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The dugong (Dugong dugon) is a threatened
species which has experienced considerable
reductions across many seascapes of the Indo-
Pacific region (Marsh et al., 2005) and is listed
as “Vulnerable” in the International Union for

Conservation of Nature’s (IUCN) Red List of

Threatened Species (Marsh & Sobtzick, 2019).
Dugongs are distributed along the coast of the
Andaman Sea and Gulf of Thailand. The largest
dugong population in Thailand (around 200 indi-
viduals in 2018) was found around Libong and
Muk Islands where the highest number of dugong
strandings was reported (Department of Marine
and Coastal Resources [DMCR], 2019b). Yet,
data on population status and distribution are still
scarce in many regions, though they represent an
important part of the current global distribution.
As a result, our understanding of the ecology and
distribution of dugongs is informed largely from
well-studied dugong hotspots in Australia (Marsh
et al., 2002). In the Indo-Pacific area, dugong
numbers have shown declines and are currently
restricted to small, localized populations, the
status of which is poorly known (Hines et al.,
2005; Marsh et al., 2011). The number of stranded
dugongs in Thailand has been gradually increas-
ing and reached the highest number per year in
2019 with 25 individuals stranded. Throughout
the last 10 years (2009 to 2019), 142 dugongs
were stranded in Thai waters with an average of
14 stranded dugongs per year (DMCR, 2019a).
Most dugongs died entangled in fishing gear
(50%), such as gillnets, trawlers, and longlines,
and the rest of the deaths were caused by illness or
accidents (44%) (DMCR, 2019a). This highlights

the need for continuous monitoring and adequate
management of the existing populations.

Dugong reproductive behaviour has been mini-
mally described due to the difficulty of observing
dugongs in the wild. The studies of dugong biol-
ogy have been based on three basic approaches:
(1) analysing specimens collected from carcasses,
(2) monitoring the reproductive history of known
free-ranging individuals during their life span
(longitudinal studies), and (3) studying individu-
als in captivity (Boyd et al., 1999). All three meth-
ods have biases that are important to understand
when interpreting their results. For example,
dugongs have never been bred in captivity, and
using carcasses requires many samples, which
might become challenging in locations with low
dugong populations. The best strategy to study
reproductive activity is in the wild; and remote
sensing platforms, such as unmanned aerial vehi-
cles (also known as drones), might be suitable for
observing the small population of wild dugongs
in Thailand. The aim of this study was to identify
if drones could be used as a remote observation
platform for (1) the reproductive behaviour of
dugongs in Thailand and (2) the identification of
individuals using tusk scars.

Surveys were performed around the island of
Koh Libong in the Trang Province of Thailand
from 6-8 February 2019 and 24-26 February
2020 (Figure 1). A vocal hotspot has been identi-
fied to the southwest of the island after elevated
levels of dugong vocal behavior were identified
(Ichikawa et al., 2006, 2011; Tanaka et al., 2017).
The survey covered the southeast and northeast
sides of the island where intense dugong feeding



604

99°21'54"
1

Infantes et al.

99°24'36" 99°27'18"
I I

A C
3 A
Trang
Thailand
T~~~
&
a
B\ _ .
Koh Libong IS
(&) 3
~
Phul:et 0
/
Indljian
Ocean N
. o
* Location of the survey &
3
~
0 20 40km 0 2 4km Seagrass_area _
oy Q (from Stankovic et al. 2020, in prep)

T
99°21'54"

T T
99°24'36" 99°27'18"

Figure 1. Location of the survey area and seagrass beds at Koh Libong island

trails were present in the seagrass beds. Aerial
surveys were performed at an altitude of 100 m,
approximately 1 to 3 h before the high tide. To
not interfere with dugong mating behaviour,
remote aerial observations were made using
a x30 optical zoom camera (Zenmuse Z30;
DJI, Nanshan, Shenzhen, China) mounted on a
quadcopter drone (Matrice 200, DJI). The opti-
cal zoom allowed observers to remain distant
from the animals and to obtain a high level of
detail from the individuals. The drone streamed
live-view images to the pilot and to an assistant
observer with First Person View (FPV) goggles
(DJI) with a 1,080p/30fps screen definition. This
set-up facilitated the location and identification
of dugong behaviour since the pilot could safely
navigate the drone while the assistant focused on
the dugong observations. The image quality of
the goggles on sunny days was higher than on
the tablet used by the pilot to navigate the drone,
which facilitated the observation activities. The
resulting images recorded had a 1,920 x 1,080
resolution. In addition, a DJI Phantom 4-Pro was
used to perform additional observations during
the surveys. All observations were performed
at spring tides when the water depth was over
2 m. The level of turbidity of the water was high;

therefore, animals that were not at the surface
were difficult to track.

Dugongs were scattered throughout the survey
area feeding on seagrass beds with no calves
observed. Reproductive behaviour was observed
in a seagrass meadow at the island of Koh Libong
on 26 February 2020 (Figure 1). Three dugongs
were observed—two individuals followed by a
third dugong (Figure 2a). We estimated the dis-
tance between the couple and individual to be
approximately 15 to 20 m, calculated by using
the length of an adult dugong (1.6 m) as refer-
ence. The dugong couple showed a behaviour of
approaching and stimulating, where the male was
close to the female and used his muzzle to touch
the ventral side of the female including her chest
and belly (Figure 2b). The male gender was clearly
identifiable by its genitalia in the drone images.
We assumed the other was female, though sire-
nians exhibit little sexual dimorphism. Although
the asymptotic length of females may be slightly
larger than that of males in dugongs (Marsh,
1980), the sex of dugongs cannot be inferred from
body size. Our observations were similar to the
dugong mating stages previously described by
Adulyanukosol et al. (2007). Five stages were
observed: (1) Following — two dugongs swam
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Figure 2. Dugong mating behaviour at Koh Libong, Thailand: (a) two dugongs followed by a third dugong at approximately
15 to 20 m (shown in white circle); (b) two dugongs approaching and stimulating in an early stage of mounting; and (c) tusk
marks in the three dorsal regions: (1) anterior (auditory meatus to position caudal of pectoral flipper), (2) medial (pectoral
flipper to umbilicus), and (3) posterior (position of umbilicus to anus).

behind the female and one male moved closer
to the female (Figure 2a); (2) Approaching and
stimulating — the male was close to the female and
used his muzzle to touch the ventral side of the
female, including her chest and belly (Figure 2b);
(3) Pairing —the male and female swam in parallel,
ventral side to ventral side—at this stage, the male
genitalia were clearly observed; (4) Mounting —
the male copulated with the female by moving his
genitalia toward the female; and (5) Separating
— the male and female separated after the mount-
ing and swam away from each other. Of these five
stages, video recordings were only captured for
the first two stages and one attempt of a pairing
(see “Dugong Mating Thailand Libong 26-Feb-
2020,” a supplementary video recording available
on YouTube: https://youtu.be/rPUge_2G7Kw).
Dugong mating behaviour may vary with
locations. For example, mating herds have been
observed in Queensland and Western Australia
(Preen, 1989), while lone pairs mating were
observed in Palau (Marsh et al., 2011) and in
mating leks in South Cove of Shark Bay, Western
Australia (Anderson, 1997). Our observations
resemble the reproductive stages described by
Adulyanukosol et al. (2007) in Thai waters, thus
supporting their findings. Behaviours such as

splashing and fighting (Preen, 1989) or rushing at
the water surface (Anderson & Birtles, 1978) that
were observed in mating herds in Australia were
not observed here. Lek mating behaviour has also
been described in Shark Bay (Anderson, 1997).
Although lek behaviour might exist, it was not
observed during our survey in Koh Libong.

Tusk scars were observed on most dugongs
(Figure 2c), suggesting that some aggressive
behaviour between males associated with mating
might have occurred (Preen, 1989; Anderson,
1995; Burgess et al., 2013). This aggressive behav-
iour was not observed during the survey, but scars
suggest it might occur. Dugong scars caused by
tusks or other injuries can be used to identify indi-
viduals since some marks might remain over time.
Identification of dugongs using scars and notches
has previously allowed resighting of the same indi-
viduals over time in the Andaman Islands (Souza
& Patankar, 2009). Shawky et al. (2017) observed
that some dugong scars disappeared completely
over a period of 4 mo, which indicated that scars
cannot be used for the identification of dugongs
over a long period of time. In contrast, Anderson
(1995) assumed that deeper scars were permanent
and could be used to identify individuals over peri-
ods of several years or throughout the remaining
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life of the individual. The tusk injuries observed in
the drone images were located mainly in the medial
and posterior dorsal regions (Figure 2c) as also
observed by Burgess et al. (2013). The dorsal area
of dugongs is the ideal location to photograph from
the air using a drone. We recommend further stud-
ies should focus on the identification of individual
dugongs using dorsal tusk scars via drones since
they might be useful to track dugong movements
over time.

In this study, drones were a cost-efficient tool
to document dugong behaviour and to provide
video images. For example, multiple observations
were needed by Adulyanukosol et al. (2007) to
completely observe all stages of mating, while,
with drones, we could continue our observations
during all of the the mating stages. Drones are
increasingly being utilized for wildlife monitoring
because of their ability to survey hard-to-reach
populations and places (Hodgson et al., 2016;
Wich & Koh, 2018). To reduce the noise impact
of the drone on dugong behaviour, we maintained
a drone altitude of 100 m while using a zoom lens
to observe the dugongs. At this altitude, the drone
appeared not to disturb the dugongs or to cause
mating behaviours to be disrupted, which suggests
that this approach could be used in monitoring
reproductive behaviour in wild marine mammals.
Flying at this altitude also allowed a better perspec-
tive of the survey area to locate dugongs, while
the zoom enabled a quick focus on the individu-
als. In contrast, flying below 25 m height showed
some disruption on behaviour when individuals
were near the surface breathing; in these occur-
rences, dugongs dove and swam faster. Although
noise levels from multi-rotor drones seem to have
little effect on aquatic mammals while underwa-
ter (Christiansen et al., 2016), bottlenose dolphins
experienced behavioural changes when drones
flew between 10 to 25 m in height (Fettermann
et al., 2019). Since drone technology is increas-
ingly available for the general public, care must
be taken that these dugong watcher activities
do not disturb the existing wildlife populations
with the noise of propellers (Mulero-Pdzmany
et al., 2016). We also encourage that dugong
mating observations should be conducted during
spring tides in the summer (February-March) in
the Trang Province since our data and previous
dugong mating observations were performed with
these conditions (Adulyanukosol et al., 2007).
For example, while spring tides might increase
the suitable space for feeding and mating along
the upper zone of the intertidal seagrass beds
(Preen, 1989), seasonal breeding may occur due
to the high levels of faecal testosterone in spring
(September-October) as seen in Moreton Bay,
Australia (Burgess et al., 2012).

Overall, the use of drones allowed us to make
observations that were not previously possible,
revealing details of the reproductive behaviours of
dugongs and making it possible to track individu-
als using dorsal scars. These types of observations
are useful for the management of dugong popula-
tions to assess their status. Dugongs have a low
lifetime fecundity and are highly susceptible to
human impacts. The long-term survival of dugongs
is dependent on ongoing conservation initiatives.
Small quadcopter drones have great potential for
documenting dugong behaviour such as mating,
counting the number of individuals present in a
given location, and identifying individuals. Larger
fixed-wing drones have been used to perform
dugong surveys that cover large distances, but they
are difficult to launch and retrieve (Hodgson et al.,
2013). In contrast, smaller quadcopters, like those
used in this study, allow more flexibility by being
able to be launched and recovered using small
boats. In addition, the total body length or the length
of tusk marks can be measured using drone images
via photogrammetry techniques such as having
reference points of known sizes (e.g., boats, piers,
and buoys) or by the relationship between image
pixel size and drone altitude (Bell et al., 1997;
Christiansen et al., 2019; Fearnbach et al., 2020). In
this study, the body length could not be determined
with the images since the photos were taken using
different camera angles and zoom lengths. Ideally,
a 90° down-looking camera will provide higher
accuracy than images taken at an oblique angle. We
encourage future studies to measure dugong body
mass index with drone images since this technique
is less disruptive and stressful than traditional catch
and release methods.

Conservation of seagrass beds is key to sustaining
the dugong populations in Thailand. Seagrass beds
not only provide very valuable ecological services
(Nordlund et al., 2016), but they also act as impor-
tant mating areas for dugongs as demonstrated in
this study, highlighting the importance of seagrass
ecosystems in the dugong life cycles. Impacts from
floods decimated 1,000 km? of seagrass beds in
1992 at Harvey Bay, Australia, where 99 dugongs
died 6 to 8 mo after the floods due to a lack of food
(Preen & Marsh, 1995). Human impacts in the
Trang Province, such as sediment runoff, can bury
small seagrass species, such as Halodule uniner-
vis and Halophila ovalis (Khogkhao et al., 2017),
which could potentially affect the dugongs’ food
source in this area. Drones could potentially be used
in the Trang Province to monitor the extent and spe-
cies composition of seagrass using Red-Green-Blue
(RGB) or multispectral cameras (Infantes, pers.
obs.). A holistic view is necessary to integrate the
conservation and management systems not only of
the dugong populations but also in their habitat.
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