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Abstract

The Persian Gulf is positioned in the heart of the Middle East as one of the most critical water bodies. Indian Ocean humpback
dolphins (Sousa plumbea) are distributed in nearshore waters and are therefore highly vulnerable to a variety of anthropo-
genic pressures. To our knowledge, there is a little information and data available about habitat use and abundance of this
endangered species in Iranian waters. In the present study, baseline data about population size and site fidelity of Indian
Ocean humpback dolphins in the Dayer-Nakhiloo Marine National Park in Northern Persian Gulf, Iran, has been explored for
the first time. From March 2014 to December 2018, 127 boat-based surveys and 6436 km of survey effort were conducted.
Overall, 127 groups of humpback dolphins were observed on 62% of the surveys. Humpback dolphin group size ranged from
1 to 14 individuals (mean 5.8 + SE 0.3). Abundance estimates were calculated and fitted with open population models. Thirty
(95% CI 22-38) humpback dolphins were estimated to inhabit the study area. There was a lack of seasonality in the occur-
rence of humpback dolphins and strong site fidelity within the Dayer-Nakhiloo Marine National Park. Most of the identified
individuals used the study zone regularly (79.5%), while a smaller number were present less often. The results of this study
provide important baseline information about humpback dolphin ecology in an area subject to significant anthropogenic
pressures which can help to take effective conservation and management measures.
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Introduction

Coastal marine ecosystems are broadly at risk due to human
activities (Boesch et al. 2001). Humpback dolphin (Sousa
spp.) are distributed in onshore waters and are therefore vul-
nerable to a combination of anthropogenic pressures such
as fisheries (Read et al. 2006; Slooten et al. 2013), pollu-
tion (Wiirsig and Gailey 2002), habitat change (Lotze et al.
20006), aquaculture (Wiirsig and Gailey 2002; Diaz Lépez,
2012; Methion and Diaz Lépez 2019, 2020), global warming
(Simmonds and Isaac 2007), and underwater noise (Wang
et al. 2004; Ross et al. 2010; Dungan et al. 2012). These
threats appear to be increasing as human populations grow
and develop (Wang et al. 2012; Bouveroux et al. 2017).

Marine mammal site fidelity and abundance estima-
tions can provide significant information for the develop-
ment of conservation and management programs (Akkaya
et al. 2019; Diaz Lopez 2012; Xu et al. 2012; Passador et al.
2017). Photo-identification has been applied to study site
fidelity and abundance of different species of dolphins such
as Indian Ocean humpback dolphins (Sousa plumbea) (Diaz
Loépez et al. 2018), Indo-Pacific humpback dolphins (Sousa
chinensis) (Xu et al. 2012), Australian humpback dolphins
(Sousa sahulensis) (Parra et al. 2006), common bottlenose
dolphins (Tursiops truncatus) (Diaz Lopez 2012; Methion
and Diaz Lopez 2019), Spinner dolphins (Stenella longi-
rostris) (Marten and Psarakos 1999), and Rough-toothed
dolphin (Steno bredaenensis) (Baird et al. 2008).

The genus Sousa contains four species of dolphins: the
Atlantic humpback dolphin (S. feuszii), the Indian Ocean
humpback dolphin (S. plumbea), the Indo-Pacific humpback
dolphin (S. chinensis), and the Australian humpback dol-
phin (S. sahulensis). All four of these species are classified
as threatened on the IUCN Red List (Jefferson and Curry
2015), and the Indian Ocean humpback dolphin was recently
up-listed as endangered (Braulik et al. 2015, 2017). The latter
is present along coastlines from South Africa to India and Sri
Lanka, as well as in the Red Sea, the Gulf of Suez, the Ara-
bian Sea, and the Persian Gulf (Baldwin et al. 2004; Mendez
et al. 2013; Jefferson and Curry 2015; Braulik et al. 2015;
Diaz Lépez et al. 2018). The Indian Ocean humpback dol-
phin is found in shallow waters, usually less than 25 m deep
and close to the shore (Braulik et al. 2015). Although these
dolphins do not experience large-scale migration, some indi-
viduals were recorded traveling up to 500 km along the shore
(Vermeulen et al. 2017). This species typically occurs in pop-
ulations of a few hundred individuals (Braulik et al. 2015),
although a larger population has recently been reported off
the coast of Abu Dhabi, UAE (Diaz Lépez et al. 2018).

About one-third of the world’s oil is extracted in the
Persian Gulf region and is exported through the Strait
of Hormuz the Persian Gulf crossed every day with an
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average of 3000 vessels (e.g., including oil tankers, ships,
and fishing boats) (Sheppard et al. 2010; Fatima and
Jamshed 2015). This region has been recognized as one
of the busiest shipping lanes in the world (Kolahi et al.
2014). Several species of cetaceans can be found in the
Persian Gulf, including the Indian Ocean humpback dol-
phin (hereafter refer as humpback dolphin) (Baldwin et al.
2004; Preen 2004; Diaz Lopez et al. 2018). This species
likely occurs along the entire coastline of the Persian Gulf,
including the coast of Saudi Arabia, Kuwait, Qatar, UAE,
Bahrain, and Iraq as well as Iran, and also extends into
western Pakistan on the Arabian Sea (Baldwin et al. 2004;
Braulik et al. 2010; Owfi et al. 2016; Diaz Lépez et al.
2018).

There is little information about humpback dolphins in
Iranian waters (Braulik et al. 2015). Most of the records of
this species have been documented around Hara Protected
Area on Qeshm Island in the Hormozgan province (Braulik
et al. 2010). Only one study carried out in Musa Bay in the
Khuzestan province in 2018 estimated the population size
of humpback dolphins inhabiting these waters (92 animals
(64-131, 95% CI)) (Hemami et al. 2018). Few records exist
for this species from two other regions such as the Khuran
Strait International Wetland and Deltas of Rud-e-Shur, Rud-
e-Shirin, and Rud-e-Minab International Wetland in the Hor-
mozgan province (Mohsenian et al. 2018b), in the Dayer-
Nakhiloo Marine National Park and Mond Protected Area in
the Bushehr province (Keijl and Van Der Have 2002; Nawas
and Moazzam khan 2013; Braulik et al. 2015; Mohsenian
et al. 2014; Mohsenian et al. 2018a) (Fig. 1). The presence
of humpback dolphins has been confirmed, but have not yet
been studied, in the Gwadar Bay (Persian Khalij-e Gavater)
in the Sistan and Baluchestan province, near the border with
Pakistan (Kiani and Van Waerbeek 2015).

The present study was carried out in the Dayer-Nakhiloo
Marine National Park (DNMNP), and Mond Protected Area
(MPA) in the Bushehr province, southern Iran. The objec-
tive of this study was to collect baseline data, as well as to
estimate population size and site fidelity, of Indian Ocean
humpback dolphins in this region. Such information is crucial
to make future recommendations to take effective actions
for conservation and management measures in this highly
impacted area.

Materials and methods

Study area

The Persian Gulf is located in the subtropics and is an
extreme marine environment with dramatic changes in water

salinity (ranging from 37 to 40 psu) (Pous and Carton 2004)
and sea surface water temperatures (ranging from 16 °C in
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Fig. 1 Location of the Sousa
plumbea in northern of the
Persian Gulf and Gulf of Oman,
Iran. Position number 1 corre-
sponds to the study area (Dayer-
Nakhiloo Marine National Park
and Mond Protected Area)
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winter to 36 °C in summer) (Bauman et al. 2013). The aver-
age depth is 35 m, and the maximum depth is 90 m; however,
large portions of the Persian Gulf are very shallow (Pous and
Carton 2004).

The study site was the Dayer-Nakhiloo Marine National
Park (27° 52' N, 51° 29" E, 20,436 ha) located at the Mond
River Delta in Bushehr province (North Persian Gulf)
(Fig. 1), southern Iran. The coastal area of Bushehr prov-
ince is exposed to different types of human activities. It is
one of the most important regions of the Persian Gulf for
the establishment of oil and gas industries (e.g., extraction
and processing) and the most well-known fishing grounds
for shrimp (Penaeus semisulcatus) bottom trawling in the
Persian Gulf. The Mond River Delta has been protected since
1976 with the creation of the Mond Protected Area (MPA).
This protected area covers 53,227 hectares (Mehrabian et al.
2009). In 2008, the National Park was established in the east-
ern part of the MPA, the Dayer-Nakhiloo Marine National
Park (DNMNP), due to the unique wildlife present, com-
pared to other areas of the Mond River Delta. The DNMNP
covers 20,434 hectares and contains shallow coastal waters
with a variety of marine habitats, including mangroves sandy
beaches, and mudflats. Fishing activities such as gillnets,
fishing traps (locally named “Gargoor”), hooks, bottom trawl-
ers, and lines can be found both inside and outside of the
DNMNP (Paighambeari et al. 2011).

The DNMNP is an important habitat for breeding sea
birds such as terns (i.e., Sterna bengalensis, Sterna bergii,
Onychoprion anaethetus), crab plover (Dromas ardeola),
Western reef heron (Egretta gularis) (Mostafavi et al. 2008),
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and hawksbill sea turtle (Eretmochelys inbricata) rookeries
(Razaghian et al. 2019).

Data collection

Boat surveys were carried out along the DNMNP coastline
from March 2014 to December 2018 (Fig. 2). The study area
was monitored four times per month during daylight hours.
From March 2014 to February 2017, non-systematic visual
surveys were carried out, while from March 2017 to Decem-
ber 2018, line transects were conducted. Two sampling sea-
sons were specified following Diaz Lopez et al. (2018): cold
season (from October to March) and warm season (from
April to September).

Surveys were carried out on days with visibility of more
than 1 km and Beaufort wind force state < 4. The survey
vessel was a fiberglass fishing boat 7 m in length with a
single 60 horsepower motor. Survey speed was maintained
at 10-12 km/h. Each survey lasted 5 to 7 h, and three observ-
ers searched for dolphins while standing at the front side of
the boat, each observing a different angle with binoculars
(Nikon 7 x50). A handheld GPS (Garmin 64S) was used to
record the survey track and the location of dolphin sightings.
On each survey, the date, local time, speed of the boat, trip
distance, wind force according to the Beaufort scale, glare
from the sun, and swell were also recorded. When dolphins
were sighted, the boat slowly maneuvered towards the group
in order to take photographs using a Canon 60D camera
and 100—400 mm telephoto lens. A group of humpback dol-
phins was defined as one or more dolphins observed in a

@ Springer
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Fig.2 Sighting and track survey
in the study area

200 m area. Attempts were made to obtain photographs of
every humpback dolphin within the group, including both
the left and right sides of the dorsal fin for each individual
observed. On each sighting, the date, time, GPS location,
group size, number of adults and calves, movement direc-
tion, and behavior were documented. Behavior was catego-
rized as traveling, feeding, resting/milling, socializing, and
undetermined. After finishing the boat survey, photographs
and GPS data were downloaded and survey and sighting data
were reviewed and entered into Excel sheets.

Photo-identification analysis

Photo-identification is a non-invasive mark-recapture tech-
nique extensively used to distinguish individual dolphins
(Wiirsig and Jefferson 1990). Humpback dolphins can be
recognized from the pigmentation and mark patterns present
on their dorsal fin and hump (Corkeron et al. 1997).

IRAN

Bushehr Province

Selection and analysis of the photographs to iden-
tify humpback dolphins were done following the steps
described by Diaz Lépez et al. (2018) (Table 1). Follow-
ing this, only photographs with good and excellent quality
conditions were used for further analysis. Furthermore, a
distinctiveness score was given to every identified indi-
vidual. A distinctiveness score of zero was assigned to
unmarked individuals (i.e., no notches, temporary marks
only). A distinctiveness score of one was assigned to
marked individuals (e.g., pigmentation patterns and single
or several large notches in the dorsal fin).

Only those individuals with a level of distinction one
were classified in a photo-identification catalog. The cata-
log, with excellent and good photographs of both sides
of the dorsal fin, was created based on a detailed review
of the photographs and was updated regularly during the
study.

Table 1 Photo selection process
to identify humpback dolphins

, p criteria
(based on Diaz Lépez et al.

A. Photographs were scored from 1 to 50 based on five

B. Based on summed score from part A pooled
into four quality groups

2018) Criteria Scored Criteria Score
1. Position of the dorsal fin in From 1 to 10 (1 low  Excellent 45-50
relation to the photographer and 10 high)
(i.e., best when perpendicular)
2. Size of the dorsal fin within Good 3644
the photograph
3. Amount of dorsal fin visible Average 25-35
4. Lighting Poor <25
5. Focus

@ Springer
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Abundance estimation

Abundance estimates were calculated and fitted with
five population models, using POPAN in SOCPROG 2.8
(Whitehead 2009): (1) Schnabel, which supposes a closed
population and size of humpback dolphin population is esti-
mated by maximum likelihood. (2) Mortality, which sup-
poses an open population of constant size, where mortal-
ity (which may contain permanent emigration) is balanced
by birth (which may contain immigration). (3) Mortal-
ity + trend, which supposes an open population increasing
or decreasing at a constant rate. (4) Reimmigration, which
supposes that a population member moves from (emigration
rate) and into (reimmigration rate) the study area (Whitehead
2001). (5) Reimmigration and mortality, which is the model
mortality + trend with the exception that mortality is bal-
anced by birth.

Following Diaz Lépez et al. (2018), the sampling period
was set by survey season (cold and warm seasons) to obtain
appropriate sample sizes and achieve uniform coverage of
the study area. Model selection was based on the lowest
Akaike’s Information Criterion (Akaike 1973; AIC,
Whitehead 2009).

The total abundance was calculated using estimates gen-
erated from each model and divided by the percentage of
marked humpback dolphins (6) within the population. The
percentage of marked humpback (8) within the population
was estimated based on the number of individuals marked
divided by the total number of individuals observed in each
group, averaging the results of all observed groups (Silva
et al. 2009).

The 95% confidence interval of the abundance estimation
was calculated using the “Delta method” (Seber 1982).

Some basic assumptions need to be fulfilled in order to
obtain unbiased estimates through the use of mark-recapture
models. (1) Identified humpback dolphins are always recog-
nized. (2) Identified humpback dolphins have the same prob-
ability of being photographed on any sampling occasion. (3)
Photo-identified humpback dolphins are representative of
the population being estimated.

Body marks and pigmentation

During the photographs review and selection, photographs
depicting individuals with potential human-caused injuries
were placed in a separate file. The body marks include those
from fisheries-related injuries and collision with vessels
(Slooten et al. 2013; Diaz Lopez et al. 2018).

Furthermore, we reviewed all the individuals identified
and classified them into four arbitrary categories according
to the individual level of pigmentation: (1) white spotted
body with more than % of the dorsal fin depigmented white;

(2) lightly white speckled body and dorsal fin; (3) grey body,
grey dorsal fin, and no spots; and (4) grey body, no spots,
and less than Y4 depigmented area on top of the dorsal fin.
Juvenile dolphins were sighted during the survey and their
proportion was taken into consideration in the total abun-
dance estimate. Juveniles lack obvious notches compared to
adults, so they were included in the “unmarked” category,
which includes both adults and juveniles. This allowed
the calculation of the proportion of marked and unmarked
individuals within the study population. Total abundance
was calculated taking into consideration both marked and
unmarked dolphins inhabiting this region. Continuation of
the survey work in Iran and following this population over
time will allow for age-related differences in coloration to be
better understood in the future, and whether the age-related
coloration changes that are shown by S. chinensis are also
shown by S. plumbea in Iran (Guo et al. 2020).

Results

Between March 2014 and December 2018, 127 daily photo-
identification surveys were conducted within the study
area (920 km?). On average, 8.9 +0.8 days per season were
spent at sea, totaling 6436 km of survey effort. Overall, 127
groups of humpback dolphins were observed on 79 days at
sea (62% of the total number of days). During the study
period, there were 3 encounters with Indo-Pacific finless
porpoise (Neophocaena phocaenoides) and eleven stranded
records of cetaceans (one Humpback dolphin, seven Fin-
less porpoises, one Bryde’s whale Balaenoptera brydei, one
Common dolphin Delphinus capensis, and one unidentified
dolphin). Humpback dolphins were observed every month
and season surveyed, and their occurrence did not show any
variation among warm and cold seasons (Mann—Whitney
test, P>0.05) (Table 2). The observed behaviors during the
study included surface feeding, foraging, floating and resting
movements, playing with seaweed, socializing movements
with body contact, vertical and side leaps, prolonged body
contact with vertical leaps, and lobtailing.

Group size and group composition

Overall, 127 groups of humpback dolphins were studied dur-
ing the study period. Group size ranged from 1 to 14 indi-
viduals (mean 5.8 + SE 0.3; Table 3). The average number
of marked individuals within each group was 0.72 + SE 0.03.
Most of the observed humpback dolphins were adults (94%),
and the remaining 6% were categorized as calves.

Group size shows a clear relationship to the presence of
dependent calves in the group (Spearman tho=0.56, P <0.01).
Groups composed entirely of adults were smaller than groups
including dependent calves (Mann—Whitney test, P <0.01,
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Table 2 Details of the observation effort and the number of sightings
of Indian Ocean humpback dolphins between 2014 and 2018. Distri-
bution of the survey effort in days (D), kilometers (km), hours (h),

and the number of humpback dolphin encounters (S). Sightings per
unit of effort, SPUE] sightings per day, SPUE? sightings per km. SE
standard error

D km h S Mean SPUEI + SE Mean SPUE2 + SE
Cold season 56 2533 147 59 0.33+0.04 0.03 +0.004
Warm season 71 3903 161 68 0.30+0.06 0.03+0.004
Total 127 6436 308 127 0.32+0.04 0.03+0.003

mean;y, caves= 0.8+ SE 0.5, n=42; mean,, .yyes=3.9+SE
0.3, n=285). Group size and the number of calves did
not change significantly among cold and warm seasons
(Mann—Whitney test, P> 0.05).

Photo-identification catalog and abundance
estimates

Overall, 39 adult humpback dolphins were photo-identified
during 97 encounters and included in the identification cat-
alog. The mean number of individual humpback dolphins
identified per sampling period (season) was 15.7 +SE 1.6.
The discovery curve of photographic captures of new per-
manently marked individuals (N =39) showed an influx
and potentially an outflux of humpback dolphins during
the eleven research seasons, confirming an open popula-
tion. (Fig. 3).

Based on the lowest AIC value, the “Reimmigration
model” (4) was selected as the most appropriate for the stud-
ied population (Table 4). Abundance estimates reported a
population size of 22 (95% CI 16-27) marked individuals.
Based on the ratio of marked humpback dolphins, which
was 72% of the total number of individuals, we estimated
30 (95% CI 22-38) humpback dolphins inhabiting the study
area.

Site fidelity

The average number of recaptures per individual humpback
dolphin was 11.2 +2 SE (from 1-40 times, N=447), with
eight individuals identified only once throughout the study
period and 31 humpback dolphins (79.5%) identified several

Table 3 Humpback dolphin group sizes (mean + SE) observed during
the study, including all age classes

Group Adults Calves No
Cold season 6.03+0.49 5.71+0.46 0.32+0.06 59
Warm season 5.44+0.45 5.08+0.41 0.37+0.07 68
Total 5.83+0.34 5.18+0.30 0.34+0.04 127

@ Springer

times. This shows that most of the identified individuals
used the study zone regularly, while a smaller number were
present less often. Likewise, most humpback dolphins iden-
tified were sighted frequently across seasons (mean seasonal
occurrence rate =4.3 +0.5 SE recaptures per season). Over-
all, 29 of the identified dolphins (72.5%) were identified in
more than one calendar year (average =2.7+0.3 SE). Fol-
lowing Diaz Lépez (2012), individual humpback dolphins
were classified into three different categories based on their
seasonal occurrence rates (Fig. 4):

1. Regular visitors: humpback dolphins seen regularly in
the study area (seasonal occurrence rates >0.5). This
category contained 16 identified humpback dolphins,
accounting for 41% of the total 39 identified dolphins.

2. Frequent visitors: humpback dolphins with seasonal
occurrence rates between 0.25 and 0.5. This category
contained six identified humpback dolphins, accounting
for 15% of the total 39 identified individuals.

3. Sporadic visitors: humpback dolphins rarely seen in the
study area, with seasonal occurrence rates <0.25. This
category contained 17 humpback dolphins, accounting
for 44% of the total of 39 identified individuals.
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Fig. 3 Discovery curve of photographic captures of new permanently
marked individuals (V=239) across the 11 seasons of research
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Table 4 Abundance estimates of humpback dolphins in the Dayer-Nakhiloo Marine National Park between 2014 and 2018

Total population

Model selection

Marked humpback dolphins

95% CI

Nt

AIC

Log likehood

Sp

Nc

95% CI* m+s.e

n

Model

42-54

48
3

0.72
0.72
0.72
0.72
0.72

369.12

—183.56
—138.27
—137.68
—132
-132

11
11
11
11

39
39
39
39

30.8-38.9
25-26.8

34.3

Schnabel

35-37.2
34.2-37

53

280.54

0.097+0.02
0.093+0.03

254
2

Mortality

35

281.35
270

0.02+0.03

24.7-26.7

52

Mortality + trend
Reimmigration

22-38.3
22.2-37.5

30.2

0.04+0.03
0.01£0.07

0.13+0.03
0.11+0.04

15.9-27.6
16-27

21.73
21

29.2

273.5

0

Reimmigration + mortality

500) SOCPROG Model results, n.a. not available, m estimated mortality rate, T estimated trend, e estimated emigration

n estimated population size, CI confidence interval, *bootstrapped (n

rate, r estimated reimmigration rate, Nc number of animals captured, s.e. standard error, s.p. number of sampling periods, @ ratio of marked to total animals documented, Nt estimate of total

population size after correcting for proportion of identifiable individuals, A/C Akaike Information Criterion

Body marks and pigmentation

Out of 35 humpback dolphins with pictures of their body,
six individuals (17.1%) exhibited scars potentially due to
interaction with human activities, such as fishing line cuts
or propeller cuts (Fig. 5).

In total, thirteen individuals exhibited white spotted body
with more than Y of the dorsal fin depigmented white; thir-
teen individuals exhibited grey body, no spots, and less than
Y4 depigmented area on top of the dorsal fin; eight individu-
als exhibited lightly white speckled body and dorsal fin; and
five individuals exhibited grey body, grey dorsal fin, and no
spots (Fig. 6).

Discussion

In the current study, we used closed and open population
models to calculate abundance estimates of S. plumbea in
the Dayer-Nakhiloo Marine National Park over five consecu-
tive years. Additionally, we explored for the first time in
Iranian waters S. plumbea site fidelity, group dynamics, and
indirectly the degree of interaction with human activities.

During the study period, the mark-recapture analysis
yielded an open population estimate of 30 individuals (rang-
ing between 22 and 38). The abundance estimate reported
in this study is lower than observed in other areas (e.g., 92
humpback dolphins in the Musa Bay, Iran (Hemami et al.
2018); 701 humpback dolphins in Abu Dhabi, UAE (Diaz
Lopez et al. 2018); 36 individuals in Miani Hor, Pakistan
(Kiani and Van Waerebeek 2015); 105 individuals in Maputo
Bay, Mozambique (Guissamulo and Cockcroft 2004); 60
humpback dolphins in Bazaruto Archipelago, Mozambique
(Guissamulo and Cockcroft 1997); 65 individuals off Zan-
zibar (Stensland et al. 2006); 450 humpback dolphins in the
Algoa Bay region, South Africa (Karczmarski et al. 1999);
170-244 in KwaZulu—Natal coast, South Africa (Atkins
et al. 2004)). Our estimation of the density of humpback
dolphins in this study area (0.147 individuals per km?; 95%
CI, 0.108-0.235) is comparable with those of the species in
Musa Bay in northern Iran (0.123 individuals per km2; 95%
CI, 0.086-0.176).

From a conservation planning and management perspective,
it is important to know to which area an abundance estimate
applies, and whether there is any emigration-immigration from
adjacent areas. The results of this study show a lack of sea-
sonality in the occurrence of humpback dolphins and strong
site fidelity by some individuals within the Dayer-Nakhiloo
Marine National Park. However, the study area appears to be
only a part of a larger home range for the studied population.
This observation is reinforced by the 44% of individuals seen
sporadically and the emigration and reimmigration values
observed in the study. On a regional scale, our results indicate
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Fig.4 Humpback dolphins sea-
sonal occurrence rates (number
of seasons a humpback dolphin
was identified as the proportion
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that the Dayer-Nakhiloo Marine National Park is only a small
part of the distribution of humpback dolphins in Iranian waters,
highlighting the need for further studies monitoring a more
extensive area along the Iranian coastline. Increasing sampling
effort (with a broader geographical coverage of the distribu-
tion) should result in higher capture probabilities, reduced het-
erogeneity, and improved accuracy of abundance estimation
and individual ranging patterns. A previous study carried out
in an area of 350 km along the coast in the Persian Gulf has
shown that individual humpback dolphins can move more than
100 km along the coast. With this in mind, it would be ideal to
be able to carry out an estimate of the population of the south-
ern coast of Iran on a larger spatial scale. This would allow a
comprehensive assessment of the abundance of this threatened
species in the region. The mean group size (5.8 +SE 0.3) of
humpback dolphins in the Dayer-Nakhiloo Marine National
Park during the study period was similar to the results of other

studies in the Persian Gulf (Abu Dhabi waters, 6.1 +0.8, Diaz
Lépez et al. 2018), and larger than the groups observed in
Musa Bay (2.7 individuals) (Hemami et al. 2018). During this
study, in addition to the humpback dolphin, the finless porpoise
(Neophocoena phocaenoides) was also observed in the study
area. The presence of these two species in the same coastal
area is remarkably similar to those observations carried out
for humpback dolphins and finless porpoises co-occurring in
Abu Dhabi waters (Diaz Lopez et al. 2018) and off Hong Kong
waters (Jefferson 2000).

Humpback dolphins in our study area show considerable
pink spotting as well as pink on the dorsal fin, whereas in
other parts of the southern range animals are all uniform
grey. Repetition of the morphological analysis conducted
here may allow useful comparisons with populations else-
where that may highlight morphological differences within
the species. The type and prevalence of healing patterns

Fig.5 Pictures A and B show human-induced impacts, A as a potential cut produced by a propeller and B as potentially due to interaction with

fishing gear (line or net)
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Fig.6 Examples (left and right side of an individual) for each cat-
egory of catalog: 1, grey body and dorsal fin without spots; 2, lightly
white speckled body and dorsal fin; 3, grey body and a very small (less

observed in the body of the individuals, present in 17%
of the identified humpback dolphins, are similar to those
observed in other populations studied in the Persian Gulf
(13% in Abu Dhabi waters, Diaz Lopez, et al. 2018) and
confirm the existence of injuries caused by anthropogenic
activities.

The available information suggests that the S. plumbea
population of the Dayer-Nakhiloo Marine National Park
(IMMA 2019) is small, with some individuals showing a
high site fidelity, making the population particularly vul-
nerable to anthropogenic impacts and justifies the need for
developing effective long-term monitoring and conservation
programs. Major threats and disturbances to these animals
are likely to be incidental captures in fisheries, boat strikes
due to vessel traffic. In Iran, humpback dolphins are pro-
tected by a series of laws and regulations under the approval
of the supreme council of the environment (Environmental
Protection and Improvement Act and Wildlife hunting law)
(Legal and Parliamentary Affairs Office 2001). Further stud-
ies in the region are needed to provide a greater understand-
ing of the movement and distribution of the species along the
northern part of the Persian Gulf. It may be possible to com-
bine interviews with local fishing communities, monitoring
fish landing sites, and documentation of fishing efforts to
conduct a spatial bycatch risk assessment and document
fisheries mortality. Public awareness of marine megafauna
bycatch within fishing communities and management
authorities is essential to improve knowledge of the marine
environment and the threats faced by coastal megafauna
species in the region. Training programs and capacity build-
ing in the region are also needed to contribute to the con-
servation activities.
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