IWC |

J. Cetacean. Res. Manage. 23, 2022 | 59

Visual Health Assessment and Evaluation of
Anthropogenic Threats to Arabian Sea Humpback
Whales in Oman
G. MINTON1, M.F. VAN BRESSEM2, A. WILLSON3, T. COLLINS4, S. AL HARTHI5,
M. SARROUF WILLSON5, R. BALDWIN6, M. LESLIE7 AND K. VAN WAEREBEEK2
Contact e‐mail: gianna.minton@gmail.com

ABSTRACT
The sub‐population of humpback whales inhabiting the Arabian Sea is a small and genetically distinct
population that remains in low latitudes year‐round. Designated as Endangered on the IUCN Red
list of Threatened Species, the sub‐population faces a number of threats throughout its range,
including entanglement in ﬁshing gear, ship strikes, disease and habitat degradation. Research
conducted primarily oﬀ the coast of Sultanate of Oman over the past 20 years has contributed to
understanding the population’s distribution, abundance, and conservation status. However,
information on the population’s health and speciﬁc threats is limited. This study examines all
available images of Arabian Sea humpback whales obtained between 2000 and 2018 for evidence
of disease, predation, epizoites, ectoparasites, and human‐induced scars and wounds. Tattoo skin
disease‐like lesions were detected in 41% of 93 whales, with a roughly equal distribution between
males and females. Prevalence of the disease was signiﬁcantly higher in 2012–2018 (51.7%) than in
2000–2011 (27.6%). Killer whale tooth rakes were detected on the ventral surface of the tail ﬂukes
of 12% (95% CI 4.5–18%) of 77 individuals. Roughly two thirds (66.6%: 95% CI 52–80%) of the 42
individuals represented by good quality photographs of the caudal peduncle region at the ﬂuke
insertion bore scarring patterns consistent with entanglement in ﬁshing gear. At least two individuals
showed severe injuries or deformations likely caused by interactions with ﬁshing gear. Six individuals
had injuries consistent with vessel strikes. Documented entanglement events from Oman and
Pakistan involved large‐mesh nylon gillnets, known to be used extensively throughout the Arabian
Sea. These ﬁndings indicate an urgent need to design eﬀective measures for the management and
mitigation of threats, and to continue monitoring Arabian Sea humpback whales, with an emphasis
on methods that allow continued and expanded assessment of health, body condition, and
anthropogenic interactions.
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INTRODUCTION
Humpback whales in the Arabian Sea comprise the only known population that does not undertake the long‐
range latitudinal seasonal migrations typical of the species. High primary productivity associated with seasonal
upwelling ensures that Arabian Sea humpback whales (ASHW) can ﬁnd abundant prey as well as the tropical
conditions associated with mating, calving and nursing (Reeves et al., 1991; Mikhalev, 1997; Papastavrou and
Van Waerebeek, 1997; Minton et al., 2011). Illegal Soviet whaling in the mid‐1960’s resulted in the killing of 242
humpback whales oﬀ the coasts of Oman, Pakistan and India, and scientists on board the vessels estimated that
they had taken 60% of the whales in the population (Mikhalev, 1997). Of the likely range countries for this sub‐
population, dedicated vessel‐based surveys have, until recently, been limited to the coastal waters of Oman.
Research conducted between 2000 and 2011 conﬁrmed that the population is genetically distinct and isolated
(Pomilla and Amaral et al., 2014), and that fewer than 100 individuals are likely to remain in Omani waters (Minton
et al., 2011), factors that contributed to an Endangered IUCN Red List status (Minton et al., 2008). Opportunistic
sightings, recording of humpback whale song, and reports from ﬁsheries crew‐based observers in recent years
have also shown that humpback whales are present oﬀ the coasts of India and Pakistan, and in the
Arabian/Persian Gulf (Mahanty et al., 2015; Dakhteh et al., 2017; Moazzam and Nawaz, 2017; Madhusudhana
et al., 2018; Sutaria, 2018).
While much has been learned about the distribution, habitat use, genetics and conservation status of ASHW
oﬀ the coast of Oman in recent years (e.g. Minton et al., 2011; Pomilla et al., 2014; Willson et al., 2017), little
is known about the population’s health or general body condition, and quantiﬁable anthropogenic threats
to the population’s future survival have rarely been assessed in a systematic manner. Data collected on board
Soviet whaling vessels in the 1960s provided some insight into the biology and health of this population,
conﬁrming a Northern Hemisphere breeding cycle, and detecting various pathologies, including a heightened
prevalence of liver disease (Mikhalev, 2000). Field observations and photographic evidence obtained during
dedicated cetacean surveys between 2000 and 2011 indicated that this population exhibited a high prevalence
of lesions, conservatively identiﬁed as tattoo skin disease‐like (TSD‐L) as their poxvirus aetiology had not yet been
studied (Van Bressem et al., 2014a). Examinations of photographs obtained between 2000 and 2004 indicated
that 30–40% of the whales assessed bore scars consistent with ﬁsheries entanglement (Minton et al., 2011).
Increasing concern about the conservation status and future prospects for this Endangered population
suggests that a thorough assessment of natural and anthropogenic threats to the population is necessary. Visual
health assessments using high resolution images of free‐ranging cetaceans have proven to be an eﬀective means
to assess general health and body condition (Pettis et al. 2004, Van Bressem et al., 2014a) and occurrence and
prevalence of barnacles (Kane et al., 2008). This methodology is also an eﬀective means to examine the rate of
anthropogenic scarring in cetacean populations, particularly those caused by vessel strikes (Moore et al., 2013;
Hill et al., 2017, Bradford et al. 2009), interaction with ﬁshing gear (Robbins and Mattila, 2000; Neilson et al.,
2009; Knowlton et al., 2012; Robbins, 2012; Basran et al., 2019), satellite tag insertion (Andrews et al. 2019,
Mizroch et al., 2010; Robbins et al., 2013; Robbins et al., 2016), as well as predatory attempts by killer whales
(Mehta, 2004; Naessig and Lanyon, 2004; Steiger et al., 2008; Capella et al., 2018).
In this study the authors undertook a detailed and systematic examination of all the photographs obtained
during 17 years of vessel‐based humpback whale research as well as during opportunistic encounters oﬀ the
coast of Oman, in an eﬀort to quantify the prevalence of cutaneous diseases, predation, and anthropogenic
injuries as well as to examine the presence of epizoites and ectoparasites.

METHODS
Photographs and individual identiﬁcation
All of the photographs taken during both dedicated cetacean surveys and opportunistic sightings of humpback
whales oﬀ the coast of Oman between 2000 and 2018 were compiled for detailed examination by GM and MFB.
Most photographs were taken from vessel‐based survey platforms, usually a 6.5m long rigid‐hulled inﬂatable
boat. A few photographs were obtained from larger vessels, and a very small number of underwater images
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were provided by dive operators. While photographs taken in 2000 and February 2001 were on print or slide
ﬁlm, all those taken from October 2001 onward were taken with digital SLR cameras and stored as high‐resolution
jpgs or raw Canon CRW images. Images were all attributable to known individuals in the Oman Humpback Whale
Photo‐identiﬁcation Catalogue8 and were assigned a quality score (based on resolution, glare and angle of the
photo showing the most relevant body part [Friday et al., 2008]). Age classes were assigned whenever possible
based on estimated size of the individual, with animals less than 50% of the length of accompanying fully grown
whales considered ‘calves of the year’. Sex was determined either following genetic analysis of biopsy or sloughed
skin samples, or through the presence of a calf (female) or conﬁrmed singing (male).
Assessment was always conducted on the highest resolution image available. GM and MFB examined every
image, separated copies of those that contained any evidence of skin disease, injuries, and epizoites, so that
they could be examined by the other co‐authors, particularly in dubious cases. Photographs were assessed and
scored using the protocols and methods developed in previous studies wherever possible (see more detail and
references for each type of scarring/disease below).

Tattoo Skin Diseaselike lesions
All images from the photo‐identiﬁcation catalogue were examined for the presence of cutaneous lesions
consistent with TSD‐L (Van Bressem et al., 2014a). Whales were only included in the epidemiological analysis if
at least one image of average or high quality (Friday et al., 2008) of one ﬂank was available. The TSD‐L lesions
were identiﬁed based on their typical appearance, i.e. irregular or rounded light grey cutaneous marks often
showing a contrasting outline. Other skin marks that resembled this condition but lacked characteristic features,
were considered dubious and the whales were classiﬁed negative. Estimated lesion size (LS) in comparison to
body parts, especially the dorsal ﬁn, was classiﬁed according to its widest diameter, as small (LS < 50mm),
medium‐sized (50mm < LS < 100mm), large (100mm < LS < 200mm) or very large (LS > 200mm). The topography,
the number of lesions and the percentage of the visible body surface aﬀected were also investigated. The minimal
duration of the disease was evaluated in whales that were re‐sighted within the study period. We further
evaluated the inﬂuence of sex on prevalence. Statistical signiﬁcance of diﬀerences in prevalence between two
study periods (2000–2011 and 2012–2018) was tested with a McNemar Chi‐Square Test (α = 0.05).

Epizoites and ectoparasites
The presence of sessile whale barnacles was noted wherever they occurred on the whales’ bodies. However,
only good quality photographs of the whole ventral surface of tail ﬂukes were used to estimate prevalence of
barnacles or barnacle scarring in our sample to facilitate comparison with other populations represented in
photo‐identiﬁcation catalogues. Flukes were assigned prevalence scores based on the percentage of the ventral
surface covered either by live barnacles or characteristic round pigmented barnacle scars (typically black against
white or white against black): (1) < 10% of the ﬂuke is covered by barnacles or their scars; (2) 10–30% coverage;
(3) 31–50% coverage; and (4) > 50% marked by barnacles or barnacle scars. The occurrence of stalked goose
barnacles (Conchoderma auritum) was opportunistically recorded. Finally, the presence and body distribution
of whale lice (Cyamidae) were recorded, and prevalence calculated.

Predation attempts
All visible portions of whales’ bodies were examined for evidence of attempted killer whale (Orcinus orca), shark,
or cookie cutter shark (Isistius spp.) predation. Killer whale tooth marks were deﬁned as a set of three or more
parallel, linear scars approximately equidistant from each other (sensu Mehta et al., 2007). To ensure consistency
and minimise bias within our own dataset and to provide a comparable estimate, only good quality photographs
portraying the entire ventral surface of the tail ﬂukes were used to calculate prevalence of visible evidence of
killer whale predation attempts (Naessig and Lanyon, 2004; Mehta et al., 2007; Steiger et al., 2008; Capella
et al., 2018). Following Capella et al. (2018), rake marks were categorised by the intensity of the visible scarring:
8

Curated by GM, with data ownership and oversight by the Environment Society of Oman on behalf of the Government of Oman.
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(1) no killer whale scarring; (2) a single set of rake marks or rake marks aﬀecting < 10% of one lobe; (3) at least
one set of rake marks per lobe or rake marks covering up to 50% of one lobe; and (4) numerous marks covering
more than half the ﬂuke or with missing sections on the ﬂuke tips or trailing edges. We added a category for
damage (e.g. semi‐circular amputations on the trailing edge of tail ﬂukes) that seemed most likely to be caused
by killer whale predation, even if tooth rakes were not present (P). The analysis included other signs of predation
on any whale body part visible in the photographic dataset. Bites by cookie cutter sharks were deﬁned as single
or numerous, oval‐shaped scars and fresh crater‐like wounds (Dwyer and Visser, 2011; Bertulli et al., 2012).

Entanglement scarring
All photographs were examined for evidence of scars or wounds consistent with interaction with ﬁshing gear,
irrespective of the portion of the body depicted or the quality of the photograph. All images that depicted linear
scars (wrapping, see S3 in Table 1) such as those typically associated with rope or net abrasion as described by
various authors (Robbins and Mattila, 2001, 2004; Neilson et al., 2009; Robbins, 2012; Basran et al., 2019) were
highlighted and ﬂagged for inspection by at least two of the authors. Images were assigned a score for the
likelihood that the visible scarring was caused by entanglement using the system developed by Robbins and
Mattila (2001) (Table 1).
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Photographs were further ﬁltered to include a subset of those that clearly depicted the caudal peduncle and
the leading edge of the ﬂuke insertion, determined in conjunction with the head/mouth and ﬂippers, to be the
body parts most likely involved in entanglement (Robbins and Mattila, 2001, 2004; Johnson et al., 2005). Only
this subset of images was used to calculate prevalence of entanglement scarring in the population.
Following Robbins and Mattila (2001), the minimum percentage of individuals with injuries likely caused by
entanglement was then estimated by dividing the number of individuals with a score of at least E3 by the total
number of individuals with adequate coverage. A maximum frequency of individuals with high‐probability injuries
was calculated by dividing the sum of individuals with an E2 scarring code (i.e., possible) and higher by the total
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number of individuals represented in the analysis. The 95% conﬁdence interval (CI) of percentages was calculated
based on the standard error (CI = p ± 1.96*(√(p*(100 – p)/n)), where p = the percentage of individuals with a
particular entanglement status and n = the total number of animals examined.
Additionally, photographs and video from ﬁve documented disentanglement events oﬀ the coasts of Oman
and Pakistan were examined to gain insight into the type and conﬁguration of gear implicated in entanglements
in the Arabian Sea, and the body parts that were aﬀected.

Vessel strike
Vessel strike is deﬁned as a forceful impact between any part of a boat and a live whale resulting in death or
physical trauma (Van Waerebeek et al., 2007; Cates et al., 2017). All images were searched for possible signs of
injury induced by vessel hull strike or boat propellers using methods developed in other studies (e.g. Van
Waerebeek et al., 2007; Hill et al., 2017). Due to the very small number of detected cases, and the diﬀerent areas
of the body where such injuries could be acquired, ﬁndings are reported in a descriptive manner.

Wound healing at tagging sites
Photographs of whales that were ﬁtted with satellite tags in 2014–2017 and re‐sighted afterwards were examined
carefully for evidence of swelling, skin loss, tissue extrusion, ﬂuid exudate, depression, changes in pigmentation
and whale lice infestation at the site of tag implantation, as described by Andrews et al. (2019). The scoring
system from that study was used to characterise the severity of these conditions, with 1 being the least severe
and 3 the most serious.

Overall body condition
Photographs were assessed for any gross evidence of abnormal body condition. Prominence of the ribs and
presence of a concavity in the occipital and cervical region, some distance behind the blowholes were considered
an indication of emaciation or poor body condition (Pettis et al., 2004; Clegg et al., 2015).

RESULTS
Over 33,000 photographs were analysed, and just over 2,000 of them were extracted and assessed in detail for
evidence of disease, parasites and epizoites, predation and anthropogenic scarring. Generally, the quality and
resolution of photographs increased over time, as cameras became more sophisticated and photographers more
experienced. Images collected from 2011 onward were both of higher resolution and depicted a wider range of
body parts than those collected prior to 2006.
Images represented a maximum of 115 individuals sighted between 2000 and 2017. Of these, 80 were
represented by both tail ﬂuke and dorsal ﬁn images. However, in some cases individuals were represented only
by one feature or the other, introducing the possibility of double representation of individuals for which dorsal
ﬁn images could not be linked to ﬂuke images. Although all photographs of the photo‐identiﬁed whales were
examined, the total number of individuals included in each type of analysis varied based on the quality and
availability of images of diﬀerent features (Table 2). With the exception of two calves, all other individuals were
considered adults.
3
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Tattoo Skin Diseaselike lesions
Of the 93 individuals (36 males, 26 females, 31 of unknown sex) for which suitable photographs were available,
38 (41%, 95% CI 31–51%) had TSD‐L lesions, including 15 males and 11 females. The two calves in the sample
were negative. Lesion size ﬂuctuated between small and very large, while their coverage varied between less
than 10% to over 50% of the visible body surface (Fig. 1). The tattoo‐like marks persisted over 2 to 14 years in 10
whales for which photographs were available to compare lesions between multiple sightings, with the proportion
of lesions to the visible body surface increasing over time in six of them, but not in the other four. TSD‐L lesions
prevalence was similar in the 36 males (41.7%, 95% CI 25.6–58%) and 26 females (42.3%, 95% CI 23–61%),
allowing sexes to be grouped for further analysis. To examine whether prevalence levels varied over time, we
divided the study period into two subperiods: 2000–2011 and 2012–2018. This analysis was only possible for 29
whales that were represented by suitable photographs in both subperiods. Prevalence of the disease was
signiﬁcantly higher (McNemar test, df = 1, 1– tail p = 0.02275) in 2012–2018 (51.7%, 95% CI 33.5–70%) than in
2000–2011 (27.6%, 95% CI 11–44%).

Epizoites and ectoparasites
Of the 85 whales that were evaluated for sessile whale barnacle (Coronula diadema) presence and/or scarring
on their tail ﬂukes, four (4.5%, 95% CI 0.7–8.8%) had no barnacles or scarring at all, one (1.2%) had barnacles
and/or scars covering 10–30% of the ventral surface of its ﬂukes, and 79 (93%, 95% CI 87–98%) had barnacles
covering less than 10% of the ventral surface of their ﬂukes, with most of these being concentrated only on the
ﬂuke tips. Barnacles were sometimes observed in images of other body parts, including more commonly on the
throat or ﬂippers, and more rarely on the ﬂanks or dorsum near the head. Stalked goose barnacles were detected
on the tail ﬂukes of nine whales (10.6%, 95% CI 0–29%), attached to C. diadema.
Because whale lice were rarely seen on dorsal ﬁns or tail ﬂukes, the areas most often represented in the
photographic dataset, a systematic assessment could not be carried out, and prevalence levels should be
considered as minimum. Of 63 whales with photographs of a suitable resolution, minimum prevalence of whale
lice infestation was 27% (n = 17) during all sighting years. The cyamids were generally seen in one to four patches
on the ﬂank, back and tailstock. In adult male OM10‐001 a minimum of 14 whale lice had colonised the skin
close to the blowholes. Whale lice were occasionally seen in association with lesions.

Predation attempts– killer whales and sharks
Scarring consistent with killer whale tooth rakes was sometimes detected on the ﬂanks and pectoral ﬁns.
However, as parallel scars on the ﬂanks were diﬃcult to distinguish from parallel curved or linear scars that could
result from conspeciﬁc aggression, following the protocol of other studies, we focused on tail ﬂukes as a more
reliable measure of rates of non‐lethal killer whale scarring. Of the 77 whales included in this analysis, nine (12%,
95% CI, 4.5–18% – including 6 males and 2 females) showed unequivocal killer whale tooth rakes on one or both
lobes of their ﬂukes. Large, semi‐circular partial amputations of the ﬂuke trailing edge, consistent with killer
whale or shark bites, were seen in six additional individuals (8%, 95% CI, 1.8–13%) that did not bear tooth rakes
(Fig. 2). In all cases where scarring was detected, it was fully healed and was likely to have occurred well before
the photographs were taken. Fresh killer whale or shark injuries were not detected during the study period.
Typical cookie‐cutter shark wounds and scars were not observed on the visible body surface of any whale.

Entanglement scarring
During an initial assessment using good quality tail ﬂuke and dorsal ﬁn photographs of 79 whales, 33 individuals
were deemed to bear scarring consistent with entanglement. A further four whales were photographed with
ﬁshing gear attached to dorsal ﬁns or ﬂukes at some point during their life. This analysis, based only on the
photographs typically available in a catalogue for individual identiﬁcation, yielded an entanglement scarring
prevalence of 46.8% (95% CI 38–60%) for the whole study period.
A separate analysis of 42 individuals represented by good quality photographs of the ﬂuke insertion on the
caudal peduncle yielded a minimum prevalence rate of 66.6% (95% CI 52–80; Table 3) based on the proportion
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Fig. 1. Typical tattoo skin disease‐like (TSD‐L) lesions with an irregular, rounded form, and a contrasting outline in humpback
whales from Omani waters: (A). Small to large TSD‐L lesions on the back and ﬂank of adult male OM15‐002 in November
2015; (B) Small to very large TSD‐L lesions covering an estimated 60% of the back and ﬂank of adult male OM02‐019 in
November 2015; (C) Numerous small to large TSD‐L lesions on the tailstock of adult OM17‐007 (unknown sex).
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Fig. 2. Individuals OM00‐009 (right) bearing signs of non‐lethal killer whale or shark predation without characteristic
killer whale tooth rakes, and OM14‐013 (left), showing characteristic tooth rakes on the tips of both the left and
right lobes of the tail ﬂukes, as well as barnacle colonisation on the tips of both lobes in a pattern common for the
humpback whales oﬀ the coast of Oman examined for this study.
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of individuals with entanglement codes of E3 (likely) or E4 (likely with severe damage). The maximum
entanglement rate that included animals with entanglement status codes of E2–E4 was 85.6% (95% CI 75–92%;
Table 3). Minimum scarring rates were slightly higher for males (75%, n = 20) than for females (64%, n = 14).
However, this diﬀerence was not statistically signiﬁcant (Fisher’s Exact Test p = 0.382).
Due to the small overall sample size, and the general lack of good quality photographs of each individual’s
caudal peduncle region in consecutive years, it was not possible to estimate rates of entanglement scar
acquisition over time. However, four whales were encountered with ﬁshing gear on them at some point during
their sighting history, and eight individuals had open/unhealed wounds that were consistent with wrapping or
abrasion from ﬁshing gear. These included the only two calves in the dataset that were represented by fair
quality photographs: both of which bore clear linear scars and open wounds consistent with wrapping from
ﬁshing gear. Both were photographed in shallow water in close proximity to active ﬁshing gear, including anchored
gill nets and traps with lines to buoys at the surface.
At least two individuals suﬀered severe permanent damage likely caused by ﬁsheries entanglements: adult
male OM11‐010 was missing the entire left lobe of its tail ﬂukes as well as a signiﬁcant portion of its dorsal ﬁn
(Fig. 3a, b). Scarring on the remaining right lobe of the ﬂukes was symmetric to the line of amputation on the
left lobe, indicating that severe constriction by ﬁshing line/net led to necrosis and amputation of the left ﬂuke.
Scarring on the ﬂank under the damaged dorsal ﬁn indicates that this was also caused by constriction from ﬁshing
gear. OM11‐010 was ﬁrst observed in 2011, at which time the ﬂuke and dorsal injuries had completely healed
and formed scar tissue. The whale was observed again by divers oﬀ the coast of India in December 2019. Whale
lice and TSD‐L were not detected on this individual, but barnacles were present in the area of healed tissue
around the ﬂuke amputation.
Adult female OM03‐004 suﬀered a severe deformity of the lumbar spine with abdominal organs apparently
bulging on the right sides (Fig. 3c, d). Though a prolonged constriction by ﬁshing gear around the peduncle
posterior to the dorsal ﬁn may have caused these anomalies, entanglement scarring at the caudal peduncle
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Fig. 3: Humpback whales with severe mutilations believed to be caused by ﬁsheries entanglement: OM11‐010 (a, b) and
OM03‐004 (c, d) although, a congenital deformity in the latter cannot be excluded.

seems of relatively low severity and not proportionate to the scale of the deformity. The advanced lumbar/caudal
scoliosis (Fig. 3c,d) may either be congenital or traumatic in origin, or some combination of both. Despite the
severe deformities, OM03‐004 has been observed in multiple years between 2003 and 2016, and in one year
with a calf, so appears to be thriving. She had TSD‐L lesions in 2003 and 2015, with the cutaneous lesions covering
5 to 20% of her visible body during both periods. Whale lice were present in 2003, 2004, 2014 and 2015 close
to the right bulge.

Documented entanglement events in the Arabian Sea
Photographs and video from ﬁve live humpback whale entanglement events that occurred between 1999 and
2017 were examined, including four from Omani waters, and one from Pakistan (Table 4). While thicker nylon
nets with a large mesh size designed to tangle tuna and other large predatory ﬁshes were involved in most of
the events, cotton mesh entanglement occurred in 1999. Only one incident in 2017 involved a medium‐sized
mesh net made of clear nylon monoﬁlament.
Entanglements usually involved multiple body parts, including the head, dorsal ﬁn, pectoral ﬁns and tailstock,
but the healing of the resulting injuries could not be assessed based on the available information. Most nets
used Styrofoam surface ﬂoats that would have caused additional drag when the whale was swimming, and at
least four of the 10 incidents also mention heavy stone, cement or metal anchors or weights that caused the
line to cut deeper into the whales’ ﬂesh and required greater eﬀort for the whale to continue surfacing.
Six additional incidents of live entanglement of humpback whales were recorded from Oman between 1990
and 1998, ﬁve of which resulted in successful disentanglements (Minton, 2004). Each of the six documented
entanglement events involved bottom set gillnets. Photographs and videos (not available for re‐analysis in this
study, but examined by GM in 2004) show the head, dorsal ﬁn, pectoral ﬁns and tailstock to be the regions
entangled, but the resulting injuries could not be assessed. In at least two of the six documented cases, speciﬁc
mention is made of anchors and heavy concrete weights, which kept the whales in place and caused ropes and
net to cut into the skin and blubber of the entrapped animals (Minton, 2004a).
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Vessel strike
Two individuals, both of unknown sex, had injuries consistent with severe blunt trauma, most likely caused by
vessel hull strikes. Whale OM02‐009 showed a deep broad scar behind the head, and adult OM17‐010 had a
deep, healed injury on the back and dorsal ﬁn (Fig. 4). Four additional individuals bore characteristic signs of
small propeller scars. At least two of these (male OM00‐009 and female OM15‐006) also showed evidence of
entanglement. Prevalence of propeller scars and/or vessel hull strike in 96 whales was 4% (95% CI 0.2–8%) and
2.1% (95% CI 0–5%), respectively.

Wound healing at tagging sites
Of the 20 tag deployments that were attempted between 2014 and 2017, 19 made contact with whales, and 15
were classiﬁed as successful, having transmitted for longer than one day. Eleven animals were successfully
instrumented once, two (OM01‐006 and OM02‐019) were successfully instrumented twice, two were successfully
instrumented once and unsuccessfully instrumented once, and two animals unsuccessfully tagged once (Willson
et al., 2015, 2016a and 2018).
Tissue responses were assessed in eight individuals (6 males, 1 female, one of unknown sex) that were
re‐sighted in periods ranging from a few days to 32 months after tagging. Observed responses included depression
at the tag site (n = 4), change in pigmentation (n = 2), swelling (n = 3) and tissue loss (n = 2), all scored as a
category ‘one’ following Andrews et al. 2019 (Table 5). There was no evidence of infection in any whale.

Overall body condition
None of the individuals examined in this study showed any evidence of emaciation. One of the two calves
represented in the photographic dataset (OM12‐004) appeared in sub‐optimal condition with its visible body
area covered by light grey cutaneous marks and entanglement injuries. However, image quality was poor, and
the calf was never re‐sighted, preventing further assessment.

DISCUSSION
Tattoo Skin Diseaselike lesions
Prevalence of TSD‐L lesions was very high (41%) in 93 humpback whales photographed oﬀ the coast of Oman in
2000–2018. As observed in most cetacean species, prevalence was similar in males and females (Van Bressem
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Fig. 4. Evidence of vessel injury in humpback whales in Oman: (A) OM02‐009 in May 2015
(unknown sex); (B) OM17‐010 in November 2017 (unknown sex); and (C) OM00‐009 in
March 2017 (male).

et al., 2009). It signiﬁcantly increased over time in 29 whales that could be evaluated in both the periods between
2000 and 2011 (27.6%) and between 2012 and 2018 (51.7%). Though this may be due in part to improved image
quality and quantity for each individual from 2011 onwards, a signiﬁcant rise in TSD‐L prevalence had already
been observed in this population from 2000 through 2011 (Van Bressem et al., 2014a). Similarly, the percentage
visible body surface aﬀected by TSD‐L lesions also tended to grow over time in at least six of the 10 whales with
suﬃcient resight history.
The high prevalence of TSD‐L dermatopathy, the presence of very large lesions, the high proportion of aﬀected
visible body surface together with a protracted period of infection in some whales suggest that their immune
system was not able to clear the disease. Environmental stressors such as ﬁshing gear entanglement and pollution
have repeatedly been shown to lower cetacean immune response, to increase the risk of infection, and to alter
the epidemiological pattern of tattoo skin disease (Hall et al., 2006; Reif et al., 2009; Van Bressem et al., 2009a,
2018; Rolland et al. 2012, 2017, 2019). During the present study, at least 67% of the whales had entanglement
lesions that likely caused long‐lasting suﬀering and stress. The threefold increase in vessel traﬃc documented in
the Arabian Sea between 2004 and 2014 (Willson et al., 2016b) may also result in increased levels of stress
hormones, as described in right whales from the North Atlantic (Rolland et al., 2012). Thus, anthropogenic stress
may have played a role in the high prevalence of TSD‐L in humpback whales from Oman.
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Fig. 5. In situ tag in humpback whale OM02‐19 in March 2015 (above), and scar in
November 2015 showing a depression (arrow) of similar size to the tag (below). The whale
is also covered by skin lesions.

Epizoites and ectoparasites
The coverage of sessile whale barnacle infestation on the ventral surfaces of tail ﬂukes in Oman appears to be
low compared with that of Southern Hemisphere humpback whale populations. The authors of this study have
collectively worked with humpback whale populations in Angola, South Africa, Kenya, Madagascar, Mayotte,
Benin, Gabon, and the southeast Paciﬁc and have observed a more extensive coverage of barnacle scarring in a
higher proportion of whales in all these locations. However, we could not ﬁnd any published studies with
quantiﬁable rates of barnacle coverage from the Southern Hemisphere or anywhere else in the world.
Environmental factors regulating barnacle colonisation on humpback whales may be related to temperature,
salinity or water ﬂow (e.g. Carrillo et al., 2015).
The stalked goose barnacles occurred at a low to medium level in 10.6% of the 85 whales. Whale lice
infestation was limited to small aggregations in some animals and did not suggest reduced swimming speed or
poor health, as observed in the North Atlantic right whale (Pettis et al., 2004; Moore et al., 2006).

Killer whale scarring
The 12% rate observed in this study is similar to those reported for humpback whales on low‐latitude breeding
grounds and high‐latitude breeding grounds where rates ranged from a minimum of 6% to a maximum of 26%
(Mehta et al., 2007; Steiger et al., 2008; Capella et al., 2018).
Results of killer whale scarring studies in humpback and other baleen whales conducted by Mehta et al. (2007)
and Capella et al. (2018) indicate that killer whale attacks occur mostly on calves, near breeding sites and during
the ﬁrst migration to feeding areas. Killer whale sightings oﬀ the coast of Oman are relatively rare (Minton et al.,
2010; 5OES and ESO, 2021), and are thought to represent transient populations that range throughout the
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Northern Indian Ocean (e.g. Mohsenian et al., 2019 and unpublished data held by the authors; Anon., 2020).
More common in Omani waters, false killer whales (Pseudorca crassidens) could also have inﬂicted some of the
predation scars, as aggressive interactions between this species and ASHW have been documented (Baldwin
et al., 2011) and false killer whales have been documented harassing humpback whales on other breeding
grounds (e.g. Weir et al., 2013).

Entanglement scarring
This study used a systematic approach to estimate entanglement history from diagnostic injuries at the caudal
peduncle and ﬂuke insertion. The results indicate that at least 67% of the 42 whales examined have likely suﬀered
a non‐lethal entanglement. However, this estimate is expected to be biased low, most notably because it is a
study of live whales and does not include any individuals that died from entanglement before they could be
sampled (Robbins and Mattila, 2001).
The estimated minimum entanglement rate in this study is similar to rates detected in other populations. In
the Gulf of Maine at least half of the humpback whale population bears entanglement injuries (Robbins and
Mattila 2001, 2004; Robbins 2009, 2012), while in Icelandic waters a minimum of 24.8% and a maximum of 50.1%
of the whales bore scarring consistent with previous entanglement (Basran et al., 2019) and in south eastern
Alaska, 52–78% of the individuals exhibited unambiguous entanglements injuries (Neilson et al., 2009).
Photographing of the caudal peduncle area during surveys in Oman was inconsistent, as photographers were
focusing on obtaining images used for individual recognition (photo‐ID) during studies with multiple additional
objectives (biopsy sampling, acoustic sampling and satellite tagging). Only 42 of the 77 individuals that are
represented by good quality tail ﬂuke photographs in the Oman catalogue are also represented by good quality
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photographs of the ﬂuke insertion region of the caudal peduncle. As such, small sample size precluded a
meaningful quantiﬁcation of scarring acquisition throughout the research period, particularly because individuals
that were re‐sighted over time were not consistently represented by photographs of the caudal peduncle at
the ﬂuke insertion site to allow comparison between years. However, it should be noted that throughout the
18 years covered in this study only four cases of entanglement were reported to the authors, and open/unhealed
wounds were only observed on eight occasions. The latter included two calves with open linear wounds
consistent with entanglement.
Juvenile humpback whales seem more likely to interact with ﬁshing gear than adults, possibly because of
their inquisitive nature or lack of experience in avoiding them (Neilson et al., 2009; Robbins, 2012; Basran et al.,
2019). It seems possible that non‐lethal entanglements oﬀ the coast of Oman or in other parts of the ASHW
range mainly aﬀect immature individuals. A live‐entanglement case oﬀ Qeshm Island in the Arabian/Persian
Gulf involved a juvenile (estimated at 6–7m length) which was disentangled by local ﬁshermen attempting
to recuperate the net (Dakhteh et al., 2017). It also seems likely that the majority of entanglement events
are undetected by authorities or researchers at the time they occur, either because the whales shed gear of
their own accord, or ﬁshermen disentangle whales from gear without reporting it to the authorities. Some
anecdotal evidence obtained through social media supports the latter theory (unpublished photographs held by
authors). Alternatively, a number of whales may die without being discovered at sea or through stranding
response eﬀorts.

Vessel strike
Non‐lethal vessel strikes seem to be rare in Oman waters, with only two cases of severe blunt trauma detected
among 96 whales. However, the actual number of events resulting in mortality is likely to be higher than those
detected, as reported for other species and populations (Rockwood et al. 2020). Small propeller wounds and
scars were seen in four additional whales. In two whales that also had clear signs of entanglement, propeller
wounds may have been inﬂicted when ﬁshermen approached and/or attempted to disentangle the whales. In
the Persian Gulf, vessel strike rate appears to be high, possibly linked to the very dense shipping traﬃc. Of seven
documented humpback whale records, two were conﬁrmed and three were probable vessel collision cases
(Dakhteh et al., 2017).

Wound healing at tagging sites
Wound healing appeared normal at the tagging sites in eight whales and there was no indication of inﬂammation,
implying that this research methodology is safe and eﬀective for use even in this Endangered population but
continued monitoring is recommended.

Conservation implications
This study provides further compelling evidence of the direct interactions between ﬁshing gear and humpback
whales in the Arabian Sea, likely due to the overlap of ASHW habitat with areas of increasing artisanal ﬁshing
activity (Minton 2004, Minton et al. 2015, Willson et al. 2018, Tiwari et al. 2015; Willson et al. 2020). Fisheries
are expanding rapidly in Oman (Yousuf et al., 2009; Oman National Centre for Statistics and Information, 2020)
and other parts of the known ASHW range, increasing the likelihood of entanglement. Entanglement, even when
not lethal, may compromise feeding and swimming due to the drag created by gear (van der Hoop et al., 2016;
van der Hoop et al., 2017), and should also be considered a serious health and welfare issue, given the severe
injuries, pain and stress sustained by aﬀected individuals (Cassoﬀ et al., 2011; Moore and van der Hoop, 2012;
Dolman and Moore, 2017; Dolman and Brakes, 2018). North Atlantic right whales with non‐lethal entanglement
histories were more likely to exhibit poor body condition than those without entanglement histories (Pettis
et al., 2017). Analysis of corticosteroid levels in the baleen of a bowhead whale documented evidence of adrenal
gland activation caused by a severe ﬁshing rope entanglement (Rolland et al., 2019). Non‐lethal entanglements
can also have long‐term impacts on a population’s ﬁtness. Stress from repeated encirclement and release from
tuna purse‐seine ﬁsheries is thought to be the main factor contributing to the lack of recovery of eastern tropical
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Paciﬁc spinner (Stenella longirostris) and spotted (S. attenuata) dolphins, despite the fact that recorded
mortalities associated with these ﬁsheries have decreased dramatically (Gerrodette and Forcada, 2005).
The ASHW population oﬀ the coast of Oman is small, and presumed to have a very low reproductive rate,
based on the paucity of observations of calves over the years (Minton et al. 2011, and Authors, unpublished
data). In other species low reproductive rates may be caused, at least in part, by the stress and potentially
depressed ﬁtness related to previous entanglement(s) (Pettis et al., 2017; Rolland et al., 2019; Christiansen
et al., 2020). ASHW oﬀ the coast of Oman have two documented areas of important habitat: in the Gulf of
Masirah and the Hallaniyats Bay (Corkeron et al., 2011; Minton et al., 2011; Willson et al., 2017). Both of these
areas are associated with high productivity, and consequently also with relatively high levels of ﬁshing eﬀort
(Minton, 2004; Oman Department of Fisheries Statistics, 2020). The types of gears used in these areas include
gillnets, usually set overnight by coalitions of artisanal ﬁshing dhows that sometimes set up to 20km of net
between multiple vessels, as well as anchored gillnets and bottomset ﬁsh/lobster traps with tethered buoys.
Both gillnets and bottom set traps (tethered to lines with surface buoys) are the gear types most frequently
involved in entanglement of humpback whales and other cetacean species in other parts of the world (Johnson
et al., 2005; Read et al., 2006; Reeves et al., 2013).
The ASHW range in the 1960s extended to the coasts of Pakistan and India, and evidence is emerging in recent
years that the population persists in these areas (e.g. Mahanty et al., 2015; Moazzam and Nawaz, 2017; Sutaria
et al., 2017; Madhusudhana et al., 2018). Gillnet usage is also prevalent oﬀ the coasts of India and Pakistan
(Yousuf et al., 2009; Moazzam and Nawaz, 2014; Kiani and Van Waerebeek, 2015; Sutaria et al., 2015; IWC, 2019;
Temple et al., 2019; Anderson et al., 2020). Movement of a satellite tagged whale from Oman to India and back
again in 2017/18 (Willson et al., 2018), and the conﬁrmation of a photographic match of a whale ﬁrst observed
in Oman and then oﬀ the coast of India in 2019 indicate that ASHW are at risk of entanglement on both sides of
the Arabian Sea, as well as in the Arabian/Persian Gulf (Dakhteh et al., 2017).
Unfortunately, levels of ASHW mortality associated with entanglement, ship strike, or disease are not possible
to estimate based on the evidence available to date. In Oman, only 8 records of humpback whale strandings
were recorded between 1985 and 2008 (unpublished data held by the Environment Society of Oman, 2020), of
which one was a stranding code 3, and the others were either stranding state 4 or 5 (Geraci and Lounsbury,
2005), and thus too decomposed to determine the cause of death. A recent study of mortality in north Atlantic
right whales, a species known to be in decline primarily due to anthropogenic pressures from ﬁshing and shipping,
revealed that in 43 cases where a cause of death was determined 88.4% were due to anthropogenic trauma,
with 58% caused by entanglement, and 42% from vessel strike (Sharp et al., 2019).

Conclusions and recommendations
We recommend that photo‐identiﬁcation research continues oﬀ the coast of Oman, and be initiated in other ASHW
range states, and that it includes clear protocols for capturing images of the caudal peduncle region to facilitate
monitoring of the entanglement status of individual whales over time. We also recommend that future research
includes additional means to assess health and body condition, for example through the systematic use of drones
and photogrammetry (e.g. Christiansen et al., 2016) or ﬂuctuations in adiposity (e.g. Bengston Nash et al., 2017).
Such studies could be used to determine whether entanglement status and presence of TSD‐L dermatopathy, are
associated with changes in body condition. Blow and faecal sampling could also help to detect the presence of
stress hormones or pathogens to evaluate health and overall ﬁtness (e.g. Apprill et al., 2017; Pirotta et al., 2017).
We also recommend that reporting networks and protocols for stranding and entanglement response are
further strengthened in Oman and throughout the region. The relatively high proportion of whales with evidence
of ﬁsheries interactions in relation to the low number of documented entanglements indicates that interactions
may be observed by ﬁshermen but not reported, thus losing valuable opportunities to better understand the
exact locations and types of gears that may need to be targeted for mitigation eﬀorts. Reporting networks through
trained ﬁsheries crews are providing valuable information in Pakistan (e.g. Moazzam and Nawaz, 2017), and
expanding networks are also yielding valuable information on baleen whale sightings and strandings in India
(e.g. Sutaria, 2018).
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Future studies in Oman should include sampling of cutaneous lesions to conﬁrm the poxvirus aetiology as
well as the accumulation of larger samples of images suitable for the assessment of entanglement scarring and
lesions to determine whether there is correlation between the history of the whales’ entanglements or other
environmental factors, and progression of TSD‐L lesions. Furthermore, if future studies are able to draw a more
deﬁnitive causal link between TSD‐L dermatopathy and immune deﬁciency, we recommend that TSD‐L condition
prevalence and severity be used as one of a number of indicators to monitor the health, welfare and status of
the population.
A comparative study of epizoite colonisation on humpback whale tail ﬂukes in diﬀerent parts of the Indian
Ocean could shed light on the mechanisms regulating barnacle colonisation on humpback whales, which may
be related to temperature, salinity or water ﬂow that optimises feeding opportunities for the barnacles (e.g.
Carrillo et al., 2015). This comparison may also yield a proxy measure that could be used in the absence of genetic
data to determine whether an individual whale observed in the Arabian Sea or surrounding waters is more likely
to belong to the Arabian Sea population or to be a vagrant from the Southern Hemisphere. This was suspected,
for instance, in the case of two humpback whales sighted in the Red Sea in 2016, both of which bore extensive
barnacle scarring not typical of ASHW (Notarbartolo di Sciara et al., 2017). The detection of Southern Hemisphere
humpback whale song by passive acoustic recorders oﬀ the coast of Oman in August 2012 (Cerchio et al., 2018)
suggests that this distinction may be useful and needed as Southern Hemisphere populations expand, and as
climate change disrupts normal seasonal patterns of oceanographic productivity and migration (e.g. Avila et al.,
2019; Tulloch et al., 2019). Further passive acoustic monitoring work could help to shed light on the frequency
and seasonality of Southern Hemisphere humpback whale occurrence within the Arabian Sea.
Further research is required to better understand the eﬀects of sub‐lethal ﬁsheries interactions on ASHW
physiology and health, as well as behaviour, such as avoidance of areas where ﬁsheries activities occur (and thus
loss of potential feeding opportunities). Future studies should also strive to identify which types of ﬁsheries gear
present the highest risk to the population as a ﬁrst step to understanding whether and how to mitigate risks.
Although the entanglement data generated in this study does not lend itself to evaluation of short‐term changes
in the entanglement rates, it provides a reliable baseline upon which future studies that collect more suitable
images for analysis can be compared. More reliable long‐term individual entanglement histories, and a larger
sample size of images suitable for scarring analysis will allow detection of potential trends in entanglement rates
and can be used as one of the indicators to monitor the eﬃcacy of any future ﬁsheries management interventions.
With a population of fewer than 100 individuals oﬀ the coast of Oman (Minton et al., 2011), mortality exceeding
one individual per year (assuming a recovery factor of 0.5 for humpback whales and Rmax = 0.04) would lead to
a continued decline and eventual extirpation of the population. The cumulative impacts of the threats documented
here may well lead to either direct or indirect mortality exceeding this sustainable limit. As such, our results indicate
that these threats urgently require further investigation and collaboration with the appropriate stakeholders in
ASHW range states to design practical mitigation and management strategies and actions.
Finally, it is essential that eﬀorts continue to promote regional collaboration and government stakeholder
participation to address the most urgent threats facing this Endangered population of humpback whales. The
Convention on Migratory Species (CMS) Concerted Action for Arabian sea humpback whales (CMS, 2017) includes
a set of quantiﬁable Key Ecological Attributes (KEAs) and associated proxy indicators that can be used to guide
and monitor the eﬃcacy of local and regional conservation eﬀorts. The images required to continue and expand
the visual health assessments presented here are relatively easily collected in combination with other survey
methods, essential for monitoring distribution, abundance, behaviour and health of the population (e.g. line
transect surveys, photo‐identiﬁcation, biopsy sampling) and should inform future research and conservation
management eﬀorts in the region.
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