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ABSTRACT

Previously published data on the occurrence of humpback whales (Megaptera novaeangliae) in the Arabian Sea suggests that the region hosts a
non-migratory population that adheres to a Northern Hemisphere breeding cycle. In order to investigate the distribution and abundance of this
population, twelve small boat surveys were conducted in three main locations off the coast of Oman between February 2000 and November 2004.
Humpback whales were observed during surveys in Dhofar and Gulf of Masirah on Oman’s Arabian Sea coast, but not during surveys in the Muscat
region in the Gulf of Oman. An even ratio of males to females was observed and sampled during surveys in the Gulf of Masirah, which was surveyed
in October and November (n = 38), while almost all whales sampled in Dhofar in February/March were male (n = 28). Song was detected frequently
in the bay surrounding the Halaniyat Islands (formerly known as the Kuria Muria Bay) in February/March, but observations of mother-calf pairs
were sparse, and competitive groups were absent. Feeding was observed in both October/November and February/March, but behavioural and
environmental observations indicate that the Gulf of Masirah is primarily an important feeding ground, while the Dhofar region, particularly the
Halaniyat Bay, may be a breeding area. However, limited survey effort and a lack of recent observations of mother-calf pairs or competitive groups
raises the possibility that the primary mating, calving and nursing areas are yet to be identified. Sixty-four individual whales were identified using
photographs of dorsal fins or tail flukes. A high rate of re-sightings between years and between survey areas at different times of the year indicates
year-round residence off the coast of Oman. A Chapman’s modified Petersen estimator was applied to various data pairings to calculate abundance.
All pairings yielded estimates of less than 100 individuals, but sample sizes were small and there were various sources of possible bias. Analysis
of scarring on the caudal peduncle region of identified individuals in Oman indicates that between 30 and 40% are likely to have been involved in
entanglements with fishing gear. Comparison of the Oman photo-identification catalogue with those from Zanzibar, Antongil Bay (Madagascar)
and Mayotte and the Geyser Atoll (Comoros Archipelago), yielded no photographic matches. These data are consistent with the hypothesis of a
discrete population. The distribution of fluke pigmentation rankings from the Oman catalogue, which varied significantly from those of Madagascar
and Mayotte, provides further evidence for this theory. The evidence presented here provides a strong underpinning for the recent IUCN Red List
classification of the Arabian Sea sub-population of humpback whales as Endangered. In light of ongoing coastal development and other threats to
this population’s habitat and future survival, urgent research and conservation measures are recommended.
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Early records of humpback whales from the Arabian Sea
region in the Northern Hemisphere include whaling data and
observations collected from merchant vessels (Brown, 1957;
Slijper et al., 1964; Wray and Martin, 1983). No feasible
migration routes can link this population to the high latitude
Northern Hemisphere regions, and most observers suggested
these animals belonged to Southern Hemisphere stocks (e.g.
Brown, 1957). However, these authors were unable to
account for sightings made in the Arabian Sea during the
austral summer. Reeves et al. (1991) presented a thorough
review of historical and incidental records of humpback
whales in the Northern Indian Ocean, and explored the
hypothesis that some humpback whales may be resident
(Whitehead, 1985; Winn et al., 1981). Evidence arising from
the catch of 238 humpback whales illegally taken off Oman
and Pakistan in November and December 1966 suggests that
Arabian Sea whales represent a separate stock, adhering to
a Northern Hemisphere breeding cycle (Mikhalev, 1997;
2000).

High primary productivity associated with strong
monsoon-driven upwelling in the Arabian Sea may create
conditions suitable for feeding at latitudes more typically
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INTRODUCTION

Humpback whales (Megaptera novaeangliae) are known to
undertake seasonal migrations between high latitude summer
feeding grounds and tropical winter breeding grounds (e.g.
Chittleborough, 1965; Clapham and Mead, 1999; Dawbin,
1966). Feeding and breeding cycles in Northern and
Southern Hemisphere populations are typically six months
out of phase (Lockyer, 1984). Although some circumstantial
evidence exists for limited interbreeding between
hemispheres, particularly off the South American coast of
the central Pacific Ocean, (Acevedo-Gutiérrez and Smultea,
1995; Caballero et al., 2001; Flórez-González et al., 1998;
Hazevoet and Wenzel, 2000; Stone et al., 1990), genetic
evidence supports traditional stock definitions originally
described from distributions observed by whaling fleets and
marking data (Breiwick, 1983). These stocks or sub-
populations typically demonstrate high fidelity to well
defined breeding areas and seasons, and little mixing occurs
between populations (Baker et al., 1998; Baker and
Medrano-González, 2001; Baker et al., 1990; Medrano-
Gonzalez et al., 2001).
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associated with breeding (Baldwin, 2000; Mikhalev, 1997;
Papastavrou and Van Waerebeek, 1997; Reeves et al., 1991).
Mikhalev (2000) found that over 50% of humpback whales
caught and examined in the Arabian Sea (n = 190) had full
stomachs, indicating that feeding occurred during the Austral
summer, when Southern Hemisphere populations should be
feeding in the Southern Ocean. In addition, biological data
on reproductive females and calf lengths indicated a
reproductive cycle in line with Northern Hemisphere
populations (Mikhalev, 2000).

Although data collected prior to 2000 confirmed a
population of humpback whales in the Arabian Sea,
information on seasonal distribution, habitat use, population
identity, abundance and status were limited. This paper
reviews all available confirmed records of humpback whales
in Oman including results of a series of small boat surveys
and one shore-based survey carried out off the coast of Oman
between February 2000 and October 2003. This review aims
to investigate the seasonal distribution, habitat use,
abundance and conservation status of humpback whales in
Oman.

METHODS

Study areas and field survey methods
Small-boat surveys were conducted over a period of four and
a half years in three main locations: the Gulf of Masirah; the
Dhofar region (both on the Arabian Sea coast); and off
Muscat in the Gulf of Oman (Fig. 1). Surveys were designed
to target areas where published (Mikhalev, 2000) and
unpublished records indicated potential humpback whale
abundance, and the timing and location of surveys is detailed
in Table 1. Survey timing was to some extent constrained by
funding opportunities, personnel availability and logistic
constraints, while rough seas and fog generated by the SW
Monsoon limited effort along the Arabian Sea coast during
the summer months (May–September). As a result, the Gulf
of Masirah was typically surveyed during October and
November, and the Dhofar region during February and
March. Additionally, single-day surveys were conducted on
an average of once a month in the Muscat region throughout
the study period. While all available survey and photo-
identification data from the 2000–03 surveys were used in
the analyses below, the data from the 2004 Gulf of Masirah
survey in this paper are limited to photo-identification data
for use in mark-recapture analysis.

Tracks were designed to optimise coverage of nearshore
and offshore (beyond the 200m isobath up to roughly
3,000m) waters within the determined survey region.
However logistical considerations (range of the vessel, fuel
supplies, safe anchorages, weather conditions, etc.) often
limited the length and range of search tracks. Search speeds
ranged from 12 to 15 knots. 

The majority of surveys were conducted from a 6.5m
rigid-hulled inflatable boat (RIB), powered by two outboard
engines (70 or 85hp). Effort was logged to the minute, and
all sightings were recorded using standardised data collection
methods (e.g. Mattila et al., 1994). Although the survey
collected data on all species of cetacean encountered, priority
was given to humpback whales. Types of data collected
during each humpback whale sighting included (in order of
priority) positional data, group composition, behaviour,
photographic (tail flukes, right and left dorsal fins), skin
samples and acoustic recordings.

Weather conditions were recorded on an hourly basis and
search effort was suspended in Beaufort Sea states of 4 or

higher. A minimum of two experienced observers positioned
on the bow, on a 3m high A-frame, or on the deck of the boat
scanned assigned arcs with the naked eye, in order to
collectively cover 180 degrees forward of the beam. Surveys
were conducted in closing mode, and search effort was
suspended to approach and collect data on all cetaceans
sighted. In January and February 2000, two observers
conducted opportunistic searches from vessels involved in a
multidisciplinary expedition off the Halaniyat Islands, while
the survey conducted from 15–17 October 2000 used a 5.5m
fibreglass fishing skiff powered by a 25hp engine to survey
the northern portion of the Gulf of Masirah. 

In an effort to address the paucity of sightings data from
monsoon months and confirm or refute the presence of
humpback whales during the Northern Hemisphere summer
months, a four-day shore-based survey was conducted from
cliff-tops near Duqm (in the southern portion of the Gulf of
Masirah) in June 2001. Four observers worked in rotation
with two observers searching the sea simultaneously, one
with binoculars and one with the naked eye, for two-hour
shifts. Sightings were recorded, but no data on movement or
individual identification are available from this survey.

Tissue sampling and sex determination
Sloughed skin was collected opportunistically with a sieve
from dive wells or following breaches (Amos et al., 1992).
From October 2001, biopsies were taken with a crossbow
and hollow-tipped, barbed biopsy darts (Lambertsen et al.,
1994). Tissue samples were stored in salt saturated water
with 20% dimethyl sulfoxide (DMSO) (Amos and Hoelzel,
1991) for genetic analysis.

Group composition and behaviour
Group types and behavioural classifications were based on
a consensus of categories used in other studies (e.g. Baker
and Herman, 1984; Brown and Corkeron, 1995; Clapham,
1993; Clapham et al., 1992; Mattila et al., 1989; Mattila et
al., 1994).

Acoustic watches
Acoustic watches were conducted from February 2001
onward with the primary aim of detecting humpback whale
song. Search effort was suspended and a hydrophone
(Offshore Acoustics, Vancouver) was deployed to a depth of
5–10m for a period of 15 minutes. Detected song was
assigned to one of three perceived levels of intensity as a
crude measure of the distance of the whale from the
hydrophone: ‘1’ being distant, ‘2’ medium and ‘3’ close
range. Recordings were made using a Sony TCD-D100
digital audiotape (DAT) recorder. Efforts were then made to
locate, photograph and biopsy the singing whale if it had not
already been detected visually prior to the acoustic watch.

Photo-identification and matching
Every effort was made to photograph the ventral surface of
the tail flukes (Katona and Whitehead, 1981) and the left and
right sides of the dorsal fin of each humpback whale
encountered. A variety of cameras was used, including both
35mm film and digital SLR cameras fitted with 70–300mm
or 130–400mm zoom lenses.

Data analysis
Sighting classifications
All sighting data were entered into the Oman Cetacean
Database (OMCD), an MS Access database, and were then
classified into four effort categories. 
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(a) Type 1 (n = 56): recorded during optimal survey effort
(minimum of 2 observers, 12–15kt search speed). 

(b) Type 2 (n = 3): recorded during sub-optimal survey effort
(higher vessel speeds or fewer observers).

(c) Type 3: recorded while ‘off effort’ during surveys (n =
13), during acoustic watches (n = 6) or by authors outside
of survey times with no associated effort (n = 7). Shore-

based observations (n = 13) and seismic survey records
(n = 47) are also included here (Baldwin, 1997). These
have been treated as incidental sightings made by authors
and no associated effort has been analysed.

(d) Type 4 (n = 25): Incidental or dedicated sighting records
from reliable third parties (including Ballance and
Pitman, 1998; Mikhalev, 1997; Reeves et al., 1991; Salm
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Fig. 1. Four main study areas in Oman. A: Muscat region, linear distance covered from 2001–2003 = 2,264km. B: R’as al Hadd
(one survey only) = 200.8km. C: Gulf of Masirah = 2,555.24km. D: Dhofar region = 3,819.71km.



et al., 1993), observations by M.D. Gallagher (1970–
1998) and reports supported with photographs or video
footage. 

Only Type 1 sightings are used in analysis of relative
abundance and encounter rates. However, Type 2–4 sightings
are used to varying degrees in analysis of group composition,
behaviour and seasonal distribution. 

Sex determination
Both sloughed skin (n = 12) and biopsy samples (n = 44)
were used for determination of sex, which was accomplished
by PCR amplification and subsequent Taq I digestion of
homologous regions on the X and Y chromosomes
(ZFX/ZFY) (Palsbøll et al., 1992). Sloughed skin was only
definitively assigned to an individual if it was a singleton.
Adult whales accompanied by a calf were considered
females and singletons confirmed to be singing were
considered male.

Photo-identification, matching and population estimates
Photographs (from 35mm print or slide film) were filtered
for quality and the best representative photos of each feature
(left dorsal, right dorsal or tail flukes) of each individual
whale at each encounter were selected, scanned at high
resolution (600 dpi), and cropped to best frame the
identifying feature (dorsal fin or tail flukes). Raw digital
images were labelled, filtered for quality and enhanced. The
selected images were then linked to a database containing
sighting history information.

All selected images were scored using one general quality
ranking that included consideration of sharpness, contrast,
angle and proportion of the identifying feature visible in the
image. Scores ranged from 1 to 4.

(1) Poor quality: ‘unmatchable’ under any circumstances,
but with utility as a reference.

(2) Fair quality: shows only a portion of the identifying
feature (i.e. one half of the flukes), is out of focus, or

compromised by glare. These images could be used to
recognise distinctive individuals.

(3) Good quality: in focus and shows all of the identifying
features.

(4) Excellent quality: shows all aspects of the identifying
feature in great detail.

Scoring was based on photo quality and orientation only and
was independent of the distinctiveness of individuals as
described by Friday et al. (2000).

Photo-identification data were used to: (1) compute
estimates of abundance with capture-recapture methods; 
(2) investigate seasonal variation in movements; and (3)
investigate the stock identity of whales from Oman by
comparison with other populations in the Indian Ocean.

Matching was completed by comparing digital images on
a computer screen and suspected matches were verified
independently. All catalogue images were matched
regardless of quality ranking but only those of quality 3 or
higher were used in capture-recapture analysis. All but one
of the individuals included in the sample were considered to
be adults, with a low probability of changes occurring to their
natural markings over time (Blackmer et al., 2000; Carlson
et al., 1990). Matches made from poor quality images were
included in the analysis of individual sighting histories and
seasonal movements.

The Chapman’s-modified Petersen two sample estimator
was used to compute capture recapture abundance estimates
(Chapman, 1951) as illustrated in Seber (1982, p.60) with 95%
log-normal confidence intervals. Three data pairings were
chosen, all requiring some compromise between maximal
sample size and minimisation of potential sources of bias.

(1) Individuals photographed in the Gulf of Masirah in
October 2001 as the first sample (n

1
) and individuals

photographed in the Gulf of Masirah in October–
November 2002 as the second sample (n

2
). 

(2) All individuals photographed in either the Gulf of
Masirah or Dhofar between October 2000 and November
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Table 1

Dates and locations of surveys and encounter rates for humpback whales sighted on effort during surveys.

                                                                                                                                                 Number of level 1     Number of       Sightings       Number of 
Survey area                                      Survey dates                                        Effort hours1               sightings                whales            per hour     whales per hour

Muscat2                                            15/03/01–15/07/03                                  104.21                          0                        0                   0.00                 0.00

Dhofar

Halaniyat Islands                             15–24/01/00 and 08–21/02/00                   63.50                          9                        18                   0.14                 0.28
Dhofar                                             09–22/02/01                                               34.26                          5                        9                   0.15                 0.26

Halianiyat Bay                             16–22/02/01                                           16.01                          6                        8                   0.375               0.5
Dhofar                                             10/02/02–02/03/02                                    62.37                          9                        12                   0.14                 0.19

Halaniyat Bay                              17/02/02–01/03/02                                    34.8                            11                         15                   0.36                 0.431
Hasik Bay                                        24–26/0602                                                  4.32                          0                        0                   0.00                 0.00
Lakbe and Halaniyats                      17–20/11/02                                               36.83                          2                        3                   0.05                 0.08
Dhofar                                             24/02/03–19/03/03                                   116.31                          7                        8                   0.06                 0.07

Halaniyat Bay                              01–12/03/03                                               97.20                          7                        8                   0.07                 0.08
Dhofar (Hasik only)                        15–17/0503                                                  2.17                          1                        1                   0.46                 0.46
Dhofar3                                            04–29/03/04
Dhofar total                                                                                                    319.76                          33                        51                   0.10                 0.16
Gulf of Masirah 

N. Gulf of Masirah                          15–17/10/00                                               11.00                          4                        6                   0.36                 0.55
Gulf of Masirah                              04–27/10/01                                               83.15                          8                         11                   0.10                 0.13
Gulf of Masirah                              24/10/02–17/11/02                                     58.20                          11                         17                   0.19                 0.29
Gulf of Masirah3                              04–29/11/04
Masirah total                                                                                                  152.35                          23                        34                   0.15                 0.22
Shore-based observations

Duqm                                               10–13/06/01                                               25.00                          5                        7                   0.20                 0.28

1Effort indicates time spent actively searching for whales and excludes time spent working with whales, in transit, or on breaks. 2Monthly surveys. 3Only
photo-id data from these surveys are used in the analyses presented here for use in capture-recapture estimates.



2002 as the first sample (n
1
) and all individuals

photographed either the Gulf of Masirah or Dhofar
between between March 2003 and November 2004 as
the second sample (n

2
). 

(3) All individuals photographed in the Gulf of Masirah
between October 2000 and November 2004 as the first
sample (n

1
) and all individuals photographed in Dhofar

between January 2000 and March 2004 as the second
sample (n

2
). 

Fifty-four individual whales photographed in Oman between
1999 and November May 2003 were matched against seven
individuals photographed off Zanzibar in September 2002,
1,104 individuals from Antongil Bay, Madagascar (1996
through 2002), and 185 individuals from Mayotte/Geyser
Reef, Comoros Archipelago (1999–2002) (see Table 2). The
matching process included all available photos of tail flukes
and dorsal fins, regardless of quality.

Photo quality ranking and fluke pigment assignations for
the four compared populations were conducted by different
researchers in each study area. However, clear definitions of
quality scores and fluke types, shared across all catalogues,
as well as authors’ ability to review catalogues from different
populations, should have kept any discrepancies to a minimum. 

Individuals from all four regions for which tail fluke
photographs of quality 3 or higher existed were assigned to
pigmentation categories between 1 and 5, with 1 representing
an all white fluke, and 5 representing an all black fluke
(Carlson et al., 1990). Comparison of frequencies of
pigmentation categories between populations was conducted
using the non-parametric χ2 statistics. Sexing data was not
available for the whales from the Zanzibar, Madagascar and
Mayotte/Geyser catalogues at the time of this analysis, so
comparisons were not stratified by sex.

Analyses of humpback whale caudal peduncle scars 
Photographs of the peduncle region (right and left flanks, the
leading edge of the flukes, dorsal and ventral aspects of the
peduncle) were isolated and examined for evidence of scarring
consistent with entanglement or encounters with fishing gear
following Robbins and Mattila (2000). Caudal peduncle
images were scored for quality on the same scale as that for
individual identification. The selected photographs were then
scored for the type of scarring present (scar code), and the
‘probability of entanglement’ status indicated by these scars
(entanglement code) following Robbins and Mattila (2000).

RESULTS

Table 1 details the effort spent on each survey in each survey
area between 2000 and 2004. On effort portions of surveys
covered a total of 8,839km with search effort distributed
somewhat unevenly between survey areas as follows:

2,264km in Muscat; 200.8km in Ras al Hadd; 2,555.24km
in the Gulf of Masirah; and 3,819.71km in the Dhofar region
(see also Fig. 2).

Seasonal distribution and relative abundance
Encounter rates of humpback whales per effort-hour (Table
1) varied between surveys, with some surveys (e.g. all
Muscat surveys) yielding no on-effort humpback whale
sightings, and other surveys yielding encounter rates as high
as 0.55 whales per hour. However, the differences in
encounter rates were not statistically significant (χ2 = 1.49,
df 11, p = 1.00).

Relative abundance and depth and slope associations of
humpback whales and other cetaceans encountered during
surveys is discussed in greater detail elsewhere (Minton et
al., 2010; Corkeron et al., 2011). Fig. 2 depicts humpback
whale encounter rates per kilometre searched in each 0.1 ×
0.1 decimal degree grid square (approximately 11 × 11km).
Fig. 3 depicts all type 1–4 humpback whale sightings
grouped by season.
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Table 2

Details of the total number of individuals and breakdown of photo quality for each feature of individuals held in the photo-
ID catalogues for Oman, Zanzibar, Mayotte/Geyser (Comoros Archipelago) and Antongil Bay, Madagascar. LDF = left
dorsal fin, RDF = right dorsal fin, TF = tail fluke. Photo quality rankings for all three catalogues followed the same criteria
as adapted from Friday et al. (2000).

                                                Total number 
Research area                          of individuals     LDF’ >1        LDF >2        RDF >1        RDF’> 2         TF >1           TF >2

Oman                                             54               38               24               40               24               43               32
Zanzibar                                         7               5               3               1               1               2               2
Mayotte/Geyser                             185               104               39               101               42               44               26
Antongil Bay, Madagascar            1,104               736               380               753               382               601               357

Fig. 2. Humpback whale encounter rates per kilometer searched in each 0.1
× 0.1 Decimal Degree grid square (approximately 11km × 11km). Darker
shading indicates higher encounter rates relative to the distance searched.



The sighting history of four whales (all males) photo-
identified off Oman suggests that movements are seasonal
(Fig. 4). With the exception of one single sighting (whale
OM00-003, Fig. 4), all individuals were seen in the Dhofar
region in February and in the Gulf of Masirah in October.
While six of the males identified in Dhofar were also
observed in the Gulf of Masirah, only one of the 19 known
females observed in the Gulf of Masirah was also observed
in Dhofar. Three additional females were re-sighted between
years in the Gulf of Masirah.

Habitat use
The size and composition of groups sighted across surveys
and regions is shown in Fig. 5. Type 1–3 sightings are
included here because the sample size of Type 1 sightings is
low (n = 56), and determination of group composition is not
influenced by whether the groups were encountered on-effort.

Fifty percent of animals observed across surveys were
singletons. G-tests using the observed group compositions
from sightings in the Gulf of Masirah as the expected range
and group compositions observed in Dhofar as the actual
range show significant differences in the distribution of
group composition categories between the two regions 
(p < 0.01). In Dhofar 62% (n = 36) of all sightings were
singletons, of which 33% (n = 12) were confirmed singers.
Pairs were the second most frequent group composition,
comprising between 32% and 35% of all sightings. Trios were
rare, occurring only in the Gulf of Masirah. Quartets and
competitive groups were entirely absent across all surveys. 

Sex was determined (either through genetic sampling,
singing, or presence of calf) for 38 of 44 individually
identified whales observed between October 2000 and
November 2002 in the Gulf of Masirah and for 28 of 37
individually identified whales observed between 2000 and

2003 in Dhofar. Pairs or trios of whales in Masirah were
more often of mixed sex, while in Dhofar, those pairs for
which the sex of both individuals could be determined were
most often male (Table 3).

Fig. 6 summarises the dominant behaviour categories
observed during Type 1–3 encounters across surveys and per
region. Behavioural categories were based on the most
prominent behaviour of the groups encountered, excluding
any behaviours that were judged to have been caused by
interaction with the research vessel. 

G-tests using the observed behaviours in the Gulf of
Masirah as the expected range and behaviours observed in
Dhofar as the actual range show significant differences in
the distribution of behaviour categories between the two
regions (p < 0.01). Singing was detected only in February
and March in Dhofar, where it was the dominant behaviour
(39%, n = 44). Confirmed instances of feeding at the surface
span both the October/November and February/March
observation periods, but were more common in the Gulf of
Masirah in October/November. Singing was only detected in
the Dhofar region (Table 4, Fig. 7).

Abundance
Table 5 depicts the results of the application of Chapman’s
modified Petersen model to three different pairings of data
sets. All of the data pairings yield population estimates of
less than 100 individuals with fairly narrow confidence
intervals. 

Stock identity
The comparison of the Oman catalogue with those from
Zanzibar, Madagascar and Mayotte yielded no matches.
Furthermore, there appeared to be notable differences in
visible scaring and certain morphological characteristics
between the populations. The Madagascar and Mayotte
whales displayed a higher degree of barnacle scarring on the
tail flukes, a higher rate of killer whale scarring, and a
difference in the frequency of certain characteristic dorsal
fin shapes (e.g. hooked dorsal fins are relatively common in
Madagascar, but very rare in Oman). 

Table 6 depicts the distribution of fluke pigmentation
classes for the individuals sampled in the three different
study areas. Sexing data was not available for the catalogues
outside of Oman and is not presented here.

χ2 tests detected significant differences between
populations in the distribution of fluke pigmentation types.
Two separate expected ranges were generated for Oman by
multiplying the Antongil Bay ratios of fluke pigmentation
by the total number of flukes in Oman (32), and then doing
the same for Mayotte/Geyser. Observed frequencies in Oman
varied significantly with respect to both Antongil Bay 
(χ2 = 15.15 df = 4, p = 0.003) and Mayotte/Geyser (χ2 = 14.77
df = 4, p = 0.003).

Entanglement histories and scarring
Twenty-three individual whales were included in the analysis
of caudal peduncle photographs with a quality score of 2
(poor to fair) or higher. Of these 31% (n = 7) showed no
scarring or scarring that was not characteristic of
entanglement. In total, 70% of the animals had varying
degrees of scarring on the peduncle region that could have
been caused by encounters with fishing gear (linear wrapping
scars or notches characteristic of net or rope lesions).
However, only 39% (n = 9) were judged to have overall
scarring patterns conclusive enough to be considered
indicative of previous entanglement.
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Fig. 3. Distribution of type 1–4 humpback whale sightings by season.



The same analysis was performed on a smaller sub-group
of individuals who were assigned caudal peduncle
photographic quality scores of 3 or higher. This sub-group
comprised only 12 individuals. For this group, 42% of the
animals (n = 5) showed random scarring that was not
consistent with entanglement, while 58% (n = 7) had at least
some scarring that could have been caused by entanglement.
Of this smaller sub-group, 33% (n = 4) were considered to
have overall scarring patterns likely to have been caused by
previous entanglement.

DISCUSSION

Seasonal distribution, movements and relative abundance
The high proportion of re-sightings of previously
photographed individuals across surveys provides some

indication that the surveys targeted areas used regularly by
at least some individuals within the Arabian Sea population.
They provide a strong indication that a number of individual
whales remain in Omani waters year-round, and that they
frequent both the Gulf of Masirah and Dhofar. The relatively
short duration of surveys, and the fact that surveys were
designed to cover different portions of the survey areas on
different days did not facilitate accurate analysis of
occupancy rates, and may explain the relatively low rate of
within survey re-sights (n = 8).

Type 3 and 4 sightings (Fig. 4) and unpublished records
in the OMCD suggest that there may be areas of seasonal
abundance off the coast of Oman that have not yet been
covered by our surveys. There is also a possibility that some
whales rove the Arabian Sea on a seasonal basis or in
response to shifts in productivity, utilising areas off the west
coasts of Iran, Pakistan, India and Sri Lanka or the Gulf of
Aden. Although a number of sources refer to sightings and
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Fig. 4. Sighting histories and locations of 4 of the most frequently sighted individual humpback whales. 

Fig. 5. Percentage breakdown of group composition categories assigned
during type 1–3 humpback whale sightings made in the Gulf of Masirah
(n = 85) and Dhofar (n = 58) regions. 

Table 3

Composition of groups in which individuals of known sex occurred.

                                    Male             Female            Mixed          Unknown

Gulf of Masirah

Singleton                         8                     8                  N/A
Pair                                  0                     2                     2                    31

Trio                                 0                     0                     3                    12

Dhofar

Singleton                        14                    0                  N/A
Pair                                  5                     0                     0                    43

Trio                                 0                     0                     0                     0

12 pairs contained one male and one unknown, one pair contained a mother
and calf of unknown sex; 2one trio contained two females and one individual
of unknown sex; 32 pairs contained one male and one unknown individual,
one pair contained one female and one individual of unknown sex.



strandings of the species in this region (e.g. Ahmed and
Rizvi, 1985; de Silva, 1987; Lal Mohan, 1992; Mathew,
1948; Mikhalev, 1997; Reeves et al., 1991; Sathasivam,
2000; Slijper et al., 1964; Whitehead, 1985), only a handful
of dedicated cetacean surveys have been conducted
anywhere in the Arabian Sea since the 1960s, and the
majority (Alling et al., 1982; Ballance and Pitman, 1998;
Eyre, 1995) have focused effort in more offshore waters and
have included no observations of humpback whales.

Habitat use
The high incidence of singers and detected song in the Kuria
Muria Bay in February and March suggests that the area is
used as a breeding ground (Payne and McVay, 1971; Tyack,
1981) and is consistent with a January–April breeding season
predicted by Mikhalev (1997; 2000). The higher ratio of
males to females observed in Dhofar is also similar to ratios
reported from other breeding areas in the Southern
Hemisphere, such as Antongil Bay, Madagascar (2.2–2.4:1),
and Gabon (1.9–2.1:1) (Pomilla and Rosenbaum, 2006;
Rosenbaum et al., 2009).

Conversely, the conspicuous absence of competitive
groups is inconsistent with observed abundances on

Caribbean (Mattila et al., 1989; Mattila et al., 1994) or
Hawaiian (Baker and Herman, 1984) breeding grounds. In
Oman, observed group size never exceeded three individuals.
On three occasions, interactions between pairs of adult males
included surface active behaviour and fast swimming, but at
no point were any of these activities conspicuously agonistic.
This included a brief penis extrusion, a behaviour thought to
be associated with male dominance contests (Pack et al.,
2002). A similar lack of competitive interactions is reported
for humpback whales observed in New Caledonia (Garrigue
et al., 2001) and in other breeding grounds of the South
Pacific where humpback whale densities are low (C.S.
Baker, pers. comm.). Alternatively, competitive groups may
be formed in areas not surveyed in this study.

The total lack of observations of mother-calf pairs since
2001 also contrasts with the high incidence of singing
detected in February and March. The percentage of groups
containing mother-calf pairs (7%) observed in the Dhofar
region in February is much lower than on other breeding
grounds, such as Samana Bay (Dominican Republic) where
15% of all sightings contained a calf (Mattila et al., 1994),
Antongil Bay, Madagascar, where 12% of groups observed
were mother-calf pairs (Ersts and Rosenbaum, 2003;
Rosenbaum et al., 2002b), Mozambique, where 14% of all
size-confirmed groups (n = 237) in September 2003
contained a calf (Findlay et al., 2011), Mayotte and Geyser
Atoll (Comoros Archipelago) where over 70% of sightings
included mother-calf pairs (Ersts and Rosenbaum, 2002) and
in Zanzibar in September 2002 where three of the five groups
identified were mother-calf pairs. Following the lack of
observations of mother-calf pairs in 2001 and 2002, the 2003
Dhofar survey was shifted to the first two weeks of March,
as previous surveys might have been too early to cover peak
calving periods. However, the 2003 survey yielded a lower
encounter rate for humpback whales in general, with no calf
sightings. 

As with the competitive groups, it is possible that calving
and nursing are taking place predominantly in areas (either
in Oman or elsewhere) that were not covered in our surveys.
One suspected nursery area is the Gulf of Masirah. Craig et
al. (2003) and Smultea (1994) suggest that availability of
protected, shallow waters may be the key variable limiting
distribution of mother-calf pairs on breeding grounds. The
Gulf of Masirah contains a much greater area of shallow,
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Fig. 6. Behaviour categories assigned (%) during type 1–3 sightings in the
Gulf of Masirah (n = 44) and Dhofar (n = 65). 

Table 4

Surveys during which regular acoustic watches were held, number of acoustic watches held on each survey, and frequency
with which song was detected on each survey.

                                                                                                 Number of                 Number of               % of acoustic 
Survey area                                Survey dates                     acoustic watches       incidences of song      watches with song

Muscat (monthly surveys)         15/03/01–15/07/03                      25                               0                                0

Dhofar

Dhofar                                        09–22/02/01                                12                               4                                33
Dhofar                                        10/02/02–02/03/02                      65                               44                                68
Hasik Bay                                  24–26/06/02                                9                               0                                0
Halaniyat Bay                            17–20/11/02                                6                               0                                0
Dhofar                                        24/02/03–19/03/03                      63                               28                                44
Dhofar (Hasik only)                   15–17/05/03                                1                               0                                0
Dhofar total                                                                                  156                               76                                49
Gulf of Masirah 

Gulf of Masirah                         04–27/10/01                                6                               0                                0
Gulf of Masirah                         24/10/02–20/11/02                      16                               0                                0
Masirah total                                                                                22                               0                                0
Other areas

Ra’s al Hadd                              30/03/01–02/04/01                      4                               0                                0



protected habitat than the Dhofar region (Fig 3). This area is
also consistently characterised by high productivity (Brock
and McClain, 1992; Brock et al., 1998; Marine Science and
Fisheries Center Oman, 2001). If productivity is linked to
feeding opportunities for nursing females, it would seem
reasonable to assume its attractiveness as a nursing area. One
mother-calf pair (calf-size indicating several months old) was
observed here in October 2001, but weather conditions and
other logistic constraints have prevented the authors from
surveying this area later in the breeding season (e.g.
February–March), when more calves might be expected.

It seems inconsistent that cow-calf groups were observed
around the Halaniyat Islands in February 2000, but not
during equivalent periods in subsequent years. Mikhalev
(2000) also noted a paucity of mother calf pairs in the
Arabian Sea humpback whale population. Although 45% of
the females examined in the Soviet catch were pregnant, only
3% of them were lactating, and only one mother-calf pair
was observed during the hunt. Northern Hemisphere calves
at this time of year could be approaching separation
(Lockyer, 1981), but experienced observers would recognise

these individuals as calves, as they are considerably smaller
in length than the adults around them (7–9 m vs. 11–14m)
(Clapham, 2000; Clapham et al., 1999a). The Soviet catch
data do not provide more explicit details of catches by
region, so it is impossible to determine whether pregnant
females were found in the Eastern Arabian Sea as opposed
to the coasts of Oman.

The gender ratio in the Soviet catch neared parity
(126:112), so the paucity of mother-calf pairs in recent
observations cannot be explained by a bias in the Soviet
catch toward females. There is a possibility that due to low
population densities (Leaper et al., 2006) or other fitness
related factors, such as those affecting the North Atlantic
right whale (IWC, 2001), birth rates are extremely low in the
Arabian Sea population. Alternatively, birth rates may be
resource dependent. Cerchio (2003) noted a pronounced
decrease in reproduction of humpback whales in the
Revelligigedo Islands in 1998, and a spike in reproduction
in 2000 (as measured by percentage of mother-calf pairs
observed), hypothesising that the dip was related to reduced
prey availability during the El Niño event of 1997/98. The
finding by Leaper et al. (2006) of a time-delayed relationship
between sea surface temperature (SST) anomalies and
southern right whale reproductive success lends further
credibility to this theory. Brock and McClain (1992) reported
that a weak 1982 southwest monsoon coincided with a 72%
reduction in pigment concentration. This degree of variation
could have significant impacts on prey availability for
humpback whales. Visual inspection of remotely sensed
chlorophyll-a data obtained for our survey periods indicated
a high level of annual variation in Chlorphyll-a
concentrations, but this could not be quantitatively analysed
with respect to humpback whale distribution due to small
sighting sample sizes in relation to the time-scale of the
Chlorophyll-a data.

Feeding was observed in both Dhofar and the Gulf of
Masirah. However observations of whales lunging at the
surface with open mouths and/or extended throat pleats were
rare, even in areas of conspicuously high productivity. This
is surprising, particularly in light of Mikhalev’s (1997) report
that over 50% of humpback whales taken had full or half-
full stomachs. It is probable that several instances of sub-
surface feeding went undetected (e.g. Clapham, 1993).

Remotely sensed chlorophyll-a imagery shows
consistently high levels of surface chlorophyll-a in the Gulf
of Masirah (Brock and McClain, 1992; Brock et al., 1998),
while more recent studies detected a higher biomass of
zooplankton in this region than any other of any part of
Oman’s coast (Marine Science and Fisheries Center Oman,
2001). In the Gulf of Masirah whales were often observed
defecating and surfacing in large schools of shoaling fish
after diving for long periods. The 1:1 ratio of males (19) to
females (19) observed in the Gulf of Masirah is typical of a
feeding ground (Clapham, 1993; Clapham et al., 1995), and
the higher percentage of milling whales in the Gulf of
Masirah (23%) vs. Dhofar (6%), may be a reflection of
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Fig. 7. Sites of acoustic watches throughout all survey areas in Oman (a),
with triangles indicating no song detected and circles indicating detection
of song. All song was detected during February and March surveys in the
Dhofar region.

Table 5

Results of Chapman corrected Petersen population estimates and 95% confidence intervals for 3 data pairings, using tail fluke photographs of quality 3 or 4
only.

Data used for n(1)                              Data used for n(2)                     n(1)          n(2)          m(2)            N             CV          Lower 95% CL       Upper 95% CL

Gulf of Masirah 2001                         Gulf of Masirah 2002                 12             16              3              54            323                     36                           82
All individuals 2000–02                     All individuals 2003–04             33             16              6              82            398                     60                          111
All Gulf of Masirah 2000–04             All Dhofar 2000–04                   29             15              6              68            253                     50                           91



undetected feeding and/or a satiated, well-fed state (Lockyer,
1981). 

It is highly probable that more active and regular feeding
takes place outside of our survey periods, particularly
between May and September, during peak upwelling
associated with the seasonal southwest monsoon.
Unfortunately, the monsoon also generates large swell and
dense coastal fog, making both boat and shore-based
observations difficult. Further research is required to better
understand the availability and abundance of possible prey
species in the region. 

Mikhalev (1997) noted that humpback whales taken in the
Eastern Arabian Sea had been feeding predominantly on
Euphausiids of an unknown species, while humpbacks taken
off the coast of Oman had been feeding exclusively on small
shoaling fish (horse mackerels – Carangideae, mackerel,
Scomber sp., sardines, Sardinella sp.). It is also interesting
to note that stomatopods (Squilla sp.) were found in the
stomachs of several Bryde’s whale specimens taken in the
Soviet catch (Mikhalev, 2000). Stomatopods were also
recovered from the stomach of a humpback calf found off
the coast of South Africa (Findlay and Best, 1995) and,
although no feeding was observed some humpbacks were
sighted amid stomatopod swarms during the 2003 Dhofar
survey. 

Abundance
Mark-recapture abundance estimates were similar regardless
of the method used to separate photographs into different data
pairings. However, the application of Petersen estimates to
this data set, which represents both a very small sample and
a population about which very little is known, may violate at
least two of the six key assumptions made in capture-
recapture analysis (Seber, 1982). The first assumption that
may be violated is that the population is closed. There are no
data on recruitment or mortality for Oman humpback whales,
and only limited data on the immigration or emigration into
or from the survey area. It is possible that we have accessed
only a sub-section of a larger Arabian Sea population with a
range extending into neighbouring regions in Arabia, East
Africa and the Indian sub-continent, and that the mark-
capture estimates represent only the individuals in the Arabian
population that utilise the study. 

The second assumption that our study may violate, is that
all animals in the population have an equal chance of being
captured on the first occasion. Heterogeneity in capture
probability is a recognised source of potential bias in most
mark-recapture studies (see Hammond, 1990). Whales were
more approachable and resultant photographs of higher
quality during the Autumn Gulf of Masirah surveys, when
82% of sightings resulted in a tail fluke photograph of quality
2 or higher. Conversely during the February/March Dhofar
surveys, only 44% of sightings yielded usable tail fluke

photographs. This disparity is most likely linked to seasonal
behavioural differences. In Dhofar, all but one of the
identified whales were determined to be males (either
genetically or behaviourally) and certain individuals appear
to demonstrate a strong fidelity to specific sites. One
individual has been observed (and confirmed to be singing)
in the Hallaniyat Islands or Hasik in four successive years.
Although six males identified in Dhofar were also observed
in the Gulf of Masirah, only one of the 19 known females
observed in the Gulf of Masirah has been observed in
Dhofar. 

High site fidelity of particular males in the Dhofar region
may have biased the sample by violating random sampling
assumptions. If the Dhofar region contains sites that are
preferred by singing males, and surveys are biased toward
these sites, our sampling of this region would have been non-
random. On the other hand, this violation would not account
for the high proportion of re-sights (and correlating low
population estimate) obtained by using all Gulf of Masirah
‘captures’ as n

1
and all Dhofar ‘captures’ as n2. 

The three chosen data parings are subject to potential bias
form these violated assumptions in the following manner.
The first (whales photographed in the Gulf of Masirah in
2001 as n

1
and those photographed in the Gulf of Masriah in

2002 as n
2
) may be the most robust, as it represents animals

photographed in consecutive years, and a ratio of males to
females nearing parity. However, sample sizes in this data
pairing are very low. The second data paring (all animals
photographed in 2001–02 as n

1
and all photographed in

2003–04 as n
2
) is likely to have a negative bias, due to male

heterogeneity (the higher likelihood that males would be
sampled in Dhofar). The data pairing is also subject to a
potential positive bias, as the combining of years violates the
assumption of a closed population and introduces the
possibility that new unmarked individuals entered the
population between years. The third pairing (all individuals
photographed in the Gulf of Masirah between October 2000
and November 2004 as n

1
and all individuals photographed

in Dhofar between January 2000 and March 2004 as n
2
) is

also subject to both the negative bias of male heterogeneity
and the positive bias of the time span/open population.

Despite the possible biases, the high proportion of
resightings over this four year period suggests that a number
of individuals remain in Omani waters year-round and that
at least the Omani component of the Arabian Sea population
is small, with numbers in the low hundreds or fewer. Genetic
samples collected from Oman, revealed a low haplotype
diversity, which could represent a small population or one
that has gone through a recent bottleneck (perhaps even as
recent as the depletion from Soviet whaling) (Rosenbaum et
al., 2009; Pomilla et al., in prep). 

Mikhalev (1997) reported 62 whales taken off the coast
of Oman (30 from the Halaniyat Islands and 32 from near

194 MINTON et al.: HUMPBACK WHALES IN OMAN

Table 6

Frequencies of five fluke pigmentation classes according to study region. Each individual was assigned tail fluke pigmentation categories between 1 and 5
(following Carlson et al. 1990 and Allen et al. 1994): 1 = all white; 2 = some black, but less than 25%; 3 = 25–75% black; 4 = some white but less than 25%;
5 = all black.

Study area                                                                    Fluke pigmentation class (fluke photo quality 3 or higher)

                                              1                                  2                                 3                                  4                                5                     Total       Mean pigment

Oman                          8         25.0%           11          34.4%           8          25.0%            8           12.5%           1           3.1%           32                2.34
Antongil Bay              169         47.3%           78          21.8%           43          12.0%            1            7.0%            42          11.8%          357                2.14
Mayotte/Geyser          12         46.2%           8          30.8%           4          15.4%            6            3.8%            1           3.8%           26                1.88



Masirah Island), while a further 20 were observed but not
taken. Mikhalev also reported 164 whales taken off the
coasts of Pakistan and a further 12 off India, while 14 were
observed but not taken off Pakistan. Scientists aboard the
1966 Soviet Fleet estimated that approximately 60% of the
entire Arabian Sea population was taken, although they
provide no detail on effort or the methods used to reach this
assumption (Mikhalev, 1997). 

Stock identity
The lack of matches found between the Oman, Madagascar,
Comoros and Zanzibar catalogues, as well as the significant
differences in frequency of fluke pigmentation categories
between these populations, support the hypothesis that
humpback whales in Oman comprise a separate stock from
their Southern Indian Ocean counterparts. 

Sexing data were not available for all whales included in
photo matching or fluke pigmentation analyses. Previous
studies have shown significant sex-related differences in
fluke pigmentation. Analysis of whales in the Gulf of Maine
and the Dominican Republic showed higher proportions of
dark-fluked females and light-fluked males (Allen et al.,
1994). Bias toward one sex in a sampling region may also
bias the results of fluke pigmentation analysis. It is possible
that controlling for sex would yield either more or less
significant differences between populations.

Evidence from Soviet catch data and seasonal behaviour
and distribution, suggest that at least a significant portion of
the humpback whales observed off the coast of Oman adhere
to a breeding cycle asynchronous to that of their Southern
Hemisphere counterparts. However this does not preclude
the possibility that some individuals are engaged in local
migrations or exchange across the equator.

While the lack of photographic matches between Oman
and Zanzibar, Madagascar or Mayotte and the significant
differences in distribution of fluke types both support the
hypothesis of a discrete Northern Hemisphere/Arabian Sea
population, the existence of several shared haplotypes
between Oman and other southern Indian Ocean study areas
(Rosenbaum et al., 2009) indicates some genetic exchange
may occur or could have occurred in the past.

A more recent and comprehensive genetic mtDNA
analysis shows significant population differentiation between
Oman and other populations in the western Indian Ocean, as
well as the lowest comparative effective migration rates with
other sampled populations (Rosenbaum et al., 2009). In fact,
the Fst values between Oman and other populations in the
southwestern Indian Ocean (Breeding Stock C) and other
sampled populations in that study are among the highest
recorded for population differentiation values for any
humpback worldwide (Rosenbaum et al., 2009). These
population level results provide unequivocal evidence for
significant differentiation, unique population identity, and
high restricted gene flow for the whales of Oman. Further
analysis using nuclear markers and an expanded sample size
is forthcoming (Pomilla et al., in prep).

Although shared haplotypes may indicate recent or
ongoing maternal gene flow between populations, shared
maternal lineages do not necessarily establish a recent
migratory connection as they can represent ancestral
polymorphisms. Shared lineages occur between Southern
and Northern Pacific populations of humpback whales in
other ocean basins, such as the Eastern Pacific (Caballero et
al., 2001). However, exchange between the hemispheres, if
it is ongoing, is thought to be limited to overlap of
populations on low-latitude breeding grounds off the west

coast of Central and South America (Caballero et al., 2001).
It is possible that a similar situation exists in the Indian
Ocean. Individuals from Oman may come into contact with
whales observed off the coast of East Africa (e.g. Kenya,
Tanzania and Zanzibar), or the coasts of India, Sri Lanka and
the Maldives. Although some anecdotal evidence exists for
an ‘aseasonal’ distribution of whales in these regions (e.g.
between the months of October and January) (Weru and
Salm, pers. comm. cited in Rosenbaum (2002a)), the
majority of reported sightings at these latitudes have been of
mothers and calves in the months of August and September
(Anderson, 2005; Weru, 2001; PB, unpublished data)
indicative of a Southern Hemisphere breeding cycle.

Entanglement histories and scarring
Analysis of suitable caudal peduncle photographs for
evidence of entanglement scarring indicated that between
30% and 40% of sampled whales had been entangled. This
rate is lower than the 65% estimated for the Gulf of Maine
(Robbins and Mattila, 2000), and lower than the 57%
estimated, for North Atlantic right whales (Kraus, 1990). The
Oman estimate is likely to be conservative, as some
entanglements may have involved body parts other than the
caudal penduncle and some entanglement scarring may have
healed or been masked by other types of scars over time.
Although documented humpback whale mortalities from
entanglement in Oman are low, when viewed in relation to
the low population estimates for humpback whales off the
coast of Oman, this entanglement rate may represent a
significant threat, a concern shared with other small or
isolated populations (Clapham et al., 1999b; D’Agrosa et al.,
2000; Kraus, 1990). 

Conclusions and recommendations
Presented with the evidence summarised in this paper, as
well as the results of genetic analysis of samples from Oman
(Pomilla and Rosenbaum, 2006), the IWC’s workshop on the
Comprehensive Assessment of Southern Hemisphere
humpback whales designated the Arabian Sea humpback
whale population a separate breeding stock, Population X,
isolated from other Indian Ocean stocks and resident in the
Arabian Sea year round (IWC, 2011). Given the stock’s
isolated status and low abundance estimate, the workshop
‘strongly recommended that further research be undertaken
that will aid in protection of this stock’. Scarring analyses
indicate that entanglement in fishing gear may present a
significant threat to the population, and the rapid
development of Oman’s economy and infrastructure, much
of which is focused on coastal and marine areas, may have
significant impacts on the identified feeding and breeding
habitats of this population. The data presented here together
with evidence of mounting developments and threats to
coastal habitats in Oman also led to the designation of the
Arabian Sea sub-population of humpback whales as
Endangered in the IUCN Red List (Minton et al., 2008).
These potential threats require immediate emphasis to be
placed on research, management and conservation efforts.

The workshop also recommended that studies be
conducted in unsampled areas between Oman and other
study areas in East Africa and Western Australia where
humpback whales have been incidentally observed (e.g.
Braulik et al., 2010; Brown, 1957; Lal Mohan, 1992;
Mikhalev, 1997; Reeves et al., 1991; Sathasivam, 2000;
Slijper et al., 1964; Weru, 2001; Whitehead, 1985). It
recommended further genetic sampling and analysis to more
conclusively determine the degree of differentiation for
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humpback whales of Region X and the timing of its
separation from other humpback whale populations. Finally,
given the seasonal limitations in survey effort and an
unresolved degree of movement and connectivity with other
concentrations of humpback whales in the Indian Ocean, the
Workshop also suggested that satellite telemetry studies be
initiated. In 2011, the IWC Scientific Committee
acknowledged that sufficient data exist on Arabian Sea
humpback whales and possible anthropogenic threats to
begin the process for the development of a Conservation
Management Plan through which earlier recommendations
for the study and conservation of the population may be most
effectively achieved.

In addition to the conservation value of the recommended
research, the study of non-migratory populations may shed
light on the forces driving other populations to migrate
(Clapham, 2000). Focal work on this population could
elucidate other aspects of humpback whale behaviour and
ecology. For instance there is still significant debate
surrounding the function of humpback whale song. Other
studies are generally conducted on densely populated
breeding grounds where individual singers are difficult to
isolate and monitor over time (Cherchio, 2003). Although
whales in Oman are few, they are readily identifiable and
show a high degree of site fidelity and are may be good
candidates for behavioral work. 
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