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Summary
Researchers at the Murdoch University’s Marine Megafauna research unit have
developed a survey methodology for detecting dugongs using drones as an affordable
alternative to manned aerial surveys. Christophe Cleguer and Amanda Hodgson
assisted the VESS scientists to adapt the survey technique for Vanuatu. Christophe
travelled to Vanuatu in October 2018 and conducted training over a week with 4 of the
VESS team on the theory of aerial surveys and practical steps on how to create flight
plans and fly the drones to capture photos of the survey sites. He also demonstrated
how to manually assess the photos for dugongs and other marine megafauna. We
faced multiple delays in implementing our drone survey mostly due to difficulties and
delays in getting approval from the various authorities to conduct the surveys. We also
had several technical setbacks and issues with personnel due to Covid travel
restrictions. Therefore, only one survey site was surveyed during this project. 7,465
photos were taken on 38 flights covering an area of just under 8 square kilometres. 3
dugongs were detected as well as 106 turtles, 6 dolphins, one shark and one ray. This
gives a density of 0.38 dugongs / square kilometre for the North Efate hotspot for
sighted dugongs. As the survey was done late in the project, this figure has not been
adjusted for availability bias which occurs because dugongs are not always visible on
the surface and once adjusted is likely to be higher. The main results of the project are
the capacity built within Vanuatu to use this new technology to survey wildlife and the
network of international collaboration that will allow this work to sustain into the future.
We continue to work with Chris Cleguer, who is now at James Cook University, beyond
the project end to analyse these results and will seek further funding to conduct further
surveys.

Figure 1: Dugong seen whilst diving in Mele Bay, Efate. Photo credit: Big Blue Dive, Vanuatu.

3

Introduction
Dugongs, although they are large mammals, are not easy to study. They spend much
of their time under water, often in turbid conditions. They can also move at high speed
(10 km / hour and up to 20 km/hr for short spurts). The gold standard method for
surveying dugongs has been manned aerial surveys using fixed wing aircraft.
However, these surveys are expensive and out of the budget of many low-income
countries, such as Vanuatu. There has only been one survey in Vanuatu in 1988 which
was part of a wider project assessing Vanuatu’s marine resources by AIMS1. In that
3-day survey only 11 dugongs were recorded in the Vanuatu islands. It has been
reported that the weather was not good on the days of the survey and that none of the
spotters had had any previous experience in aerial surveys. Therefore, the results of
that survey should be interpreted with caution, and it is likely many more dugongs
were present at that time. The researchers concluded in 1988 that the population of
dugongs in Vanuatu was likely to be stable as there were few threats and they were
regularly sighted throughout the archipelago. In the thirty years since, threats to
dugongs, listed as vulnerable to extinction under the IUCN Red List of threatened
species, have increased. Gillnet fishing is more common with more access by local
fishers to stores that sell nets; boats powered by outboard engines are replacing
traditional out-rigger canoes for sea transport and fishing activities; climate change is
resulting in more extreme weather including high intensity cyclones; development is
expanding along the coasts of many islands, particularly in sheltered bays where
seagrass and therefore dugongs are more likely to be found. This development
includes local villages expanding as well as tourism properties and infrastructure
development, such as road building. This not only increase disturbance to the dugongs
but can affect the seagrass meadows that the dugongs depend on for survival and
successful reproduction. With these increasing threats it is important to establish a
baseline for the abundance of dugongs in Vanuatu and a monitoring programme to
decern population trends so intervention can be made early if a decline in numbers is
detected.
Vanuatu’s islands are geologically young volcanic islands and therefore the fringing
reefs are narrow. Consequently, the suitable habitat for seagrass, and therefore
dugongs, is limited to patches along the coast. Dugongs are seen as individuals or
small groups throughout the archipelago, but their numbers are still most likely to be
in the low hundreds. Therefore, the loss of even small numbers of dugongs,
particularly reproductive females, is likely to impact the population. Dugongs are
protected by law in Vanuatu under the Fisheries Act 2014 which designated the whole
of Vanuatu’s EEZ a marine mammal sanctuary. There is provision under the law for
the Director of Fisheries to issue permits for traditional harvest of dugongs. However,
without knowing the population status of dugongs in Vanuatu it is impossible for the
Vanuatu Fisheries Department to assess whether any traditional harvest is
sustainable. Establishing the baseline of dugong abundance in Vanuatu is the first
step towards establishing the status of the dugong population which will allow for more
informed decision making both at the community level and within government.
1

Chambers, M. R., E. Bani, and B. E. T. Barker-Hudson. "The status of dugong (Dugon dugon) in Vanuatu."
(1989).
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Christophe Cleguer and Amanda Hodgson, researchers at the Murdoch University’s
Marine Megafauna research unit, have developed a survey methodology for detecting
dugongs using drones as an affordable method for assessing dugongs, where fixed
wing surveys are outside budget constraints.
Christophe Cleguer and Amanda Hodgson are the technical advisors on this project
and have generously allowed VESS to follow the design of their project in the
Kimberley’s in Western Australia. Thus, we have benefited from the significant amount
of time and effort that went into establishing the most suitable drones, software and
survey protocols for these projects.
Christina Shaw, VESS CEO and project lead, met Christopher Cleguer whilst working
on a previous project as he was one of the technical advisors to the GEF-funded
Dugong and Seagrass Conservation project. Chris assisted VESS in the design of the
survey and the project proposal as a follow on from that first dugong and seagrass
project in Vanuatu. The drones for the survey under this project were purchased under
the GEF-funded project and the implementation of the survey including the training
was funded under this CEFP-funded project.

Survey Methodology
Training
Christopher Cleguer visited Vanuatu in order to train the VESS staff on how to conduct
the aerial surveys using the drones. The training was originally planned for July 2017
to fit with Chris’s schedule. However, when we purchased the drones, just prior to the
training, the only available option was a recently released new version of the Phantom
Pro 4. Unfortunately, the software developers had not yet updated the Litchi app to
accommodate the new version of the Phantom 4. The drones would not be flyable in
our designed survey until this software update was completed. The update only took
a few weeks, but it was in the window of time when the training was originally
scheduled. The training had to be rescheduled to the next time that Chris was free to
come to Vanuatu, which was not until October 2018. The one-week training was
attended by 4 VESS staff: Christina Shaw, Martika Tahi, Abel Sami and Alex Comino.
The training started with the theory of unmanned aerial vehicle surveys for dugongs.
The VESS scientists also learn the practical steps on how to plan, set up and conduct
the ariel surveys using the DJI Maverick Pro4 drones by learning how create flight
plans in the DJI app and to programme the Litchi app to fly the survey cells. Chris
demonstrated flying a survey cell and the VESS team practiced in the North Efate
dugong hotspot. We used the images produced by these test flights to learn how to
logically assess the photos for images of dugongs, turtles and other marine
megafauna. We also discussed the survey for Vanuatu dugongs and created a plan
for the survey. During the training Chris gave us tips and practical guidance that he
had learnt from conducting the same surveys in Western Australia. Since the training
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Christophe has provided mentorship to the VESS team and given advice and
assistance when required.

Figure 2: Christophe Cleguer training the VESS team on how to fly the drones at first from land and then
from a boat over the water

Equipment and software
The methodology uses the same technique that Chris Cleguer and his collaborators
designed and utilised during a recent survey for dugongs in the Kimberly region
Western Australia2. The survey flights were conducted using the Phantom 4 Pro v1
systems manufactured by DJI. These drones were chosen as they are reliable and
easy to use with proven technology. They have the advantage of practicality, but their
small size limits the battery power and therefore the flight time of each flight. In
Vanuatu the Civil Aviation Authority require drone operators to have a permit and each
unmanned aerial vehicle (drone) requires registration. For drones under 25 kg no
specialist qualifications are required however there are restrictions including that the
drone must always remain within line of sight. The DJI Phantom Pro 4 drones remain
inline of sight up to 1 - 1.5 km away. The survey design needed to accommodate the
limits of the drone and the limitations of the regulations. As there was no access to
charging station for the drone batteries the number of flights that could be done in a
day was also limited by the number of batteries that we had. Nine batteries were
originally purchased. At the time of the survey one of the batteries displayed an error

2

Cleguer C, Kelly N, Tyne J, Wieser M, Peel D and Hodgson A (2021) A Novel Method for Using Small
Unoccupied Aerial Vehicles to Survey Wildlife Species and Model Their Density Distribution. Front. Mar.
Sci. 8:640338. doi: 10.3389/fmars.2021.640338

6

message when inserted into the drone so only eight batteries were usable. Therefore,
we were limited to 8 flights before having return to the office to recharge the batteries.

Figure 3: Phantom Pro4 set up including the drone, the controller, iPad, propellers, batteries and a
pelican case for safe transport and storage

A grid sampling approach was used. The drone flies parallel transects over each grid
taking still photographs. For dugongs to be detected in the photos the resolution needs
to be a minimum of 3cm/pixel. For the most efficient use of the drone and to achieve
the necessary resolution the drone was flown at 90 meters in altitude. Cell size was
set at 750 meters x 750 meters. This allows for the drone to remain within line of sight
when positioned at the corner of the cell. A forward overlap of 70% was set for the
photographs to allow multiple images of the sighted animals to ease identification,
particularly as there is often glare from the sun obscuring part of the photograph. A
side overlap was set at 20% to allow for slight variation in the transect line due to the
wind blowing the drone off the exact course. For this pattern and set up to capture the
images correctly the drone had to be flown when the wind speed was less than 13
knots. The drones cannot be flown in the rain.
To ensure the most efficient use of the battery, and therefore flight time, and for the
drone to remain in line of sight, the take-off and landing needed to be on the edge of
or within each survey cell. Most of the survey cells were offshore and therefore a boat
was needed. The take-off was either done from the front deck of the boat or the hands
of one of the survey team. The drones were manually landed and caught by one of
the survey team.
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Figure 4: Able and Martika watching to ensure the drone remains within line of sight and Abel ready to
catch the drone on landing. Christina is piloting the drone

Software was used to pre-programme and fly each flight. For each cell the .kml file
was uploaded to the DJI-Flight Planner’ (©AeroScientific) and the flight parameters
were added. We used an ipad mini v2 (Apple Inc.) connected to the P4Pro’s RadioController to operate the UAV via the ‘Litchi’ flight assistance application (©VC
Technology Ltd.). Take-off was automated. Manual control was taken back for
landings because we were landing the drones on the boat and boats move with the
current and wind from the “home” position recorded by the drone at take-off.
All the flight plans were created online at least the day before the planned flights. They
were uploaded to the iPads before leaving the office. A pre-departure protocol was
created to ensure the drone batteries, controller and iPad were fully charged and that
all firmware was up to date prior to departure. A pre-flight checklist was also created
to ensure all safety precautions were in place and the settings for the flight were
correctly programmed.
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Figure 5: An example of a flight plan or “mission” created in the Litchi Hub website and uploaded to the
iPads prior to the day of the planned flight.

Site Selection
A questionnaire survey was conducted throughout Vanuatu in 2016 and 2017 using
the CMS Standardised Dugong catch / By-Catch Questionnaire as part of the GEFfunded Dugong and Seagrass Conservation Project. It was undertaken to update the
knowledge about the distribution of dugongs in Vanuatu and the treats they face to
enable concentration of conservation efforts to where they are most needed. Dugong
hotspots are areas with high dugong sightings that overlap with areas where gillnet
fishing, a key threat to dugongs, occurs. Twenty hotspots were identified within
Vanuatu. These hotspots were then assigned a priority for conservation measures of
high, medium or low as a result of the discussion with local experts about other threats
that are likely to be present. Six were considered of high priority, nine medium priority
and five of low priority (see figure 1). The original plan was to conduct aerial surveys
in four of the high priority dugong hotspots. However, due to delays in conducting the
surveys there was only time left in the project to survey one of the dugong hotspots.
The north Efate hotspot was chosen for ease of access and dugong sightings were
reported recently within the area of the hotspot.

9

Figure 6: Dugong hotspots in Vanuatu identified by the questionnaire survey
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Survey methodology
The North Efate dugong hotspot was divided into 750 x 750 meter cells (See Figure
3). This resulted in 207 cells. As we were only able to fly 8 cells a day it was not
possible to cover this entire area. Therefore, in consultation with Christophe Cleguer,
we decided to identify the most likely areas to contain dugongs from local knowledge
and recent sightings. We identified two areas, one around Pele island, Kakula island
and the coast of Efate close to Emua (which we called PKE) and the other in Havannah
Harbour (which we named HH) (See figures 4 and 5). PKE is close to our seagrass
monitoring site in the North Efate hotspot. In Havannnah Harbour 3 dugongs are
regularly seen off the shore at The Havannah Resort and in 2021 two dead dugongs
were reported being wash up on the coast of Moso island. In each area we identified
16 cells. The cells were grouped in fours, as 4 cells can be flown from one location at
the centre of the grouping. 2 sets of 4 cells (8 cells) can be flown on in one day, the
other 8 the following day, giving full coverage over the site. The aim was to repeat the
flights over these cells, flying the cells in a different order so we would be at different
locations at different times of the day on the repeat survey. The boat was taken to the
location at the centre of the 4 cells using a hand-held GPS. In the PKE site the boat
was anchored in location and the four surrounding cells were surveyed. In Havannah
Harbour it was too deep to anchor in the central location, so the boat was moved back
to the central location periodically through the surveys using the hand-held GPS to
ensure it was in the right position.

Figure 7: The north Efate hotspot divided in to 750 x 750 m cells
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Figure 8: North Efate Pele Kaluka & Emau survey cells
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Figure 9: North Efate Havannah Harbour survey cells
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Challenges
Permissions
For the drone survey to take place we were required to have permission from the Civil
Aviation Authority. They are understaffed and unfortunately, we could not get a
response from the CAA for many months. Dave Saul, a helicopter pilot had begun to
assist us with the process but just as we were finishing the process the Covid
pandemic occurred, and Dave was stranded in Australia. At the beginning of the
pandemic, we did not realise how long the situation would last and we waited, hoping
that the boarders would reopen, and Dave would return to assist us with the process.
However, the boarders have remained closed. We did enlist the help of another
helicopter pilot, but we needed to start the process of getting permission again, this
took another couple of months. We were advised by the Department of Environmental
Protection and Conservation we needed permission from the Surveyor General at the
Department of Lands as our project involved an aerial survey (even though it was over
water and not land). This also took many months to get a response from the surveyor’s
office to give permission for the surveys. Due to the delays in getting permissions for
the survey, we needed to extend our project. This meant that the research permit we
had expired. We were told there is no provision in the law to extend permits and we
had to reapply for a new permit. Again, it took months for the permit to be issued.

Technical issues
We encountered some technical issues with the drones. As mentioned above, the
training had to be delayed a few months as had to wait for the Litchi app software to
be updated to be compatible with the new version of the Phantom 4 Pro. At the time
when we wanted to start the surveys one of the batteries had a fault and could not be
used. The most significant issue was encountered when the drones were flying during
the surveys. There were no issues with any of the drones during test flights from land
or the practice flights, flying cells using the Litchi flight assistant. However, all three
drones had an issue where the controller and the drone disconnected, and we were
unable to take back manual control of the drones. The fail safe for this malfunction is
for the drone to land back on in the “home” location set when the drone started the
mission. This would work well when flying the drones from land. However, our survey
required us to fly from a boat. The boats move with the wind and current, this was
particularly so in Havannah Harbour where it was too deep to drop an anchor. So, the
boat was not in the exact “home” location when the drone returned. Most instance we
managed to regain control of the drone either completely and land it normally or at
least enough to keep it in the air long enough to manoeuvre the boat to the drone to
catch it. However, on one occasion we couldn’t get the boat quite in the right place
and the drone landed in the water within a meter of the boat. Our boat driver managed
to retrieve the drone and therefore rescued the SD card with the photos for the day
but the drone was destroyed by the saltwater. After this incident we attempted to use
the other drones but we had similar issues. We flew one flight with drone 1 and
although the controller and drone did disconnect as some points during the flight, it
was landed safely. However, we decided not to risk using it again. We then tried drone
3 and it disconnect and returned to home before getting to the first waypoint. At this
point in the survey all the cells had been flown at least once so the whole survey area
had been photographed. For safety of the people on the boat and to ensure we did
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not lose any more drones, we decided, not to fly them again until this issue had been
resolved. Some suggestions as to the cause are compatibility issues with the two
programs DJI go fly and the Litchi app or interference from telecom tower signals.
Unfortunately, as this was at the end of the project there was insufficient time to resolve
the problem and therefore, we could not complete the repeat survey which was
included in the survey design give more confidence to the results. Fortunately, the
main and most important part of the survey was completed before these technical
issues forced us to ground the drones and we have enough data to calculate a
baseline dugong density for this dugong hotspot.

Staffing and assistance issues
Covid and other illness have affected the ability to carry out the activities during this
project. Normally VESS has an Australian volunteer to assist with our activities.
However, the Australian volunteer programme was suspended just before our next
volunteer was meant to arrive at the time the Covid19 pandemic was announced in
March 2020. Therefore, we have had one less team member since. An Australian
helicopter pilot who has also had experience in flying drones, was assisting us with
the project. He was working for Vanuatu Helicopters based here in Port Vila. He
happened to be in Australia for a holiday when the international borders closed and
could not get back into the country and therefore, he could no longer assist us. We
were also being assisted by Adrian, an IT expert and electrician who was helping on
the technical aspects of the drones. When he was on leave in UK the repatriation
flights were suspended and he was not able to return for 3 months. Christina Shaw,
the project lead was on sick leave for a month in June 2021 and returned to work on
light duties, part time for a further two months. Therefore, the drone survey could not
be done during this time. Fortunately, Adrian returned, Christina recovered and we
enlisted the assistance of Andy Martin, another helicopter pilot so we were able to
assemble a team to conduct the survey.

Weather and environmental conditions
The drones cannot be flown in the rain. The Phantom 4 Pro is a light-weight aircraft
and can be pushed of course by strong winds. To ensure that every part of the cell
being surveyed is captured in a photograph the survey needed to be flown when the
wind was blowing at less than 13 knots. Our survey site in Vanuatu sits at 17° south
of the equator and is within latitude band that experiences south easterly trade winds
for much of the year, generally form June to November. During this time the wind often
blows at 20 knots. Vanuatu’s climate has a wet season which coincides with the
cyclone season from November to April. Ideally the survey should be done on
consecutive days. It was sometimes hard to find a weather window where there
several days in succession when there was no threat of rain, and the predicted winds
were less than 13 knots. This was particularly hard in 2021 as the la Niña weather
pattern resulted in more rain than average.

Resulting modifications to the survey
Due to delays listed above, once all the permissions were in place and we had
sufficient personnel to conduct the surveys, there was only a short time left before the
project was due to finish. There was no provision to further extend the project. We had
run out of time to do surveys in four dugong hotspots. There was only sufficient time
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to complete the survey one of the dugong hotspots. The north Efate hotspot was
chosen for reasons given above.

Results
Drone flights
They survey was carried out in the north Efate dugong hotspot. Several test flights
were flown using a few cells that were accessible from the shore. This was to ensure
the drone operation was working well before the surveys from the boats were
embarked upon and to ensure familiarity of the equipment and procedure for the VESS
team and assistants. There were no issues with the drones during any of the test
flights. Eight test flights were flown in total.
The area, which we named PKE for the purpose of the survey tends to be windier that
the Havannah Harbour area which is usually sheltered from the prevailing south
easterly winds by Efate Island. Therefore, we chose to fly this area when the weather
forecast predicted very low winds. We organised a boat on day one of the survey and
attempted to start the surveys in the PKE area. However, by the end of the first flight
the wind had already picked up to 13 knots (measured with a handheld anemometer)
and rain showers were imminent. Therefore, the surveys at this location were
discontinued on the first attempt, after only one cell (PKE D cell 1) was flown. After a
few days of wet and windy weather had passed, several days of dry, calm weather
was predicted and we made a second attempted to conduct the survey in the PKE
area. This was successful and all 16 cells were flown in two days. PKE A and PKE B
were flown on the first day and PKE C and PKE D on the second (see figure 8 for the
locations).
However, there were some technical issues. One the first flight of the second day the
drone (Drone 1) disconnected from the controller on taken off. It was the same drone
that was used with no problems the day before. The flight was aborted, and the drone
reconnected itself and was landed without further incident. This happened twice so
that drone was put away and the flights continued with the second drone (Drone 2).
There was a mishap with the first flight with Drone 2, when a propeller came off at
take-off. The drone tipped to the side but was stopped and recovered without any
damage. After that the flights continued with no further issues on that day and all the
PKE cells were flown.
The next two days we surveyed the cells in Havannah Harbour (HH D and C one day
one and HH a and B on day two). There were no incidents with the drone on either
day. Drone 2 was used for the flights on both days. All 16 cells in Havannah Harbour
area were surveyed.
Ideally the survey would be repeated to give more confidence to the results. Therefore,
the following day we went back to the Havannah Harbour site to repeat the survey
there. We used Drone 2. On the first flight of the day the drone stopped near the end
of the first transect in the cell and was disconnected from the drone. The programmed
behaviour for the drone is to “return to home” if it disconnects form the controller. This

15

did not happen, and the drone hovered where it was. We moved the boat to the drone
and managed to reconnect the controller, abort the flight and land the done safely. We
re-flew this cell with the same drone without incident but as the battery was not full
flight was aborted before the end of the mission when the battery reached 30% of the
charge. The drone was landed without incident. The other 3 cells in the area HH C
were flown without incident. We then moved the boat to the location HH D. During the
first flight (using Drone 2 again) the controller and drone disconnected again. As
mentioned earlier the programmed behaviour for the drone is to “return to home” if it
becomes disconnected. However, the drone did not and continued with its
programmed mission. At the end of the mission, it did return to the home and
attempted an automated landing. Unfortunately, as we were flying the drones from a
boat the boat moves. We attempted to manoeuvre the boat underneath the drone to
be able to catch it but we were not able to get in exactly the right place. The controller
did not reconnect and therefore we could not regain control of the drone and it landed
in the sea. Our boat driver dived in and retrieved the drone and we were able to rescue
the memory card with the images for the day. However, the drone and the battery were
destroyed by the saltwater inundation. With two of the three drone having
disconnection issues, we decided not to attempt to fly Drone number 3 until we had
flown them on the land again to try to understand why they controllers and the drones
are disconnecting. That afternoon we flew Drone 1 and Drone 3 on land in the VESS
office garden. Both drones appeared to be working with not disconnection issues. The
next day we went to Havannah Harbour again. One the first flight Drone 1
disconnected from the controller several times during the flight, but we managed to
reconnect and land it. We then used drone 3, however it disconnected from the
controller on the way to the transect and aborted its mission and retuned home. We
managed to catch it as it was landing. We decided not to use the drones again before
we could speak to Christophe or a DJI Phantom 4 expert to try to understand why this
malfunction was occurring. As we only now have 7 functioning batteries, we can’t
complete full day’s survey of 8 cells until we can purchase at least one more battery.
As the surveys happened close to the end of the project (due to the delays mentioned
above) we were not able to sort out these issues before the project end and hence the
repeat survey could not completed. We will continue to work with Christophe Cleguer
and his team to work out the issues with the drones and once we are confident they
will work without incident, we will repeat the survey in the north Efate hotspot.
Despite the issues with the drones and not completing the repeat survey, all 16 cells
were flow at least once and a significant amount of data was gathered. In total 7,465
photos were taken on 38 flights covering an area of just under 8 square kilometres
within the north Efate dugong hotspot.

Photo analysis
The photos were downloaded from the SD card in the drones onto a computer. A folder
was made of each cell flown. The photos were filed into the folders according to the
cell they were taken over. Each photo was manually assessed for images of dugongs
and other megafauna. The photos were looked at as the whole image and then
zoomed in to 25% to check each quarter of the photo. 3 dugongs were detected as
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well as 106 turtles, 6 dolphins, one shark and one ray. The table in figure 11 shows
which animals were seen in which cells. Each dugong detected was seen in 4 images
(as consecutive photos had a 70% forward overlap). The images containing dugongs
can be found in Appendix A. There are 20 images in total. In cell HH B 3 a series of
photos with dugongs was seen in 4 adjacent transects within the cell. The dugongs in
these images appeared to be travelling. It is possible for the same dugong to be seen
again in adjacent transects. It could also be possible that the images are of different
dugongs. A group of three dugongs are regularly seen close to where the images were
taken. We cannot tell if this is the same dugong or if there were up to 4 dugongs
detected in this cell. We have therefore used the protocol set out in the Kimberly
project to discount dugongs seen in the immediately adjacent transect to a first
sighting. Therefore, we are assuming that there were two dugongs detected in this
cell. The dugong detected in cell PKE D 4 is likely feeding. A plume of sediment can
be seen around the dugong. A cropped images of this dugong can be seen in figure
10.

Figure 10 Cropped image from cell PKE D 4 showing a feeding dugong
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Cell number

Number of
Photos

Cell
KM

Square

Turtles

PKE A Cell 1

188

0.56

PKE A Cell 2

43

0.17

PKE A Cell 3

208

0.56

PKE A Cell 4

164

0.5

4

PKE B Cell 1

83

0.56

1

PKE B Cell 2

187

0.56

4

PKE B Cell 3

201

0.56

7

PKE B Cell 4

181

0.41

PKE C Cell 1

193

0.56

4

PKE C Cell 2

211

0.56

11

PKE C Cell 3

211

0.56

12

PKE C Cell 4

165

0.43

1

PKE D Cell 1

230

0.56

1

PKE D Cell 2

228

0.56

6

PKE D Cell 3

179

0.43

6

PKE D Cell 4

144

0.33

5

HH A Cell 1

233

0.56

3

HH A Cell 2

205

0.49

3

HH A Cell 3

203

0.55

4

HH A Cell 4

135

0.41

1

HH B Cell 1

159

0.56

HH B Cell 2

235

0.56

3

HH B Cell 3

144

0.41

1

HH B Cell 4

61

0.18

1

HH C Cell 1

249

0.53

6

HH C Cell 2

238

0.56

6

HH C Cell 3

226

0.56

1

HH C Cell 4

125

0.56

2

HH D Cell 1

229

0.56

HH D Cell 2

211

0.55

HH D Cell 3

228

0.56

HH D Cell 4

133

0.36

Dugongs

Dolphins

Sharks

Rays

1

1

1
2

6

Figure 11: Table showing the number of animals detected in each cell surveyed
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Cell number

Number of
Photos

Turtles

PKE D Cell 1

79

HH A Cell 2

241

HH C Cell 1

146

HH C Cell 1

180

6

HH C Cell 2

233

4

HH C Cell 3

228

HH C Cell 4

254

HH D Cell 1

274

Dugongs

Dolphins

Sharks

Rays

3

Figure 12: Table of animal detected in the cells that were surveyed in the repeat survey

Dugong density calculation
Three dugongs were detected in the two survey areas. The total survey area was 7.96
Sq Km. This gives a density of 0.38 dugongs / square kilometre for the North Efate
hotspot for sighted dugongs. As the survey was done late in the project, this figure has
not been adjusted for availability bias which occurs because dugongs are not always
visible on the surface and once adjusted is likely to be higher. We will continue to work
with Chris Cleuger to map and analyse these results.

Conclusion
VESS has successfully conducted an aerial survey using unmanned aerial vehicles to
detect dugongs in Vanuatu. We received training and collaborated with international
experts, Christophe Cleguer and Amanda Hodgeson to design the survey. Despite
several challenges during the project timeframe, we successfully surveyed one
dugong hotspot and calculated a dugong density of 0.38 dugongs per square kilometre
within the hotspot. This will serve as a baseline for future studies. Capacity has been
built in-country to conduct these surveys and relationships with international experts
have been strengthened.

Next Steps
As the data from the surveys was collected at the very end of the project, due to the
delays described above, we have not yet had time to be trained on how to adjust the
results for availability bias. We will do this analysis as soon as Chris Cleguer has
availability. We will consult Chris and other drone experts to try to resolve the issues
with the drones disconnecting from the controllers. Once this is resolved we hope to
survey the other high priority dugongs hotspots and will seek funding to do so.
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Appendix A: Photographs from the survey containing dugongs
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