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Abstract
Arabian Sea humpback whales (Megaptera novaeangliae; ASHW) are listed as Endangered by the International Union for 
the Conservation of Nature (IUCN). The long-term presence and increased prevalence of tattoo skin disease-like (TSD-L) 
dermatopathy is a concern for this small non-migratory population. Characterized by irregular or rounded, light gray or 
whitish cutaneous lesions, this condition resembles tattoo skin disease, caused by cetacean poxviruses. Although the etio-
logical agent and pathogenicity of TSD-L dermatopathy are unknown, previous studies have suggested that it is an indicator 
of population health. Until now, disease diagnosis had been based on photographs collected from survey vessels. In this 
study, we describe a novel method of identifying and quantifying TSD-L lesions in ASHW, using drone aerial photography. 
Aerial photos of the entire dorsum were selected for 18 whales with the same criteria applied for assessing body condition 
to quantify the percent coverage for each individual. We effectively diagnosed this condition from close-up aerial photos or 
good-quality photos of the lateral body surface taken from the research vessel in 13 whales. TSD-L dermatopathy coverage 
ranged from 2.34 to 57.00% and measurements were consistent between photographs of the same whale (SD = 1.86%). Drone 
aerial photography provided a useful and complimentary approach to identify and quantify TSD-L lesions. Continued moni-
toring using this non-invasive method should be combined with other population and health monitoring tools to increase our 
understanding of the characteristics and epidemiology of this condition, and to provide critical information for conservation 
efforts that ensure the recovery of this endangered population.

Keywords Arabian Sea · Cetacean · Disease monitoring · Endangered species · Gulf of Masirah, Oman · Health 
assessment · Megaptera novaeangliae · Unmanned aerial vehicle (UAV/Drone)

Introduction

Arabian Sea humpback whales (Megaptera novaeangliae, 
ASHW) are a non-migratory population that feed and 
breed in the Arabian Sea, in the Northern Indian Ocean. 
They are genetically distinct and believed to have diverged 
from an ancestral southern hemisphere migratory popula-
tion approximately 70,000 years BP (Pomilla et al. 2014). 
They are designated as “Endangered” on the IUCN Red List 
(Minton et al. 2008) due to their low abundance (82 animals 
estimated for the subregion off the coast of Oman, 95% CI: 
60–111), isolation from other neighboring populations, and 
mounting threats in their range (Minton et al. 2008, 2011). 
The population was significantly depleted by Soviet whal-
ing operations, which illegally harvested 242 ASHW from 
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this region in the 1960s (Mikhalev 1997). Compared to 
the scale of global industrial whaling activities that killed 
approximately three million whales (Rocha et al. 2015), a 
catch of 242 whales seems relatively small. However, the 
scientists on board the Soviet whaling vessels estimated that 
they took ~ 60% of the ASHW present in the Arabian Sea, 
and that the low catch from this non-migratory population 
likely indicates ASHW had naturally low abundance prior 
to whaling (Mikhalev 1997). ASHW have a significantly 
lower genetic diversity compared to other southern hemi-
sphere humpback whale populations, a pattern consistent 
with ancient and recent genetic bottlenecks (Pomilla et al. 
2014). Pomilla et al. (2014) also noted genetic isolation from 
other southern hemisphere humpback whale populations, 
indicating a lack of migration and genetic exchange. Low 
genetic diversity can negatively impact population viabil-
ity for several reasons, including increased susceptibility to 
disease (Lacy 1997). Due to their low abundance and rising 
anthropogenic threats, such as ship strikes and entanglement 
in fishing gear (Baldwin et al. 2010; Willson et al. 2014; 
Minton et al. 2022), ASHW are at a much higher risk of 
extinction than other humpback whale populations (Stevick 
et al. 2003; Bejder et al. 2016; Bettridge et al. 2015). Part of 
the ASHW home range overlaps with the busy Arabian Sea 
marine corridor (Baldwin et al. 2010; IWC 2019; Johnson 
et al. 2022; Minton et al. 2022). Given their low abundance, 
the loss of any breeding adult is likely to reduce popula-
tion viability even further (Minton et al. 2022; Wade 1998). 
Therefore, understanding and minimizing threats to indi-
vidual whale health in this population are essential for their 
long-term survival.

Worldwide, several odontocete and mysticete popula-
tions are affected by tattoo skin disease (TSD), an illness 
caused by cetacean poxviruses and characterized by irregu-
lar whitish, light gray, or black stippled skin lesions with a 
contrasting outline (Geraci et al. 1979; Van Bressem and 
Van Waerebeek 1996; Bracht et al. 2006; Van Bressem 
et al. 2009; Blacklaws et al. 2013; Fiorito et al. 2015). Tat-
too skin disease-like (TSD-L) dermatopathy, a condition 
similar to TSD but of unknown etiology, has been observed 
in ASHW since 2000 (Fig. 1; Van Bressem et al. 2015). 
The lesions were observed on most body parts, but espe-
cially on the back, flanks, head, and peduncle. Their size 
varied between small and very large, while their coverage 
fluctuated between less than 10% to over 50% of the visible 
body surface (VBS). The dermatopathy persisted for several 
years in 10 whales, with the proportion of the affected VBS 
increasing over time in six of them (Minton et al. 2022). 
Besides, prevalence of TSD-L dermatopathy in 29 whales 
significantly rose from 27.6% in the period 2000–2011 to 
51.7% in the period 2012–2018 (Minton et al. 2022). In this 
context, evaluating the impact of this disease on the long-
term health of this endangered population of humpback 

whales is a crucial element of assessing the population’s 
conservation status and viability.

Qualitative and quantitative remote health assessments 
methods have proven to be effective in evaluating general 
health and body condition in free-ranging cetaceans (Pettis 
et al. 2004; Van Bressem et al. 2014; Marón et al. 2015; 
Christiansen et al. 2020b; see also several examples profiled 
in Karczmarski et al. 2022) and have been identified as an 
important key ecological attribute for tracking the status of 
ASHW (Convention on Migratory Species 2017). An ini-
tial health assessment of ASHW based on existing photo-
graphic data of the lateral body surface taken from research 
vessels was recently conducted (Minton et al. 2022), and 
preliminary data collection has begun for an ASHW moni-
toring program aimed at regular evaluation of individual 
and population-wide body condition, anthropogenic scar-
ring, and disease (Van Bressem et al. 2015; Willson et al. 
2018; Christiansen et al. 2020a).

The use of unoccupied aerial vehicles (UAV; i.e., drones) 
is fast advancing the study of cetacean biology (e.g., Durban 
et al. 2016; Dawson et al. 2017; Leslie et al. 2020; Sprogis 
et al. 2020; Azizeh et al. 2021; Currie et al. 2021; Ramos 
et al. 2022). Drones have been used to identify individuals 
(Hartman et al. 2020; Ramos et al. 2021), to assess ceta-
cean body condition (Christiansen et al. 2016, 2018, 2020b, 
2021; Durban et al. 2021; Johnston et al. 2022), to sample 
their microbiome or hormones (Apprill et al. 2017; Atkinson 
et al. 2021), and to remotely measure cetacean physiological 
parameters (Horton et al. 2019; Martins et al. 2020; Lonati 
et al. 2022). To date, however, only a few drone studies have 
examined disease in cetaceans (Christiansen et al. 2020b, 
2021). In the current paper, we present a novel method and 
preliminary findings for non-invasively identifying, quan-
tifying, and monitoring TSD-L prevalence and severity in 
ASHW using drone imagery.

Materials and methods

Small (< 5 kg) multi-rotor drones were used to collect aerial 
images of ASHW in the Gulf of Masirah, Oman (Fig. 2), 
during two field surveys: 16–30 November 2017 and 25–26 
November 2019. These field surveys focused on multiple 
objectives: photo identification, genetic biopsy collec-
tion, satellite tagging, and health assessment. Drones were 
hand-launched from small research vessels (~ 6 m) and 
flown by certified pilots with appropriate permission from 
Omani authorities. In 2017, we used an APH-22 hexacopter 
(Aerial Imaging Solutions; described in detail by Goebel 
et al. 2015) to capture photographs of surfacing ASHW 
from an altitude of approximately 30–50 m, following the 
procedures described by Durban et al. (2016) and Willson 
et al. (2018). In 2019, we captured video footage of whales 
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Fig. 1  Examples of three 
ASHW exhibiting tattoo skin 
disease-like (TSD-L) lesions 
characterized by irregular 
rounded, light gray marks 
with a contrasting outline (red 
arrows). Images for each whale 
were taken on the same day. 
A Three images of a high-
coverage whale (OM17-008), 
including of the dorsolateral 
surface (lower left) collected 
from boat-based operations, 
very low-altitude (~ 2 m) drone 
image (upper left) showing 
TSD-L lesions (red arrows) and 
intraspecific or anthropogenic 
scaring (yellow arrows), and a 
standard-altitude image on the 
right (distinct TSD-L lesion 
shown with red arrow). B Two 
images of a low-coverage whale 
(OM15-006), including the dor-
solateral body surface (above) 
with TSD-L lesions (red arrow), 
and a standard-altitude image of 
the dorsal surface (below) with 
the same lesion shown with a 
red arrow. C (displayed on the 
next page) Images of OM01-
013 the dorsolateral body 
surface (above; taken from the 
research vessel) and the aerial 
image of the dorsum taken 
from the drone (below). This 
individual’s TSD-L diagnosis 
was inconclusive from the boat-
based images but determined 
to be TSD-L positive from the 
drone images
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from an altitude of 20–60 m using a modified DJI Inspire 
1 Pro quadcopter (www. dji. com) as described by Chris-
tiansen et al. (2018). Still images were captured from the 
video for downstream processing. The main purpose of 
these higher-altitude flights (> 20 m) was to measure body 
condition using aerial photogrammetry (Christiansen et al. 
2016, 2018). During 2017, the APH-22 was also flown at 
very low altitudes (2–4 m) to gather respiratory exhalent 
samples for microbiome analysis (Apprill et al. 2017), and 
close-range UAV images were collected opportunistically 
during these lower-altitude flights (Fig. 1B) but were not 
used for systematic quantification of body condition or TSD-
L. Altitude of flights varied according to the study/survey 
purpose; variation in altitude of higher flights (20–60 m) 
was to obtain total body images of whales. Higher altitudes 
were required to capture full-body images of larger whales 
or groups containing more than one whale, while lower alti-
tudes allowed the capture of entire body images for smaller 
or single whales.

Images of the lateral surface of the whale dorsal fin 
were obtained for photo identification with DSLR cameras 
using 100–300 mm variable zoom lenses (Fig. 1A). These 
photographs were assigned a quality score that considered 
angle, glare, focus, and resolution following Friday et al. 
(2008) and Urian et al. (2015). Scores ranged from 0 (no 
photo obtained) to 4 (excellent photo at the perfect angle 

Fig. 1  (continued)

Fig. 2  Map of the survey area in the Gulf of Masirah of the Arabian 
Sea off the coast of Oman

http://www.dji.com
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and lighting, showing all details in high resolution). These 
images, in combination with those of tail flukes were used 
for individual identification and matching against the Oman 
Humpback Whale Photo-Identification Catalog (Environ-
ment Society of Oman 2022, http:// www. eso. org. om/).

TSD-L was diagnosed using vessel-based and UAV 
images with the final diagnosis made by a cetacean skin 
disease expert (MFB), using all available imagery (Table 1). 
Percent coverage was also estimated using vessel-based 
images of the dorsolateral surface and compared to UAV 
quantification (Table 1). All of the boat-based images that 
were taken of whales observed in 2017 were examined for 
TSD-L, while only the best-quality pre-selected dorsal fin 
photos used for photo identification were examined for those 
whales photographed in 2019 (Table 1). TSD-L was visually 
identified through the presence of distinctive small to very 
large, white to light gray, irregular, or rounded skin lesions 
with a contrasting outline (Fig. 1). The field protocol of col-
lecting photographic data and the workflow of quantifying 
TSD-L lesions from aerial images is summarized in Fig. 3.

Percent coverage was assessed by eye using vessel-based 
images of the dorsolateral surface and compared to UAV 
quantification (Table 1). Lateral photos of the flank and dor-
sal fin do not always show the same proportion of the flank, 

making standardized quantification challenging (see Min-
ton et al. 2022 for detailed analysis of TSD-L dermatopa-
thy from boat-based images). Aerial images present a much 
more standardized proportion of the dorsal body surface 
area, making them better for quantification. Only high-qual-
ity aerial images that met our robust photo selection criteria 
were used for analysis of percent TSD-L lesion coverage 
(Fig. 4). The selection criteria were the same as those used in 
quantifying body condition (Christiansen et al. 2018) or for 
remote morphometrics (Leslie et al. 2020): images including 
the entire dorsal surface of the whale in a straight-backed 
(non-arched) position and the outline of the body and tail 
(excluding the pectoral fins) were discernible from the sur-
rounding water. These images provided the clearest view of 
the whale’s dorsal surface, favoring the detection of TSD-L 
areas. If surface water disturbance, turbid water, blowhole 
discharge, and/or high sun glare obscured the dorsal surface 
of the whale, the photo was excluded.

To determine the percent coverage of TSD-L lesions on 
each whale, images were imported into Adobe Photoshop 
(Adobe 2019) for analysis (Fig. 5A). Each photograph was 
converted into a layer, and a new blank layer was created. 
No attempts were made to correct for the curvature of the 
dorsal surface of the whale, therefore we will refer to this 

Table 1  Comparing vessel and drone-based images for the diagno-
sis of TSD-L lesions and coverage evaluation.  The 18 ASHW pho-
tographed using UAV in 2017 and 2019 with associated diagnosis 
(boat-based images, drone images, and final diagnosis) and cover-
age estimates. Diagnoses were made by examining images collected 
using a DSLR with telephoto lens during small boat operations 
(“Boat-based diagnoses”) and using the images collected by the 
UAV (“UAV-based diagnosis”). “T – “ means a TSD-L condition not 

present, “T + ” means TSD-L dermatopathy present, and “inconclu-
sive” could not be determined. Quality scores of boat-based image(s) 
included 3 (good), 2 (regular), and 1 (poor). A “Final diagnosis” was 
made based on all available photographic evidence. For images col-
lected from the boat, the % coverage of TSD-L covering one side of 
the flank and dorsal fin was assessed by eye. For UAV images, the 
% coverage of the dorsal surface was calculated (Average ± Standard 
Deviation if multiple images were available)

Whale ID Year Boat-based diagnosis Quality of boat-
based image(s)

UAV-based diagnosis Final diagnosis % coverage (boat) % coverage (UAV)

OM01-001 2019 T + 3 T + T + 30 32.64
OM01-004 2019 inconclusive 3 T + T + – 4.66
OM01-013 2019 T − 3 T + T + – 3.02 ± 2.63
OM01-017 2019 T − 3 T − T − – –
OM02-001 2019 inconclusive 3 T − T − – –
OM02-019 2019 T + 3 T + T + 30–40 32.68
OM04-008 2017 T − 2 T − T − – –
OM11-011 2017 T + 3 T + T + 70 54.69 ± 0.59
OM11-012 2017 T + 3 T + T + 5 4.24 ± 0.20
OM14-023 2019 T + 3 T + T + 15 24.24
OM15-006 2019 T + 3 T + T + 1 2.34
OM16-001 2019 T − 3 T − T − – –
OM17-005 2017 T + 3 T + T + 20 16.84 ± 2.61
OM17-007 2017 T + 3 T + T + 10–20 15.25 ± 3.26
OM17-008 2017 T + 3 T + T + 80–90 57.00
OM17-010 2019 T + 3 T + T + 1 10.72
OM17-012 2017 Inconclusive 1 Inconclusive Inconclusive – –
OM19-001 2019 T + 3 T + T + 5 23.19

http://www.eso.org.om/
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Fig. 3  An infographic displaying the complimentary views of vessel-based and drone-based photography for large whale health assessments, and 
a general workflow of TSD-L dermatopathy quantification from aerial photos
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Fig. 4  An example of aerial 
images used in quantifying 
tattoo skin disease-like (TSD-L) 
dermatopathy. The upper image 
(A), an aerial photo of OM02-
019, met our robust photo selec-
tion criteria and was included 
in the subsequent analyses. The 
lower image (B), an aerial photo 
of OM14-023, did not meet our 
photo selection criteria

Fig. 5  Quantifying the percent 
of tattoo skin disease-like 
(TSD-L) dermatopathy covering 
the dorsal surface of an Arabian 
Sea humpback whale (OM19-
001) using aerial images from 
drones. A The raw image was 
imported into Adobe Photoshop 
(Adobe Inc. 2019). B The vis-
ible dorsal visual index of the 
whale was cropped to obtain a 
pixel count of the total dorsal 
surface. C The pixel count of 
the TSD-L condition affected 
areas was obtained by selecting 
the distinct gray and whitish 
circular skin lesions (i.e., “tat-
toos”) on the dorsal surface and 
cropping out all other areas. The 
TSD-L lesion percent coverage 
was calculated by dividing the 
value from C by the value from 
B. For this individual, the % 
coverage was 23.19%
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approximation of the dorsal surface area as a “dorsal visual 
index”. The outline of the entire whale excluding the pecto-
ral fins was selected using the lasso tool (Fig. 5B), and the 
pixel count was recorded using the histogram window. This 
pixel count was considered the total dorsal visual index of 
the whale. We then removed areas that did not show TSD-L 
marks using a combination of the lasso, magic wand, and 
quick selection tools (Fig. 5C). The total pixel count of this 
area was recorded and considered to be the area of the whale 
affected by TSD-L dermopathy. By dividing the pixel count 
of the affected area by the total dorsal visual index pixel 
count, we estimated the percentage of the dorsal surface of 
the whale that was covered by the skin lesions. Each photo 
was treated the same, regardless of the altitude of collec-
tion. All data analyses were performed in R version 4.1.2 
and the data were plotted in R using the “ggplot2” (R Core 
Team 2021) and “musculusColors” packages (“Bmpoop” 
color palette; available at https:// github. com/ dawnb arlow/ 
muscu lusCo lors).

Results

A total of 18 unique whales were photographed by drone in 
2017 (n = 7) and 2019 (n = 11) and compared to known indi-
viduals in the Oman Humpback Whale Photo-Identification 
Catalog (Environment Society of Oman 2022, http:// www. 
eso. org. om/). There were no whales re-sighted between the 
two years. In total, 27 high-quality images that met all the 
aerial image photo selection criteria were analyzed for TSD-L 
dermatopathy percent coverage. The minimum altitude was 
set by the distance needed to fit the entire whale in the frame. 
Higher altitudes were used to capture images of several whales 
simultaneously. However, we saw resolution decrease with 
altitude (up to 60 m), limiting our ability to diagnose TSD-L 
dermopathy using only these images. In these cases, a definite 
diagnosis was obtained after examining other photographs 
(low altitude or boat-based). Because images were divided 
by the total pixel count, our measure of percent coverage was 
comparable across whales, regardless of the altitude. TSD-L 
lesions tend to be fainter toward the edges of the animal due 
to distal surfaces (lower flanks, tail flukes, etc.) dipping deeper 
into the water. The average number of drone photographs used 
to quantify the percent coverage of TSD-L on each whale was 
1.5, although the number of photos assessed per whale ranged 
from 1 to 3 (n1 = 11, n2–3 = 7).

Boat-based images of all these whales were evaluated 
in parallel. Sixteen of the 18 individuals were represented 
by at least one good-quality boat-based photograph of at 
least one lateral surface of the dorsal fin (scoring at least 
3 out of a maximum possible 4 points on a quality scale). 
One individual was represented by a fair-quality boat-based 
photo only (2 of 4 possible points), and one (OM17-012) 

was represented only by one very poor-quality boat-based 
photo of the lateral surface of the dorsal fin (scoring 1 out 
of 4 points).

Thirteen of the 18 whales (72%) exhibited TSD-L lesions 
(Table 1). We could not confidently diagnose the presence or 
absence of TSD-L in whale OM17-012 using either drone or 
boat-based images, because of a combination of poor boat 
images and a low number of possible lesions visible in all 
boat and drone images. Except for one case, diagnoses based 
on boat-based and drone images were highly comparable 
(Table 1). In 2019, one whale (OM01-013) was considered 
negative based on photographs of the right and left flanks 
taken from the boat, while typical TSD-L lesions were dis-
cernable on an UAV image of the dorsal surface of this ani-
mal (Table 1). In two other cases from the 2019 dataset, the 
presence or absence of TSD-L lesions was only conclusive 
on drone images of OM01-004 (T +) and OM02-001 (T−). 
For OM01-004, the lesions were on an anterior body region 
that was not photographed from the boat. For OM02-001, 
the boat images of the left side of the body were poor while 
boat-based images of the right side and peduncle were nega-
tive. The limited number of boat-based images examined 
for 2019 likely reduced our ability to conclusively diagnose 
TSD-L condition from this source. The percent coverage 
of TSD-L lesions assessed by vessel images was generally 
comparable to the quantified drone images (Table 1). It var-
ied greatly between whales, ranging from 2.34 to 57.00% on 
the UAV images (Table 1; Figs. 1 and 6), a result consistent 

Fig. 6  Percentage of the total dorsal visual index covered by tattoo 
skin disease-like (TSD-L) dermatopathy for 13 unique Arabian Sea 
humpback whales (ASHW) photographed by drone in 2017 and 2019. 
Dark green colored points represent the five whales photographed in 
2017 while blue-green dots represent the eight whales photographed 
in 2019. No ASHW were observed in both years. Error bars repre-
sent the standard deviation of TSD-L lesions percent coverage for five 
whales that were measured in multiple images

https://github.com/dawnbarlow/musculusColors
https://github.com/dawnbarlow/musculusColors
http://www.eso.org.om/
http://www.eso.org.om/
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with estimates from the boat-based images (Table 1). The 
average percent TSD-L coverage across all 13 whales was 
21.65% and varied between 29.60% in 2017 and 16.68% 
in 2019. Multiple drone images were successfully collected 
for five whales (OM01-013, OM11-011, OM11-012, OM17-
005, OM17-007) during a single or several sightings during 
the same season. The average standard deviation of TSD-L 
percent coverage across these five whales was 1.86% and 
ranged from 0.20 to 3.26%.

Discussion

The presence or absence of TSD-L on the dorsal cutaneous 
surface of ASHW could be diagnosed in all but one of the 
18 whales studied in 2017 and 2019 using drone images. 
Results were inconclusive only in whale OM17-012 using 
both drone and boat images. Prevalence of the disease 
was 72% of the 18 whales photographed with this method 
(Table 1). Overall, there was very high agreement between 
boat-based and drone assessments. Disagreement between 
these sources only occurred for one whale (OM01-013), 
whose flanks were negative on three boat-based photographs 
but had recognizable TSD-L lesions on its dorsum on drone 
footage. The high prevalence of TSD-L dermatopathy lies in 
agreement with the significant prevalence increase observed 
during the past decade (Minton et al. 2022). By causing 
stress and weakening the whale immune system, increasing 
levels of maritime traffic in the Arabian Sea, and a high rate 
of severe entanglements with fishing gear may contribute 
to the rise of documented cases of TSD-L dermatopathy in 
this population (Minton et al. 2022). Our results suggest that 
both drones and boat-based photography should continue to 
be used to monitor TSD-L prevalence in ASHW.

The qualitative comparison of images collected from the 
boat and drones (Table 1) is presented instead of a more 
quantitative analysis for two reasons. First, Minton et al. 
(2022) present a complete analysis of the boat-based images 
using the most appropriate method for photos of the dorsal 
fin/flank taken from the vessel. Second, lateral photos, such 
as those taken from a research vessel, do not always show 
the same proportion of the flank. Additional challenges to 
standardizing boat-based images for a pixel-based analysis 
include contending with differences in body position (flat, 
arched, tilted, etc.) and the angle between the boat and the 
whale at the time of image capture. Aerial imagery controls 
for many of these issues and provides a more standardized 
proportion of the body, rendering them more suitable for the 
pixel proportion analysis presented in this paper.

Our inability to diagnose TSD-L dermatopathy for some 
whales using aerial images was most common in images 
that contained multiple whales. Capturing multiple whales 
in a single frame required a larger field of view which 

necessitated a higher operating altitude. This resulted in 
lower resolution and lower ability to confidently diagnose 
the condition in some whales. We recommend that research-
ers focus on capturing full-body images of one whale at a 
time to maintain resolution. This will aid in diagnosis and 
offer a more standard resolution for quantification. UAV sen-
sors are rapidly improving and the ability to collect high 
resolution images from greater distances may be possible in 
future. Low-altitude photos (Fig. 1B) can also be collected 
in conjunction with other drone operations, including the 
collection of blowhole exhalent samples for microbiome or 
hormone analyses (Atkinson et al. 2021), to help with diag-
nosis. Absolute altitude will vary based on the body size of 
the individual being imaged. For instance, the entire surface 
of a calf or smaller cetacean species could be photographed 
from lower altitudes.

Another related consideration for future studies is whether 
it is necessary to correct for misestimation of lesion size 
because of the aerial perspective to a curved dorsal surface. 
Even though we are photographing whales in their flattest 
posture, lesions on the body margins (extreme distal area 
of the flanks) are going to appear smaller in area because 
they are on more vertical surfaces. Similarly, affected areas 
nearer to the dorsal fin will be underestimated because they 
are more vertical in orientation. In contrast, when taking 
lateral photos from a boat the opposite will occur; images 
will underestimate the area of lesions located on the dorsal 
side of the whale, while more accurately capturing the size 
of lesions on the flanks. This is another reason why compar-
ing images collected from different platforms can be chal-
lenging and the two perspectives are complimentary but not 
directly comparable.

Based on our analysis, UAV images collected in favorable 
visual conditions (relatively calm sea surface with low sea-
water turbidity) can offer a consistent means of quantifying 
TSD-L coverage on the dorsal surfaces of ASHW. Further-
more, this method can be used to compare differences in 
TSD-L coverage between whales and track the progression 
of the disease for individuals through time. For instance, we 
found that TSD-L coverage ranged from 2.34 to 57% of the 
whales’ dorsal surfaces (Fig. 6), a finding that is consistent 
with previous studies using boat-based imagery (Van Bres-
sem et al. 2015; Minton et al. 2022). While these results 
show the wide range in TSD-L coverage across individuals, 
the coverage average standard deviation for the five whales 
measured in multiple aerial photos was low (average of 
1.86%; range 0.20–3.26%), demonstrating the accuracy and 
consistency of this method to quantify skin diseases. Using 
images of 10 ASHW individuals re-sighted multiple times 
between 2000 and 2017, Minton et al. (2022) observed that 
TSD-L lesion coverage increased over time in six whales 
but remained the same in the four other animals, indicating 
that this skin condition is chronic. Future UAV-based studies 
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could evaluate the duration and rate of change of this cutane-
ous condition.

Using UAV photography to study TSD-L dermatopathy 
in ASHW has some benefits over traditional boat-based 
photography, with the main advantage being the possibility 
to collect images of the entire dorsal surface. If combined 
with accurate-altitude data corresponding to each photo, the 
whale dorsal visual index can be quantified using photo-
grammetry, thus allowing for measurement of the spatial 
extent of TSD-L lesions (area in  m2) in addition to the per-
cent coverage as we present here. In contrast, though essen-
tial for the disease diagnosis, boat-based images from DSLR 
cameras only capture smaller and less standardized portions 
of the dorsolateral surface (see Fig. 1). Furthermore, UAVs 
may be more effective in approaching and following whales 
that avoid boats and are not easily accessible for high-quality 
dorsolateral photos.

While this novel application of drone-based photogra-
phy is particularly well suited to studying the progression 
of TSD-L in ASHW, it could be used to detect other skin 
conditions in cetaceans and to monitor abnormal behavior 
and stranding events during illness outbreaks or unusual 
mortality events (Smith et al. 2009; Jepson et al. 2013; Mor-
ris et al. 2015; Flach et al. 2019). Cetacean cutaneous condi-
tions that could be monitored using drone imagery include 
wounds, ‘lobomycosis-like disease’ and ‘freshwater skin 
disease’ (Marón et al. 2015; Ramos et al. 2018; Duignan 
et al. 2020). Future studies should include collecting skin 
samples to determine the etiology of TSD-L dermatopathy 
through histological and molecular analysis (Geraci et al. 
1979; Luciani et al. 2022) and to further investigate the link 
between the disease prevalence and severity and the intensity 
of anthropogenic factors, such as entanglements, water pol-
lutions, maritime traffic and ship strikes. Additional work 
could also include the use of drones to collect radiometric 
thermal data to test if areas of active TSD-L lesions present 
heat loss compared to normal skin (Lonati et al. 2022).

Conclusions

Together with boat-based photo surveys, aerial visual assess-
ments by drone photography represent an effective method 
for non-invasively monitoring the prevalence, severity and 
persistence of  TSD-L dermatopathy in the Endangered 
ASHW population. Drone surveys allow the research vessel 
to remain at a safe distance from the focal whale to mini-
mize impact on whale behavior and avoid additional stress. 
Employing this approach together with studies to evaluate 
body condition increases the utility of aerial images from 
drones and further addresses the requirement of generating 
key ecological attribute data for this at-risk population as 

detailed in Convention for Migratory Species (2017) Plans 
for Concerted Action.
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