensive, in addition to the commitments
and costs of long-term seabird CMR monitoring studies.
However, they allow testing scenarios with different levels of in-
teraction (e.g. mortality from fisheries; Lewison and Crowder,
2003; Baker and Wise, 2005), and exploring the populational im-
pacts of positive or negative interaction with fisheries, as well as
integrating, and so comparing, other effects, as climate change
(Barbraud et al., 2012; Pardo et al., 2017). Therefore, they offer
the possibility to detect non-viable levels of incidental seabird ex-
ploitation, to monitor population status in the case of positive
fishery impacts on seabirds, and to assess the risk of generating
ecological traps.

Conclusions

This synthesis allowed us to review the vast diversity of methods
currently available to study direct interactions between seabirds
and fisheries (Tables 1 and 2). Those interactions feature a com-
plex system. Such complexity stems from the multiplicity of pro-
tagonists, amplified by their respective behavioural plasticity.
Further, interactions are largely scale-dependent, both in time
and space. Static representations are necessary at large scales, to
evaluate areas of overlap, but they can be misleading if protago-
nists share ranges at different times. Finally, the nature of sea-
bird-fishery interactions and their functioning is strongly
influenced by environment constraints such as resource availabil-
ity and abiotic factors (e.g. wind fields acting upon seabird travel-
ling costs, Amélineau et al, 2014). Overall, understanding this
very particular case of association between wildlife and anthropo-
genic activities, and designing appropriate conservation strategies,
requires the use of multiple approaches and methods in parallel.
We hope that the panel of tools presented here will assist re-
searchers and managers in understanding the ancestral associa-
tion between fishermen and seabirds, in a globally modified
ocean.
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Table 2. Methods used in 43 original publications dedicated to evaluate the impact of interactions with fisheries, for seabird populations.

Help for Utilization
Specific Sample Logistics Data Quantify Project  decision Analysis Frequency
General purpose objective Methods size required Invasiveness accessibility impact scenarios making complexity % (X)
What is the Population Demography — +++  ++ + +++ 44,2 (19)
repercussion monitoring CMR data ++ +++ ++ +++ 55, 8 (24)
of interacting Evaluate the Correlative + - + + 7(3)
with fisheries for sensibility of the approach
seabird population Regression ++ ++ + ++ 32,6 (14)
populations? approach
PBR, reference ++ + +++ +++ 11,6 (5)
point
CMR 4+ 4+ ++ o+ 55, 8 (24)

Methods for data acquisition are given in italics in opposition to methods for data analysis. The utilization frequency index (% of occurrence and number of
studies) gives the frequency of use of each method in the literature. The corresponding references are given in Supplementary appendix Table S1.

Acknowledgements

T. Le Bot is funded by the Labex Centre Mediterranéen de
IEnvironnement et de la Biodiversité (CeMEB) and Montpellier
University. We are also grateful for the support of the Ligue pour
la Protection des Oiseaux (LPO) and the French Polar Institute
Paul Emile Victor (ADACLIM Progr.388). Financial support was
also provided by NSF grants OPP 9526865, 9814882, 0125608,
0440643, and 0944411.This is Point Blue Conservation Science
contribution no. 2164. We thank the Associate Editor and two
anonymous reviewers for their constructive comments and sug-
gestions upon our particle.

Supplementary data
Supplementary material is available at the ICESJMS online ver-
sion of the manuscript.

References

Abraham, E. R,, Pierre, J. P., Middleton, D. A. J., Cleal, J., Walker, N.
A., and Waugh, S. M. 2009. Effectiveness of fish waste manage-
ment strategies in reducing seabird attendance at a trawl vessel.
Fisheries Research, 95: 210-219.

Agnew, D. J., Black, A. D., Croxall, J. P., and Parkes, G. B. 2000.
Experimental evaluation of the effectiveness of weighting regimes
in reducing seabird by-catch in the longline toothfish fishery
around South Georgia. Ccamlr Science, 7: 119-131.

Alonso, H., Granadeiro, J. P., Ramos, J. A., and Catry, P. 2013. Use
the backbone of your samples: fish vertebrae reduces biases associ-
ated with otoliths in seabird diet studies. Journal of Ornithology,
154: 883-886.

Amélineau, F., Grémillet, D., Bonnet, D., Le Bot, T., and Fort, J.,
2016. Where to forage in the absence of sea ice? Bathymetry as a
key factor for an arctic seabird. PloS One, 11: e0157764.

Amélineau, F., Péron, C., Lescroél, A., Authier, M., Provost, P., and
Grémillet, D. 2014. Windscape and tortuosity shape the flight
costs of northern gannets. Journal of Experimental Biology, 217:
876-885.

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

Arcos, J. M., and Oro, D. 1996. Changes in foraging range of
Audouin’s Gulls Larus audouinii in relation to a trawler morato-
rium in the western Mediterranean. Colonial Waterbirds, 19:
128-131.

Arcos, J. M., and Oro, D. 2002. Significance of nocturnal purse seine
fisheries for seabirds: a case study off the Ebro Delta (NW
Mediterranean). Marine Biology, 141: 277-286.

Arnold, J. M., Brault, S., and Croxall, J. P. 2006. Albatross popula-
tions in peril: a population trajectory for black-browed albatrosses
at South Georgia. Ecological Applications, 16: 419-432.

Awkerman, J. A., Huyvaert, K. P., Mangel, J., Shigueto, J. A., and
Anderson, D. J. 2006. Incidental and intentional catch threatens
Galapagos waved albatross. Biological Conservation, 133:
483-489.

Baker, G. B., and Wise, B. S. 2005. The impact of pelagic longline
fishing on the flesh-footed shearwater Puffinus carneipes in
Eastern Australia. Biological Conservation, 126: 306-316.

Baker, G. B., Double, M. C., Gales, R., Tuck, G. N., Abbott, C. L.,
Ryan, P. G., Petersen, S. L. et al. 2007. A global assessment of the
impact of fisheries-related mortality on shy and white-capped al-
batrosses: conservation implications. Biological Conservation,
137: 319-333.

Ban, N. C,, and Klein, C. J. 2009. Spatial socioeconomic data as a cost
in systematic marine conservation planning. Conservation Letters,
2:206-215.

Barbraud, C., Marteau, C., Ridoux, V., Delord, K., and
Weimerskirch, H. 2008. Demographic response of a population of
white-chinned petrels Procellaria aequinoctialis to climate and
longline fishery bycatch. Journal of Applied Ecology, 45:
1460-1467.

Barbraud, C., Rolland, V., Jenouvrier, S., Nevoux, M., Delord, K.,
and Weimerskirch, H. 2012. Effects of climate change and fisher-
ies bycatch on Southern Ocean seabirds: a review. Marine Ecology
Progress Series, 454: 285-307.

Barraquand, F., and Benhamou, S. 2008. Animal movements in het-
erogeneous landscapes: identifying profitable places and homoge-
neous movement bouts. Ecology, 89: 3336-3348.

Baudelaire, C. 1857. Les fleurs du mal. Ed. by Poulet-Malassis et De
Broise, Paris

Bearhop, S., Thompson, D. R., Phillips, R. A., Waldron, S., Hamer,
K. C,, Gray, C. M., and Votier, S. C. 2001. Annual variation in
Great Skua diets: the importance of commercial fisheries and pre-
dation on seabirds revealed by combining dietary analyses.
Condor, 103: 802-809.

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

Biggs, D., Abel, N., Knight, A. T., Leitch, A., Langston, A., and Ban,
N. C. 2011. The implementation crisis in conservation planning:
could ‘mental models’ help? Conservation Letters, 4: 169—183.

BirdLife International and ACAP. 2009. Seabird Bycatch Mitigation
Factsheets. BirdLife International, Cambridge.

Blaber, S. J. M., Milton, D. A., Smith, G. C., and Farmer, M. J. 1995.
Trawl discards in the diets of tropical seabirds of the northern
Great-Barrier-Reef, Australia. Marine Ecology Progress Series,
127: 1-13.

6102 1snBny 9z U0 158NB Aq 0628561/€ 1S }/S/GLAOBISAE-O[0ILE/SWIS801/L00" dNO"OlWSPESE//:SARY WO PAPEOIUMOQ


https://academic.oup.com/icesjms/article-lookup/doi/10.1093/icesjms/fsy038#supplementary-data
https://academic.oup.com/icesjms/article-lookup/doi/10.1093/icesjms/fsy038#supplementary-data

Methods to study seabird-fishery interactions

Bodey, T. W, Jessopp, M. J., Votier, S. C., Gerritsen, H. D., Cleasby,
1. R., Hamer, K. C., Patrick, S. C. et al. 2014. Seabird movement
reveals the ecological footprint of fishing vessels. Current Biology,
24: R514-R515.

Bouten, W., Baaij, E. W., Shamoun-Baranes, J., and Camphuysen, K.
C. 2013. A flexible GPS tracking system for studying bird behav-
iour at multiple scales. Journal of Ornithology, 154: 571-580.

Brothers, N. 1991. Albatross mortality and associated bait loss in the
Japanese longline fishery in the Southern-Ocean. Biological
Conservation, 55: 255-268.

Brothers, N., Gales, R., Hedd, A., and Robertson, G. 1998. Foraging
movements of the Shy Albatross Diomedea cauta breeding in
Australia; implications for interactions with longline fisheries.
Ibis, 140: 446-457.

Bugoni, L., D’Alba, L., and Furness, R. W. 2009. Marine habitat use
of wintering spectacled petrels Procellaria conspicillata, and over-
lap with longline fishery. Marine Ecology Progress Series, 374:
273-285.

Bugoni, L., Neves, T. S., Leite, N. O., Carvalho, D., Sales, G., Furness,
R. W,, Stein, C. E. et al. 2008. Potential bycatch of seabirds and
turtles in hook-and-line fisheries of the Itaipava Fleet, Brazil.
Fisheries Research, 90: 217-224.

Bull, L. S. 2009. New mitigation measures reducing seabird by-catch
in trawl fisheries. Fish and Fisheries, 10: 408—427.

Bunce, A., Norman, F. I., Brothers, N., and Gales, R. 2002. Long-term
trends in the Australasian gannet (Morus serrator) population in
Australia: the effect of climate change and commercial fisheries.
Marine Biology, 141: 263-269.

Burg, T. M. 2007. Genetic analysis of wandering albatrosses killed in
longline fisheries off the east coast of New Zealand. Aquatic
Conservation-Marine and Freshwater Ecosystems, 17: S$93-S101.

Burg, T. M., Catry, P., Ryan, P. G., and Phillips, R. A. 2017. Genetic
population structure of black-browed and Campbell albatrosses,
and implications for assigning provenance of birds killed in fish-
eries. Aquatic Conservation: Marine and Freshwater Ecosystems,
27:1156-1163.

Cabezas, L. A., Ruiz, J., Yates, O., and Bernal, M. 2012. The black pe-
trel (Procellaria parkinsoni) in pelagic waters off northern Chile: a
southern extension to the known distribution and interactions
with the pelagic longline fishery. New Zealand Journal of Marine
and Freshwater Research, 46: 537-544.

Cama, A., Abellana, R., Christel, 1., Ferrer, X., and Vieites, D. R. 2012.
Living on predictability: modelling the density distribution of effi-
cient foraging seabirds. Ecography, 35: 912-921.

Cambhuysen, C. J., and van der Meer, J. 2005. Wintering seabirds in
West Africa: foraging hotspots off Western Sahara and
Mauritania driven by upwelling and fisheries. African Journal of
Marine Science, 27: 427-437.

Camhuysen, 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.

Cardoso, L. G., Bugoni, L., Mancini, P. L., and Haimovici, M. 2011.
Gillnet fisheries as a major mortality factor of Magellanic pen-
guins in wintering areas. Marine Pollution Bulletin, 62: 840-844.

Carniel, V., and Krul, R. 2011. Kleptoparasitism in seabirds during
interactions with artisanal fisheries on the coast of Parana, south
Brazil. Revista Brasileira de Ornitologia, 19: 461-468.

Castilla, A. M., and Perez, J. J. 1995. Relationships between fishery ac-
tivities and presence of the Audouins gull (Larus-Audouinii) in
the Columbretes Islands. Colonial Waterbirds, 18: 108-112.

Caswell, H. 2001. Matrix population models. Sinauer Associates,
Sunderland, MA, USA.

Catchpole, T. L., Frid, C. L. J., and Gray, T. S. 2006. Importance of
discards from the English Nephrops norvegicus fishery in the
North Sea to marine scavengers. Marine Ecology Progress Series,
313: 215-226.

1521

Catry, P., Lemos, R. T., Brickle, P., Phillips, R. A., Matias, R., and
Granadeiro, J. P. 2013. Predicting the distribution of a threatened
albatross: the importance of competition, fisheries and annual
variability. Progress in Oceanography, 110: 1-10.

Certain, G., and Bretagnolle, V. 2008. Monitoring seabirds popula-
tion in marine ecosystem: the use of strip-transect aerial surveys.
Remote Sensing of Environment, 112: 3314-3322.

Chapdelaine, G., and Ralil, J. F. 1997. Relationship between cod fish-
ery activities and the population of herring gulls on the North
Shore of the Gulf of St Lawrence, Quebec, Canada. ICES Journal
of Marine Science, 54: 708-713.

Chavance, P., Ba, C. M,, and., and Gascuel, D. 2004. Pecheries mari-
times, ecosystemes et societes en Afrique de louest, un demi-siecle
de: Actes Du Symposium International, Dakar, Senegal, 24-28
Juin 2002. Office des Publications Officielles des Communautés
européennes, Bruxelles.

Christensen, V., Guenette, S., Heymans, J. J., Walters, C. J., Watson,
R., Zeller, D., and Pauly, D. 2003. Hundred-year decline of North
Atlantic predatory fishes. Fish and Fisheries, 4: 1-24.

Collet, J., Patrick, S. C., and Weimerskirch, H. 2015. Albatrosses redi-
rect flight towards vessels at the limit of their visual range. Marine
Ecology Progress Series, 526: 199-205.

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. Melvin and J. Parrish, University of Alaska Grant,
Anchorage, Alaska, USA.

Copello, S., Pon, J. P. S., and Favero, M. 2014. Spatial overlap of
Black-browed albatrosses with longline and trawl fisheries in the
Patagonian Shelf during the non-breeding season. Journal of Sea
Research, 89: 44-51.

Crawford, R. J., and Shelton, P. A. 1978. Pelagic fish and seabird in-
terrelationships off the coasts of South West and South Africa.
Biological Conservation, 14: 85-109.

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.

Cuthbert, R., Hilton, G., Ryan, P., and Tuck, G. N. 2005. At-sea dis-
tribution of breeding Tristan albatrosses Diomedea dabbenena
and potential interactions with pelagic longline fishing in the
South Atlantic Ocean. Biological Conservation, 121: 345-355.

Darby, J. T., and Dawson, S. M. 2000. Bycatch of yellow-eyed pen-
guins (Megadyptes antipodes) in gillnets in New Zealand waters
1979-1997. Biological Conservation, 93: 327-332.

Delamare, W. K., and Kerry, K. R. 1994. Population-dynamics of the
wandering albatross (diomedea-exulans) on Macquarie Island
and the effects of mortality from longline fishing. Polar Biology,
14: 231-241.

Delord, K., Gasco, N., Weimerskirch, H., Barbraud, C., and Micol, T.
2005. Seabird mortality in the Patagonian toothfish longline fish-
ery around Crozet and Kerguelen Islands, 2001-2003. Ccamlr
Science, 12: 53-80.

Depestele, J., Rochet, M. J., Doremus, G., Laffargue, P., and Stienen,
E. W. M. 2016. Favorites and leftovers on the menu of scavenging
seabirds: modelling spatiotemporal variation in discard consump-
tion. Canadian Journal of Fisheries and Aquatic Sciences, 73:
1446-1459.

Dillingham, P. W., and Fletcher, D. 2008. Estimating the ability of
birds to sustain additional human-caused mortalities using a sim-
ple decision rule and allometric relationships. Biological
Conservation, 141: 1783-1792.

Dillingham, P. W., and Fletcher, D. 2011. Potential biological re-
moval of albatrosses and petrels with minimal demographic infor-
mation. Biological Conservation, 144: 1885-1894.

6102 1snBny 9z U0 158NB Aq 0628561/€ 1S }/S/GLAOBISAE-O[0ILE/SWIS801/L00" dNO"OlWSPESE//:SARY WO PAPEOIUMOQ



1522

Edwards, A. E., Fitzgerald, S. M., Parrish, J. K., Klavitter, J. L., and
Romano, M. D. 2015. Foraging strategies of laysan albatross in-
ferred from stable isotopes: implications for association with fish-
eries. Plos One, 10: e0133471.

Egevang, C., Stenhouse, 1. J., Phillips, R. A., Petersen, A., Fox, J. W.,
and Silk, J. R. 2010. Tracking of Arctic terns Sterna paradisaea re-
veals longest animal migration. Proceedings of the National
Academy of Sciences of the United States of America, 107:
2078-2081.

FAO. 1999. International Plan of Action for Reducing Incidental
Catch of Seabirds in Longline Fisheries. FAO, Rome.

Ferrari, E. J., Schakner, Z. A., Villafana, C. A., Enriquez, L. S., and
Lawson, D. D. 2015. Pilot study of underwater observations of in-
teractions between harbor seals, California sea lions, and cormo-
rants with halibut trawl fisheries in Southern California. Aquatic
Mammals, 41: 333-340.

Fieberg, J., and Kochanny, C. O. 2005. Quantifying home-range over-
lap: the importance of the utilization distribution. Journal of
Wildlife Management, 69: 1346-1359.

Fort, J., Porter, W. P., and Grémillet, D. 2009. Thermodynamic
modelling predicts energetic bottleneck for seabirds wintering in
the northwest Atlantic. Journal of Experimental Biology, 212:
2483-2490.

Francis, R. I. C., and Sagar, P. M. 2012. Modelling the effect of fishing
on southern Buller’s albatross using a 60-year dataset. New
Zealand Journal of Zoology, 39: 3-17.

Furness, R. W. 2003. Impacts of fisheries on seabird communities.
Scientia Marina, 67: 33—45.

Garcia-Barcelona, S., Macias, D., de Urbina, J. M. O., Estrada, A.,
Real, R., and Baez, J. C. 2010. Modelling abundance and distribu-
tion of seabird by-catch in the Spanish Mediterranean longline
fishery. Ardeola, 57: 65-78.

Garcia-Tarrason, M., Becares, J., Bateman, S., Arcos, J. M., Jover, L.,
and Sanpera, C. 2015. Sex-specific foraging behavior in response
to fishing activities in a threatened seabird. Ecology and
Evolution, 5: 2348-2358.

Garthe, S. 1997. Influence of hydrography, fishing activity, and col-
ony location on summer seabird distribution in the south-eastern
North Sea. ICES Journal of Marine Science, 54: 566—577.

Garthe, S., and Huppop, O. 1994. Distribution of ship-following sea-
birds and their utilization of discards in the North-sea in summer.
Marine Ecology Progress Series, 106: 1-9.

Garthe, S., and Huppop, O. 1998. Foraging success, kleptoparasitism
and feeding techniques in scavenging seabirds: does crime pay?
Helgolander Meeresuntersuchungen, 52: 187-196.

Genovart, M., Arcos, J. M., Alvarez, D., McMinn, M., Meier, R,
Wynn, R. B., Guilford, T., et al. 2016. Demography of the criti-
cally endangered Balearic shearwater: the impact of fisheries and
time to extinction. Journal of Applied Ecology, 53: 1158—-1168.

Gilman, E., Weijerman, M., Suuronen, P., and Link, H.J. (Eds). 2017.
Ecological data from observer programmes underpin
ecosystem-based fisheries management. ICES Journal of Marine
Science, 74: 1481-1495.

Gonzélez-Zevallos, D., Yorio, P., and Caille, G. 2007. Seabird mortal-
ity at trawler warp cables and a proposed mitigation measure: a
case of study in Golfo San Jorge, Patagonia, Argentina. Biological
Conservation, 136: 108—116.

Gould, P., Ostrom, P., and Walker, W. 1997. Trophic relationships of
albatrosses associated with squid and large-mesh drift-net fisher-
ies in the North Pacific Ocean. Canadian Journal of
Zoology-Revue Canadienne De Zoologie, 75: 549-562.

Granadeiro, J. P., Brickle, P., and Catry, P. 2014. Do individual sea-
birds specialize in fisheries’ waste? The case of black-browed alba-
trosses foraging over the Patagonian Shelf. Animal Conservation,
17: 19-26.

T. Le Bot et al.

Granadeiro, J. P., Phillips, R. A., Brickle, P., and Catry, P. 2011.
Albatrosses following fishing vessels: how badly hooked are they
on an easy meal? Plos One, 6: €17467.

Grémillet, D., Mullers, R. H. E., Moseley, C., Pichegru, L., Coetzee, J.
C., Sabarros, P. S., and van der Lingen, C. D. 2010. Seabirds, fish-
eries, and cameras. Frontiers in Ecology and the Environment, 8:
401-402.

Grémillet, D., Peron, C., Provost, P., and Lescroel, A. 2015. Adult and
juvenile European seabirds at risk from marine plundering off
West Africa. Biological Conservation, 182: 143-147.

Grémillet, D., Pichegru, L., Kuntz, G., Woakes, A. G., Wilkinson, S.,
Crawford, R. J. M., and Ryan, P. G. 2008. A junk-food hypothesis
for gannets feeding on fishery waste. Proceedings of the Royal
Society B-Biological Sciences, 275: 1149-1156.

Guinet, C., and Bouvier, J. 1995. Development of intentional strand-
ing hunting techniques in killer whale (Orcinus orca) calves at
Crozet Archipelago. Canadian Journal of Zoology, 73: 27-33.

Guy, T. J., Jennings, S. L., Suryan, R. M., Melvin, E. F., Bellman, M.
A., Ballance, L. T., Blackie, B. A., et al. 2013. Overlap of North
Pacific albatrosses with the US west coast groundfish and shrimp
fisheries. Fisheries Research, 147: 222—-234.

Hamel, N. J., Parrish, J. K., and Laake, J. 2008. Linking colonies to
fisheries: spatio-temporal overlap between common murres (Uria
aalge) from Tatoosh Island and coastal gillnet fisheries in the
Pacific Northwest, USA. Biological Conservation, 141: 3101-3115.

Hatch, J. M., Wiley, D., Murray, K. T., and Welch, L. 2016.
Integrating satellite-tagged seabird and fishery-dependent data: a
case study of great shearwaters (Puffinus gravis) and the US New
England Sink Gillnet Fishery. Conservation Letters, 9: 43-50.

Hudson, A. V., and Furness, R. W. 1988. Utilization of discarded fish
by scavenging seabirds behind whitefish trawlers in Shetland.
Journal of Zoology, 215: 151-166.

Hyrenbach, K. D., and Dotson, R. C. 2003. Assessing the susceptibil-
ity of female black-footed albatross (Phoebastria nigripes) to
longline fisheries during their post-breeding dispersal: an inte-
grated approach. Biological Conservation, 112: 391-404.

Jackson, A. L., Inger, R., Bearhop, S., and Parnell, A. 2009. Erroneous
behaviour of MixSIR, a recently published Bayesian isotope mix-
ing model: a discussion of Moore & Semmens (2008). Ecology
Letters, 12: E1-E5.

Jackson, J. B., Kirby, M. X., Berger, W. H., Bjorndal, K. A., Botsford,
L. W., Bourque, B. J., Bradbury, R. H. et al. 2001. Historical over-
fishing and the recent collapse of coastal ecosystems. Science, 293:
629-637.

Jaeger, A., Blanchard, P., Richard, P., and Cherel, Y. 2009. Using car-
bon and nitrogen isotopic values of body feathers to infer
inter-and intra-individual variations of seabird feeding ecology
during moult. Marine Biology, 156: 1233-1240.

Jaeger, A., Jaquemet, S., Phillips, R. A., Wanless, R. M., Richard, P.,
and Cherel, Y. 2013. Stable isotopes document inter- and
intra-specific variation in feeding ecology of nine large southern
Procellariiformes. Marine Ecology Progress Series, 490: 255-266.

James, G. D., and Stahl, J. C. 2000. Diet of southern Buller’s albatross
(Diomedea bulleri bulleri) and the importance of fishery discards
during chick rearing. New Zealand Journal of Marine and
Freshwater Research, 34: 435-454.

Jespersen, P. 1924. The frequency of birds over the high Atlantic
Ocean. Nature, 114: 281-283.

Jiménez, S., Domingo, A., Abreu, M., and Brazeiro, A. 2012. Risk as-
sessment and relative impact of Uruguayan pelagic longliners on
seabirds. Aquatic Living Resources, 25: 281-295.

Jiménez, S., Domingo, A., and Brazeiro, A. 2009. Seabird bycatch in
the Southwest Atlantic: interaction with the Uruguayan pelagic
longline fishery. Polar Biology, 32: 187-196.

Jiménez, S., Domingo, A., Brazeiro, A., Defeo, O., Wood, A. G, Froy,
H., Xavier, J. C., et al. 2016. Sex-related variation in the

6102 1snBny 9z U0 158NB Aq 0628561/€ 1S }/S/GLAOBISAE-O[0ILE/SWIS801/L00" dNO"OlWSPESE//:SARY WO PAPEOIUMOQ



Methods to study seabird-fishery interactions

vulnerability of wandering albatrosses to pelagic longline fleets.
Animal Conservation, 19: 281-295.

Jiménez, S., Marquez, A., Abreu, M., Forselledo, R., Pereira, A., and
Domingo, A. 2015. Molecular analysis suggests the occurrence of
Shy Albatross in the south-western Atlantic Ocean and its
by-catch in longline fishing. Emu, 115: 58-62.

Jiménez, S., Xavier, J. C., Domingo, A., Brazeiro, A., Defeo, O., Viera,
M., Lorenzo, M. L, et al. 2017. Inter-specific niche partitioning
and overlap in albatrosses and petrels: dietary divergence and the
role of fishing discards. Marine Biology, 164: 174—195.

Jodice, P. G. R., Wickliffe, L. C., and Sachs, E. B. 2011. Seabird use of
discards from a nearshore shrimp fishery in the South Atlantic
Bight, USA. Marine Biology, 158: 2289-2298.

Kakela, R., Furness, R. W., Kahle, S., Becker, P. H., and Kakela, A.
2009. Fatty acid signatures in seabird plasma are a complex func-
tion of diet composition: a captive feeding trial with herring gulls.
Functional Ecology, 23: 141-149.

Kakela, R., Kakela, A., Martinez-Abrain, A., Sarzo, B., Louzao, M.,
Gerique, C., Villuendas, E., et al. 2010. Fatty acid signature analy-
sis confirms foraging resources of a globally endangered
Mediterranean seabird species: calibration test and application to
the wild. Marine Ecology Progress Series, 398: 245-258.

Karnovsky, N. J., Hobson, K. A., and Iverson, S. J. 2012. From lavage
to lipids: estimating diets of seabirds. Marine Ecology Progress
Series, 451: 263-284.

Knight, A. T., Cowling, R. M., and Campbell, B. M. 2006. An opera-
tional model for implementing conservation action. Conservation
Biology, 20: 408—419.

Knight, A. T., Cowling, R. M., Rouget, M., Balmford, A., Lombard,
A. T., and Campbell, B. M. 2008. Knowing but not doing: select-
ing priority conservation areas and the research-implementation
gap. Conservation Biology, 22: 610-617.

Kriiger, L., Ramos, J. A., Xavier, J. C., Grémillet, D., Gonzalez-Solis,
J., Petry, M. V., Phillips, R. A., et al. 2018. Projected distributions
of Southern Ocean albatrosses, petrels and fisheries as a conse-
quence of climatic change. Ecography, 41: 195-208.

Kumar, K. V. A,, Pravin, P., and Meenakumari, B. 2016. Bait, bait
loss, and depredation in pelagic longline fisheries-a review.
Reviews in Fisheries Science and Aquaculture, 24: 295-304.

Lavers, J. L., Bond, A. L., Van Wilgenburg, S. L., and Hobson, K. A.
2013. Linking at-sea mortality of a pelagic shearwater to breeding
colonies of origin using biogeochemical markers. Marine Ecology
Progress Series, 491: 265.-275.

Lescroél, A., Mathevet, R., Péron, C., Authier, M., Provost, P.,
Takahashi, A., and Grémillet, D. 2016. Seeing the ocean through
the eyes of seabirds: a new path for marine conservation? Marine
Policy, 68: 212-220.

Lewison, R. L., and Crowder, L. B. 2003. Estimating fishery bycatch
and effects on a vulnerable seabird population. Ecological
Applications, 13: 743-753.

Lewison, R. L., Crowder, L. B., Read, A. J., and Freeman, S. A. 2004.
Understanding impacts of fisheries bycatch on marine megafauna.
Trends in Ecology and Evolution, 19: 598—604.

Lilliendahl, K., and Solmundsson, J. 1997. An estimate of summer
food consumption of six seabird species in Iceland. ICES Journal
of Marine Science, 54: 624—630.

Louzao, M., Igual, J. M., McMinn, M., Aguilar, J. S., Triay, R., and
Oro, D. 2006. Small pelagic fish, trawling discards and breeding
performance of the critically endangered Balearic shearwater: im-
proving conservation diagnosis. Marine Ecology Progress Series,
318: 247-254.

Manosa, S., Oro, D., and Ruiz, X. 2004. Activity patterns and foraging
behaviour of Andonin’s gulls in the Ebro Delta, NW
Mediterranean. Scientia Marina, 68: 605—614.

Mariano-Jelicich, R., Copello, S., Pon, J. P. S., and Favero, M. 2014.
Contribution of fishery discards to the diet of the Black-browed
albatross (Thalassarche melanophris) during the non-breeding

1523

season: an assessment through stable isotope analysis. Marine
Biology, 161: 119-129.

Martin, S. L., Stohs, S. M., and Moore, J. E. 2015. Bayesian inference
and assessment for rare-event bycatch in marine fisheries: a drift
gillnet fishery case study. Ecological Applications, 25: 416—429.

Mattern, T., Ellenberg, U., Houston, D. M., Lamare, M., Davis, L. S.,
van Heezik, Y., and Seddon, P. J. 2013. Straight line foraging in
yellow-eyed penguins: new insights into cascading fisheries effects
and orientation capabilities of marine predators. Plos One, 8:
e84381.

Mazzarella, F., Vespe, M., Damalas, D., and Osio, G. 2014.
Discovering vessel activities at sea using AIS data: Mapping of
fishing footprints. 17th International Conference on Information
Fusion (FUSION), Salamanca, Spain.

McElderry, H. 2008. At-sea observing using video-based electronic
monitoring. Archipelago Marine Research Ltd. Victoria, British
Columbia.

Meier, R. E., Wynn, R. B., Votier, S. C., Grive, M. M., Rodriguez, A.,
Maurice, L., Van Loon, E. E,, et al. 2015. Consistent foraging areas
and commuting corridors of the critically endangered Balearic
shearwater Puffinus mauretanicus in the northwestern
Mediterranean. Biological Conservation, 190: 87-97.

Moore, J. E., Curtis, K. A., Lewison, R. L., Dillingham, P. W., Cope, J.
M., Fordham, S. V., Heppell, S. S., et al. 2013. Evaluating sustain-
ability of fisheries bycatch mortality for marine megafauna: a re-
view of conservation reference points for data-limited
populations. Environmental Conservation, 40: 329-344.

Moseley, C., Grémillet, D., Connan, M., Ryan, P. G., Mullers, R. H.
E., van der Lingen, C. D., Miller, T. W., et al. 2012. Foraging ecol-
ogy and ecophysiology of Cape gannets from colonies in contrast-
ing feeding environments. Journal of Experimental Marine
Biology and Ecology, 422: 29-38.

Mullers, R. H. E., Navarro, R. A., Crawford, R. J. M., and Underhill,
L. G. 2009. The importance of lipid-rich fish prey for Cape gannet
chick growth: are fishery discards an alternative? ICES Journal of
Marine Science, 66: 2244-2252.

Myers, R. A., and Worm, B. 2003. Rapid worldwide depletion of
predatory fish communities. Nature, 423: 280.

Natale, F., Gibin, M., Alessandrini, A., Vespe, M., and Paulrud, A.
2015. Mapping fishing effort through AIS data. PloS One, 10:
e0130746.

Navarro, J., Grémillet, D., Afin, 1., Ramirez, F., Bouten, W., and
Forero, M. G. 2016. Feathered detectives: real-time GPS tracking
of scavenging gulls pinpoints illegal waste dumping. PloS One, 11:
e0159974.

Nel, D. C., Nel, J. L., Ryan, P. G., Klages, N. T. W., Wilson, R. P., and
Robertson, G. 2000. Foraging ecology of grey-headed mollymawks
at Marion Island, southern Indian Ocean, in relation to longline
fishing activity. Biological Conservation, 96: 219-231.

Nel, D. C,, Ryan, P. G, Nel, J. L., Klages, N. T. W., Wilson, R. P.,
Robertson, G., and Tuck, G. N. 2002. Foraging interactions be-
tween Wandering Albatrosses Diomedea exulans breeding on
Marion Island and long-line fisheries in the southern Indian
Ocean. Ibis, 144: E141-E154.

Niel, C., and LEBRETON, J.-D. 2005. Using demographic invariants
to detect overharvested bird populations from incomplete data.
Conservation Biology, 19: 826-835.

Oro, D., Bosch, M., and Ruiz, X. 1995. Effects of a trawling morato-
rium on the breeding success of the yellow-legged gull larus-ca-
chinnans. Ibis, 137: 547-549.

Oro, D., Genovart, M., Tavecchia, G., Fowler, M. S., and Martinez-
Abrain, A. 2013. Ecological and evolutionary implications of food
subsidies from humans. Ecology Letters, 16: 1501-1514.

Osterback, A.-M. K., Frechette, D. M., Hayes, S. A., Shaffer, S. A., and
Moore, J. W. 2015. Long-term shifts in anthropogenic subsidies
to gulls and implications for an imperiled fish. Biological
Conservation, 191: 606—613.

6102 1snBny 9z U0 158NB Aq 0628561/€ 1S }/S/GLAOBISAE-O[0ILE/SWIS801/L00" dNO"OlWSPESE//:SARY WO PAPEOIUMOQ



1524

Osterblom, H., Fransson, T., and Olsson, O. 2002. Bycatches of com-
mon guillemot (Uria aalge) in the Baltic Sea gillnet fishery.
Biological Conservation, 105: 309-319.

Otley, H., Reid, T., Phillips, R., Wood, A., Phalan, B., and Forster, L.
2007. Origin, age, sex and breeding status of wandering alba-
trosses (Diomedea exulans), northern (Macronectes halli) and
southern giant petrels (Macronectes giganteus) attending demer-
sal longliners in Falkland Islands and Scotia Ridge waters,
2001-2005. Polar Biology, 30: 359-368.

Pardo, D., Forcada, J., Wood, A. G., Tuck, G. N., Ireland, L., Pradel,
R., Croxall, J. P. et al. 2017. Additive effects of climate and fisher-
ies drive ongoing declines in multiple albatross species.
Proceedings of the National Academy of Sciences, 114:
E10829-E10837.

Patrick, S. C., Bearhop, S., Bodey, T. W., Grecian, W. J., Hamer, K.
C., Lee, J., and Votier, S. C. 2015. Individual seabirds show consis-
tent foraging strategies in response to predictable fisheries dis-
cards. Journal of Avian Biology, 46: 431-440.

Pauly, D., and Zeller, D. 2016. Catch reconstructions reveal that
global marine fisheries catches are higher than reported and de-
clining. Nature Communications, 7: 10244.

Pauly, D., Belhabib, D., Blomeyer, R., Cheung, W. W., Cisneros-
Montemayor, A. M., Copeland, D., Harper, S. et al. 2014. China’s
distant-water fisheries in the 21 century. Fish and Fisheries, 15:
474-488.

Phillips, R. A., Catry, P., Thompson, D. R., Hamer, K. C., and
Furness, R. W. 1997. Inter-colony variation in diet and reproduc-
tive performance of great skuas Catharacta skua. Marine Ecology
Progress Series, 152: 285-293.

Phillips, R. A, Silk, J. R. D., Croxall, J. P., Afanasyev, V., and Briggs,
D. R. 2004. Accuracy of geolocation estimates for flying seabirds.
Marine Ecology Progress Series, 266: 265-272.

Pichegru, L., Ryan, P. G., Le Bohec, C., van der Lingen, C. D.,
Navarro, R., Petersen, S., Lewis, S. et al. 2009. Overlap between
vulnerable top predators and fisheries in the Benguela upwelling
system: implications for marine protected areas. Marine Ecology
Progress Series, 391: 199-208.

Pikitch, E., Santora, C., Babcock, E. A., Bakun, A., Bonfil, R.,
Conover, D. O., Dayton., et al. 2004. Ecosystem-based fishery
management. Science, 305: 346-347.

Reid, T. A., Tuck, G. N., Hindell, M. A., Thalmann, S., Phillips, R. A.,
and Wilcox, C. 2013. Nonbreeding distribution of flesh-footed
shearwaters and the for overlap with north Pacific fisheries.
Biological Conservation, 166: 3—10.

Renner, M., Parrish, J. K., Piatt, J. F., Kuletz, K. J., Edwards, A. E.,
and Hunt, G. L. 2013. Modeled distribution and abundance of a
pelagic seabird reveal trends in relation to fisheries. Marine
Ecology Progress Series, 484: 259-277.

Robards, M. D., Silber, G. K., Adams, J. D., Arroyo, J., Lorenzini, D.,
Schwehr, K., and Amos, J. 2016. Conservation science and policy
applications of the marine vessel automatic identification system
(AIS)—a review. Bulletin of Marine Science, 92: 75-103.

Rodriguez, B., Becares, J., Rodriguez, A., and Arcos, J. M. 2013.
Incidence of entanglements with marine debris by northern gan-
nets (Morus bassanus) in the non-breeding grounds. Marine
Pollution Bulletin, 75: 259-263.

Small, C., Waugh, S. M., and Phillips, R. A. 2013. The justification,
design and implementation of ecological risk assessments of the
effects of fishing on seabirds. Marine Policy, 37: 192-199.

Spampinato, C., Giordano, D., Di Salvo, R., Chen-Burger, Y.-H. J.,
Fisher, R. B., and Nadarajan, G. 2010. Automatic fish classifica-
tion for underwater species behavior understanding. In
Proceedings of the first ACM international workshop on Analysis
and retrieval of tracked events and motion in imagery streams,
pp. 45-50. ACM. http://dl.acm.org/citation.cfm? id=1877881.

Suazo, C. G., Schlatter, R. P., Arriagada, A. M., Cabezas, L. A., and
Ojeda, J. 2013. Fishermen’s perceptions of interactions between

T. Le Bot et al.

seabirds and artisanal fisheries in the Chonos archipelago, Chilean
Patagonia. Oryx, 47: 184—189.

Sydeman, W. J., Thompson, S. A., Anker-Nilssen, T., Arimitsu, M.,
Bennison, A., Bertrand, S., Boersch-Supan, P., et al. 2017. Best
practices for assessing forage fish fisheries-seabird resource com-
petition. Fisheries Research, 194: 209-221.

Tancell, C., Sutherland, W. J., and Phillips, R. A. 2016. Marine spatial
planning for the conservation of albatrosses and large petrels
breeding at South Georgia. Biological Conservation, 198:
165-176.

Tasker, M. L., Camphuysen, C. J., Cooper, J., Garthe, S.,
Montevecchi, W. A., and Blaber, S. J. M. 2000. The impacts of
fishing on marine birds. ICES Journal of Marine Science, 57:
531-547.

Tasker, M. L., Jones, P. H., Dixon, T. I. M., and Blake, B. F. 1984.
Counting seabirds at sea from ships: a review of methods em-
ployed and a suggestion for a standardized approach. The Auk,
101: 567-577.

Techow, N., O’Ryan, C., Robertson, C. J. R., and Ryan, P. G. 2016.
The origins of white-chinned petrels killed by long-line fisheries
off South Africa and New Zealand. Polar Research, 35: 21150.

Tew Kai, E., Benhamou, S., van der Lingen, C. D., Coetzee, J. C.,
Pichegru, L., Ryan, P. G., and Grémillet, D. 2013. Are Cape gan-
nets dependent upon fishery waste? A multi-scale analysis using
seabird GPS-tracking, hydro-acoustic surveys of pelagic fish and
vessel monitoring systems. Journal of Applied Ecology, 50:
659-670.

Thiers, L., Delord, K., Barbraud, C., Phillips, R. A., Pinaud, D., and
Weimerskirch, H. 2014. Foraging zones of the two sibling species
of giant petrels in the Indian Ocean throughout the annual cycle:
implication for their conservation. Marine Ecology Progress
Series, 499: 233-248.

Torres, L. G., Orben, R. A., Tolkova, 1., and Thompson, D. R. 2017.
Classification of animal movement behavior through residence in
space and time. PloS One, 12: e0168513.

Torres, L. G., Sagar, P. M., Thompson, D. R., and Phillips, R. A.
2013. Scaling down the analysis of seabird-fishery interactions.
Marine Ecology Progress Series, 473: 275-289.

Torres, L. G., Thompson, D. R., Bearhop, S., Votier, S., Taylor, G. A.,
Sagar, P. M., and Robertson, B. C. 2011. White-capped albatrosses
alter fine-scale foraging behavior patterns when associated with
fishing vessels. Marine Ecology Progress Series, 428: 289-301.

Tuck, G. N, Phillips, R. A., Small, C., Thomson, R. B., Klaer, N. L.,
Taylor, F., and Wanless, R. M. 2011. An assessment of
seabird-fishery interactions in the Atlantic Ocean. ICES Journal of
Marine Science, 68: 1628-1637.

Tyson, C., Shamoun-Baranes, J., Van Loon, E. E., Camphuysen, K.,
and Hintzen, N. T. 2015. Individual specialization on fishery dis-
cards by lesser black-backed gulls (Larus fuscus). ICES Journal of
Marine Science, 72: 1882-1891.

Votier, S. C., Bearhop, S., Fyfe, R.,, and Furness, R. W. 2008.
Temporal and spatial variation in the diet of a marine top
predator-links with commercial fisheries. Marine Ecology
Progress Series, 367: 223-232.

Votier, S. C., Bearhop, S., Witt, M. ]., Inger, R., Thompson, D., and
Newton, J. 2010. Individual responses of seabirds to commercial
fisheries revealed using GPS tracking, stable isotopes and vessel
monitoring systems. Journal of Applied Ecology, 47: 487-497.

Votier, S. C., Bicknell, A., Cox, S. L., Scales, K. L., and Patrick, S. C.
2013. A Bird’s Eye View of Discard Reforms: bird-Borne Cameras
Reveal Seabird/Fishery Interactions. Plos One, 8: ¢57376.

Votier, S. C., Furness, R. W., Bearhop, S., Crane, J. E., Caldow, R. W.
G., Catry, P., Ensor, K., et al. 2004. Changes in fisheries discard
rates and seabird communities. Nature, 427: 727-730.

Wade, P. R. 1998. Calculating limits to the allowable human-caused
mortality of cetaceans and pinnipeds. Marine Mammal Science,
14: 1-37.

6102 1snBny 9z U0 158NB Aq 0628561/€ 1S }/S/GLAOBISAE-O[0ILE/SWIS801/L00" dNO"OlWSPESE//:SARY WO PAPEOIUMOQ


http://dl.acm.org/citation.cfm? id=1877881
http://dl.acm.org/citation.cfm? id=1877881

Methods to study seabird-fishery interactions

Walter, U., and Becker, P. H. 1997. Occurrence and consumption of
seabirds scavenging on shrimp trawler discards in the Wadden
Sea. ICES Journal of Marine Science, 54: 684-694.

Watkins, B. P., Petersen, S. L., and Ryan, P. G. 2008. Interactions be-
tween seabirds and deep-water hake trawl gear: an assessment of
impacts in South African waters. Animal Conservation, 11:
247-254.

Weichler, T., Garthe, S., Luna-Jorquera, G., and Moraga, J. 2004.
Seabird distribution on the Humboldt Current in northern Chile
in relation to hydrography, productivity, and fisheries. ICES
Journal of Marine Science, 61: 148—154.

Weimerskirch, H., Cherel, Y., Delord, K., Jaeger, A., Patrick, S. C,,
and Riotte-Lambert, L. 2014. Lifetime foraging patterns of the
wandering albatross: life on the move!. Journal of Experimental
Marine Biology and Ecology, 450: 68-78.

Weimerskirch, H., Filippi, D. P., Collet, J., Waugh, S. M., and
Patrick, S. C. 2017. Use of radar detectors to track attendance of
albatrosses at fishing vessels. Conservation Biology, 32: 240-245.

Weimerskirch, H., Le Corre, M., Kai, E. T., and Marsac, F. 2010.
Foraging movements of great frigatebirds from Aldabra Island: re-
lationship with environmental variables and interactions with
fisheries. Progress in Oceanography, 86: 204-213.

Wienecke, B., and Robertson, G. 2002. Seabird and seal - fisheries in-
teractions in the Australian Patagonian toothfish Dissostichus ele-
ginoides trawl fishery. Fisheries Research, 54: 253-265.

1525

Wilson, R. P. 1984. An improved stomach pump for penquins and
other seabirds. Journal of Field Ornithology, 55: 109-112.

Wilson, R. P. 1992. Estimation of location: global coverage using light
intensity. In Wildlife Telemetry: Remote Monitoring and
Tracking of Animals, pp. 131-134. Ed. by I. M. Priede and S. M.
Swift. Ellis Horward, Chichester.

Winter, A., Jiao, Y., and Browder, J. A. 2011. Modeling Low Rates of
Seabird Bycatch in the US Atlantic Long line Fishery. Waterbirds,
34: 289-303.

Wood, A. G., Naef-Daenzer, B., Prince, P. A., and Croxall, J. P. 2000.
Quantifying habitat use in satellite-tracked pelagic seabirds: appli-
cation of kernel estimation to albatross locations. Journal of
Avian Biology, 31: 278-286.

Worton, B. J. 1989. Kernel methods for estimating the utilization dis-
tribution in home-range studies. Ecology, 70: 164—168.

Xavier, J. C., Trathan, P. N., Croxall, J. P., Wood, A. G., Podesta, G.,
and Rodhouse, P. G. 2004. Foraging ecology and interactions with
fisheries of wandering albatrosses (Diomedea exulans) breeding at
South Georgia. Fisheries Oceanography, 13: 324-344.

Yeh, Y. M., Huang, H. W., Dietrich, K. S., and Melvin, E. 2013.
Estimates of seabird incidental catch by pelagic longline fisheries
in the South Atlantic Ocean. Animal Conservation, 16: 141-152.

Zydelis, R., Small, C., and French, G. 2013. The incidental catch of
seabirds in gillnet fisheries: a global review. Biological
Conservation, 162: 76-88.

Handling editor: Stephen Votier

6102 1snBny 9z U0 158NB Aq 0628561/€ 1S }/S/GLAOBISAE-O[0ILE/SWIS801/L00" dNO"OlWSPESE//:SARY WO PAPEOIUMOQ



	fsy038-TF1
	fsy038-TF2

