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Abstract
Strandings of marine mammals, seabirds, and marine turtles in coastal areas can provide valuable information on their ecol-
ogy. However, gathering information by field teams often incur high costs and effort. This study evaluated the effectiveness 
of an Unmanned Aerial Vehicle (UAV) to detect stranded animals during beach monitoring programs. The study was carried 
out between 2016 and 2017 evaluating factors related to the UAV (height and camera angle) and the beach (morphology). 
Data obtained from the UAV was compared with the traditional method of in situ teams. A total of 120 aerial surveys were 
conducted on four beaches on the coast of Santa Catarina, Brazil. Eighteen carcasses were recorded by both methods, tra-
ditional methodology and UAV. However, six other events were only recorded by in situ monitoring (traditional method) 
and one event recorded only by the UAV. The time interval between the beach monitoring by the two strategies is probably 
responsible for the differences. Despite obtaining high-quality aerial images and easily identifying strandings, the UAV 
cannot completely replace the traditional method due mainly to the impossibility to fly in adverse weather conditions such 
as high winds and rain. On the other hand, UAVs can complement the data collection information, with less consumption 
of fossil fuels and damage to the coastal environment.
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Introduction

Marine animals inhabiting coastal environments suffer 
many anthropic pressures, such as pollution, vessel traffic, 
and accidental capture in fishing nets (Crespo et al. 1997; 
Pontalti and Danielski 2011; Zappes et al. 2013; Meager and 
Sumpton 2016). Stranding records are one of the tools that 
have allowed these effects to be evaluated through the analy-
sis of carcasses and, ideally, the identification of causes of 
death. Due to the possibility of assisting in the detection of 
acute and chronic impacts in marine animals (e.g. Williams 

et al. 2011; Fox et al. 2016; Haney et al. 2017; Smith et al. 
2017; Balmer et al. 2018), systematic monitoring of strand-
ing events are considered one of the most important biologi-
cal data sources for research.

In this sense, several organizations run projects that conduct 
surveys in coastal areas searching for marine tetrapods (birds, 
mammals, and reptiles) strandings. However, the implementa-
tion and maintenance of these projects are not straightforward 
and can have extremely challenging logistics. Beach moni-
toring requires high financial investments, time, and skilled 
teams. Technological advances, such as Unmanned Aerial 
Vehicles (UAVs) have helped to solve some of the challenges 
found when working in the environment (Rees et al. 2018). 
UAVs have been effective for several animal conservation stud-
ies (Kudo et al. 2012; Pomeroy et al. 2015; Weissensteiner 
et al. 2015; Schofield et al. 2019), becoming a popular plat-
form used by researchers. Their responses are often faster, 
more effective, and can monitor areas that are hard to reach 
(Jones et al. 2006; Watts et al. 2012; Vermeulen et al. 2013; 
Goebel et al. 2015; Sweeney et al. 2015; Kelaher et al. 2019). 
Thus, UAVs are presently recognized as a valuable tool that 
can potentially complement and improve many conservation 
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programs (Koh and Wich 2012; Hodgson et al. 2013; Fetter-
mann et al. 2019; Christie et al. 2016).

In Brazil, the use of UAV in animal conservation is still 
incipient (Barros and Leuzinger 2019) and only a few sci-
entific studies have evaluated their use in the marine envi-
ronment, even if the use of images and videos obtained by 
them are becoming a common tool among researchers in 
conservation studies. Thus, this study is among the first to 
specifically evaluate the use of UAV for stranding monitor-
ing activities. Its objective was to evaluate whether a UAV 
could optimize the stranding monitoring activities of the 
Santos Basin Beach Monitoring Project (‘Projeto de Monito-
ramento de Praias da Bacia de Santos’, PMP-BS 2019). The 
PMP-BS is part of the monitoring programs implemented 
by PETROBRAS, the largest oil company operating in the 
area, to license the oil and natural gas production and trans-
port from the pre-salt province of the Santos Basin (25°05’S 
42°35’W to 25°55’S 43°34’W) between 2100 and 2300 m 
isobaths. Since 2015, the PMP-BS has been regularly moni-
toring almost 1500 km of coastline to assess strandings of 
marine fauna.

Materials and methods

Study area

The present study occurred in the Garopaba region 
(28°1’25"S 48°36’50"W), located in the south-central part 
of Santa Catarina, Brazil. Beaches located in this region 
are monitored daily by the PMP-BS team since August 
2015 in search of stranded marine tetrapods. Aerial surveys 
with the UAV were conducted in four beaches: Garopaba, 
Siriú, Silveira, and Ferrugem (Figs. 1 and 2). These loca-
tions were selected considering the number of strandings 
recorded previously by the PMP-BS, and also to sample 
different morphodynamic profiles. Considering the Wright 
and Short (1984) classification, the beaches of Garopaba 
and Siriú have dissipative profiles, with extensions of 2 and 
5 km respectively; Silveira beach has a reflective profile and 
is 1.5 km long, and Ferrugem beach has an intermediate 
profile and is also 1.5 km long.

Traditional beach survey & data collection

Traditional beach monitoring was conducted in the early 
morning along the full length of the beaches, using four-
wheeled ATVs (‘quad’), trucks, or on foot. However, each 
beach always used the same monitoring method. Truck or 
quad access to the beaches was mainly through existing 
tracks in the dunes. The maximum speed during monitoring 
was 40 km/h, surveying the full sand strip with the naked 
eye. When an animal was found, the field team identified 

the species, assessed its condition (alive or dead), and took 
pictures of it with a digital camera. After these initial pro-
cedures, the appropriate measures are taken according to 
each situation. If the animal is dead, biometrics are carried 
out and the carcass is collected. If the animal is alive, and 
veterinary care is needed, the animal is taken to a rehabilita-
tion facility. For each monitoring effort, the PMP-BS team 
records the starting and finishing date and times, together 
with the number and species of stranded animals, using 
standard forms either on paper or on tablets with elec-
tronic forms. All collected data is afterward uploaded to the 
Aquatic Biota Monitoring Information System - SIMBA 
(‘Sistema de Monitoramento da Biota Aquática’ (n.d.), at 
http://​simba.​petro​bras.​com.​br), an online database that man-
ages all data generated by the PMP-BS.

Aerial survey & data collection

UAV operations were conducted before the traditional beach 
monitoring early in the mornings. Different teams conducted 
the traditional and aerial surveys, with no contact or com-
munication at the day, to prevent them from being influenced 
by the detections made from the other team. The UAV used 
was the DJI Phantom 3 Professional, which is powered by 
four rotors, and equipped with a DJI camera attached to a 
gimbal. This camera was a Sony EXMOR with a 1/2.3-inch 
sensor, 12.3 MP resolution, with the ability to record videos 
in Ultra HD resolution. It was controlled from the ground 
station through the DJI GO application provided by the 
manufacturer.

The UAV flew over the beach for 2 km from the operator. 
On beaches with less than this range (Ferrugem, Garopaba, 
and Silveira) the whole beaches were monitored, while on 
Siriú, approximately half the beach was monitored. To com-
pare with the traditional monitoring, only records within this 
area were considered. The flights were conducted follow-
ing the safety standards of the Brazilian Airspace Control 
Department (ANAC), by an experienced pilot who super-
vised the images on a cell phone or tablet, and one assistant 
who visually monitored the equipment during the flight. The 
aircraft was manually launched by the pilot at the beginning 
of each beach and returned using the “return to home” con-
figuration, which automatically brought the equipment to 
the starting point. During the course, the UAV transmitted 
live video to the ground station, making it easier to locate 
the target. Videos and photos were taken during the survey 
and analyzed later in the laboratory.

When a stranding event was spotted, the UAV was 
stopped, the altitude was reduced, and photos were manu-
ally taken to record the carcass. In this way, it was possi-
ble to capture the geographic coordinate of each event and 
high-resolution images for animal identification. Flight 
speed was constant and low, of approximately 20 km/h or 
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less, to avoid blurring and obtain high-resolution images. 
The flights were conducted with winds of no more than 
36 km/h, following the manufacturer’s instructions, and 
were only performed in good weather conditions, with 
no rain. For safety reasons, flights were finished when 
batteries had less than 50% charge.

Flight parameters

Before the actual aerial surveys were conducted, 24 flights 
(4.25  h) were performed to determine the ideal flight 
parameters for the study: optimal altitude, flight duration, 
stability in different wind conditions, and image quality. 

Fig. 1   Map of the study area 
indicating the 4 monitored 
beaches (red), where UAV and 
traditional surveys were evalu-
ated
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To evaluate these, the UAV flew over a 20 cm-long object 
and photographs were taken with the camera at 90° rela-
tive the ground, at heights of 5 m, 10 m, 15 m, 20 m, 25 m, 
and 30 m. This procedure aimed to find the ideal height for 
detections, considering small seabirds that are approximately 
20 cm in total length. With the UAV in movement it was 
possible to verify that when the camera was slightly tilted 
forward, between 30º and 45º, the field of view was con-
siderably expanded in the direction of the flight, increasing 
flight safety, but still without losing image quality.

Data analysis

To evaluate the efficiency of the UAV in detecting stranded 
animals in comparison to the traditional methodology, data 
from the field teams were compared with data extracted from 
the UAV imagery. For this, date, time, number, and spe-
cies of stranded animals were acquired from the SIMBA 
database.

To evaluate the effectivity of the UAV in monitoring the 
beach, weather and environmental conditions (air tempera-
ture, rain, cloud cover, wind speed, sea state, swell and tide) 

for the study period were extracted from the National Insti-
tute of Meteorology online database (INMET 2017). Data 
were extracted from the nearest weather station, in Laguna 
- Farol de Santa Marta (code. INMET: A866; Code. OMM: 
86,972), located 80 km from the monitored beaches.

Results

Aerial surveys were performed between September 2016 
and September 2017. The twenty-four test flights (4.25 h) 
performed in 2016 were used to test the equipment and to 
determine the ideal parameters to be used in the field collec-
tions. A total of 120 flights were conducted in 2017, 30 in 
each of the four beaches, generating 194 videos, with a total 
of 13.04 h of footage.

Flight parameters

Results from the test flights showed that the UAV flying 
between 7 and 8 m was the optimal altitude for our study. 
The high-quality footage allowed detections of small animals 

Fig. 2   Aerial photo of the 4 
monitored beaches: a Garopaba 
Beach, b Siriú Beach, c Silveira 
Beach, d Ferrugem Beach
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such as ghost crabs (Ocypode spp.), sand dollars (Suborder 
Clypeasterina), as well as algae, fishes, and pieces of plastic 
debris.

UAV operations could not be performed during strong 
winds (> 36 km/h) due to instability, and on rainy days as 
the model of UAV was not waterproof. Environmental vari-
ables such as sea and tide condition, presence of waves, 
wind direction, luminosity, cloud cover, sun reflection, and 
beach width did not affect recording information. Compar-
ing the beaches’ morphological profiles, it was noticed that 
on beaches with less inclined (dissipative) profiles it was 
easier to detect small objects when comparing beaches with 
intermediate or reflective profiles. However, this difference 
in beach morphology did not interfere with larger animals 
such as marine tetrapods.

During the 365 days when the surveys were performed, 
beach monitoring (traditional beach survey) could not be 
conducted only on a single day, due to an unusually high 
tide that made it impossible for the vehicle to drive along the 
sand strip. By analyzing the weather on the same 365 days, 
it would be possible to operate the UAV in at least 146 days, 
as 105 days had rain, and on the remaining 260 days with-
out rain, 132 presented wind gusts with speeds greater than 
36 km/h, exceeding its operational parameters. However, this 

was a minimum estimation of days that the UAV could be 
operated, as the maximum wind speed occurred as gusts and 
the presence of rainfall are usually limited to certain loca-
tions and periods of the day.

Detectability of stranded animals

To evaluate the detection and identification rates of the ani-
mals in the two methodologies, the numbers of stranded 
animals in each methodology were compared, regardless of 
the physical integrity of the carcasses. Traditional monitor-
ing recorded 24 occurrences of marine tetrapods and aerial 
monitoring noted 19 occurrences, of which 18 were also 
recorded by traditional monitoring (Table 1). All animals 
identified by UAV monitoring were dead: nine green tur-
tles (Chelonia mydas), nine Magellanic penguins (Sphenis-
cus magellanicus), and one kelp gull (Larus dominicanus) 
(Fig. 3).

Six stranding events were detected by traditional monitor-
ing but not from the UAV. Of those, two animals were alive 
(one neotropical cormorant, Phalacrocorax brasilianus; 
one kelp gull) and four were dead (three green turtles, one 
Magellanic penguin). The live animals were sighted about 
3 h after the UAV survey and it can be assumed that they 

Table 1   Stranding records 
for both monitoring methods 
(traditional and aerial), showing 
locations, species and the 
geographic coordinates of each 
sighting

Location Date Latitude Longitude Class Species Land-based UAV

Ferrugem 30/04/2017 -28,07465 -48,62548 Birds Phalacrocorax brasilianus x
Ferrugem 23/07/2017 -28,07875 -48,62821 Birds Spheniscus magellanicus x x
Garopaba 02/05/2017 -28,02161 -48,62095 Reptiles Chelonia mydas x x
Garopaba 05/05/2017 -28,01258 -48,62888 Reptiles Chelonia mydas x x
Garopaba 26/05/2017 -28,02338 -48,61395 Reptiles Chelonia mydas x
Garopaba 25/07/2017 -28,02081 -48,62273 Birds Spheniscus magellanicus x x
Garopaba 25/07/2017 -28,02081 -48,62273 Birds Spheniscus magellanicus x x
Garopaba 25/07/2017 -28,01431 -48,62787 Birds Spheniscus magellanicus x x
Garopaba 01/08/2017 -28,02344 -48,61652 Birds Spheniscus magellanicus x
Garopaba 01/08/2017 -28,02339 -48,61712 Reptiles Chelonia mydas x x
Garopaba 02/08/2017 -28,0233 -48,61712 Reptiles Chelonia mydas x x
Silveira 23/07/2017 -28,03623 -48,60653 Birds Spheniscus magellanicus x x
Silveira 24/07/2017 -28,04392 -48,61024 Reptiles Chelonia mydas x x
Siriú 24/03/2017 -28,00862 -48,63039 Birds Spheniscus magellanicus x x
Siriú 14/04/2017 -27,99552 -48,63210 Reptiles Chelonia mydas x x
Siriú 18/05/2017 -28,00817 -48,63056 Reptiles Chelonia mydas x
Siriú 18/05/2017 -28,00771 -48,63067 Reptiles Chelonia mydas x
Siriú 31/07/2017 -27,99155 -48,63157 Birds Spheniscus magellanicus x
Siriú 02/08/2017 -28,00638 -48,63104 Birds Spheniscus magellanicus x x
Siriú 02/08/2017 -28,02344 -48,61652 Birds Spheniscus magellanicus x x
Siriú 17/08/2017 -27,99308 -48,63199 Reptiles Chelonia mydas x x
Siriú 17/08/2017 -28,00409 -48,63156 Reptiles Chelonia mydas x x
Siriú 18/08/2017 -27,99543 -48,63223 Birds Larus dominicanus x x
Siriú 18/08/2017 -27,98126 -48,62936 Birds Larus dominicanus x
Siriú 18/08/2017 -27,99308 -48,63199 Reptiles Chelonia mydas x x
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must have arrived at the beach during this time interval. 
For the dead animals, they were sighted by the traditional 
monitoring approximately 2 h after the UAV flew over the 
beach. As the records from the traditional monitoring were 
recovered from the SIMBA database posteriorly to the UAV 
monitoring, the videos recorded on those days were watched 
again, and no animals were identified, confirming that they 
arrived after the UAV passed. Only one record was detected 
by the UAV alone, which was of a dead Magellanic pen-
guin at Siriú beach. In this case, the traditional monitoring 
surveyed the beach 2 h after the aerial survey. The beach 
survey team may have missed the animal or it may have been 
removed from the beach due to tide change. When the UAV 
monitored the area, the tide was high, so the animal may 
have been taken to sea with the lowering tide.

Field work time

The average time to survey the area was calculated for 
both methods, traditional and UAV, in the presence and 
absence of stranded animals (Fig. 4). Except for Silveira 
beach, the UAV was faster than the traditional survey to 

monitor the areas when there were no stranded animals, 
and these differences were in most part statistically signifi-
cant (T-test; Table 2). When a stranding event occurred, 
the traditional method took longer to finish the monitor-
ing, due to the need to perform measurements and collect 
the carcass or even to rescue a live animal. Thus, in these 
cases the monitoring time depended on the size and condi-
tion of the animal, resulting in much greater variation. The 
aerial survey was quicker and did not exhibit such large 
variations in the case of a stranding event, as it only took 
photos of the animal.

The preparation time to start the monitoring, which con-
sists of assembling the UAV before each flight (connection 
of the radio control cable on the tablet/cell phone, adjust-
ments of the propellers, connect the equipment and wait 
for the reception of the satellite signal), was approximately 
1 min. In contrast, traditional monitoring using the quad 
ATV is approximately 10 min, which includes the time to 
take the vehicle out of the trailer, drive up to the starting 
point, and turn the GPS on. Even though this time was not 
added to the monitoring time in the analysis, it must be con-
sidered when selecting a specific methodology.

Fig. 3   Aerial images of stranded 
animals recorded by the UAV: 
a seagull; b magellanic penguin, 
c and d green turtles
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Effects caused by different methodologies 
on the beaches

To carry out the traditional, land-based method, the vehicles 
access the beaches passing through ‘restinga’ (sandbank) 
vegetation, which may negatively impact this environment 
in the long term due to sand compaction (Fig. 5). In contrast, 
this factor is not present in the aerial methodology because 
the UAV can take off from any point, with minimal distur-
bance to the surrounding area.

Regarding the noise produced and potential disturbance 
to live animals at the beach, it was observed that with the 

approach of the quad bike or the truck, in all cases, birds 
that were resting flew away when approached at a distance 
of approximately 10 m (visually estimated). During the 
UAV flights, all cases of behavioral disturbance caused by 
the aircraft on birds were recorded. From the 120 flights, 
birds were present during 70 of them. In 43% of the cases 
(n = 30), no behavioral response to the UAV was observed. 
In cases where the animal reacted to it, the main behavioral 
responses observed were the animals completely leaving 
the area when the UAV was approaching (n = 21), or leav-
ing the area but with some degree of curiosity (n = 19). In 

Fig. 4   Average monitoring 
time for both methodologies, 
separated by the occurrence or 
absence of stranded animals

Table 2   Differences in time 
spent to monitor each beach 
using both methods (UAV and 
using land vehicles)

“N” represents the number of times each beach was sampled. “Strand.” – number of times the beach was 
monitored with (“w”) or without (“w/o”) strandings. “p” – results of T tests between the time taken to 
monitor the beach in each methodology. All values expressed as minutes:seconds. * - traditional land-based 
monitoring record monitoring times without seconds

UAV Traditional (land-based)

Beach Strand. n Avg. Std. dev. Min. Max. n Avg. Std. dev. Min.* Max.* p

Ferrugem w/o 29 04:37 01:50 01:29 11:21 28 07:39 04:55 02:00 20:00 0.003
w 1 05:09 - - - 2 21:30 17:41 09:00 34:00 -

Garopaba w/o 25 06:44 02:11 03:01 11:23 24 07:47 02:14 05:00 05:00 0.101
w 5 08:52 02:46 04:47 11:07 6 25:10 15:16 07:00 49:00 0.044

Silveira w/o 28 06:17 01:57 01:26 11:01 28 04:45 00:45 04:00 06:00 0.000
w 2 07:17 01:39 06:07 08:27 2 17:30 12:01 09:00 26:00 0.356

Siriú w/o 24 07:56 02:25 01:35 12:55 24 09:10 01:12 07:00 12:00 0.029
w 6 08:34 01:31 06:49 10:59 6 26:50 07:18 17:00 36:00 0.000
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the latter cases, the animals moved away and then returned 
to the area to inspect the equipment.

The latter behavior was often observed in kelp gulls, 
both by groups and solitary animals. The two species that 
presented the greatest disturbance behaviors during the 
approach of the UAV were yellow-headed caracara (Milvago 
chimachima) and American oystercatcher (Haematopus pal-
liatus). Black vultures (Coragyps atratus) and turkey vul-
tures (Cathartes aura) showed little or no disturbance with 
the presence of the UAV, especially when they were feeding 
on carcasses (Fig. 6). Also, the southern lapwing (Vanel-
lus chilensis), white-backed stilt (Himantopus melanurus), 
sanderling (Calidris alba), snowy egret (Egretta thula), and 
magnificent frigatebird (Fregata magnificens) showed no 
signs of disturbance with the presence of the UAV. However, 

on rare occasions they flew away a few meters and after a 
few seconds returned to land a little further ahead of where 
they took off.

Discussion

The main aspect to be considered during beach monitoring 
is the detection of stranded animals. Our study suggests that 
both methods are equivalent to detect and identify dead or 
alive animals on the beaches. The few cases that differed 
between methods, where those were more than 2 h had 
passed between the monitoring performed by the land-based 
teams and the aerial survey conducted by the UAV team. 
The UAV camera provided good images and high-quality 

Fig. 5   Vehicles during monitor-
ing activities. a ATV (quad 
bike); b access trail used by the 
ATV to reach the beach

Fig. 6   Vultures’ behaviour with 
the approach of the UAV: a ani-
mal flying around the equip-
ment; b turkey vultures feeding 
on penguin carcass; c black 
vultures feeding on green turtle 
carcass
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videos, being possible to view directly on-screen animals 
of different sizes, including some relatively small. When 
the records from the traditional monitoring were obtained, 
and these records were identified, the videos from these days 
were reviewed and no animals were found. Thus, the animals 
recorded only by the traditional monitoring (large seabirds, 
green turtles, and a penguin) were not due to failure in the 
detection by the UAV, but to the strandings occurring after 
the UAV had passed.

The UAV model used in this study is easily available and 
of relatively low cost. However, the photos and videos gen-
erated during the study were considered to be of very good 
quality, making it easy to identify animals at the beaches. 
Also, the footage generated by the UAV allowed the creation 
of a permanent database, where the information is available 
to be reviewed numerous times and being shared with other 
researchers for further analysis. However, if this method is 
used regularly the large amount of information generated 
daily during the monitoring programs would require a sub-
stantial time investment to organize and analyze the data. To 
address this issue, there are automated programs that have 
been developed to improve the efficiency of these procedures 
(Groom et al. 2011; Dehvari and Heck 2012).

All methodologies have positive and negative points and 
potential limitations should be carefully evaluated. During 
our study, the UAV presented advantages concerning the 
effects caused in animals. Some species of birds reacted and 
showed to be potentially disturbed with the approach of the 
aircraft, but most of the time no behavioral response to the 
UAV was observed. On the other hand, birds were always 
scared away while resting at the beaches and the truck or the 
quad bike approached. Thus, between the two methodolo-
gies, the UAV can potentially cause less impact on animals 
present at the beach.

Although no live marine animals were seen on the beach 
while flying, except for birds, flying at altitudes below 10 
to 20 m have been shown to interfere in the normal behav-
ior of some animals (Weimerskirch et al. 2018; Rümmler 
et al. 2018), when they are resting in the sand. Some species 
of birds are observed to change their behavior due to the 
sudden occurrence of UAV noise during take-off, but not if 
the aircraft approaches slowly at constant speeds (Vas et al. 
2015; Rümmler et al. 2018).

Studies on behavioral reactions of sea birds to the UAV 
indicated that 80% of the flights did not seem to disturb the 
animals, even during flights up to 4 m of altitude, espe-
cially when the descent was gradual and at an angle rather 
than falling vertically over the animal (Vas et al. 2015). 
With large agglomerations of seabirds, such as in breeding 
colonies of penguins, the sound generated by the UAVs 
propellers during flights seems to be comparatively mini-
mal, due to the background noise being louder (Sweeney 
et al. 2015; Brisson et al. 2017; Rümmler et al. 2018). 

This could be similar when monitoring beaches, where the 
noise produced by breaking waves could mask the noise 
generated by the propellers.

Similar results were observed during an experiment 
using UAV for aerial imaging in pinniped colonies, where 
there was little or no behavioral response (Moreland 
et al. 2015; Adame et al. 2017). However, pinnipeds tend 
to present a varied behavioral response with the UAV 
approaches at different altitudes. Reactions to noise may 
be linked to the reproductive state of the animals and flight 
speed (Pomeroy et al. 2015; Sweeney et al. 2015). The 
most documented reactions for seals are adjusting to an 
upright position and looking at the sky with little or no 
movement from its initial position (Moreland et al. 2015; 
Pomeroy et  al. 2015; Sweeney et  al. 2015). Although 
unmanned aircraft may cause minor disturbances in ani-
mals because they are relatively silent when compared to 
other types of vehicles, the impacts caused by UAV noise 
on fauna should be evaluated on a case-by-case basis, 
as they may vary according to the target species and the 
equipment used (Sweeney et al. 2015; Vas et al. 2015; 
Weimerskirch et al. 2018).

When deciding whether to use UAV for beach surveys, 
not only direct impacts on animals must be considered, but 
also indirect environmental impacts. An additional benefit 
to the use of UAV in field studies is the reduced fuel con-
sumption, as well as the reduction of fossil fuel pollution 
(Goebel et al. 2015) as these aircraft are usually powered 
by rechargeable batteries. Also, the potential environmental 
degradation caused by the UAV is practically nil because 
contact with the substrate is not necessary. In contrast, the 
long-term impact caused on coastal dunes due to the daily 
drive of land vehicles (trucks or quad bikes) during the tradi-
tional method, can kill the vegetation and intensify soil wear, 
causing erosive processes that may damage such areas The 
sand compaction generated by the vehicles’ tires can make 
the soil more resistant to water penetration, causing physical 
changes that can affect the pioneer vegetation, dunes forma-
tion and even the survival of benthic species (Vieira et al. 
2010).

It is important to point out that the passage of vehicles in 
places where sea turtles nest can compromise the birth of 
hatchlings by compacting the nests while incubating. Addi-
tionally, the tires’ tracks can also increase the travel time of 
the hatchlings to the sea, reducing the probability of survival 
(Aguilera et al. 2019). The use of UAV on those locations 
would reduce the likelihood of disturbing females and nests 
(Bevan et al. 2015; Bevan et al. 2018; Rees et al. 2018).

A UAV can be a valuable tool for wildlife studies if they 
are easy-to-use, electrically powered, easy-to-transport, 
launchable and recoverable in rugged terrain, and operable 
with minimal training (Jones et al. 2006). Multirotor aircraft 
can fly in any direction, hover over an object of interest and 
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accurately estimate its position, being extremely useful in 
field activities.

On the other hand, a factor that restricts the daily use of 
UAVs in field studies is the weather conditions. The model 
used in this research, the Phantom 3 Professional, is rela-
tively inexpensive, but cannot operate in strong winds or 
rain For studies in locations near the sea or aquatic environ-
ments, waterproof UAVs are certainly recommended and 
best suited to operate under high humidity conditions. There 
are commercially available waterproof models such as the 
SwellPro Splashdrone (www.​swell​pro.​com), the Quadh2o 
(www.​quadh​2o.​com) and the ProDrone PD4-AW Quad-
copter (www.​prodr​one.​com), among other models that are 
technologically evolving and would easily overcome this 
limitation. The UAV used during our study presented inter-
nal oxidation in some parts, even being subject to a careful 
cleaning protocol after each use. We recommend that this 
should be considered and included in the costs when evaluat-
ing using this method.

Studies comparing the efficiency of traditional methods 
with new potential platforms are fundamental to match new 
strategies with historical data, which were collected with 
a substantial expenditure of time and resources. Deciding 
to use a UAV as a research tool for acquiring information 
is directly related to the perception of the efficiency of the 
collections, the cost-effectiveness, the accuracy of the data 
and the evaluation of whether such aerial equipment brings 
advantages or not compared to traditional methods (Fetter-
mann et al. 2019; Womble et al. 2020).

Conclusion

Before designing a beach monitoring program using a UAV 
as a platform, the team should carefully consider the advan-
tages and disadvantages of the different models available. 
The real-time reception of the videos is limited to the radio’s 
range, so it is necessary to pay attention to the most appro-
priate models depending on the research objectives. It is 
also necessary to consider the local legislation since there 
are certain restrictions specific to each country and species. 
Even with these considerations, we observed that UAVs 
have the potential to become an effective platform for regu-
lar beach monitoring. In the present case, it was observed 
that the use of UAV could complement the data collection on 
beach surveys that have traditionally been carried out with 
the use of vehicles, with less consumption of fossil fuels and 
damage to the coastal environment.
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