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The Cetacean Migration Corridor is an important marine protected area for
cetacean species in the Western Mediterranean, and part of its waters
constitute the main fishing grounds for the Valencia region (East Spain)
fishing fleet. Here we aim to assess the interactions between all active
fisheries operating in the waters of the Valencia region and the cetacean
species inhabiting this area. A total of 282 face-to-face interviews (51.37% of
the total fleet) to fishers were held on 20 ports at the study area to gather
information about cetacean by-catch and all types of interactions between
fisheries and cetaceans. The interviewed bottom trawlers (n = 148 boats)
reported a monthly by-catch rate (C) of 0.01 dolphins per vessel. Bottom
trawling vessels operating at neritic zones only reported by-catch of common
bottlenose dolphin (C = 0.009), while those fishing at oceanic zones by-caught
striped dolphin (C = 0.006) and common bottlenose dolphin (C = 0.003). The
interviewed artisanal fishers (n = 114 boats), the second most important fishery
in the study area, only reported one dolphin by-catch event, but 90 of these
boats communicated continued negative interactions with the common
bottlenose dolphin, causing gear damage and catch take. The interviewed
vessels gave an estimation of their annual economic loss produced by this
interaction (mean + SD: 2,998.10 + 2095.02 € per boat). Other fisheries
operating in the Valencia region were purse-seiners (n = 15 boats) and
pelagic longlines, a fishery that has almost disappeared in the study area (n =
5 boats). The first one had the highest estimated dolphin by-catch rate (C =
0.04) and mainly interacted with common bottlenose dolphin, but also with
striped dolphin. The information gathered from interviews was complimented
with long-term stranding data (1990-2020). Despite the fact that only 7.80% of
all recorded stranded cetaceans showed fisheries interaction signs, 26.72% of
the common bottlenose dolphins recorded showed evidence of this
interaction, thus confirming that it is the cetacean species most affected by
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fisheries in the area. Records of stranded striped dolphin (6.45%) also showed
evidence of fisheries interaction. Based on both dolphin by-catch and gear
damage, management plans are needed in the area to ensure cetacean
conservation and also fisheries sustainability in waters inside and around
marine protected areas at the Spain's Mediterranean.

KEYWORDS

Cetacean, fisheries interactions, common bottlenose dolphin, striped dolphin, interviews,
strandings, Valencia region

1. Introduction

The Western Mediterranean basin hosts up to eight resident
cetacean species. The striped dolphin (Stenella coeruleoalba) is the
most abundant species in the area, but common bottlenose
dolphin (Tursiops truncatus), short-beaked common dolphin
(Delphinus delphis), Risso’s dolphin (Grampus griseus), long-
finned pilot whale (Globicephala melas), fin whale (Balaenoptera
physalus), sperm whale (Physeter macrocephalus), and Cuviers’
beaked whale (Ziphius cavirostris) also have stable populations in
the area (Gomez de Segura et al., 2006; Boisseau et al., 2010).
Moreover, other vagrant species have been reported in this area,
such as the minke whale (Balaenoptera acutorostrata; Fraija-
Fernandez et al,, 2015, and references therein) or the humpback
whale (Megaptera novaengliae; Violi et al., 2021) among others.
The area between East Iberian Peninsula and Balearic Islands
harbors the Cetacean Migration Corridor, a Specially Protected
Area of Mediterranean Importance (SPAMI). This marine
protected area (MPA) covers 46.385 km” and constitutes a key
area for cetacean conservation in the Western Mediterranean.
Active hydrocarbon prospections and extractive activity are
banned at the demarcation of this MPA, except those related to
research under permit (OceanCare, 2021). Despite the existence of
this MPA, cetaceans still face several threats within the area, such
as fisheries interaction. Thus, it is necessary to identify and
quantify them to improve the effectiveness of this MPA for
helping cetacean species conservation.

Anthropogenic threats affecting cetaceans worldwide
include habitat degradation, many types of pollution, acoustic
disturbances, marine traffic, and the incidental interaction with
fisheries, among others (Nortarbartolo di Sciara, 2016; Nelms
et al, 2021, and references therein). Fisheries by-catch is a
persistent threat for cetaceans in many seas, with severe
impacts on the health and viability of many populations.
Cetaceans and fishing fleets usually share niche, and their
distribution and fishing activities overlap geographically,
entailing negative consequences for cetaceans (Avila et al,
2018; Carpentieri et al., 2021; Moore et al., 2021).
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Interactions between cetaceans and different types of
fisheries have been described in many places (Lewison et al.,
2014). Fishery discards constitute an important food source for
cetaceans, attracting them to fishing grounds (Bonizzoni et al.,
2022). In areas such as the Atlantic Ocean, bottom trawling
entails a high number of cetacean accidental catches (Lopez
et al., 2003; Fernandez-Contreras et al., 2010). However, absent
or low by-catch rates have been reported in the Mediterranean
Sea (Gonzalvo et al., 2008; Fortuna et al.,, 2010). On the other
hand, depredation events on artisanal fisheries by dolphins occur
frequently, causing damage to nets and to commercial captures
(Snape et al,, 2018), although low by-catch rates on this fishery
have also been reported (Lauriano et al., 2004; Diaz Lopez, 2006;
Brotons et al., 2008). Conversely, pelagic longline and purse-
seine are fisheries with high levels of cetacean by-catch reported,
particularly of small delphinid species, in the Western
Mediterranean (Aguilar, 1991; Zahri et al., 2007; Macias-Lopez
et al., 2012).

The Valencia region (East Spain, Western Mediterranean) has
a big fishing fleet that operates in waters inside and neighboring
the Cetacean Migration Corridor SPAMI. This fishing fleet
includes bottom trawling, artisanal (using several fishing gears),
purse-seine, and pelagic longline vessels (Generalitat Valenciana,
2020). Despite the existing overlapping between fishing grounds
and cetacean distribution and habitat use in these waters, there is
scarce information about their interactions. To date, only one
study described fisheries interactions between one species of
cetaceans and artisanal vessels in the area (Revuelta et al., 2018).

Face-to-face interviews to fishers are considered a useful and
cost-effective tool for identifying specific problematic
interactions between fisheries and threatened marine species,
although the results obtained with this methodology are highly
dependent on the fishers’ reliability (Moore et al., 2010; Goetz
et al,, 2014). Data from interviews allow to estimate the
minimum cetacean by-catch rates in a specific area (Lopez
et al., 2003). Prior studies across the Western Spanish
Mediterranean denote the importance of such sources of
information to analyze marine megafauna by-catch rates and
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the associated economic loss relative to such interactions
(Carreras et al., 2004; Domeénech et al., 2015; Revuelta
et al., 2018).

Stranding data, although subject to several legal restrictions
that constrain access to the animals and also to other caveats,
when recorded over long periods and large areas, provide
valuable information and have been, for long, a valuable
source to determine the species’ population status.
Considering that working with marine protected species
with ocean-wide distribution is often costly and logistically
difficult, stranding networks are crucial to evidence the threats
to which marine megafauna is exposed, including fisheries
interactions (e.g., Leeney et al., 2008; Tomas et al., 2008;
Casale et al., 2010). The postmortem examination of
stranded animals can unveil the relative mortality
consequence of by-catch interactions for both resident and
migratory cetacean species (Puig-Lozano et al., 2020; Duras
et al,, 2021; Peltier et al., 2021). Combining different sources of
information, such as face-to-face interviews to fishers and
long-term stranding data, can contribute to the obtainment
of an accurate assessment of the magnitude at which cetaceans
are exposed to fisheries interactions in a specific area.

10.3389/fmars.2022.981638

Here we combine detailed interviews conducted in the
fishing ports of the Valencia region with long-term stranding
data to gain knowledge about the problem between local fisheries
and cetaceans. The specific objectives of the present study are (1)
to provide an assessment of the interaction between fisheries
operating throughout the Valencia region (East Spain) and the
inhabiting cetacean species, and (2) to determine specific areas of
cetacean—fisheries interaction in waters inside and neighboring
the Cetacean Migration Corridor MPA.

2. Materials and methods

2.1 Study area

The Valencia region coastline extends over 419 km (37°51’
N, 0°45" W; 40°31" N, 0°31" E) across East Spain (Western
Mediterranean). The coastal waters are not homogeneous, with a
narrower continental shelf at the southernmost province
(Alicante) that expands over the central province (Valencia)
and is widest at the northernmost province (Castellon, Figure 1).
The waters of the Valencia region are included within the
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FIGURE 1

Map of the study area (Valencia region, Western Mediterranean) showing the spatial clusters of fishing activity (hot spots) of bottom trawling (left)
and artisanal fleets (right) during the interview survey period. Cold spots are not represented. The black symbols show the number of delphinid by-
catch events reported by the interviewed bottom trawl vessels. The map includes the distribution of 20 surveyed ports in the three provinces. The
bathymetry is depicted with darker shades of blue representing deeper waters and dashed light gray line of the 200-m bathymetric contour. The
stratification of the study area in the subzones stablished for bottom trawling fishery is also shown in the map on the left.
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Geographical Subarea n°6 from the General Fisheries
Commission for the Mediterranean (GFCM GSA06) and
comprises part of the Cetacean Migration Corridor MPA. The
present study covered 20 ports distributed throughout the three
provinces of the Valencia region to provide a heterogeneous
sample and analyze potential differences in cetacean-fisheries
interactions between provinces.

2.2 Fishing fleet description

The bottom trawling vessels operating in the study area have
a mean vessel length of 21.25 £ 3.41 m (range: 16.00-29.00 m)
(Ministry of Agriculture, Fisheries and Food, 2020). This fishery
has many demersal target species, such as European hake
(Merluccius merluccius), red mullet (Mullus barbatus),
monkfish (Lophius spp.), and Norway lobster (Nephrops
norvegicus) (Sala et al., 2019). The Valencian bottom trawling
fishing fleet is constituted by 209 vessels (Generalitat Valenciana,
2020), differenciating those fishing in coastal areas all year round
from those targeting red shrimp, Aristeus antennatus, at deeper
waters (400-800 m) at some periods of the year, similarly as
described in the adjacent areas of Spain’s Mediterranean
(Carbonell et al., 1999). This fleet discards a long list of species
[see Carbonell et al. (1998)] that can potentially be used as a food
resource by marine vertebrates (e.g., Tomas et al., 2001).

Artisanal vessels fish at less than 12 nautical miles from the
coast, have a mean vessel length of 10.10 + 2.00 m (range: 6.00—
15.00 m) (Ministry of Agriculture, Fisheries and Food, 2020),
and use different gears, mainly trammel nets and also gillnets,
pots, and demersal longlines. A total of 294 artisanal vessels of
this fleet are active (Generalitat Valenciana, 2020) and are
distributed along all fishing ports of the study area. Only
vessels using trammel nets and gillnets were included in the
present study since they are the most commonly used fishing
gears in this fleet and the ones previously described as
interacting with cetaceans. The principal target species are
common cuttlefish (Sepia officinalis), common sole (Solea
solea), and red mullet (Mullus spp.) for trammel nets and
Atlantic bonito (Sarda sarda), gilt-head bream (Sparus
aurata), and white seabream (Diplodus sargus) for gillnets
(Revuelta et al., 2018).

Purse-seine vessels are at least 11 m in length, operate at
night in the continental shelf, and target basically European
pilchard (Sardina pilchardus) and European anchovy (Engraulis
encrasicolus) (Boubekri et al., 2019). This fishery only has 38
active vessels according to the census of the Generalitat
Valenciana (2020). In the Valencia region, pelagic longline is
also a minoritarian fishery (n = 5 boats) (Generalitat Valenciana,
2020). The pelagic longline boats have variable ranges of vessel
length (12-27 m), and its fishing grounds, as purse-seines, cover
a big area depending on fish school locations. Pelagic longliners
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in the Western Mediterranean target swordfish (Xiphias
gladius), bluefin tuna (Thunnus thynnus), and albacore
(Thunnus alalunga) (Macias-Lopez et al,, 2012).

2.3 Interviews to fishers

Interviews were carried out during October-December
2020 at 20 out of 21 ports with fishing vessels at the study
area by a trained team of the University of Valencia. Despite
the fact that the interviews were conducted after the COVID-
19 lockdown situation, the Spanish government considered
fishing as an essential activity; hence, fishing activity practically
did not stop the year before the interviews. Then, we can
assume that the COVID-19 situation did not affect the
interview campaign and the results of the present study in
the Valencia region. Fishers’ associations and port authorities
of every port were contacted before conducting the interviews.
The interview campaign days were maximized as well as
adjusted to the routines of each fishery (Goetz et al., 2014).
The interviews were made by large to more than 20% of the
active vessels of the two main fisheries (bottom trawling and
artisanal) in the study area, following the precedence of other
studies in the area [Revuelta et al. (2018) and references
therein]. However, in a few ports, the required 20% was
narrowly missed: artisanals in Vinaroz and Santa Pola ports
and bottom trawlers in Sagunto and Torrevieja ports (Table 1).
One questionnaire session was held per boat, with the skipper
being preferably the person interviewee, and the interview
duration lasted approximately 20 min.

Before the interview was started, the fishers were informed
about the confidentiality of their answers and that the personal
and professional information asked would be used only for this
study. The fishers were asked about their hierarchical level in
the crew, number of crew members, fishing gear used (in case
of boats using different gears in different periods), and fishing
characteristics (vessel length, minimum and maximum depth
of fishing operations, five most common target species, spatial
information about their fishing activities, and number of
months of fishing activity in the previous year to the
interview). We also gathered information about gear damage
caused by dolphins, estimation of their respective annual
economic loss due to this interaction, and cetacean by-catch
events in that period. Finally, the interviewees were asked
about their perception of cetacean population trends at their
fishing grounds. The interviews were conducted with the
support of photographs of cetacean species with a higher
probability of interacting with fisheries in the area (common
bottlenose dolphin, striped dolphin, common short-beaked
dolphin, Risso’s dolphin, and long-finned pilot whale) to
gather accurate information of interacting species (Moore
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TABLE 1 Description of the fishing fleet in the Valencia region per port (north to south) at each province, Castellén (C), Valencia (V), and Alicante (A).
We represent the number of censed vessels, the number of interviewed vessels and the total engine power (kW) for bottom trawling and artisanal
vessels (Generalitat Valenciana, 2020; Ministry of Agriculture, Fisheries and Food, 2020).

Port Bottom trawling Artisanals Total

Interviews Boats kW Interviews Boats kw Interviews Boats kw
(C) Vinaroz 5 8 1,979.27 4 21 1,219.85 9 29 3,199.12
(C) Benicarlé 13 17 4,192.68 6 9 491.39 19 26 4,684.07
(C) Peiscola 10 21 3,452.43 5 18 844.14 15 39 4,296.57
(C) Castellén 6 14 4,751.93 8 14 949.28 14 28 5,701.21
(C) Burriana 7 8 1,475.95 8 15 914.27 15 23 2,390.22
(V) Sagunto 0 1 - 4 7 322.80 4 8 322.80
(V) Valencia 2 6 539.85 9 14 1,179.69 11 20 1,719.54
(V) Cullera 11 15 2,572.61 10 31 1,507.32 21 46 4,079.93
(V) Gandia 4 5 978.79 15 31 2,160.16 19 36 3,138.95
(A) Denia 13 18 3,159.43 6 10 700.00 19 28 3,859.43
(A) Javea 4 6 1,586.97 5 7 969.10 9 13 2,556.07
(A) Calpe 9 11 3,259.45 3 7 158.08 12 18 3,417.53
(A) Altea 9 10 3,774.18 2 3 608.10 11 13 4,382.28
(A) Benidorm - - - 1 3 77.94 1 3 77.94
(A) Villajoyosa 26 32 6,807.97 3 14 241.16 29 46 7,049.13
(A) Campello - - - 5 8 476.47 5 8 476.47
(A) Alicante - - - 4 5 184.26 4 5 184.26
(A) Santa Pola 29 36 8,345.41 12 61 2,504.42 41 97 10,849.83
(A) Guardamar - - - 2 10 270.47 2 10 270.47
(A) Torrevieja 0 1 - 2 6 738.93 2 7 738.93

et al,, 2010; Revuelta et al, 2018). Only fully completed
interviews were considered for further analysis.

2.4 Data analysis

2.4.1 By-catch

By-catch, defined as the unintended capture of marine biota
in a fishery targeting different species (Gray and Kennelly, 2018),
was related with bottom trawlers’ mean fishing depth (m). Mean
fishing depth (m) per vessel was calculated using the maximum
and minimum depth (m) reported by each interviewee. The
waters of the study area where bottom trawlers operate were
divided into two marine zones based on bathymetry, neritic
(<200-m depth) and oceanic (>200-m depth) (Hedgpeth, 1957).
To analyze differences in the operations of bottom trawlers, we
followed Domenech et al. (2015), stratifying information
gathered by bottom trawlers in four fishing subareas according
to reported fishing zones, the previously stated bathymetrical
parameters, trawl fishing depth, and port distribution in these
areas (see Figure 1).

Cetacean by-catch rate (C) was determined by dividing the
reported annual captures of cetaceans (C,ps) by the reported
fishing effort of a fishery (F,p,), which is the total number of
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reported months of fishing activity in the previous year to the
interview. Annual cetacean by-catch (C.) was estimated by
multiplying C by the estimated fishing effort for a fishery (Feg).

C,
e [
Fobs

Estimated fishing effort (F.,) was extrapolated by

Cest = [C X Fest]

multiplying the number of total active censed vessels of a
fishery by F,ps which was respectively divided by the number

Fops
n;

Maximum and minimum 95% confidence intervals (95% CI)

of interviewed vessels.

Fo = |:nt X

were obtained for annual cetacean by-catch estimation (Cey)
following Greenwood (1996). Cetacean by-catch rates and
annual cetacean by-catch estimations were also obtained for
bottom trawlers and purse-seiners for those reported species,
common bottlenose dolphin and striped dolphin. Additional
cetacean by-catch rates were also given for bottom trawlers
according to fishing bathymetric zones (Neritic/Oceanic) and
fishing subareas (1-4). As artisanal and pelagic longline vessels
only reported one capture of cetaceans each, descriptive
information was given for both fisheries.
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2.4.2 Gear damage: Economic loss in
artisanal vessels

In order to evaluate the economic loss produced by
cetaceans reported by interviewed artisanal vessels, an
ANOVA test (Mangiafico, 2015) was performed to analyze
differences between the three provinces. A Spearman
correlation test was used to study the correlation between the
reported economic loss and the number of months that the
artisanal vessels used nets on the previous year to the interviews
campaign. A chi-square test was used to compare the artisanal
fishers’ perception on possible variation in dolphin abundance at
their with the one of fishers from other fisheries. In order to
establish areas of higher dolphin-fisheries interaction, we
considered engine power (kW) of the active artisanal vessels at
the 20 surveyed ports, gathered from the Ministry of Agriculture,
Fisheries and Food (2020), as a proxy of fishing capacity (Crosti
et al, 2017). Then, we related engine power with annual
economic loss reported by fishers in each port. Significance for
these tests was stablished at o= 0.05. Statistical analysis was
performed using R 4.0.5.

2.4.3 Spatial analysis of bottom trawling and
artisanal fleet

The use of fishers’ knowledge through geographical
information systems (GISs) allows describing spatially
accumulation of fishing activities and fishing grounds (Léopold
etal, 2014; Aylesworth et al., 2017). Spatial information about the
location of fishing activities was collected during interviews using
a base map with a grid of 5 x 5 km cells, including bathymetry,
relevant points of reference and localities names. Fishers were
asked to draw on the map where they normally fish and each
fishing polygon was digitized into GIS vector polygons. Aggregate
fishing effort density per cell was expressed as the number of
vessels identifying the cell as a fishing ground.

Hot Spot Analysis tool (Getis-Ord Gi*) was used to describe
and to map statistically significant spatial clusters for the two
main fisheries in the region (bottom trawling and
artisanal fleets).

The Getis-Ord Gix statistic (Getis and Ord, 1992)
determines the spatial clustering of grid cell values that are
higher (hot spot) than expected by random distribution. It
performs significant tests between nearby cells in the
surrounding neighborhood area using a z-score (Getis and
Ord, 1992). The resultant z-scores and p-values indicate where
features with either high or low values cluster spatially. We
considered as hot spot the areas where cells with high z-score
and low p-value were spatially clustered.

Distributional maps were created at three levels of
confidence (99, 95, and 90%), and all clusters that were within
the 99% confidence level were considered for displaying the
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more intensely hot clusters. All data analysis and a georeferenced
distribution map of each fishery fleet were generated using the
free open-source Geographic Information System program
QGIS, version 3.4.6 (QGIS, 2021).

2.5 Analysis of cetacean strandings

2.5.1 Strandings with evidence of fisheries
interaction

We compiled the cases of stranded cetaceans found along the
Valencia region coast between 1990 and 2020 displaying fisheries
interaction signs. Such stranding events were registered by the
cetacean and marine turtle stranding network of the Valencian
community that follows the protocol explained in Gozalbes et al.
(2010). This network records dead or injured cetaceans and sea
turtles stranded on beaches or found floating dead or in a
weakened condition. It is coordinated via a 24-h telephone
hotline by the Marine Zoology Unit of the University of
Valencia (MZU-UV). Since a diagnostic necropsy was not
performed in all recorded stranded cetaceans, only stranding
cases with available photographs for visual external examination
and/or those necropsied or directly examined by the personnel of
the MZU-UV were considered to establish fisheries interactions.

The external signs of fisheries interactions in stranded
cetaceans considered here were (1) entanglement in fishing
gear still attached to the animal in the stranding or by-catch
events directly reported by fishers, (2) net marks and superficial
skin lesions clearly caused by fishing gear, (3) jaw/skull fracture
and broken teeth (these kind of injuries are produced when
fishers, particularly trawlers, drop the captures from the net over
the ship deck), (4) amputations of different parts of the body
with a human cause (e.g., strangulation of flippers by nets), (5)
incisions/cuts into the body cavity or over the skin of clear
anthropogenic origin, (6) long-term tail entanglement, and (7)
remains of fishing gear inside the body cavity and/or the
digestive tracts (Duras et al, 2021) (see the examples in
Supplementary Figure S1A).

We analyzed trends of common bottlenose dolphin and
striped dolphin strandings with fisheries interaction signs (the
only two cetacean species with a sufficient sample size) over time
through regression analysis. We used a linear regression ¢-test to
determine whether the slope of the regression line differs
significantly from zero. We explored these trends in two
periods—a three-decade study period (1990-2020) and in the
last decade (2009-2020)—to gather long-term and recent trends
for these two species. We excluded data from the years 1990 and
2007 for striped dolphin since massive stranding of the species
occurred in these years due to a Morbillivirus epizootic (Duignan
et al., 1992; Raga et al., 2008).
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2.5.2 Spatial analysis of stranding data

Kernel density maps were produced to describe the spatial
distribution of strandings of common bottlenose dolphins and
striped dolphins throughout the historical records in the
Valencia region coasts between 1990 and 2020. This was only
performed for these two species because they are the most
abundant cetaceans in the area (Gomez de Segura et al., 2004;
Gomez de Segura et al., 2006) and because both account for the
vast majority of cetacean interactions reported during
the interviews.

The kernel density tool calculates the magnitude per unit of
area from point features using the kernel function to produce a
more generalized density raster. This allows a visual
representation of the density of strandings in an area by
creating “hot spots”. This required the creation of point
shapefiles from geographic coordinates of strandings as an
input layer to generate a kernel density estimation (KDE)
representing strandings per square kilometer.
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FIGURE 2

Kernel density estimations (KDE) of Tursiops truncatus (left) and Stenella coeruleoalba (right) stranding events from records of the Valencia
region stranding network for the period 1990-2020, according to 5 X 5-km grid cells. The core stranding areas of both species (50% KDE) are
represented. The legend inside the figure also shows the ports in five strata representing the proportions of engine power (kW) of each fishing
port in relation to the total engine power of the Valencia region fishing fleet. Colored areas represent the municipality of the port. White circles
show stranded individuals recorded with fishery interaction signs. Additional details of the study area are shown in Figure 1.
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Core-stranding areas were identified using fixed kernel
density estimations (Worton, 1989) in QGIS version 3.4.6
Geographic Information System Software (QGIS Development
Team, 2021). A rule-based ad hoc method was applied to
estimate the appropriate smoothing parameter (h) for
delineating kernel contours (Kie, 2013). We used 90% KDE to
estimate the overall stranding range and 50% KDE to represent
the core area of dolphin species’ strandings.

Since strandings have been previously related to fishing
capacity (Byrd et al., 2014; Crosti et al., 2017), we mapped the
engine power (kW) of the 21 fishing ports of the Valencia
region to visually determine overlapping and assess the spatial
relationships of common bottlenose dolphin and striped
dolphin stranding (50% KDE) distributions and engine
power as a measure of fishing capacity. We represented the
proportion of engine power at which each port contributes to
the total engine power of the fishing fleet from the study area
in Figure 2.

KDE

I 95%

Il 50%

Engine power (kW)
[101-3.2

@ 3.2-6.3

0 6.3-9.4

B 94-125

Il 125-15.6

O Fishery interaction

frontiersin.org


https://doi.org/10.3389/fmars.2022.981638
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Izquierdo-Serrano et al.

3. Results
3.1 Interview survey

A total of 282 interviews (one per boat) were held during the
campaign on 20 out of the 21 ports of the studied area; thus,
according to the 2020 census (Generalitat Valenciana, 2020), we
surveyed 51.37% of the active censed fleet. The fishers reported
24 accidental catches of small cetaceans, all from the family
Delphinidae. There were significant differences regarding by-
catch and gear damage events reported among the different
gears; therefore, the results per fishery are given below.

3.1.1 Bottom trawling: Fishing ground
distribution and cetacean by-catch

The distribution map of the bottom trawling fishing grounds
created from the information provided by fishers during
interviews (Figure 1) was consistent with the map derived
from the VMS data provided by the Spanish Government and
North East Atlantic Fisheries Commission (ICES, 2008). The
data show that bottom trawlers from the Valencia region ports
operated at a mean + SD depth of 168.30 + 187. 25 m (range =
20.21-1,203.50 m). For the surveyed bottom trawlers (n = 148),
there were significant differences between the mean fishing
depth (m) among the four stratified subareas (ANOVA, F =
6.241, p< 0.001). Trawlers operating at subarea 3 (mean * SD:
286.90 + 223.30 m) and subarea 4 (mean + SD = 298.70 +
185.70 m) fished deeper than the ones in subarea 1 (mean + SD=
141.74 + 169.25 m). Trawlers operating at subarea 2 fished at a
mean * SD fishing depth of 249.58+ 145.03 m, which did not
show significant differences with any of the other subareas.

Based on the Getis-Ord Gi* statistic, significant clusters of
fishing activity were identified in the waters of the Valencia region.
Those higher z-score values defined as hot spots are shown in
Figure 1. A hot spot area was found at the northern part of the study

10.3389/fmars.2022.981638

area located in the waters over the continental shelf near the 200-m
isobaths. A second large hot spot area was detected at the south of
the study area, showing that bottom trawling fishing grounds
concentrate at both neritic and oceanic zones depending on the area.

Overall, the bottom trawl interviewees reported a by-catch of
16 dolphins for the period October 2019-November 2020, which
meant a by-catch rate of 0.01 dolphins captured monthly per
vessel. Extrapolating to the entire active fleet of this fishery, this
meant an annual cetacean by-catch estimation in the Valencia
region of 23 delphinids (95% CI = 7-39). The reported species
composition was nine common bottlenose dolphins, four striped
dolphins, and three unidentified dolphins by-caught, with
differences in the captured species between the neritic and
oceanic zones (Table 2). The common bottlenose dolphin by-
catch rate was higher in vessels working in the neritic zone (C =
0.009) than in the oceanic zone (C = 0.003). The striped dolphin
by-catch events were only reported by fishers operating in the
oceanic zone (C = 0.006). There were also differences in by-catch
rates between the bottom trawl fishing subareas as the common
bottlenose dolphin by-catch rate was higher in subarea 1 (C =
0.012) and subarea 2 (C = 0.018), while for the striped dolphin
by-catch rate, it was higher in subareas 2 and 3 (C = 0.006)
(Table 2). On this fishery, no substantial gear damage due to
dolphin feeding interactions was informed by the interviewees
and did not represent a substantial economic loss for this fishery.

3.1.2 Artisanal fleet fishing ground distribution
and interactions with cetaceans

A total of 114 interviews were made to artisanal fishers (one
per vessel) and were used to map the individual areas of artisanal
fishing grounds. The spatial distribution of the interviewed
artisanal vessels shows a prevalence of exploitation of the
neritic zone. In fact, this fishery showed a mean fishing depth
of 34.86 + 18.80 m (8.52-140.00 m). Figure 1 shows the spatial
cluster distribution using the Getis-Ord Gi* and those fishing
grounds showing a higher density of artisanal vessels at the

TABLE 2 By-catch of Tursiops truncatus and Stenella coeruleoalba reported by bottom trawling vessels according to depth zones (neritic/
oceanic), fishing subareas (1-4), and totally. The summary of total reported by-catch individuals, by-catch rates, and annual cetacean by-catch
estimations with its respective 95% confidence intervals (95% CI) is shown per species. We also present the bottom trawling interviewed vessels,
censed vessels, and the estimated fishing effort (Fest) for each stratum and totally.

Species Tursiops truncatus Stenella coeruleoalba

Interviews Boats  Fishing Total by- By-catch Annual by- Total by- By-catch Annual by-
effort catch rate catch catch rate catch

Depth Neritic 83 116 1,116.64 7 0.009 10 - - -
Oceanic 65 93 962.46 2 0.003 3 4 0.006 6

Fishing Area 1 44 68 650.66 5 0.012 8 - - -

subarea Area2 17 27 266.00 3 0.018 5 1 0.006 2
Area3 35 45 450.93 1 0.003 1 2 0.006 3
Area4 52 69 711.51 - - - 1 0.002 1

Total 148 209 2,079.10 9 0.006 13 (0-29) 4 0.003 6 (0-22)
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study. The larger areas identified by statistically significant Gi*
showed the importance of a variety of fishing zones along the
coast. The higher z-score values, in red, correspond to the area
between Alicante and Santa Pola ports, the area between Denia
and Cullera ports, and finally the area around the three
northernmost ports (Pefiiscola, Vinardz, and Benicarl6). Other
hot spots were also evident around the port of Castellon.

Only one by-catch event of a dolphin that the interviewed
fisher did not identify at a species level was reported. However, a
total of 103 (90.35%) of the interviewed artisanal fishers reported
negative interactions with dolphins. In all cases, common
bottlenose dolphin was identified as the species causing this
interaction. The fishers reported that dolphins cause economic
loss by taking or damaging the target species in nets and/or
captures and damaging their fishing nets. From all artisanal
fishers who reported a negative interaction with dolphins, 90
(87.38%) gave an estimation of their annual economic loss. The
mean annual economic loss reported per artisanal vessel was
2,998.10 + 2,095.02 € (range: 100-9,000 €). Economic loss was
significantly different between the three provinces (ANOVA, F =
3.205, p< 0.05), the lowest mean + SD being reported at
Castellon province (1,716.67 + 1,617.17 € per vessel) and the
highest at Valencia province (3,050.00 + 2,246.89 € per vessel).
This province has ports with high artisanal engine power, such
as Gandia, Cullera, and Valencia city (total for Valencia
province: 5,169.97 kW) (Table 1). The reported economic loss
was also found to be positively correlated (r* = 0.24) with the
number of months that the artisanal fishers used nets
(Spearman, S = 187,987, p< 0.05).

3.1.3 Interactions between cetaceans and
other fisheries operating in the region

The purse-seine fishers interviewed (n = 15 boats) reported
four common bottlenose dolphins and two striped dolphins in
by-catch events, which supposed a by-catch rate of 0.04 dolphins
accidentally caught monthly per vessel. The estimated annual
delphinid by-catch for this fishery was 15 dolphin individuals
(95% CI: 3-26) for the entire purse-seine fleet. The common
bottlenose dolphin by-catch rate was 0.026, and the estimation
of the annual by-catch was 10 individuals. The striped dolphin
by-catch rate was 0.013, and the estimation of annual by-catch
for this species was five individuals. We were able to gather
scarce information about mortality due to by-catch for bottom
trawling and artisanal and pelagic longline fisheries, although
inconsistently. However, all purse-seine fishers interviewed did
provide this information. The fishers reported that 33% of
cetaceans accidentally caught by this fishery were released
alive, while the rest were discharged already dead from nets.
Regarding the purse-seiners’ gear damage produced by dolphins,
four out of 15 interviewees (26.67%) reported sporadic damage
on their fishing gear produced by striped dolphin and common
bottlenose dolphin, with an associated economic loss (mean +
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SD: 9700.00 + 7596.05 € per vessel). In addition, negative
interactions due to depredation by other species, such as tuna
species, were reported during the interview campaign.

The pelagic longline vessels interviewed (n = 5) operate
throughout the study area waters in a mean fishing depth of
201.20 + 62.70 m (range: 101.86-283.36 m). One pelagic longline
vessel reported one accidental capture of a Risso’s dolphin, with
no gear damage produced by cetaceans at this fishery according
to interviewees.

3.1.4 Cetacean population trends according
to fishers

In the context of all fisheries, 42.91% of fishers perceived that
the cetacean population abundance remains stable at their
fishing grounds, while 44.70% assured that the presence of
dolphin species has increased. The proportion of artisanal
fishers perceiving an increase of dolphin population at their
fishing grounds (63.55%) was significantly higher than the one
for bottom trawling fishers (33.78%) (chi-square test, 1 =32.66,
< 0.001), purse-seines (13.33%) (chi-square test, * = 74. 71, p<
0. 001), and pelagic longlines (20.00%) (chi-square test, )(2 =41.
40, p< 0.001).

3.2 Cetacean stranding data in the
Valencia region

Regarding the information gathered from the stranding
network of the Valencia region, a sum of 1,411 cetaceans were
stranded at the Valencia region coast between 1990 and 2020.
The percentage of stranded cetaceans showing fisheries
interactions evidence on the study area and period reaches
7.80% of the total number of cetacean stranding
records (Table 3).

3.2.1 Evidences of fisheries interactions in
stranded cetaceans

Between 1990 and 2020, a sum of 110 cetaceans recorded by the
stranding network of the Valencia region, either stranded or
bycaught, showed different evidence of fisheries interactions.
Fourteen of them were recorded entangled in fishing gears. One
common bottlenose dolphin, one striped dolphin, and two
unidentified cetaceans were reported to the network after being
having been captured by bottom trawlers. One common bottlenose
dolphin, two striped dolphins, and one Risso’s dolphin were
reported after being entangled in the nets of artisanal vessels. One
fin whale and one Cuviers’ beaked whale were found entangled in
drift nets, and one common short-beaked common dolphin was
recorded after being entangled in a longline fishing gear. Three
unidentified delphinids were also recorded as by-caught in fishing
gears not specified in the records of the network.
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3.2.2 Common bottlenose dolphin and striped
dolphin strandings’ density distribution

Striped dolphin and common bottlenose dolphin species
both show a higher number of stranding records at the study
area. From 1990 to 2020, the study period, stranding reports
were filed for 166 common bottlenose dolphins and 759 striped
dolphins throughout the Valencia region coastline. The mean
annual common bottlenose dolphin stranding records during
the study period was 5.35 + 3.20, ranging from 0 in 1999 to 14 in
2003. A positive trend in strandings with fisheries interactions
signs for the species was detected for the 1990-2020 period (t-
test for regression slope, t = 4.295, p< 0.001) and also for the
2009-2020 period (t = 3.883, p< 0.01). Common bottlenose
dolphin was the species that showed the highest percentage of
strandings with fisheries interactions signs (Table 3).

For the striped dolphin, the mean annual stranding records
during the study period was 24.50 + 28.13, ranging from 6 in
1996 to 154 in 1990. For this species, a positive trend in
strandings with fisheries interaction signs was found during
the whole studied period (¢ = 3.355, p< 0.01), but not for the
2009-2020 period (t = 0.968, p> 0.05). Figure 2 shows the
locations of the stranding records of individuals of these two
species showing evidences of fisheries interactions from 1990
to 2020.

The spatial distribution of common bottlenose dolphin
strandings in the region estimated by KDE indicated that the
highest stranding densities occurred along the Alicante coastline
(Figure 2). The estimates also showed two isolated clusters in the
Valencia province, around Sagunto and at the south of Valencia
city. There was no substantial stranding density for common
bottlenose dolphins in the Castellon province (Figure 2).

TABLE 3 Number of cetacean individuals stranded on the Valencian
Community coast between 1990 and 2020. Individuals showing
fisheries’ interaction evidence are given per species, with its
associated percentage (%) calculated according to the total
strandings of each species.

Species Stranded Individuals showing %
individuals fisheries
interactions
Non-identified cetaceans 374 17 4.54
Tursiops truncatus 116 31 26.72
Stenella coeruleoalba 759 49 6.46
Delphinus delphis 27 3 11.11
Grampus griseus 42 3 7.14
Globicephala melas 23 0 -
Balaenoptera physalus 19 2 10.53
Balaenoptera acutorostrata 4 0 -
Physeter macrocephalus 37 4 10.81
Megaptera novaeangliae 1 0 -
Ziphius cavirostris 9 1 11.11
Total 1,411 110 7.80

Frontiers in Marine Science

10

10.3389/fmars.2022.981638

The spatial distribution of striped dolphins stranded in the
Valencia region coasts also reveals the lowest stranding density
along the Castellon province coastline for this species (Figure 2).
The highest stranding densities occurred between the ports of
Valencia, Cullera, and Gandia. The estimates also showed a
small concentration of strandings at the north of the Valencia
province and at the southernmost port of the Castellon province.
Another area of concentration of strandings was located at the
south of the Alicante province, between the ports of Alicante and
Torrevieja, and an isolated cluster around El Campello
port (Figure 2).

On the other hand, the distribution of engine power
contribution of the active censed fleet shows a concentration
of ports with higher contribution at the south of the study area
(Figure 2), as only Santa Pola and Villajoyosa ports accumulate
28.23% of the engine power of the Valencia region fishing fleet
(Ministry of Agriculture, Fisheries and Food, 2020) (Table 1,
Figure 2). This concentration of engine power at the south of the
region seems to be associated with common bottlenose dolphin
and striped dolphin stranding distribution there. On the
contrary, some ports at Castellon province highly contributing
to the total engine power of the study area seem not to be
associated with the strandings of both the common bottlenose
dolphin and the striped dolphin due to the absence of KDE core-
stranding areas for these species. The lack of association between
fishing capacity and stranding distribution can also be seen at
ports found at the Valencia province, the province with the
lowest fishing capacity contribution value, but with KDE core-
stranding areas, especially for striped dolphin.

4. Discussion

4. 1 Problem of cetacean-fisheries
interactions according to fishers

Despite the diversity of cetaceans in the Western
Mediterranean waters and particularly in the Valencia region
(Gozalbes et al., 2010), according to fishers’ perception, only two
species exhibit an important interaction with fisheries in this
area, the common bottlenose dolphins and the striped dolphins.
Both species were defined as “Vulnerable” in the Mediterranean
Sea, and fisheries interactions were already defined as a threat for
them, especially for the common bottlenose dolphin (IUCN,
2021). This interaction seems to be negative in a twofold way.
Firstly, fisheries may cause the accidental capture of these
species, either because both share the same area or because
dolphins may be attracted to fishing grounds by captures in nets
or fishing discards, although the by-catch rates seem to be lower
in the Valencia region waters compared to other areas (Lopez
etal., 2003). Secondly, when predating on captures, dolphins can
produce economical loss by reducing the captures of target
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species and by damaging fishing gears during depredation
events, thus increasing the fishers’ negative perception of these
threatened species. Recent protection figures have been created
to protect cetacean species in Spain’s Mediterranean waters, such
as the Cetacean Migration Corridor (OceanCare, 2021).
However, this large marine protected area mainly comprises
open waters; thus, little protection may be offered to dolphins
inhabiting or migrating throughout the coastal waters. Despite
the existence of several marine protected areas in waters over the
continental shelf at the Valencia region, even Sites of
Community Importance were designated to specifically protect
common bottlenose dolphin (Revuelta et al., 2018); those are
much smaller than the common bottlenose dolphin distribution
in the study area [see Gomez de Segura et al. (2004); Gomez de
Segura et al. (2008)]. Marine protected areas also function as
nurseries for many target species of regional fisheries, and
fishing activity is intense around these areas. All these imply a
frequent overlapping between dolphin distribution range and
fishing grounds.

Bottom trawling is one of the two main fisheries operating in
the area regarding the number of censed vessels, engine power,
and fishing effort. Several cetacean species distributions (Gomez
de Segura et al., 2004; Gomez de Segura et al., 2008) overlap with
the estimated bottom trawling fishing hot spot areas. By-catch
events of common bottlenose dolphins and striped dolphins by
bottom trawls were reported also in low numbers in other areas
of the Mediterranean Sea (Bearzi, 2002; Fortuna et al., 2010). The
observed differences in the reported by-catch of cetacean species
among subareas could be related to the mean fishing depth of
bottom trawlers operating on each subarea. Subarea 1 has a
wider continental shelf, which implies that the fishing activities
of bottom trawlers concentrate at shallower waters. In fact,
bottom trawlers fishing in subarea 1 and in the neritic zone of
other subareas reported higher numbers of common bottlenose
dolphin accidentally caught, supporting that depth is one factor
ruling common bottlenose dolphin interaction with this fishery
(Gonzalvo et al., 2008).

On the other hand, bottom trawlers working in the oceanic
zone and in waters off subareas with a narrower continental shelf
(subareas 2, 3, and 4) work at a higher mean fishing depth (m)
and, therefore, reported striped dolphin accidental catches. This
result may support the idea about how prey abundance and
distribution influence the preferred habitats for cetaceans
(Canadas et al.,, 2002; Giannoulaki et al., 2016) and the
consequent threats associated with the habitat of the species.

Striped dolphin has oceanic distribution in the region
(Gomez de Segura et al., 2008, and references therein);
however, in the last decade, this species seems to have changed
its feeding habits in the Western Mediterranean, increasing the
proportion of demersal preys (Aznar et al., 2017), also targeted
by bottom trawlers. Moreover, long-term boat-based surveys
seemed to indicate a switching trend in the habitat preference of
striped dolphin since 2008, expanding its range to the
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continental shelf (Fraija-Fernandez et al., 2015). Despite the
fact that more detailed studies on the current distribution and
habitat use by striped dolphins in the area are needed, these
evidence may explain the interaction of this species with bottom
trawling in the present study. Further monitoring of both the
striped dolphin habitat use and by-catch by bottom-trawling is
necessary to avoid future conservation problems for the species
related to its interaction with this fishery.

The artisanal fleet using trammel nets and gillnets also
showed hot spot areas of fishing activity throughout the
Valencia region coastal waters. In the present study, artisanal
fishers reported little dolphin by-catch numbers as in a previous
study held in the area (Revuelta et al., 2018) and in other areas of
the Mediterranean Sea (Diaz Lopez, 2006; Brotons et al., 2008;
Gonzalvo et al, 2015; Pennino et al, 2015). This may be
indicative that dolphins are able to detect and avoid the nets
in most of the cases. This ability would let the dolphins approach
the nets and take captures, therefore causing fishing gear damage
and economic loss (Snape et al., 2018). Despite that there are no
accurate common bottlenose dolphin population estimations in
the studied area since almost two decades (Gomez de Segura
et al., 2006), this species seems abundant and has been seen
frequently in coastal waters (MZU-UV, studies in progress),
often in hot spot areas of artisanal fishing grounds. Moreover,
the opportunistic feeding strategy of the species includes
demersal target species of this fishing gear (Blanco et al., 2001;
Gimeénez et al., 2017). Overall, the high percentage of artisanal
fishers that reported negative interactions with common
bottlenose dolphin in our study (see also Revuelta et al., 2018)
is not unexpected. The nearshore distribution of this fishery
overlaps with common bottlenose dolphin distribution typically
found at the continental shelf (Gannier, 2005; Gnone et al.,
2011). However, as was described above, changes in striped
dolphin distribution in the area could include this species in the
conflict with local artisanal fishers, particularly because this
fishing hot spot area is found at the south of Valencia
province (Figure 1), located west to the most important area
for this species in the waters off the Valencia region (Gomez de
Segura et al., 2008).

Our results also show that there were differences between the
three provinces. Ports at Alicante, as reported by Revuelta et al.
(2018), but specially at Valencia province, seemed to have higher
economic loss in contrast to those found at Castellon, the
northernmost province. There was a generalized fisher’s
perception that the interaction with dolphins is increasing
throughout all the study areas in the last 5 years, which also
has been recorded in other regions of Spain and in other areas of
the Mediterranean Sea (Monaco et al., 2020). In fact, the highest
proportion of fishers perceiving an increase of dolphin presence
in their fishing grounds belonged to artisanal fisheries (63.55%).
However, the economic loss reported by artisanal fishers in our
study was similar to the values registered by Revuelta et al.
(2018) in interviews made in 2015; hence, despite that fishers
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have become more active in clamming for this issue with
dolphins, the problem seems not to have economically
worsened in the last years.

In order to have a complete assessment of the interaction
between cetaceans and fisheries, we also took into consideration
the two other minoritarian fisheries regarding the number of
censed vessels: the purse-seines and pelagic longlines. According
to interviews, purse-seiners had the highest by-catch rate
compared with other fishing gears. The by-catch events of
dolphins, more specifically of common bottlenose dolphin and
striped dolphin, were reported. These species have also been
captured by purse-seines elsewhere (Tudela, 2004; Zahri et al.,
2007; Marcalo et al., 2015). The coastal distribution of purse-
seiners targeting small pelagic fish schools again explains the
interaction with common bottlenose dolphin. Striped dolphin
by-catch events in this fishery could be explained because purse-
seiners target species are part of the diet of this dolphin (Gomez-
Campos et al., 2011; Aznar et al., 2017), and as explained before,
by the potential habitat switch of striped dolphin in the area
(Aznar et al,, 2017).

The pelagic longline fleet at the study area currently has a
small representation despite being bigger in the past (Generalitat
Valenciana, 2020), and its involvement in by-catch events has
decreased due to laws forcing changes in the fishing gear (Tomas
et al,, 2008). In the present study, one accidental capture of one
Risso’s dolphin was reported by this pelagic fishery. It is possible
that the interaction between this fishery and this species could
have been underestimated or undetected in the past since the
Risso’s dolphin distribution overlaps with the fishing grounds of
this fishery in waters over the slope and in open waters, and the
species has already been reported being by-caught by pelagic
longlines in the Western Mediterranean (Macias-Lopez
et al., 2012).

4.2 Assessment of fisheries interactions
according to strandings

Cetacean long-term stranding data (1990-2020) show a
small percentage of cetaceans stranded with evidence of
fisheries interactions. Only in a few of these cases could the
specific fishing gear be identified. Common bottlenose dolphin
and striped dolphin were the two species showing more
strandings with fisheries interaction signs; however, our data
gathering revealed that other species may interact with fisheries
in the study area, although sporadically. This reduced number of
records may be a consequence of the oceanic distribution of
most cetacean species inhabiting Spain’s Mediterranean waters
[see Gomez de Segura et al. (2004)], which makes it difficult for
the carcasses of dead animals to reach the coast. Nonetheless, the
stranding data support the information provided by fishers
during interviews, particularly concerning the interaction with
common bottlenose dolphin and also the striped dolphin. The
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increase in stranding events with fisheries interaction signs of
individuals of these two dolphin species over the whole study
period may be conditioned by the improvement of the network,
particularly during the first 10 years, since no significant trend
was found for striped dolphins in the latter years. However, this
did happen for the common bottlenose dolphin.

The common bottlenose dolphin has been also reported as
the species with a higher percentage of individuals stranded with
fisheries interactions signs in a recent study carried out in the
Catalonian coast, north to the Valencia region (Cuvertoret-Sanz
et al,, 2020). In that study, fishery interaction was the most
frequent cause of death for the analyzed common bottlenose
dolphins, thus confirming the magnitude of this threat in the
Western Mediterranean [as informed by Hammond et al
(2012)]. As said before, in the present study, we detected a
recent increasing trend in common bottlenose dolphin
strandings with signs of fisheries interactions, which may
support the perception of increase in abundance of common
bottlenose dolphin stocks as reported by fishers during the
interviews. This increasing trend in strandings could be linked
to an increase in dolphin population size as reported elsewhere
(e.g., Leeney et al.,, 2008) as well as to the increase in associated
negative fishery interactions [see also Powell and Wells (2011)].
Moreover, Cuvertoret-Sanz et al. (2020) also reported striped
dolphin as a species dying because of fishery interaction. In our
study, this species has the highest number of individuals with
fisheries interaction signs, even more than the common
bottlenose dolphin, but it has a lower percentage probably
because it is the most abundant cetacean in the area and, thus,
in the stranding network. It has also suffered several episodes of
massive strandings caused by a Morbillivirus epizootic (Van
Bressem et al., 2014). Nonetheless, although for this species a
recently increasing trend on stranding individuals with fisheries
interaction signs was not detected, the total number of records
could confirm the interaction level at which the species is
exposed at the study area.

The high stranding density observed for the two species of
delphinids at the south of the study area could be related with the
location of the ports Santa Pola and Villajoyosa, both
contributing to a high percentage of the engine power of the
regional fishing fleet, a factor that has been correlated with
strandings in other places (Byrd et al., 2014; Crosti et al., 2017).
Areas with higher engine power are supposed to contain a larger
fleet. Santa Pola and Villajoyosa are the ports with the highest
bottom trawling fleet in the Valencia region. However, in other
parts of the study area engine power does not match with
strandings distribution. The high contribution of fishing
capacity found at the northern ports is not associated with the
strandings of striped dolphin, probably because this is not the
preferred area of distribution for the species in the Valencia
region waters (Gomez de Segura et al., 2006) and also because
the continental shelf is much wider in this area, and this species
is preferably distributed in waters over the slope. The fishing fleet
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engine power in Castellon is also not related with common
bottlenose dolphin stranding distribution, probably because the
local stocks can be found at waters further from the coast, over
the wide continental shelf near Columbretes Islands (Revuelta
et al., 2018). Carcasses of animals dead in open waters are less
likely to reach the coast and be recorded (Leeney et al., 2008).
The opposite situation seems to happen at Valencia province,
where low engine power contribution values do not explain the
clusters of striped dolphin strandings, probably associated with
the proximity to the preferred area of distribution for striped
dolphin in the region. Therefore, fishing capacity alone does not
seem to explain the stranding distribution throughout the region
The effect of other variables such as species distribution (Leeney
et al., 2008), abundance of cetacean species and/or of their prey,
or drifting conditions and migration of carcasses due to sea
currents and winds (Peltier et al., 2014; Saavedra et al., 2017; Jog
et al, 2022) should be also considered to explain cetacean
distribution. In fact, at the study area, the stranding clusters of
both dolphin species found at the south of the Valencia province
could be explained by the existence of a main north-south
surface coastal current, already described as a potential factor
explaining loggerhead sea turtle stranding distribution in the
area (Tomas et al., 2008).

4.3 Combination of methodologies and
future management actions

As described in the previous section, stranding-based studies
are subject to several gaps, and several factors could explain
stranding aggregations at certain locations. As said before,
interview-based studies depend on reliability of the interviewed
fishers. However, working with marine protected megafauna is
often costly and logistically difficult. Hence, combining data
obtained from these relatively low-cost methodologies over a long
period and large area, despite not fully accurate, may help in gaining
knowledge on cetacean species and assessing threats that affect them
in a certain area so as to help in their conservation. Through a
combination of interviews to fishers, stranding records, and spatial
analysis, we could assess cetacean—fisheries interactions happening
in waters inside and neighboring the Cetacean Migration Corridor
MPA, a key area for cetacean protection. Our results, especially for
common bottlenose dolphin and striped dolphin, reflect the need of
monitoring and applying management and conservation measures
on waters inside and near this protected area.

The current situation of local fisheries is critical due to
several factors, including the reduction of target species’ stocks,
the increase of fuel cost caused by the current global situation,
the recent COVID-19 pandemic situation, and the lack of
generational handover. The economical loss caused by
dolphins is already seen as another problem added to this
situation and may result in illegal actions against this
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protected species. Valencia fishers are still very collaborative
with conservation workers and aware of conservation issues;
however, management actions are needed for both keeping the
fishing activity sustainable and preserving the dolphin
populations in the area. Future work must focus on updating
extant knowledge in cetacean species abundance, distribution,
behavior, and habitat use in order to assess spatial risk (Jog et al.,
2022), but it is also necessary to implement management actions
for reducing cetacean—fisheries interactions, such as the use of
visual deterrent devices, acoustic deterrent devices, and gear
modifications, also contributing with compensation funds to
fishers in order to reduce these interactions (Jog et al., 2022).
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