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Abstract:

Stranding surveys of cetaceans allow assessment of population trends and changes in the special status
due to anthropogenic disturbance. The cetacean stranding events on the south-western coast of the Black
Sea (Zonguldak Region, Tiirkiye) were studied in April 2018 — December 2021. A total of 38 stranded in-
dividuals were recorded along the surveyed coastline: 16 harbour porpoises Phocoena phocoena, 19 com-
mon dolphins Delphinus delphis and three bottlenose dolphins Tursiops truncatus. The stranding events
occurred during all seasons but more frequently in spring and summer. The sex of the stranded cetaceans
was determined visually and via PCR amplification of specific DNA sequences, showing a clear shift of
sex ratio towards females in harbour porpoises. Our finding of eight cetacean individuals with clear signs
of by-catch damage indicated the interactions with fisheries with a time peak in spring. This necessitates
to further monitor and ensure the proper functioning of cetacean communities. Further studies to identify
areas where stranded cetaceans are frequent and overlap with human activities are important for designa-

tion and protection of the sensitive sites in the region.
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Introduction

Small cetaceans with global distribution such are the
bottlenose dolphin Tursiops truncatus (Montagu,
1821), the common dolphin Delphinus delphis L.,
1758 and the harbour porpoise Phocoena phocoena
(L., 1758) are affected by human activity and habi-
tat modifications. Annually, there are many reports
of entanglements of marine mammals in the fishing
gear (FELIX & SAMANIEGO 1994, BAIRD & GUEN-
THER 1995, READ et al. 2003). A number of natural
factors are also associated with stranding events:
abnormalities in behaviour due to geomagnetic
disturbances (Krinowska 1986), health problems
(MULLER et al. 2000, DHERMAIN et al. 2002), es-
caping predators (NORES & PErEz 1988) and lethal
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interactions with other cetaceans (Ross & WILSON
1996) have been reported as causes of mortality.
A great deal of information about distribution and
abundance, seasonal aspects of life history and ex-
ternal morphology can be obtained by examining
the dead bodies of cetaceans stranded (ARBELO et al.
2013, VISHNYAKOVA & GoL’DIN 2015, BILGIN et al.
2019, Duras et al. 2021). The stranding survey is an
important method of collecting data on interactions
between cetaceans and humans, which is the sub-
ject of increasing international concern for the Black
Sea populations of dolphins and porpoises. The por-
poises are represented in the Black Sea by a distinct
subspecies, Phocoena phocoena relicta Abel, 1905.
The Black Sea harbour porpoise is distinguished
by a number of morphological and genetic charac-
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ters (TSALKIN 1938, VIAUD-MARTINEZ et al. 2007).
The harbour porpoise is a coastal species but might
be observed in the open sea, in areas with depths
of more than 1000 m (MikHALEV 2005, BIRKUN et
al. 2014). The Black Sea bottlenose dolphin is also
a distinct subspecies, Tursiops truncatus ponti-
cus Barabasch, 1940 (KLEINENBERG 1956, VIAUD-
MARTINEZ et al. 2008). It is the largest among all
the Black Sea cetaceans and can be observed in the
open sea but prefers shallow coastal waters and of-
ten appears in lagoons and harbours (KLEINENBERG
1956, MikHALEV 2005). The Black Sea common
dolphin belongs to the subspecies Delphinus delphis
ponticus Barabash, 1935 (AMAHA 1994, ROSEL et al.
1994, NaroL et al. 2008). It is a typical pelagic spe-
cies that feeds in the surface layers of water, diving
to shallow depths (KLEINENBERG 1956).

Cetaceans of the Black Sea were perceived as
competitors for fisheries and were actively hunted in
the early 20" century (BARABASH-NIKIFOROV 1940,
KLEINENBERG 1956, ToMILIN 1957). Since 1950’s,
the direct commercial targeting of cetaceans led to
a significant reduction in their abundance. This was
the reason for implementing the conservation meas-
ures, mainly a total ban on hunting (ToNAY & Oztiirk
2012). In spite of the fact that in most countries of
the Black Sea region (Bulgaria, Romania, Ukraine,
Russia and Georgia) cetaceans have been officially
protected since 1966 and in Tiirkiye since 1983, by-
catch remains to be one of the main conservation
threats (ToNay & Oztiirk 2012). Additionally, water
pollution, changes in prey availability and loss of
habitats are among the factors causing depletion of
cetacean populations (BIRkUN 2008a). Consequent-
ly, the Black Sea cetaceans are impacted by anthro-
pogenic disturbance and have been listed in the Red
Book of many countries; according to the ITUCN,
two of them are designated as endangered (Tursiops
truncatus ponticus and Phocoena phocoena relicta,
see BIRKUN & Frantzis 2008, BIRKUN 2012) and
one is recognised as vulnerable (Delphinus delphis
ponticus, see BIRKUN 2008b).

On the Black Sea coast, stranding studies have
been carried out in the northern (KrRIvOCHIZHIN &
BIRKUN 1999, SEGEENKO 2011, GOL'DIN et al. 2014),
western (ToNAy 2012, RADU & ANTON 2014, TONAY
2016b, Evrimova et al. 2018), southern and east-
ern (GrLazov & LyamiN 2000, BiLGIN et al. 2018b,
OzsaNDIKCI et al. 2019) regions of the basin. Many
of these and similar studies were focused on feed-
ing characteristics (TONAY et al. 2007, GLADILINA &
GoL’pIN 2014), temporal distribution of strandings
(Paru et al. 2016, 2017), incidental catches of ceta-
ceans (BIRKUN et al. 1999, Rapu & ANTON 2014,
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Tonay 2016a) and population genetic structure
(VIAUD-MARTINEZ et al. 2007, 2008, TonAY et al.
2020). At the same time, no stranding surveys have
ever been conducted in the Zonguldak region.

Periodic assessments of cetacean populations
are valuable to fully depict their population status.
For the first time, we report data on strandings of ce-
tacean species near Zonguldak (Tiirkiye) along the
south-western coast of the Black Sea: a region with
a permanent presence of preventatives of the family
Delphinidae and a supposedly primary overwinter-
ing area of the Phocoenidae (ULuDUZ et al. 2020).
The area is exposed to constant human activity.
However, the evaluation of anthropogenic effects on
cetacean populations is limited by the lack of key
information, which highlights the importance of un-
derstanding the trends in the cetacean populations
and the necessity of designation and implementation
of protection measures. This paper aims to provide
basic information on stranding events of cetacean
species in Zonguldak. We reveal the temporal distri-
bution of strandings, the sex ratio and some morpho-
logical features of the stranded animals and discuss
the evidences of interaction between the local fish-
ery and cetaceans.

Materials and Methods

Study area

Our study site consisted of approximately 22 km
of sandy beaches along the Turkish south-western
Black Sea coast within the borders of the Zonguldak
Region, between the towns of Eregli (41.314549°N,
31.411592°E) and  Filyos  (41.581701°N,
32.065963°E, Fig. 1). The coastal habitats of the
study area have various environments. There are
long sandy beaches around the town of Alapli and
the mouth of the Filyos River, whilst densely popu-
lated towns of Zonguldak and Eregli, with their
busy industrial and trade seaports, are surrounded
by rocky cliffs. A small stretch of coast in our study
area is included in the Danaagzi Nature Park pro-
tected by the Ministry of Forestry and Water Affairs
and by the regional directorate of the town of Zon-
guldak. This protected coastal area is characterised
by dense forests interrupted by steep rock cliffs and
sea caves.

Sample collection

The surveys were carried out by the authors in April
2018 — December 2021. Since we expected to ob-
serve the greatest number of stranded dolphins in the
spring-summer period, coincident with the timing of
fishery season and the peak in seasonal dynamics
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Fig. 1. The area of the surveys and the locations of the cetacean strandings recorded in Zonguldak Administrative
Region; blue — Phocoena phocoena, red — Delphinus delphis, yellow — Tursiops truncatus. Black lines determine the
sandy beaches of the region (Map tiles by CartoDB, under CC BY 3.0. Data by OpenStreetMap, under ODbL. QGIS

Version 3.22.1).

of cetacean activity in this marine region (ULuDUZ
et al. 2020), our stranding surveys between March
and July were conducted within the interval of 2—3
weeks. During the winter period, one field trip per
month was made. The information about animals
stranded on the shore was also obtained from volun-
teers and the city administration. The corpses were
collected by the research team. Besides the surveys,
stranding data were collected from eyewitnesses
via social or mass media, each finding confirmed
by photo and (or) video but was only used in the
analysis of the annual pattern and monthly distribu-
tion analysis.

Depending on the accessibility of the strand-
ing and the condition of the carcass, the dead animal
was either transported to the laboratory or examined
on site. All dead bodies of dolphins found at the sites
accessible to public use were removed and utilised
safely by burying them at the designated areas and
at appropriate soil depth, so that they did not pose
any threat to public health or to the environment.
The procedure was supervised and facilitated by the
waste disposal department of the regional directo-
rate of the town of Zonguldak.

The date and location for all the carcasses and
skeletal remains reported and found in the study
area was recorded. The species of cetaceans inhab-
iting the Black Sea were identified according to

systematic characters described by JEFFERSON et al.
(1993). The body length was estimated according
to a standard protocol, which is appropriate for all
three cetacean species, and measured from the tip of
rostrum to the notch of flukes (Gor’pIN 2005). Neo-
nates were distinguished from all the age categories
of dolphins by the presence of healing umbilicus and
non-erupted teeth (VISHNYAKOVA & GOL’DIN 2015).
To characterise the quality of material taken for
further analysis and determine the stage of carcass
decomposition, the code system established in GER-
ACI & LOUNSBURY (2005) was applied. The carcasses
of dolphins in relatively fresh condition (stage of de-
composition 2 and sometimes 3), i.e. with sufficient
carcass integrity, fresh or mild odours and minimum
scavenger damage, were examined for evidences of
fishery by-catch. Several criteria were used to deter-
mine the accidental capture of dolphins in the fishing
nets: traces of nets on the extremities of the bodies
(head, tail flukes, dorsal or pectoral fins), amputated
tails, cuts on the bodies, ropes tied to the carcasses,
foam in the trachea and bronchi (KUIKEN 1996).

Sex determination

Sex of cetaceans was identified by the position of
genitals, mammary slits and anus location rela-
tive to each other (GEracI & LOUNSBURY 2005). In
some cases, when sex determination using specific
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configuration of genital folds was not possible, we
used the technique based on PCR amplification of
DNA sequences (sex-linked ZFX and SRY genes)
as described in PaLsBoOLL et al. (1992) and RoseL
(2003). The PCR-based sex determination was per-
formed on five harbour porpoises, three common
dolphins and two bottlenose dolphins. We extracted
DNA from tissues samples with QIAamp DNA Mini
Kit (QIAGEN, Cat. No: 51304). We ran PCR reac-
tions total volume of 25 pul (2.5 ul Taq buffer, 1.5 pl
MgCl,, 0.4 pul ANTP, 0.5 pl for each primer, 0.3 Taq
Polymerase (Thermo Scientific, Cat. No: EP0402)
and double-distilled water to adjust to the total vol-
ume). The temperature profile of the PCR reaction
consisted of an initial denaturation step at 92°C for
5 min followed by 30 cycles of denaturation at 94°C
for 30 s, annealing at 53°C for 45 s and extension at
72°C for 45 s. Finally, we visualised the fragments
by electrophoresis in 1 % agarose gel (at 120 volts
and 60 minutes). After electrophoresis and staining
of DNA by 6% DNA loading dye Red Mix, two frag-
ments/bands identified the male and a single frag-
ment/band identified the female.

Statistical analysis

The chi-square statistical test was performed for the
analysis of the temporal distribution of the stranding
events in the region. The test was applied both for
the entire study period and at a four-season interval
that follows the usual classification of the Northern
Hemisphere (winter: December — February, spring:
March — May, summer: June — August, autumn: Sep-
tember — November). We also used the chi-square
test to get statistical confirmation if there were dif-
ferences in the ratio of strandings between differ-

ent regions (i.e. Crimean coast, western and eastern
coasts) of the Black Sea. To compare the observed
and the expected frequencies of strandings for fe-
males and males and to determine the significance
of the relationship between these two categories, we
used the binomial exact test as preferred when deal-
ing with small samples: for the expected sex ratio 1:1
each value was divided by the grand total to get the
expected frequencies equal to 0.5:0.5. Additionally,
basic descriptive statistics (mean, standard deviation
and standard error of the mean) were calculated in
regards to the body size of each cetacean species.

Results

The dataset for 20182021 consisted of 38 strand-
ing records, where 9 (23.7 %) reports were received
from the local residents, social media and news, and
29 stranded animals were collected by the authors.
All three cetacean species were reported (Figs. 1 and
2), including 16 specimens of the harbour porpoise
(42 %), 19 specimens of the common dolphin (50 %)
and three bottlenose dolphins (8 %). In 2018-2019,
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Fig. 2. Annual pattern of the Black Sea cetacean strand-
ings in Zonguldak Region.
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Fig. 3. Monthly distribution of the total number of the cetacean strandings in the study area in the period 2018-2021.
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Fig. 4. Example of PCR-based sex determination: parts of the X-linked ZFX and the Y-linked SRY genes were ampli-
fied and run in agarose gel. Samples 8759 and 8760 are the respective female and male controls (i.e. sex also confirmed

by visual inspection).
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Fig. 5. Range of body lengths of stranded cetaceans at the
southwestern coast of the Black Sea in 2018-2021.

the harbour porpoise was a dominant species among
all strandings. The total number of strandings de-
creased in 2020-2021 (Fig. 2) and only carcasses of
common dolphin were found. These between-year
differences in species composition were not signifi-
cant (X?=2.84, P=0.41).

We found a significant difference (X>=23.89,
P<0.05) between four seasons for all three species,
with the smallest occurrence of records in the au-
tumn (n =2). There were more stranding records
in spring and early summer months, and the two
delphinid species were also found stranded in the
winter period (Fig. 3). In the study area, the peak of
mortality for P. phocoena was observed in April and
June. Month-to-month pattern for D. delphis sug-
gested steady numbers of strandings from Decem-
ber to April and decreasing in May — June. Three
individuals of 7. truncatus were recorded in March
2019, December 2019 and in June 2021 (Fig. 3).

Of'the 29 stranded animals, sex was determined
for 23 individuals (79 %). While the condition of 19
corpses allowed us to identify their gender visually,
we used the PCR-based sex determination for 10
individuals due to heavily decomposed carcasses.
Among those, four samples were successfully am-
plified (Fig. 4) but the remains of six individuals

were mummified or at the advanced stage of decom-
position that did not allow to isolate DNA of suf-
ficient quality for further analysis. Among the indi-
viduals with identified sex, nine corpses belonged to
the harbour porpoise, 13 specimens belonged to the
common dolphin and one was a bottlenose dolphin.
Sex ratio of porpoises was strongly biased towards
females (8:1, P<0.05), while that for the common
dolphins was 1.16:1 (P>0.05). Among 15 stranded
females, five were pregnant (P. phocoena — 3, D.
delphis — 2), most found in the late winter — spring
period (one in February and four in April).

The body length of the harbour porpoise found
varied within 62—131 cm (some animals were
not assigned to sex categories). While the length
of stranded females ranged from 116 to 129 cm
(mean = 123.93, SD = 4.39, SE = 1.66), the body
size of one male was 102 cm; one neonate, which
was found nearby, was 62 cm long (Fig. 5). The body
size of the stranded common dolphins was 101-183
cm (mean = 156.1, SD = 26.4, SE = 7.9). The body
lengths of two stranded individuals of the bottlenose
dolphin were 192 and 204 cm, which corresponded
to the body size of adult animals.

In2018-2021, there were no strandings of alive
animals (1* category). Nine individuals belonged to
the second category (fresh corpse) and nine stranded
cetaceans were in the moderate stage of decomposi-
tion (3" category). Eight individuals were highly de-
composed (4™ category). Mummified or skeletal ani-
mal remains (5" category) were registered in three
cases (Fig. 6a); 30 % of the corpses of the harbour
porpoise belonged to the second stage of decompo-
sition as well as 35 % of the common dolphin indi-
viduals were fresh corpses (Fig. 6a). Six individuals
(43 %) of the common dolphin belonged to the third
category, whilst the harbour porpoise was predomi-
nantly found in highly decomposed or mummified
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Fig. 6. A. The distribution of the cetacean strandings according to the decomposition stage. B. Monthly pattern of the

incidentally caught cetaceans in the study area.

condition (53 %). One individual of the bottlenose
dolphin was at the moderate stage of decomposi-
tion and one belonged to the fourth category (Fig.
6a). Upon the examination of stranded animals of
the second and in some cases third (n=7) categories,
the evidence of by-catch was detected. Of these,
50 % of cetaceans had traces of nets on their bod-
ies, foam in upper respiratory tract and lungs; some
of them were found with their tail fins removed. All
the corpses with the evidences of incidental capture
were recorded throughout the warm period (except
one common dolphin found in February) with the
peak in April and May. The temporal distribution of
by-caught individuals roughly mirrors the monthly
distribution of the whole sample (Figs. 3, 6b)

Discussion

The study was concentrated upon the analysis of
the annual and monthly patterns of the strandings
of three cetacean species recorded near Zonguldak
in the south-western part of the Black Sea. We de-
tected seasonal variation of the stranding events,
which had the most pronounced peaks found in the
harbour porpoise. Additionally, we have examined
some biological aspects of the cetaceans as well as
evidences of incidental catch were determined.

Our data showed that the common dolphin was
a prevailing cetacean species stranded in the study
area, followed by the harbour porpoise. The bottle-
nose dolphin was recorded several times. The high-
est number of dead animals was observed near Fi-
lyos and Zonguldak (Fig. 1), which might be related
to higher degree of public access to these beaches
and therefore higher report rates. In addition, the
availability of long sandy beaches is an important
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determinant of the distribution of cetacean corpses
(EvriMowa et al. 2018). Similarly, a noticeable but
non-significant decrease in the stranding events in
2020 and 2021 might be related to the limited fish-
ery activity in the respective years, in particular
during the spring period that was the time of strict
lockdown in the region due to Covid-19 pandemic.

The proportion of stranded D. delphis and P.
phocoena over T. truncatus is much greater and cor-
responds to the data reported by OzSANDIKCI et al.
(2019) on the central southern coastline of the Black
Sea; these ratios differ from those presented by To-
NAY et al. (2012) and ToNAy (2016b), where the bot-
tlenose dolphin strandings accounted for no less than
one third of the total number of remains found on
the Turkish western Black Sea coast. Also, our data
is in contrast to the results obtained on the Crimean
coastline, where the ratio the harbour porpoise — the
common dolphin — the bottlenose dolphin was 71.5
-7.5-21% (Gor’piN et al. 2014) and 52 — 10— 38%
(SErRGEENKO 2011), respectively. Taking the above
mentioned frequencies for each species as expected
in the chi-squared test, we detected significant dif-
ference (P <0.05) between our data and GOL’DIN et
al. (2014) as well as SERGEENKO (2011). The large
proportion of D. delphis among the stranded animals
in our data was also not observed in other studies in
the Black Sea (BIRKUN et al. 1999, KrRIVOKHIZHIN &
BIrRKUN 1999, GLAZOV & Lyamin 2000).

Our study showed that the peak of mortalities
for Phocoena phocoena occurs at the spring period,
possibly as a result of increase in turbot fishery, in-
cluding illegal fishing in spring and summer (To-
NAY et al. 2012, BiLGIN et al. 2018b). The absence
of clear peaks of strandings for the common dolphin
in the winter-spring period might be explained by
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influence of seasonal factors (by-catch, storms, dis-
ease). Regular presence of the bottlenose dolphin in
the study area reported in the previous study (ULu-
puz et al. 2020) does not determine the higher prob-
ability of stranding events for this species in the
region. The small numbers of strandings of the bot-
tlenose dolphin might be explained by the fact this
species is less likely to get entangled in fishery nets
due to its large size (GLazov & Lyamin 2000). Ad-
ditionally, some part of carcasses might sink or oth-
erwise missed during the surveys (KRIVOKHIZHIN &
BIrRKUN 2004).

The sex ratio among the harbour porpoise was
shifted to females, which is different to 1:1 sex ra-
tios of the harbour porpoise strandings observed in
other regions of the Black Sea (GoL’DIN et al. 2014,
VISHNYAKOVA & GoL’DIN 2015, BILGIN et al. 2019).
Previously, BIRKUN et al. (2000) demonstrated that
pregnant females or individuals with evidence of
giving birth recently accounted for a large percent-
age of the total number of adult porpoises caught in
turbot gillnets. Thus, it can be assumed that this type
of fishery is an important factor explaining the peak
of mortality of adult pregnant individuals and at the
same time limiting their reproduction (BIRKUN et al.
2004).

The body length of the stranded harbour por-
poises was similar to that of recorded along the
western coastline of Tiirkiye (ToNAy et al. 2012). At
the same time, the length range for females stranded
at the eastern part of the Black Sea was wider: 94.5—
142 cm (BILGIN et al. 2019). The porpoises with the
smaller body size in our study could represent the
population resident in the Black Sea, while stranded
porpoises from the eastern coastline were migrant
individuals from the Azov Sea. Several studies
confirm differences in body length of harbour por-
poises from two seas, in particular, the animals from
the Sea of Azov can reach the size of 150-165 cm
(SaBODASH & NazArOV 1998, GLAZOV & LyAMIN
2000). Lower range of the body length reported for
the common dolphin is different from general body
size of adult specimens in the Black Sea that varies
within 130-200 cm (GoL’DIN et al. 2014, DUuyAR &
BiLGIN 2018). This disparity between presented data
derives from our samples which might be classified
as the youngest age classes.

More than a half of stranded individuals (63 %)
were in mild to moderate stage of decomposition;
of those, a large proportion (50 %) had indications
of by-catch. Evidences of frequent interactions with
fisheries and increased use of turbot gillnets in the
spring period might be related to each other (BILGIN
et al. 2018a) assuming its high influence on the inci-

dental mortality of the Black Sea cetaceans. The fact
that a large proportion of corpses were found at the
advanced stages of decomposition, preventing the
accurate determination of the cause of death, might
also have affected the estimated rate of bycatch.

In conclusion, a total of 38 stranded cetaceans
were reported on the southwestern coast of the Black
Sea in 2018-2021. Spring-summer peak in mortal-
ity of all species might be related to the increase in
fishery activity in the same period. A large propor-
tion of stranded harbour porpoises in spring, as well
as pregnant individuals and neonates of this species,
indicates their sensitivity to coincidental fishing sea-
son and therefore high population vulnerability. The
presence of the stranded animals with the evidence
of by-catch might be attributed to poor protective
legislation and illegal turbot fisheries. Our study
shows the need to increase the targeted stranding
surveys in order to determine the temporal distribu-
tion of the cetaceans over seasons that may lead to
understanding overlaps with fisheries and estimate
the influence of the by-catch factor on the popula-
tion dynamics. Further regular studies of cetacean
behaviour, preferences in habitat use, and other fea-
tures that might be related to incidental catches are
essential before any implementation of conservation
measures for cetaceans of the southwestern Black
Sea.
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