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Despite the important role of marine mammals in marine ecosystems and the imperative
for their conservation, there is still a great lack of information on the diversity, distribution,
and density of these animals in the Saudi waters of the Arabian Gulf. To fill this gap, an
integrative data-collection approach including fishermen’s questionnaires, opportunistic
sighting reports, and directed boat-based surveys, was undertaken between 2016 and
2020, leading to the first scientific report of marine mammal diversity, distribution, and
density in the region. The results of the different approaches carried out during the
study confirmed a high diversity of cetaceans on the west coast of the study area,
with bottlenose dolphins (Tursiops aduncus), humpback dolphins (Sousa plumbea) and
dugongs (Dugong dugon) as the most common species. While the two dolphin species
were found to be widely distributed in both coastal and offshore waters, D. dugon
appears to occur exclusively in coastal waters in the southern part of the study area,
mainly in the Gulf of Salwah. The presence of both species of dolphins increased during
the summer months and in the vicinity of the numerous oil and gas facilities in this
region. The distribution of the observed dolphins was found mostly within a 10–20 km
radius around each facility. Other cetacean species observed less frequently in the area
include Bryde’s whale (Balaenoptera edeni), killer whale (Orcinus orca), common dolphin
(Delphinus delphis) and finless porpoise (Neophocaena phocaenoides). Regarding the
density of marine mammals in the region, boat-based surveys confirmed the results of
fishermen’s questionnaires and reports of opportunistic sightings, with bottlenose and
humpback dolphins being the most abundant species. These results provide a baseline
for policies oriented to the conservation of mammals in the Saudi waters of the Arabian
Gulf.
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INTRODUCTION

Marine mammals represent the most highly developed aquatic
animals and form a very important group in marine systems
around the world (Bowen, 1997). They are a very varied group
characterized by unique physical adaptations that allow them
to thrive in the marine environment. From a taxonomic point
of view, they are classified in 4 different groups: cetaceans,
pinnipeds, sirenians and marine fissipeds (Hodgson, 2012). All
species in these groups (ranging from small sea otters Enhydra
lutris to large blue whales Balaenoptera musculus) are important
consumers at different levels of the marine food web (Frazier
et al., 1984; Díaz López et al., 2008; Giralt Paradell et al., 2019).
We can find animals that feed on primary production (sirenians)
as well as predators of fish and even other marine mammals, as
in the case of killer whales Orcinus orca, some pinnipeds and
the polar bear Ursus maritimus (Katona and Whitehead, 1988).
Because of their trophic position and biomass, they are believed
to have a major influence on the structure and function of
marine communities (Estes, 1979; Ray, 1981; Laws, 1984; Bowen,
1997). Several studies confirm the role of keystone species of
several marine mammals. For example, sea otters strongly affect
kelp forest communities through predation on sea urchins, gray
whales Eschrichtius robustus and walrus Odobenus rosmarus can
affect the structure of benthic invertebrate communities, and
dugongs Dugong dugon can cultivate the seagrass community
on which they feed (Bowen, 1997). Moreover, several marine
mammals have also been described as sentinels of coastal
ecosystems (Aguirre and Tabor, 2004), including sea otters
(Jessup et al., 2004), bottlenose dolphins (Tursiops aduncus and
Tursiops truncatus; Wells et al., 2004; Díaz López et al., 2008; Díaz
López, 2020) and manatees (Trichechus spp.) (Bonde et al., 2004).

Despite the important role of marine mammals in marine
ecosystems and the imperative for their conservation, there is
still a great lack of information on the diversity, distribution,
density, and abundance of these animals in the Arabian Gulf
(Baldwin et al., 2004; Preen, 2004; Díaz López et al., 2018;
Hemami et al., 2018). The few studies conducted so far on marine
mammals in Saudi waters focused mainly on the important
presence of dugongs in the Gulf of Salwah, at the border with
Qatar, Bahrain and United Arab Emirates, where they feed
on shallow coastal seagrass beds, and which are threatened by
the multiple anthropogenic activities concentrated along this
coast. While no specific studies have been carried out, the
presence of other marine mammal species was cited in this
region. These include Indo-Pacific bottlenose dolphins (Tursiops
aduncus), Indian Ocean humpback dolphins (Sousa plumbea),
finless porpoises (Neophocaena phocaenoides), common dolphins
(Delphinus delphis), striped dolphins (Stenella coeruleoalba),
Risso’s dolphins (Grampus griseus) and spotted dolphins (Stenella
attenuata) (Hodgson, 2012). In addition, at least 10 species of
whales were listed in Saudi Arabia’s National Biodiversity Strategy
Action Plan (NBSAP) for Saudi waters. These include Bryde’s,
humpback, minke, fin and blue whales, killer and false killer
whales (Lindén et al., 2004).

Despite the various records of marine mammals in the region,
there remains a large knowledge gap on their spatiotemporal

distribution and density, which is a major impediment to their
conservation. In this context, the present work was carried out to
achieve the following objectives: (i) to determine the distribution
and density of the different species of marine mammals present
in the Saudi Arabian Gulf waters, and (ii) to characterize the
ecological traits of these animals, paying special attention to the
effect of environmental factors on their distribution in this area.

MATERIALS AND METHODS

To achieve the goals of this work, four different methodologies
were adopted. These include: fishermen’s questionnaires,
opportunistic sighting records, and boat-based surveys.

Fishermen’s Questionnaires
Over two thousand artisanal fishing boats operate year-round
in Saudi waters of the Arabian Gulf (Roa-Ureta, 2015). These
people spend one of the largest amounts of time at sea in
the region and sometimes they capture mammals as by-catch.
Although their observations lack any systematicity and can be
duplicates, rendering them inadequate to estimate density or
abundance, they have the utility of connecting the frequency
of observations with covariables such as time of the year and
location characteristics in linear regressions. Thus a standard
questionnaire form was generated for this study (Supplementary
Figure 1). The questionnaire consists of 18 questions covering
the maximum amount of information that need to be collected
about the interviewees, their fishing experience, target species,
fishing gear and seasons; but also about the observation, and/or
incidental capture of marine mammals, time and place of
observation, and/or capture and the number of individuals
observed/captured. Regarding the observation/bycatch of marine
mammals, a maximum time scale of the last two months (for
dolphins) or 6 months (for whales, killer whales, and dugongs)
was considered. To locate cetacean sighting records, fishermen
were asked to place their sightings in one of 14 boxes on a
grid dividing Saudi territorial waters in the Gulf (Supplementary
Figure 2). To avoid any repetition, only boat captains were
interviewed. During the interview, fishermen were provided with
an identification guide (Supplementary Figure 3) to ensure their
ability to distinguish between four groups: dolphins, dugongs,
baleen whales, and orcas. Some of the fishermen reported the
species identification of some dolphin species (mainly humpback
dolphins, bottlenose dolphins, and finless porpoises). The ability
of these latter fishermen to distinguish between species was
checked by showing them videos and photos of dolphins’
sightings previously reported by the interviewing team. If the
interviewed fisherman showed some ambiguity in identifying
the species shown on the videos or photos, we consider the
dolphin sighted as unidentified. The data collected through
the fishermen’s questionnaires were used to test two types of
hypotheses using generalized linear models (GLM):

• In the first hypothesis, we tested whether the presence
of a sighting for each of the marine mammal types
(dolphins, whales, dugongs, and killer whales), depended
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on the number of oil and gas installations in each reported
spatial box, the season of the sighting (warm season:
May to October, cold season: November to April) and
the presence of other types of marine mammals. In these
models, the data distribution was binomial and the link
function was the logit.
• The second hypothesis test concerned group size during a

sighting for each of the selected marine mammal types. In
this test, the questions of the dependence of the number

of oil and gas installations on the stated spatial box of
the sighting, the period of the year in which the sighting
occurred, and the size of groups of other types of marine
mammals were tested. In these models, the data distribution
was Poisson and the link function was the logarithm.

Opportunistic Sighting Records
The aim of this work was to compile marine mammal sighting
records reported by marine scientists from the Center for

FIGURE 1 | Transects covered during the boat-based surveys conducted in Springs 2018 and 2019.
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Environment & Marine Studies (King Fahd University of
Petroleum & Minerals, Dhahran, Saudi Arabia) who have to
perform daily duties in the Saudi waters of the Arabian Gulf, in
relation to other projects. For this purpose, a “sighting record”
form was prepared and distributed to all these observers. For each
marine mammal opportunistic sighting report, the observer has
to note: the time and date, the location of the sighting, the type of
marine mammal observed (dolphin, whale, dugong, killer whale),
the number of juveniles and adults observed, the behavior and
the direction of travel of the observed animals (Supplementary
Figure 4). Observers were also asked to take photos and/or
videos and, if possible, try to identify the species based on the
identification guide that accompanied the sighting record form
(Supplementary Figure 3). The survey began in February 2016
and lasted until October 2020.

The data analysis was restricted to dolphins only, the group
that has amassed a sufficient amount of sightings to be analyzed.
The analysis consists of investigating the connection between the

number of sightings and the size of the groups and depth on one
hand and the presence of oil and gas facilities (O&G) on the other.
With this analysis we are asking whether the groups of dolphins
are attracted or repelled by the proximity to O&G or whether they
have a neutral distribution with respect to O&G. This is because
we have found earlier that O&G are locations of concentration
of fish (Rabaoui et al., 2015) which could be prey to dolphins.
In addition, we wanted to determine the home range of dolphins
with respect to O&G by analyzing the effect of different distances.
Thus for each sighting we counted the number of O&G within a
5 km radius of the sighting, 10, 20, and 50 km radius.

A further question that we asked from the data was whether
the results of the analyses above changed when the groups of
dolphins were observed without calves. To conduct this test, we
repeated the analyses described above but only for the subset of
observations of dolphin groups without calves.

The models fitted were generalized linear models with
the Poisson distribution and the logarithmic link, which is

FIGURE 2 | Histogram of detection at increasing distance (gray bars, observed data are represented by the small bars on the x-axis) and fitted detection function
(solid line) for the four density function models (half-normal, hazard rate, negative exponential, and gamma).
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statistically appropriate for counts data. To test hypotheses for
the effect of depth and the size of the home range in relation to
the number of O&G, we fitted the following models to both, all
the sighting counts of dolphin groups and the subset of sighting
counts of dolphin groups without calves (G represents O&G):

Null model : log
(
y
)
= β0 (1)

log
(
y
)
= β0 + βDD (2)

log
(
y
)
= β0 + βDD + β5kmG5km (3)

log
(
y
)
= β0 + βDD + β5kmG5km + β10kmG10km (4)

log
(
y
)
= β0 + βDD + β5kmG5km + β10kmG10km

+ β20kmG20km (5)

log
(
y
)
= β0 + βDD + β5kmG5km + β10kmG10km

+ β20kmG20km + β50kmG50km (6)

log
(
y
)
= β0 + βDD + β5kmG5km + β10kmG10km

+ β50kmG50km (7)

log
(
y
)
= β0 + βDD + β5kmG5km + β50kmG50km (8)

Subsequently we determined the best working model by selecting
the hypothesis with the lowest Akaike Information Criterion
(AIC). Finally, we presented the table of coefficients (the βs in
the equations above) for the best model to interpret the effect of
depth and whether there is attraction or repulsion to O&G and
what is the home range connected to those effects.

TABLE 1 | Best supported model (in bold) for observations of dolphins, dugong
and whales by fishermen as absence/presence data and as group size
conditions on presence.

Cetacean group Model AIC presence AIC group size

Dolphins Null 573.3 3110.8

Season 575.3 2984.8

Season+O&G 6.0 2986.7

Season+O&G+Dugongs 8.1 2987.5

Season+O&G+Dugongs
+Whales

10.0 2987.5

Season+O&G+Dugongs
+Whales+Killer Whales

12.0 2988.6

Season+O&G+Dugongs
+Killer Whales

10.1 2988.6

Dugongs Null 218.7 83.6

Season 220.7 85.6

Whales Null 319.8 102.5

Season 317.9 103.5

Season+WhalOgf 104.7 101.8

Season+WhalOgf+DugSig 105.4 103.7

Season+WhalOgf+DugSig
+DolSig

106.9 105.6

Season+WhalOgf+DugSig
+DolSig+KillSig

108.6 105.6

Season+WhalOgf+DugSig
+KillSig

107.1 103.7

Boat-Based Surveys
The goal of this fieldwork is to have estimates on the density
of the most common cetacean species occurring in the Saudi
waters of the Gulf. The design of the boat-based survey was
adopted following the methodology described in Thomas et al.
(2007). The territorial Saudi waters in the Gulf were divided into
2 strata: stratum 1 covering the northern and central waters and
stratum 2 covering the southern waters. Equal-spaced zig-zag and
parallel transects were defined in stratums 1 and 2, respectively
(Figure 1). The start points of all these transects were randomly
placed in order to allow an equal coverage probability within each
stratum (Williams and Thomas, 2007). Two complete surveys
were completed between March 2018 and March 2019 using the
SELBAR boat (17.6-m long fiberglass boat). During the searching
effort, the boat traveled, during calm weather conditions (wind
speed <7 knots), at a speed of approximately 8 knots (∼15 km
h−1). The team onboard of the boat consisted of three observers
experienced in marine mammals’ visual surveys and species
identification in the Arabian Gulf: two primary observers and one
data recorder. The two primary observers were positioned on the
highest accessible point of the boat platform (∼6 m height), and
were responsible on searching cetaceans, with naked eyes, on the
visual fields extending from dead ahead (0◦) to 90◦ toward the
port or starboard sides of the boat, depending on the observer
position. Whenever a sighting was made, the data recorder
noted all the sighting information and assisted, if needed, the
two primary observers in the identification of the observed
species and estimating the school size. The sighting distance was
estimated visually, after extensive training of the observers using
a HAWKE laser rangefinder (tested accuracy ± 1 m from 10
to 900 m). Reticle eyepieces and compass-equipped binoculars
were used to estimate the sighting angles, and also to confirm
the estimated sighting distance and the identification of observed
marine mammal species. All observations were made during day
time and under calm weather conditions.

Statistical estimation of mammal’s density in the Saudi waters
of the Gulf was carried out using distance sampling methods with
sightings data in the Rdistance package (McDonald et al., 2019)
of the R statistical system (R Core Team, 2019). Dugongs were
not observed in sufficient quantities (2 individuals in one site)
for a separate estimation of their density. Because of the limited
number of observations, the dolphin sightings collected for the

TABLE 2 | Coefficients of the best supported model for observations of whales by
fishermen as absence/presence data and as group size conditions on presence.

Predictor Coefficient Std. Error p value

Absence/presence

Intercept −3.292 0.322 <0.0001

Season (hot) −1.960 1.053 0.0627

O&G 10.980 880.427 0.9901

Number conditional on presence

Intercept −0.612 0.282 0.0299

Season (hot) 0.293 0.330 0.3751

O&G 0.018 0.009 0.0523

Frontiers in Marine Science | www.frontiersin.org 5 August 2021 | Volume 8 | Article 687445

https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


fmars-08-687445 August 3, 2021 Time: 10:53 # 6

Rabaoui et al. Ecology of Arabian Gulf Cetaceans

two dolphin species (S. plumbea and T. aduncus) and for the two
surveys were pooled and used in the analysis.

In distance sampling, it is necessary to estimate a detection
function because not all individuals are observed within the
range of visibility and individuals that are closer to the
observation site are more likely to be observed than individuals
located far across the visibility range. In this work, we
carried out the estimation of density considering detection

functions of four kinds: half normal, hazard rate, negative
exponential, and Gamma. After estimation of density, the most
reliable of these functions was selected on the basis of the
Akaike Information Criterion (AIC). The uncertainty of the
density estimates was evaluated by using bootstrap with 10,000
iterations. The fit of detection function was also examined
visually by plotting the fitted curve with observed detection
data (Figure 2).

FIGURE 3 | Map showing the locations of opportunistic sighting reports of marine mammals (whales, killer whales, dugongs, and dolphins) in the Saudi waters of the
Arabian Gulf (between February 2016 and August 2020). Numbers represent the number of individuals at each sighting.
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RESULTS

Fishermen’s Questionnaires
In total, 508 questionnaire forms were filled between January
2017 and January 2019, and the descriptive results are presented
in Supplementary Table 1. Supplementary Figure 5 (a and b)
shows the actual counts of oil and gas installations, including
offloading units, clusters, Gas/Oil Separation Plants (GOSPs), and
wells, per spatial cell.

In total, 381 dolphin sightings were recorded. Most of these
dolphin sightings were observed between the months of March–
April 2017, January–March 2018 and August–December 2018
(Supplementary Figure 6). In a high percentage of the dolphin
sightings made by fishermen, the species could not be identified
(using the identification guides provided by the interviewers). In
the sightings where the dolphin species could be identified, most
of the records were for Indo-Pacific bottlenose dolphins (Tursiops
aduncus), followed by humpbacks (Sousa plumbea), finless
porpoises (Neophocaena phocaenoides) and common dolphins
(Delphinus delphis) (Supplementary Figure 6). Regarding the
spatial distribution of dolphin sightings, a peak was recorded
in boxes 5, 9, and 13, and most sightings were of groups
with less than 5 dolphins (Supplementary Figure 7). In the
case of dugongs, only 27 sightings were recorded; most of
them during March-April 2017 and October 2018. Notably,
all dugong sightings were recorded in the southernmost Saudi
waters of the Gulf (Gulf of Salwah, spatial bin 13). Most of the
sightings corresponded to groups of 2 dugongs (Supplementary
Figure 8). As for whales and killer whales (Orcinus orca), their
total numbers of sightings were 36 and 7, respectively. Most
of these sightings were solitary and were recorded during the
cold season (November-April). The highest numbers of sightings
for both groups of cetaceans were recorded in boxes 9 and 12
(Supplementary Figure 9).

The model that is best supported by dolphin presence/absence
data shows season and number of oil and gas installations as the
only predictors (Table 1). Despite this, the statistical precision
of the estimates from this model was very low (Table 1). When
studying group size conditional on presence, the best supported
model is a model conditional only on season of the year (Table 1).
This model has a coefficient for season of 0.365 (standard
error = 0.023, p-value <0.0001), showing a strong tendency to
observe more dolphins in the warm season (May to October).
In the case of dugong observations, they were only reported in
spatial bin 13 (Supplementary Figure 2), so the only possible
test with these data refers to the season. For both presence
and group size, the null model is best supported by the data
(Table 1). Therefore, dugongs are observed equally across seasons
only in spatial bin 13. Finally, for whale watching, both for
presence/absence data and for counts of individuals in the case
of presence, the best supported model includes the season of the
year and the number of oil and gas installations in each spatial cell
(Table 1). Examination of the coefficients of the best-supported
model in Table 2 shows that all results are weak and with large
statistical uncertainty. Therefore, no firm conclusions can be
drawn from these data on the distribution of observed whales.

Opportunistic Sighting Records
Between February 2018 and October 2020, a total of 678
mammals were observed in 94 recorded sightings (mean group
size 7.2, mean group size 1) (Supplementary Table 2). The
majority of these were bottlenose dolphins (53 sightings),
followed by humpback dolphins (20 sightings). The common
dolphin (D. delphis) was observed only once, but in a very large
group (Supplementary Table 2). Supplementary Figures 10–14
represent all cetacean species recorded, during this survey,
in Saudi Arabian Gulf waters. The map in Figure 3 shows
the location of all records of opportunistic sightings reported
during this study.

When considering all marine mammal observations together,
group size was related to all factors included in model 6, with

TABLE 3 | Best supported model (in bold) for the relation between all mammals
and all dolphins group size and depth and number of oil and gas facilities within 5,
10, 20, and 50 km radius.

Group Model AIC

All mammals Null 1025.5

Depth 1018.7

Depth+OG5km 1020.1

Depth+OG5km+OG10km 1022.1

Depth+OG5km+OG10km+OG20km 1022.5

Depth+OG5km+OG10km+OG20km+OG50km 968.0

Depth+OG5km+OG10km+OG50km 978.3

Depth+OG5km+OG50km 998.1

OG5km+OG50km 999.2

All dolphins Null 870.7

Depth 836.9

Depth+N.O&G.5KM 837.2

Depth+N.O&G.5KM+OG10km 838.1

Depth+N.O&G.5KM+OG10km+OG20km 839.7

Depth+N.O&G.5KM+OG10km+OG20km+OG50km 798.7

Depth+N.O&G.5KM+OG10km+OG50km 810.6

Depth+N.O&G.5KM+OG50km 812.3

Depth+OG50km 823.5

TABLE 4 | Coefficients of the best supported model for the relation between all
mammals and all dolphins group size and depth and number of oil and gas
facilities within 5, 10, 20, and 50 km radius.

Group Factor Coefficients Std. error p value

All mammals Intercept 1.816 0.079 <0.001

Depth 0.002 0.003 0.588

O&G.5km −0.036 0.018 0.049

O&G.10km 0.040 0.011 <0.001

O&G.20km −0.031 0.005 <0.001

O&G.50km 0.007 0.001 <0.001

All dolphins Intercept 1.777 0.087 <0.001

Depth 0.011 0.003 <0.001

O&G.5km −0.022 0.019 0.240

O&G.10km 0.018 0.0117 0.126

O&G.20km −0.022 0.006 <0.001

O&G.50km 0.006 0.001 <0.001
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the lowest AIC (Table 3). Examination of the coefficients of each
of the 6 factors (Table 4) reveals that the effect of depth is very
weak (and not significant). The strongest effects are those of the
number of oil and gas installations within 5 km, which is negative,
the number of oil and gas installations within 10 km, which is
positive, and the number of oil and gas installations within 20 km,
which is again negative. This means that all mammals considered
together prefer a home range formed by the ring defined by the
juxtaposition of a 10 km radius circle within a 20 km radius circle,
both centered on each facility (Figure 4).

Focusing on dolphins as the dominant taxonomic group in
number, model 6 including all factors is the best supported
as indicated by a lowest AIC (Table 3). Examination of the
coefficients for each of the 6 factors (Table 4) shows some
differences with the model including all mammals together,
but also general similarities. The differences are that depth is
highly significant with a preference for shallower waters (the
interquartile is 8 to 30 m) and that the effects of the number of
oil and gas installations within the 5 and 10 km range are not
significant, although these are the strongest effects in terms of
magnitudes of coefficients. The similarities are in the signs of the
coefficients, indicating that dolphins prefer a home range formed
by the ring defined by the juxtaposition of a 10 km radius circle
within a 20 km radius circle, both centered on each facility.

Boat-Based Surveys and Density
Estimation
The bottlenose dolphins were the most observed mammal species
with a total of 29 observations and a total count of 231 individuals
(Supplementary Table 3), of which 28 were juveniles. The

humpback dolphins were encountered less frequently with a total
of 10 observations and a total count of 68 individuals, of which 6
were juveniles. These two dolphin species were never observed
as solitary individuals with mean group sizes (±SD) of 8 ± 7
and 7 ± 3 per group for bottlenose and humpback dolphins,
respectively. The specific location of observations along with the
survey transects are shown in Figure 5.

The statistical analysis conducted using the combined data of
both dolphin species and both surveys showed that exponential
function-based model was the best supported for density
estimation, with the lowest AIC. The dolphin density estimated
with this model was 0.854 individuals per km2 (coefficient of
variation = 53%, with 95% confidence interval from 0.299 to
2.259, Table 5).

DISCUSSION

The present study showed the presence of eight cetacean
species in the Saudi waters of the Arabian Gulf. These
include five species of dolphins (Indo-Pacific bottlenose dolphin:
T. aduncus, Indian Ocean humpback dolphin: S. plumbea,
finless porpoise: N. phocaenoides, common dolphin: D. delphis,
and killer whale: O. orca), two species of whales (Bryde’s
whale: B. edeni and humpback whale: M. novaeangliae) and
one species of dugong (D. dugon). The number of species
recorded here is almost half of the 17 species recorded in the
waters of the Arabian Gulf (including Kuwait, Saudi Arabia,
Bahrain, Qatar and the United Arab Emirates) (Carpenter
et al., 1997). The failure to observe any of the other species
is most likely due to the fact that some cetacean species are

FIGURE 4 | Opportunistic sightings of three mammal groups (Dolphins, Whales, Dugongs) in Saudi waters of the Arabian Gulf between February 18, 2016 and
October 2, 2020 (blue cross), circular vicinity of 5 km radius (red circle) and the location of oil and gas facilities (black dots).
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found in the adjacent waters of the Arabian Gulf (Arabian
Sea) and that their occurrence is rare or even non-existent
in the western Arabian Gulf. The same species encountered
during the present study were also recorded in the waters
of neighboring countries (Baldwin et al., 2004; Preen, 2004;
Al-Abdulrazzak and Pauly, 2017; Díaz López et al., 2018;
Hemami et al., 2018), demonstrating that cetacean diversity in

the Arabian Gulf is mainly represented by the eight species
we recorded. Among these eight species, only three species
are commonly present year-round in Saudi Gulf waters. These
include the humpback dolphin (S. plumbea), bottlenose dolphin
(T. aduncus) and dugong (D. dugon), which were recorded during
the systematic boast-based surveys, questionnaire surveys and
opportunistic sighting reports. The highest number of species was

FIGURE 5 | Observation tracks (red straight lines) and observation points (blue asterisk) of bottlenose dolphins (A,B), humpback dolphins (C,D) and dugongs (E)
during the two surveys (Spring 2018 and Spring 2019).
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TABLE 5 | Estimate, coefficient of variation (CV) and 95% confidence interval
(95% CI) of the density of dolphins (individuals per square kilometer, sighting data
of both bottlenose and humpback dolphins from the two surveys are combined)
using distance estimation methods with four density function models.

Model AIC Estimate CV 95% CI

Half normal 476.4 0.479 45% 0.193∼1.116

Hazard rate 468.0 0.929 75% 0.282∼3.760

Exponential 467.1 0.854 53% 0.299∼2.259

Gamma 468.4 0.866 46% 0.620∼1.943

Models with best support in each case are marked in bold. The uncertainty in the
parameter estimates was assessed using bootstrap with 10,000 iterations.

recorded in the opportunistic sighting reports, demonstrating the
usefulness of this technique for recording cetacean biodiversity.
This technique also showed that Bryde’s whale (B. edeni) and
finless porpoise (N. phocaenoides) are also common in the
western Arabian Gulf, as they were recorded in different seasons,
however, their presence is limited to the northern and offshore
areas. According to our direct observations, Bryde’s whales come
to Saudi waters at certain times of the year to feed on some pelagic
fishery resources (see Supplementary Figure 10).

Dolphin density estimate (T. aduncus and S. plumbea
combined) from the boat surveys (0.854 individuals per km2) was
within the range of published literature (0.22 to 3.4, Table 6),
suggesting that the Arabian Gulf is an important area for both
bottlenose and humpback dolphins, similarly to other regions of
the world. Although, the number of total sightings was low (39,
since a minimum of 60 sightings are recommended by Buckland
et al., 2001), we believe that the density estimate reported herein
is reasonable because the detection function fitted the data
well (Figure 2), with density estimate within a reasonably low
covariance of variation (53%). Moreover, the density estimate of
the dolphins in the Saudi waters of the Arabian Gulf matches
with the values reported from other adjacent and distant areas
(Table 6). Future studies using mark-recapture techniques are
needed to provide more precise estimates of the status of marine

mammal populations and to allow comparison with studies
conducted in other areas.

Analysis of opportunistic sighting reports showed the
prevalence of dolphins (particularly bottlenose and humpback
dolphins) in the study area. Among the environmental factors
considered in this study, concentrations of offshore oil and gas
structures were found to influence the presence of dolphins
in the western Arabian Gulf. In fact, dolphins appeared to
prefer a home range formed by the ring defined by the
juxtaposition of a 10 km radius circle within a 20 km radius
circle, both centered on each oil/gas installation. The association
between the presence of oil/gas structures and the occurrence
of dolphins is probably due to the attraction of dolphins to
the fish/shellfish resources associated with these man-made
structures. In this regard, Rabaoui et al. (2015) found a higher
density of fish and biodiversity at sites with a higher number
of oil and gas installations within a 5 km radius. These
associated faunal communities may represent trophic resources
for dolphin populations found in Saudi Arabian Gulf waters.
However, dolphins also avoid being in close proximity to oil/gas
installations, which may be explained by the noise pollution
generated by these structures and the navigation of ships around
them. Similarly, Todd et al. (2020) demonstrated the close
presence of marine megafauna (cetaceans, pinnipeds, sirenians,
large fish - such as sharks, rays, billfish, and tuna, as well as marine
reptiles and seabirds; many of which are threatened species) to
anthropogenic structures, with most animals displaying foraging
behavior or interaction with the structures. In this context,
various studies reported the occurrence of marine mammals
around oil/gas structures (e.g., Cremer et al., 2009; Todd et al.,
2009, 2016; Thompson et al., 2010; Delefosse et al., 2018).
Other megafauna taxa including sharks, rays and turtles were
also reported to occur close these artificial structures (McLean
et al., 2017, 2019; Haugen and Papastamatiou, 2019). This proves
that many megafaunal species including marine mammals are
likely to exploit the trophic resources associated with the marine
anthropogenic installations. According to Mackintosh (1974),

TABLE 6 | Comparison of the dolphin density (both bottlenose, T. aduncus, and humpback, S. plumbea, dolphins) in the Saudi waters of the Arabian Gulf with those
recorded with the same and other congeneric species in other regions.

Species Density (ind. Km−2) Area Technique References

T. aduncus and S. plumbea 0.854 Saudi waters of AG Boat-Based Surveys Present work

Tursiops truncatus 1.09 (inshore) – 4.43
(Island)

Mississippi Sound,
United States

Photo-ID capture recapture
technique

Mullin et al., 2017

Tursiops truncatus 0.6 (winter) – 1.3 (summer) Mississippi Sound,
United States

Boat-Based Surveys Miller et al., 2013

Sousa plumbea 3.40 Goa Bay, western coast of India Boat-Based Surveys Sutaria and Jefferson, 2004

0.59 Abu Dhabi, United Arab
Emirates

Mark-recapture method of
photo-ID (55 boat based
surveys)

Díaz López et al., 2018

0.123 Mousa Bay (Iran) Boat-Based Survey Hemami et al., 2018

Sousa chinensis 1.36 Pearl River Estuary, Southern
China

Boat-Based Surveys
+ Photo-ID

Chen et al., 2010

0.99 Zhanjiang Bay, Southern China Boat-Based Surveys
+ Photo-ID

Xu et al., 2015

0.22 Beibu Bay, Southern China Boat-Based Surveys Chen et al., 2009
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the interactions of marine mammals with these structures
show a direct contact, rather than avoidance behavior. The
use of marine structures by large marine animals for feeding
purpose was evidenced in several papers (Russell et al., 2014;
Arnould et al., 2015; Todd et al., 2016, 2020; Orr et al., 2017;
Delefosse et al., 2018).

In the Saudi waters of the Arabian Gulf, oil and gas
installations have an exclusion circle around them of 500 m
radius, which fishermen and other unauthorized vessels are
prohibited from entering. Therefore, mammals may not have
been detected in close proximity to these installations with
our observation methods. Thus, the potential associations
between cetaceans (and other megafauna groups) and human
marine structures should be taken into account in any
future management of these marine installations. For instance,
decommissioning marine oil/gas structures may have significant
impacts on the various components of marine ecosystems,
including marine mammals (Fowler et al., 2014, 2018; van Elden
et al., 2019). This is because some of these structures are likely to
play the role of ‘protected areas’ providing feeding sites for these
animals (Todd et al., 2020). Apart from that, the probability that
the anthropogenic marine structures may have some negative
impacts on marine megafauna is worth investigating in future
studies (Todd et al., 2020).

CONCLUSION

This study provided the first data about the diversity, density,
distribution, and ecology of marine mammals occurring in the
Saudi waters of the Arabian Gulf. Among the eight species
occurring in this region, bottlenose, humpback, and dugongs are
the most common. Bottlenose and humpback dolphins appeared
to be distributed in all Saudi waters of the Gulf (both nearshore
and offshore waters). While small-sized cetaceans (bottlenose,
humpback, finless porpoise, and dugongs) were mostly observed
in coastal areas, big-sized mammals (Bryde’s whales, humpback
whales, and killer whales) seem to prefer offshore deep waters.
Based on the opportunistic sighting reports and boat-based
reports, three coastal areas with the highest occurrence of
cetaceans, in particular bottlenose and humpback dolphins, can
be defined: Gulf of Slawah, Abu Ali, and Manifa-Safaniya. These
three areas are known to host important seagrass meadows
acting as foraging and nursery areas for hundreds of fish and
shellfish species (Rabaoui et al., 2017). These latter are likely to
represent attractive trophic resources for dolphins. Therefore, it
can be deduced that any management and conservation plan of
dolphins and dugongs should consider the protection of these
coastal habitats.

The density estimates and the information on distribution
and habitat use obtained in this study are essential for assessing
the potential impacts of anthropogenic activities in the western
Arabian Gulf. This oil-rich region is characterized by a well-
developed oil industry in both coastal and offshore waters.
These baseline data will provide industry and regulators with the
details needed to better manage offshore oil/gas structures and
their future decommissioning, as well as to determine potential

monitoring and mitigation strategies to minimize impacts on
marine mammals. Information on the distribution and density
of the eight cetacean species recorded here will be particularly
important for future construction and post-construction impact
studies. Assuming the protocols are retained in future surveys,
these relative density estimates provide a baseline that can
be compared with estimates obtained during pre-construction,
construction and post-construction activities to assess impacts
and changes over time. Baseline estimates can also be used to
determine site-specific catch estimates for bycatch authorizations
and can be used to inform the timing of construction activities
to minimize potential impacts during known periods of marine
mammal presence.

The occurrence of dugongs in the Saudi waters is very
scarce and seems to be more frequent during the cool season
(November–February) in the Gulf of Salwah and Ras Abu Gamis
(at the Saudi border with Qatar and United Arab Emirates).
The protection of the Arabian Gulf population of dugongs
should consider the adoption of a common conservation strategy
between these three countries.
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