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Abstract

The common dolphin, Delphinus delphis, is the most abundant cetacean species
along the Portuguese mainland coast and are faced with many anthropogenic threats.
Over the past decade, intense fishing practices have contributed to a decline in the
availability of their main prey, the sardine. Furthermore, the high Purse Seine Fishing

(PSF) activity has raised concern over the level of by-catch along the coast.

The purpose of the study is to (i) investigate the distribution of the common dolphin
along the Portuguese mainland coast, and (ii) to estimate the overlap between the PSF
effort and the common dolphin’s distribution. The study uses sighting data from 2005-
2020 to identify dolphin hotspot areas. In addition, the study analyses changes in their
offshore distribution across different time periods. Finally, the study overlaps Automatic
Information System data of the PSF with common dolphin distribution data, in order to
identify high by-catch risk areas.

The outputs of the study identify major common dolphin hotspots along the central
and southern Portuguese mainland coast, which coincide with important fishing ports and
geographic features. Furthermore, the common dolphin was found to occur significantly
further from the coast during from 2013-2016 (p-value < 0.05), which corresponds with a
period of particularly low sardine biomass. Finally, the by-catch risk assessment reported
high risk areas off the western Algarve, particularly near important fishing grounds.

The study highlights the major common dolphin hotspots and potential conflict
areas with the PSF. These results can be used by managers to inform conservation
measures and for the sustainable management of PSF fleet along the Portuguese

mainland coast.

Keywords: Common dolphin; By-catch risk assessment; Distribution maps; Purse seine

fishery; Sardine.
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1. Introduction

Marine conservation efforts are often based upon the knowledge of where species
are distributed in space and time. This knowledge can provide key information about
priority seasons and areas for protection, therefore informing cetacean conservation
management plans. In marine and coastal management, the use of Species Distribution
Maps (SDM) can be used to inform Marine Spatial Planning (MSP) initiatives, by providing
insight into potential areas of conflict between different users of the maritime space. For
instance, cetacean SDM can be used to assess where a species’ habitat overlaps with
anthropogenic activities, such as fisheries (Jog et al., 2022), marine traffic ways (Pennino
et al., 2017), physical and acoustic disturbance (Erbe et al., 2019), seismic activities
(Kavanagh et al., 2019), touristic operators (Parsons, 2012), and offshore development
(Bailey et al.,, 2010; Nichols et al., 2020; Sahri et al 2021). Understanding how
anthropogenic activities overlap and interact with marine mammals’ distribution is
fundamental for decision making regarding the allocation of no-take zones in important
migratory routes or breeding and foraging sites (Wade et al., 2021). Furthermore, SDM
can be used to understand temporal changes in habitat preference. For instance, it is
possible to identify whether there is a seasonal shift in the distribution of cetaceans,
thereby guiding the implementation of restrictions on human activity during certain times

of the year

Cetaceans are important umbrella species and therefore they have strong effects
on ecosystem structure, dynamics, and functions (Kiszka et al., 2022). However, these
top predators are often impacted by human activity such as whaling, ship strikes, marine
contamination, and habitat degradation (Nichols et al., 2020). Moreover, they are
particularly vulnerable to human activity because of their large size, low reproductive
potential, and occurrence in areas with strong human activity (Lettrich et al., 2019).
Cetacean conservation is a top priority for marine management plans because their
protection can have positive effects on the overall ecosystem health (Zacharias and Roff,
2001). A number of international frameworks have been established to address the

conservation of cetaceans and their habitats (e.g., the Convention on the Conservation
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of Migratory Species of Wild Animals; the International Convention for the Regulation of
Whaling) (Ripol and Zupan, 2021). Within Europe, the European Union (EU) Habitat
Directive (1992/43/EC) strictly protects and sets out to bring back Favourable
Conservation Status for all cetacean species in EU Waters. Furthermore, Member States
are required to implement a monitoring system for the incidental by-catch and killing of
cetaceans (Ripol and Zupan, 2021). In addition, the Marine Strategy Framework Directive
(MSFD) (Directive 2008/56/EC) requires the assessment of the population status of
cetaceans in EU waters, through the use of indicators such as abundance and distribution
estimates and to report on Good Environmental Status. The Common Fisheries Policy
(EU no. 1380/2013) was also established for the conservation and sustainable
exploitation of fishery resources and requires strict protection for marine mammals and

the implementation of mitigation measures to reduce bycatch.

Accurate abundance and distribution estimates are needed to address the
requirements of the MSFD and EU Habitats’ Directive (Hammond et al., 2017). To date,
there has been a number of studies which provide abundance and distribution estimates
within the northeast Atlantic waters. In 1994, the European Commission launched the first
large scale aerial survey, SCANS (Small Cetaceans in European Atlantic waters and the
North Sea), which has since been repeated in 2005 and 2016 (Hammond et al., 2017).
From the third SCANS survey, there was an estimated abundance of 473,000 common
dolphins in the North-East Atlantic (Hammond et al., 2017). Abundance estimates for the
common dolphin were also obtained from the CODA (Cetacean Offshore Distribution and
Abundance) ship-based surveys. From this survey, there was an estimated abundance
of 116,709 (CV=0.34) common dolphins (Hammond et al., 2009). For the Portuguese
coast, the LIFE+ MarPro project estimated an increase in the abundance of the common
dolphin from 17,067 to 52,632 individuals from 2010 to 2015 (Vingada and Eira, 2018).
Other smaller studies have been conducted to provide abundance and distribution
estimates for cetaceans. For instance, Waggit et al., (2019) provided a large compilation
of distribution maps for cetaceans and seabirds in order to inform by-catch risk
assessments along the northeast Atlantic. The purpose of these studies was to identify
risk areas between marine animals and anthropogenic activity, thereby adding knowledge

to future marine conservation and management actions.
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The common dolphin, Delphinus delphis, is one of the most abundant cetacean
species in the North-East Atlantic and is considered to have an “Unfavourable-
Inadequate” conservation status for EU waters (Murphy et al. 2019). However, for its
global distribution, D. delphis, has most recently been assessed for The IUCN Red List
of Threatened Species in 2020 and was listed as Least Concern (Braulik et al., 2021).
They are widely distributed and occur in waters from Scotland to southern Portugal,
between 35°N and 55°N and are most commonly sighted in offshore waters deeper than
180 m and over the continental shelf (Murphy et al., 2013; Reid, 2003). Studies have
shown that they specialize on high energy small pelagic fish, in order to satisfy their
energetically expensive lifestyle (Silva 1999; Spitz et al., 2010; Marcalo et al., 2018). In
the North-East Atlantic, seasonal shifts in the dolphin’s distribution have been reported,
with dolphins occupying more northerly distributions during the summer months in
response to changes the availability of their primary prey, the sardine Sardina pilchardus
(Culik et al., 2011; Silva et al., 2014).

The common dolphin is often negatively impacted by fishing activities through
fishing entanglement, habitat degradation and reduced prey availability (Kirkwood et al.,
1997; Bearzi et al., 2004, Bearzi et al., 2008; Marcalo et al., 2021). Within the northeast
Atlantic, there has been an unsustainable level of by-catch, with thousands of common
dolphins caught each year (Mannocci et al., 2012; Peltier et al., 2014; Peltier et al., 2016).
In particular, the Portuguese mainland coast represents an area of high concern because
of the strong fishing activity and high abundance of common dolphin, particularly along
the continental shelves and submarine canyons (Brito et al., 2009; Vingada and Eira,
2018). In fact, studies have shown that the common dolphin is the most frequently
stranded species along the Portuguese mainland coast and have the highest number of
recorded mortalities associated with fisheries (Silva and Sequeira, 2003; Vingada and
Eira, 2018; ICES, 2019).

The most important fishery along the Portuguese mainland coast is the Portuguese
Purse Seine Fishery (PPSF), which contributes to approximately 50% of the total fish
catch landings (Silva et al. 2015; Feij6 et al. 2018; DGRM, 2019). The fishery consists of

192 vessels, most which exclusively target the sardine Sardina pilchardus (INE, 2020). In
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total, the PPSF is responsible for 98% of the total sardine national landing (Monteiro,
2017). Indeed, there has been shown to be a strong interaction between the common
dolphin and PPSF activities along the Portuguese mainland coast (Wise et al., 2007,
2018; Marcalo et al. 2015; Dias et al., 2022). In fact, the common dolphin was found to
be the most frequently sighted cetacean species within the operational zone of the PSFF
(Wise et al. 2007, Marcalo et al. 2015, Dias et al., 2022). This strong common dolphin-
PPSF association is due to the fact that they both target the sardine, the common
dolphin’s favourite prey and the target of the fishery (Silva 1999; Marcalo et al., 2018),
mainly from late spring to early Autumn (Silva et al., 2015; Feijo et al., 2018). The strong
resource overlap has raised concern, most notably the risk of by-catch, which has been
responsible for a significant amount of common dolphin mortality (Silva and Sequeira,
2003; Marcalo et al 2015; Dias et al 2022).

As well as the risk of by-catch, there are other threats associated with the
interaction between the PPSF and the common dolphin, such as declines in prey
availability. Along the Portuguese mainland coast, there have been significant reductions
in sardine stock levels as a result of overfishing and environmental changes (Malta et al.,
2016; Rodriguez et al., 2017; Szalaj et al., 2021). Since 1986, there had been a continuing
decline in Iberian sardine stocks, mainly caused by a lack of recruitment, while the
resource continued to be exploited due to the high market and cultural demand (Silva et
al., 2015). Based on a stock assessment from the International Council for the Exploration
of the Sea, there was a pronounced breakdown in sardine recruitment in 2005 (ICES,
2017). Furthermore, in 2016 the sardine biomass and recruitment reached its lowest
recorded level in 40 years (ICES, 2017; Figure 1.1). In response to the significant decline
in sardine stock biomass, a multi-annual management plan was introduced in 2012 known
as the “Sardine Fishery Management Plan (2012-2015)” (henceforth “Sarine Ban”). The
Sardine Ban put forward limitations on the annual catch, sardine catch prohibition periods,
limits on the catches of juveniles, and regulated technical measures to reduce by-catch
in PSFF (Monteiro, 2017; Silva et al 2018). As part of the Management plan, there was
also a fishery closure introduced during the sardine spawning in winter and spring, and
annual catch limits were reduced from 55,000 tonnes in 2010 to less than 15,500 tonnes
in 2014 (Feij6 et al., 2018; ICES, 2021a). The Sardine Ban has resulted in a noticeable
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Sardine biomass (tonnes)

recovery in sardine stocks, with there being a 30% increase in biomass from 2015 to 2016
alone (ICES, 2020). However, despite some increase in sardine biomass, in 2017 stock
numbers were still below the Biological Limits (Blim) as defined by ICES and a long way

from economic and ecological stability (ICES, 2020).
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Figure 1.1: Sardine biomass (thousands of tonnes) from 2005-2020 in Portuguese waters
(ICES, 2021b).
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2. Scope of Study

The purpose of the study is to map the distribution of the common dolphin along
the Portuguese mainland coast in order (1) improve our knowledge about the spatial
distribution of this charismatic species and (2) contribute to a better understanding of the
potential impact of the purse seine fisheries on their habitat use. Currently, there is a lack
of long-term distribution estimates of the common dolphin along the Portuguese mainland
coast, which is particularly concerning when considering the high common dolphin
abundance and fishing activity in this area. Without adequate knowledge of the
distribution of cetaceans along the Portuguese coast, it is difficult to implement effective

management strategies for their protection.

Furthermore, the study intends to understand how changes in prey availability has
influenced the habitat use of the common dolphin. The research aims to understand
whether the implementation of the Sardine Ban of 2012 corresponds to changes in the
common dolphins’ distribution, which may signify a response to changes in sardine stock
levels. Despite the recovery in sardine stock numbers since the “Sardine Ban” (Silva et
al. 2018; ICES 2020), there is little knowledge about the overall effects on the distribution
of the common dolphin. Marcalo et al., (2018) showed that there were slight changes in
the common dolphin’s diet, with some fish species occupying a greater proportion of their
diet than they previously did (Silva,1999). Although sardine was still the primary prey and
seems to be able to satisfy the dolphin’s energetic demands, even after declines in stock
numbers, it is not known if there were changes in their feeding locations or behaviours
(Marcalo et al. 2018). It is possible that the dolphins have shown responsive movements
in order to compensate for the decline in food sources in their usual habitats. The study
uses heatmaps and grid maps to identify the distribution of the common dolphin over
different time periods. These distribution maps are to be used as a tool for better
understanding the true potential impact of changes in prey availability and the PPSF

activity on the dolphins’ habitat use.

Finally, the study addresses the urgent need for a by-catch risk assessment along

the Portuguese mainland coast, by providing a case study for the southern Portuguese
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mainland coast (Algarve), where there is significant purse seining activity. This
information will contribute to by-catch risk assessments by identifying high risk areas for
the dolphins. Ultimately, the study intends to inform conservation measures for the
reduction of conflict between the common dolphin and anthropogenic pressures along the

Portuguese mainland coast.

2.1. Objectives

The following objectives are to be achieved in the thesis:

1) To map the spatial distribution of the common dolphin, Delphinus delphis, along
the Portuguese mainland coast between the years 2005-2020 and to understand
temporal and spatial changes that correspond to periods that delimitated
management and conservation strategies to recover the sardine stock biomass,

namely from 2012 onwards.
2) To understand the potential overlap between the Portuguese Purse Seine Fishery

and common dolphin along the Southern Portuguese coast (Algarve) in order to

contribute to a by-catch risk assessment.
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3. Material and Methods

3.1. Study Area

3.1.1. Portuguese mainland coast

Portugal is located in the western part of Europe and includes three main
biogeographical areas (i.e., Azores, Madeira, and the mainland) (Figure 3.1). The coast
is 1,214 km and has an Exclusive Economic Zone (EEZ) of 237,521 km2, making it one
of the largest in Europe (European Commission, 2015; DGRM, 2021). The studied area
lies within the ICES (the International Council for the Exploration of the Sea) division 9a,
which represents the Bay of Biscay and Iberian Coast ecoregion (ICES, 2019).
Furthermore, the study area covers the Portuguese mainland coast, extending 860 km
from Caminha (41° 50’ N, 8° 50'W) to Vila Real St. Antonio (37° 12° N, 7°25'W).

There exist important topographic and bathymetric features along the Portuguese
coast, which facilitate high biological productivity. The largest submarine valley, the
Nazaré canyon, is 230 km long and extends from depths of 5000 m to the coast. To the
south, there are three other important submarine canyons, the Lisboa, Setubal and Séo
Vicente canyon (Alves et al., 2000). These canyons are responsible for the upwelling of
nutrient rich water to the surface, therefore facilitating high biodiversity and productivity
for sardine and dolphins. In addition, the two major estuaries, the Tejo and Sado, are
important for the transport of nitrogen and phosphorous to the coastal areas. This high
nutrient load from the estuarine flow is also responsible for high productivity in the area
(Brito et al., 2009). In addition, there is an interaction between the north-easterly trade
winds and atmospheric high-pressure (Azores High), which are responsible for seasonal
variations in mesoscale oceanic eddies. Furthermore, the coast represents a transition
between the warmer lower latitudinal waters of the Mediterranean Sea and the cooler
higher latitude waters of the north-eastern Atlantic (Alvarez-Salgado et al., 2003). These
oceanographic and topographic conditions offer favourable habitats for cetaceans. In
total there are 28 species of cetaceans found within the Portuguese coast, which
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represents the highest cetacean species richness in northern Europe. The most
frequently observed species are the common dolphin, Delphinus delphis, bottlenose
dolphin, Tursiops truncatus, striped dolphin, Stenella coeruleoalba, and minke whale,

Balaenoptera acutorostrata (Vingada and Eira, 2018).
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Figure 3.1: Map of Portuguese mainland coast for objective one of the thesis. Map was
created using QGIS (Version 3.10.0).
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3.1.2. Southern Portuguese mainland coast

The Algarve (37° 1' 4.634" N, 7° 55' 51.002" W) is located in the south of
continental Portugal (Figure 3.2). It is 5,000 km2 wide and has a length of 155 km along
the southern coast and 50 km along the western coast. It ranges from Cape St. Vincent
in the west to the Guadiana River on the east (Alveirinho Dias, 1988). The western
Algarve is known as the Barlavento (i.e., windward) and the eastern Algarve is known
as Sotavento (i.e., leeward). The capital of the Barlavento is Portim&o and the capital of
the Sotavento is Faro. The eastern coast is occupied mainly by a sandy coast, and the
Ria Formosa Batrrier Island and coastal lagoon. In contrast, the western coast consists
of mainly Mesozoic limestone rocky shores and cliffs (Moura et al., 2006). The
continental shelf off the southern Portuguese coast is a dynamic environment, influenced
by the Atlantic and Mediterranean currents (Serra and Ambar, 2002). In addition, there
are a number of important submarine canyons along the Algarve coast, such as the
Lagos canyon, Portimdo canyon, Albufeira canyon, Faro canyon and Sao Vincente
canon. These canyons are responsible for the upwelling of nutrient rich water to the

surface, thereby facilitating high biodiversity and productivity (Brito et al., 2009).
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Figure 3.2: Map of the southern Portuguese mainland coast, the Algarve, for objective
two of the thesis. Lines represent depth contours (m). Map was created using QGIS
(Version 3.10.0).

3.2. Data Collection

Cetacean sighting data was obtained from the Portuguese Institute for the Sea and
the Atmosphere (IPMA) as part of the PELAGO acoustic surveys. This data was collected
from systematic vessel surveys from 2005 to 2020. It is important, however, to note that
the data includes some gaps due to the lack of the 2012 survey, or the surveys not
occurring during the summer months (i.e., July and August). The survey data was
collected by two trained observers from the Portuguese Society for the Study of Birds
(SPEA) using the European Seabird at Sea Methodology (ESAS). This methodology
involves a strip transect operated on one side of the vessel, where data collected was
divided into distance bands and time increments of five minutes. A more detailed
description of the sampling methodology can be found in Tasker et al. (1984).

Environmental data such as Beaufort Sea state and visibility were also recorded.

21



3.3. Objective one: Spatial Distribution

3.3.1. Encounter rate

The encounter rate was obtained in order to standardise the number of common

dolphin sightings against the sampling effort.

The sampling effort was obtained by calculating the total distance travelled (km)
for each sampling unit. Sampling units were recorded during data collection and are
represented by all sightings occurring within a 5-minute interval. Duplicated sampling
units were present in cases where more than one sighting was recorded within a sampling
unit. The duplicated sampling units were removed from the dataset in order to avoid
overestimating the sampling effort. Furthermore, sightings outside the predesignated

transect were removed.

Subsequently, the total number of sightings of each cetacean species was found

for each sampling unit.

The total encounter rate for each species was obtained by dividing the total number

of individuals per species, x, over the total sampling effort:

Total # of sightings for species x

Total Encounter Rate = Equation 3.1.

Total Sampling ef fort

Next, temporal trends in the encounter rate of the common dolphin were
investigated. This involved calculating the total encounter rate for each year and each
month. Bar charts were created using Excel (Version 2205) (Microsoft Corporation, 2018)

to visualise differences in the encounter rate across the different months and years.
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3.3.2. Heatmap

In order to visualise hotspots for common dolphin occurrence, a density raster (i.e.,
Heatmap) was created using the Kernel Density Estimation tool on QGIS (Version 3.10.0)
(QGIS Development Team, 2019).

Kernel Density estimation is a non-parametric method to estimate the probability
distribution, f(x), of a random variable, X. The Kernel function used was based on the
quartic kernel function (as described by Silverman, 1986, pp. 76, equation 4.5), which

follows the function (Equation 3.2):

Quartic density function: P(x) = 1—2(1 —d?)? Equation 3.2.

The heatmaps were created using common dolphin sightings from all years (i.e.,
2005 — 2020). The heatmap was weighed by the common dolphin encounter rate at each
sampling unit and adjusted to a radius of 15 km and pixel size of 0.500. Base maps were

obtained from https://www.emodnet-bathymetry.eu/.
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3.3.3. Grid maps

Grid maps were used to compare the common dolphin encounter rate between
different years and seasons. Grid maps were used instead of heatmaps for the
comparison between years and seasons so that the different periods could be analysed
on the same scale. The common dolphin encounter rate was quantified in a 10 km?
orthogonal grid using QGIS, by summing the encounter rate for each sampling unit within

each cell.

Grid maps were created using the encounter rate for the following time periods:

(a) Before and after the Sardine Ban (i.e., 2005 — 2011, 2013 — 2020)

(b) Every four years (i.e., 2005 — 2008; 2009 — 2012; 2013 — 2016; 2017 — 2020)
Grid maps were also created at a seasonal scale for:

(c) Seasonal (i.e., “Winter” Cold water season (November — April) vs “Summer”

Warm water season (May — October))
(d) Before and after the Sardine Ban for each season

(e) Every 4 years for each season.

Note: “Winter” represents the season when there is a closure to the fisheries (DGRM,
2018). This was found in order to understand whether there were changes in the

distribution of the common dolphin during high fishing seasons vs low fishing seasons.
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3.3.4. Distance to coast

Changes in the distance to coast for the common dolphin were investigated in
order to understand whether the dolphins were moving further offshore during times of

low prey availability.

Distance to coast values were obtained by calculating the distance (in metres) from
each common dolphin sighting to a shapefile of the European coast

(https://www.eea.europa.eu/data-and-maps/data/eea-coastline-for-analysis-1/qis-

data/europe-coastline-shapefile) (accessed 07/03/2021).

Subsequently, the data was split into different time periods in order to understand
temporal changes in the mean distance to coast for the common dolphin. The time

intervals were as followed:
(a) every year (from 2005-2020)
(b) every four years (2005-2008, 2009-2012, 2013-2016, 2017-2020)

(c) before (< 2012) and after (> 2012) the sardine ban

The mean distance to coast was also compared at a seasonal level:

(d) “Winter” Cold water season (November — April) vs “Summer” Warm water season
(May — October).

The mean, standard deviation, and Coefficient of Variation (CV) of the distance to
coast was obtained for each time period. The Shapiro—Wilk test was used to test for
normality. The data was not normally distributed so therefore non-parametric tests were

used to test for differences in the distance to coast for the different time periods.

A Wilcoxon test was used to test whether there was a significant difference in the
distance to coast before and after the sardine ban. A Kruskal-Wallis test was used to test

for a statistical difference in the distance to coast for the different years and seasons. This
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was used because more than two groups were compared. Pairwise comparisons were
used to understand which time periods were statistically different. Box plots were created
to visualise differences in the distance to coast between each time period. R Studio

(Version 4.1.2) was used for all analyses (R Studio Team, 2019).

3.4. Objective two: By-catch Risk Assessment

3.4.1. AIS processing

An automatic ldentification System (AIS) dataset of purse seine fishing effort for
the southern Portuguese mainland coast (Algarve) was obtained for the years 2015 and
2020. The data was filtered to contain only the fishing events and remove points when
the boat was in movement or at port. In order to do this, all points where the vessel was
at a speed greater than 2 km/hr were removed, as this is the velocity where the vessel is
almost stopped and performing the fishing operation. Thus, it was assumed that all
speeds less than 2 km/hr represented a fishing event. Speed over ground (sog) per time

was plotted in order to choose the minimum speed to define a fishing event (Figure 3.3).
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Figure 3.3: Graph showing the speed over time for a purse seine vessel for the 28" May
2015. The figure shows that 2 km/hr (red dashed line) is a suitable speed to represent a
vessel stopped for a fishing event. Graph was created using Excel (Version 2205).
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Subsequently, all data points were removed within a buffer zone where purse seine
fishing operations are prohibited (Figure 3.4). This buffer zone is defined as areas within
a quarter of a mile from the shoreline, as well as at depths of less than 20 m between a
guarter and 1 mile away from the shoreline (Diario da Republica, 2000). Therefore, it can

be assumed that all remaining points represent fishing sets.
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Figure 3.4: Map of the buffer zone (red dashed polygon), where purse seine fishing sets
are prohibited, for the southern Portuguese mainland coast (Algarve). Map was created
using QGIS (Version 3.10.0).
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3.4.2. Qverlap

A 5 x 5 km grid was created for the Algarve coast. The number of AIS points,
representing a fishing event, were calculated for each cell using the “Count points in
polygon” tool on QGIS, for the years 2015 and 2020 separately. The grid maps for the
AIS data were classified using the Natural Breaks (Jenks) classification on QGIS. All cells
within the grid map were scaled from 0-1. Cells with a value of 1 represent areas of high

fishing effort and values of O represent areas with no fishing effort.

Similarly, the number of common dolphin sightings were pooled together for all
years (i.e., 2005-2020) along the Algarve. There was not enough data to include sightings
only from 2015 and 2020, as was done for the fishing effort. The “Count points in polygon”
tool was used to count the number of common dolphin sightings for each cell. The grid
maps for the common dolphin occurrence were classified using the Equal Interval
Classification on QGIS and the cells were scaled from 0-1. Cells with a value of 1
represent areas where there was the highest number of sightings, whereas values of 0
represent areas with no sightings.

The scaled values for the fishing effort and common dolphin occurrence were
multiplied at each cell to give a risk index. The risk values were re-scaled from 0 — 1. Cells
with values of 1 represent the highest relative amount of overlap between the purse seine
fishing effort and the dolphins’ distribution, therefore suggesting a high-risk area. Cells
with a value of 0.1 represent the lowest relative amount of overlap between the purse
seine effort and dolphins’ distribution, therefore suggesting a low-risk area.
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4. Results

4.1. Objective one: Spatial distribution

4.1.1. Encounter rate

A total of 9 cetacean species were recorded over a distance of 27386.76 km and
area of 8224.34 km? between the years 2005 — 2020 (Table 4.1). The most frequently
observed species was the common dolphin, Delphinus delphis, followed by the

bottlenose dolphin, Tursiops truncatus, with 584 and 95 recorded sightings, respectively.

Table 4.1: Number of individuals and encounter rate for each species observed during
the surveys (2005-2020). The encounter rates were obtained by dividing the number of
sightings by the sampling effort (= 27386.76 km).

Species Count Encounter rate
Minke whale 5 0.0002
Balaenoptera acutorostrata
White-beaked dolphin 1 < 0.0000
Lagenorhynchus albirostris
False killer whale 1 < 0.0000
Pseudorca crassidens
Long-finned pilot whale 3 0.0001
Globicephala melas
Bottlenose dolphin 95 0.0035
Tursiops truncatus
Striped dolphin 9 0.0003
Stenella coeruleoalba
Common dolphin 584 0.0213
Delphinus delphis
Risso's dolphin 8 0.0003
Grampus griseus
Harbour porpoise 3 0.0001
Phocoena phocoena
Total 711 0.0260
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The encounter rates for the common dolphin per year and month are presented in
Table 4.2 and 4.3. The encounter rate is highest for 2008, followed by 2013 (Table 4.2,
Figure 4.1). The months February, September, and October have the highest encounter
rates (Table 4.3, Figure 4.2).

Table 4.2: Count, sampling effort (km travelled) and encounter rate for the common
dolphin for each year. The encounter rates were obtained by dividing the total common
dolphin count for each year by the total sampling effort.

Year Count Sampling Effort (km) Encounter rate
2005 55 2587.55 0.021
2006 43 3505.12 0.012
2007 38 2889.37 0.013
2008 134 2937.02 0.046
2009 28 1335.01 0.021
2010 14 808.95 0.017
2011 18 1383.31 0.013
2013 53 1191.48 0.044
2014 6 889.2 0.007
2015 9 570.66 0.016
2016 19 842.06 0.023
2017 23 1336.98 0.017
2018 22 1282.87 0.017
2019 75 2945.36 0.025
2020 47 2881.82 0.016
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Figure 4.1: Total Encounter rate of the common dolphin per year. Bar chart was created
using Excel (Version 2205).

Table 4.3: Count, sampling effort (km travelled) and encounter rate for the common
dolphin for each month. The encounter rates were obtained by dividing the total common
dolphin count for each month by the total sampling effort.

Month Count Sampling Effort (km) Encounter rate
January 19 867.67 0.022
February 169 4546.93 0.037

March 42 3072.09 0.014

April 101 7036.07 0.014
May 71 4223.06 0.017
June 1 174.05 0.006
September 31 839.71 0.037
October 85 2099.26 0.040
November 64 4403.59 0.015
December 1 124.33 0.015
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Figure 4.2: Total Encounter rate of the common dolphin per month. Bar chart was
created using Excel (Version 2205).

4.1.2. Density and grid maps

A Kernel distribution map based on the encounter rate for the common dolphin
from 2005 — 2020 is presented in Figure 4.3. The common dolphin has the highest
encounter rate off the central coast of Nazaré (39°38’'N, 9°07'W), Figueira da Foz
(40°10’N, 9°01°W), and Lisboa (38°41’'N, 9°43’'W). Off the southern Portuguese coast,
there is the highest encounter rate off the coast of Sagres (36°44’'N, 8°58'W). There are
also hotspots near Matosinhos (41°08'N, 9°00'W) and Povoa de Varzim (41°26°N,
8°55’W) in the north. From the heatmap, it is apparent that the majority of hotspots occur
off the central coast (from 41°N to 39°N).
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Figure 4.3: Kernel distribution map of the encounter rate for the common dolphin from
2005 — 2020. Map was created using QGIS (Version 3.10.0).
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The encounter rate for the common dolphin before (2005 — 2011) and after (2013
— 2020) is compared in Figure 4.4. Before the sardine ban, the main hotspots occur off
the central coast between Nazaré and Figueira da Foz (from 39°41°’N, 8°57'W to
40°27’'N, 8°57°'W), the southern coast near Sagres (36°45’N, 8°50'W) and the northern
coast near Povoa de Varzim (from 41°05’N, 8°54’W). After the ban, there is an increase
in common dolphin occurrence off the coast of Lisboa (38°39’N, 9°35'W) and the western
Algarve coast (from 36°46°N, 8°59’'W).
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Figure 4.4: The encounter rate for the common dolphin before (left) and after (right) the
Sardine Ban of 2012. Grid map with a cell resolution of 10 km2. Map was created using
QGIS (Version 3.10.0).
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The encounter rate for the common dolphin was compared between the time
periods 2005 — 2008, 2009 — 2011, 2013 — 2016, and 2017 — 2020 (Figure 4.5). It is
evident that the periods 2005 — 2008 and 2017 — 2020 have the highest common dolphin
occurrence. From 2005 — 2008, there is a high density along the central and northern
coast, particularly around the regions of Coimbra and Aveiro (from 42°N to 40°N). From
2009 — 2016, there is a decline in density of the common dolphin along the mainland
coast of Portugal, with most sightings occurring further from the coast. From 2017 — 2020,
there is a noticeable increase in the density of the common dolphin. Hotspots are
reappearing off the central coast near Nazaré (39°44’N, 9°08'W) and off the southern
coast near Sagres (36°54’N, 8°50’'W).

Figure 4.6 shows that during the summer months, the highest density of common
dolphins occurs in Central Portugal, around Nazaré and Figueira da Foz (from 40°32'N,
9°02’'W to 39°37°N, 9°03’W). There are also hotspots off the coast of Lisboa (38°35'N,
9°33'W) and in the Algarve, particularly around Sagres (36°45’N, 8°35’'W). During the
winter, the dolphins are concentrated in the same areas as during summer. However,
there is a clear increase in the encounter rate during winter. In addition, there is an
increase in the encounter rate off the northern Portuguese coast (41°40°'N, 9°09'W) and

in waters further offshore, particularly near Lisboa (38°47’N, 9°51°'W).
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Figure 4.5: The encounter rate for the common dolphin for every four years. Grid map
with a cell resolution of 10 km2. Map was created using QGIS (Version 3.10.0).
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Figure 4.6: The encounter rate for the common dolphin during the fishing season
(summer) and off season (winter). Grid map with a cell resolution of 10 km2. Map was

created using QGIS (Version 3.10.0).
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Figure 4.7: The encounter rate for the common dolphin during the summer and winter
for before and after the sardine ban. Grid map with a cell resolution of 10 km2. Map was

created using QGIS (Version 3.10.0).

38



Figure 4.7 compares the distribution of the common dolphin for summer and
winter, before and after the sardine ban. In summer before the sardine ban, most of the
dolphins were located in low densities throughout the Portuguese mainland coast.
During the winter, there was an increase in the dolphin occurrence particularly between
Aveiro and Figueira da Foz (from 41°N to 40°N) (Figure 4.7). After the Sardine Ban, the
dolphins’ distribution appears to be patchier and in lower densities for both summer and
winter. During the summer, most of the dolphins are located off the coast of Figueira da
Foz (from 41°N to 40°N), Lisboa (from 39°N to 38°N), and the southern coast (from 9°W
to 8°W). In winter, most of the dolphins are located along the northern Portuguese coast
(from 42°N to 39°N) (Figure 4.7). There appears to be a greater variation in the density
of the common dolphin between summer and winter, after the Sardine Ban compared to

before the Sardine Ban.

Figure 4.8 compares the distribution of the common dolphin for summer and
winter between the four-year periods. In all four-year periods, there appears to be a
higher density of common dolphins during the winter months, particularly around Lisboa
(from 39°N to 38°N), Figueira do Foz (from 41°N to 40°N) and Sagres (37°N, 9°W)
(Figure 4.8). The difference between summer and winter, is particularly noticeable from
2009 to 2016, when the sardine stocks are lowest. During these years, there is a very
scarce occurrence of common dolphins, with only a few patches off the coast of the
Algarve and Lisboa. There appears to be an increase in the occurrence and density of
the common dolphin during the winter, particularly in the northern regions. From 2017-
2020, there is an increase in the summer occurrence in the common dolphin throughout
the Portuguese coast. The dolphins are reappearing in higher densities near Figueira do
Foz (40°N, 9°W), Lisboa (from 39°N to 38°N) and Sagres (36°57’N, 8°50’'W). During the
winter, there is a movement of the dolphins up the northern coast of Portugal (Figure
4.8).

39



2005 - 2008

Summer (May - October) Winter (November - April)
2009 - 2012

Encounter rate |

=o-1 i
e 11-2
H2-4

P

-9°0.0"

Summer (May - October) Winter (November - April)

40



2013 - 2016

\ﬁ}f Encounter rate
& . @o-1

Summer (May - October) Winter (November - April)
2017 - 2020

-9°0.0" -6°0.0" -12°0.0 -9°0.0" -6°0.0"

Summer (May - October) Winter (November - April)

Figure 4.8: The encounter rate for the common dolphin during the fishing season
(summer) and off season (winter), for every 4 years. Grid map with a cell resolution of
10 km2. Map was created using QGIS (Version 3.10.0).
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4.1.3. Distance from coast

The Kruskal Wallis test showed there is a statistically significant difference in the
mean distance to coast for the different years (p-value < 0.05). The mean distance to
coast was highest for 2017, followed by 2011 to 2014 (Table 4.4, Figure 4.9).

Table 4.4: Mean, standard deviation and Coefficient of Variation (CV) values of the
distance to coast of the common dolphin per year.

Year Mean distance to Standard deviation Ccv
coast (m)

2005 18542 10334 55.74
2006 22473 10226 45.50
2007 22905 10861 47.42
2008 20215 11100 54.91
2009 11373 6391 56.20
2010 16607 8502 51.19
2011 28226 12298 43.57
2013 28350 14976 52.83
2014 28408 10028 35.30
2015 19724 6520 33.06
2016 16486 11016 66.82
2017 32933 15221 46.22
2018 14486 11043 76.23
2019 15932 10771 67.60
2020 22679 12270 54.10
Total 18542 10334 55.74
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Figure 4.9: Median (line), interquartile range (grey box), standard deviation (whiskers) of
the distance to coast of the common dolphin for each year. Box plot was created using R
Studio (Version 4.1.2).

The Kruskal Wallis and pairwise comparison showed that there was a statistically
significant increase in the mean distance to coast between the four-year periods (p-value
< 0.0003). The pairwise comparison showed there was a significant difference between:
2005-2008 and 2013-2016; 2009-2012 and 2013-2016; and 2013-2016 and 2017-2020
(Table 4.5, Figure 4.10).

There was no significant difference in the mean distance to coast for common
dolphins for (a) before and after the sardine ban (p-value = 0.50) and (b) between

summer and winter (p-value = 0.19).
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Table 4.5: Mean, standard deviation and Coefficient of Variation (CV) values of the
distance to coast of the common dolphin for every 4 years.

Year Mean distance to coast
(m) Standard deviation CV
2005-2008 20684 10879 53
2009-2011 18622 11921 64
2013-2016 25496 14322 56
2017-2020 19856 13269 67
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Figure 4.10: Median (line), interquartile range (grey box), standard deviation (whiskers)
of the distance to coast of the common dolphin for every four years. Significant difference
in the distance to coast for 2013-2016. Box plot was created using R Studio (Version
4.1.2).
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4.2. Objective two: By-catch Risk Assessment

4.2.1. Purse seine fishing effort

In 2015, most of the fishing effort was concentrated between Faro and Quarteira
(from 37°00’'N, 8°10’'W to 36°56’N, 7°49'W) and off the coast of Tavira (37°00’N, 7°42’'W)
and Olhdo (36°58’N, 7°49'W). There was also a relatively high fishing effort off the coast
of Portim&o (from 37°00’N, 8°32'W to 36°59’N, 8°22°'W) (Figure 4.11).

In 2020, the highest fishing effort occurred between Faro and Albufeira (from
37°01°N, 8°17°W to 36°56’N, 7°58’W). There was also high fishing effort near Aljezur
(37°15'N, 8°53'W) (Figure 4.12).
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Figure 4.11: Purse seine fishing effort for 2015 along the southern Portuguese mainland
coast (Algarve). Grid with a cell resolution of 5 km2. Map was created using QGIS (Version
3.10.0).
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Figure 4.12: Purse seine fishing effort for 2020 along the southern Portuguese mainland
coast (Algarve). Grid with a cell resolution of 5 km2. Map was created using QGIS (Version
3.10.0).

4.2.2. Overlap

For 2015, the highest by-catch risk areas occur near the coast of Faro (36°55'N,
8°04’'W), Quarteira (36°54’N, 7°50'W), and between Carvoeiro and Lagos (from 37°00’N,
8°44’'W to 36°57’N, 8°18'W) (Figure 4.13).

For 2020, the highest by-catch risk areas occur off the coast of Alijezur (37°18'N,
8°62'W), Lagos (37°01'N, 8°39'W), and between Quarteira and Faro (from 36°57’N,
8°11°'W to 36°54’N, 7°52'W). During 2015, there are more high-risk areas than in 2020,
particularly in the Western Algarve (Figure 4.14).
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Figure 4.13: Overlap between purse seine fishing effort and common dolphin distribution
for 2015 along the southern Portuguese mainland coast (Algarve). Grid with a cell
resolution of 5 km2. Map was created using QGIS (Version 3.10.0).
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Figure 4.14: Overlap between purse seine fishing effort and common dolphin distribution
for 2020 along the southern Portuguese mainland coast (Algarve). Grid with a cell
resolution of 5 km2. Map was created using QGIS (Version 3.10.0).

5. Discussion

Up until now, there has been limited research on the distribution of the common
dolphin along the Portuguese mainland coast, other than the short-term LIFE+ MarPro
study. The lack of knowledge about the common dolphins’ core habitat is particularly
concerning because of the strong fishing activity along the coast. Knowledge about the
habitat use of cetaceans is needed for identifying priority conservation areas along with
measures to reduce anthropogenic threats (Hammond et al., 2009). This study
investigates the habitat use of the common dolphin, Delphinus delphis, along the

Portuguese mainland coast and provides insight into critical protection sites. The study
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uses long-term data collected from the years 2005 — 2020 to identify common dolphin
hotspots and to understand how their distribution varies spatially and temporally. In
addition, this study represents the first attempt to estimate the overlap between the purse
seine fishery and the common dolphin along the southern Portuguese coast (i.e., the

Algarve), in order to contribute to by-catch risk assessments.

The study is divided into two objectives: (i) estimating the distribution of the common
dolphin along the Portuguese mainland coast at different temporal and spatial scales, and
(i) estimating the overlap between the purse seine fisheries and the common dolphins’
distribution in the southern Portuguese mainland coast in order to inform by-catch risk

assessments.

5.1. Objective one: Spatial Distribution

5.1.1. Hotspots for common dolphin occurrence

The study shows that the common dolphin is the most frequently observed species
along the Portuguese mainland coast, followed by the bottlenose and striped dolphin.
From 2005 — 2020, the common dolphin showed the highest encounter rate off the central
and southern mainland coast, particularly from Nazaré to Figueira da Foz, and Sagres.
These common dolphin hotspots are likely related to the presence of geographical and
oceanographic features that favour high productivity (Rodriguez-Climent et al., 2017;
Castro et al., 2020). For instance, there are high densities of common dolphins located
near the major Portuguese submarine canyons (i.e., Nazaré, Lisboa and Cape Sé&o
Vicente). Submarine canyons act as important channels for the upwelling of nutrients to
surface water, therefore promoting high biological productivity and abundance of fish and
crustacea (Ryan et al., 2005; Salgado Kent et al., 2021). Furthermore, there is a high
density of dolphins located near the mouth of the three major estuaries and rivers, the
Rio Douro, Ria de Aveiro, Rio Mondego, the Rio/Estuary of Tejo, and the Rio/Estuary of
Sado. Studies have shown that the common dolphin tends to aggregate near large river

months, due to the high nutrient run off (de la Cruz et al., 2021). These river mouths act
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as critical fish recruitment sites and spawning grounds, because of their high productivity
(Lin et al., 2021). Thus, the high density of common dolphins at these sites suggests that
they are specifically aggregating in important fish recruitment grounds due to increased

prey availability.

5.1.2. Implications of the Sardine Ban on the common dolphins’ distribution

As previously mentioned, the common dolphin tends to aggregate in areas with
high prey abundance. Thus, it is expected that changes in prey availability will likely affect
the distribution and density of the dolphins. Since 2006, there has been a significant
reduction in sardine biomass because of the changes in sardine recruitment caused by
intensive fishing practices and environmental factors (Monteiro, 2017; Silva et al., 2018).
As a result, a “Sardine Ban” was implemented in 2012, which introduced a set of
regulatory and technical fishing measures to prevent the further decline of sardine stocks
(DGRM, 2012). One of the objectives of this study was to understand the relationship
between changes in sardine stock levels, especially as a consequence of the Sardine

Ban, and the common dolphin occurrence.

Indeed, the study showed that the common dolphin encounter rate and distribution
followed a similar trend to sardine biomass levels. Based on the grid maps, there was a
low density of common dolphins from the years 2009 to 2016 across the Portuguese
mainland coast. The low density coincides with the period when sardine biomass was at
its lowest levels (Figure 1.1; DGRM, 2018). For instance, in 2009, the sardine landings
greatly exceeded ICES scientific advice, with 24% more sardines landed than the advised
value (Monteiro, 2017). As a consequence of intense fishing practices, 2011 witnessed a
peak mortality for the sardine stocks and their lowest levels of recruitment (Monteiro,
2017; Szalaj et al., 2021). In the current study, there was also a particularly low encounter
rate for the common dolphin in 2011. This result suggests that the fishing practices prior
to the Sardine Ban were probably reducing prey availability for the common dolphin

population in the area.
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After the Sardine Ban of 2012, there was a gradual recovery in sardine stock levels
along the Portuguese mainland coast (Rosa et al., 2018). For instance, in 2016 and 2017
the stocks recovered 31.6% compared to their levels in 2015 (DGRM, 2018).
Furthermore, there appears to be a drop in sardine mortality between 2015 and 2019,
compared to earlier years, which could be attributed to a decrease in fishing effort (ICES,
2020). The current study also shows an increase in the common dolphin encounter rate
and density from 2016 onwards, which may suggest that the dolphins are benefiting from
the sardine stock recovery. Although, it is still too early to accurately assess the complete
effectiveness of the Sardine Ban, the study provides some preliminary evidence that the

common dolphin is responding positively to the implementation of the Management Plan.

5.1.3. Seasonal trends in common dolphin distribution

As part of the Sardine Ban, a fishery closure was introduced during the sardine
spawning period from November to April (Feijo et al., 2018). This study sought to
investigate changes in the common dolphin distribution in relation to the periods when
sardine fishing was prohibited. As evident from the study, there was an increase in dolphin
density during the closed fishing season. This trend was particularly evident near the large
fishing ports such as Matosinhos, Povoa de Varzim, Figueira da Foz, Peniche, and
Portimdo (European Commission, 2020a). It is expected that the dolphins would take
advantage of the higher number of sardines during this time when fishing activity is
banned. In summer, the fishing effort is higher because of the high demand for sardines,
which would lead to a lower prey availability for the common dolphins and thus a lower
preference for this region (Almeida et al., 2014). Other studies hypothesised that the
higher diversity of cetaceans in regions such as Peniche and Sesimbra is as a
consequence of imposed fishery restrictions (Vieira et al., 2009; Moura et al., 2012). This
would further support the idea that seasonal fishing restrictions have a positive influence

on cetacean diversity and distribution.

The current study also shows that after the implementation of the Sardine Ban there

is a greater variation in the density of the common dolphin between summer and winter,
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compared to before the Sardine Ban. Before the Sardine Ban, there was no seasonal
fishing closure imposed and therefore there was relatively consistent fishing effort
throughout the year. It is possible that the lower seasonal variation in common dolphin
density before the Sardine Ban could correspond to lower seasonal variation in fishing
effort. A study conducted before the 2012 Sardine Ban, showed that there was a
significant interaction between the dolphins and the purse seine fishers during the
summer months (Marcalo et al., 2015). Perhaps, during this time when there was
consistent fishing effort, the dolphins had little option but to compete with the purse
seiners for the sardine, thus explaining their interaction during the summer months. With
the introduction of the Sardine Ban, the dolphins responded by showing a greater

preference for habitats during the winter months when fishing activity was limited.

5.1.4. Distance to coast

As shown from the study, it appears that the common dolphin is occurring in lower
densities during the years with low sardine abundance. Previous studies have described
the common dolphin as opportunistic feeders and claim that they switch their prey
preference at lower sardine abundance (Young and Cockcroft, 1994). However, despite
the low sardine recruitment and abundance within the 2013-2016 period, a study showed
that the common dolphin still favoured sardine as the leading prey, based on a stomach
content analysis (Marcalo et al., 2018). This refutes the claim that common dolphins are
purely opportunistic feeders by showing that even during low prey abundance, they still
preferentially target the sardine. One possible explanation investigated in this study, is

that the dolphins are demonstrating responsive movements to sardine stock levels.

Indeed, the results show that the common dolphin was moving significantly further
from the coast between 2013 and 2016. During this period, the sardine stock biomass
was at its lowest level, therefore suggesting that the dolphins were moving to locations
further offshore in order to compensate for low prey availability closer to the coast (ICES,
2017). Other studies have also documented shifts in the distribution of cetaceans based

on changes in prey availability across the Northeast Atlantic (e.g., Hammond et al., 2013).
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Although previous studies have shown that sardine was still the most prevalent
component in the diet based on stomach content analyses, there is evidence that other
small pelagic fish species occupy a greater proportion of the common dolphins’ diet than
previously (Silva, 1999; Marcalo et al., 2018). It is possible that sardine resources were
scarce closer to the coast due to the intensive fishing practices targeting this fish species.
As a result, the dolphins were targeting other small pelagic fish closer to the coast and
moving further offshore to find sardine where the purse seiners do not operate. This can
possibly explain the small changes in the common dolphins’ diet as noted by Marcalo et
al. (2018).

Furthermore, it is possible that the dolphins’ distribution is associated with the
movements of the purse seiners. In the present study, the common dolphin is occurring
further from the coast between 2013 and 2016, which coincides with the period when
restrictions were placed on fishing effort due to decreases in sardine stocks (Feijo et al.,
2018). Other studies have shown that there is a positive relationship between sardine
catches and the number of cetaceans observed (Wise et al., 2007; Marcalo et al., 2015).
In areas where there are low sardine catches, there is a lower cetacean abundance
(Marcalo et al., 2015). In 2017, there was a gradual recovery in sardine stocks, which led
to the lifting of some restrictions and increase in fishing effort, particularly closer to the
coast (DGRM, 2018). In the current study, the dolphins are occurring significantly closer
to the coast from 2017 onwards. Dias et al. (2022) showed that there is a higher
probability of occurrence of dolphin-fishery interactions in areas with higher fishing effort.
Thus, it can be assumed that the dolphins are probably moving closer to the coast to
benefit from the higher availability of sardines inshore, being unable to avoid the usually
negative interaction with the fishery (Marcalo et al., 2021). An alternative hypothesis could
be that the dolphins are likely associating the purse seiners with sardine availability and
are therefore saving energy and time searching for prey by following the vessels.
Although it is known from the fishery community’s knowledge and from scientific onboard
observations that the dolphins are usually the ones that find the sardine schools first
(Marcalo et al., 2021).
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5.2. Objective two: By-catch risk assessment

Worldwide, by-catch is recognised as the primary conservation threat to cetaceans
(Read et al., 2006; Rogan et al., 2021). The study identified the major by-catch risk areas
of the purse seine fisheries for the years 2015 and 2020 along the southern Portuguese
coast (i.e., Algarve). In both years, there is a high risk of by-catch along the western
Algarve coast, particularly from Carvoeiro to Lagos, and from Faro to Quarteira. This
result agrees with other studies that show that the highest level of cetacean-fishery
interaction is along the western Algarve coast (between 8°W and 9°W) (Dias et al., 2022).
This strong overlap can be attributed to the high abundance of common dolphins, which
is positively related to sardine and chub mackerel (Scomber colias) abundance (Marcalo
et al., 2015; Dias et al., 2022). For example, the risk area along the Costa Vicentina, near
Aljezur, represents an important sardine spawning ground, therefore attracting the
common dolphin (Rodriguez-Climent et al., 2017). Therefore, the higher number of
dolphins in these important sardine recruitment sites increases the likelihood of negative

interaction between the dolphins and fisheries (Dias et al., 2022).

Furthermore, it is possible that the dolphins are attracted to areas with strong
fishing activity due to an abundance of sardine. This can explain the high-risk areas near
the large fishing ports, such as Quarteira, Olhdo and Portimdo. Previous studies have
shown that common dolphin presence is positively related to fishing effort (Marcalo et al.,
2015; Dias et al., 2022). The common dolphin is known to use areas relatively close to
the coast, which overlap with the majority of purse seine sets (Feijo et al., 2018). This
tendency for the dolphins to concentrate within the operational zone of purse seine
fisheries, due to their shared resource, inevitably increases the probability of negative
interactions, most noticeably by-catch (Marcalo et al., 2015). Although, in general, there
is a lower interaction between the PPSF and cetaceans along the eastern Algarve
(Marcalo et al., 2015), in 2015 there are risk areas off the coast of Tavira and Olh&o.
These risk areas correspond to the location of two important fishing ports along the
eastern Algarve. This further suggests that the high by-catch risk areas are related to the

presence of fishing grounds, where the dolphins are searching for prey.
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It also appears that the high-risk areas are related to the geographic features of
the area. Is known that the shallower waters of the continental shelf are an important
habitat for small pelagic fish, such as the sardine (Sardina pilchardus) and anchovy
(Engraulis encrasicolus) (Massuti et al., 1996; Lloret et al., 2004; Roque et al., 2010). The
high-risk area near Faro could possibly be attributed to the presence of a narrow
continental shelf, where the sardines are compressed (Dias et al., 2022). It is likely that
the common dolphin and fisheries are taking advantage of the high abundance of

resources in these areas, thus increasing the probability of interaction.

5.3. Management Implications and Recommendations

In recent decades, there has been an alarming increase in human maritime activity,
which has put pressure on the marine and coastal space and resources (Korpinen and
Andersen, 2016). This has led to constant conflict between human uses and the marine
environment. Marine Spatial Planning (MSP) is one way to address existing or anticipated
conflicts and to ensure that the marine environment is managed in a way that allows the
maximum compatibility between the different maritime users. Moreover, Article 8(1) of the
EU Maritime Spatial Planning Directive specifically addresses that Member states should
identify the “spatial and temporal distribution of relevant existing and future activities and
uses in their marine waters” (I0C/2009/MG/53). Essentially, MSPs are concerned with
investigating the relationship between the distribution of keystone species and human

activity, in order to order to achieve ecological, economic, and social objectives.

This present study addresses the requirements of the MSP Directive by providing
knowledge about conflict areas between charismatic species and important fisheries
along the Portuguese mainland coast. In particular, the research focuses on the
distribution of the most abundant cetacean species, the common dolphin, and their
overlap with the most important national fishery in the country, the purse seine fishery.
The findings from this study can be used as a tool for informing the designation of Marine
Protection Areas (MPASs) in MSPs, which encompass temporal and spatial variations in

the common dolphin distribution along the Portuguese mainland coast. Furthermore, the
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outputs of the study should contribute to the revision and assessment of the Portuguese
MPAs. It is clear that the Portuguese mainland coast is well below fulfilling the
commitments of the EU’s Biodiversity Strategy on protecting 30% of the waters by 2030
(European Commission, 2020b). Currently, there are only 8 MPAs along the mainland
coast, which represents only 0.2% of the total territorial area (Timonet and Abecasis,
2020). Even in these protected areas, fishing effort is still taking place, suggesting that
the current MPA management is not adequate (Sciaena, 2021). Furthermore, only 0.93%
of the current MPAs in Portugal are considered highly protected and 0.11% are fully
protected (Roessgar et al., 2022). It has been shown that these highly protected areas
exhibit higher biomass and abundance of commercial fish, which confer positive
conservation and socio-economic benefits (Zupan et al., 2018). Therefore, the results
should be used to improve the current MPA situation in order to increase the resilience to

the socio-ecological system (Horta e Coast et al., 2016).

Based on the results of the present study, it is evident that the main common
dolphin hotspots are located in the central and southern Portuguese mainland coast,
particularly off the coast of Nazaré, Figueira da Foz, Lisboa and Sagres. Previous studies
have illustrated that the common dolphin has an affinity for fishing vessels, as the vessels’
presence suggest prey availability (Hammond et al., 2017). For this reason, it is not
surprising that these major dolphin hotspots coincide with areas of strong fishing activity.
This strong association poses a number of different challenges for their conservation such
as habitat degradation, by-catch and prey depletion (OceanCare, 2021). Therefore, it is
imperative that these areas are treated as critical areas for protection and are prioritised
in conservation management plans. Furthermore, the present study brings to light
temporal changes in the common dolphin distribution, which is a fundamental
consideration in the designation of MPAs. The study shows that the common dolphin is
occurring in lower densities during the summer months, when fishing effort is at its peak.
It can be assumed that the increased fishing pressure during this season is causing the
dolphins to relocate to other regions. Therefore, in order to mitigate seasonal conflict
between the common dolphin and purse seining effort, MPAs should be given a higher

level of protection during the summer months.
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The study also provides information which can be used for the sustainable
management of the Portuguese purse seine fishery, by considering the impact that the
fishery has on prey availability for the common dolphin. The results show how previous
low levels of sardine biomass negatively influenced the distribution of the common
dolphin. In years when the sardine stocks were low, the dolphins responded by moving
further offshore and occurring in lower densities. Although, since then, there has been a
recovery in sardine stock level, they are still below the Maximum Sustainable Yield
(Monteiro, 2017). Under the current situation for the purse seine fishery, the Portuguese
sardine stocks are at risk of facing irreversible declines. This could lead to long-term
consequences for the distribution and abundance of not only the common dolphin, but
also the entire food web. In order the mitigate the potential impacts of the purse seine
fishery on prey availability for important species, it is essential that a precautionary and
adaptive approach to fish stock management is taken. This involves ensuring that the
stock levels are assessed on a regular basis and that conservation measures are
continuously updated accordingly. Unless resources are effectively managed, it is
probable that the Portuguese mainland coast will experience a fate similar to other
regions. For example, in the Mediterranean, declines in prey availability due to intensive
purse seining activity contributed to the reduction of the common dolphin population from
150 to 15 individuals and a major weakening of the marine food web (Piroddi et al., 2011).
In order to prevent a similar situation, it is recommended that additional management

restrictions on purse seine fishing activity be implemented throughout the mainland coast.

By-catch in purse seine fisheries is one of the leading causes of human-induced
mortality for the common dolphin and other cetacean species along the Portuguese
mainland coast (Marcalo et al., 2015; Wade et al., 2021; Dias et al., 2022). The present
study addresses the urgent need for by-catch risk assessments by providing knowledge
about high-risk areas. More specifically, the study provides preliminary estimates of the
overlap of the common dolphin distribution with the purse seining effort along the southern
Portuguese mainland coast. From the results, it is evident that the highest degree of
overlap occurs along the western Algarve coast, particularly near the important fishing
ports. It is recommended that by-catch monitoring and enforcement be strengthened for

purse seine vessels operating in these high-risk areas (Sciaena, 2021). Furthermore,
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mitigation measures, such as new fishing procedures, fishing operational changes, time-
area fishing closures and the use of acoustic devices, should be considered in future
management plans. The present study provides a baseline for the development of a
holistic impact assessment on ongoing purse seine fishing activities along the southern
Algarve coast. Furthermore, the study can contribute to the National Ocean Strategy
commitments to “reduce by-catches and discards from fisheries by 2030” and to “develop
and implement a certification system for local fisheries that comply with dolphin-friendly
practices” (DGPM, 2020).

5.4. Future Directions and Limitations

One suggestion for future studies would be to include abundance estimates.
Abundance estimates are essential for assessing the conservation status of a population
and impact of anthropogenic threats (EU Habitat Directive 92/43/EEC; Hammond et al.,
2013; Hammond et al., 2021). One method for obtaining accurate abundance estimates
is through Density Surface Modelling (DSM). DSM is a spatial-explicit model that has
been corrected for uncertainty in detection using distance sampling methods (Miller et al.,
2013). Such modelling technigues would contribute to a better understanding of temporal
and spatial changes in cetacean abundance, thereby allowing managers to make more
informed conservation decisions. Furthermore, by-catch mortality rates and biological
reference points should be obtained in order to contribute to a more informed by-catch
risk assessment for the purse seine fishery (Rogan et al., 2021). The by-catch rates can
be compared against reference points in order to understand the likelihood and impact of

fisheries on the species’ population (Moore et al., 2021).

In addition, it is recommended that predictive models be incorporated as a way to
estimate changes in the distribution of the common dolphin under different environmental
or fishing scenarios. In the study by Paradell et al. (2021), the Ecopath model was used
to estimate the effects of various fisheries management strategies on different cetacean

species. The results from these models could provide valuable information about the most
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sustainable management plan for fisheries stock management and cetacean
conservation. Moreover, Generalized Linear Models can be used to extrapolate the
distribution of the common dolphin to regions outside of the data sampling range (Bartley
et al., 2019). This methodology is particularly useful for predicting the distribution of the
common dolphin due to their widespread distribution and small sampling size (Becker et
al., 2020). These models can be used to locate hotspots in situations where sampling
coverage is limited, therefore providing valuable information for decision makers and

managers (Becker et al 2012).

One limitation of the study is that it only considers the interaction between the
common dolphin and the purse seine fisheries. It is difficult to accurately assess the total
risk of by-catch without considering other fisheries, such as fishing traps, fixed gear and
longliners (Fertl and Leatherwood, 1997; Gilman et al., 2006). For instance, gill nets and
other entangling nets represent 57% of the total number of fishing vessels in the
Portuguese mainland coast and hence are likely to contribute significantly to by-catch
mortality and prey depletion (Eurostat and FAO, 2019). Therefore, future studies should
consider gear-specific risks in order to contribute to a more comprehensive by-catch risk
assessment. In addition, the present study could be improved upon by assessing
additional threats to the common dolphin, such as touristic operators, offshore
development, and aquaculture. The dolphins are vulnerable to a wide range of stresses
and therefore their conservation requires the assessment of cumulative impacts from

multiple human sources and activities (Weilgart, 2007).

Another limitation of the by-catch risk assessment is that that it only considers two
years of fishing effort, 2015 and 2020. It would have been ideal to have conducted a by-
catch risk assessment for before and after the Sardine Ban of 2012, but this was not
possible because AIS data was only available from 2015 onwards. In addition, the study
only investigates by-catch risk for the Algarve coast. Future studies should expand upon
the present research by covering the entire Portuguese mainland coast and over a longer
time period. Furthermore, common dolphin sighting data was pooled together for all years
(i.e., 2005-2020), rather than using data from only 2015 and 2020. This was because the

sampling size for the Algarve coast was too small for these two years. This could present
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challenges as the fishing effort and dolphin data are not occurring over a consistent time
range, and therefore the level of overlap might not be entirely reliable. Despite this
limitation, the research still provides an idea of the main areas of by-catch, and therefore

can be treated as a baseline study.

5.5. Conclusions

The study investigates the distribution of the most frequently observed species, the
common dolphin, along the Portuguese mainland coast and their interaction with the
purse seine fishery effort. This study is the first to use heatmaps of the common dolphin
along the Portuguese mainland to assess their distribution over a long period of time. The
result provides an understanding of the main common dolphin hotspots along the coast,
which is an essential tool for informing MSPs and MPA designation. It is evident that the
common dolphin has been showing responsive movements that correspond to changes
in sardine stock levels. During the years with the lowest sardine levels, the dolphins were
occurring in low densities close to the coast. After the implementation of the Sardine Ban
of 2012 there was a gradual increase in the sardine stock levels, which resulted in the
dolphins moving closer to shore. This suggests that the dolphin’s distribution is influenced
by prey availability, and thus changes in stock levels could have negative effects on the
common dolphins’ habitat use. Therefore, preventative measures should be strengthened
to prevent future declines in sardine stock levels and to keep them above a Maximum

Sustainable Yield.

Furthermore, the study also highlights the potential areas and seasons of conflict
between the dolphins and purse seine fishing activity in order to contribute to an urgently
needed by-catch risk assessment. The study shows the potential overlap between the
dolphins’ distribution and the purse seining effort, with a particular focus on the southern
Portuguese mainland coast. The results of the study can be used by managers and
decision makers to identify the most problematic zones for by-catch. Management plans
should be applied to high-risk areas in order to contribute to the sustainable management
of the PPSF fleet.
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Overall, the results shed light on the importance of adaptive management plans
for the conservation of cetaceans. The results of the study address the requirements of
the EU Habitats Directive and MSFD to report on the favourable conservation status of
cetaceans by using distribution estimates. Conservation management measures should
be continuously implemented and enforced to reduce the negative anthropogenic impacts
on common dolphin populations, which is essential for ensuring a healthy marine

ecosystem.

6. References

Almeida, C., Vaz, S., Cabral, H., Ziegler, F., 2014. Environmental assessment of sardine
(Sardina pilchardus) purse seine fishery in Portugal with LCA methodology including
biological impact categories. International Journal of Life Cycle Assessment, 19, pp.
297-306.

Alvarez-Salgado, X.A., Figueiras, F.G., Pérez, F.F., Groom, S., Nogueira, E., Borges,
A.V., Chou, L., Castro, C.G., Moncoiffé, G., Rios, A.F., Miller, A.E.J., Frankignoulle, M.,
Savidge, G., Wollast, R., 2003. The Portugal coastal counter current off NW Spain: new
insight on its biogeochemical variability. Progress in Oceanography, 56, pp. 281-321.

Alveirinho Dias, J.M., 1988. Aspectos geoldgicos do litoral Algarvio. Geonovas, 10, pp.
113-128.

Alves, T.M., Gawthorpe, R.L., Hunt, D., Monteiro, J.H., 2000. Tertiary evolution of the
Slio Vicente and Setubal submarine canyons, Southwest Portugal: insights from seismic
stratigraphy. Ciencias da Terra, 14, pp.243-256.

Bailey, H., Senior, B., Simmons, D., Rusin, J., Picken, G., Thompson, P.M., 2010.
Assessing underwater noise levels during pile-driving at an offshore windfarm and its

potential effects on marine mammals. Marine Pollution Bulletin, 60(6), pp. 888-897.

61



Bartley, M.L., Hanks, E.M., Schliep, E.M., Soranno, P.A., Wagner, T., 2019. Identifying
and Characterizing Extrapolation in Multivariate Response Data. Plos One, 14(12), pp.
1-20.

Bearzi, G., Holcer, D., di Sciara, G.N., 2004. The role of historical dolphin takes and
habitat degradation in shaping the present status of northern Adriatic cetaceans. Aquatic

Conservation Marine and Freshwater Ecosystems, 14(4), pp. 363-379.

Bearzi, G., Agazzi, S., Gonzalvo, J., Costa, M., Bonizzoni, S., Politi, E., Piroddi, C.,
Reeves, R.R., 2008. Overfishing and the disappearance of short beaked common

dolphins from western Greece. Endangered Species Research, 5(1), pp.1-12.

Becker, E.A., Foley, D.G., Forney, K.A., Barlow, J., Redfern, J.V., Gentemann, C.L.,
2012. Forecasting cetacean abundance patterns to enhance management decisions.

Endangered Species Research, 16, pp. 97-112

Becker, A., Carretta, J.V., Forney, K.A., Barlow, J., Brodie, S., Hoopes, R., Jacox, M.G.,
Maxwell, S.M., Redfern, J.V., Sisson, N.B., Welch, H., Hazen, E.L., 2020. Performance
evaluation of cetacean species distribution models developed using Generalized
Additive Models and boosted regression trees. Ecology and Evolution, 10(12), pp. 5759-
5784.

Braulik, G., Jefferson, T.A., Bearzi., 2021. Common dolphin (Delphinus delphis). The
IUCN Red List of Threatened Species 2021.

Brito, C., Vieira, N., Sa, E., Carvalho, I., 2009. Cetaceans’ occurrence off the west central
Portugal coast: a compilation of data from whaling, observations of opportunity and boat-

based surveys. Journal of Marine Animals and Their Ecology, 2(1), pp. 1-4.

Castro, J., Couto, A., Borges, F., Cid, A., Laborde, M.I., Pearson, H.C., Rosa, R., 2020.
Oceanographic Determinants of the Abundance of Common Dolphins (Delphinus
delphis) in the South of Portugal. Oceans, 1, pp. 165-173.

Culik, B. (2011). Odontocetes — The toothed whales. Bonn: UNEP /CMS / ASCOBANS

Secretariat.

62



Dias, I.C., Marcalo, A., Feij6, D., Domingos, I., Silva, A.A., 2021. Interactions between
the common dolphin, Delphinus delphis, and the Portuguese purse seine fishery over a
period of 15 years (2003-2018). Aquatic Conservation: Marine and Freshwater

Ecosystems, pp. 1-14.
Diario da Republica, 2000. Diario da Republica, 2000 — 1 Série B, 6692, pp. 18-20.

De la Cruz, A., Ramos, F., Navarro, G., Cozar, A., Bécares, J., Arroyo, G.M., 2020.
Drivers for spatial modelling of a critically endangered seabird on a dynamic ocean area:
Balearic shearwaters are non-vegetarian. Aquatic Conservation: Marine and Freshwater

Ecosystems, pp. 1-15.
DGRM, 2012. Sardine Fishery Management Plan — (2012-2015).

DGRM, 2018. Multiannual Management and Recovery Plan for the Iberian Sardine
(2018-2023).

DGRM., 2019. Recursos de Pesca. Série Estatistica, 32. Lisboa: Seguranca e Servicos

Maritimos.
DGRM, 2021. Estatistica da Pesca 2020. Lisboa: Instituto Nacional de Estatistica.
DGPM, 2020. Estratégia nacional para o mar 2021-2030.

Erbe, C., Marley, S.A., Schoeman, R.P., Smith, J.N., Triggs, L.E., Embling, C.B., 2019.
The Effects of Ship Noise on Marine Mammals - A Review. Impacts of Shipping on
Marine Fauna, 6(606), pp. 1-21.

European Commission, 2015. The European Maritime and Fisheries Fund 2014-2020.

Brussels: European Commission.

European Commission, 2020a. European Maritime and Fisheries Fund (EMFF)
Portugal.

European Commission, 2020b. EU Biodiversity Strategy for 2030: Bringing nature back
into our lives. Communications from the commission to the European Parliament, the

Council, the European Economic and Social Committee of the Regions. Brussels.

63



Eurostat and FAO, 2019. Portugal in the World and in the EU. European Market

Observatory for Fisheries and Aquaculture Production.

Feijo, D., Marcalo, A., Bento, T., Barra, J., Marujo, D., Correia, M., Silva, A., 2018.
Trends in the activity pattern, fishing yields, catch and landing composition between
2009 and 2013 from onboard observations in the Portuguese purse seine fleet. Regional
Studies in Marine Science, 23, pp. 97-106.

Fertl, D., Leatherwood, S., 1997. Cetacean Interaction with Trawls: A preliminary

Review. Journal of Northwest Atlantic Fisheries Science, 22, pp. 219-248.

Gilman, E.L., Brother, N., McPherson, G., Dalzell, P., 2006. Review of Cetacean
Interactions with Longline Gear. Journal of Cetacean Research and Management, 8(2),
pp. 215-223.

Hammond, P.S., Macleod, K., Gillespie, D., Swift, R., Winship, A., Canadas, A., 2009.
Cetacean Offshore Distribution and Abundance in the European Atlantic (CODA).

Hammond, P., Macleod, K., Berggren, P., Borchers, D., Burt, L., Cafadas, A.,
Desportes, G., Donovan, G., Gilles, A., Gillespie, D., Gordon, J., Hiby, L., Kuklik, 1.,
Leaper, R., Lehnert, K., Leopold, M., Lovell, P., @ien, N., Paxton, C., Ridoux, V., Rogan,
E., Samarra, F., Scheidat, M., Sequeira, M., Siebert, U., Skov, H., Swift, R., Tasker, M.,
Teilmann, J., Van Canneyt, O. and Vazquez, J., 2013. Cetacean abundance and
distribution in European Atlantic shelf waters to inform conservation and

management. Biological Conservation, 164, pp.107-122.

Hammond, P.S., Lacey, C., Gilles, A., Viquerat, S., Borjesson, P., Herr, H., Macleod, K.,
Ridoux, V., Santos, M.B., Scheidat, M., Teilmann, J., Vingada, J., @ien, N., 2017.
Estimates of cetacean abundance in European Atlantic waters in summer 2016 from the

SCANS-III aerial and shipboard surveys. St Andrews: Sea Mammal Research Unit.

Hammond, P.S., Francis, T.B., Heinemann, D., Long, K.J., Moore, J.E., Punt, A.E.,
Reeves, R.R., Sepulveda, M., Sigurdsson, G.M., Siple, M.C., Vikingsson, G., Wade,
P.R., Williams, R., Zerbini, A.N., 2021. Estimating the Abundance of Marine Mammal
Populations. Frontiers of Marine Science, 27(8), pp. 1-27.

64



Horta e Costa, B., Claudet, J., Franco, G., Erzini, K., Caro, A., Gongalves, E.J., 2016. A
regulation-based classification system for Marine Protected Areas (MPAs). Marine
Policy, 72, pp. 192-198.

ICES, 2017. Report of the working group on southern horse mackerel, anchovy and
sardine (WGHANSA), bilbao, Spain, 17. ICES CM: 2017/ACOM, pp. 547.

ICES, 2019. Bay of Biscay and Iberian Coast ecoregion — Fisheries overview, including
mixed-fisheries considerations. ICES Advice: Fisheries Overviews. Report.
https://doi.org/10.17895/ices.advice.5709.

ICES, 2020. Working Group on Southern Horse Mackerel, Anchovy and Sardine
(WGHANSA). ICES Scientific Reports, 2(41), pp. 655.

ICES. 202l1a. The Workshop for the evaluation of the Iberian sardine HCR
(WKSARHCR). ICES Scientific Reports. 3(49), pp. 115.

ICES. 2021b. Working Group on Southern Horse Mackerel Anchovy and Sardine
(WGHANSA). ICES Scientific Reports, 3(55), pp. 455.

INE, 2020. Lisboa: Estatisticas da Pesca 2019. Available at www:
<url:https://www.ine.pt/xurl/pub/435690295>. ISSN 0377-225-X. ISBN 978-989-25-
0540-4.

Jog, K., Sutaria, D., Diedrich, A., Grech, A., Marsh, H., 2022. Marine Mammal
Interactions With Fisheries: Review of Research and Management Trends Across
Commercial and Small-Scale Fisheries. Frontiers in Marine Science, 9(758013), pp. 1-
16.

Kavanagh, A.S., Nykanen, M., Hunt, W., Richardson, N., Jesson, M.J., 2019. Seismic
surveys reduce cetacean sightings across a large marine ecosystem. Scientific Reports,
9(19164), pp. 1-10.

Kirkwood, J.K., Bennett, P.M., Jepson, P.D., Kuiken, T., Simpson, V.R., Baker, J.R.,
1997. Entanglement in fishing gear and other causes of death in cetaceans stranded on
the coasts of England and Wales. The Veterinary Record, 141(3), pp. 94-98.

65


https://doi.org/10.17895/ices.advice.5709

Kiszka, J.J., Woodstock, M.W., Heitaus, M.R., 2022. Functional Roles and Ecological
Importance of Small Cetaceans in Aquatic Ecosystems, Frontiers in Marine Science,
9(803173).

Korpinen, S., Andersen, J.H., 2016. A Global Review of Cumulative Pressure and Impact
Assessments in Marine Environments. Frontiers in Marine Science, 3(153), pp. 1-11.

Lettrich, M.D., Asaro, M.J., Borggaard, D.L., Dick, D.M, Griffis, R.B., Litz, J.A,,
Orphanides, C.D., Palka, D.L., Pendleton, D.E., Soldevilla, M.S., 2019. A Method for
Assessing the Vulnerability of Marine Mammals to a Changing Climate. NOAA Technical
Memo. NMFS-F/SPO-196, pp. 73.

Lloret, J., Palomera, I., Salat, J., Sole, I., 2004. Impact of freshwater input and wind on
landings of anchovy (Engraulis encrasicolus) and sardine (Sardina pilchardus) in shelf
waters surrounding the Ebre (Ebro) River delta (north-western Mediterranean). Fisheries
Oceanography, 13(2), pp. 102-110.

Lin, C., Lin, H., Suen, J. and Chou, L., 2021. Association Between Estuary
Characteristics and Activities of the Critically Endangered Indo-Pacific Humpback

Dolphin (Sousa chinensis). Frontiers in Marine Science, 8, pp. 1-8.

Malta, T., Santos, P.T., Santos, A.M.P., Rufino, M., Silva., 2016. Long-term variations in
Ibero-Atlantic sardine (Sardina pilchardus) populsation dynamics: Relation to

environmental conditions and exploitation history. Fisheries Research, 179, pp. 47-56.

Mannocci, L., Dabin, W., Augeraud-Véron, E., Dupuy, J., Barbraud, C., Ridoux, V., 2011.
Assessing the Impact of Bycatch on Dolphin Populations: The Case of the Common
Dolphin in the Eastern North Atlantic, Plos One, 7(2), pp. 1-11.

Marcalo, A., Katara, I., Feijo, D., Araujo, H., Oliveira, |., Santos, J., Ferreira, M., Monteiro,
S., Pierce, G.J., Silva, A., Vingada, J., 2015. Quantification of interactions between the
Portuguese sardine purse-seine fishery and cetaceans. ICES Journal of Marine Science,
72(8), pp. 2438-2449.

Marcalo, A. Nicolau, L., Giménez, J., Ferreira, M., Santos, J., Aradjo, H., Silva, A.,

Vingada, J., Pierce, G.J., 2018. Feeding ecology of the common dolphin (Delphinus

66



delphis) in Western Iberian waters: has the decline in sardine (Sardina pilchardus)
afected dolphin diet. Marine Biology, 165(44), pp. 1-16.

Marcalo, A., Carvalho, F., Frade, M., Alexandre, S., Bentes, L., Soares, C., Zabel, F.,
Rangel, M. Oliveira, F., Monteiro, P., Ressurrei¢édo, A., Erzini, K., Gongalves, J.M.S.,
2021. Reducdo de capturas acidentais de espécies marinhas protegidas em pescarias
costeiras algarvias: inovagdo de procedimentos e técnicas de mitigacdo. Relatorio
técnico INOVPESCA, Programa MAR2020, MAR-16-01-03-FMP-0020, Universidade do
Algarve, CCMAR, Faro, pp. 62.

Massuti, E., Renones, O., Carbonell, A., Oliver. P., 1996. Demersal Fish Communities
exploited on the continental shelf and slope of Majorca (Balearic Islands, NW
Mediterranean). Vie Milieu, 46(1), pp. 45-55.

Microsoft Corporation, 2018. Microsoft Excel, Available at:
https://office.microsoft.com/excel.

Miller, D.L., Burt, L.M., Rexstad, E.A., Thomas, L., 2013. Spatial Models for Distance
Sampling data: Recent Developments and Future Directions. Methods in Ecology and

Evolution, pp. 1-10.

Monteiro, P.V., 2017. The Purse Seine Fishing of Sardine in Portuguese Waters: A
Difficult Compromise Between Fish Stock Sustainability and Fishing Effort. Reviews in

Fisheries Science & Aquaculture, pp. 1-7.

Moore, J.E., Hammond, P., Francis, T.B. Sepulveda, M., Sigurdsson, G.M., Siple, M.C.,
Vikingsson, G., Wade, P.R., Williams, Hammond, P.S., Long, K.J., Punt, A.E., Reeves,
R.R, Zerbini, A.N., 2021. Estimating Bycatch Mortality for Marine Mammals: Concepts

and Best Practices. Frontiers of Marine Science, 8, pp. 1-15.

Moura, A., Sillero, N., Rodrigues, A., 2012. Common dolphin (Delphinus delphis) habitat
preferences using data from two platforms of opportunity. Acta Oecologica, 38, pp. 24-
32.

Murphy, S., Pinn, E., and Jepson, P., 2013. The short-beaked common dolphin
(Delphinus delphis) in the North-eastern Atlantic: distribution, ecology, management and

67


https://office.microsoft.com/excel

conservation status. In Hughes RN, Hughes DJ, Smith IP, eds. CRC Press.
Oceanography and Marine Biology, 51, pp. 193-280.

Murphy, S., Evans, P.G.H., Pinn, E., Pierce, G.J., 2019. Conservation management of
common dolphins: Lessons learned from the North-East Atlantic. Aquatic Conservation

Marine and Freshwater Ecosystems, pp. 1-30.

Nichols, C., Bejder, L., Green, L., Johnson, C., Keeling, L., Noren, D., Van der Hoop, J.,
Simmonds, M., 2020. Anthropogenic Threats to Wild Cetacean Welfare and a Tool to

Inform Policy in This Area. Frontiers in Veterinary Science, 57(7), pp. 1-12.

OceanCare, 2021. Under Pressure: The need to protect whales and dolphins in

European waters. An OceanCare report.

Paradell, O.G., Methion, S., Rogan, E., Lopez, B.D., 2021. Modelling ecosystem
dynamics to assess the effect of coastal fisheries on cetacean species. Journal of
Environmental Management, 285, 00. 1-16.

Parsons, E.C.M., 2012. The negative Impacts of Whale-watching. Journal of Marine
Biology, 2012, pp.1-10.

Pennino, M.G., Arcangeli, A., Fonseca, V.P., Campana, |., Pierce, G.J., Rotta, A,
Bellido, J.M., 2017. A spatially explicit risk assessment approach: cetaceans and marine

traffic in the Pelagos Sanctuary (Mediterranean Sea). Plus One, 12(6), pp.1-16.

Peltier, H., Jepson, R.D., Dabin, W., Deaville, R., Daniel, P., Van Canneyt, O.D., Ridoux,
V., 2014. The contribution of stranding data to monitoring and conservation strategies
for cetaceans: Developing spatially explicit mortality indicators for common dolphins
(Delphinus delphis) in the eastern North-Atlantic. Ecological Indicators, 30, pp. 203-214.

Peltier, H., Authier, M., Deaville, R., Dabin, W., Jepson, P.D., van Canneyt, O., Daniel,
P., Ridoux, V., 2016. Small cetacean bycatch as estimated from stranding schemes: The
common dolphin case in the northeast Atlantic. Environmental Science & Policy, 63, pp.
7-18.

68



Piroddi, C., Bearzi, G., Gonzalvo, J., Christensen, V., 2011. From common to rare: The
case of the Mediterranean common dolphin. Biological Conservation, 144, pp. 2490-
2498.

QGIS Development Team, 2019. QGIS Geographic Information System. Open Source
Geospatial Foundation Project. http://ggis.osgeo.org.

R Studio Team (2019). RStudio: Integrated Development for R. RStudio, PBC, Boston,
MA URL http://www.rstudio.com/.

Read, A.J., Drinker, P., Northridge, S., 2006. Bycatch of Marine Mammals in U.S. and
Global Fisheries. Conservation Biology, 20(1), pp. 163-269.

Reid, J.B., Evans, P.G.H., Northridge, S.P., 2003. Atlas of cetaceans in north-west

European waters. In Joint Nature Conservation Committee, Petersborough: England.

Ripol, A., Zupan, M., 2021. The Regulatory Framework for Whales, Dolphins and
Porpoises in European Water in OceanCare. Under Pressure: The need to protect

whales and dolphins in European waters. An OceanCare report.

Rodriguez-Climent, S., Angélico, M.M., Marques, V., Oliveira, P., Wise, L., Silva, A.,
2017. Essential habitat for sardine juveniles in Iberian water. Scientia Marina, 81(3), pp.
351-360.

Roessger, J., Claudet, J., Horta e Costa, B., 2022. Turning the tide on protection
illusions: The underprotected MPAs of the ‘OSPAR Regional Sea Convention’. Marine
Policy, 142, pp. 1-9.

Rogan, E., Read, A.J., Berggren, P., 2021. Empty Promises: The European Union is
Failing to Protect Dolphins and Porpoises from Fisheries By-catch. Fish and Fisheries,
22(4), pp. 865-869.

Roque, C., Hernandez-Molina, F.J., Somoza, L., Diaz-del-Rio, V., Vaquez, J.T., Dias, J.,
2010. Geomorphology of the Eastern Algarve proximal continental margin (South
Portugal, SW Iberia Peninsula): sedimentary dynamics and its relationship with the last

asymmetrical eustatic cycle. Ciencias da Terra, 17, pp. 7-28.

69


http://qgis.osgeo.org/
http://www.rstudio.com/

Rosa, R., Vaz, J., Mota, R.P., Silva, A., 2018. Preference for Landings’ Smoothing and
Risk of Collapse in Optimal Fishery Policies: The Ibero-Atlantic Sardine Fishery.
Environmental and Resource Economic, 71(5832), pp. 875-995.

Ryan, J., Chavez, F. and Bellingham, J., 2005. Physical-biological coupling in Monterey
Bay, California: topographic influences on phytoplankton ecology. Marine Ecology

Progress Series, 287, pp. 23-32.

Serra, N., I. Ambar., 2002. Eddy generation in the Mediterranean undercurrent. Deep
Sea Research Part II: Topical Studies in Oceanography, 49(19), pp. 4225-4243.

Sahri, A., Herwata Putra, M.l., Kusuma Mustika, P.L., Kreb, D., Murk, A.J., 2021.
Cetacean habitat modelling to inform conservation management, marine spatial
planning, and as a basis for anthropogenic threat mitigation in Indonesia. Ocean and
Coastal Management, 205(105555), pp. 1-20.

Salgado Kent, C., Bouchet, P., Wellard, R., Parnum, I., Fouda, L. and Erbe, C., 2021.
Seasonal productivity drives aggregations of killer whales and other cetaceans over
submarine canyons of the Bremer Sub-Basin, south-western Australia. Australian

Mammalogy, 43(2), pp.168.

Sciaena, 2021. How Protected are Portuguese Marine Protected Areas: Insights on the

Fishing Activity in MPAs and on their Effective Management.

Silva, M.A., 1999. Diet of common dolphins, Delphinus delphis, off the Portuguese
continental coast. Journal of Marine Biology, 79, pp.531-540.

Silva, M.A., Sequeira, M., 2003. Patterns in the mortality of common dolphins (Delphinus
delphis) on the Portuguese coast, using stranding records, 1975-1998. Aquatic
Mammals, 29(1), pp. 88-98.

Silva, M.A., Prieto, R., Cascao, |., Seabra, M.l., Machete, M., Baumgartner, M.F.,
Santos, R.S., 2014. Spatial and temporal distribution of cetaceans in the Mi-Atlantic

waters around the Azores. Marine Biology Research, 10(2), pp. 123-137.

Silva, A., Moreno, A., Riveiro, I., Santos, B., Pita, C., Garcia Rodrigues, J., Villasante,

S., Pawlowski, L., Duhamel, E., 2015. Research for Pech Committee - Sardine fisheries:

70


https://archimer.ifremer.fr/doc/00300/41109/40280.pdf

Resource Assessment and Social and Economic situation. Directorate-General for

Internal Policies Policy Department B: Structural and Cohesion Policies.

Silva, A., Garrido, S., Ibaibarriaga, L., Pawlowski, L., Riveiro, I., Marques, V., Ramos,
F., Duhamel, E., Iglesias, M., Bryere, P., Mangin, A., Citores, L., Carrera, P., Uriate, A.,
2018. Adult-mediated connectivity and spatial population structure of sardine in the Bay

of Biscay and Iberian coast. Deep Sea Research Part Il, pp. 1-13.

Silverman, W.B., 1986. Density Estimation for Statistics and Data Analysis. Chapman

and Hall, Bristol.

Spitz, J., Mourocq, E., Ridoux, V., 2010. Prey selection by the common dolphin: Fulfilling
high energy requirements with high quality food. Journal of Experimental Marine Biology,
390, pp. 73-77.

Szalaj, D., Torres, M.A., Veiga-Malta, T., Angélico, M.M., Sobrinho-Goncalves, L.,
Chaves, C., Alcoforado, B., Garrido, S., Ré, P., Cabral, H., Silva, A., 2021. Food-web
dynamics in the Portuguese continental shelf ecosystem between 1986 and 2017:
Unravelling drivers of sardine decline. Estuarine, Coastal and Shelf Science,
251(107259), pp. 1-16.

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

Timonet, D.S., Abescasis, D., 2020. An Intergrated Approach for the Design of a Marine
Protected Area Network Applied to Mainland Portugal. Ocean and Coastal Management,
184(1), pp. 1-9.

Vieira, N., Carvalho, I., Brito, C., 2009. Occurrence and relative abundance of common
dolphins in three sites of the Portuguese shore. International Whaling Commission IWC
- SC/61/SM16/.

Vingada, J., Eira, C., 2018. Conservacdo de Cetaceos e Aves Marinhas em Portugal

Continental. Aveiro: Life+ MarPro.

71


https://archimer.ifremer.fr/doc/00300/41109/40280.pdf

Waggit, J.J., Evans, P.G.H., Andrade, J., Banks, A., 2019. Distribution maps of
cetaceans and seabird populations in the North-East Atlantic. Journal of Ecology, 57(1),
pp. 253-269.

Wade, P.R., Long, K.J., Francis, T.B., Punt, A.E., Hammond, P.S., Heinemann, D.,
Moore, J.E., Reeves, R.R., Sepulveda, M., Sullaway, G., Sigurdsson, G.M., Siple, M.C.,
Vikingsson, G.A., Williams, R., Zerbini, A.N., 2021. Best Practices for Assessing and

Managing Bycatch of Marine Mammals. Frontiers in Marine Science, 8, pp. 1-19.

Weilgart, L.S., 2007. The Impact of anthropogenic ocean noise on cetaceans and

implications for management, Canadian Journal of Zoology, 85(1), pp. 1091-1116.

Wise, L., Silva, A., Ferreira, M., Silva, M., Sequeira, W., 2007. Interactions between
small cetaceans and the purse seine fishery in western Portuguese waters. Scientia
Marina, 71(2), pp. 405-412.

Young, D.D., Cockcroft, V.G., 1994. Diet of common dolphins (Delphinus delphis) of the
south-east coast of southern Africa: opportunism or specialization? Journal of Zoology,
234, pp. 41-53.

Zacharias, M., Roff, J., 2001. Use of Focal species in marine conservation and
management: A review and critique, Aquatic Conservation Marine and Freshwater
Ecosystems, 11(1), pp. 59-76.

Zupan, M., Fragkopoulou, E., Claudet, J., Erzini, K., Horta e Costa, B., Gongalves, E.J.,
2018. Marine partially protected areas: drivers of ecological effectiveness. Frontiers
Ecology Environment, 16(7), pp. 1-7.

72



