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Alongside the traditional method of photo-identification, individual acoustic identification has emerged over the past
decade as a useful tool in research on Tursiops truncatus (hereinafter — bottlenose dolphin). This approach relies on the
recognition of individual animals via their unique calls, termed «signature whistles». To date, this method has been ap-
plied to several bottlenose dolphin populations to estimate their numbers and spatiotemporal distribution. In this study,
we used three years (2022-2024) of individual acoustic identification data to investigate the social structure and indi-
vidual associations within the Tursiops truncatus ponticus community, inhabiting the coastal waters of the Karadag
State Nature Reserve in Southeast Crimea. Based on the encounter history of 114 unique signature whistle types, con-
sidered as individual «acoustic markers» of bottlenose dolphins, we calculated dyadic half-weight association indices
using SOCPROG 2.10 software. This analysis was used to construct a social network, estimate the community’s social
differentiation, and investigate the temporal stability of associations within the study period. The social organisation
of the bottlenose dolphin community in the Karadag State Nature Reserve showed a prevalence of low association
indices among potential pairs; social differentiation within the community, including the presence of preferred and
avoided associations; a combination of two types of social bonds, namely rapid dissociations and more long-lasting
associations, likely represents short-term associations of relatively stable groups. The resulting mean association index
of 0.06 is consistent with those in other coastal Tursiops sp. populations derived from photo-identification data. The
three-year dynamics of association indices among signature whistle types suggest the existence of long-term bonds
within the Karadag State Nature Reserve community, potentially lasting for months and possibly several years. Signa-
ture whistle types with association indices of 0.3 and higher appear to form the community’s «core group», as well as
individual dyads and triads. Currently, it remains unknown which individuals constitute these formations, as we lack
information on the sex, age, and individual history of the animals producing these whistle types. Despite advantages
of acoustic individual identification for bottlenose dolphins, such as its efficiency and cost-effectiveness, the scarcity
of biological data on individuals keeps photo-identification studies highly relevant. A potential optimal solution may
lie in the synergy of these two methods, creating a unified database of individually identified bottlenose dolphins. Ex-
panding such research along the Crimean Peninsula’s coast will enable us to investigate the community structure and
inter-community connectivity of bottlenose dolphins inhabiting this region.
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Introduction

Tursiops truncatus (Montagu, 1821) (hereinafter
— bottlenose dolphin), a representative of the Odon-
toceti parvorder, is a cosmopolitan species widely dis-
tributed in warm and temperate waters in both hemi-
spheres, inhabiting coastal habitats and estuaries, and
is also found in open, deep-water areas (Leatherwood
& Reeves, 1982; Wells & Scott, 2017). Being social
animals, bottlenose dolphins live in complexly organ-
ised communities with a fission—fusion social system.
These communities are characterised by dynamic as-
sociations between individuals, which can last from a
few hours to several months (Connor et al., 2000). The
social organisation of bottlenose dolphins is plastic
and can vary at both intra- and inter-population levels.
This variation may be influenced by ecological (e.g.
predator pressure or food distribution and availability),
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social, and anthropogenic (such as fishing activities
that allow dolphins to feed in association with trawl-
ers) factors (Connor et al., 2000; Lusseau et al., 2003;
Kovacs et al., 2017; Fisher & Cheney, 2023). A social
lifestyle is crucial for the viability of bottlenose dol-
phin populations as it ensures survival, reproductive
success, learning, and the cultural transmission of im-
portant skills (Wells et al., 1987; Connor et al., 2000).
However, it may also facilitate the spread of infectious
diseases (Félix et al., 2019; Collier et al., 2025). There-
fore, understanding the organisation and functioning
of bottlenose dolphin communities is essential for
addressing a wide range of issues, from evolutionary
questions about the origins of animal sociality and cul-
ture to practical conservation management.
Bottlenose dolphins inhabiting the Black Sea,
including the waters of the Kerch Strait, the south-
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ern Sea of Azov, and the Turkish Straits System, are
considered a distinct subspecies, Tursiops truncatus
ponticus Barabash-Nikiforov, 1940, which is listed
as Endangered (Birkun, 2012). The Black Sea bot-
tlenose dolphin is included in the Red Data Book
of the Russian Federation (2021) (Categories «2»
— declining population and/or range and «» — en-
dangered), the Red Data Book of the Republic of
Crimea (2025), the Red Data Book of Krasnodar
Territory (2017), Appendix II of the Convention on
International Trade in Endangered Species of Wild
Fauna and Flora (CITES, 2026), Appendices I and 11
of the Convention on the Conservation of Migratory
Species of Wild Animals (CMS, 2015), Appendix
II of the Convention on the Conservation of Euro-
pean Wildlife and Natural Habitats (Council of Eu-
rope, 1979), and Agreement on the Conservation of
Cetaceans of the Black Sea, Mediterranean Sea and
contiguous Atlantic Area (ACCOBAMS, 1996). The
Black Sea bottlenose dolphin population is declin-
ing for reasons related to human activity. The main
threats include the depletion of prey resources due to
overfishing, accidental bycatch in fishing gear, and
extensive dolphin hunting in the recent past (Notar-
bartolo-di-Sciara & Tonay, 2021).

Bottlenose dolphins in the coastal waters of
the northern and eastern Black Sea are thought to
form relatively localised (though not isolated, as
individual movements between the locations are
possible) communities of several dozen individuals
(Gladilina et al., 2018; Logominova et al., 2023a).
Systematic ethological and acoustic studies of bot-
tlenose dolphins inhabiting the coastal waters of
the Crimean Peninsula have been conducted since
2014. To date, these studies have covered most of
the coastline, from Tarkhankut Cape in the west to
the Kerch Strait in the east of the peninsula (Lo-
gominova & Agafonov, 2019, 2021; Logominova et
al., 2023a,b). In addition to traditional field meth-
ods, which include local shore-based and vessel-
based visual observations, acoustic data have also
been collected to apply the method of «individual
acoustic identification» of bottlenose dolphins, as
described by Logominova et al. (2023a,b).

In contrast to photo-identification, which has been
used in bottlenose dolphin research globally since the
1970s (Wiirsig & Wiirsig, 1977), individual acoustic
identification is a relatively new approach, having
been applied for only about a decade (Logominova
& Agafonov, 2019; Fearey et al., 2021). This method
is based on recognising individuals by their individu-
ally distinctive calls, known as «signature whistles»
(SWs). SWs are stereotyped tonal sounds, usually
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produced in series, featuring a unique frequency mod-
ulation pattern (frequency contour on a spectrogram)
for each individual (Caldwell et al., 1990). Being first
described in the 1960s (Caldwell & Caldwell, 1965),
now SWs are among the most extensively studied
bottlenose dolphin vocalisations (e.g. Janik & Sayigh,
2013). They constitute a considerable portion of bot-
tlenose dolphin whistle production, particularly in iso-
lation contexts, and are thought to facilitate individual
recognition and maintain group cohesion (Caldwell
et al., 1990; Janik & Slater, 1998; Watwood et al.,
2005; Janik et al., 2006; Quick & Janik, 2012). De-
veloping early in a bottlenose dolphin’s life (Caldwell
& Caldwell, 1979), individual SWs remain stable for
many years (Sayigh et al., 1990). Thus, these signals
can be considered «acoustic markers» for individu-
als, allowing their use in a way analogous to photo-
identification. A crucial step for implementing this ap-
proach was the development of criteria for identifying
SWs in recordings of free-ranging bottlenose dolphins
without requiring sound source localisation, dolphin
isolation, or any accompanying visual observations:
the SIGID («signature identification») method (Janik
etal., 2013). To date, the SW-based individual identi-
fication method for bottlenose dolphins has been ap-
plied in several studies (Longden et al., 2020; Bailey
etal., 2021; Fearey et al., 2021; Logominova & Aga-
fonov, 2021; Logominova et al., 2023a; Papale et al.,
2025) to estimate bottlenose dolphins’ abundance and
spatiotemporal distribution. It has been shown that
the use of acoustic (SW) and physical (e.g. individual
coloration, dorsal fin shape, skin lesions) markers
within a mark-recapture framework yields compara-
ble population size estimates (Longden et al., 2020;
Papale et al., 2025; Sharpe & Berggren, 2025), high-
lighting the potential of SWs for studying wild bot-
tlenose dolphin populations.

In this study, we used individual acoustic iden-
tification data to describe the social organisation of
Black Sea bottlenose dolphins inhabiting the coastal
waters of the Karadag State Nature Reserve, South-
east Crimea. To our knowledge, this study pioneers
the use of SWs for this purpose and provides the first
analysis of the social organisation of the bottlenose
dolphin community in this region.

Material and Methods
Study area and data collection
The study was conducted within the protected
marine waters of the Karadag State Nature Reserve,
at the foot of the Karadag rock massif in Southeast
Crimea. The marine area of the Karadag State Na-
ture Reserve covers 8.09 km? with depths up to 50 m.
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Within its boundaries, fishing is strictly prohibited,
and marine tourism is limited. The water area, on its
southeastern side, features an extended bay with a
rock massif protruding into the sea. This massif di-
vides the bay further eastward into several smaller
coves characterised by steep cliffs. These cliffs form
underwater walls with considerable depths. This area
is a site of regular, year-round presence for bottlenose
dolphins. During periods of seasonal fish aggrega-
tions, bottlenose dolphins may remain in the area for
several days. Previous acoustic studies have shown
that bottlenose dolphins exhibit varying degrees of
fidelity to this site, including both resident and non-
resident individuals (Logominova et al., 2023a).
Acoustic monitoring of bottlenose dolphins
within the waters of the Karadag State Nature Re-
serve was initiated in 2015. Since June 2021, audio
recordings have been conducted continuously and
almost uninterrupted, excluding stormy days and
technical interruptions. The recordings were made
from a stationary observation point located on a
pier (44.91111° N, 35.20306° E), approximately 70
m from the shore (Fig. 1). The equipment was con-
sisted of a spherical (50 mm diameter) piezoceramic
hydrophone with a preamplifier, fixed at a depth of
5 m and connected via cable to shore-based equip-
ment, including a ZOOM H2n (ZOOM Corporation,
Japan) digital recorder. Audio recordings were saved
in 46-minute files in «.wav» digital format (16-bit,
96 kHz sampling rate), with a recording frequency

range of 20 Hz to 48 kHz. Previous work indicated
that under calm sea conditions, bottlenose dolphin
signals could be detected up to 1-2 km away.

Data analysis

Individual acoustic identification data

Audio recordings were processed manually using
Adobe Audition (Adobe Inc., USA). Spectrograms
were generated (FFT block size: 2562048 points;
Hamming window) and visually analysed within a
10-s viewing window and up to 48 kHz frequency
range. For identification of SWs among other bottle-
nose dolphin vocalisations, we followed the SIGID
method, applying principles described in literature
(Janik et al., 2013; Longden et al., 2020; Bailey et al.,
2021; Papale et al., 2025). We identify SWs based on
the following criteria: repetitive whistles with a dura-
tion of at least 0.2 s and a stereotyped fundamental
frequency contour pattern that have been encountered
at least once as a 5-whistle sequence with inter-whis-
tle intervals of 1 s to 10 s for at least 75% repetitions.
Re-occurrences of previously identified signature
whistle types (SWTs), as well as the identification of
new unique SWTs, were determined through visual
comparison of spectrograms. This procedure involved
assessing the similarity of whistle frequency contours,
considering their time-frequency parameters. The re-
liability of visual classification for bottlenose dolphin
SWs has been previously demonstrated in earlier
comparative studies (Janik, 1999; Sayigh et al., 2007).
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Fig. 1. Map of the southeast coast of the Crimean Peninsula showing the Karadag State Nature Reserve area (shaded) and the

bottlenose dolphin acoustic recording site (triangle).
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Aunified catalogue of SWTs has been maintained
since 2014. It includes SWTs recorded in the coastal
waters of Southeast, East, South, Southwest, and
West Crimea, as described in Logominova & Aga-
fonov (2019, 2021) and Logominova et al. (2023b),
with data from the Karadag State Nature Reserve
forming a part of this collection. The catalogue uses
a sequential numbering system, assigning a unique
sequential number to each SWT, along with infor-
mation on its date, time, and location of encounter.
Currently, the catalogue contains 711 unique SWTs.
For the present study, we utilised SW encounter data
from the Karadag State Nature Reserve over a three-
year period from 02.01.2022 to 29.12.2024.

Social organisation analysis

Data processing was conducted using SOC-
PROG 2.10 compiled version (Whitehead, 2009).
The social organisation analyses performed in
SOCPROG are based on the calculation of asso-
ciation indices between pairs of individuals, which
generally reflect the proportion of time they spend
together. Association indices range from 0 (individu-
als never encountered together) to 1 (individuals
always encountered together) and are symmetrical.
Encounter data are divided into sampling periods,
within which it is determined whether a given pair
was associated or not.

In this study, bottlenose dolphin associations
were inferred from the presence of specific SWTs in
audio recordings, treating them as unique acoustic
markers for individuals. A pair of SWTs was consid-
ered associated if both types were detected within the
same «acoustic encounter». An acoustic encounter
was defined as a fragment of audio recording contain-
ing a cluster of bottlenose dolphin signals with time
intervals between them not exceeding 20 min. The
encounters should be separated from adjacent ones
by intervals of at least 92 min (the duration of two au-
dio files) that contained no bottlenose dolphin vocali-
sations. The sampling period was defined as one day.
Long-term observations of bottlenose dolphins in the
Karadag State Nature Reserve area revealed that 0—4
acoustic encounters can be registered per day, corre-
sponding to the actual periods of bottlenose dolphin
presence within the hydrophone detection range.

To assess the strength of association between
SWTs, we used the half-weight association index
(HWI), calculated using the formula:

X
X +Yab+1/2(Ya+Yb)’

where X is the number of sampling periods

with SWTs «a» and «b» found associated; Ya is the

HWI =
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number of sampling periods in which only «a» was
detected; Yb is the number of sampling periods in
which only «b» was detected; Yab is the number of
sampling periods where «a» and «b» were detected
but not associated.

HWI is less biased when not all associates are
identified (we assume that not all individuals might
produce their SW in every acoustic encounter) and
often used in cetacean social organisation studies
(Whitehead, 2008). Only SWTs detected at least 10
times throughout the entire study period were in-
cluded in the analysis, except for temporal analysis.

The presence of preferred and avoided asso-
ciations among SWTs was tested by comparing the
HWI distribution of the real dataset with those of
permuted datasets. To create permutated data, the
SOCPROG option «permute associations within
samples» was used with the following parameters:
number of random permutations is 5000; number of
trials per permutation is 1000. If preferred associa-
tions exist within the community, the standard devia-
tion (SD) and coefficient of variation (CV) of HWIs
should be higher in the real dataset than in the per-
mutated datasets. If avoided associations are present,
the proportion of non-zero HWIs in the real dataset
should be lower than in permutated ones (Whitehead,
2009). To increase the number of acoustic encoun-
ters per period, the sampling period was extended to
five days (Whitehead, 2019).

Community social differentiation was quantified
using the social differentiation index S, estimated
with a maximum likelihood method (Whitehead,
2008). Index S represents the estimated CV of the
true association indices and reflects the measure of
association variability within the community. The
gradation was adopted as follows: S < 0.3 indicates
a rather homogeneous community, S > 0.5 indicates
a differentiated community, S > 2 indicates a highly
differentiated community (Whitehead, 2009). The
accuracy of representing the true social system can
be assessed by the correlation coefficient (r) between
true and calculated association indices, where r close
to 1 indicates excellent representation, and r = 0.4 is
considered acceptable (Whitehead, 2008). Standard
errors (SE) for index S and coefficient r were calcu-
lated using the bootstrap procedure (100 repetitions).

Based on the HWI matrix, a social network (so-
ciogram) was constructed. This is a graphical repre-
sentation of individual associations within the com-
munity, where the distance between network nodes
(SWTs) is inversely proportional to their association
indices. To identify potential social units (clusters of
individuals, where association indices are generally
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high between individuals within the same cluster
and low between individuals from different clusters)
within the community, SOCPROG uses Newman’s
modularity (Q) method (Whitehead, 2009). The best
cluster delineation is one that maximises Q; it is sug-
gested that values of Q > 0.3 are considered «good».

Finally, we investigated temporal variability in
SW association patterns over the entire study pe-
riod. For this, SOCPROG uses the «lagged asso-
ciation rate» (LAR), which estimates the probability
that a pair of individuals re-associates after a given
time lag (Whitehead, 1995). The LAR was calcu-
lated for pairs of identified SWTs detected in each
year of the three-year study period, irrespective of
their encounter frequency. The LAR was compared
to the «null association rate» (NAR), representing
the expected LAR value in the absence of preferred
associations, accounting for the number of associa-
tions of each SWT within each sampling period.
LAR was compared to four models of exponential
decay that consider combinations of three possible
scenarios for association changes: rapid dissociation
(associations disassociate within one time period),
preferred companionship (associations are constant
over time), and casual acquaintances (associations
persist for a while before decaying) (Whitehead,
2008). The best fitting model was selected based
on the quasi-Akaike Information Criterion (QAIC)
(Whitehead, 2007), with preference given to models
having the lowest QAIC values.

Results

Between 02.01.2022 and 29.12.2024, 560 bot-
tlenose dolphin-positive days (i.e. days containing
bottlenose dolphin acoustic signals) with 939 acous-
tic encounters were registered. We made 5403 SWT
identifications, corresponding to 114 unique SWTs
(Fig. 2). The median number of encounters per SWT
over the entire study period was 29.5, ranging from
a single encounter for the rarest SWTs to 228 and
261 encounters for the two most frequently detected
SWTs (Fig. 3). Each acoustic encounter contained an
average of 5.8 (SD = 3.2) SWTs, with values ranging
from 2 SWTs to 28 SWTs.

Among the 114 identified SWTs, 89 SWTs were
detected at least ten times (representing 98% of total
SW identifications) and were included in the social
organisation analysis. The social differentiation in-
dex S was 0.894 (SE = 0.016), indicating variability
in association patterns within the community and its
social differentiation. The correlation coefficient (r)
between true and calculated association indices was
0.731 (SE =0.015).
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Fig. 3. Distribution of encounter frequencies of bottlenose
dolphin signature whistle types (SWTs) recorded in the
Karadag State Nature Reserve (Southeast Crimea, Black
Sea) waters during 2022-2024.

The mean value of HWI index was 0.061
(SD=0.028). Low association indices (HWI1<0.3)
predominated, accounting for 98% of all possible
association pairs. Moderate association indices
(0.3 <HWI < 0.5) constituted 1.8%, and high as-
sociation indices (HWI > 0.5) accounted for 0.2%.
The mean maximum HWI was 0.32 (SD = 0.13).
Tests for preferred/avoided associations (with us-
ing 5-day sampling periods) have shown that both
the SD and CV for HWI in the real dataset were
significantly higher than those obtained from
permuted data: SD__ = 0.089, Sme o= 0.074,
p < 0.001; CV _, = 1211, CV__ ., = 1.030,
p < 0.001. The proportion of non-zero HWIs in
the real dataset was lower than that in the per-
muted one (74.132% vs. 75.918%, respectively;
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p < 0.001). These findings indicate the presence
of both preferred and avoided associations within
the community.

Community division based on modularity
did not reveal effective clustering (maximum
modularity Q = 0.16). Fig. 4 presents the socio-
gram, where only moderate and high associations
(HWI > 0.3) are displayed.

Seventy-three SWTs (87% of total identifi-
cations) were detected in each of the three study
years and were included in the temporal associa-
tion analysis. The LAR decreased over time, with
a drop observed after 100 days from the initial
association, and tended towards the NAR by the
end of the three-year observation period (Fig. 5).
The exponential model that best describes the ob-
served data suggested the presence of two levels
of SWT disassociation at different time scales:
rapid dissociations and more long-lasting asso-
ciations (Table 1).

Discussion

This study presents the first insights into the
social structure and individual associations of
the bottlenose dolphin community inhabiting the
coastal waters of the Crimean Peninsula in the
Black Sea, obtained using the individual acoustic
identification method. Previous studies of free-
ranging bottlenose dolphins applying a similar
approach within a mark-recapture framework

HWI:
- 0.680

— 0.490

Fig. 4. Sociogram of the bottlenose dolphin community in wa-
ters of the Karadag State Nature Reserve (Southeast Crimea,
Black Sea) constructed from associations of their signature
whistles (Number of signature whistle types = 89) during
2022-2024. Associations between pairs of signature whistle
types with half-weight association indices (HWI) > 0.3 are
shown. Node size is proportional to the mean HWI of each
signature whistle type with all others.

78

(Longden et al., 2020; Bailey et al., 2021; Papale
et al., 2025; Sharpe & Berggren, 2025) have dem-
onstrated that using SWs as individual markers of
bottlenose dolphins can offer a novel, effective,
and cost-efficient method for obtaining popula-
tion-demographic data. However, like traditional
photo-identification, acoustic identification of bot-
tlenose dolphins has its challenges, as extensively
discussed in Longden et al. (2020), Fearey et al.
(2022), and Papale et al. (2025). Two key aspects
that can affect the accuracy of the resulting esti-
mates can be highlighted (Fearey et al., 2022; Pa-
pale et al., 2025): the probability of SW detection,
1.e. registering these signals in audio recordings,
and SW identification, i.e. distinguishing between
signature and non-signature whistles. In our study,
the hydrophone was deployed within waters of the
Karadag State Nature Reserve, a known area for
regular bottlenose dolphin presence. The animals
visit frequently this area for foraging and resting,
as confirmed by visual observations of various be-
havioural activities and recordings of underwater
bottlenose dolphin acoustic signalling. Recordings
were made continuously («100% on» mode) over
extended periods and were analysed manually by
an experienced researcher (Irina Logominova).
We believe, our data collection and analysis meth-
ods maximised the probability of capturing SW,
making SWT encounter history data as representa-
tive as possible.
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Fig. 5. Temporal association pattern among bottlenose dolphin
signature whistle types (SWTs) recorded in the Karadag State
Nature Reserve waters (Southeast Crimea, Black Sea) during
2022-2024. Lagged association rate (LAR, red curve) and null
association rate (NAR, blue curve) (average + standard error)
are plotted against time lag (in days) for the 73 SWTs encoun-
tered in 2022-2024. A moving average of 10 000 associations
was used to smooth the curve; standard errors were obtained
by a jackknife procedure. The best fitting exponential model
(orange curve), which suggests a combination of rapid disso-
ciations and long-lasting associations, is displayed.
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Table 1. Exponential models of the temporal association pattern among bottlenose dolphin signature whistle types recorded
in the Karadag State Nature Reserve waters (Southeast Crimea, Black Sea) during 2022-2024, ranked by quasi-Akaike Infor-
mation Criterion (QAIC). The models estimate the lagged association rate y(t), as a function of the time lag (t), and evaluate
combinations of three social scenarios: rapid dissociation, preferred companionship, and casual acquaintances. The model

with the lowest QAIC is considered the best fit

Model of association

Description

QAIC Model fit

y@)=axe™

Rapid dissociation + casual acquaintances

169 701 |Best fit (a = 0.26, 1/b = 1666)

y@)=axe +(1-a)xe™ ™

Two levels of casual acquaintances

169 703 |Good fit (a=0.74, 1/b = 0.04, 1/d = 1666)

y(r)=a

Rapid dissociation + preferred companionships

170 480 |Not supported

y(r)=a+(-a)yxe™

Preferred companionships + casual acquaintances

170 481 |Not supported

Over the three-year period, a total of 114 unique
SWTs were registered in waters of the Karadag State
Nature Reserve. This number of SWTs suggests a
comparable number of individual bottlenose dol-
phins using this area. The results of acoustic identi-
fication align with data obtained from photo-identi-
fication of bottlenose dolphins in other coastal areas
of the northern and northeastern Black Sea such as
Balaklava, Sudak, Taman, and Sochi (Gladilina et
al., 2018). Specifically, over study periods of 2—6
years, between 51-103 individuals were identified
in each of these locations, with population estimates
ranging from 76 (SD = 9) marked individuals to
174 (SD = 76) marked individuals. The mean num-
ber of unique SWTs per acoustic encounter obtained
in our study (5.8; SD = 3.2) is consistent with visual
estimates of bottlenose dolphin group sizes in this
area (typically ranging at 3—7 individuals according
to Logominova et al., 2023a) and along the Cauca-
sian coast of the Black Sea (ranging from one indi-
vidual to 5-10 individuals according to Chernetsky
et al., 2021), as well as in other coastal Tursiops sp.
populations (Wells et al., 1980; Connor et al., 2000).

Acoustic identification revealed the following
main characteristics of the social organisation of the
bottlenose dolphin community in the Karadag State
Nature Reserve: (1) a predominance of low associa-
tion indices among potential pairs; (2) social differ-
entiation within the bottlenose dolphin community
and the presence of preferred and avoided associa-
tions; (3) a combination of two types of associations:
rapidly dissociating (within a single day) and longer-
lasting (several months or more), which likely rep-
resent short-term associations among relatively sta-
ble groups of individuals. Despite methodological
differences, the mean HWI obtained in this study
(0.06) is consistent with values reported for other
coastal Tursiops sp. populations based on photo-
identification data. For example, the mean value of
HWTI index was 0.07 in the Shannon Estuary, Ireland
(Baker et al., 2018), 0.06 in the Strait of Sicily, Cen-
tral Mediterranean Sea (Papale et al., 2017), 0.10 in
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the Normano-Breton Gulf, English Channel (Louis
et al., 2015), 0.07, 0.09, and 0.14 in three bottlenose
dolphin communities along the Croatian Adriatic
coast (Plesli¢ et al., 2019), and 0.06 in the coastal
waters off the North West Cape, Western Australia
(Edwards et al., 2025).

SWTs with association indices of 0.3 or higher
form the «core» social component of the bottlenose
dolphin community in the Karadag State Nature Re-
serve, as well as individual dyads and triads. The
three-year dynamics of association rates indicate the
existence of long-term associations that may persist
for many months, and possibly several years. Cur-
rently, it remains unknown, which individuals com-
prise these social formations, as information on the
sex, age, and individual life history of the bottlenose
dolphins to which the specific SWTs belong is una-
vailable. It is well established that sex, age, repro-
ductive status, relatedness, and behavioural traits
(e.g. foraging skills) influence the formation of social
bonds in Tursiops sp. (Wells et al., 1987; Smolker et
al., 1992; Connor et al., 2000; Méller & Harcourt,
2008). In Shark Bay (Western Australia) and Sara-
sota Bay (Florida), males associated in groups of two
to three individuals with association indices > 0.5 (up
to 0.8-1.0), where bonds could last for years, even
until the partner’s death (Wells et al., 1987; Connor
et al., 1992, 2000; Smolker et al., 1992). In Shark
Bay, these groups, termed alliances, could form sec-
ond-order associations with association indices of
0.2-0.6 (Smolker et al., 1992). In contrast to males,
females in Shark Bay and Sarasota Bay exhibited
broader association networks with social structures
characterised by moderate association indices, and
some females did not show clear group affiliation
(Wells et al., 1987; Smolker et al., 1992). Associa-
tions between mothers and their offspring, strongest
in the first few years of a calf’s life, could also persist
for several years after weaning (Wells et al., 1987;
Smolker et al., 1992). There are also regional differ-
ences in bottlenose dolphin social organisation, ap-
parently related to habitat conditions. For example,
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in a small and closed Tursiops population living at
the species’ extreme range in the deep coastal waters
of Doubtful Sound, New Zealand, mixed-sex and
larger (17 individuals in average) groups predomi-
nated; the mean value of HWI index was 0.47, and
stable, long-term associations forming both within
and between sexes were present (Lusseau et al.,
2003). Thus, despite the advantages of individual
acoustic identification for bottlenose dolphins, the
lack of individual biological data keeps photo-iden-
tification studies relevant. Perhaps the best solution
would be a synergy of these two methods, creating a
unified database of individually identified animals,
which would greatly enhance our knowledge of bot-
tlenose dolphin community structure and the dynam-
ics of individual relationships.

We observed multiple repeated encounters of
the same SWTs in the Karadag State Nature Reserve
with many of these SWTs recorded in all three study
years. Furthermore, some SWTs have been docu-
mented in this area since 2015-2016 (Logominova et
al., 2023a). Together, these findings suggest that part
of the Karadag State Nature Reserve bottlenose dol-
phins are residents, continuously present in this area
for at least several years. At the same time, this com-
munity is not isolated; individual SWTs and pairs of
SWTs are registered alongside «local» SWTs in the
adjacent area of Meganom Cape — Kapchik Cape —
Agir Cape (see Fig. 1), highlighting the spatial mo-
bility of individuals (Logominova et al., 2023a).
SWTs from this area in the southeastern Crimea have
been repeatedly observed further along the southern
coast, with occasional encounters also occurring in
the southwest and west of the Crimean Peninsula
(Logominova et al., 2023b). Therefore, the bounda-
ries of the inshore areas along the Crimean coast oc-
cupied by different communities of bottlenose dol-
phins are not strict and appear to be influenced by
dolphins’ social relationships, as well as the overall
condition and seasonal dynamics of food resources.

Conclusions

Using individually distinctive SW for individual
acoustic identification and analysing their associa-
tions, this study provides the first description of the
social organisation of Black Sea bottlenose dolphins
in the coastal waters of the Crimean Peninsula. As
far as we know, this study represents the first use of
SW analysis in this manner, reflecting its applicabil-
ity as a complementary method to traditional photo-
identification studies of bottlenose dolphin popula-
tions. Currently, a substantial acoustic dataset has
been collected and continues to be gathered, encom-
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passing a long temporal period (over a decade) and a
considerable part of the Crimean coastline. Expand-
ing the scope of these ongoing studies will enable us
to investigate the structure and interactions of Black
Sea bottlenose dolphin communities, which is essen-
tial for understanding the mechanisms of their social
structure formation and ecological adaptations, as
well as for effective conservation management.
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UCCJEJOBAHUE COLIMAJIBHOM OPTAHU3ALIUU TURSIOPS
TRUNCATUS, OBUTAIOIINUX B IPUBPEXKHONU AKBATOPUU
T'OCYIAPCTBEHHOI'O IPUPOJHOI'O 3AIIOBEJTHUKA «KAPAJIATCKHIA»
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Hapsiny ¢ TpaauIImOHHBIM METOAOM (HOTOMACHTU(HUKALINY, B TIOCIIEAHEE JECATUIICTHE B UCCIIENOBAHUAX Tursi-
ops truncatus (nanee — ahannHa) MPUMEHSETCS METOJl MHIMBUAYaJIbHON aKyCTUYEeCKON HACHTH(UKAIINH, KOTO-
PBIii OCHOBaH Ha PacIO3HaBaHUHU OT/EJIBHBIX 0COOEH 110 MX YHHKAJIbHBIM 3ByKOBBIM CUTHAJIAM, TaK Ha3bIBAEMbIM
cBucraMm-aBrorpadam. K HacTosmeMy MOMEHTY Takod Mojxoj ObLT anpoOWpOBaH B HECKOJIBKHUX MOITYIISIIUSIX
adaivH Ul OIEHKH YHCICHHOCTH W NPOCTPAHCTBEHHO-BPEMEHHOTO paclipeseneHus ocobell. B Hacrosmieit
paboTe MBI HMCTIONB30BAJIM JITAaHHBIE MHIUBHAYAIbHOM aKyCTHUECKOW MICHTU(HKAMH 33 TPEXJICTHUH Mepuon
(20222024 Tr.) AN KICCIIEAOBAHMS COIIMATIBHOMN CTPYKTYPhI M MHIUBUIYaIbHBIX CBsI3eH B coodmiecTse Tursiops
truncatus ponticus, OOUTAIOINX B MPUOPEKHOI aKBaTOPUH IOCYIapCTBEHHOIO IIPUPOJHOTO 3anoBeaHuKa «Ka-
panarckuii», roro-soctounslii Kpsim. Ha ocHoBanuu ucropun Bctped 114 yHUKaIbHBIX THUIIOB CBHCTOB-aBTO-
rpadoB, paccMaTpUBaeMbIX KaK HHINBHUIyaIbHBIC «aKyCTHUECKHE MapKepb» ocobei, B mporpamme SOCPROG
2.10 O6bUTH paccYMTaHbI TTOJYB3BEIICHHBIC HHAEKCH aCCONMANNI U TIOCTPOEHA COIMAIbHAs CETh, OLICHEHA CO-
nuanbHas AudgepeHnuanus coodIiecTBa U HCCIeI0BaHA BPEMEHHAs ANHAMUKA M3MEHEHUsI MHIEKCOB acco-
IUALUK 3@ IEPHOJ] NCCIIEOBaHNS. BTN BBISIBICHBI CIEAYIOIINE OCHOBHBIE YEPThI COLMAIBHOIN OpraHu3aIiu
coobuiecTBa adaarH, OOUTAIOIUX B BOJAX FOCYIapCTBEHHOTO IPUPOAHOrO 3anoBeHuKa «Kapanarckuii»: npe-
o0JailaHne HU3KUX 3HAYSHU I MHJIEKCA aCCOLMAIMMY CPE/IM OTEHIMAIBHBIX Nap; coluaibHas AuddepeHuuanns
COO0IIECTBA M HAJTMYUE B HEM TIPEIIOUMTAEMbIX M N30€raeMbIX acCOLMAINii; COYeTaHue IBYX TUIIOB COIMAIb-
HBIX CBSI3€H: OBICTPO PacIaalomuXcs 1 Ooliee 0JArOBPEMEHHBIX, YTO, T0-BUANMOMY, TIPEICTaBIsieT cO00H Kpa-
TKOCPOUYHBIE aCCOLMAINN OTHOCUTEJILHO YCTOWYMBBIX IpyniL. [lomydyeHHOe cpeiHee 3HaYeHNe HHAEKCa acCOL-
annu, pasHoe 0.06, cormacyeTcs ¢ aHAJOTMYHBIMHU OLIEHKAMH UISl JIPYTHX NMPUOPEKHBIX TOMysiuuil Tursiops
Sp., pacCYMTaHHBIMHU Ha OCHOBE JNaHHBIX (poTonaeHTH(UKAIUKN. TPEeXIeTHsS IMHAMUKA MHICKCOB acCOLMAIN
THUIIOB CBUCTOB-aBTOrpa)oB CBUAETENBCTBYET O CYLIECTBOBAHUM B HUCCIICyeMOM COOOLIECTBE JIOITOCPOUHBIX
CBsI3eH, KOTOPBIE MOTYT JUTUTHCSI MHOTHE MECSIIbl,  BO3MOXKHO, HECKOIIBKO JIET. «S11po» cooldmiecTBa, a Takxke
OT/IEJIbHBIE ANA/IBI ¥ TPUAIb! (POPMUPYIOT THIIBI CBHCTOB-aBTOrpa)oB CO 3HaUCHNEM MHJeKca acconanmu 0.3 u
Bhlie. Ha 1aHHbIM MOMEHT OCTaeTCs HEM3BECTHBIM, KAKHE 0COOM BXOAAT B COCTAB 3THX 00pa30BaHMIL, TOCKOIb-
Ky MBI HE pacrnosnaraeM uHpopMaiueii o mone, BO3pacTe ¥ UHANBULYyaIbHON HCTOPUHN KUBOTHBIX, KOTOPBIM TIPH-
HaJUIeXKAaT 3TH CUTHAIIBL. HecMOTpsl Ha I0OCTOMHCTBA METO/IAa MHANBU/IYaIbHOW aKyCTHYECKON MIICHTU(QHUKAIN
adainuH, Takue KaK 3PPEKTUBHOCTh M Maj03aTpaTHOCTb, HEI0OCTATOK OMOJIOrMYECKUX JIaHHBIX 00 0C00sIX aeia-
eT paboThl O (HOTOMACHTU(UKALIUH ITO-TIPEKHEMY aKTyaTbHBIMH; BO3MOXKHO, JIyUYIIIUM pelIeHneM OyIeT CHHEp-
TS 3TUX JIBYX METO/IOB U COCTABJICHHE CJMHON 0a3bl JaHHBIX MHINBHUIYAIBHO HICHTU(QHUIIMPOBAHHBIX 0COOCH.
Pacmpenne mogo0HBIX MCCIIE0BaHUN BROMb MO0epexbsi KpbIMCKOTO MOIyOCTpOBa MO3BOJIHUT MU3Y4HTh, KaK
YCTPOCHBI U KaK B3aUMOJACHCTBYIOT MEX Ty co00oi coolrecTBa adaiimH, 0OOUTAONINE HA 3TON aKBaTOPHUH.

KuaroueBnble ciioBa: Tursiops sp., adanuHa, MHIEKC aCCOIMAIIH, KHTOOOpa3HBIE, CBUCTHI-aBTOTPa(BI, COIHAIb-
Hasl CETh, COIUANIBLHAS CTPYKTypa
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