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Abstract

The North West Iberian Peninsula (NWIP) (north-west Spain and north-central Portugal) is one of
the world’s main fishing areas and cetaceans are very abundant in the area. The Iberian harbour
porpoise (Phocoena phocoena) is a genetically distinct population with a population size of less
than 3000 and is classified as “vulnerable’. Between 1990-2010, a total of 305 harbour porpoises
were recorded as stranded along the NWIP coastline and a further eight porpoise carcases were
handed in by fishermen. Around 60% of these porpoises showed evidence of fisheries interactions,
although there is high annual variation in the number of porpoises classified as bycaught. No
differences in the proportion of bycaught porpoises was observed seasonally, and males and
females were equally likely to be bycaught. The majority of bycaught porpoises were immature,
although the proportion of mature and immature animals bycaught was not significantly different,
and adult females bycaught included pregnant and lactating animals. Combining results of the life
table and necropsies suggest that there was between 4.3 and 11% annual mortality in the Iberian
porpoise population due to fisheries interactions. These values greatly exceed the recommendations
by the IWC and ASCOBANS. Beach seines and gillnets are the most problematic gears for
porpoises in the NWIP and are used in areas of high abundance of porpoises. Although no decline
in porpoise numbers was detected between surveys in 2005 and 2016, the low reproductive output
and high mortality rate of porpoises, combined with the bycatch of pregnant and lactating females,
as recorded in the 1990-2010 data, suggest that fishery bycatch may represent a significant threat
to this population.
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Introduction

The North West Iberian Peninsula (NWIP), as defined for the present study, extends from the
northern limit of Galicia (north-west Spain) (43°3'N,7°2'W) southwards through north-central
Portugal to as far south as Nazaré (39°5’N, 9°2°’W) (Figure 1). The NWIP is an area of high
productivity and high biodiversity due to the seasonal upwelling (Fraga, 1981). Almost 300 species
of fish (Solgrzano et al., 1988) and over 75 species of cephalopods (Guerra, 1992) have been
recorded. The area is also an important nursery ground for several commercially important fish
species including hake (Merluccius merluccius), sardine (Sardina pilchardus), scad (Trachurus
spp.) and blue whiting (Micromesistius poutassou) (Pereiro et al., 1980; Farifa et al., 1985).
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Figure 1. The study area, the North-West Iberian Peninsula (NWIP), with 100m and 200m isobaths. The
sampling area is framed in white, representing the north and south limits for the strandings and the western
latitude of the bycatches. Map from Méndez-Fernandez et al. (2013).

In Galicia, at least 19 species of marine mammals (16 cetaceans and 3 pinnipeds) have been
recorded (Penas-Patifio and Pifieriro-Seage, 1989; Ferndndez de la Cigofia, 1990; Lopez et al.,
2002) and 20 species of cetaceans in Portugal (Sequeira et al., 1992; Sequeira et al., 1996). More
species have been recorded in recent years and census database for Galicia and Portugal is currently
26 and 28 species, respectively (CEMMA and SPVS, unpublished data).



Spain and Portugal are traditionally fishing nations, with the largest and fifth largest fishing fleets
within the European Community?, respectively, and over half of the Spanish fishing fleet is based
in Galicia. The NWIP is one of the world’s main fishing areas, with an estimated 1.5 million fishing
trips per annum from over 120 fishing harbours. Fisheries in the NWIP are highly diverse,
exploiting a large number of species and using a large variety of fishing gears including traps,
purse-seines, beach seines (Portugal only), single and pair trawls and several different types of
gillnets.

The global status of the harbour porpoise is classified as being of Least Concern by the International
Union for Conservation of Nature (IUCN) (Hammond et al., 2008) however, in Portugal the
harbour porpoise is listed as vulnerable (Cabral et al., 2005). Harbour porpoise is included in Annex
Il of the EU Habitats Directive and require strict protection, including the designation of Special
Areas of Conservation by Member States. Harbour porpoise is also included in Appendix Il of the
Convention of Migratory Species (CMS), however it only covers populations in the North and
Baltic Seas. Read et al. (2018) submitted a document to the 24" ASCOBANS Advisory Committee
requesting that the Iberian harbour porpoise be i) listed as a separate population and ii) included in
Appendix I and Appendix Il of CMS, also that iii) the range of the harbour porpoise is extended to
include the Northeast Atlantic on CMS Appendix Il (the true species’ range). The CMS 13%
Conference of Parties (COP) in February 2020 adopted Concerted Action for Harbour Porpoise
Baltic and Iberian populations.? Concerted Action (CA) includes activities implemented in a
coordinated way in more than one country and implies a commitment of the proponents to
undertake activities and the CMS COP and CMS Scientific Committee to oversee their
implementation and give them legitimacy and visibility within a given timeframe.

A number of European and international agreements and directives require EU Member States to
carry out monitoring of small cetaceans and develop measures to ensure that good conservation
status is achieved and maintained, while mitigating effects of specific threats such as fishery
bycatches (e.g., EU Habitats Directive, EU Common Fisheries Policy including the Data Collection
Framework (DCF) following the repeal of EC Regulation 812/2004, EU Marine Strategy
Framework Directive (MSFD) and the Convention on Migratory Species and its daughter
agreements: Agreement on the Conservation of Small Cetaceans in the Baltic, North East Atlantic,
Irish and North Seas (ASCOBANS) and the Agreement on the Conservation of Cetaceans in the
Black Sea, Mediterranean Sea and Contiguous Atlantic Area (ACCOBAMS)). However,
implementation of marine mammal monitoring by Member States is patchy and the vast majority
of current monitoring in the NWIP is conducted by two non-governmental organizations (NGOs)
‘Coordinadora para o Estudio dos Mamiferos Marifios’ (CEMMA) and the ‘Sociedade Portuguesa
de Vida Selvagem’ (SPVS), in Galicia and Portugal, respectively.

The Iberian harbour porpoise population appears to be genetically distinct from harbour porpoises
(Phocoena phocoena) in the rest of the European East Atlantic (Fontaine et al., 2007; 2010) and a
new ecotype for Iberian porpoises, Phocoena phocoena meridionalis was proposed in 2014 by
Fontaine et al. In 2009 the ICES Working Group on Marine Mammal Ecology recommended that
the Iberian harbour porpoise is treated as a separate management unit and advised urgent action to
monitor and ensure the conservation the population by the Spanish and Portuguese governments
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(ICES, 2009). As part of the requirements for monitoring of the MSFD, the Iberian harbour
porpoise has been selected in Spain as a management unit to be used as indicator that the Good
Environmental Status (GES) of marine waters is achieved (or maintained) (MAGRAMA, 2012).

In the 19" Century, porpoises were reported to be a common species in the NWIP, entering rias,
rivers and estuaries in large groups (Bocage, 1863; Norbre, 1895, 1935; Sequeira, 1996). Several
more recent surveys have recorded porpoise sightings from observers placed on fishing boats
(Aguilar, 1997; Lopez et al., 2004; Vingada et al., 2011; Goetz et al., 2015), boat-based
opportunistic surveys (Spyrakos et al., 2011) and coastal sightings (Pierce et al., 2010) in the
NWIP. Porpoise sightings have always been low (e.g., 1.6 to 8.5% of total sightings). However,
porpoises are notoriously easy to miss even in calm sea states partly due to their short surfacing
interval and small size (Embling et al., 2010).

Harbour porpoises are generally found in waters of less than 30 m depth in Portugal (Sequeira,
1996) and although most sightings in Galicia are in coastal waters (Lopez et al., 2004; Pierce et
al., 2010), porpoises have been recorded in waters of up to around 150 m depth (Spyrakos et al.,
2011).

In Portugal, harbour porpoises are mostly sighted around Aveiro and Figueira da Foz (Sequeira,
1996; Vingada et al., 2011). Coastal sightings data from Galicia suggest that the highest
abundances are found in the Ria de Pontevedra (Martinez et al., 1995), near the Asturian and
Portuguese borders and around Cape Finisterre, the most westerly point in Galicia (Pierce et al.,
2010). These are all areas with high fishing activity.

Using mark-recapture line transect methods, the Small Cetacean Abundance in the European
Atlantic and North Sea projects in 2005 (SCANS-II) and 2016 (SCANS-111) estimated the absolute
abundance of harbour porpoises for the Iberian Peninsula ICES area to be 2357 (CV=0.92) and
2898 individuals (CV=0.32), respectively (Hammond et al., 2013; 2017). Although both SCANS
surveys covered a larger area than our study area, they are the region’s only existing estimates of
absolute population size. In the 1990s, a decreasing trend in harbour porpoise sightings in Portugal
and the northern Atlantic coast of Spain was observed (Pérez et al., 1990; Lens, 1997; Silva et al.,
1999). Pérez et al. (1990) suggested that the range of porpoise within the NWIP has contracted and
more recently analysis of genetic data signal a loss of genetic diversity which is indicative of a
declining population (North Atlantic Marine Mammal Commission and the Norwegian Institute of
Marine Research, 2020).

The NWIP has one of the highest rates of marine mammal strandings in Europe and, due to the
high intensity of fishing activity, a high number of bycatches is reported (e.g., Sequeira, 1996;
Lopez et al., 2002, 2003; Silva and Sequeira, 2003; Ferreira, 2007; Vingada et al., 2011; Goetz et
al., 2014). Harbour porpoises make up 7% of strandings in Galicia (Lopez et al., 2002) and 13%
of strandings in central-north Portugal (Ferreira, 2007). During 1990-1999, 22% of harbour
porpoise strandings in Galicia showed evidence of fisheries interactions (Lopez et al., 2002), whilst
in central-north Portugal, 58% of porpoise strandings between 2000-2005 showed evidence of
fisheries interactions. Bycatches have continued to represent a high proportion of the stranded
animals in both countries (CEMMA and SPVS, unpublished data)



ASCOBANS (1997) and the International Whaling Commission (IWC) (1995) respectively state
that an anthropogenic removal of more than 1.7 or 2% of the best available population estimate, or
more than half the net growth rate of a population, represents an ‘unacceptable interaction’. Based
on available information (e.g., Lopez et al., 2002, 2003; Ferreira, 2007), harbour porpoise bycatch
in the NWIP is likely to substantially exceed these limits.

Successful conservation measures require a sound knowledge of population status (e.g., Murphy et
al., 2009). Monitoring of life-history traits (e.g., age at sexual maturity, pregnancy rate) can provide
important information on population status and as long as possible biases are accounted for, these
data from stranded and by-caught cetaceans can be used to estimate overall mortality and fishery
mortality rates.

The objectives of the present work are to:

1. Use age-at-death data to estimate total and fisheries mortality rate for porpoises in the
NWIP

2. Examine trends in fisheries interactions of the Iberian harbour porpoise

3. Provide recommendations on conservation of the Iberian harbour porpoise.

Materials and Methods
Necropsies and sample collection

In the NWIP, monitoring of strandings is conducted by two non-governmental organizations
(NGOs) “Coordinadora para o Estudio dos Mamiferos Marifios’ (CEMMA) in Galicia and the
‘Sociedade Portuguesa de Vida Selvagem’ (SPVS) in cooperation with the Instituto de
Conservacdo da Natureza e Florestas, in north-central Portugal. The Galician and Portuguese
stranding networks have been operational since 1990 and 2000, respectively. Over the study period,
the stranding networks also received eight carcasses of by-caught porpoises from fishers.

All harbour porpoises were necropsied following the standard European Cetacean Society (ECS)
necropsy protocol (Kuiken and Hartmann, 1991). Basic biometric data were recorded and in
addition to samples for other studies, teeth and gonads were collected for life history analysis.
Necropsies are generally conducted on the beach, therefore body mass is not measured. Teeth
samples were stored in 70% alcohol and reproductive organs (ovaries and testes) were stored in
10% buffered formalin. Evidence of fisheries interactions were recorded for carcasses with a state
of decomposition 2-3, in compliance with the ECS protocol for determining evidence of fisheries
interactions (Kuiken, 1994). For the present project, causes of death were classified as follows:

known bycatch (carcass handed over by fishermen or observed being caught)
evidence of fisheries interactions

no evidence of fisheries interactions

undetermined
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It should be noted that in the present study, when cause of death is mentioned, this only refers to
in relation to fisheries interactions, no other causes of death have been established, except where
stated.

Age estimation

Teeth were prepared following a revised methodology from Hohn and Lockyer (1995). Two teeth
from each individual were rinsed in water and the gum tissue was removed. The teeth were stored
in water for 24 hours to rehydrate before being fixed in formalin for 24 hours and then thoroughly
rinsed in water. Using the commercial decalcifying agent Rapid Decalcifier (RDO®), teeth were
decalcified until slightly pliable. Decalficied teeth were then rinsed thoroughly in water for at least
8 hours. Sections of 25 um thickness were cut using a cryostat set at -12°C. From each individual,
one tooth was sectioned parallel to the mandible (the ‘porpoise cut’) and the second was sectioned
perpendicular to the mandible (the ‘dolphin cut’). Sections were stained with Mayer’s
haematoxylin using the formula in Myrick et al. (1983) and ‘blued’ in a weak ammonia solution.
The most central sections (those cut through the centre point of the pulp cavity and crown) were
selected, mounted on glass slides and sealed to the slide using the mounting medium DPX.

Using a binocular microscope (x10-50 magnification), age was estimated by counting the growth
layer groups (GLGs) in the dentine of the tooth sections. All ages were estimated by two
independent readers without reference to biological data. Age was estimated to the nearest 0.5 year
interval for animals under 2 years and to the nearest year for animals over 2 years old. If the two
readers estimated age differed by more than 1 year, the readings were repeated. For difficult teeth
(e.g., teeth with ambiguous increments), both readers discussed the readings and either reached an
agreed age or classified the tooth to be unreadable. Porpoises for which no age could be estimated
or the age estimated was considered to be questionable were excluded from further analysis.

For some of the analysis porpoises were put into sub-groups based on age-at-death data: < 1, 1 to
5, 6-10 and > 11 years old.

Female reproductive status

During the necropsy, females were examined for evidence of pregnancy and/or lactation. For
pregnant porpoises, the length and sex of the foetus was recorded. Formalin-fixed ovaries were
weighed and examined externally for the presence of corpora lutea (CL) and corpora albicantia
(CA) using a magnification lamp. The ovaries were sectioned at 1-2 mm intervals along the broad
ligament and examined internally. Individual reproductive status and history was determined based
on the presence CL and CA. For the present study, females were classified as 1) immature (no
corpus) and 2) mature (if the ovaries contained at least one corpus).

Male reproductive status

Testes with attached epididymis were weighed and measured. A central cross-section of each testis
was fixed in formalin. Following a standard histological method, the sections were trimmed and
paraffin-embedded. Sections were cut at 5-8 um and stained with Mayer’s haematoxylin and eosin.
The diameter of seminiferous tubules and cell activity (sertoli cells, interstitial tissue, and germinal
cells such as spermatogonia, spermatocytes, spermatids and spermatozoa) were investigated
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microscopically to determine the maturity status of individuals. Males were classified as 1)
immature (seminiferous tubule diameters were < 68.50 um) and 2) mature (seminiferous tubule
diameter measurements were > 93.00 um (Read, 2016).

Data analysis

Following Zuur et al. (2010), all data series were explored for outliers, collinearity, interactions,
etc.

For all porpoises with a cause of death established (e.g., porpoises classified as bycaught and non-
bycaught) a Chi-squared test was used to see if the sex ratio of the harbour porpoises differed from
the ratio 1:1 (females:males). Further Chi-square tests were performed to investigate if the
frequency of strandings (with a cause of death) changed over time, annually for 1990-1999 (when
only CEMMA was operational) and 2000-2010 (when CEMMA and SPV'S were operational). The
frequencies of bycaught and non-bycaught porpoises from different time periods (1990-95, 1996-
2000, 2001-05 and 2006-10), seasons, sexes, and age and maturity classes were also investigated.

Where possible, the fishing gear and number of animals involved in the interaction were identified.
Evidence of fisheries interactions was classified as:

1. No evidence of fisheries interactions

2. Incomplete carcass (but missing parts not specified)
3. Missing beak

4. Missing tail fluke

5. Missing head

6. Missing fin(s)

7. Missing flanks

8. Cuts or marks from fishing gear

9. Gear present on animal

10. Other evidence

Life tables and estimated mortality rate

Age data were used to construct life tables and survivorship curves. The methodology largely
follows the non-parametric Kaplan-Meier approach to estimating survivorship (see Krebs (1989)
for a full description). In order to examine possible differences in survivorship, life tables were
created separately for by-caught and non by-caught porpoises. The reliability/survivorship routines
in Minitab (Minitab Inc.) were used for statistical comparison of survivorship in the different sub-
sets of data, based on log-rank and Wilcoxon tests.

Results
Strandings and bycatches

Between 1990 and 2010 a total of 305 harbour porpoises were recorded as stranded in the NWIP
and eight porpoise carcases were known bycatches (handed in by fishermen or observed being by-



caught). A further three porpoises were reported as being bycaught and released alive. Due to the
small number of known by-caught porpoises, for further analysis on fisheries interactions porpoises
by-caught (excluding the live released animals) and porpoises with evidence of fisheries
interactions have been grouped together except where specified and classified as ‘bycaught’ and
‘non-bycaught’. Table 1 gives an overview of the sample composition of porpoises.

Table 1. Sample composition and data available for stranded and bycaught harbour porpoises from the
North-west Iberian Peninsula (1990-2010).

Sample Females Males Unknown sex Total
All stranded & bycaught porpoises 127 139 47 313
Known bycatch 3 5 - 8
Evidence of fisheries interactions 33 35 3 71
No evidence of fisheries interactions 28 23 2 53
Undetermined 9 15 11 35
Autolysed 54 61 31 146

Known bycatch

Over the study period, eleven porpoises were reported by fishermen as being bycaught in fishing
gears and three of these were released alive. The known bycaught animals were five males, four
females and two of undetermined sex. Two animals were caught in bottom-set gillnets in Spain and
six animals (including two mother and calf pairs) were caught in beach seines in Portugal. With
the exception of the two adult females assumed to be the mothers of the calves they were bycaught
with, the other known bycaught porpoises were immature based on either analysis of the gonads (n
= 2) and/or body length (n = 7). See Table 2 for an overview of known bycaught porpoises.

Trends in strandings of bycaught and non-bycaught porpoises

Porpoises with an advanced state of autolysis (n = 146) and evidence of fisheries interactions
classified as undetermined (n = 35) were excluded from analysis of strandings. There was no
significant difference in the proportion variation in number of porpoises reported as strandings
(including known bycaught animals) between 1990-1999 (Chi-squared test, X? = 14.083, DF = 9,
P =0.119) or 2000-2010 (Chi-squared test, X?> = 13.167, DF = 10, P = 0.215).

The sex ratio of bycaught and non-bycaught porpoises was 1:1.11 females to males, which is not
significantly different from 1:1 (Chi-squared test, X?> = 0.211, DF = 1, P = 0.646).

When the years were grouped (1990-95, 1996-2000, 2001-05 and 2006-10), there was significant
variation in the proportion bycaught and non-bycaught porpoises (Chi-squared test, X> = 12.248,
DF = 3, P = 0.007). More porpoises were classified as bycaught (i.e., had evidence of fisheries
interactions) in more recent years (Figure 2). There was no difference in the proportion of bycaught
and non-bycaught porpoises seasonally (Chi-squared test, X? = 5.487, DF = 3, P = 0.139).



Table 2. Known by-caught animals either observing being bycaught or handed over by the fishermen

Country

of CAarefl‘J (r):, Date Bod(;:::re]? gth Sex (ﬁagﬁs) Msig,:;'sty Gear type Comments
capture P y
Bottom-set Caught at approx. 79 m depth. Auctioned
Spain Sanxenxo 12/12/1991 155 F - - . in Portonovo for 700 pesetas (approx.
gillnet 2¢)
Spain Vigo 24/08/1995 130 M - - -
Spain Cangas 23/06/1999 125 M 0 Immature -
Spain Sanxenxo 22/06/1999 155 M 3 - - Net marks on carcase
Portugal Mira 13/09/2000 182 F - Mature Beach seine Mother of mother and calf pair
Portugal Mira 13/09/2000 116 M 0 Immature Beach seine Calf of mother and calf pair
Portugal Cantanhede 23/08/2002 - - - - Beach seine Released alive
Portugal Mira 19/10/2002 - F - Mature Beach seine Mother of motheraalr;\(ilecalf pair. Released
Portugal Mira 19/10/2002 - - 0 Immature Beach seine Calf of mother agﬂ\;::lf pair. Released
Portugal FlguFec:;a da 13/07/2004 156 F 3 Immature Beach seine
Spain Vigo 12/02/2009 146 M 2 ; Bottom-set
gillnet
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Figure 2. The annual frequency of bycaught and non-bycaught harbour porpoises in the North-West Iberian
Peninsula.

Age was estimated for 151 harbour porpoises, 71 females, 77 males and 3 of undetermined sex.
Age estimates ranged from 0-18 years old for females and 0-19 years old for males. The three
animals of undetermined sex were aged 3, 15 and 21 years old. Age was estimated for 44 females
and 44 males with cause of death established, of which 26 females and 29 males were diagnosed
as dying due to fisheries interactions. There was no significant difference in the age structure of
bycaught and non-bycaught porpoises (Chi-squared test, X? = 4.487, DF = 3, P = 0.213) and males
and females were equally likely to be bycaught (Chi-squared test, X? = 4.159, DF = 3, P = 0.245).

Maturity status was obtained for 41 females and 33 male harbour porpoises with cause of death
established. Immature (n = 52) and mature animals (n = 22) were equally likely to be bycaught
(Chi-squared test, X2 = 0.019, DF = 1, P = 0.891).

There was no significant difference in the age structure of porpoises bycaught in gillnets (n = 16)
and beach seines (n = 17) (Chi-squared test, X? = 2.972, DF = 1, P = 0.085) and immature (n = 24)
and mature animals (n = 9) were equally likely to be bycaught in both gears, although the difference
was only marginally significant (Chi-squared test, X? = 3.557, DF = 1, P = 0.059).

Based on applying life table methodology to age-at-death data for all porpoises (n = 151), there is
an estimated annual mortality rate of 18% for the population. Using only animals classified as
bycaught or non-bycaught (n = 88), there is an estimated annual mortality rate of 19.7%. When
age-at-death were examined separately, the estimated annual mortality rates were 17.5% for
bycaught porpoises (n = 55) and 24.8% for non-bycaught porpoises (n = 33) (Figure 3). The
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difference in survivorship between bycaught and non-bycaught porpoises was marginally
significant (Wilcoxon signed-ranks test, log rank test, P = 0.088; Wilcoxon test, P = 0.037).
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Figure 3. Survivorship curve for all harbour porpoises stranded in the North-West Iberian Peninsula
between 1990-2010 and the associated life expectancy, also showing separate survivorship curves for
bycaught and non-bycaught animals.

Causes of mortality and importance of fisheries interactions

As mentioned previously, 313 porpoises were stranded or bycaught in the NWIP between 1990
and 2010. Autolysed porpoises contributed 47% (n = 146) of the sample and undetermined cause
of death 11% (n = 35). Evidence of fisheries interactions was determined for 23% (n = 71), 2%
were known to have been bycaught (n = 8) and a further 17% of porpoises (n = 53) had no evidence
of fisheries interactions (Figure 4a).

When only porpoises with a cause of death determined were included in the analysis (n = 132),

54% (n = 71) of porpoises had evidence of fisheries interactions, 6% (n = 8) were known bycatch
and 40% (n = 53) had no evidence of fisheries interactions (Figure 4b).

a)
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Figure 4. Overview of the frequency different causes of death fora) all harbour porpoises stranded
and bycaught in the North-West Iberian Peninsula, and b) harbour porpoises with a cause of death
determined (based on fisheries interactions only).

Cause of death due to fisheries interactions could be determined for around 40% of harbour
porpoise strandings (including known bycaught animals) in the NWIP. When the countries were
analysed separately (see Table 3a for an overview), and porpoises with a fresh-mild state of
decomposition but undetermined cause of death were included in the analysis, 35% (n = 32) and
63% (n = 47) of porpoises in Galicia and Portugal were diagnosed with evidence of fisheries
interactions (including known bycaught animals), respectively (Table 3b). Excluding porpoises
with an undermined cause of death, 40% (n = 32) of porpoises in Galicia and 91% (n = 47) in
Portugal were diagnosed to have died due to fisheries interactions (excluding porpoises with an
advanced state of decomposition and undetermined cause of death) (Table 3c). Overall for the
NWIP, around 60% of harbour porpoise mortality is attributed to fisheries interactions. Therefore,
if we assume unbiased sampling, 18% (annual mortality rate) x 60% (fisheries interactions) = 11%
of the Iberian harbour porpoise population dies annually due to fisheries interactions. If we assume
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that none of the undiagnosed deaths were due to bycatch, the mortality rate due to fisheries
interactions is 4.3% (18% x 60% x 40% = 4.32%).

Table 3a. Classification based on determined cause of death (CoD) for all stranded and bycaught harbour
porpoises from the North-West Iberian Peninsula by country (1990-2010).

Galicia Galicia Portugal Portugal

Sample ") (%) ") (%) Total
All stranded & bycaught porpoises 213 - 100 - 313
Known bycatch 5 2 3 3 8
Evidence of fisheries interactions 27 13 44 44 71
No evidence of fisheries interactions 48 22 5 5 53
Undetermined 12 6 23 23 35
Autolysed 121 57 25 25 146

Table 3b. Classification based on cause of death (CoD) for stranded and bycaught harbour porpoises
(excluding autolysed animals).

Galicia Galicia Portugal Portugal
Sample (") (%) ") (%) Total
All porpoises with cause of death 92 - 75 - 167
Known bycatch 5 6 3 4 8
Evidence of fisheries interactions 27 29 44 59 71
No evidence of fisheries interactions 48 52 5 7 53
Undetermined 12 13 23 30 35

Table 3c. Classification based on cause of death (CoD) for stranded and bycaught harbour porpoises
(excluding autolysed and animals with undetermined CoD).

Galicia Galicia Portugal Portugal

Sample ") (%) ") (%) Total
All porpoises with cause of death 80 - 52 - 132
Known bycatch 5 6 3 6 8
Evidence of fisheries interactions 27 34 44 85 71
No evidence of fisheries interactions 48 60 5 9 53
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For the porpoises diagnosed of dying due to bycatch, 27% (n = 21) were due to interactions with
gillnets, 24% (n = 19) due to interactions with beach seines and for 49% (n = 39) the gear was
unknown, including two, three and three porpoises known to be bycaught in gillnets, beach seines
and unknown gear, respectively.

Data on the evidence of fisheries interactions e.g., missing fins, marks on the carcase, etc. were
only available for porpoises from Galicia (n = 32). Five porpoises were known to be bycaught, two
in gillnets and three in unknown gear. However, only two porpoises had evidence of fisheries
interactions, one from a gillnet and the other from an unknown gear, and both had cuts and marks
from the net. All porpoises thought to have been bycaught in gillnets (n = 5) showed evidence of
fisheries interactions, mainly missing fins (n = 4). The majority of porpoises diagnosed as dying
due to fisheries interactions but for which the gear was not known (n = 22) showed evidence of
fisheries interactions (n = 19).

Discussion
Strandings data

Data from strandings is subject to possible biases, including the fate of animals that die at sea and
if strandings are representative of the living population. The proportion of carcases that strand on
the coast will be relatively small and biased towards animals dying near the coast (Peltier et al.,
2012), and that there will be some northwards movement related to the seasonal upwelling system
and prevailing currents in the study area. Ideally, modelling of carcass drift is needed to interpret
spatial trends in bycatch and strandings in the NWIP especially given the likelihood of transport
between countries because it is thought that due to the oceanography of the area, some of the
porpoise strandings in Galicia are bycaught in Portugal. Another difficult to quantify source of bias
is the efficacy of the programme for detection and reporting of carcases and whether this has
changed over time. Usually, reporting and data collection improve after the first few years of a
strandings scheme. In spite of these possible biases, the importance of data from strandings should
not be underestimated as it potentially offers a real understanding into the nature and underlying
causes of trends in population status (see Peltier and Ridoux, 2015). In addition, the use of
strandings information is a relatively low cost monitoring tool when compared to boat surveys and
the cost of on-board observers.

High inter-annual variation in the total number of porpoise strandings, as well as the number of
porpoises classified as dying due to fisheries interactions was observed over the study period (Read,
2016). Whilst it is true that the strandings schemes in the NWIP have increased reporting and
awareness from the early years when they were established in 1990 and 2000, CEMMA and SPVS
do their upmost to attend as many strandings that are reported as possible. Therefore, the high
annual variation cannot be explained by improved reporting alone.

The seasonal upwelling system in the NWIP means that superficial waters are driven westwards
and downwards and carcases are likely to be taken offshore during summer months. However,
there was no seasonal variation in the number of porpoises bycaught in the NWIP (Read, 2016).
The lack of seasonal trends in the number of porpoises bycaught could be due to porpoises
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interacting with fisheries than are active all year round, e.g., beach seines and certain gillnets or
seasonal shifts in porpoise distribution and abundance in the area masking the seasonal signal.

No age- or sex-related trends were observed for bycaught porpoises in the NWIP and the proportion
of immature and mature animals bycaught was not significantly different. However, it appears
that immature porpoises are much more likely to be bycaught that mature porpoises. For animals
where the gear was determined, 65% of porpoises bycaught in gillnets and 81% of porpoises
bycaught in beach seines were immature. Sex and age segregation has been proposed to exist for
harbour porpoises. Harbour porpoises are generally observed in solitary or in small groups of less
than five animals (Silva et al., 1999) and bycatch events in gillnets generally only involves a single
animal (Carlstrom et al., 2002). This potentially means that all animals have the same probability
of being bycaught.

Known bycatch, evidence of fisheries interactions and cause of death

Gillnets and beach seines both have high rates of mortality. Based on interviews with fishery
stakeholders in Portugal, 94% of cetaceans bycaught in beach seines and 88% in bycaught in
gillnets died as a consequence of the interaction (Vingada et al., 2011). Four porpoises were
reported by fishermen to be caught in beach seines and released alive, including a mother and calf
pair. However, there is no way of knowing if these animals survived the interaction.

The small Iberian harbour porpoise population is particularly vulnerable since individuals live in
heavily fished areas (Sequeira, 1996) and are frequently observed, often foraging, close to fishing
nets (Silva et al., 1999; Goetz et al., 2015). Carcasses are rarely handed-in by fishermen, over the
21-year study period, only 8 porpoises were handed in for post-mortem. Sequeira and Ferreira
(1994) and Silva and Sequeira (2003) both noted that fishermen almost ceased reporting by-catches
in 1981 when a new law came into force in Portugal making killing cetaceans illegal. In Galicia,
between 1998 and 1999, Lopez et al. (2003) carried out a carcass recovery scheme but only 17
carcasses were recovered, including two porpoises, (around two orders of magnitude less than the
number of cetaceans estimated to have been caught from interview data).

Sequeira and Inacio (1992) reported that many harbour porpoises found dead ashore had netting
marks around their head and flippers. In the present study, data was not available for Portugal but
the majority of porpoises diagnosed as bycaught in Galicia had evidence of fisheries interactions,
mainly net marks and amputated body parts e.qg., fins/tail/head. Categorising porpoises as bycaught
or non-bycaught based on such evidence can either over estimated interactions if sick animals were
bycaught or animals with evidence from previous fisheries interactions, survived and died due to
another cause. However, fisheries interactions maybe also be underestimated if the carcass shows
no evidence of interactions as was the case in around 14% of porpoises in the present study.

Six females classified as dying due to fisheries interactions were pregnant and a further two were
lactating, including two pregnant and one lactating female that were bycaught in beach seines. The
gear was not identified for the other animals. When a lactating female is bycaught, the calf or
dependent juvenile (even if not bycaught with the mother) is a secondary victim (Noren and
Edwards, 2007). It is thought that females accompanied by calves are associated more with
shallower waters (Kinze, 1994), therefore increasing their risk of bycaught in areas with high
coastal activities of fisheries as is seen in the NWIP.
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In the present study, over 45% of harbour porpoise strandings were significantly decomposed,
meaning that our sample size was limited. When only stranded animals with a diagnosed cause of
death were included, 60% of harbour porpoises in the NWIP had evidence of dying due to fisheries
interactions. When the areas were analysed separately, there was however an apparent area
difference: over 40% of porpoise strandings in Galicia had indications of fisheries interactions,
compared to 90% in central-north Portugal. Both of these percentages are notably higher than
previously reported by Ldpez et al. (2002) and (Ferreira, 2007). Although these figures clearly
suggest that bycatch could be an increasing problem, some care in interpretation is required because
methods for diagnosing bycatches have been refined over the years and the improved efficiency of
the strandings networks means that more carcases are reported and examined while still relatively
fresh than in former times. The considerably higher rate of bycatch in Portugal is concerning
nonetheless. Whether this is a reflection of sampling effort, differences in necropsy procedures or
that more animals are sampled whilst fresh needs to be investigated.

It should be noted when interpreting the temporal trends in bycatch that estimated rates of bycatch
are not necessarily calculated using the same method in the present and previous studies. In the
present study, animals with a state of autolysed >4 (following the criteria of Kuiken (1994)) were
eliminated from the analysis because evidence of bycatch cannot be identified consistently, e.g.,
twine marks on the skin might not be detected. Porpoises that had a cause of death classified as
‘undetermined’ were also eliminated. Therefore, only fresh and mildly decomposed animals with
evidence (or no evidence) of bycatch determined and known bycaught animals were included. This
may potentially give a higher percentage of bycatch rates, but as long as the methods are consistent
this should not be an issue.

A possible reason for the higher recorded bycatch rate in Portugal is the continued use of beach
seines. Beach seines are commonly used in north-central Portugal and are often up to 5 km long.
They are an unselective gear with a mesh size similar to that of a pelagic trawl. Beach seines are
illegal in most other European countries and their use stopped in Galicia over 50 years ago. A study
on fisheries interactions in Portugal in the 1990s found no porpoises to be bycaught in beach seines
(Sequeira, 1996). However, five individuals were observed to be bycaught in a single beach seine
in 2007 (SPVS, unpublished data) and they are one of the gears to which harbour porpoises are
most vulnerable (Silva et al., 1999; Ferreira, 2007; Vingada et al., 2011). Beach seines are most
commonly used in Aveiro and Figueira da Foz, coinciding with the area of highest harbour porpoise
abundance in Portugal (Sequeira, 1996; Vingada et al., 2011). Gillnets are one of the gears with
the highest porpoise bycatch rate in the NWIP (Sequeira and Inacio, 1992; Silva, 1996; Lépez and
Valeiras, 1997; Silva et al., 1999; Ldpez et al., 2003; Silva and Sequeira, 2003; Vingada et al.,
2011; Goetz et al., 2014). Commercially exploited fish species such as hake, scad, blue whiting
and sardine are a major part of the diet of harbour porpoises in the NWIP (Read et al., 2013). As a
consequence of the feeding habits of porpoises, interactions with fisheries, not only bycatch but
also prey depletion, could put the porpoise population at risk.

Bycatch is apparently a significant cause of death for porpoises in the NWIP. Although caution is
obviously needed in interpretation, the figure of 18% mortality derived from the strandings data
seems to be a plausible figure for annual mortality rate. A high proportion of stranded animals died
from bycatch and, taken together, the two figures suggest that the rate of bycatch mortality is
unacceptably high. By comparison, in Scotland, fishery bycatch is a relatively minor cause of
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porpoise deaths when compared to death due to diseases and parasites, starvation and condition
loss and attack by bottlenose dolphins (Tursiops truncatus) (Learmonth et al., 2014).

Goetz et al. (2014) estimated that around 40 harbour porpoises died as a result of bycatch in Galicia,
mainly in gillnets. Assuming a population size of 2400 individuals, i.e. the SCANS-II estimate for
Block W (the 2016 estimate was closer to 3000; Hammond et al., 2013, 2017), just 40 porpoises
bycaught would be the equivalent of 1.6% of the population. This figure excludes any bycatch in
Portugal. Based on results of the life table, 11% of annual mortality was attributed to fisheries
interactions when a cause of death was determined. Including porpoises with an undetermined
cause of death, a minimum of 4.3% annual mortality is due to fisheries interactions. Survivorship
was higher in bycaught animals, probably because few age-zero animals are bycaught. Years with
strandings under sampled or years when strandings are not sampling randomly, e.g., young animals
are not sampled, biased in the morality rate will occur.

Whilst the use of life tables has biases associated with the data, e.g., age-at-death data used for life
tables is assumed to be representative of mortalities in the living population and that the population
is stable; nonetheless, these values for by-catch mortality greatly exceed the recommended 1.7 to
2% annual mortality due to anthropogenic caused recommended by the IWC and ASCOBANS.
Scheidat et al. (2013) raised concerns over the use of setting limits based on fixed percentages of
best estimates and suggested that their use should be limited to either a short term pragmatic
approach or as an approach that is easy to explain to stakeholders. The high mortality rate and low
reproductive output of population means that the pregnancy rate is unlikely to balance mortality
for Iberian harbour porpoises (Read, 2016), which combined with the bycatch of pregnant and
lactating females, suggests that bycatch mortality could threaten the viability of the population.

Conclusions

The small resident population size, low longevity, low reproductive output of harbour porpoises in
the NWIP (Read, 2016) and apparent high bycatch rate. Thus, despite the apparent stability in
population size suggested by surveys in 2005 and 2016, this separate population is likely to be at
risk and conservation actions are needed.

The beach seine, whilst problematic in central and north Portugal for porpoises, is a historic fishing
gear than the fisheries sector is keen to keep in operation. While eliminating fisheries interactions
and bycatch of harbour porpoises in the NWIP is unlikely to be realistic, given the social and
economic importance of the fishing industry, there is a need to explore ways to reduce bycatch.
Thus, a reduction in the use of beach seines or restricting their use to areas with lower densities of
harbour porpoises is potentially achievable. Time-area closures for problematic gears, e.g., limiting
the use of gillnets during the reproductive season, could also be effective in reducing bycatch.

In recent years several marine mammal-fisheries interactions ‘feed-back’ projects have been
conducted in the NWIP e.g., LIFE-INDEMARES and DIVULGANDO A PE DE MAR projects in
Galicia and SAFESEA and MARPRO in Portugal. These projects have worked in collaboration
with the fisheries sector, with the aim to improve environmental education and awareness of
fisheries stakeholders whilst emphasising the scientific importance of by-caught samples. The
projects have promoted the collaboration of scientists, fishermen and other stakeholders to devise
ways to reduce/avoid interactions.
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Improved collaboration with fisheries stakeholders for collection of carcasses from known gears
and areas etc. would improve present knowledge of where interactions are occurring, the gears (or
vessels) with the most interactions, the depth at which the interactions occur, and at what point
during operation, e.g., when the gear is set or hauled, as well as when the interaction occurs e.g., if
time of day is influential.
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