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Occurrence, site fidelity, and abundance of
bottlenose dolphins (Tursiops truncatus) in
the Western Ligurian Sea
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ABSTRACT

This study represents the first complete assessment of the population dynamics and residency of
common bottlenose dolphins in the Western Ligurian Sea, an area where bottlenose dolphin
sightings have been rare in the past. Despite being greatly affected by human pressure, information
about this population is poor and sporadic. The study took place from April 2018 to December 2020.
One hundred and seventy-one dedicated boat surveys were performed year-round resulting in
95 sightings, and 123 individuals were identified through mark-recapture photo-identification
techniques. Dolphins were found to be present year-round. Most of the animals (79) used the area
sporadically and only 19.5% of the dolphins (24) were seen regularly. Bottlenose dolphin abundance
was estimated at 248 using open POPAN population models (Cl 95% = 217-284). These results help
fill a knowledge gap by highlighting the regular presence of bottlenose dolphins in the study area.
Moreover, they represent a baseline for future studies investigating abundance trends and the
conservation status of this population

KEYWORDS: BOTTLENOSE DOLPHIN; MEDITERRANEAN SEA; ABUNDANCE ESTIMATE; MARK-
RECAPTURE; PELAGOS SANCTUARY; PHOTO-IDENTIFICATION; RESIDENCY PATTERNS

INTRODUCTION

Bottlenose dolphin (Tursiops truncatus) is one of the most studied cetacean species worldwide. The species is of
conservation interest due to their coastal habitats, often fragile and highly threatened, and their frequent
interaction with human activities (Reeves et al., 2003; Methion and Diaz Lépez, 2018). The main anthropogenic
stressors include overfishing, bycatch, chemical and noise pollution, collisions with boats, and habitat and
shoreline degradation (Derraik, 2002; Diaz Lopez, 2012; Read et al., 2006). For coastal species like bottlenose
dolphins, small-scale studies conducted over limited spatial range allow scientists and managers to localise
specific threats and ultimately help provide solutions to mitigate them (Connor et al., 2000).

Bottlenose dolphins have a cosmopolitan distribution except for polar waters, showing a high degree of local
adaption (Menchaca et al., 2019) and an extreme diversity in occurrence, residency patterns (Blasi and Boitani,
2014), distribution and abundance, with reports worldwide of population sizes varying from a few individuals to
thousands (Reynolds et al., 2000). Residency patterns and home ranges of a population or portion of the
population can vary from resident with a strong site fidelity to one area (Gonzalvo et al., 2014; Augusto et al.,
2011; Akkaya et al., 2018; Estrade and Dulau, 2020), to migratory or transient (Diaz Lopez et al., 2013; Bouveroux
et al., 2014; Dinis et al., 2016; Ribaric, 2017).

In the Mediterranean Sea, bottlenose dolphins normally occur in coastal habitats on the continental shelf,
although their presence in pelagic waters is not unusual (Bearzi et al., 2009; Panigada et al., 2021). Mediterranean
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bottlenose dolphins have recently been reassessed as ‘Least Concern’ on the IUCN Red List after a change of
status in 2021 from “Vulnerable’ (Natoli et al., 2021; Notarbartolo di Sciara and Tonay, 2021). The first basin-wide
distance sampling abundance estimate (2018) suggests a population of about 60,000 bottlenose dolphins
(95%Cl = 45,000-79,000) (Panigada et al., 2021). However, this is an underestimate given that some areas where
the species could be present were not covered (Natoli et al., 2021; Panigada et al., 2021). The large amount of
new data and information available suggests an overall stable population (Natoli et al., 2021), contrary to the
declines registered in the past (e.g. Bearzi et al., 2008) although their exposure to human impacts is still high.
Moreover, genetic studies have shown that Mediterranean bottlenose dolphins are genetically distinct from the
Atlantic Ocean bottlenose dolphins (Natoli et al., 2004), which further emphasises the importance of the
conservation of this sub-population and its genetic diversity. The species is included in ‘Appendix I’ of the Red
List of Italian Vertebrates as a ‘near threatened’ species (Rondinini et al., 2013). Bottlenose dolphins are protected
by several international conventions, including the Bern Convention on the Conservation of European Wildlife
and Natural Habitats (Appendix Il), Barcelona Convention (Annex Il) and Washington Convention. The species is
listed among the Species of Community Interest and as needing a strict protection regime in the European
Habitats Directive (Council Directive 92/43/EEC, Annex Il and IV) and in the ltalian law n. 157/°92, requiring the
designation of Special Areas of Conservation (SACs). The presence and distribution of bottlenose dolphins inside
the Pelagos Sanctuary (a Specially Protected Area of Mediterranean Importance (SPAMI) located in the North
Western Mediterranean Sea, for the conservation of cetaceans, see below) has been extensively studied on both
a large scale (Gnone et al., 2011; Alessi and Fiori, 2014, Gnone et al., 2022) and locally in several regions: France
(Di-Méglio et al., 2015; Gannier, 2005; Labach et al., 2019), the Eastern Ligurian coast (Alessi et al., 2019; Gnone
et al., 2006), Tuscany and the Tuscan Archipelagos (Nuti et al., 2006), the West and South coast of Corsica
(Dhermain and Cesarini 2007; Di-Méglio et al., 2015), and the North coast of Sardinia (Fozzi et al., 2001; Lauriano
et al., 2003). Despite the significant research effort in the Pelagos Sanctuary, bottlenose dolphins have been only
sporadically reported inside the study area, on the West coast of Liguria (Azzellino et al., 2008; Bearzi et al.,
2008) and their abundance and population dynamics are poorly known. This part of the basin in fact shows a
narrow continental platform and it is mostly investigated to monitor pelagic species of cetaceans (Gnone et al.,
2011; Notarbartolo Di Sciara and Birkun 2010). Only in recent years bottlenose dolphins have shown a possible
increase in number of sightings (De Santis et al., 2018). The study presented here used mark-recapture techniques
to provide the first estimate of abundance, occurrence and residency of this species in this area, using year-
round samples. Results from this study represent a baseline for long-term monitoring bottlenose dolphin in this
part of the Ligurian Sea where the data are missing and to inform the development of conservation plans for
their protection.

MATERIALS AND METHODS
Study area

The study area (Fig. 1) is located in the Western Ligurian Sea, in the ‘Pelagos’ Sanctuary, a marine area established
in 1999 for the conservation of marine mammals and classified as a Specially Protected Area of Mediterranean
Importance (SPAMI) in 2002. The Sanctuary covers an area of about 87,500 km? extending over the waters of
France, Italy and Principate of Monaco including both coastal and offshore waters (Notarbartolo di Sciara et al.,
2008). Inside the study area 11 Special Areas of Conservation (SACs) and Special Protection Areas (SPAs) of the
Natura 2000 network designated under the Habitat Directive of 1992, are present. The study area covers
approximately 812 km? and in its entirety reaches the Italian-French border in the West (43°47°06”N, 7°31’44”E)
and Capo Noli in the East (44°11'53"”N, 8°25’30”E), extending from the shoreline to the 500m bathymetric contour.
It is characterised by distinct oceanographic, climatic and morphological features in comparison to the rest of
the Mediterranean Sea. The Ligurian Sea, especially the Western basin, has a high level of primary productivity
and intense biological activities (Notarbartolo di Sciara et al., 2008). The continental platform, which extends
from the shore to a depth of 200 m, is very narrow. The coastal floor is crossed by numerous submarine canyons,
mainly as a prolongation of the main mountain-supplied rivers (Migeon et al., 2011), creating important areas
rich in primary production and biomass (Wirtz, 2012).
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Fig. 1. Map of the study area.

Data collection

Data were collected from April 2018 to December 2020 during dedicated boat-based visual surveys conducted
from a 5.2m zodiac equipped with a 40hp outboard engine. Tracks were randomly created (La Manna et al.,
2016; Pace et al., 2021), based on the weather conditions, aiming to cover the whole study area equally and
trying to alternate effort on the western and eastern sides, from the city of Imperia, located in the middle. A
track was generally composed of two random routes parallel to the shore and about 2 nautical miles distant
from each other to avoid surveying the same area on the way back. During each season, we attempted to survey
the entire area as homogeneously as possible, although the coverage of effort could vary according to the
weather conditions and the dolphins’ distribution (Diaz Lépez and Methion, 2017; Genov et al., 2019). The central
part of the study area received more coverage than the lateral parts, due to the location of the home port and
dolphin encounters. Surveys were carried out when conditions were at a sea state Douglas 2 or less, with wind
speeds lower than 10 knots and in good visibility. Boat speed was kept to less than 10 knots while at least two
experienced observers covered 360° degrees of observation, with and/or without the aid of binoculars (7x50).
Any time the weather conditions worsened, the searching effort stopped. The position of the zodiac was
automatically recorded by a portable GPS (Garmin Etrex 32x) at 2 minute intervals, to register the whole track.
On each survey, data collected including the geographic position, time, environmental data (sea state, wind state,
degree of glare, visibility and cloudiness) and marine traffic data (number of type of boats, number of nets in
the area) was recorded every 30 minutes.

During a sighting, searching effort was suspended (and restarted at the end of the sighting) and animals were
cautiously approached following a trajectory that became progressively parallel to their route in order to minimise
disturbance or excessively interfere with their behaviour (Wilson, 1995). Position of the animals, time, group
size, composition of the group and any interaction with human activities were recorded. Photographs of the
flanks of animals and their dorsal fins were taken, whenever possible, at a perpendicular angle using a Canon
Eos 6D equipped with a 100-400mm Canon L series zoom lens and a Nikon D7200 with a 70—-300mm Nikon lens
and attempts were made to photograph all the animals present. Following Luis et al. (2015) a sighting refers to
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the encounter of a group where a group was defined as a solitary dolphin or an aggregation of animals within
100m of each other, interacting or showing the same behaviour (Lusseau et al., 2006; Methion and Diaz Lépez
2018; Wilson, 1995).

Data analysis
Occurrence

The bottlenose dolphin encounter rate (ER) was calculated as the number of sightings per km on effort (defined
as the time spent searching for dolphins, in good weather condition and excluding the time spent on sightings)
to estimate a value for the whole study area, for 2018, 2019, 2020 and total. Four seasons were defined: Winter
(January—March), Spring (April-June), Summer (July—September) and Autumn (October—-December) following
Diaz Lépez and Shirai (2007). Seasonal ER were also calculated and compared using the Kruskal-Wallis test for
non-parametric data with R 4.0.3 Software (RStudio Team, 2015), with a statistical significance tested at the
p-value < 0.05.

Photo-ID analysis

Animals were identified using natural markings of the dorsal fins (Wirsig and Wiirsig, 1977; IWC, 1990). The
photo-identification analysis was performed independently by two experienced researchers. Photos were
classified by their quality, based on consistent criteria that incorporated focus and clarity, contrast, angle of the
fin, and percentage of the fin visible, by assigning a quality value (Q) between 1 (low quality) and 5 (high quality)
(Pace et al., 2021). Only photos with Q > 4 were further used for the analysis. The best pictures of each individual
were graded by the distinctiveness (D) of marks using the scale described by Read et al. (2003); dolphins with
the most distinctive features were scored D1; those with intermediate features (at least two distinguishing
features or one major feature) were scored D2; and animals with few or no distinctive characteristics received a
score of D3. To minimise identification bias and to avoid over/underestimation only well-marked individuals were
considered in the analysis (i.e. D1 and D2 categories), and all the unmarked animals (including calves and
juveniles) were excluded. Marked animals were identified by comparing marks and nicks on the dorsal fin and
the best pictures of every marked dolphin were collected in a catalogue. Whenever a new dolphin was identified,
it was assigned an alphanumeric code and was added to the catalogue.

Site fidelity and residency

To analyse the presence and residency of identified individuals in the study area, seasonal occurrence rate (SOR)
was calculated as the number of seasons a recognisable dolphin was identified in proportion to the total number
of seasons surveyed and in which at least one dolphin was identified (Benmessaoud et al., 2013; Diaz Lépez
etal., 2013).

Based on the seasonal occurrence rate of each dolphin, three categories of residency in the study area were
considered (Diaz Lépez, 2012; Parra et al., 2006):

(1) Resident = dolphins regularly observed in the study area with a SOR higher (or equal) than 0.5.
(2)  Frequent = dolphins showing a SOR lower than 0.5 and higher (or equal) than 0.25.
(3) poradic = dolphins seen only rarely in the study area with a SOR lower than 0.25.

Residency was also investigated by calculating the lagged identification rate (LIR), i.e., the probability that an
individual observed in the study area at time X will be observed again after a certain lag of time within the study
area (Whitehead, 2001; Whitehead, 2009). The LIR was calculated for the whole study area, with the day as
sampling occasion, using SOCPROG 2.7 (Whitehead, 2009) and the sighting histories of all individuals. LIR was
plotted against time to provide an indication of the temporal use of the area by the animals. Eight different
residency models were fitted to the data to test for closed and open population models, including various
combinations of emigration, reimmigration and mortality (Whitehead, 2009). The quasi-Akaike information
criterion (QAIC) was used to determine the best model and account for overdispersion of the data (¢ > 1.0). The
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lowest value of QAIC was used to determine the best fitted models (Whitehead, 2009). 100 bootstrap replicates
were used to estimate the standard error and 95% confidence intervals for the LIRs.

Abundance estimate

A discovery curve was plotted on SOCPROG 2.7 to analyse the cumulative number of marked individuals and to
investigate if the population was open or closed to immigration, emigration mortality or birth (Fury et al., 2008).
If the discovery curve reaches an asymptote, this indicates that the whole population has been identified and
that it is likely to be a closed population with no immigration or emigration (Wilson et al., 1999). The discovery
curve of an open population influenced by births, deaths, immigration, or emigration is not likely to reach a
plateau (Reisinger and Karczmarski, 2010). To obtain adequate sample sizes and to ensure a uniform coverage
of the study area, the sampling period was set by season (Diaz Lopez et al., 2013).

Both closed and open population models were run in MARK software (White and Burnham, 1999). Only open
population estimates, obtained using the POPAN parameterization of the Jolly-Seber model (Schwarz and
Arnason, 1996), were deemed the best fitted in the results considering the results of the discovery curve shape
(Fury et al. 2008) and also the fact that during the time span of the study, birth, death, immigration and
emigration are likely to have happened. Open-population models are widely used to estimate the abundance of
bottlenose dolphin populations (e.g. Félix et al. 2017; Bearzi et al., 2021; Pace et al., 2021). This model provides
abundance estimates by incorporating demographic parameters (i.e., births, immigration, death and permanent
emigration) of the population under study. Under the POPAN formulation, the super-population size (N = the
number of animals that theoretically used the study area during the course of the study, including those not
captured) is calculated, the apparent survival (phi), the capture probability (p) and the probability of entry of
individuals from the super-population to the local population present in the study area (pent) (Schwarz and
Arnason, 1996). Model parameters were set as both temporally variable (t) and time-constant (1), which allowed
for the formulation of different models (Lebreton et al., 1992; White and Burnham, 1999). POPAN models have
a few assumptions and their violation can lead to bias in population estimates (Amstrup et al., 2005; Read et al.,
2003; Conn et al., 2011): (1) marks are not lost during the study period; (2) sampling is instantaneous, and each
individual is released just after; (3) capture and survival probability among individuals is homogeneous. Despite
considering the rigorous selection of high-quality data and photos (only good quality picture with Q = 4 and
well-marked individuals (i.e. D1 and D2 categories) for this analysis, for a gregarious species like bottlenose
dolphin, overdispersion is observed most of the time because the survival of an individual living in a group is not
independent from the fate of the others (Anderson et al., 1994). To validate the other assumptions, we used the
goodness-of-fit (GOF) tests (Silva et al., 2009; Papale et al., 2016), which combines the hypothesis of equal capture
and survival probabilities among the individuals and of closeness of the population, assessed in program RELEASE
GOF in MARK. If the test is statistically significant (p-value < 0.05), the model does not effectively fit the data.
The tests in the program explored whether assumptions were validated by the model: TEST 2 analysed capture
homogeneity, TEST 3 homogeneous survival probability and TEST T3.SR was used for testing the presence or
absence of transients in the population (i.e. dolphins sighted only once during the study period more often than
expected) (Cooch and White, 2012). A variance inflation factor (C = the chi-square statistic divided by its degrees
of freedom) was calculated based on the result of TEST 2 + TEST 3 to determine if the data show overdispersion
(€ > 1) or underdispersion (¢ < 1). A ¢ < 3 has been suggested as an acceptable measure of fit (Anderson et al.,
1994); however, if overdispersion is present, ¢ is manually adjusted in MARK. Model selection was guided by an
examination of Akaike’s Information Criterion (Akaike, 1973), corrected for small sample sizes (AICc). In case of
overdispersion the value of ¢ was used to adjust the output and model selection was based on values of quasi
Akaike Information Criteria corrected for small sample size (QAICc) instead of AlCc (Cooch and White, 2012),
considered a more precise parameter to choose the best fitted model (Lebreton et al., 1992). Eight models were
examined and the most parsimonious model was selected based on the lowest QAICc value due the
overdispersion of the data (¢ > 1) (Burnham and Anderson, 2002).

To obtain the total population size (N total), the unmarked portion of the population also needs to be included.
The estimated population size of marked individuals (N,) was divided by the mean proportion of marked
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individuals within the population (6): N total = N,/ 6 (Wilson et al. 1999). The mark rate 6 was calculated as the
number of well-marked individuals (D1) divided by the total number of individuals observed in each sighting,
including unmarked animals (D1 + D2 + D3) (See Photo-ID analysis section): 6=N_ /N +N_, +N_.

The standard error for the total population size N total, were derived using the delta method as follows
(modified from Nicholson et al., 2012; Williams et al., 2002; Wilson et al., 1999):

SE(N,)> 1-6
SE(NTOTAL) = \/NTOTAL2 (ND )DZ + ke
where k = total number of groups from which 6 was estimated.
The 95% confidence intervals (Cl) were derived assuming log-Normal distribution as proposed in Burnham
etal. (1987).

RESULTS

Field effort and occurrence

A total of 171 surveys (Fig. 2) were conducted from April 2018 to December 2020, totalling 8647.72 kilometres
of survey effort. The effort was not equally spread across months and seasons due to meteorological conditions
that permitted very few surveys in certain periods of the year, especially the Winter months (January—March).
The maximum effort was obtained in Summer (July—September) with 4096.91 km surveyed. Bottlenose dolphins
were encountered during every season on 82 out of 171 days spent at sea (48% of total days). Ninety-five groups
were observed and photo-identified inside the study area (Fig. 2). The study area, except for the lateral edges
located far from the home port of Imperia, showed an equal coverage of effort.
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Fig. 2. Map showing the on-efforts tracks inside the study area from April 2018 to December 2020. Bottlenose dolphin (Tt) sightings are
indicated by filled circles.
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Table 1

Annual observation effort, surveys, sightings and encounter rate. The encounter rate (ER) was calculated by dividing the total
number of encounters by the total number of kilometres spent on effort.

Year Number of surveys Number of sightings On effort (km) Encounter rate

2018 45 18 2,240.50 0.0080

2019 61 39 3,255.60 0.0120

2020 65 38 3,151.62 0.0121

Total 171 95 8,647.72 0.0109
Table 2

Seasonal observation effort, surveys, sightings and encounter rate. The encounter rate (ER) by seasons, was calculated by
dividing the total number of encounters by the total number of kilometres spent on effort.

Season Number of surveys Number of sightings On effort (km) Seasonal encounter rate
Winter 16 10 656.015 0.0152

Spring 51 30 2,610.289 0.0115
Summer 77 46 4,096.908 0.0112
Autumn 27 8 1,284.509 0.0062

The Total Encounter Rate (ER) of groups of bottlenose dolphins for the study area was 0.0109 (sightings/km
on effort) (Table 1). The seasonal analysis showed no differences in ER values, (Kruskal-Wallis test, p-value > 0.05)
with a maximum value found in Winter (ER = 0.0152) and a minimum in Autumn (ER = 0.0062) (Table 2).

Site fidelity and residency

On a total of 69,737 pictures collected in the field, 30,684 (44% of the total) were selected for photo-identification
analysis (Q > 4) resulting in 123 dolphins identified through dorsal fin marks. The number of individuals captured
more than once was 83 (67.5% of the total), almost a half of the animals was seen only twice (60) while 40
dolphins were seen only once. Eight dolphins were seen at least 30 times and one individual was seen 37 times,
the highest rate of recapture recorded (Fig. 3).

Relative to the total number of seasons surveyed (11), from 2018 to 2020, most of the bottlenose dolphins
were sighted occasionally, as confirmed by the mean seasonal occurrence rate SOR = 0.26 + 0.23 and the mode
0.09.

Results showed that 19.5% of the dolphins (24 individuals) had a SOR higher than 0.5 and were seen regularly
inside the study area; 16.3% (20 individuals) were considered frequent visitors with a SOR higher than 0.25; and
the 64.2% (79 individuals) were rarely observed inside the study area and were considered sporadic visitors (SOR
less than 0.25).

The Lagged ldentification Rate (LIR) declined, after periods of 1 to 140 days (Fig. 4), decreasing constantly
over time. This means that the probability of an individual being encountered in the population after the first
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Fig. 3. Histogram of recaptures frequencies.
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Table 3

Models fitted to observed lagged identification rate (LIR) data of common bottlenose dolphin population in the study area. Explanation of each model
refers to Whitehead (2001). The models that best fitted the data according to the lowest value of QAIC are shown in bold. For each model with a ‘td’
parameter, this refers to ‘time lag’. Parameters al, a2, a3 and a4 differ slightly amongst models and are therefore explained in the table. ‘N’ refers to
the population size (at any one time) in the study area (Whitehead, 2001).

Model equation Model explanation QAIC Model parameter
1 al Closed 37770.89 al=N
2 1/a1 Closed 37770.89 1/al=N
3 a2*exp(— al*td) Emigration/mortality 37574.40 al = emigration rate; 1/a2 =N
4 (1/al)*exp(- td/a2) Emigration/mortality 37574.40 al = N; a2=mean residence time
5 a2 +a3*exp(—al*td) Closed: Emigration + 37746.86 al = emigration rate; a2/(a2 + a3) = proportion of
reimmigration population in study area at any time
6 a3*exp(—al*td) + ad*exp(— a2*td) Emigration + reimmigration + 37576.12  al=N; a2 =mean time in study area; a3 = mean time
mortality out of study area; a4 = mortality rate
7 (1/al1)*((1/a3) + (1/a2)*exp(—(1/a3 + 1/a2)*  Emigration + reimmigration 37576.40  al=N; a2 =mean time in study area; a3 = mean time
td))/(1/a3 + 1/a2) out of study area
8  (exp(—ad*td)/al).* ((1/a3) + (1/a2)*exp Emigration + reimmigration + 37575,06  al=N;a2=mean time in study area; a3 = mean time
(—(1/a3 + 1/a2)*td))/(1/a3 + 1/a2) mortality out of study area; a4 = mortality rate

sighting decreased with time. LIR in general levelled above zero indicating that a number of individuals
subsequently re-immigrate to the study area and/or that some animals are residents The best fitted model
(lowest QAIC value) described variations in LIR as the result of permanent emigration and/or mortality (Models
3,4; Table 3). These two models were equivalent, just parameterised differently and yielded identical QAIC values.
The mean number of bottlenose dolphins in the study area at any one time derived from the models was 39
(C1 95% = 33—-49) with an emigration rate of 0.0064 (Cl 95% = 0.00454-0.00873). The mean residence time of
individuals in the study area was 156 days (Cl 95% = 114—-220). The variance inflation factor (¢) was 1.40.

Abundance

A discovery curve of the number of individuals identified against the cumulative number of identifications,
showed an increase over time, suggesting that new individuals were captured and/or unrecognizable animals
acquired new marks during the study period (Fig. 5). In 2018 and 2019 the increase was even and constant, while
in 2020 we observed again a rapid rise of the curve caused both by the identification of new marked animals
and the acquisition of new marks by several previously unmarked juveniles. New recruits to the population may
represent births, immigration into the population or captures in subsequent years of individuals which had been
previously unphotographed.
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Fig. 5. Discovery curve showing the cumulative number of dolphins identified with increasing effort.

Table 4

List of the 8 Jolly-Seber mark-recapture models with POPAN parameterization ranked by quasi-likelihood Akaike Information
Criteria (QAICc). The models that best fitted the data according to the lowest value of QAIC is shown in bold. Phi = survival
probability; p = recapture probability; pent = probability of entering the study area. Each model incorporates either constant
(.) or time-varying (t) parameters.

Model QAICc Delta QAICc AlCc Weights Num. Par
{phi(.), p(.), pent(.)} 1426.932 0 0.96569 4
{phi(t), p(.), pent(.).} 1435.066 8.1341 0.01654 8
{phi(.), p(.), pent(t).} 1435.066 8.1341 0.01654 8
{p(.), phi(t), pent(t).} 1441.222 14.2899 0.00076 11
{pent(t), p(.), phi(t).} 1443.284 16.3524 0.00027 12
{phi(t), p(t), pent(.).} 1445.352 18.4202 0.0001 13
{phi(.), p(t), pent(t).} 1445.353 18.4205 0.0001 13
{p(t), phi(t), pent(t).} 1453.678 26.7456 0 17

Results of goodness-of-fit test (global test: TEST 2 + 3) was significant (y* = 382.5221; p-value < 0.05, df = 164)
and showed heterogeneity in capture probabilities between individuals due to the high proportion of transient
animals, supported also by TEST T3.SR (y? = 20.89; p-value < 0.05, df = 4). The variance inflation factor (c) was
estimated as 2.33 indicating overdispersion of the data. The eight models providing the best fit in terms of QAICc
score are reported in Table 4.

The most parsimonious POPAN model, based on QAICc values, assumed constant survival, constant capture
probability, and a constant probability to enter the local population from the super-population. The
superpopulation of bottlenose dolphins (N total), across the study period, estimated by the best fitted model
for the mark rate (6 = 0.67) was 248 (SE = 24.5; Cl 95% = 217-284) individuals. Average estimation of apparent
survival (phi) was 0.96 (Cl 95% = 0.83—98), average recapture probability (p) was 0.24 (Cl 95% = 0.11-0.48), and
the average probability of entry (pent) was 0.01 (Cl 95% = 0.00-0.71).

DISCUSSION
Encounter rate and occurrence

In the Mediterranean Sea, bottlenose dolphin sightings usually occur within waters of < 200m depth on the
continental shelf (Gnone et al., 2022). Despite the morphology of the seafloor of the study area, characterised
by a very narrow continental shelf resulting in a limited habitat range for the species, the data collected in this
study clearly show a regular presence of the species during all seasons. In almost three years of research, after
171 surveys, 94 groups of bottlenose dolphins were observed and photo-identified inside the study area. Contrary
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to previous literature (Azzellino et al., 2008; Bearzi et al., 2008; Gnone et al., 2011), the Western Ligurian Sea
appears to be an important habitat for bottlenose dolphins.

The encounter rate recorded (0.0109) is higher than the one presented by Gnone et al. (2011) in the same
area (ER = 0.0004) while it is very similar with values registered in the Eastern Ligurian Sea (ER =0.0112) and the
Tuscan Archipelagos (ER = 0.0127), two areas that showed a major density of T. truncatus due to their very wide
continental shelf and shallow waters. This important difference with the study of Gnone et al. (2011) needs to
be regarded with caution. From one side it might indicate that bottlenose dolphins started regularly using the
study area only in recent years; on the other side, surveys in the present study focused specifically on bottlenose
dolphins whereas in the past they were not the main target of research projects carried out in the same area.

Data from 2019 and 2020 show similar effort (3255.60 and 3151.62 km, respectively) and ER values (0.0120
and 0.0121), suggesting a constant presence of bottlenose dolphins while there was reduced survey effort in
2018. Despite the lower ER in Autumn compared to other seasons, the seasonal analysis showed no significant
differences in ER values.

Site fidelity, residency and abundance

Results of this study show that the population of bottlenose dolphins inhabiting the Western Ligurian Sea is part
of a larger population that frequents this area. The discovery curve showed an open population with an absence
of plateau, suggesting that new individuals continued to be recruited to the population throughout the study
period. This is further supported by the finding that most bottlenose dolphins (79) were rarely observed in the
study area and only 24 individuals (19.5% of the total) were considered resident, with high site fidelity to the
area. Moreover, the large proportion of dolphins observed only once (49%) indicated that there is a high number
of individuals that spend most of their time outside the study area. Inside the Mediterranean Sea similar patterns
are seen off the North-Western coast of Sardinia (Diaz Lépez et al., 2013), at the Tiber River Estuary, (Pace et al.,
2021), and the west coast of Istria (Ribaric, 2017), where a small portion of population shows high site fidelity
while most dolphins are occasional visitors or transients.

Lagged identification rates (LIR) indicate that many animals leave the study area after a certain time period
with some resident animals and/or re-immigration into the study area (Whitehead, 2001). Results from LIR
analysis suggest further that this population is governed mainly by emigration and mortality with a small
component of resident individuals.

The abundance estimate of the superpopulation was 248 (Cl 95% = 217-284) individuals. This estimate needs
to be interpreted with some caution, because goodness-of-fit results with the high variance inflation factor ()
value of 2.33 suggested overdispersion in the mark-recapture data. The model estimated an average recapture
probability of 0.24 (Cl 95% = 0.11-0.48), suggesting individual heterogeneity in capture probabilities and the
presence of transient animals (supported also by the residency results and global test: TEST 2 + 3 and TEST T3.SR),
violating the model assumption of equal capture probability. Due to overdispersed data, the population size
estimate presented here might be an underestimate (Reisinger and Karczmarski, 2010; Pledger et al., 2003;
Pollock and Alpizar-Jara, 2005). However, the lack of fit displayed by the ¢ value was limited (<3) and might have
resulted from extrabinomial noise rather than by the inappropriate model used (Lebreton et al., 1992; Estrade
and Dulau, 2020).

Overdispersion is a common observation with capture-recapture studies on species that aggregate in groups
or form long-lasting social associations (Anderson et al., 1994). Similar situations were found in the Tiber River
Estuary ¢ = 2.65 (Pace et al., 2021), Northwest Cape € = 2.28 (Haughet et al., 2020) and Algoa Bay Region, South
Africa ¢ = 2.51 (Reisinger and Karczmarski, 2010).

The annual apparent survival rate of bottlenose dolphins was 0.96 on average, a value relatively high but as
expected for long-lived mammals with low reproductive rates (Connor et al., 2000; Stolen and Barlow, 2003).
Similarly, high values were found also in other locations as in Doubtful Sound, New Zealand (0.94) (Currey et al.,
2008); Sado Estuary, Portugal (0.96) (Gaspar, 2003); Charleston, NC (0.95) (Speakman et al. 2010); Little Bahama
Bank, USA: (0.94) (Fearnbach et al., 2012); Azores, Portugal (0.97) (Silva et al., 2009). Such a high value might
reflect the absence of predator pressure in the Mediterranean Sea (Bearzi et al., 2009). Due to the high longevity
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of bottlenose dolphins, we acknowledge that a 3-year study is a short time period and longer term monitoring
is needed to better estimate apparent survival, mortality and emigration. Although the study area does not cover
the entire Ligurian Sea, results indicate that bottlenose dolphins are abundant within these waters and should
be included in the development of future conservation management programs. The occurrence of the species
has increased in recent years (De Santis et al., 2018), in an area where human activities (fisheries, coastal
development and marine traffic) and habitat degradation are present. Part of the data collected in this study has
already been used to start the process of creating a Marine Protected Area (MPA), with proposals submitted to
the administration of Santo Stefano al Mare.

The estimate of the local abundance of this population of dolphins is the first step to a long-term monitoring
of bottlenose dolphins in the Western Ligurian Sea and constitutes a baseline upon which to assess future changes
in their abundance inside the study area. New data could also be used to calculate a new abundance estimate
of bottlenose dolphins in the entire Pelagos Area, to compare with previous studies (Gnone et al., 2011) in order
to highlight long-term population trends and to provide valuable information for bottlenose dolphin conservation
in the Mediterranean Sea.
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