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Abstract

1.

Iberian Atlantic waters are heavily exploited by Spanish and Portuguese
fisheries. Overlaps between fishery target species and cetacean diet, and between
fishing grounds and cetacean foraging areas, can lead to cetacean-fishery
interactions including bycatch mortality of cetaceans.

The present study assesses cetacean distribution, habitat preferences and
hotspots for cetacean-fishery interactions by using a cooperative research
approach with stakeholder participation (fishers, fisheries observers, fisheries
authorities, scientists), as well as the combination of different opportunistic data
sources (interviews, on-board observations). The usefulness of each data type is
evaluated. The implications of results for the monitoring and mitigation of
cetacean-fishery interactions are discussed.

Generalized linear models and GIS maps were used to relate cetacean
occurrence patterns to environmental variables (geographic area, water depth,
coastal morphology) and to fishing activities (fishing grounds, fisheries target
species).

Common and bottlenose dolphin were the most frequently sighted species, the
former in waters > 50 m, frequently from purse seiners and trawlers, and the
latter particularly inside the south Galician rias and close to vessels operating
further offshore in Portuguese waters. Harbour porpoises were seen over the
whole continental shelf, often next to beach seines, while long-finned pilot
whales and striped dolphins were mostly seen from vessels fishing offshore.
Results suggest that cetacean occurrence is linked to prey distribution and that
interactions with fisheries are most likely for common dolphins (with coastal
purse seines and offshore trawls), bottlenose dolphins and harbour porpoises

(coastal nets). The different data sources were complementary and provided
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results broadly consistent with previous studies on cetacean occurrence in the
same area, although sightings frequency for some cetacean species was biased
by survey method. Opportunistic sampling has certain restrictions concerning
reliability, but can cover a wide area at comparatively low cost and make use of
local ecological knowledge to yield information required for cetacean

conservation.

6 — 10 Keywords: ocean, habitat mapping, , distribution, mammals, fishing

Introduction

Iberian Atlantic waters are highly productive and rich in marine resources (Wooster et
al., 1976), which are heavily exploited by Spanish and Portuguese fisheries. The
Spanish fishing fleet is the largest within the European Union in terms of total tonnage
and value of landings (EUROSTAT, 2010), with almost one-half of its landings being
registered in Galicia (Spanish Ministry of Agriculture, Food and Environment, 2013).
Several species of cetaceans can be found in Iberian Atlantic waters, the most abundant
being short-beaked common dolphin (Delphinus delphis), common bottlenose dolphin
(Tursiops truncatus) and striped dolphin (Stenella coeruleoalba). Other species present
include long-finned pilot whale (Globicephala melas), harbour porpoise (Phocoena
phocoena), Risso’s dolphin (Grampus griseus) and other large toothed and baleen
whales (Sequeira et al., 1996; Lopez et al., 2002, 2004; Kiszka et al., 2007; Wise et al.,
2007; Brito et al., 2009; Pierce et al., 2010; ICES, 2011; Spyrakos et al., 2011; Vingada
etal., 2011; Santos et al., 2012).

It has been recently suggested by Lasalle et al. (2012) and Santos et al., In Press) that
there is a substantial overlap between cetaceans' principal prey species/foraging grounds
and the main target species and areas exploited by fisheries in Iberian Atlantic waters,
indicating some degree of competition for resources. A detailed knowledge of cetacean
occurrence patterns in relation to environmental variables and fishing activities can help

to identify hotspots for conflicts between cetaceans and fisheries (Torres et al., 2003),
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and therefore represents an first step in the assessment of cetacean-fishery interactions
(MacLeod et al., 2008), which may have a negative impact on cetacean populations
through depletion of cetacean food resources (Bearzi et al., 2006) and incidental
bycatch mortality (Read et al., 2006). In addition, EU legislation such as the Habitats
Directive (European Commission, 1992) and the Marine Strategy Framework Directive
(European Commission, 2008) specify requirements for Member States to monitor and
report on the status of cetacean populations. A fundamental part of this monitoring is

gathering data on distribution and abundance.

There are many methodologies to assess cetacean abundance, distribution and habitat

preferences, each with their respective strengths and weaknesses.

In Iberian Atlantic waters, dedicated, systematic cetacean surveys to determine
abundance and/or distribution have been carried out by plane, ship and from land (Lens
et al., 1989; Sanpera and Jover, 1989; Hammond et al., 2002; Lopez et al., 2004;
SCANS 11, 2008; CODA, 2009; Pierce et al., 2010; Santos et al., 2012). However,
dedicated aerial and ship-based surveys are logistically complex and costly, while land-
based surveys are clearly restricted to coastal waters. Scientists have therefore
increasingly resorted to the use of data collected by on-board observers from platforms
of opportunity , such as fishing vessels (Lopez et al., 2004; Spyrakos et al., 2011),
passenger ferries (Kiszka et al., 2007) and whale-watching boats (Moura et al., 2012),
as well as using data derived from interview surveys with fishers (Johannes et al., 2000;
Gilchrist et al., 2005; Maynou et al., 2012), historical records (Brito et al., 2009; Brito
and Vieira, 2010) and cetacean strandings (Lopez et al., 2002; Silva and Sequeira,
2003). These alternative data sources allow for the coverage of a wide range of marine
habitats (coastal and offshore) at comparatively low cost, although data reliability is
usually lower than for dedicated scientific surveys, and sampling effort tends to be
unquantified or unsystematic, especially if vessels with fixed routes are used as
platforms of opportunity (Isojunno et al., 2012). Despite these limitations and due to the
fact that international large-scale dedicated surveys are unlikely to be feasible more than
once a decade, considerable effort has gone into developing protocols to allow data

from small-scale and opportunistic surveys to be integrated into the evaluation of the
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status of cetacean populations, including the detection of trends in distribution and
abundance (see Joint Cetacean Protocol; INCC, 2013).

In addition, opportunistic surveys offer the opportunity to actively involve resource
users, such as fishers, wildlife observers, seamen, etc., into data collection and make use
of their local ecological knowledge (LEK), which can be a useful additional source of
information to scientific research (Johannes et al., 2000). LEK may be particularly
useful when monitoring/managing wildlife populations that occur in remote locations
where extensive scientific studies may be impractical (Johannes, 1998; Gilchrist et al.,
2005). This approach, known as "cooperative research", is thought to strengthen
relationships and trust among resource users, scientists and managers through
participation, and consequently improve the scientific data required for management
and governance (Johnson and van Densen, 2007). Scientific methods and LEK often
yield complementary information that can be combined to improve data quality.
Nevertheless, it is important to carefully compare the outcomes of both approaches to
validate their reliability (Huntington et al., 2004).

The present study assesses cetacean occurrence patterns and habitat preferences using a
cooperative research approach that involved the participation of different stakeholders
(fishers, fisheries observers, fisheries authorities, scientists) as well as the combination of
opportunistic data sources (observations on-board fishing vessels, face-to-face
interviews). Besides improving present knowledge of cetacean occurrence, distribution
and, potentially, hotspots for cetacean-fishery interactions in the study area, the aim was
also to evaluate the reliability and usefulness of each data source independently and

combined.

Methods

Study area and local fisheries

The study area included the waters off Northern Spain (Basque Country, Cantabria,
Asturias and Galicia) and the entire coast of mainland Portugal (43°21'N/1°47'W -
37°12'N/7°25'W).

Due to the large environmental variability within the study area (in terms of coastal
morphology, special marine landscapes, oceanographic conditions and marine living

resources), the area was divided into six subregions, roughly following the zoning
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proposed by the ICES Working Group on Ecosystem Assessment of Western Shelf Seas
(WGEAWESS; ICES, 2011) (Table 1, Figure 1).

The Iberian Atlantic coastal margin is characterized by a relatively narrow continental
shelf, with some wider sections between the Mifio River (41°54'N) and the Nazaré
Canyon (39°36’N) and in the eastern part of the Gulf of Cadiz.. Galicia is the most
irregular sector of the Iberian Peninsula due to the presence of a series of coastal inlets
called "rias", the North Galician rias being smaller and, due to their orientation and the
absence of sheltering islands, much more exposed to the oceanic influence than the
South Galician rias (Figueiras et al., 2002; ICES, 2011). Coastal seasonal upwelling
produced by northerly winds is primarily observed along the West Iberian coast and
leads to the ascent of cold, nutrient-rich water to the surface, enhancing productivity in
this area (Wooster et al., 1976; Fitza, 1983; Alvarez Salgado et al., 1993).

The Galician and Portuguese fishing fleets are mainly composed of small-scale vessels
(< 12 m in length) which are usually equipped to use several types of "minor gears",
such as artisanal longlines, dredges, traps and gillnets (single panel bottom-set gillnets,
trammel nets, driftnets, and beach- and boat seines) to target a large variety of fish,
cephalopods, crustaceans and bivalves in coastal waters. Many fishing vessels are
classified as "polyvalent", i.e. change the fishing gear seasonally or use two or more
gears simultaneously in the same area. Purse seiners (12 — 24 m in length) target
shoaling pelagic fish in coastal waters. Large-scale offshore fisheries (vessel length >
18 m) target demersal and pelagic species with trawls, bottom-set longlines and large
bottom-set gillnets. Boats based in Galician ports operate in waters all along the
Northern Spanish coast (Galician Ministry of Fisheries, 2013; Portuguese Directorate

General of Natural Resources, Security and Maritime Services, 2013).

Methodology and data collection

The research approach used involved active cooperation between fishers, fisheries
observers, regional fisheries authorities and scientists in project management, data
collection and data analysis. Cetacean sighting data were derived from a large-scale
interview survey with Galician and Portuguese fishers (mainly vessel skippers), as well

as from long-term on-board observations by fisheries observers and records kept by
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skippers on Galician trawling vessels. The face-to-face interview survey was conducted
in local fishing harbours with a structured interview questionnaire. Trawl skippers and
fisheries observers were provided with a short version of the interview questionnaire
and were additionally asked to register if cetaceans were sighted during navigation or
during fishing. All questionnaires were kept as short as possible and pre-tested in a pilot
survey (first with colleagues and then with a small number of fishers) prior to the start
of the surveys. Unclear or ambiguous wording was corrected and sequence of questions
adjusted to improve clarity and flow. In order to guarantee consistency in data
collection, all interviewers, fisheries observers and skippers were thoroughly briefed
about the appropriate procedure to fill in the questionnaires at the beginning of the
respective surveys. In addition, a cetacean identification catalogue, with photographs
taken in the area and a list the distinctive features of each species was provided to
facilitate the correct identification of the sighted cetacean species. If fishers/observers
were not sure about the species identification, they had the option to choose the option

“non-identified cetaceans” in the questionnaire.

Interview survey with fishers

The large-scale interview survey was primarily designed to collect data on cetacean-
fishery interactions in Iberian Atlantic waters, which were analysed in other works by
the authors (see Goetz et al., in press for Galician fisheries and Vingada et al., 2011 for
Portuguese fisheries).

Interviews were conducted between May 2008 and August 2010. In order to cover the
largest variety of fishing areas (coastal/offshore) and target species, all important types
of fisheries (see Table 2) were sampled in the study area. Sampling followed a stratified
random procedure, with strata based on the type of fishing gear, selecting harbours
according to their representativeness for a certain fishing gear and then sampling boats
opportunistically (i.e. all fishers present and available for interviewing were targeted)
within the selected harbours (Lauriano et al., 2009).

The interview questionnaire was mainly composed of closed-ended questions, making
sure all possible answers were covered, but also included some open-ended questions in
order to account for fishers’ opinions and suggestions. Apart from information on

occurrence of interactions with cetaceans, consequences of these interactions and



223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254

mitigation measures employed, the questionnaire also included questions about cetacean
sightings (species and number of animals sighted) and characteristics of the fishing
activity (type of gear used, most important target species, catch volume and main
fishing grounds, i.e. geographical location, water depth and distance to coast). A
nautical map was provided to fishers and they were asked to point to the location of
their usual fishing grounds. To obtain an overview of cetacean occurrence in the area
that also accounts for potential seasonal variations, fishers were asked to specify
cetacean species regularly or occasionally seen rather than reporting specific sightings

during their last fishing trip.

Interviews took 15 - 20 minutes and were conducted face-to-face by two interviewers
who surveyed professionally active fishers - if possible the skippers of the vessels —
simultaneously, but separately, in the pre-selected fishing harbours (23 harbours in
Galicia and 27 in Portugal). If an interviewee switched between gears in the course of
the year, answers were recorded for each gear separately. When asking about cetacean
sightings during the interview, fishers were asked to point to the species seen and
indicate the name in the cetacean identification catalogue, the pictures not being
labelled with species names. If species identification was incorrect, the interview was
excluded from further analysis. For further details on the interview procedure see Goetz

et al. (in press).

Fisheries observer records

Fisheries observers involved in the survey formed part of the Galician Fisheries Control
Program (Technical Unit for Inshore Fisheries, Galician Council for Rural and Marine
Affairs, Galician Government), which was initiated in 1999 to assess the status of
fisheries resources and the use of the different types of fishing gears in Galician coastal
waters (< 100 m water depth), as well as to implement and monitor experimental fishing
programmes. The fisheries control programme employs ten observers who
systematically survey the artisanal fishing fleet, covering a large variety of fishing
gears, such as single panel bottom-set gillnets, trammel nets, driftnets, purse seines,
hand and boat dredges, longlines and traps. In 2008, a collaboration between the

Spanish Institute of Oceanography (IEO) in Vigo and the Galician Council for Rural
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and Marine Affairs was established with the objective to additionally record cetacean
sightings as part of the observer programme. Sighting data included in the study were

collected between March 2008 and July 2012.

Skipper records

Data on cetacean occurrence were registered by the skippers of ten large-scale pair trawl
vessels operating in waters off Galicia and Asturias between November 2011 and July
2012, as part of the project Whalewatch Galicia (10TUROO9E) financed by the Galician
government. The aim of the Whalewatch project was to gather information on cetacean
distribution and abundance, and to evaluate the possible implementation of a whale-
watching activity in collaboration with the Galician pair trawl fleet. The trawlers involved
in the survey, usually performed fishing trips of 1-2 days, mainly targeting blue whiting,

hake, Atlantic mackerel and horse mackerel in deep offshore waters (100 - 400 m).

Data analysis

In order to simplify the dataset and to avoid digit preference, the answers given for
questions concerning the main fishing grounds (geographic location, water depth and
distance to coast), catches (most important target species and catch volume) and
cetacean group size were grouped into categories (Table 1). If a respondent indicated a
range of values, the midpoint value was used.

Geographic coordinates of cetacean sighting locations were registered only by fisheries
observers and skippers in North Spain. Sighting records were entered into a
geographical information system (GIS) created in ArcView 3.3 to display spatial
patterns of cetacean occurrence in relation to oceanographic features and coastal
morphology.

To achieve an adequate coverage of coastal and offshore areas, data were weighted
based on water depth for the purpose of summary statistics to control for the different
numbers of observations for shallow (< 50 m), intermediate, and deep (> 100 m) waters.
For statistical modelling, water depth is an explanatory variable and no weighting was
necessary.

Generalized linear models (GLM) were used to describe the preferred habitat

(geographic area, i.e. subregion, water depth, distance to coast and fisheries target
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species) for the most abundant cetacean species (all species representing > 4% of
sighting records) in the study area. GLMs are mathematical extensions of linear
regression models that allow for non-linear relationships and non-normal (e.g. binomial)
distribution of response variables and are therefore well suited for analysing ecological
data, such as the distribution, i.e. presence-absence, of cetaceans in a certain area

(Chambers and Hastie, 1992; Guisan et al., 2002).

Due to the different time horizons of the three data sources, the combined data set
needed to be standardised for modelling. While the interview survey provided
information about long-term general cetacean occurrence patterns, sighting records by
trawl skippers and on-board observers were derived from specific fishing trips. As a
consequence, all interviewed fishers saw cetaceans regularly or occasionally during
their work at sea (i.e. cetacean presence was 100%), whereas cetacean presence was
only observed during some fishing trips by fisheries observers and trawl skippers.
Cetacean absence in a certain area could therefore not be derived from the interview
data. In order to analyse all three datasets jointly, only cetacean presence records were
included into the model. For each species pseudo-absence records were generated using

the presence records for the other cetacean species (see Barbet-Massin et al., 2012).

The main target species of the fishery was used as a proxy for available cetacean prey
species. Furthermore, the variable "data source" was included as an explanatory variable
into the model in order to assess whether sampling methodology had a significant effect
on the sighting frequency of the different cetacean species. Missing values for water
depth were derived from a linear regression relating the variables water depth and
distance to coast. Due to the collinearity between both variables, distance to coast was
excluded from the subsequent analysis.

For binary response variables, i.e. presence-absence of cetaceans, a binomial
distribution was used, with the logit link function if a dataset contained more ones than
zeros and the cloglog link function otherwise. A GLM with all relevant covariates and
interaction terms between variables was run, using a backward selection procedure. At
each step, non-significant variables were dropped (F-Test) and the model was re-run,

until all remaining covariates were significant. All variables included in the analysis are

10
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listed in Table 1. The final model was validated by verifying if the assumptions of
homogeneity of variance and independence of residuals were met, also checking for the
existence of influential data points (Zuur et al., 2010). For categorical covariates with
more than two categories, dummy variables were created to investigate which categories
of the covariate are significantly different from each other, and where there was a
significant overall effect, a Bonferroni correction for subsequent pairwise comparisons

was applied.

Statistical analysis was performed using SPSS Statistics 19 (IBM) and, for modelling,
Brodgar 2.7.2 (Highland Statistics Ltd.).

[TABLE 1 ABOUT HERE]

Results

A total of 1275 cetacean sighting records were collected between March 2008 and July
2012, including 73 by fisheries observers (corresponding to 2525 observed fishing
trips), 48 by trawl skippers (corresponding to 604 fishing trips) and 1154 records
derived from the interview survey (corresponding to 283 and 310 face-to-face
interviews in Galicia and Portugal, respectively; note that individual interviews often

include records for more than one cetacean species).

Characteristics of the sampled fleet section

The surveys covered trawls (20.3% of records), purse seines (17.1%), gillnets (trammel
nets 11.8%, single panel bottom-set gillnets 9.1%, driftnets 1.5%), traps (11.3%),
longlines (5.5%), hand and boat dredges (3.3%) and beach seines (1.6%); 18.5% of
sampled boats were polyvalent. The sampled vessels operated in fishing areas from the
coastline to 60 nm offshore (£ = 9.2 + 9.1 nm) in waters of 2 - 442 m depth (x =94.4 £

87.5 m). The characteristics of each type of fishery are summarized in Table 2.

11
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[TABLE 2 ABOUT HERE]

Cetacean sighting frequency, species composition and group size

All interviewed fishers stated that they usually see cetaceans both during fishing and
navigating. Trawl skippers and on-board observers saw cetaceans infrequently (during
7.9% and 3% of fishing trips, respectively). The cetacean species most frequently
sighted in the study area were common dolphin (44.2% of sightings records) and
bottlenose dolphin (23.2%), the former in intermediate and large groups (6 — 50
animals), while for the latter mostly small and intermediate group sizes were observed
(1 —25). Long-finned pilot whale (9.3%), harbour porpoise (8.5%) were also commonly
sighted, mainly in small groups (< 5 animals), while striped dolphin (4%) mostly
formed intermediate and large groups (6 — 50 animals). Small groups of baleen whales
(1.8%), mainly common minke whale (Balaenoptera acutorostrata), as well as Risso’s
dolphin (1%), killer whale (Orcinus orca) (0.8%) and sperm whale (Physeter
macrocephalus) (0.7%) were occasionally seen. Cetacean species could not be

identified in 6.5 % of sighting records.

Cetacean occurrence patterns and habitat preferences

Common dolphin was the dominant cetacean species in almost all subregions (except
for South Galicia and the Western Gulf of Cadiz) (Figure 1), sighting probability being
significantly higher in Portuguese waters than off the northern Spanish coast (Table 3).
Common dolphins were more likely to be seen in intermediate to deep water (> 50 m)
(Tables 3,4) particularly over the continental shelf break (200 m), but also in coastal
waters where they occurred in small groups (Figure 2), and more frequently when large

demersal and shoaling pelagic fish were the main fisheries target species (Table 3).

In contrast, the presence of bottlenose dolphin was significantly higher off South
Galicia, particularly within the rias (Figure 2), and in the Western Gulf of Cadiz (Figure
1; Table 3), sightings probability being significantly higher in shallow water (< 50 m)

with no clear association to any of the main fishery target species (Tables 3,4).

12
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The frequency of occurrence of harbour porpoise was unrelated to water depth (Figure
2; Table 4), but significantly increased towards the south of the study area (Figure 2),
especially if shoaling pelagic fish were the main target species of the fishery (Table 3).

Long-finned pilot whales were mostly sighted in the northern part of the Iberian
Peninsula (Southern Bay of Biscay, North Galicia and North Portugal) (Figures 1,2) and
more frequently when blue whiting and European hake were targeted (Table 3). Their
frequency of occurrence was highest in deep water (> 100 m), over the continental shelf

break (Tables 3,4; Figure 2).

The likelihood of striped dolphin sightings was highest in deep waters, particularly off
North Portugal and in the Western Gulf of Cadiz (Tables 3.,4; Figures 1,2).
Furthermore, the likelihood of seeing striped dolphin was highest when large demersal

species were targeted (Table 3).

The few sightings of baleen whales, Risso’s dolphins, killer whales and sperm whales
did not allow for any clear conclusions about the geographical or bathymetrical
occurrence patterns of these species, or any link with particular fishery target species

(Figures 1,2).

[FIGURES 1,2 AND TABLES 3,4 ABOUT HERE]

Potential for cetacean-fishery interactions

Cetacean sightings were registered by all fisheries. Common dolphins were observed in
the vicinity of almost all types of fishing gears, more frequently close to vessels fishing
in intermediate to deep waters with trawls, polyvalent gear and purse seines. Trawl
skippers reported that the majority (87%) of common dolphin sightings were made
during fishing operations, while for coastal artisanal vessels on-board observers
reported a higher sightings frequency (82%) of common dolphins during navigation,
than during fishing. Bottlenose dolphins were mostly sighted close to coastal fishing

gears such as traps, driftnets, dredges and beach seines, at least in Spanish fisheries,

13
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while in Portuguese fisheries they were also frequently seen close to longline,
polyvalent and purse seine vessels. On-board observers in coastal waters reported a
slightly higher sighting frequency of bottlenose dolphins during fishing (55%) than
during navigation (45%). Long-finned pilot whales that were more often (71% of
sightings) observed during fishing operations, and striped dolphins (this species was
only seen twice by on-board observers) were mainly seen from vessels operating in
intermediate to deep water with trawls, longlines and polyvalent gear. Harbour
porpoises were most frequently sighted during navigation (75% of on-board
observations of this species). During fishing, they were primarily seen close to set
gillnets in Spanish fisheries, while in Portuguese fisheries they were most often seen by

fishers operating polyvalent gear, purse seines and beach seines (Figure 3).

[FIGURE 3 ABOUT HERE]

Influence of survey method on results

Survey method had a significant effect in the models for three of the main cetacean
species (although since it is included as a factor in the models, we thus control for the
effect of method).

Interviewed fishers reported a significantly higher sightings frequency of common
dolphins than fisheries observers. Furthermore, records by trawl skippers included a
significantly lower proportion of bottlenose dolphin sightings and a significantly higher
proportion of long-finned pilot whale sightings compared to the other two survey
methods (Table 3).

Harbour porpoise and striped dolphin sightings were equally likely for all survey

methods.

During the interview survey, the majority (73.5%) of fishers were able to identify the
common cetacean species correctly. In 8.4% of the interviews, fishers stated that they
were not able to identify the cetacean species observed, and therefore classified them as
“non-identified cetaceans”. For fisheries observers and trawl skippers the proportion of

non-identified cetacean records was 6.9% and 27%, respectively.
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Discussion

Cetacean habitat preferences and potential for cetacean-fishery interactions

The cetacean species sighted, their frequency of occurrence and group sizes observed
were consistent with those previously described by other authors for Atlantic Iberian
waters (Aguilar, 1997; OSPAR, 2000; Lopez et al., 2002, 2003, 2004; Kiszka et al.,
2007; Wise et al., 2007; Brito et al., 2009; Pierce et al., 2010; ICES, 2011; Spyrakos et
al., 2011; Santos et al., 2012).

Common dolphins preferred deep shelf edge waters (= 200 m), but were also frequently
observed in small groups in coastal waters. Their occurrence patterns, which are similar
to those reported earlier by Lopez et al. (2004), Kiszka et al. (2007), Pierce et al.
(2010), Méndez Fernandez et al. (2012, 2013) and Santos et al. (2012), are probably
linked to the depth range of their principal prey which includes mesopelagic fish, such
as blue whiting, which can be found over the continental shelf and slope (Robles, 1970;
Whitehead et al., 1989), as well as more coastal species (Massé, 1996; Abaunza et al.,
2003; Carrera and Porteiro, 2003; Santos et al., 2013b), such as horse mackerel,
European sardine and European anchovy (Silva, 1999; Pusineri et al., 2007; Méndez
Fernandez et al., 2012; Santos et al., 2013a). Due to their preferred foraging areas and
prey species common dolphins are likely to interact with trawl, longline and polyvalent
fisheries offshore, as well as with coastal purse seine fisheries . Bycatch of common
dolphins in trawl nets has been reported by Aguilar (1997), Lopez et al. (2003),
Fernandez Contreras et al. (2010) and Goetz et al. (in press). Coastal groups of common
dolphins have been reported to scatter fish schools in the vicinity of fishing gear,
potentially reducing catch rates in purse seine fisheries (Lopez et al., 2003; Wise et al.,
2007).

Bottlenose dolphins, in contrast, were more frequently found in shallow, coastal waters,
particularly inside the rias of South Galicia and in the Western Gulf of Cadiz.

This is consistent with previous findings (Aguilar, 1997; Lopez et al., 2002, 2003, 2004;
Pierce et al., 2010; Spyrakos et al., 2011) and supports the hypothesis of Fernandez et

al. (2011a,b), who suggested the existence of a resident bottlenose dolphin population
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inside the South Galician rias that has a broader diet than animals occurring further
north and in offshore waters. Bottlenose dolphin mainly feed on blue whiting and
European hake, but also to a lesser extent on silvery pout (Gadiculus argenteus), mullet
(Mugil spp.), pouting, European conger, horse mackerel, European sardine and
cephalopods (Santos et al., 2007; Sollmann, 2011), all of which are abundant in the
shallow (< 50 m), highly productive waters inside the rias (Gabeiras Véres et al., 1993;
OSPAR, 2000). The high dietary diversity of bottlenose dolphins could explain why its
sightings probability was not related to any particular fisheries target species. Coastal
waters are intensively used fisheries operating artisanal trammel nets, driftnets, beach
seines and dredges. Gear damage, depredation on catch, and bycatch of bottlenose
dolphins in set gillnets have been reported for the South Galician rias by Aguilar (1997)
and Lopez et al. (2003). Based on additional results of the present interview survey,
Goetz et al., (in press) estimated the annual bycatch mortality of bottlenose dolphins in
Galician fisheries as at least 1.6% of the local population size, which is very close to the
maximum acceptable limit of 1.7% recommended by ASCOBANS'. In Portuguese
waters, in contrast, where bottlenose dolphin is only the fifth most frequently species
registered among cetacean strandings (Ferreira, 2007; Ferreira et al., 2012), the animals
were frequently observed close to longline, polyvalent and purse seine vessels that
mostly operate in water depths over 50 m. This may indicate that bottlenose dolphin
occurrence off Portugal is less coastal than in Galician waters, which may explain the

apparently lower bycatch frequency of this species in coastal gillnets in Portugal.

As in previous surveys in Spain and Portugal, harbour porpoise were always sighted
within shelf waters, mostly close to the coast, but sometimes also in deeper waters over
the shelf edge, and more frequently in areas where the continental shelf is relatively
narrow, such as in South Portugal (Sequeira, 1996; Kiszka et al., 2007; Pierce et al.,
2010; Spyrakos et al., 2011; Méndez Fernandez et al., 2012; Santos et al., 2012).
However, there was no linear relationship between water depth and sightings frequency
which may indicate that harbour porpoises feed over the whole continental shelf. In

Galician waters their main prey species include pouting, blue whiting, horse mackerel

" Agreement on the Conservation of Small Cetaceans of the Baltic, North East Atlantic,
Irish and North Seas
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and garfish (Belone belone) (Read et al., 2012), the first being a shallow-water species
while the latter three are more abundant in deep shelf water (Wheeler, 1978; Whitehead
et al., 1989). Similar patterns were described for the Bay of Biscay, where harbour
porpoise were found to feed on both benthic coastal and offshore prey species (Spitz et
al., 2006a). As bottlenose dolphins, harbour porpoises are likely to interact with coastal
fishing gears. The minimum annual bycatch mortality of harbour porpoises due to
interactions with fisheries was estimated as 4.3% of the Iberian harbour porpoise
population, based on stranding records (Read et al., 2012). In Portugal, the species is
frequently bycaught in beach seines (Silva and Sequeira, 2003; Ferreira, 2007).

Long-finned pilot whale and striped dolphin are considered oceanic species that prefer
deep water over the continental shelf edge and slope (Perrin et al., 1994; Rice, 1998). In
the current survey, long-finned pilot whales were mainly sighted off North Spain, which
confirms the occurrence patterns observed for this species in earlier studies (Aguilar,
1997; Lopez et al., 2004; Kiszka et al., 2007; Spyrakos et al., 2011), while striped
dolphins were slightly more often seen off North Portugal and in the Gulf of Cadiz.
Santos et al. (2012) observed the highest density of striped dolphins and mixed groups
of common and striped dolphins off North and Central Portugal. Long-finned pilot
whales and striped dolphins mainly feed on deep-water cephalopods and fish (Santos et
al., 1996; Spitz et al., 2006b, 2011; Sollmann, 2011; Méndez Fernandez et al., 2012).
The current survey did not include fisheries for deep-water cephalopods, and therefore it
is not possible to draw any conclusions about this particular type of prey. Nevertheless,
long-finned pilot whales and striped dolphins were also seen in shelf waters, most
frequently when blue whiting, European hake and other large demersal fish were
targeted, which supports the hypothesis that both cetacean species exploit oceanic, as
well as neritic foraging areas (Kiszka et al., 2007; Spitz et al., 2011; Méndez Fernandez
et al., 2012). However, due to their preference for oceanic cephalopods, long-finned
pilot whales and striped dolphins show the lowest degree of overlap with fishing areas
and fisheries target species and consequently a low probability to interact with fishing

activities in Iberian Atlantic waters.
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Usefulness of the different data sources for the assessment of cetacean occurrence
patterns and interactions with fisheries

The results obtained from each data source were consistent with previous studies on the
occurrence and habitat preferences of cetaceans in the same area. All three data sets
provided sightings records at low cost and reduced time expenditure when compared to
logistically complex dedicated cetacean surveys. On-board observations by fisheries
observers and skippers offer the possibility to identify the exact locations of cetacean
presence and to assess bathymetric preferences of cetaceans in a more restricted survey
area, while interview surveys have the potential to capture broad-scale distributional
patterns and long-term sightings trends over a wide geographic range. Therefore, the
different survey methods, apart from performing well independently, were also

complementary to each other (Table 5).

[TABLES 5 ABOUT HERE]

By surveying different fisheries, coastal as well as offshore habitats could be covered,
with the limitation that survey effort was restricted to fishing areas (< 450m deep). It is
therefore possible that sighting records for deep-water cetaceans, such as striped
dolphin, long-finned pilot whale, Risso’s dolphin and sperm whale, are underestimated
in the present study. In addition, certain bias in the sighting frequency for some cetacean
species may be related to the fisheries covered by each survey method. The interview
survey included small-scale and large-scale fisheries, while fisheries observers covered
only small-scale fishing vessels, which mainly operate in coastal waters where the
sightings probability for common dolphin is lower. Sighting records by skippers were
only obtained from trawling vessels operating in offshore waters where high sightings
frequency of long-finned pilot whales can be expected. Nevertheless, by pooling the
different data sources together, by weighting data based on water depth for summary
statistics and by including “data source” as a factor into the statistical models, this
source of error can be reduced.

The use of pseudo-absence records, which is a widely used approach, has certain

limitations (see Barbet-Massin et al., 2012), the main issue being that any habitat types
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visited by observers but not used by any of the cetacean species will not be represented

in the dataset.

The reliability of studies based on reports from fishers is often questioned, since
personal perceptions and interests may bias the information provided (Bearzi et al.,
2011). In addition, due to the nature of their work, fishers and fisheries observers are
inevitably less effective in detecting cetaceans than dedicated marine mammal observers
because observation effort is clearly restricted and consequently reliability of absence
records may be reduced (Spyrakos et al., 2011). Their low level of observer experience
may also increase the risk of incorrect species identification.

In order to ensure a good quality of recorded data, interviews with fishers were always
conducted face-to-face, because, in contrast to questionnaire surveys, personal
interviewing is thought to create more confidence between interviewer and respondents
(White et al., 2005). Interviewers made sure that records of incorrectly identified
cetaceans were excluded from the data analysis. Fisheries observers and trawl skippers
were thoroughly briefed about the correct observation methodology and identification of
cetaceans, and they were all provided with illustrative material. To avoid the possibility
that interviewees chose the answer they thought the interviewer would want to hear and
to avoid that fishers/observers “guessed” the cetacean species sighted in case they were
not able to identify them, the informants were always given the choice to say that they
did not know the answer or that they saw “non-identified” cetaceans. Despite all these
efforts to improve the quality of sighting records, opportunistically collected data are
inevitably less reliable than data collected by dedicated cetacean observers. Especially
the differentiation of physically very similar species, such as common and striped
dolphins, is very difficult for an untrained observer. This is for instance reflected in the
high proportion of “non-identified” cetacean records from trawl skippers that operate
offshore where they mainly encounter common and striped dolphins that sometimes
form mixed groups. Fishers/fisheries observers are obviously less consistent in reporting
than dedicated observers e.g. in the present project, the fisheries observers sent in more
complete questionnaires directly after feedback meetings, with a gradual decrease of

reports afterwards until the next meeting.
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It should also be noted that the use of fisheries stakeholder data will imply a bias
towards areas with fishing activity. Therefore it is difficult to determine if the cetaceans
are in the area just for feeding purposes or if they use the habitat where the fisheries
occur for other aspects of their life history, e.g. nursing, resting, socializing. In order to
explore this knowledge gap, it would be interesting to note the activity (e.g. feeding,
travelling, etc.) of the animals in future work as this will improve our knowledge of

their habitat preferences.

Apart from these methodological constraints, the biology and behaviour of certain
cetacean species may also cause certain bias in the data. Harbour porpoises, for
instance, are comparatively small and shy and are therefore difficult to detect, even

under calm sea conditions (Embling et al., 2010).

Ultimately, the greatest benefits of cooperative research involving stakeholders may be
through incorporating fishers’ LEK into assessment and management of cetacean —
fishery interactions and through establishing trust and dialogue that can be extended
into participatory management and governance, ultimately helping to ensure that
measures taken to meet conservation and sustainability goals are successfully
implemented (Coffey, 2005).Problems such as cetacean bycatch will not be solved by
demonizing fishers. The ecological knowledge of fishers represents a valuable
complement to data obtained through scientific research (Gilchrist et al., 2005). They
have long-term knowledge about abundance and occurrence of marine mammals and
their prey (Johannes et al., 2000) and their active involvement into cetacean surveys
also offers the possibility to gain a better insight into issues of concern, such as
cetacean-fishery interactions (Moore et al., 2010; Goetz et al., in press). Through
cooperative research, fishers’ knowledge is verified and translated into scientific
knowledge for use in policy-making (Johnson, 2010). Furthermore, participating in
cooperative research may contribute to greater mutual understanding and trust between
stakeholders and help the formation of partnerships between them (Hartley and
Robertson, 2006).

Conclusions
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Apart from the methodological constraints discussed above, the results of the combined
data sets provide important information about cetacean occurrence patterns, habitat
preferences and potential hotspots for cetacen-fishery interactions in Iberian Atlantic
waters. The potential of a given cetacean species to interact with fisheries is largely
determined by the degree of overlap in time and space of foraging and fishing activities,
as well as on the type (species and size classes) of marine living resources used by
cetaceans and fisheries. The results of this work indicate that cetaceans occur in marine
areas also exploited by fisheries in Iberian Atlantic waters. In extensively fished areas,
such as the South Galician rias, the resident bottlenose dolphin population may be
impacted more severely by bycatch mortality, especially if additionally exposed to other
threatening human activities such as habitat degradation, pollution and boat traffic
(Fernandez et al., 2011b). Such areas with high conflict potential should be monitored
more intensively and methods to reduce interactions (e.g. use of acoustic deterrent
devices, spatio-temporal restrictions of fishing activity) should be trialled in the

fisheries primarily affected by interactions with cetaceans.
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945  Table 1. List of variables used for analysis with their description and categories

946

Variables

Description and categories

Survey method

Interviews with fishers, fisheries observer records, skipper records

Subregion

(main fishing area)

Southern Bay of Biscay ~ (43°21'N/1°47'W — 43°48'N/7°41'W)

North Galicia (43°48'N/7°41'W — 42°44'N/9°05'W)
South Galicia (42°44'N/9°05'W — 41°54'N/8°52'W)
North Portugal (41°54'N/8°52'W — 39°36'N/9°24'W)
South Portugal (39°36'N/9°24'W — 37°01'N/9°0'W)

Western Gulf of Cadiz (37°01'N/9°0"W — 37°12'N/7°25'W)

Mean water depth

in metres: shallow (< 50 m), intermediate, deep (> 100 m)

Mean distance to coast

in nautical miles: coastal (< 12 nm), offshore (> 12 nm)

Fishery target species

Shoaling pelagic fish
Atlantic mackerel (Scomber scombrus), horse mackerel (Trachurus spp.),
European sardine (Sardina pilchardus), European anchovy (Engraulis

encrasicolus)
Blue whiting (Micromesistius poutassou)
European hake (Merluccius merluccius)

Other large demersal fish
pouting (Trisopterus luscus), common sole (Solea solea), turbot (Psetta maxima),
ballan wrasse (Labrus bergylta), European seabass (Dicentrarchus labrax), white
seabream (Diplodus sargus), blackspot seabream (Pagellus bogaraveo), red mullet
(Mullus surmuletus), black scabbardfish (Aphanopus carbo), European conger

(Conger conger), skates (Raja spp.), catshark (Scyliorhinus spp)

Presence-absence

(individuals or groups)

Common dolphin (Delphinus delphis), bottlenose dolphin (Tursiops truncatus),
striped dolphin (Stenella coeruleoalba), long-finned pilot whale (Globicephala
melas), harbour porpoise (Phocoena phocoena)

Cetacean group size

Small (1 - 5 animals), intermediate (6 - 25), large (26 - 50), very large (> 50

animals)
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Table 2. Detailed description of the sampled fleet segment covered in the survey including the main fishing grounds (expressed through

mean water depth and distance to coast), main target species and the mean catch volume for each type of fishery. For each descriptor, the

categories to which the majority of vessels in each fishery can be assigned are indicated by the symbol "x". Where this differs between

countries, the country is indicated in parentheses (ES = Spain, P = Portugal). SPBG are single panel bottom-set gillnets.

Type of fishing gear
Trawl Longline SPBG Polyvalent  Purse seine  Trammel net Trap Driftnet  Beach seine  Dredge _

mean water depth:

shallow (< 50 m) X X X (ES) X(ES) X (P X (ES)

intermediate X X X (p) X X X (p)

deep (= 100 m) X X
mean distance to coast:

coastal (< 12 nm) X (ES) X X (p) X X X X X (P) X (ES)

offshore (> 12 nm) X X (P)
main target species:

European hake X X

other large demersal fish X X X (P) X X (p)

blue whiting X

shoaling pelagic fish X X X X (p)

cephalopods X X (ES)

shellfish X (ES) X (ES) X (ES)
mean catch volume:

low (< 100 kg) X X X (ES) X X (ES)

intermediate X X X (p) X (p) X X (p)

high (> 500 kg) X X
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Table 3. GLM results (n = 786). All response variables relate to presence-absence of
cetaceans and thus followed a binomial distribution. Results displayed are as follows:
nominal explanatory variables included in the final model, their significance (sign)
based on Chi-Square-Tests (), with p-value (the significantly different categories of
each explanatory variable are specified in the text of section 3.3), the degrees of
freedom (d.f.) and the overall percentage of deviance explained (%dev) by the model.
For a detailed description of variables see Table 1.
Response variables Explanatory variables xz p-value d.f. %dev
common dolphin water depth 20.31 <0.0001 2 282
survey method 22.81 <0.0001 2
fishing area 105.24 <0.0001 5
target species 12.75 0.0258 5
bottlenose dolphin water depth 2390 <0.0001 2 226
survey method 163.9 <0.0001 5
fishing area 165.39  <0.0001 2
harbour porpoise fishing area 36.39 <0.0001 5 139
target species 27.06 <0.0001 5
long-finned pilot whale water depth 50.79 <0.0001 2 174
survey method 20.36 <0.0001 2
target species 31.55 <0.0001 5
striped dolphin target species 15.58 0.0081 5 114
fishing area 14.2 0.0144 5
water depth 7.0 0.0302 2
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Table 4. Water depth range (metres) of cetaceans sighted in Iberian Atlantic waters.

Number of observations (n) is also given.

depth range (m) mean £+ SD n
common dolphin 3-417 98 + 86 564
bottlenose dolphin 2-417 67 +79 298
harbour porpoise 3-267 79 £ 59 108
long-finned pilot whale 11 -400 168 + 98 116
striped dolphin 5-400 104 £ 91 50
baleen whale 27— 442 155+ 127 23
Risso’s dolphin 27 —-400 173 £139 12
sperm whale 20150 82 +39 10
killer whale 60— 417 174 + 127 11

Table 5. Cost, time expenditure and spatio-temporal coverage of the data sources used

in the present study.

interview survey

On-board observations

fisheries observers  trawl skipper

low cost

low time expenditure

broad-scale sampling

coastal habitats

offshore habitats

exact locations of cetacean presence
long-term sighting trends

X

o T B

X X
X X
X
X
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Figure 1. Cetacean species composition in Atlantic waters (from the coastline until 60
nm) along the Iberian Peninsula, as derived from interview data (with fishers) and on-
board observations (by skippers and fisheries observers) off the North Spanish and
Portuguese Atlantic coast. The species composition (proportions derived from weighted
data) and the number of observations is shown for each of the six subregions. White

lines indicate the limits between the subregions. Black dots indicate fishing harbours

where interviews were conducted.
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Figure 2. Distribution and group sizes of cetaceans off North Spain, as derived from on-
board observations by fisheries observers (covering coastal waters < 100 m along the
Galician coast) and by trawl skippers (operating in littoral waters of 100 — 400 m off
Galicia and Asturias). The white line marks the continental shelf break (200 m water
depth). The size of the coloured circles is proportional to the cetacean group size. Raw

(unweighted) data were used to create this figure.
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Figure 3. Relative percentage of sightings (weighted data) of the five most frequently
sighted cetacean species by different fisheries as derived from interview data and on-
board observations from Spanish and Portuguese vessels. Colouring of fishing gears
indicates their main fishing depths, green representing deep to intermediate water, red
intermediate to shallow water and orange/yellow shallow water. The number of
observations (n) is given for each cetacean species. Abbreviations: SPBG — single

panel bottom-set gillnet.
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