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The most eastern population of common dolphins (Delphinus delphis) in the
Mediterranean Sea inhabits the southern coastal waters of Israel. They are
mainly observed in the shallow waters off Ashdod and Ashkelon, between the
15-30 m isobaths, with no reported observations north or west of this area.
These dolphins were observed and studied year-round between 2016-2021
using boat-based surveys and photo identification methods. Common
dolphins were encountered and photographed 43 times during the study
period, resulting in 2,851 identifications of 25 distinctive mature individuals
and 12 calves. Most individuals (62%) were sighted over multiple years, with high
yearly and monthly sighting rates, indicating long-term site fidelity and
residency. Closed population mark-recapture models estimated a total
abundance of 25 (95% Cl 24 — 37) individuals in 2016 that declined to only 15
(95% CI 15 — 15) individuals in 2021. Social network analysis described these
remaining individuals as one closed and well-associated social unit. Survival
probabilities for this population appeared lower than those of other delphinid
populations. The decrease in their abundance, coupled with their apparent
isolation level, qualifies the local population for a re-assessment of their
conservation status. This study first describes the Israeli local population of
common dolphins, their dynamics and an assessment of their status based on
the IUCN Red List framework.
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Introduction

Common dolphins (Delphinus delphis) were once one of
the most abundant cetaceans in the Mediterranean Sea,
inhabiting coastal and deep-water areas (Bearzi et al., 2003;
Pace et al,, 2016; Vella et al., 2021). However, culling and
killing efforts since the early 19" century, followed by a
reduction in prey abundance due to overfishing since the
mid-20th century (Bearzi et al, 2003; FAO, 2018), has
resulted in a dramatic decrease in their numbers. This trend
led to their declaration as ‘Endangered’ in the Mediterranean
Sea by the TUCN in 2003 (Bearzi et al., 2003), compared to their
global status, classified as ‘Least Concern’ (Hammond et al.,
2008). Furthermore, according to Natoli et al. (2008), genetic
evidence of sub-population structure may indicate separate
management units in the western and eastern Mediterranean
Sea, thus differentiating between the “inner Mediterranean”
sub-population of common dolphins and a north-eastern
Atlantic population (Natoli et al., 2008; Moura et al., 2013;
Bearzi et al., 2021). The “outer Mediterranean” population
inhabits the north-eastern Atlantic and the Alboran Sea
(Canadas and Hammond, 2008), while the “inner
Mediterranean” sub-population inhabits the Mediterranean
waters east of the Almeria - Oran thermohaline front and
was reassessed as ‘Endangered’ in 2021 (Bearzi et al., 2021)

The ‘inner Mediterranean Sea’ sub-population is segregated
into several small groups scattered in parts of the southern
Tyrrhenian Sea, Sicily Channel, and Ionian Sea (Vella, 2004;
Gannier, 2005; Arcangeli et al., 2013; Aissi and Vella, 2015;
Santoro et al., 2015; Pace et al., 2016; Arcangeli et al., 2017) and
more regularly in the northern and eastern Aegean Sea (Frantzis
et al, 2003; Milani et al., 2021). These small groups will be
referred to as local populations as they inhabit different habitats
who are subjected to numerous anthropogenic effects (Bearzi
and Genov, 2021). Most of them present decreasing trends in
abundance (Bearzi et al., 2008; Gonzalvo and Costa, 2016; Mussi
et al., 2019; Genov et al., 2020; Vella et al., 2021). In the Gulf of
Corinth, for example, 22 (range 16 - 32) common dolphins are
observed exclusively in mixed-species groups with the striped
dolphin (Stenella coeruleoalba) (Santostasi et al., 2016). This
local population was recently declared ‘Critically Endangered’
and faces a high extinction risk (= 50%, Santostasi et al., 2018).
In the north Adriatic Sea, the numbers are even lower, as the
local population underwent a dramatic decline in the 1970s, and
between 2009 - 2012 only four individuals were observed
(Genov et al., 2020).

The small size and separation between these local
populations have led to the formation of different social
structures. For example, a social study conducted in the Ionian
Sea between 1996 and 1999 described a small population of 47
individuals in the area who presented a fluid social structure akin
to a ‘fission-fusion’ society composed of a single social unit
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divided into groups with frequently changing memberships
(Bruno et al., 2004). In the Tyrrhenian Sea, however, 38
individuals presented high site fidelity and stable association
patterns (Pace et al, 2009), while females in the same
reproductive state maintained strong and long-lasting
associations for up to five years (Mussi et al., 2019).

Each local population described above might react
differently to anthropogenic effects and other environmental
changes in their habitats, as observed in other cetacean species
worldwide (Ansmann et al., 2012; Blasi and Boitani, 2014; Genov
et al, 2019). Therefore, they may be addressed to as different
management units and understanding the dynamics of each one
of them, such as their abundance, trends, distribution, and social
structure, is necessary to inform conservation actions and apply
appropriate management actions (Notarbartolo di Sciara and
Birkun, 2010).

The most eastern common dolphins in the Mediterranean
inhabits the southern waters of Israel, from south Tel Aviv to the
southern Israeli border (Brand et al., 2019). They are mainly
observed in the coastal waters off Ashdod and Ashkelon, at water
depths of 15-30 m (2-4 km from shore), frequently in the same
small area. Bottlenose dolphins (Tursiops truncatus) also range
in this area, usually in deeper waters than the common dolphins,
and the two species were never observed together. Common
dolphins have been observed along the Israeli coastline since
1993, mostly during occasional sightings and second-party
reports, containing a mean group size of 22.2 + 19.1 (range
1 - 75) individuals (Kerem et al., 2012). These reports are prior
to the study period, and they are the earliest known encounters
with common dolphins in Israel. None of them observed the
common dolphins northern or western of the study area, except
for two reports north of Tel Avivin 2009 and 2011. The southern
border of their habitat is less clear as reports from north Egypt
do not include this species (Farrag et al., 2019), and only rare
sightings and few strandings of common dolphins have been
reported from the Gaza strip in the last 20 years (Abd Rabou
et al,, 2021). These observations might indicate the presence of
another group or groups southern to this research study area but
could also be the same individuals that range the southern
Israeli waters.

Several individuals have been stranded on the Israeli shore
over the last two decades. Their stomach content reveals that
their diet is mainly composed of the Balearic eel (Ariosoma
balearicum), Klunzinger’s ponyfish (Equulites kluzingeri), and
cephalopods (Brand et al., 2019), which are also common in the
local fisheries catch. Dolphins are often observed feeding from
the discards of the sorting process of the fishermen while pulling
the net back to the boat.

The local population of common dolphins in Israel is
subjected to many anthropogenic pressures as they inhabit a
coastal area in proximity to a major port and a power station
with various human activities such as fishing, sailing, and
discharging of sewage. Additionally, their habitat is near the
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Israeli border with the Gaza strip, which increases the presence Methods

of navy ships in the area. Part of their ranging area has been

approved as the Marine Protected Area ‘Evtach’ (Figure 1), but it Sam pli ng methods
is not yet declared and enforced; therefore, it is still subject to

fishing pressure. Given their delicate status in the Mediterranean Study area
Sea and their regional decrease in abundance, this study aims to The study area is spread along the entire 196 km of Israel’s
provide the first insight into the dynamics of the most eastern coastline of the Mediterranean Sea (Figure 1B and Supplementary
local population of common dolphins in the Mediterranean Sea, Figures 1-6). The continental shelf extends to a depth of 200 m;
using mark-recapture models and social network analysis. In gradually widens from its narrowest part in the north,
addition, this study provides a quantitative evaluation of approximately 10 km from shore, towards the widest part in the
conservation status following the IUCN Red List criteria south, nearly 20 km from shore. Survey transects started from the
(IUCN, 2012a; IUCN, 2012b) framework applied to the local marina’s exit toward the open sea, usually between 10 - 60 m in
population of common dolphins in Israel and performs a depth with some effort in deeper waters, up to 1200 meters in
quantitative estimate of its probability of extinction. depth (50 km from shore).
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FIGURE 1
(A) Heatmap of survey effort. Colors represent effort in surveyed km in 2x2 grid cells. (B) Survey routs throughout the study period. Different
colors represent different years. Yellow circles represent common dolphin sightings.
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Data collection

Shipboard surveys were conducted year-round according to
the protocol described by Scheinin (2010) as part of the long-
term monitoring activity of Morris Kahn Marine Research
Station (MKMRS) of the University of Haifa, in collaboration
with the Israel Marine Mammal Research and Assistance Center
(IMMRAC NGO), and Delphis NGO. The starting point of each
survey was from one of eight locations along the coast grouped
as South (Ashkelon and Ashdod), Center (Jaffa port, Tel Aviv,
Herzliya, and Sdot-Yam), and North (Haifa, Akko, and
Nahariya). The surveys were primarily opportunistic and
dependent on collaborations with private yacht and boat
owners, apart from a designated project funded by the
Ministry of Energy between 2018 - 2020, which allowed
regular surveys once a week from Ashdod, following the same
protocol. On average, surveys were conducted two to five times a
month throughout Israel’s continental shelf’s southern and
central marine areas, while the northern area was surveyed less
frequently due to fewer collaborations. The boat surveys were
performed at the discretion of the research team, based on
variables such as sea conditions, prior survey routes, and the
locations of the last observations of dolphins. The sampling
effort was distributed in an attempt to cover the entire study area
equally, but due to the dependency on collaborations, that was
not always the case. Areas closer to the main marinas were
surveyed more frequently (Figure 1A), and during the funding
time of the Ministry of Energy, there was a high concentration of
effort in the south. The survey route generally followed a
transverse zigzag approach between 30-60 m isobaths, parallel
to the coastline, at a speed of 4-12 knots. Bottom trawlers, sailing
at a speed of 3 knots, following the longshore 35-60 m isobaths,
were opportunistically approached, searching for dolphins
foraging nearby. Deep-water surveys were conducted aboard a
commercial longline pelagic fishing boat fishing for tuna fish,
traveling from Ashdod up to 50 km from shore, and deploying
pelagic longlines between 800 - 1200 m isobaths.

The boat’s position was recorded along the route every 20
seconds during each survey, while environmental parameters
and all wildlife encounters were logged using ‘Delphis’, a
designated data collection mobile application (Marco, 2017).
Once dolphins were sighted, they were approached to
photograph and collect group focal follow data, logged into
the ‘Delphis’ application as well. Disturbances to the dolphins
were reduced by following them at minimum speed from 20 - 50
meters away and avoiding sudden directional or speed changes.
Close approaches, < 20 m, were only initiated by the dolphins
themselves, approaching the boat from curiosity or to bow-ride.
The dolphins were kept in sight until high-quality photographs
of all the individuals were achieved or until vessel constraints or
sea conditions forced the encounter to an end. Photographs of
the left and right sided of the dorsal fin were taken using a Canon
EOS 7D 18mp camera with 70-200mm 2.8 EF zoom lenses.
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In addition to the data collected during this study, 11
observations of common dolphins were recorded and
photographed by the marine unit of the Nature and Park
Authority in Israel. These observations occurred in the same
area as the study area, and the dolphins were photographed
following the same protocol. To enlarge the database for this
study, the locations and photographs of these 11 encounters
were added to the data and were considered for the analysis,
summing to a total of 43 photographed encounters between
2016 - 2021.

Three age classes were considered based on visual
assessments, as suggested by Mussi et al. (2019): “calf below
half of an adult length, constantly in close association with an
adult, with a dorsal fin typically low and rounded, a dark, lead-
grey coloration with visible fetal folds, and immature swimming
style with stereotyped surfacing pattern when breathing; juvenile
about two-thirds of an adult, usually swimming in association
with an adult, but sometimes independently, with a coloration
slightly lighter than the adult; adult approximately 2 m long”.
Sex was determined when photographs of the genital area were
achievable (Smolker et al., 1992) or when an adult was
consistently accompanied by a calf and assumed female
(Shinohara et al., 1997). A group was defined according to
Shane (1990), as a “group of dolphins observed in apparent
association, moving in the same direction and often, but not
always, engaged in the same activity”. Members of the group
usually remained within 100 m from each other and were
assumed to all have the same probability of being detected and
photographed (i.e., captured). All survey methods remained
consistent throughout the study period.

Photo identification

Common dolphins were individually identified based on long-
lasting markings and coloration patterns on their dorsal fins
(Wiirsig and Wiirsig, 1977). Photographs were first graded by
quality (Q) (Wilson et al,, 1999) from 1 to 5; where 1 is assigned
to photographs with no dolphins but might contain other relative
information, 2 to photographs that contain dolphins but not their
dorsal fins or very bad angled dorsal fins, 3 was assigned to
photographs which contained less focused and tilted angled
dorsal fins but with clearly visible edge, 4 to focused and good
angled dorsal fins and 5 to photographs containing well lit, straight
angle and focused dorsal fins. Only photographs with a Q > 3 were
further processed and given an additional grade by the
distinctiveness of the dorsal fin (Wilson et al., 1999). Highly
distinctive dorsal fins with visible and long-lasting marks or
irregularly shaped ones were graded as 1. Grade 2 was assigned
to the moderately marked dorsal fin, which contains, for example,
only one small notch, while smooth, mark-less fins were graded as
3. Minor scratches usually heal and therefore were only used for
short-term identification between observations within the same
month or two and were not considered in the distinctiveness
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grading. The best left and right photographs of each individual from
every encounter were used to create a catalog, where all uniquely
identified individuals were assigned a number. Each identification
was considered final when approved by the independent evaluation
of at least two researchers (Berrow et al., 2012). Matches could be
determined by photographs of either side of the dorsal fin, but
preferably both, when photographs of both sides were available.
Calves were given identification numbers in reference to their
mothers for easier follow-up. Only substantially marked
individuals (distinctiveness grade 1 or 2) from good-quality
photographs (Q > 3) were considered in the analysis to avoid
misidentification of individuals that can cause biased estimations of
abundance and structure (Hammond, 2010). Five common dolphin
individuals were stranded along the Israeli coastline throughout the
study period: three adult males, one young male, and one young
female. Their dorsal fins were checked for matches in the catalog.

Data analysis

Site fidelity

The site fidelity of the local population was estimated by
calculating the mean yearly and monthly sighting rates for each
individual as a proportion following the equation (Parra et al.,
2006):

number of months/years a dolphin was sighted
total number of surveyed months/years

Abundance

The limited distribution of the local common dolphin
population, the highly localized nature of their sightings, the
high resighting rate of identified individuals, and the lack of new
additions to the local population suggest the application of
closed population mark-recapture models (Otis et al., 1978;
Schwarz and Seber, 1999; Wilson et al., 1999). The output of
such models includes estimations of capture (p) and recapture
(c) probabilities, applied to estimate the abundance of the local
population. To test the closure assumption, capture history from
each of the studied years was tested for closure using ‘CloseTest’
software (Stanley and Richards, 2004), applying two different

TABLE 1 List of models fitted to the common dolphin’s data.

Model name Parameters
M, p() =c()

M, p(t) = ()

My p(T) = <(T)
M, p(), ()

My, p(®), c(t)

Mise p(t+c) = c(t+c)

10.3389/fmars.2022.916950

closure tests: the Stanley and Burnham (1999) test, which was
developed under a null model allowing for time-specific
variation in capture probabilities under closure, and the Otis
et al. (1978) test, which was developed under a null model
allowing for heterogeneity in capture probabilities under closure.
A suite of closed population models was fitted to the five-year
database, as listed in Table 1. These models include the following
scenarios: constant capture probabilities, monthly varying
capture probabilities, time changing probabilities, additive
affect to capture probabilities, and behavioral response
between capture and recapture. They were chosen in order to
account for the dynamic environment of this local population’s
habitat, being so close to shore and subject to varying human
activities in the area. The R (R Core Team, 2020) package RMark
(Laake, 2013) to construct models for the program MARK
(Cooch and White, 2014) was used to fit the models.

Each year was divided into several sampling periods, one
month each, to allow mixing within the local population while
maintaining the closure assumption (Seber, 1982; Thomas et al.,
1986). The models estimated capture and recapture probabilities
for monthly sampling occasions between April and November
(Table 2). Calves were not included as their capture probability
is not independent of their mothers (Hammond, 2010).
The Akaike Information Criterion corrected for small sample
size (AICc) (Akaike, 1973; Burnham and Anderson, 2002) was
used for model selection, considering models within AAICc < 2
as the most supported and using model averaging to account for
uncertainty in model selection when more than one model had
an AAICc value less than 2 (Burnham and Anderson, 2002). The
estimated abundance was then divided by the mark ratio,
calculated as the estimated proportion of animals with long-
lasting marks in the local population (Wilson et al., 1999).

Survival

Two Cormack-Jolly-Seber (CJS) models (Cormack, 1964;
Jolly, 1965; Seber, 1965) were fitted to the data to estimate the
survival and capture probabilities of the local population over
the years. Between two following years, the time interval was set
to 1 and between 2016 and 2018 the time interval was set to 2 as
data was missing from 2017. The first model was applied to the
entire population without age discrimination, and the second

Description

Constant p

Month varying p

p changes linearly with time

Behavioral response

Behavioral response and month varying p

Month varying p with additive effect

List of closed populations models fitted to the data set of the common dolphins, p — capture probability, ¢ — recapture probability, (.) - constant probabilities, (t) — month varying probabilities.
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TABLE 2 Sampling effort used in the closed population models for the common dolphins.

Year Sampling occasions (months) Encounters Marked individuals Km surveyed
2016 2 2 20 944.52
2017 0 0 0 2036.05
2018 3 3 15 2247.46
2019 4 5 14 3897.75
2020 5 17 10 39555
2021 6 10 9 2450.06

included age class (i.e., calf and adult) as a group covariate. The
effect of survey effort (amount of surveyed km) on capture
probabilities was tested in both models. The Akaike
Information Criterion corrected for small sample size (AICc)
(Akaike, 1973; Burnham and Anderson, 2002) was used for
model selection as for the closed population models.

Trends in abundance

A statistical power analysis was performed on the data to
determine whether the model outputs can detect a trend using
linear regression (Gerrodette, 1987). The power of the test is
affected by the accuracy of the estimates (CV), the sample size
(n), the chance for Type 1 and Type 2 errors (o and ), and the
rate of change in the local population (R). The power analysis
was used to measure what is the lowest rate of change (R) that
can be detected with a sufficient statistical power of 0.8 (Taylor
etal., 2007b) given the duration of the study (5 yearly samples of
common dolphin) and the precision of the estimates. Analyses
were performed using the ‘fishmethods’ package in “R” (Nelson,
2019; R Core Team, 2020), setting the parameters following
Santostasi et al. (2016): one-tailed test, linear trend, and a < 0.05
probability of Type 1 error. The overall CV of the study period
was calculated as the mean of the annual CVs (Santostasi et al.,
2016). A trend was considered significant when the regression of
abundance estimates over the study period had a slope
significantly distinct from zero (Gerrodette, 1987).

Social structure

The social network of the local population was examined
over time to observe its dynamics and the strength of the
relationships between individuals. Social structure analysis was
conducted on the entire network (2016 — 2021) and the network
of individuals remaining in the area in 2021 after the decline in
the local population size. Indices based on associations within
the group were used to measure the relationship between
individuals. Association was defined according to the “Gambit
of the Group” assumption (Whitehead and Parijs, 2010), where
two individuals observed in the same group during an encounter
are assumed to be associating. The Half Weight Index (HWI)
(Cairns and Schwager, 1987) was used to calculate the strength

of the relationship between individuals: E; = m, when
Yy 2Vi7)
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x is the number of sampling periods in which the two individuals
were associated, yij is the number of sampling periods in which
both were observed yet not associated. Yi or yj, are the numbers
of sampling periods where only one individual was observed
(Whitehead, 2008a). The HWI accounts for bias from pairs more
likely to be identified when separate or when not all associations
can be identified (Whitehead, 2008b). A zero value of HWI
indicates that the dyad was never observed together as part of the
same group, while the value of 1 indicates that the dolphins were
always together. The HWI is then used to create the association
matrix (N x N matrix containing the association index of each
dyad of dolphins within the local population), which is the
primary data structure for further social network analysis
(Farine and Whitehead, 2015). Calculations were made using
the ‘asnip’ package (Farine, 2013) and ‘igraph’ (Csardi, 2020) in
R (R Core Team, 2020).

Network diagrams were constructed to visualize the social
network’s social connections and complete structure. Each node
describes an individual, and the associations between individuals
are represented by lines (edges). The width of the line is relative
to the strength of a dyad’s association (Farine and Whitehead,
2015), calculated by the HWI.

Application of IUCN red list criteria

According to the guidelines for the application of IUCN Red
List criteria (IUCN, 2012a), five criteria can be used to classify a
subpopulation or regional/local population as Vulnerable (VU),
Endangered (EN), or Critically Endangered (CE) as described in
IUCN, 2012b. Moreover, when dealing with regional
populations, it is essential to address the degree of their
isolation, as their extinction risk might resemble that of an
endemic taxon (Girdenfors et al., 2001; TUCN, 2012a; [UCN,
2012b; Santostasi et al,, 2018). Given this local population’s
restricted distribution and the limited data regarding the
existence of neighboring populations, a precautionary
approach is taken to consider this local population as isolated.
Therefore, in addition to the analyses described earlier to study
the local population dynamics, several other measures were
calculated to assess the status of the local population of
common dolphins.
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Geographic range

The extent of occurrence (EOO) and area of occupancy
(AOO) are two measures usually calculated to examine the
distribution of a certain population. They are used to assess the
distribution range of a specific population and, according to that
range, how likely it is to be isolated and, therefore, at risk of
extinction (IUCN, 2012a). The extent of occurrence is defined as
“the area contained within the shortest continuous imaginary
boundary which can be drawn to encompass all the known,
inferred or projected sites of present occurrence of a taxon,
excluding cases of vagrancy”, and it is calculated by creating a
minimum convex polygon around the plotted tracked positions of
common dolphin groups observed in the study area (IUCN,
2012b; Santostasi et al., 2018). The area of occupancy is
described as “the area within its extent of occurrence which is
occupied by a taxon, excluding cases of vagrancy” (IUCN, 2012b).
This measure takes into account the fact that a taxon will not
always occur throughout the entire area of its extent of occurrence,
which may contain unsuitable or unoccupied habitats (IUCN,
2001). As the southern distribution range of the Israeli common
dolphins’ is the Israeli border, it is not clear what is their full range
of distribution. Therefore, these measures were not applied to the
local population, and Criteria B was not considered in the analysis.

Population projection

Criteria E requires quantitative analysis showing the
probability of extinction in the wild is at least 50% within ten
years or three generations (IUCN, 2012b). The probability of
extinction was calculated following the methods used in
Santostasi et al. (2018) by multiplying the abundance
estimated in this study by a range of biological plausible
growth rates to cover a variety of scenarios caused by
increasing levels of growth rate stochasticity (Morris and
Doak, 2002; Currey et al., 2009). This is simulated by
randomly drawing a growth rate value from a normal
distribution where a higher SD represents a higher year-to-
year variation of the growth rate. Scenario 1 indicates a constant
growth rate (SD = 0), while scenarios 2 and 3 simulate increasing
levels of stochasticity, a more realistic scenario considering the
dynamic environment the local population inhabit, which is
likely to have fluctuations (SD = 0.01 and SD = 0.02,
respectively). The probability of extinction was then estimated
under three quasi-extinction thresholds, chosen to provide a
range of conservative values for extinction; two, four, and six
reproductive individuals and over three-time scales; 45, 75, and
100 years (Taylor et al., 2007a). Modeling was programmed in R
(R Core Team, 2020), as detailed in Santostasi et al. (2018).

Results

A total of 16,531.36 km was surveyed between 2016 -2021
(Figure 1B) during 368 boat-based surveys. Common dolphins
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were encountered and photographed 32 times, and together with
the 11 photographed encounters from the NPA, the total number
of observations is 43. No photographed encounters were obtained
during 2017; therefore, this year was not considered in the
analysis. Most of the observations were achieved during the
warm season — between April and October, while only years
2019 and 2020 contained encounters during November and
December (a total of six). In order to maintain uniformity in
the surveyed months, these six encountered were not considered
in the mark-recapture models (Table 2).

19,569 photographs of common dolphins were taken,
containing 2,851 identifications of 42 common dolphin
individuals. Of them, 25 presented substantial markings while
17 did not, including 12 calves and five adults. These five were
not included in any further analysis as they could not be re-
identified. Mean group size was 10.2 individuals (n = 43, range =
2 - 21, SD = 4.43). 23 individuals were sighted in multiple years,
with a mean number of sightings of 11.8 (n = 37, range = 1 - 37,
SD = 12.2) per individual. Of the 37 common dolphins (25
adults and 12 calves), ten were identified as females after being
observed with a dependent calf, one adult was recognized as
male after stranding on shore in September 2020, and one calf
was recognized as male after obtaining a photograph of its
genital area. All the others (n = 25) were of unknown sex. Of
the five stranded dolphins, two were identifiable through photo
ID and were recognized as previously observed individuals.

Of the 25 identified mature individuals, three (12%) were
sighted only once during the study period, eight (32%) twice,
three (12%) were identified four times, and 14 (56%) were
observed seven times or more (Supplementary Figure 7). The
most observed individual was ‘Lavian’ (number 37 in the
catalog), with 37 observations during the five years study
period. Mean yearly sighting rate was 0.54 + 0.33 (range =
0.2 - 1) and mean monthly sighting rate was 0.36 + 0.31 (range =
0.04 - 0.91). Three females were observed with multiple calves
during the study period, with a mean inter-calf interval of 1.5 +
0.58 years. The discovery curve of the common dolphins reached
a clear plateau (Supplementary Figure 8), indicating a good
representation of the local population (Wilson et al., 1999).

CJS models for survival estimations

The goodness of fit test for the CJS model to the data did not
indicate a lack of fit (x2 = 1.404, p = 0.924, df = 5). The best
fitting model to estimate the survival probabilities for the entire
population had constant survival and capture probabilities. An
additional model was estimated within AAICc < 2 from the best
fitting model, with constant survival probability and effort
variation in capture probabilities. Model averaging was applied
to these two models to obtain the model-averaged parameter
estimates, as shown in Table 3.
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TABLE 3 Averaged parameter estimates for the two models within AAICc < 2 in the CJS analysis to estimate survival and capture probability.

Parameter Year Estimate SE 95% CI
Survival (Phi) 2016-2021 0.77 0.04 0.67 - 0.85
Detectability (p) 2018 0.87 0.10 0.54 - 0.97
2019 0.94 0.05 0.75 - 0.99
2020 0.94 0.05 0.75 - 0.99
2021 0.93 0.05 0.77 - 0.98

The best fitting model to estimate adult and calf survival Population projection
probabilities had constant survival and capture probability.

Three other models had AAICc < 2: 1) constant survival Population projection analysis placed the local population
probability and effort variation in capture probability, 2) age under more than 50% probability of extinction in 25 of the 27
varying survival and constant capture probability, 3) constant projections (Table 7 and Figure 3). Thus, meeting criteria E for
survival and group varying capture probability (Supplementary Critically endangered.

Table 1). Model averaging was applied to these four models to
obtain the model-averaged parameter estimates, as shown

in Table 4.
Social structure
Closure test From the 625 possible associations between the 25 mature
individuals, 153 (25%) were zero, meaning no association was
The Otis et al. (1978) test found the local population to be observed between the specific dyad. 188 were 0.1 (30%),
closed (P > 0.05) in all of the study years, while the Stanley and indicating a low level of association, and the rest were
Burnham (1999) test supports the population closure (P > 0.05) distributed, as shown in Figure 4A. The mean association rate
for the year 2016 but suggests an open population (P < 0.05) for over the five-year study period was 0.35 + 0.28 (range 0.05 - 1).
years 2018 -2021. When examining the association patterns of the local population
in 2020 - 2021 (the remaining individuals after the decline in the
local population size), the mean association rate rises to 0.76 +
Closed pOPUIation models for 0.08 (range 0.5 - 0.92), and the individuals are all part of the
abundance estimates same highly associated social unit. The remaining individuals
contained six mature females, three mature individuals of
Closed population models were applied to each of the study unknown sex, and five calves (one of them is a male). They
years separately. Each year yielded different models within were all observed together more than 25 times in 72.4% of the
AAICc < 2 from the best fitting model (Supplementary observations between 2020-2021 (Figure 4B).
Table 2) that were averaged to extract the capture and
recapture probabilities as shown in Table 5 and the estimated
abundance as shown in Table 6.
Discussion
Trends in abundance Geographic range and level of isolation
The mean CV of the estimates was 0.017. The minimum rate The local population of common dolphins was observed in the
of decay of the population abundance that could be detected in southern region of Israel all year round throughout the five years
five years with a 0.8 statistical power was a total decrease of 10%. of the study. The majority of individuals (62%) were sighted over
The local population size in 2016 was estimated to be 25 (95% CI multiple years with high yearly and monthly sighting rates,
24 - 37) individuals, while in 2021, there were only 15 (95% CI 15 indicating long-term site fidelity and residency. During the last
- 15). A decrease of 40% was found in linear regression, as two years of the study, 2020-2021, the same group of individuals
shown in Figure 2 (R* = 0.76, P = 0.034, y = 3546.14 - 1.74x,n = were observed in all encounters, repeatedly in the same area, in
5), as a result of the disappearance of more than half of the local front of Ashkelon and Ashdod, and occasionally near Palmahim.
population observed at the beginning of the study period. This group’s small-ranging patterns and their high side fidelity
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TABLE 4 Averaged parameter estimates for the four models within AAICc < 2 from the best fitting model in the CJS analysis for calves’ survival.

Group Parameter Year
Adults Survival (Phi) 2016-2021
Detectability (p) 2018
2019
2020
2021
Calves Survival (Phi) 2016-2021
Detectability (p) 2018
2019
2020
2021

Estimate SE 95% CI
0.78 0.05 0.68 - 0.87
0.89 0.09 0.58 - 0.98
0.93 0.05 0.76 - 0.98
0.94 0.05 0.76 - 0.98
0.93 0.04 0.77 - 0.98
0.74 0.08 0.55 - 0.87
0.87 0.11 0.50 - 0.99
0.91 0.09 0.52 - 0.99
0.91 0.09 0.51 - 0.99
0.90 0.09 0.54 - 0.99

indicate year-round residency in the area. The stabilization of the
discovery curve (Supplementary Figure 8) and the high frequency
of observations of the same individuals strongly suggest that this
group is relatively closed and isolated, yet additional information
is needed from south to the Israeli border to confirm this
hypothesis and understand this local population’s complete
distribution, and we take this opportunity to invite collaboration
on this matter.

Apparent survival rates

The apparent annual survival rate was 0.77 + 0.04 (Cl 95%
0.67-0.84), which appeared constant over the years, while
capture probability rose with the increasing effort. As
expected, calves had a lower survival probability and were
observed in other dolphin species (Currey et al., 2009; Croft
et al,, 2017). Their capture probability was also low due to fewer

TABLE 5 Averaged parameters of the closed population models applied to each year.

Year Parameter

2016 pgltl
pglt2
cglt2

2018 pgltl
pglt2
pglt3
cglt2
cglt3

2019 pgltl
pglt2
pglt3
pgltd

2020 P
c

2021 pgltl
pglt2
pglt3
pgltd
pglts
pglto
cglt2
cglt3
cgltd
cglts
cglté

Estimate

0.55
0.88
0.78
0.22
0.86
0.82
0.65
0.68
0.29
1.00
0.79
0.50
0.82
0.93
0.94
0.93
0.91
0.89
0.86
0.82
0.87
0.86
0.84
0.82
0.79

SE

0.17
0.24
0.14
0.11
0.1
0.17
0.26
0.12
0.12
0.00
0.11
0.13
0.11
0.05
0.07
0.07
0.08
0.11
0.15
0.21
0.07
0.06
0.05
0.07
0.11

95% CI

0.24 - 0.82
0.08 - 1
0.42 - 0.95
0.07 - 0.49
0.55 - 0.97
0.32 - 0.98
0.17 - 0.94
0.41 - 0.86
0.11 - 0.56
1.00 - 1
0.51 - 0.93
0.26 - 0.74
0.5 -0.96
0.77 - 0.98
0.59 - 0.99
0.61 - 0.99
0.58 - 0.99
0.49 - 0.98
0.35 - 0.99
0.22 - 0.99
0.66 — 0.96
0.69 - 0.94
0.7 - 0.92
0.65 - 0.91
0.51 -0.93

The averaged parameters for the closed population models. Estimate, real estimate of the parameters. SE, standard error; 95% CI, Confidence intervals.
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TABLE 6 Yearly abundance estimates for the common dolphins.

10.3389/fmars.2022.916950

Year Estimated N SE 95% CI Cv Mark ratio Total N
2016 20.85 1.80 20.07 - 30. 97 0.09 0.83 25.02
2018 15 0 15- 15 0 0.83 18
2019 14 0 14 - 14 0 0.7 20
2020 10 0 10 - 10 0 0.55 18
2021 9 0 9-9 0 0.6 15

Abundance estimates from the closed population models applied to the common dolphin yearly data set. Estimated N, estimated abundance from the model; SE, standard error; 95% CI,
confidence intervals; Mark ratio, estimated proportion of animals with long lasting marks in the local population. Total N, estimated N divided by the mark ratio; CV, coefficient of

variation.

marks on their dorsal fins. These are the first survival estimates
described specifically for common dolphins and their different
age classes, and they appear low compared to other cetacean
species worldwide and in the Mediterranean. For example, the
survival rate of bottlenose dolphins in the northeastern Adriatic
Sea was estimated between 0.82 and 0.93 (95% CI 0.69 — 0.98)
(Fortuna, 2007). A mixed-species group of common and striped
dolphins in the Gulf of Corinth presented survival probabilities
0f 0.94 (95% CI 0.92 - 0.96) (Santostasi et al., 2016). Even along
the Israeli coastline, with the same environmental conditions,
the survival of bottlenose dolphins was estimated to be higher,
with a probability of 0.92 (95% CI 0.89 - 0.93) (Yaly Mevorach,
unpublished data). Attempts to study the factors affecting the
survival probabilities of cetaceans in the Mediterranean Sea
revealed various reasons. In the Strait of Gibraltar, a local
population of long-finned pilot whales appeared to be affected
by epizootic episodes of morbillivirus, causing a decrease in their
survival probabilities, from 0.997 + 0.003 in the years before the
epizootic episodes to 0.831 + 0.042 after the first one and 0.649 +
0.085 after the second one (Pons et al., 2022). Another example
from the Strait of Gibraltar is the survival estimates of bottlenose

dolphins, which appears to be negatively correlated with ferry
traffic and are assessed between 0.918 and 0.924 (Tenan et al.,
2020). The low apparent survival rate of the common dolphins
in Israel could result from emigration from the study area or
frequent mortality events leading to a decrease in their
abundance, similar to other regions in the Mediterranean Sea.

Abundance and trends

The close tests presented controversial results as one of the
tests supported the closure (Otis et al., 1978) assumption and the
second one did not (Stanley and Burnham, 1999). These results
should be considered carefully as close tests are usually applied
to a dataset comprising many more individuals. In addition, in
all the cases where the Stanley and Burnham test did not support
closure, the component statistics support that there may have
been population losses (not additions) which is consistent with
the death or permanent emigration of individuals. If the Stanley
and Burnham test is correct, the estimates for the years 2018-
2021 may be an overestimation of abundance as the model

25- @
Z 20
)
15-
2016 2017 2018

FIGURE 2

Abundance estimates for the common dolphins’ local population. Estimates of abundance of the common dolphins, including 95%

2019 2020 2021

Years

confidence

intervals, from mark-recapture models applied every year. The presented N is the total abundance after dividing the estimated abundance bythe

mark ratio. The linear model is presented on the graph.
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TABLE 7 Quasi-extinction probabilities.

Quasi-extinct state

Scenario 1

q = 2 mature individuals

After three generations (45 years) 0.39

After five generations (75 years) 0.50

After 100 years 0.57
q = 4 mature individuals

After three generations (45 years) 0.88

After five generations (75 years) 0.89

After 100 years 0.89
q = 6 mature individuals

After three generations (45 years) 0.96

After five generations (75 years) 0.96

After 100 years 0.96

10.3389/fmars.2022.916950

Quasi extinction probability

Scenario 2 Scenario 3
0.63 0.70
0.67 0.75
0.69 0.77
0.84 0.88
0.86 0.89
0.86 0.89
0.97 0.97
0.97 0.97
0.97 0.97

Quasi-extinction probabilities after three generations (45 years), five generations (75 years) and 100 years for different thresholds for extinction (2, 4 and 6 mature individuals).

includes the present individuals (birth and immigration) but
does not account for the ones that are no longer in the area
(deaths or emigration). However, the characteristics of the local
population, such as discovery curve, high resighting rates, high
site fidelity, and no new additions, fit the ones of a closed
population, and therefore these models were applied.

The common dolphin local population along the Israeli
coastline was found to be small (< 50), similar to other “inner”
Mediterranean local populations (Bearzi et al., 2021; Vella et al.,
2021). Given the relatively high yearly site fidelity of the
common dolphins and the stabilization of their discovery
curve, an assumption can be made that most of the individuals
within this local population were identified during the study
period, which suggests that the local population in Israel is a
small group of year-round residents. Similar abundance patterns
have been observed in the Mediterranean as described before

2 mature individuals

4 mature individuals

(Santostasi et al., 2016; Bearzi et al., 2020) and could result from
similar environmental conditions and anthropogenic pressures.
The size of the local population during the study years (15 - 25)
meet criteria D for a ‘Critically Endangered’ population as it is
lower than 50 individuals (IUCN, 2012b).

An alarming decrease in the local population’s size was
observed in the study area during the five-year study period,
with a 40% decline in size since 2016. Historical data from
occasional observations describe larger groups of common
dolphins (22.2 + 19.1, range 1 - 75) ranging over a more
extensive habitat, from Ashdod to Herzliya (Kerem et al,
2012). Such large groups are no longer observed along the
coast, and about half of the individuals observed in 2016 have
disappeared from the area during the study period. Based on this
trajectory, the complete disappearance of this species from the
local waters is expected by 2029. This significant trend cannot

6 mature individuals
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FIGURE 3

Quasi-extinction probability for the common dolphins. Quasi-extinction probability for common dolphins along the Israeli coast for 100 years.
The y-axis is the quasi-extinction probability; the x-axis is years. The different scenarios represent increasing levels of growth rates randomness
modeled from a normal distribution with increasing standard deviation (from 0 to 0.02).

Frontiers in Marine Science

11

frontiersin.org


https://doi.org/10.3389/fmars.2022.916950
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Mevorach et al.

60

40

Number of assocations

0.25 0.50

HWI

0.75

FIGURE 4

1.00

10.3389/fmars.2022.916950

B Calf.20
(]
E‘Dm
CD25
(G}
CD20

© CD32

O

5040 CD43
CD54
Sec«ﬁd.CalfﬁO

8D30 Second.Calf.25 QD37

(] O

CD34

CD35
)

(A) Histogram of HWI values. HWI values higher than 0.1 for mature individuals (n = 25). (B) Social network of the common dolphins in 2021
The network structure of the local population in 2021 includes calves (n = 14). Red nodes represent females, blue represents a male, and grey
represents individuals with unknown sex. Square nodes represent calves, and circles represent adults. The width of the edge represents the

strength of the association between the dyad according to the HWI values.

result from decreasing effort as both effort, and capture
probability increased along the study years. A similar decline
was documented for the common dolphin local population in
western Greece, where the local population decreased by 90%
throughout 13 years of study (1995 - 2007). This decline was
found to be related to prey depletion in the area, resulting from
overfishing (Bearzi et al., 2008). This might also be the case for
this population, but further studies regarding their prey
distribution in the area is needed to test this hypothesis.

Criteria A (population size reduction over ten years or three
generations) requires a decline observed, estimated, inferred, or
suspected over a more extended period than the period for this
study (IUCN, 2012b). The absence of previous abundance
estimates for this local population and the low power of
abundance estimates based on small population size (Taylor
et al., 2007a; Santostasi et al., 2016) make it harder to meet this
criterion adequately. Nonetheless, sharp declines in other local
populations of common dolphins all over the Mediterranean Sea
has led to a regional classification of this species as Endangered
(Bearzi et al.,, 2003; Bearzi et al., 2021). These observed declines,
together with the precautionary principle promoted by the
IUCN Red List (Mace and Stuart, 1994), support the
assumption that the decline observed in the local population
in Israel (40% over five years) might be similar and even stronger
than the declines observed throughout the Mediterranean Sea
(50% decline over three generations; Bearzi, 2012). Criteria C
(small population size and decline) requires an abundance of
fewer than 250 individuals and a decline of 25% or more in three
years or one generation. The observed abundance and decline
meet this criterion. Therefore, the local Israeli population should
be defined as ‘Critically Endangered’ under Red List Criteria C
and as ‘Endangered’ under Red List criteria A.
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Probability of extinction in the wild

The majority of simulated scenarios yielded a > 50%
probability of quasi-extinction (Table 7) for every time interval
tested (45, 75, and 100 years). Furthermore, the scenario with
zero temporal growth rate stochasticity also showed a > 50%
probability of quasi-extinction after five generations and 100
years, suggesting that the local population is at high extinction
risk even in the most optimistic scenario. Therefore, the local
population should be defined as Critically Endangered under
criteria E (quantitative analysis).

Social structure

In light of the reduction of the local population size between
2016 and 2020, as half of the local population disappeared from
the area, it is likely that the common dolphin local population’s
social structure changed during this time. Due to the low sample
size in the early years of the study (2016 and 2018), it is hard to
describe the social structure at the beginning of the study as the
associations could not be measured with so few observations. In
2021, the local population was composed of nine mature
individuals who maintain long-lasting and strong associations
and are observed almost exclusively together in one social unit
along with five calves (all above one year old).

This group of nine mature individuals and five calves were
observed together more than 25 times during the last two years
of the study in 72.4% of the observations. As these are the only
individuals known to inhabit the area, they appear to maintain a
strongly associated close social unit with high association
indices. According to Vella et al. (2021), only 16 peer-reviewed
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studies have used photo identification to study common
dolphins worldwide. From these, only three studied the social
structure of a specific local population. Therefore, not much is
known about common dolphin societies, and what is known
varies greatly between populations. For example, in the eastern
Ionian Sea, the common dolphin local population range over
large areas of the neritic zone and present a fission-fusion social
network with little evidence of long-term associations (Bruno
et al,, 2004). Similarly, the common dolphin local population in
Hauraki Gulf, a semi-enclosed coastal body of temperate water
located on the north-eastern coastline of the North Island, New
Zealand, also presented a fluid social structure with a low mean
association rate and very few long-lasting associations (Hupman,
2016). In contrast, the common dolphin local population’s social
structure in the Tyrrhenian Sea contains a core group of 12
females that formed long-lasting associations over five years
(Pace et al., 2009; Mussi et al., 2019), indicating a highly
associated closed group.

The latter presents a more similar structure to the one in
Israel, comprised mostly of females. However, two males were
stranded ashore in 2020. Before his death, one of these males was
part of the social unit and maintained strong associations with
females, indicating a mixed-sex social unit. The social structure
of the local population could reflect their level of isolation as
observed in the bottlenose dolphin local population in Doubtful
Sound (Lusseau et al., 2003), or the utilization of a specific
resource as observed in the bottlenose dolphins local population
in the north Adriatic Sea (Genov et al., 2019). It could also be the
consequence of extensive segregation of the common dolphins
in the Mediterranean, resulting in a separation into several small
local populations (Bearzi and Genov, 2021).

Threats and conservation

The proximity of the Israeli common dolphin local
population to the coast puts them in a constant state of
vulnerability to human pressure. Several main threats have
been identified in the Mediterranean Sea as the causes of the
decrease in abundance of this species: historical culling and
killing, bycatch in fishing gear, prey depletion, and
contamination/pollution (Bearzi and Genov, 2021; Vella et al,,
2021). In Israel, there is no historical data about killing of
dolphins, but it can be assumed that the massive killing in the
Mediterranean led to the segregation of the Mediterranean sub-
population, resulting in separation to several small local
populations, such as the one in Israel (Bearzi and Genov,
2021). Throughout the study years, two common dolphins
have stranded ashore, showing clear signs of entanglement and
drowning, thus indicating the presence of entanglement threat to
this local population as well, as several fishing methods are used
in their habitat, including nets, lines, and bottom trawlers.
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Common dolphins are often observed feeding around
trawlers while the net is being pulled back to the boat.
Stomach content analysis revealed that their diet includes
several species targeted or bycaught by the trawler industry
(Brand et al., 2019), such as Ariosoma balearicum, which was
found to be among the main prey species of common dolphins
in Israel (Brand et al., 2019). This species is not abundant in the
common dolphins’ diet in the Alboran Sea or the eastern Ionian
Sea (Bearzi et al., 2006; Gimeénez et al., 2018), while the most
abundant prey species in these areas are less common in the local
population diet. The bottlenose dolphins in Israel also prey on
Ariosoma balearicum, often from the trawler’s net as well. This
behavior and prey preferences of the coastal dolphin species in
Israel could indicate that the trawling industry is an important
food resource in their diet (Scheinin et al.,, 2014; Brand et al,,
2019). Further research on the abundance of common prey
species of common dolphins in the area, as done in western
Greece (Bearzi et al., 2008) is needed in order to understand the
differences from other areas in the Mediterranean.

Contamination through the food web and pollution could
also pose a threat to the local population as they inhabit an area
with a busy port, power station, desalination, and sewage spill
but the effects of these on the dolphins in the area are
still unknown.

The Marine Protected Area, ‘Evtach’, is approved in part of
the common dolphins’ habitat. Once declared, it will decrease
the interaction rate between dolphins and commercial fishing
boats and encourage public awareness and enforcement of
conservation measures for this species. Whether it will
improve the lives of the common dolphins in the area is
remained to be discovered, but a change in their IUCN status
will help promote the declaration of this MPA and the
importance of their conservation in the area.

Conclusions

The local population of common dolphins in Israel presents
a similar decline to other local populations in the inner
Mediterranean Sea. Even with insufficient historical data, a
clear trend is observed throughout the study years. These
dolphins face a challenging environment and seem unable to
adjust appropriately, resulting in almost half of them leaving the
area or dying. A strong need for research collaboration with the
neighboring countries arises to understand the full-ranging
patterns and abundance of common dolphins in the Eastern
Levantine Sea. The risk assessment provided in this study places
the common dolphin local population in Israel as ‘Critically
Endangered’ under criteria C, D, and E and as ‘Endangered’
under criteria A. Only one of these criteria needs to be met to
reconsider the risk assessment of the local population (IUCN,
2012b). We highly recommend expediting this decision to
promote the importance of this species conservation among
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the local influencing factors and the public. In addition, we
encourage collaborations to construct innovative conservation
actions to prevent the final disappearance of common dolphins
from the most eastern part of the Mediterranean Sea.
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