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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.

Key words: association index, bottlenose dolphin, cetaceans, signature whistles, social network, social organi�
sation, Tursiops sp.

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), 

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 «И» – 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 II 
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 (Würsig & Würsig, 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 

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 
et al., 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 
et al., 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 km2 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: 256–2048 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).

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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A unified 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: 

where X is the number of sampling periods 
with SWTs «a» and «b» found associated; Ya is the 

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).

The mean value of HWI index was 0.061 
(SD = 0.028). Low association indices (HWI < 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: SDreal = 0.089, SDpermuted = 0.074, 
p  <  0.001; CVreal  =  1.211, CVpermuted  =  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; 

Fig. 2. Cumulative number of bottlenose dolphin signature 
whistle types (SWTs) recorded in the Karadag State Nature Re�
serve (Southeast Crimea, Black Sea) waters during 2022–2024.

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.
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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 

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.

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.

(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, 
i.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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Model of association Description QAIC Model fit

Rapid dissociation + casual acquaintances 169 701 Best fit (a = 0.26, 1/b = 1666)

Two levels of casual acquaintances 169 703 Good fit (a = 0.74, 1/b = 0.04, 1/d = 1666)

Rapid dissociation + preferred companionships 170 480 Not supported

Preferred companionships + casual acquaintances 170 481 Not supported

ττ beay −×=)(
τττ db eaeay −− ×−+×= )1()(

ay =)(τ
ττ beaay −×−+= )1()(

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(τ), as a function of the time lag (τ), 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

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 
HWI 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 

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 (Pleslić 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; Möller & 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�

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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ИССЛЕДОВАНИЕ СОЦИАЛЬНОЙ ОРГАНИЗАЦИИ TURSIOPS 
TRUNCATUS, ОБИТАЮЩИХ В ПРИБРЕЖНОЙ АКВАТОРИИ 

ГОСУДАРСТВЕННОГО ПРИРОДНОГО ЗАПОВЕДНИКА «КАРАДАГСКИЙ» 
(ЮГО-ВОСТОЧНЫЙ КРЫМ, ЧЕРНОЕ МОРЕ) НА ОСНОВЕ ДАННЫХ 

ИНДИВИДУАЛЬНОЙ АКУСТИЧЕСКОЙ ИДЕНТИФИКАЦИИ

Е. М. Панова1,2,* , И. В. Логоминова2,**, В. А. Литвин2

1Институт океанологии имени П.П. Ширшова РАН, Россия 
*e-mail: ye.panova@yandex.ru

2Институт биологии южных морей имени А.О. Ковалевского РАН, Россия
**e-mail: iralogominova@gmail.com

Наряду с традиционным методом фотоидентификации, в последнее десятилетие в исследованиях Tursi-
ops truncatus (далее – афалина) применяется метод индивидуальной акустической идентификации, кото�
рый основан на распознавании отдельных особей по их уникальным звуковым сигналам, так называемым 
свистам-автографам. К настоящему моменту такой подход был апробирован в нескольких популяциях 
афалин для оценки численности и пространственно-временного распределения особей. В настоящей 
работе мы использовали данные индивидуальной акустической идентификации за трехлетний период 
(2022–2024 гг.) для исследования социальной структуры и индивидуальных связей в сообществе Tursiops 
truncatus ponticus, обитающих в прибрежной акватории государственного природного заповедника «Ка�
радагский», юго-восточный Крым. На основании истории встреч 114 уникальных типов свистов-авто�
графов, рассматриваемых как индивидуальные «акустические маркеры» особей, в программе SOCPROG 
2.10 были рассчитаны полувзвешенные индексы ассоциаций и построена социальная сеть, оценена со�
циальная дифференциация сообщества и исследована временная динамика изменения индексов ассо�
циации за период исследования. Были выявлены следующие основные черты социальной организации 
сообщества афалин, обитающих в водах государственного природного заповедника «Карадагский»: пре�
обладание низких значений индекса ассоциации среди потенциальных пар; социальная дифференциация 
сообщества и наличие в нем предпочитаемых и избегаемых ассоциаций; сочетание двух типов социаль�
ных связей: быстро распадающихся и более долговременных, что, по-видимому, представляет собой кра�
ткосрочные ассоциации относительно устойчивых групп. Полученное среднее значение индекса ассоци�
ации, равное 0.06, согласуется с аналогичными оценками для других прибрежных популяций Tursiops 
sp., рассчитанными на основе данных фотоидентификации. Трехлетняя динамика индексов ассоциаций 
типов свистов-автографов свидетельствует о существовании в исследуемом сообществе долгосрочных 
связей, которые могут длиться многие месяцы, и возможно, несколько лет. «Ядро» сообщества, а также 
отдельные диады и триады формируют типы свистов-автографов со значением индекса ассоциации 0.3 и 
выше. На данный момент остается неизвестным, какие особи входят в состав этих образований, посколь�
ку мы не располагаем информацией о поле, возрасте и индивидуальной истории животных, которым при�
надлежат эти сигналы. Несмотря на достоинства метода индивидуальной акустической идентификации 
афалин, такие как эффективность и малозатратность, недостаток биологических данных об особях дела�
ет работы по фотоидентификации по-прежнему актуальными; возможно, лучшим решением будет синер�
гия этих двух методов и составление единой базы данных индивидуально идентифицированных особей. 
Расширение подобных исследований вдоль побережья Крымского полуострова позволит изучить, как 
устроены и как взаимодействуют между собой сообщества афалин, обитающие на этой акватории.
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