
First report on abundance and distribution
of common bottlenose dolphins (Tursiops
truncatus) in the NATURA 2000 area, Istria,
North-eastern Adriatic Sea

darja ribaric“
1,2

1Vivamar – Society for Sustainable Development for the Sea, 1241 Kamnik, Slovenia, 2Vivamar – Society for Marine Mammal
Research and Sea Conservation, 52475 Savudrija, Croatia

The bottlenose dolphin (Tursiops truncatus M.) local population off west Istria in the North-eastern Adriatic has received no prior
study of abundance and distribution despite the habitat’s relevance for the preservation of this key species in the marine ecosystem.
The research area comprises part of the NATURA 2000 network which was predominantly established here for these dolphins.
Official data regarding the local population’s status in the region are currently marked as deficient. Thus, the aim of the present
study was to provide the first population data for the area. Boat-based survey work was carried out from April to September
2012–2015 using a mark–recapture photo-identification method. Prior to this period a random data collection was used to
study distribution, since 2001, to cover the area of 927 km2 lying between Umag to lighthouse Albanež in the south. 143 bottlenose
dolphins were photo-identified to date with the average group size of 9.27 + 6.53 animals. Several abundance models were used,
from which the Markovian robust model proved the best fit and predicted between 47–142 dolphins along the west Istria coast. A
few individuals were also identified in Slovenia, indicating a bigger home range along the 98 km length of the studied area. There is
an indication of a regular year round presence of dolphins. The west Istria coast constitutes an important feeding and breeding
ground. The region should develop a sustainable plan to manage those human activities negatively impacting the dolphins.
Therefore the present study is of relevance for the implementation of management directives for their conservation.
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I N T R O D U C T I O N

In accordance with European law, various international agree-
ments address whales and dolphins as species of community
interest in need of defined conservation, research and strict
protection from exploitation. The IUCN (International
Union for Conservation of Nature) Red List of Threatened
Species criterion A2dce (Bearzi et al., 2004, 2012; IUCN,
2016) presently lists the common bottlenose dolphin
(Tursiops truncatus Montagu 1821) (hereafter ‘bottlenose
dolphin’) as vulnerable in the Mediterranean Sea. In the
Adriatic Sea alone, the population declined by as much as
50% in the second half of the 20th century due initially to
deliberate killing (Bearzi et al., 2008). This was followed by
habitat degradation and overfishing as cited in several refer-
ences in the 2014 UNEP (United Nations Environment
Programme) report regarding conservation of cetaceans in
the Adriatic Sea (UNEP-MAP-RAC/SPA, 2014). Upon enter-
ing the European Union in September 2013, Croatia was
tasked with aligning national laws with the EU’s legislated

pact, such as in NATURA 2000, to recognize protected flora
and fauna sites. The NATURA 2000 network is the EU’s
main nature and biodiversity policy to protect the most threa-
tened habitats and species across Europe and is listed under
the Birds Directive (Directive 2009/147/EC) and Habitats
Directive (Council Directive 92/43/EEC). Within NATURA
2000s recommendations, the Croatian region of Istria is the
only site designated for the protection of marine mammals,
and, therefore, bottlenose dolphins. To reinforce the conserva-
tion of regularly present bottlenose dolphins off the west coast
of Istria, a site with the number HR 5000032 was established
(Hrvatska Agencija za okoliš i prirodu, 2016), extending from
the middle geographic part of Istria towards the south and reach-
ing around its southernmost promontory, Cape Kamenjak.
However, current, official NATURA 2000 data suggest the defi-
ciency of the local dolphin population data off the west coast of
Istria, where the category is used when the population size
cannot even be roughly estimated (NATURA 2000, 2016).

Whilst there is no Adriatic agreement on the protection of
biodiversity in the basin, several initiatives do exist, such as
the Adriatic-Ionian Initiative between countries around the
Adriatic (including Greece) or NETCET (Network for the
Conservation of Cetaceans and Sea Turtles in the Adriatic)
project, which ended in 2015, representing a cross-border col-
laboration platform. Furthermore, there is a Marine Strategy
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Framework Directive 2008/56/EC that aims to achieve Good
Environmental Status (GES) in all EU marine waters by
2020 and the European Commission’s NATURA 2000.

Due to its geomorphological setting, the Adriatic Sea is iden-
tified by many research bodies as one of the most worthy of pro-
tection in the Mediterranean basin (UNEP-MAP-RAC/SPA,
2015). It is ecologically sensitive, being semi-enclosed, with
783 km prolonged indentation in the European continent and
connected with the Mediterranean Sea at the south through
the 72 km wide Strait of Otranto. In relation to its size and prod-
uctivity, and due to its oceanographic characteristics, the
Adriatic is probably one of the most intensely fished areas,
with a high commercial value. The region faces major impacts
from over-fishing, pollution and maritime use that are still insuf-
ficiently managed at both national and international levels
(Ferretti et al., 2008; UNEP, 2015). Additionally, the research
area off Istria has political boundaries divided between Croatia
to the south, Slovenia to the far north and Italy to the west.

Some geographic and distribution studies of Cetaceans have
been done already along the east Adriatic coast, including
studies of the identified long-term resident communities of
bottlenose dolphins (Gomerčić & Huber, 1989; Notarbartolo di
Sciara et al., 1991; Bearzi et al., 1997; Gomerčić et al., 1998,
2004; Ribarič, 2002, 2003; Ribarič & Robinson, 2006; Fortuna,
2007; Ribarič & Herlec, 2008; Pleslić et al., 2013), however data
for the west coast off Istria are completely missing. Studying
dolphin abundance and determining distribution of the indivi-
duals are important for their long-term conservation (Shane,
1980). Systematic observation and mark–recapture photo identi-
fication method in the recognition of individual animals are
among the most important methods to obtain quality data.
They enable life history and animal ecology studies, as well as esti-
mations of the population size based on the individual sighting
history (e.g. Seber, 1982; Schwarz & Seber, 1999; Whitehead
et al., 2000; McCrea & Morgan, 2015).

Baseline information is required for the estimation of
potential threats in order to implement sustainable manage-
ment plans for the protection of these last resident marine
mammals. Especially more so, as it is evident from past experi-
ence that due to the lack of effective management two species
of dolphins, the striped dolphin (Stenella coeruleoalba) and
the short beaked common dolphin (Delphinus delphis), are
no longer present in the North Adriatic (IUCN Red List of
Threatened Species, 2016).

The aim of the present study is to provide a first insight into
the ecology of the local bottlenose dolphin population off the
west Istrian coast in the North-eastern Adriatic Sea where the
above-mentioned factors might negatively influence these
apex animals (Kolarić et al., 2011). Therefore obtaining knowl-
edge about dolphins’ abundance, distribution and population
dynamics is of crucial importance for the sensitive marine eco-
system under investigation (Krebs, 2016). Data from this study
can further be linked with the existing practices where local
populations are currently managed separately.

M A T E R I A L S A N D M E T H O D S

Mark–recapture photo-identification surveys
and data collection
The survey effort comprised a 927 km2 area off the west coast
of Istria, Croatia, in the North-eastern (NE) Adriatic Sea, from

Umag in the north (45826′N 13831′E) to the south side off
Albanež lighthouse in the south (44844′N 13854′E) off the
tip of Istria peninsula (Figure 1). To facilitate the geographic
location of dolphins, the coastline was divided into three sub-
areas, mostly according to the physiographic characteristics of
the coast: (I) Umag to the south of Poreč (to the border of
NATURA 2000 site); (II) from the NATURA 2000 site
border to the south of Saint Ivan lighthouse; and (III) from
the south of Saint Ivan lighthouse to the south of Albanež
lighthouse. Photo-identification surveys were conducted
across several seasons and years. The systematic research
was conducted in April, May and August 2012; May and
August 2013; April and September 2014; and June to
September 2015. Data collection for distribution purposes
was started in Slovenia (Slovenian Istria) in 2001 and it con-
tinued opportunistically thereafter in Istria, from 2003 to
2011. The attempt was to cover the months between April–
September 2012–2015 evenly which was, among weather con-
ditions, affected by the fiscal limitations. To cover the research
area, a survey design followed 9.3 km (5 NM) long east-west
line transects from the coast mostly in the first and the third
sub-area between the years 2003 to 2011, respectively. In the
second (core) research sub-area line transects were lengthened
to 13 km (7 NM) east-west, mainly between the years 2012–
2015, to maximize a capture probability and to improve
insight into site fidelity within the core area used by the dolphins
in this region. Line transects were spaced 1.85 km (1 NM) apart.
The contour transects followed the coastline. They were at a dis-
tance of 500 m and 1 km from the shore and were mainly fol-
lowed from 2012 onwards. The main effort was performed

Fig. 1. Photo-identification survey area in the NE Adriatic Sea, off west coast
of Istria. Straight lines indicate east–west transect lines, dotted lines demarcate
the research sub-areas by latitude.
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out of three different ports: in Portorož (Slovenia), Funtana and
Premantura (Croatia) (Figure 1). On the same survey day,
mostly only one research sub-area was covered and it was
chosen depending on a boat was berthed. A mark–recapture
photo-identification technique was chosen from dedicated
boat surveys for the recognition of individual dolphins. For
each encounter a start and end time was recorded and a start
and end position in longitude and latitude. The total number
of dolphins seen at the same time (defined as a group size),
the number of subgroups, group structure, behaviour (travelling,
socializing, foraging/feeding) and any potential disturbance
factors such as human interference (fisheries interactions,
dolphin watching) were noted as well. The general behaviour
and the number of subgroups were assessed before a focal
group was defined (adopted by Shane, 1990). During each
encounter, attempts were made to photograph all individuals
present, to minimize the bias between well-marked and less
well-marked animals (Bearzi, 1994; Urian et al., 2015).
Depending on the sea state, or at times due to the low light con-
ditions, it was not always possible to meet all these conditions. In
such cases dolphin behaviour was recorded for as long as the
animals could be visually observed. Behavioural data were col-
lected in successive 10 min observation cycles after Scheinin
(2010). Gender was determined for as many animals as possible
from direct observations of the genital region or in the case of
females being regularly accompanied by a calf. Age classification
was obtained by the body size of dolphins following the descrip-
tion of Bearzi et al. (1997), either as a newborn, calf, sub-adult
(or juvenile) or adult. Environmental data such as Beaufort
Sea state and the moon phase were recorded. Surveys were
carried out with the Beaufort Sea state 3 or less and with good
visibility. The crew consisted of up to five trained observers
and had a standing position on a fisherman boat of 5.50 m
that was powered by a four stroke 80HP outboard engine and
had the travel speed between 12–15 NM h21. Standard photo-
identification procedures were used to obtain high quality data
with two digital single reflex cameras (Nikon D70 and Nikon
D7100) equipped with a 70–200 mm f/2.8 APO lens.

Catalogue, distinctiveness rate, dolphin
capture history table and discovery curve
Dorsal fin images were examined and edited using the
Irfanview graphic viewer program whilst matching was per-
formed using DARWIN Photo ID 2.22. Photographic examin-
ation took place with at least two experienced judges who
independently re-checked the identified dolphin matches.
To avoid potential errors due to fatigue, a catalogue was con-
structed, divided into different categories according to
respective fin characteristics for the marked individual dol-
phins. Each identified dolphin was numbered and listed into
the catalogue by a chronological order. In the study a photo
analysis developed by Urian et al. (1999) and adjusted by
Read et al. (2003) was used. Images were scored by individual
distinctiveness rate (D) of a dolphin fin and by photo quality
after Balmer et al. (2008). The degree of marking and the
quality was ranked from 1 (high quality) to 3 (low quality)
and a classification followed recommendations for photo-
identification methods used with cetaceans described in
Urian et al. (2015). Following this definition, D1 score was
given to highly marked, D2 to the moderately distinctive fea-
tures and D3 to less or no recognizable characteristics of the

fin (Urian et al., 2015). The quality (Q) of the photos was
scored similarly from 1 (high) to 3 (low). The Q1 score was
given to a photo with a good focus and the entire dorsal fin
in the image field. Q2 images were intermediate and those
with poor focus and partial fin in the image field were
scored as Q3. The latter, from D1–D3 distinctiveness, were
excluded from the analysis. D3 images of the identified
calves associated with the mother’s presence were included
in the analysis, to obtain a realistic population size. The pro-
portion between well marked and poorly marked dolphins
as a ratio for distinctive (D1 and D2) against the un-distinctive
(D3) dolphins, known as a distinctiveness rate, was calculated
as decribed in Balmer et al. (2008) and Urian et al. (2015).

To calculate the number of marked and unmarked indivi-
duals for the whole survey duration the number of identified
animals was divided by the distinctiveness ratio as follows:

Ntotal = N
�
/u (1)

where Ntotal is the total population size estimation, Ñ is the
number of permanently marked individuals, u is the propor-
tion of permanent marks in each survey year (Williams
et al., 1993; Read et al., 2003).

A dolphin capture history (DCH) table was created upon
the chronological encounter of the dolphins. The DCH table
served to obtain site fidelity results and to determine a discov-
ery curve by obtaining the frequency of sightings per research
season and the total number of encounters for a single dolphin
from 2012 to 2015, respectively. The number of newly identi-
fied dolphins or resighted individuals was plotted for each
observation month and a cumulative curve was determined
for the dolphins identified during the period between 2012–
2015. The shape of the cumulative curve indicated the level
of saturation and the animal count valuation in the survey
area.

Abundance estimate from the mark–recapture
data
Survey effort (2012–2015) was divided into nine primary
periods (38 secondary sessions) and three models were tested
for the best fit to estimate dolphin abundance from a range
of mark–recapture closed and robust models (Williams et al.,
2002; Read et al., 2003; Olsen, 2006; Balmer et al., 2008;
Urian et al., 2015). The tested models that were selected were
based on those that have been used to estimate abundance in
other bottlenose dolphin populations (e.g. Wilson et al., 1999;
Read et al., 2003; Balmer et al., 2008): (i) Chapman modifica-
tion of the Lincoln–Petersen estimator for a closed population
(Chapman, 1951); (ii) a random population abundance model;
and (iii) a robust Markovian model. There are a variety of
assumptions that need to be considered when using open and
closed population models to estimate abundance.
Demographic closure (i.e. no permanent immigration or emi-
gration occurs, no births or deaths are happening) is one of
the assumptions that have to be met for a closed model to be
applied (Campbell et al., 2002). Other assumptions for a
closed population are short sampling period, identification
marks that are not lost on recapture events and a capture
homogeneity (Seber, 1982; Culloch, 2004). A combination
between closed and open population models is the robust
design model (Pollock, 1982). It provides additional
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information on capture probability that can be used to obtain
less biased and more efficient estimates (Kendall, 2001). It
can also be used to estimate the probability of being available
for capture. This situation can be modelled as a random
process, Markovian or with temporary trap dependence. To
analyse these kind of data a program MARK can be used
where parameters and covariates can be modelled for appropri-
ate best fit model selection (White et al., 1982; Kendall, 2001).
Akaike’s Information Criterion (AIC), which is a measure of
the goodness of fit, was used to compare all tested population
models (Burnham & Anderson, 1992). The Markovian model
had the lowest AIC value and has also been identified as an
optimal model for estimating small cetacean abundance (Read
et al., 2003) which allows for unequal emigration and immigra-
tion rates that are not equal throughout survey periods.
Markovian model estimates were extrapolated to total abun-
dance, as mentioned above, by dividing Ñ (model abundance)
by u (proportion of individuals with permanent marks).

Site fidelity and distribution
To examine site fidelity patterns a recapture rate for all marked
dolphins was obtained from the DCH table for the study period,
from April 2012 to the end of September 2015. Data recorded
prior to 2012 were not considered for the site fidelity indices.
A total number of sightings for each individual was determined.
Based on the number of recaptures, dolphins were sorted into
four sighting classes after Culloch (2004) and adjusted from
the ‘common’ to the ‘most seen’. Those recaptured 1–2 times
were classified as rare, 3–4 times as occasional, 5–6 times as fre-
quent and 7–10 times as most seen.

A plot for the distribution data was determined using
ArcMap 10.4.1 (ESRI, Redlands, CA, USA) software to
obtain a basic knowledge about dolphins’ presence in the
NATURA 2000 as well as habitat usage in the whole study
area. Data for the distribution purpose were considered
since the year 2001.

R E S U L T S

Photo-identification and data collection
The effort from 2012 to 2015 was in total 304.2 h on the posi-
tive survey days. The encounter duration, i.e. the time spent
with dolphins, was 18%. The highest number of encounters
was in the second sub-area with 76.7% success rate, which
was therefore determined as the core or II research sub-area.
The group sizes of marked individuals ranged from 1–36
animals with a mean of 9.27(+6.53 SD); Me ¼ 7.5; Mo ¼ 4;
N ¼ 56. The northern border of the core sub-area coincides
with the NATURA 2000 site (HR 5000032) where both
extend towards south. At the same time the core area
showed the most intense anthropogenic burden, thus the
emphasis of research moved in great part to this sub-area
(Figure 1). The study design was intensified and east-west
transect lines were prolonged by 3.7 km (2 NM) to the west.

Catalogue, distinctiveness rate, dolphin
capture history table and discovery curve
One hundred and forty-three dolphins were photo-identified
and sorted into a catalogue during the systematic study,

from 2012–2015. Sighting and recognition data were used
for creating the DCH table in order to determine the fre-
quency of sightings per individual for the whole survey dur-
ation (Appendix 1). Data obtained prior to 2012 were not
used for the DCH table creation. The number of newly iden-
tified dolphins ranged from 31 to 39 per year with the distinct-
iveness rates of 53% for D1, 26% for D2 and 21% for D3
(Table 1). The average rate for distinctiveness throughout
the survey period from 2012–2015 was 0.79 + 0.03 SD.
According to equation (1) the total number of marked and
unmarked dolphins in the population was 181, between the
years 2012 to 2015.

The discovery curve had a standard shape, increasing from
April 2012 to July 2015 with a cumulative number of 137
photo-identified dolphins. After July 2015, the curve showed
a typically lower rate of increase, since the rate of the newly
identified dolphins slowed down and the curve presumably
approached its asymptote, with the majority of animals
already having been encountered. However, the added non-
linear logarithmic regression curve showed a still increasing
trend that had not yet reached a plateau. The highest
number of newly identified individuals throughout the
survey seasons was in August 2012, May 2013 and April
2014 with 26, 26 and 24 dolphins, respectively. The resighting
rate was the highest in July and August 2015 with 56 and 44
already known dolphins (Figure 2).

Abundance estimates
Abundance estimates were analysed with the closed
(Chapman modification of the Lincoln–Petersen) model for
the years 2012, 2013, 2014 and 2015, respectively. A random
population abundance model and robust (Markovian
Emigration) model (Figure 3A–C) were used for sampling
periods in: August 2012; May & August 2013; April &
September 2014; and June, July, August & September 2015.
The robust Markovian Emigration model was the most appro-
priate fit for the dolphins in the study area as it estimated
abundance across survey periods and permitted immigration
between the survey periods. The results of the Markovian
Emigration model identified comparable abundance estimates
across most month-year survey periods which was evident by
the overlapping 95% confidence intervals (CI). The random
population abundance model showed an unusual 95% CI
peak for June 2015, whereas the Chapman modification of
the Lincoln-Petersen model showed no overlap for the CI
intervals between the years 2014 and 2015. Overall, there
were no clear seasonal abundance fluctuations observed
throughout the surveyed months. In the Markovian robust

Table 1. The number of identified (ID) dolphins per year and a distinct-
iveness rate (D1–D3), expressed in % and in the number of animals for

the entire research period and for each year separately.

No. of
new IDs

Distinctiveness
rate (%)

D1 D2 D3

Catalogue all 143 79.0 76 37 30
Distinctiveness rate 79.0 53% 26% 21%
2012 39 79.5 18 13 8
2013 36 80.6 25 4 7
2014 37 81.1 17 13 7
2015 31 74.2 16 7 8
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model the highest abundance estimate was in April 2014 with
141 animals (95% CI 105–198) and the lowest in June 2015
with an estimation of 47 animals (95% CI 33–75). The
added moving average trend line to this model indicated a
slightly negative trend in abundance estimates for the west
coast of Istria for the research period from 2012 to 2015
(Figure 3C).

Site fidelity and distribution
The number of times that an individual marked animal was
sighted again is defined as a recapture rate. The latter was
grouped into site fidelity index classes as: rare, occasional, fre-
quent and most seen, for the observation period from April
2012–September 2015. 51.4% (N ¼ 73) of identified dolphins
were seen one to two times throughout the study period and
were classified as rare. 32.2% (N ¼ 46) were seen three to
four times and were determined as occasionally present.
9.6% (N ¼ 14) were frequently resighted animals. Those iden-
tified individuals seen from 7–10 times were classified as most
seen and represented 6.8% (N ¼ 10) from all identified dol-
phins (Figure 4). The mean of the resighting rate was 2.88
and the median was two recaptures. Distribution GIS posi-
tions of bottlenose dolphins along the entire west coast off
Istria, including Slovenian Istria are shown in Figure 5. Data
obtained from 2001–2011, including ad libitum surveys, are
represented by rectangles. Triangles represent the data col-
lected in the seasons from 2012–2015. Filled triangles indicate
the locations of animals sighted rarely, occasionally or fre-
quently. Empty triangles indicate locations of most present
individuals.

D I S C U S S I O N

Bottlenose dolphin (Tursiops truncatus) is the last constantly
present marine mammal species in the North-eastern
Adriatic Sea out of the three dolphin species that were
common in this area just a few decades ago. The short
beaked common dolphin (Delphinus delphis) is regionally
extinct and the striped dolphin (Stenella coeruleoalba) is occa-
sionally reported but not considered to be a regular species
(IUCN Red List of Threatened Species, 2016). The geomorpho-
logical properties of the Adriatic, especially at its north, make
the area ecologically very sensitive. Being shallow, especially
in the northern section, the Adriatic plays a crucial role in
direct ecosystem functioning. Istria, being in the north-eastern
part of the Adriatic Sea, is a peninsula with the indented west
coast measuring 327 km, including islands, while a straight
line across measures �100 km. The bathymetry of the area
between Istria and Rimini (on the Italian side) is generally
shallow with few areas exceeding 50 m and it is intensely influ-
enced by ecological factors such as river discharges, currents,
vertical water circulation and wind speeds. This makes the
area ecologically sensitive to pollution, climate change and
especially to overharvesting of natural resources. Besides
intense fishing activities, Istria is burdened by nautical
tourism and more new yachting marinas are foreseen. The
Republic of Croatia’s Ministry of the Sea, Transport and
Infrastructure (2008), published a developmental strategy
report for nautical tourism for the years 2007–2018, with a pre-
dicted growth of 9.8% compared to the 5% GDP growth estima-
tion which shows a rapid development of this industry and the
necessity of thoughtful planning and management.

Fig. 2. Discovery curve with the cumulative number of dolphins identified during 2012–2015 and with the added logarithmic regression curve. Histograms show
newly encountered and resighted individuals per month in each research season.
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It is therefore challenging to preserve the species that could
be, due to these conditions, more vulnerable for survival than
elsewhere (Reed et al., 2002). Ponti et al. (2014) indicate that
predicting the consequences of potential species loss is critic-
ally important in this region, with a SWOT (strengths, weak-
nesses, opportunities and threats) analysis for the
northern-central Adriatic showing already a high depletion
of biodiversity. In December 2014, the Croatian government
issued a decree to adopt an action programme on strategy
for marine and coastal ecosystem management which com-
prises also marine mammals (Narodne novine, 2014). It
advises to cover monitoring and observation over the whole
Adriatic Sea and in collaboration with neighbouring countries
to obtain a realistic picture of abundance and distribution for
the species. The recommendations to adopt an action plan
were not met for the dolphins off west Istria, even though
the NATURA 2000 site was established particularly for
these marine mammals. Its borders on the maps are not
reflecting activities in practice. The lack of management for
the bottlenose dolphins was notable throughout the time of
the presented study, especially for the second research

sub-area where the dolphin watching boat industry is com-
pletely unregulated and where other anthropogenic pressures
were the highest, as preliminary data collection indicates
(Ribarič et al., in prep.). The presence of dolphins was obvi-
ously recognized by the authorities in the past but no popula-
tion data were being collected through a regular monitoring or
observation programme to date. Due to lack of data, the offi-
cial web site of the NATURA 2000 describes the status about
the local dolphin population off west Istria as deficient
(Državni zavod za zaštitu prirode, 2015). With no information
being available, no effective steps have been taken to ensure
favourable conservation of the dolphins in the NATURA
2000 site, HR 5000032.

As suggested by Fortuna (2007) conservation issues should
be addressed at the sub-regional, if not even the local popula-
tion level, when speaking of the Mediterranean basin. The
phylogenetic structure study of Gaspari et al. (2013) (cited
in UNEP-MAP-RAC/SPA, 2014, pp. 15) would support this
idea, since it was found that bottlenose dolphins from the
Adriatic Sea indicate differences in population structure
between the individual parts of the Adriatic in relation to

Fig. 3. Abundance estimate results, using the (a) Chapman modification of the Lincoln-Petersen model for the closed population, (b) random population
abundance model and (c) robust Markovian Emigration model, for the survey period and with the 95% confidential intervals.
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other parts of the Mediterranean, which might be a result of
the physiographic properties of the Adriatic Sea. To add to
the complexity, more countries share the same geographic
area at the northernmost Adriatic, therefore an advised cross-

country collaboration in the Croatian strategy mentioned
above, with synergistic actions for conservation, is even
more necessary. The current population trend for bottlenose
dolphin in the Mediterranean is inferred as decreasing and
is listed as having a vulnerable status by the IUCN Red List
of Threatened Species in the Adriatic. A long-term study of
dolphins in Kvarnerić, which is the neighbouring local popu-
lation in Cres-Lošinj archipelago, south-east to the dolphins
presented in this study, suggests that it should be listed as
endangered under the Criteria C and E (Fortuna, 2007). As
of the year 2012, the results of our study point at a slightly
negative trend for the average local population size.
Continuous studies will reveal more in the future as it might
be too short a study period to confirm this statement,
however the situation hints at this trend currently.

The results of the systematic studies (between 2012–2015)
and distribution data (since 2001) indicate that dolphins were
regularly present throughout the investigated months along
the entire west coast of Istria, including Slovenian territorial
waters and other areas in Trieste Gulf, north to the study
boundaries. Additionally, occasional land-based observations
in the research area showed that animals are present
through all seasons of the year. While collecting data, the
attempt was to strive to photograph all individuals in an
encounter. Marked individuals were taken as a data source
in the same way as unmarked animals to avoid biased
results when using the mark–recapture method (Otis et al.,
1978). There was only one experienced photographer taking
photo ID pictures which lessened possible survey sampling
variance. At times significant changes on dorsal fins of some
individuals occurred, especially in the adults with a lot of
(conspecific) interactions. A wound with a torn piece of a
trailing edge was completely healed in about a week. Such
changed profile of the trailing edge could result in potential
misidentifications and false doubles when resighting the
same animal after a longer time. The photo identification
technique enables a broad band of studies based on obtained
individual sighting history, whereas a computer-assisted

Fig. 4. Site fidelity indices with the number and % of identified dolphins sighted from 1–10 times through the entire observation period from April 2012 to
September 2015.

Fig. 5. Distribution and site fidelity GIS positions of bottlenose dolphins along
the west coast off Istria, including Slovenian Istria. Rectangles represent data
obtained from 2001–2011, including ad libitum surveys. Data collected from
2012–2015 are shown as triangles. Filled triangles indicate the locations of
animals sighted from 1 to 6 times; empty triangles indicate locations of most
seen individuals, seen 7–10 times.
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mark–recapture analysis represents an important tool to
recognize and follow individual animals over space and
time. The latter allows vital rates estimation, quantifying
fitness, life-history trade-offs and classifies social behaviour
(Bolger et al., 2012). At times, in our study, a naked eye iden-
tification analysis was better used vs a computer-assisted iden-
tification, especially where photos were not ideally oriented
perpendicular to the animal, but where distinctive dolphin
fin features were nonetheless recognizable. From the data
obtained a discovery curve was derived that had a standard
shape. By observing the rate of resighted and newly discovered
individuals as a function of time, the discovery graph can
further indicate whether a population is open or closed (e.g.
Williams et al., 1993; Karczmarski et al., 1999; Wilson
et al., 1999). The added logarithmic curve to our graph
showed that few additional dolphins are expected to be dis-
covered with further observation efforts (Figure 2),
however, the curve is approaching its asymptote, suggesting
that the majority of animals were sighted during surveys in
this region.

Population size estimates were obtained through several
models (Figure 3). They were generally comparable but
showed some fluctuations in abundance across months and
years. The best to represent the population size was the
Markovian Emigration robust model which generally revealed
comparable abundance estimates through most month-year
survey periods, as evidenced by overlapping 95% confidence
intervals (CI). There were some variations in abundance
across several survey periods, such as in April 2014 (141;
95% CI 105–198) which had the highest abundance estimate,
and in June 2015 (47; 95% CI 33–75) with the lowest abun-
dance estimate (Figure 3C). The Chapman modification of
the Lincoln–Petersen closed model proved to be the most
conservative and is generally appropriate when there are just
two sampling occasions, and the population is closed
between them. In closed models the abundance estimate
increases as the number of the assumptions is reduced
(Thompson et al., 1998; Balmer et al., 2008). This is seen
also in the study results, where the abundance estimates are
bigger compared with the other two models (Figure 3A).
The third tested was the random model which showed
similar figures as the Markovian model, except for June
2015 with an unusual peak with the value 309 and with a com-
parably high 95% CI (Figure 3B).

It is worth mentioning a comparison of group sizes
between the research sub-areas and the neighbouring areas,
outside the study boundaries. The average group size in the
core research sub-area, for data since 2012, being 9.27
(+6.53 SD); Me ¼ 7.5; Mo ¼ 4; N ¼ 56, was slightly bigger
vs ad libitum observations in Slovenia, from 2001 to 2006,
with 8.4 (+9.6 SD); Me ¼ 4; N ¼ 40 (Ribarič & Robinson,
2006; Ribarič, 2013); it also had a higher median and a
smaller standard deviation and had more encounters. The
group size in the core research sub-area was also bigger
when comparing the results from the report for the
Cres-Lošinj archipelago, just 37 km south-east from the tip
of Istria, with 5.9–9.3 animals, for the years from 2004 to
2011 (Pleslić et al., 2013). However, compared with the
efforts off the Cape Kamenjak, from 2003 to 2007, the
average group size in this, third, research sub-area was
bigger, with 12.4 (+16.1 SD) animals; Me ¼ 6; N ¼ 30
(Ribarič & Herlec, 2008). At the same time the latter had a
lower encounter success rate of 47%.

As the assessment of general behaviour has shown for the
area within 2 NM from the coast, foraging is the main activity
in the core research sub-area and was present in 38% of the
time in dolphin observations (Ribarič, 2013), whereas travel-
ling was the dominant behavioural description in the third
research sub-area, occurring during 61% of the total encoun-
ter time (Ribarič & Herlec, 2008). Although dolphins might
congregate in slightly bigger groups for foraging, the fact of
being daily disturbed by nautical tourism in the second
research sub-area close to the coast, and throughout the
tourist season, could explain a smaller average group size vs
the third sub-area. The group size in the core research
sub-area was still bigger than in areas outside the study
boundaries. Nautical tourism close to the coast in the third
research sub-area is notably lower, with dolphin watching
boats being almost never present. At the same time, regarding
interactions, regular dolphin inspections and time spent
around gillnets and fishing traps were noted in the area
close to the coast, similarly to that described in the work
from Diaz Lopez (2006) and Jaiteh & Allen (2012).
Preliminary collected data show that dolphin–trawls interac-
tions, in the deeper waters of the second research sub-area
(5–7 NM from the coast), were observed every time. This
coincides with other studies about the opportunistic feeding
behaviour observed in the Mediterranean (Bearzi, 2002) and
as demonstrated in Gonzalvo et al. (2008), Gonzalvo et al.
(2015). Both nautical tourism influence and fisheries interac-
tions will be reported elsewhere due to the limited space in this
article (Ribarič et al. in prep). However, due to nautical
tourism pressures, within 2 NM from the coast in the core
research sub-area, having an influence on the distribution
and the abundance of the animals, a brief comment is justified.
It is known from several studies that human interference has
an impact on group sizes and on animal behaviour (Yazdi,
2005; Bas et al., 2015; Pirotta et al., 2015). They might simi-
larly have an impact on movement patterns and displacement
and therefore consequently on distribution and abundance.
Istria is reported to be one of the most burdened by human
activities and most developed in terms of the infrastructure
along the whole east Adriatic coast (Institute of
Lexicography Miroslav Krleža, 2016). This corresponds to
both nautical tourism as well as to the fishing industry.
Severini (2013) notes in his study that fishing has been
expanding since the 1970s, posing an additional burden to
the marine environment. At the same time, the Croatian gov-
ernment states in the proposal for the tourism development
strategy until 2020, that the country is one of the most desir-
able destinations in the world regarding nautical tourism.
Similarly, nautical tourism is supposed to develop even
faster as is illustrated in the strategy of the Ministry of the
Sea, Transport and Infrastructure (2008), since estimations
do not include the supporting industries, nor the black
market boating operators. Usually, in the developed coastal
European regions up to 40% of the GDP belong to nautical
tourism (Government of the Republic of Croatia, 2013). All
taken into account, it plays an important fiscal role for the
country. As such, it calls for a well planned nautical tourism
management that might, the same way as fisheries, have a sig-
nificant impact on marine life. Due to these facts being most
intense in the coastal part of the core research sub-area, as
the preliminary research shows, and to minimize the financial
costs of the study, observation efforts were intensified in this
part off the west coast of Istria. Modification of the

1046 darja ribaric“

https://doi.org/10.1017/S0025315417001424 Published online by Cambridge University Press

https://doi.org/10.1017/S0025315417001424


observation area might have produced slightly different
results, due to sampling bias. However, at the same time the
approach used revealed valuable information by providing
the first insight into areas where dolphins were directly
affected by anthropogenic pressures.

Site fidelity, or return of the same individuals to a more
circumscribed site, indicates the importance of the research
area along the west coast of Istria (Figure 4). A spatial
context of sampling has to be considered (Parra et al., 2006;
Urian et al., 2015) since it is evident from the site fidelity
results and population model estimates that about half
(51.4%) of the dolphins were seen only one to two times.
Such ranging patterns (Lusseau et al., 2006) might suggest
that the fluctuations in abundance between some of the
survey periods may be from dolphins that are only utilizing
part of the survey region and have ranges outside the
survey area boundaries (Bouveroux et al., 2007; Balmer
et al., 2008; Conn et al., 2011). Extending survey boundaries
may provide insight to those animals’ ranges with a few sight-
ings to define residence patterns (Simoes-Lopes & Fabian,
1999; Zolman, 2002; Jacalyn et al., 2010) as well as to define
transient and resident dolphins more accurately. Indeed
some dolphins that had first capture locations in the core
research sub-area were identified also during ad libitum
surveys in Slovenia (Trieste Gulf), above the north boundaries
of the present study and within the same research years. This
was not surprising due to dolphins being a highly mobile
species, and reinforced the fact that a home range of at least
some dolphins extends beyond the area under investigation,
which included about 100 km of shoreline. This could corres-
pond to observed daily movement patterns along the coast
towards the north. Regarding animals’ movements, tempor-
ary emigration might decrease a capture probability
(Kendall & Nichols, 2002; Urian et al., 2015) and it may
change as a function of time (Hammond, 1990). On the
other hand, in our study a possible immigration of dolphins
with low site fidelity could make the unusual abundance esti-
mation peak in June 2015 more interpretable, as observed
from a tested random abundance model (Figure 3B). The
importance of the core research sub-area as an irreplacable
foraging ground could further hint at possible immigration
movements of the dolphins and explain a bigger average
group size in the core research sub-area as compared with
Slovenia or the Lošinj archipelago. Supporting the findings
about the movement patterns of the same individuals
outside the northern research boundaries were similar
encounters of dolphins at the south boundaries of the
research area. Here animals were sighted at a distance from
1–5.5 km off Cape Kamenjak towards the south-east, which
coincides with the coastline orientation. Sighting locations
for the area around Kamenjak and outside the study bound-
aries, towards the south-east (SE), were at times additionally
reported by trusted sources of personally known experienced
people active at sea (sailors, divers). This hints to the move-
ments of at least some individuals between aquatorium off
Istria towards the islands of Unije, Cres and Lošinj. These
animals might migrate from and to the neighbouring resident
local bottlenose dolphin population of the Cres-Lošinj archipel-
ago, which has been studied there since 1987 (Notarbartolo di
Sciara et al., 1991). Prediction of greater movements could be
confirmed by the estimation of Bearzi and Notobartolo di
Sciara in 1993 where they estimate the average ranging capabil-
ity of a single dolphin as being 543 km2 in 24 h for the area of

the North-east Adriatic (Fortuna, 2007). More impressive is a
reported example of huge dispersal of bottlenose dolphins
with distances covered of up to 1277 km (Robinson et al.,
2012). Therefore it is not surprising to have confirmed fluctua-
tions to and from Slovenia and it would be of no surprise to
confirm them as well between the Istrian west coast and neigh-
bouring areas towards the south-east.

Even if the strategies mentioned above about the ecologic-
ally sustainable development were to be achieved, at least
certain areas along the East Adriatic coast are missing the rele-
vant management and execution of the action plans for the
apex marine species, as was discovered within this study.
The information about the distribution, abundance and site
fidelity data suggest that there are resident dolphins in this
region as well as some extended movements of other
animals. Comparison of the mark–recapture photo identifica-
tion studies outside the boundaries of the current study might
help in determining the extended movements of the animals.
Further focal follows sampling of impacts of anthropogenic
stressors may help in defining the threat level and a prepar-
ation of appropriate steps for their mitigation. The bottlenose
dolphin population off the west coast of Istria constitutes a
non-negligible part of the east Adriatic stock, which was esti-
mated in the year 2010 on over 5000 individuals, as reported
in the National Report of the Republic of Croatia to the
Convention on Biological Diversity (2014). The present
study confirms that no single country has a unique local
dolphin population (or part of one), and that a joint manage-
ment plan would be sensible, as already advised in the
Croatian strategy for the marine and coastal ecosystems.
Building upon the baseline data provided in this study could
encourage the authorities to act more quickly in the execution
of a management plan for this marine mammal community.
Knowing about the species’ importance for the health and
functionality of the entire marine ecosystem, such sustainable
management, mirrored in action, might not be too far away.
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Pleslić G., Rako Gospić N., Mackelworth P., Wiemann A., Holcer D.
and Fortuna C. (2013) The abundance of common bottlenose dol-
phins (Tursiops truncatus) in the former special marine reserve of
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A P P E N D I X 1

Appendix 1. Dolphin capture history table (DCH) for the individual dolphins off the west coast off Istria, from April 2012 to the end of September 2015,
with first seen dates and recapture cumulative number per year.

YEAR 2012 2013 2014 2015

ID D1–D3 Name First seen
dd/mm/yy

NEW Times seen/Y NEW Times seen/Y NEW Times seen/Y NEW Times seen/Y

1 D1 Alpino 290412 1 3 0 0 0
2 D2 Nice 290412 1 3 0 1 3
3 D3 Boxer 290412 1 3 0 0 0
4 D1 Big Daddy 290412 1 4 0 0 3
5 D3 Scratch 290412 1 1 1 0 2
6 D1 Triglav 290412 1 2 1 2 2
7 D1 Coal 140812 1 2 0 1 0
8 D2 Infinity 140812 1 1 1 0 1
9 D1 Cvetko 140812 1 1 0 0 1
10 D1 Shine 140812 1 2 0 1 0
11 D2 Alma 140812 1 3 1 0 4
12 D2 Stozec 140812 1 1 2 1 0
13 D2 Astro 140812 1 1 0 1 1
14 D2 Pearl 140812 1 1 0 0 2
15 D2 Nick 140812 1 3 0 0 3
16 D1 Zobek 150812 1 1 0 1 3
17 D2 Praska 150812 1 1 0 0 0
18 D3 Enzo 150812 1 2 0 1 2
19 D3 Line 150812 1 1 0 0 0
20 D2 Istro 150812 1 1 0 0 3
21 D1 Face 150812 1 1 1 1 1
22 D1 Car 150812 1 2 3 2 1
23 D1 Norm F 150812 1 1 0 0 1
24 D2 Steepy 150812 1 2 1 1 3
25 D1 Bazilika 150812 1 1 0 0 2
26 D1 Cvetka 150812 1 1 1 0 2
27 D3 Ji Ling 150812 1 2 1 0 0
28 D1 Jugo 150812 1 2 0 0 0
29 D3 Didi 150812 1 1 0 0 2
30 D2 Križec 150812 1 1 0 3 2
31 D1 Bianco 150812 1 2 2 1 0
32 D3 Črni Peter 160812 1 1 0 0 0
33 D1 Kieran 160812 1 1 0 1 0
34 D1 Hearty 160812 1 1 1 0 0
35 D1 Guba 160812 1 1 1 1 3
36 D2 Andrea 160812 1 1 0 2 1
37 D3 Grahek 160812 1 1 1 0 1
38 D1 Tramontana 160812 1 1 0 1 2
39 D3 Millenium 030513 1 1 0 0
40 D1 Spiky 030513 1 1 1 1
41 D3 Moon 030513 1 1 0 2
42 D1 Gatling 030513 1 1 0 0
43 D1 Prince 030513 1 1 1 1
44 D1 Talon 030513 1 2 0 2
45 D2 Keel 030513 1 1 0 0
46 D1 Žaga 030513 1 1 0 0
47 D1 Nautic 030513 1 1 0 0
48 D3 Fresh 030513 1 1 0 0
49 D2 Tipitopi 030513 1 1 0 1
50 D1 Žak 030513 1 1 0 0
51 D1 Marina 030513 1 1 1 1
52 D3 Horizon 030513 1 1 0 0
53 D1 Pinus 030513 1 2 1 0
54 D3 Sharon 030513 1 1 0 0
55 D3 Rose 030513 1 2 0 5
56 D1 Champ 030513 1 5 1 0
57 D1 Missing 030513 1 1 1 0
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Appendix 1. Continued

YEAR 2012 2013 2014 2015

ID D1–D3 Name First seen
dd/mm/yy

NEW Times seen/Y NEW Times seen/Y NEW Times seen/Y NEW Times seen/Y

58 D3 Brazda 040513 1 1 0 0
59 D1 Papa-zob 040513 1 1 1 0
60 D1 Funtana 040513 1 2 0 0
61 D1 Silver 040513 1 4 1 2
62 D2 Lepi 040513 1 2 1 6
63 D1 Nala 040513 1 1 1 1
64 D1 Rocky 040513 1 1 0 6
65 D1 Roger 020813 1 2 0 0
66 D2 File 020813 1 2 0 0
67 D1 Parrot 050813 1 2 0 2
68 D1 Twist 050813 1 2 4 4
69 D1 Smiley 060813 1 1 1 1
70 D1 Apple 060813 1 1 0 1
71 D1 Old Sailor 060813 1 1 0 0
72 D1 Flounder 060813 1 1 1 0
73 D1 Sunny 060813 1 1 0 1
74 D2 Tender 060813 1 1 0 0
75 D1 Pagat 060813 1 1 1 1
76 D3 Innocent 230414 1 1 1
77 D2 Lisa 230414 1 1 0
78 D3 Pako 230414 1 1 0
79 D3 Bela Pika 230414 1 1 0
80 D1 Oreh 230414 1 1 4
81 D2 Spin 230414 1 2 0
82 D1 Middlenick 230414 1 1 3
83 D2 Bit 250414 1 1 3
84 D1 Limski 250414 1 2 4
85 D1 Barba 250414 1 1 0
86 D3 Lepa mama 250414 1 2 0
87 D2 Sky 250414 1 1 2
88 D1 Vrsar 250414 1 1 1
89 D2 Idea 250414 1 2 0
90 D3 Mali 250414 1 2 0
91 D1 Kavelj 250414 1 1 0
92 D3 Checkmark 250414 1 1 1
93 D2 Flekec 250414 1 2 0
94 D1 Maestral 250414 1 2 0
95 D2 Karma 250414 1 1 0
96 D1 Apex 250414 1 1 0
97 D1 Boss 250414 1 1 0
98 D1 Lungo 250414 1 2 2
99 D1 Trizob 280414 1 1 2
100 D1 Change 280414 1 1 2
101 D3 Ushape 180914 1 1 0
102 D2 Grba 180914 1 1 0
103 D1 Hook 260914 1 2 1
104 D2 Preslica 260914 1 1 0
105 D2 Fat Mama 260914 1 2 3
106 D2 Sam 260914 1 1 0
107 D1 Three 270914 1 1 5
108 D1 Opportunity 270914 1 1 0
109 D2 Spirit 270914 1 1 3
110 D3 Val 270914 1 1 5
111 D2 Luna 290914 1 1 0
112 D1 Lady 290914 1 1 0
113 D1 Panda 290914 1 1 0
114 D1 Beli Rob 280615 1 1
115 D3 Scar 280615 1 1
116 D3 Free 280615 1 1
117 D1 Dino 280615 1 1
118 D1 Stave 280615 1 1
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Appendix 1. Continued

YEAR 2012 2013 2014 2015

ID D1–D3 Name First seen
dd/mm/yy

NEW Times seen/Y NEW Times seen/Y NEW Times seen/Y NEW Times seen/Y

119 D1 Basenick 280615 1 1
120 D1 Hanger 280615 1 1
121 D3 Willy 280615 1 1
122 D1 King 280615 1 1
123 D3 Barnacle 300615 1 0
124 D3 Needle 300615 1 0
125 D3 Ray 300615 1 0
126 D1 Rana 020715 1 1
127 D1 Droplet 020715 1 0
128 D1 Gloria 020715 1 1
129 Amantea 020715 1 1
130 D2 Pin 020715 1 1
131 D3 Lily 020715 1 1
132 D2 Leading Edge 020715 1 0
133 D2 Slope 110715 1 0
134 D1 Libre 130715 1 1
135 D1 Viola 130715 1 1
136 D1 Teeth 130715 1 0
137 D1 Arrow 150715 1 0
138 D2 Wing 150715 1 1
139 D1 Proud 310715 1 1
140 D3 Spotty 020815 1 0
141 D1 Jadro 020815 0 0
142 D1 Aurora 020815 1 0
143 D2 Tit 220815 1 1
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