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Abstract: Wildlife abundance surveys are important tools for making decisions regarding nature
conservation and management. Cryptic and nocturnal mammals can be difficult to monitor, and
methods to obtain more accurate data on density and population trends of these species are needed.
We propose a novel monitoring method using an aerial drone with a laser rangefinder and high
zoom capabilities for thermal imagery. By manually operating the drone, the survey area can be
initially scanned in a radius of several kilometers, and when a point of interest is observed, animals
could be identified from up to one kilometer away by zooming in while the drone maintains an
altitude of 120 m. With the laser rangefinder, a precise coordinate of the detected animal could be
recorded instantly. Over ten surveys, the scouring drone method recorded significantly more hares
than traditional transect spotlight count surveys, conducted by trained volunteers scanning the same
farmland area within the same timeframe (p = 0.002, Wilcoxon paired rank test). The difference
between the drone method and the transect spotlight method was hare density-dependent (R = 0.45,
p = 0.19, Pearson’s product–moment correlation); the larger the density of hares, the larger the
difference between the two methods to the benefit of the drone method. There was a linear relation
between the records of deer by the drone and by spotlight (R = 0.69, p = 0.027), while no relation
was found between the records of carnivores by drone and spotlight counts. This may be due to
carnivores’ speed and vigilance or lack of data. Furthermore, the drone method could cover up to
three times the area within the same timeframe as the transect spotlight counts.

Keywords: wildlife monitoring; drones; uncrewed aerial vehicles; UAV; UAS; RPAS; aerial sur-
vey; thermal imagery; transect spotlight counts; population ecology; conservation biology; animal
behavior; wildlife management; European brown hare

1. Introduction

Cryptic or nocturnal animals, like the European brown hare (Lepus europaeus), can
be difficult to monitor due to camouflage, human avoidance, choice in habitat, or simply
because they are mostly active in the cover of the night [1–3]. In Denmark, using hunting
bag statistics have been the primary method applied to monitor wildlife game [4–7], but
studies suggest that this method alone is not sufficiently accurate, since hunting traditions
and legislations can change over time and vary due to local game densities [4–10]. In
addition to hunting bag statistics, point counts [5,11] and especially spotlight counts [4,7,12]
have for decades provided valuable information about the population trends of wildlife
game mammals in Denmark, including the hare [4,7].

1.1. Spotlight Counts

One of the main advantages of spotlight counts is that they can be carried out by
volunteers and produce low-expense, high-quantity data with little training and a minimum

Drones 2023, 7, 661. https://doi.org/10.3390/drones7110661 https://www.mdpi.com/journal/drones

https://doi.org/10.3390/drones7110661
https://doi.org/10.3390/drones7110661
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/drones
https://www.mdpi.com
https://orcid.org/0000-0002-1159-2035
https://orcid.org/0000-0002-9811-9194
https://orcid.org/0000-0002-4644-8981
https://orcid.org/0000-0002-1574-3638
https://doi.org/10.3390/drones7110661
https://www.mdpi.com/journal/drones
https://www.mdpi.com/article/10.3390/drones7110661?type=check_update&version=1


Drones 2023, 7, 661 2 of 19

of equipment [1,4,5,7,10,13–19]. Spotlight count data may be prone to underestimation, as
the method relies on animal eye reflection and may miss animals that look away from the
observer, and, therefore, distance sampling techniques are usually applied, assuming the
density of the species in question is evenly distributed in the area surveyed [15,17,18,20].
Rahman et al. [21] suggested that spotlighting methods may not produce sufficiently
high detection rates to be reliable when monitoring cryptic animals. Sliwinski et al. [10]
concluded that linear spotlighting methods using citizen science produce reliable data for
estimating European brown hare densities when surveying open, flat agricultural land
but has limitations when the survey area is dominated by vegetation, such as hedgerows
or forest.

1.2. Drones in Wildlife Monitoring

Recent technological advances, such as better battery capacity, improved sensors, and
lower cost, have accelerated the applications of aerial drones, also known as uncrewed or
unmanned aerial vehicles (UAV), unmanned aerial systems (UAS) and remotely piloted
aircraft systems (RPAS), in the field of ecology and wildlife monitoring [22–30]. Especially
multirotor drones, as opposed to fixed-winged drones, equipped with thermal infrared
(TIR) cameras have proven to be a useful tool for monitoring cryptic and nocturnal species,
on par with spotlight methods [3,25,26,30–38]. In a review, Linchant et al. [30] pointed out
that several studies have examined the rising potential of the use of drones for wildlife
monitoring, but these have primarily been conducted in classic line transects with the
sensors pointed directly downwards, so there exists a need to explore and develop new
methods. Whitworth et al. [35] showed that by changing two factors, flight speed and
the time of day that a survey was conducted, the detection and identification of rainforest
canopy wildlife could have a variation of up to six times from the lowest to the highest
result. Their study also suggested that angles other than 90◦ of the drone-mounted sensors
during surveys should be examined [35,39]. Povlsen et al. [24] conducted a drone survey
concurrently with a spotlight count. This was performed by flying at a 60 m altitude, with
the camera recording directly downwards, while the drone was flying autonomously in a
predetermined flight path, covering the same transects surveyed with spotlights. By analyz-
ing the video footage for animal observations afterwards and retrieving spatial information
from the metadata of the video files, it was possible to plot the animal distribution on a
map. This method proved useful; however, as it required the drone to be directly above the
animals observed, the situational awareness and the area covered were limited, and the
following video analysis was time consuming.

The aim of this study was to propose an improved method for monitoring cryptic
and nocturnal animals, with the focus on hare, deer, and predators in Danish nature, using
an aerial drone with a laser rangefinder and zoom capabilities for thermal imagery. This
was accomplished by comparing transect spotlight count surveys conducted by volunteers
from the Danish hunter´s association (DJ) to a scouring approach with the drone scanning
the same farmland area within the same timeframe. The improved method was expected
to reveal at least the same number of animals as the spotlight counts and cover the same
area within the same time frame.

2. Materials and Methods

To improve on the method used in spring 2022, where a drone was preprogrammed
to scan a defined area with the camera pointed straight down, covering 2.4 km2 in three
hours [24], a new approach was employed by manually flying the drone and manipulating
the thermal camera with high-powered zoom, scouring the area and identifying animals
on-site. With the use of the laser rangefinder, virtual pinpoints were manually placed on
the controller map, which could be saved via the integrated DJI FlightHub application,
marking observations with a GPS coordinate while flying. The video footage could later be
analyzed to confirm and annotate the species of each pinpoint and to check for missed ob-
servations. The drone surveys were conducted simultaneously with line transect spotlight
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counts, to compare the drone method to a well-established method for assessing mammal
populations [1,5,7,10,13,14,40]. The new drone method covered 5.1 km2 in approximately
three hours, and animals were observed and identified both inside and outside the transect
area, up to 500 m from the transect line.

2.1. Transect Spotlight Counts—Citizen Science

The transect spotlight counts were conducted in Northern Jutland, Denmark, in spring
2023, by volunteer hunters from three census guilds: Ulsted, comprised of a northern and
a southern area, (57.07575 N, 10.25559 E), Ingstrup, and Stenum (57.30722 N, 9.80053 E)
(Figure 1). The observers had previous experience in spotlight counting and were super-
vised by the Danish hunter´s association, as part of their annual surveys [7].
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Figure 1. Map shoving the placement of the three census guilds in Northern Jutland, Denmark:
Ulsted (57.07575 N, 10.25559 E), Ingstrup, and Stenum (57.30722 N, 9.80053 E).

The counts were performed in predetermined transect lines traversed by car, by shining
a spotlight in all directions from the vehicle, counting the mammals spotted up to 150 m
out, mainly identified by eye reflection [7,12]. Movement patterns were an important part
of species identification, but animals smaller than ferrets (Mustela putorius) and house cats
(Felis catus), approximately 50 cm including tail, were rarely spotted, and were not included
in the count. A PrimusDanmark spotlight was used (Cree 10-watt LED, 810 Lumen, SHG,
Huizhou, China), and binoculars were brought as an aid for species determination. Each
census would start 1.5 h after sunset [7,12]; however, Ingstrup–Stenum and Ulsted North–
South were conducted consecutively the same night, meaning that the counts at Stenum and
Ulsted South started 2–3 h after sunset. The speed of the car varied to be sufficiently slow to
be able to cover the area, usually around 5–10 km/h depending on the terrain, vegetation,
and obstacles, and with full stops at terrain difficult to cover [7,12]. The observations were
recorded on paper maps, with an estimated distance to the transect line.

Two surveys were conducted at Ingstrup and Stenum: 15 March and 9 April 2023.
Three surveys were conducted at Ulsted: 22 March, 29 March, and 5 April 2023. The
weather conditions on those nights are listed in Table 1.
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Table 1. The dates of the surveys and the weather conditions of those nights.

Date Place Temperature Weather Conditions

15 March 2023 Ingstrup–Stenum 0 ◦C Clear to cloudy sky

22 March 2023 Ulsted 5 ◦C Cloudy

29 March 2023 Ulsted 2 ◦C Light rain, fog, poor
visibility

5 April 2023 Ulsted 3 ◦C
Clear sky, moonlight;
rain and sleet later in

the night

9 April 2023 Ingstrup–Stenum 7 ◦C Clear sky

The transect lines covered the following distance and area: Ingstrup 8.6 km, covering
2.58 km2; Stenum 8.3 km, covering 2.49 km2; Ulsted North 8.0 km, covering 2.40 km2; Ulsted
South 9.1 km, covering 2.73 km2. The mean speed of the car conducting the spotlight counts
in Ingstrup and Stenum was 11 km/h, while in Ulsted, the mean speed was 6 km/h.

2.2. Scouring Transect Counts by Drone with Thermal Camera

Subsequently, with the spotlight counts, the transect area was scoured with the drone,
a DJI Matrice 300RTK (M300) with a Zenmuse H20N payload (H20N) (SZ DJI Technology
Co., Ltd., Shenzhen, China). The two thermal cameras in the H20N both had a resolution
of 640 × 512 pixels and a field of view (FOV) of 45.5◦ and 12.5◦, with 4× and 32× zoom,
respectively. The chosen thermal color palette was white-hot consistently for all footage.
The drone operator followed the car conducting the spotlight counts, in a separate car
with a designated driver. This meant that the drone could be kept within visual line of
sight (VLOS) at all times while moving along the transect line. The mean speed of transect
coverage was 6 km/h, meaning it took roughly three hours to cover 18 km transect, which
corresponded with the flight time provided by 4 × 2 batteries for the M300. In Ulsted,
the distance to the spotlight counting car was between 300 and 50 m; in Ingstrup, it was
between 50 m and three kilometers; and in Stenum, the drone survey started when the
spotlight count had finished, since the survey was conducted in continuation of the count
in Ingstrup.

The flight altitude of 120 m above ground level (AGL) was maintained throughout the
survey, except for the three times when battery change was needed. This altitude could
be kept due to the high-powered TIR zoom capabilities of the H20N. With the use of DJI
FlightHub, integrated in the M300 flight system and developed for search and rescue (SAR)
missions [41], the manual flight could be preplanned and drawn on the map shown on the
controllers, as well as online in a browser. This made it possible to highlight restricted areas
and obstacles like power lines and wind turbines (red line, Figure 2) and possible take-off
and landing sites (red diamond, Figure 2) and to see the annotations live on the controller.
Lines for the safest path when flying manually (light yellow line, Figure 2) were drawn in
advance, as a guide to maintain proper distance to residential areas, where the minimum
distance was 150 m with a C3-drone like DJI Matrice 300 (>4 kg total weight) [42].

The drone was manually flown in a souring zig-zag pattern covering the 300 m wide
transect while the operator adjusted the camera angle to the terrain, vegetation cover, and
other obstructions to maintaining situational awareness, e.g., keeping track of moving
animals, what parts of the transect area that had already been covered, obstacles and
hazards, and where to position the drone next. The camera was mostly kept at a 45◦ angle
but continuously adjusted to sufficiently cover the survey area. When a point of interest was
observed, e.g., an object emitting noticeably more radiance than the surroundings [39], the
drone was stopped mid-flight, and the camera was zoomed in until species identification
could be made. If it was not possible to make an identification, the drone was flown closer
to the object. Using the remote controller and the laser range finder, each observation was
registered with a pinpoint on the map. By analyzing the recorded video footage afterwards,
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species were assigned to the registered observations, as well as new observations that
were missed when flying the drone. The KML data from DJI FlightHub were imported
to QGIS Desktop 3.22.8, and base maps (from Dataforsyningen) were used to create the
resulting maps.
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for the optimal path when flying manually (light yellow line) were drawn in advance. Annotations
made mid-flight would instantly be updated on the controller and in the browser and stored for later
data extraction online.

To be able to compare the drone observations with the spotlight observations, distance
sampling techniques, employing the increased probability of missed observations at further
distances, were not applied [17,18]. Sightings were split up into observations of brown
hare (Lepus europaeus), deer, and Carnivora, where Carnivora covers all carnivores the
size of ferret and up, and deer covers members of the Cervidae family, (Tables 2–4). Deer
observations were primarily roe deer (Capreolus capreolus), but since species recognition
could not be exact in the dark and from a distance, red deer (Cervus elaphus) and fallow
deer (Dama dama) may be included in the observations.
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Table 2. Summary of counts and densities for European hare revealed by thermal drone and spotlight
counts for the ten survey transects with date of area covered.

Location Date Area km2 Drone
Hare Obs.

Spotlight
Hare Obs. Difference Drone

Hares per km2
Spotlight

Hares per km2

Ulsted_N 22 March 2023 2.4 30 24 6 12.5 10.0
Ulsted_S 22 March 2023 2.7 36 10 26 13.3 3.7
Ulsted_N 29 March 2023 2.4 22 7 15 9.2 2.9
Ulsted_S 29 March 2023 2.7 38 12 26 14.1 4.4
Ulsted_N 5 April 2023 2.4 24 10 14 10.0 4.2
Ulsted_S 5 April 2023 2.7 31 5 26 11.5 1.9
Ingstrup 15 March 2023 2.6 16 4 12 6.2 1.5
Stenum 15 March 2023 2.5 12 8 4 4.8 3.2
Ingstrup 9 April 2023 2.6 17 9 8 6.5 3.5
Stenum 9 April 2023 2.5 20 6 14 8.0 2.4

Table 3. Summary of counts and densities for deer revealed by thermal drone and spotlight counts
for the ten survey transects with date of area covered.

Location Date Area km2 Drone
Deer Obs.

Spotlight
Deer Obs. Difference Drone

Deer per km2
Spotlight

Deer per km2

Ulsted_N 22 March 2023 2.4 7 19 −12 2.9 7.9
Ulsted_S 22 March 2023 2.7 38 31 7 14.1 11.5
Ulsted_N 29 March 2023 2.4 20 37 −17 8.3 15.4
Ulsted_S 29 March 2023 2.7 26 20 6 9.6 7.4
Ulsted_N 5 April 2023 2.4 22 24 −2 9.2 10.0
Ulsted_S 5 April 2023 2.7 23 34 −11 8.5 12.6
Ingstrup 15 March 2023 2.6 14 8 6 5.4 3.1
Stenum 15 March 2023 2.5 5 2 3 2.0 0.8
Ingstrup 9 April 2023 2.6 5 0 5 1.9 0.0
Stenum 9 April 2023 2.5 15 2 13 6.0 0.8

Table 4. Summary of counts and densities for carnivores revealed by thermal drone and spotlight
counts for the ten survey transects with date of area covered.

Location Date Area km2 Drone
Carn. Obs.

Spotlight
Carn. Obs. Difference Drone

Carn. per km2
Spotlight

Carn. per km2

Ulsted_N 22 March 2023 2.4 1 2 −1 0.4 0.8
Ulsted_S 22 March 2023 2.7 1 2 −1 0.4 0.7
Ulsted_N 29 March 2023 2.4 5 7 −2 2.1 2.9
Ulsted_S 29 March 2023 2.7 1 4 −3 0.4 1.5
Ulsted_N 5 April 2023 2.4 3 1 2 1.3 0.4
Ulsted_S 5 April 2023 2.7 0 3 −3 0.0 1.1
Ingstrup 15 March 2023 2.6 1 1 0 0.4 0.4
Stenum 15 March 2023 2.5 3 0 3 1.2 0.0
Ingstrup 9 April 2023 2.6 3 3 0 1.2 1.2
Stenum 9 April 2023 2.5 3 3 0 1.2 1.2

2.3. Statistical Analysis

The density per km2 of hares, deer, and carnivores was calculated dividing the number
of observations by the area covered. Using R (Version 4.2.1), Wilcoxon paired rank test was
used to compare the density of hares, deer, and carnivores found with the thermal drone
and the spotlight transect method. Pearson’s product–moment correlation was used to
test if there was a simple linear relationship between the density of the animals using the
two methods. Bland–Altman plots were used to analyze the difference between the two
methods. A product–moment correlation was used to test if there was a linear relationship
between the difference between the two methods and the mean density of the species in
concern, i.e., if there was a density-dependent relation between the methods, to reveal
density dependence.
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3. Results

In ten surveys (Appendix A, Figures A1–A10, and Tables 2–4), hares were found in
significant higher densities with the drone (mean 9.6 ± 3.1 SD) than with spotlight counts
(mean 3.8 ± 2.3 SD) (p = 0.002). No linear relationship was found between the density of
hares of the two methods (R = 0.45, p = 0.19) (Figure 3a).

Drones 2023, 7, x FOR PEER REVIEW 7 of 23 
 

to test if there was a simple linear relationship between the density of the animals using 
the two methods. Bland–Altman plots were used to analyze the difference between the 
two methods. A product–moment correlation was used to test if there was a linear rela-
tionship between the difference between the two methods and the mean density of the 
species in concern, i.e., if there was a density-dependent relation between the methods, to 
reveal density dependence. 

3. Results 
In ten surveys (Appendix, Figures A1–A10, and Tables 2–4), hares were found in sig-

nificant higher densities with the drone (mean 9.6 ± 3.1 SD) than with spotlight counts 
(mean 3.8 ± 2.3 SD) (p = 0.002). No linear relationship was found between the density of 
hares of the two methods (R = 0.45, p = 0.19) (Figure 3a).  

 
Figure 3. (a–c) Pearson’s correlation coefficient (R), the corresponding p-value (p), and the slope of 
the linear regression of the number of observations per km2 grouped into hare, deer, and carnivores 
at the ten surveys. 

There were no significant differences between the densities found by the drone and 
the spotlight counts of deer (p = 0.92) nor the carnivores (p = 0.53) (Tables 3 and 4). A linear 
relation was found between the densities of deer recorded by the drone and the spotlight 
counts (R = 0.69, p = 0.027, Figure 3b), while no relation was found between the counts of 
carnivores by the drone and the spotlight counts (R = 0.45, p = 0.19) (Figure 3c). 

The Bland–Altman plots likewise showed a higher detection of hares by drone than 
by spotlight counts (Figure 4). On average (solid line), the drone spotted 5.2 more hares 
per km2 than the spotlight counts (Figure 4a–c). However, as interpreted from the Bland–
Altman plot for hares (Figure 4a), except from one outlier, the difference in this average 
will depend on the density of hares; the difference between the two methods increased 
with the increased density of hares (the average of the two methods). On average, no dif-
ference was found between the drone and spotlight counts for deer or carnivores; the plots 
were evenly distributed around zero with means of −0.15 and −0.18, respectively, (Figure 
4b,c). For deer, the difference between the two methods was ±7 individuals per km2 (Fig-
ure 3b), and for carnivores −1.6 to 1.2 individuals per km2 (Figure 4c). No density-depend-
ent difference was found between the two methods for deer or carnivores. 

Figure 3. (a–c) Pearson’s correlation coefficient (R), the corresponding p-value (p), and the slope of
the linear regression of the number of observations per km2 grouped into hare, deer, and carnivores
at the ten surveys.

There were no significant differences between the densities found by the drone and
the spotlight counts of deer (p = 0.92) nor the carnivores (p = 0.53) (Tables 3 and 4). A linear
relation was found between the densities of deer recorded by the drone and the spotlight
counts (R = 0.69, p = 0.027, Figure 3b), while no relation was found between the counts of
carnivores by the drone and the spotlight counts (R = 0.45, p = 0.19) (Figure 3c).

The Bland–Altman plots likewise showed a higher detection of hares by drone than
by spotlight counts (Figure 4). On average (solid line), the drone spotted 5.2 more hares
per km2 than the spotlight counts (Figure 4a–c). However, as interpreted from the Bland–
Altman plot for hares (Figure 4a), except from one outlier, the difference in this average will
depend on the density of hares; the difference between the two methods increased with the
increased density of hares (the average of the two methods). On average, no difference was
found between the drone and spotlight counts for deer or carnivores; the plots were evenly
distributed around zero with means of −0.15 and −0.18, respectively, (Figure 4b,c). For
deer, the difference between the two methods was ±7 individuals per km2 (Figure 3b), and
for carnivores −1.6 to 1.2 individuals per km2 (Figure 4c). No density-dependent difference
was found between the two methods for deer or carnivores.
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4. Discussion

The drone method measured up to the traditional spotlighting method and showed
potential to surpass it in terms of time spent, accuracy, and applicability, when considering
the additional area covered outside the transect area, as well as the likelihood that near all
animals in open areas were observed by the drone inside the transect area. The time spent
subsequently plotting the observations and analyzing footage was not directly compared
between the two methods, but the spotlighting data were less time consuming to process.
However, with more experience with the drone method and the implementation of machine
learning techniques, the difference could become negligible. The difference between the
drone method and the spotlight transect counts varied between the species. The drone
spotted more hares per km2 than spotlight counts (Tables 2–4), but the difference between
the methods depended on the density of hares in the area (Figure 4a). This means that
when comparing historical data or data from other areas with hare counts, the density of
hares in the area needs to be taken into account. However, a conversion factor between
the thermal drone counts of hares and spotlight counts needs further investigation, and
the range of the sightings suggests that the amount of data is insufficient to present a
normal distribution of animal densities, and more surveys are needed to infer reliable
population size estimations. It was expected that more sightings would be made with the
drone, since it was assumed that near all subject animals would be spotted in the open
by the thermal camera, whereas it was assumed that more animals would be missed by
the spotlight counts the further away from the transect line they would be, and, therefore,
distance sampling calculations could later be applied to account for this [17,18]. For deer
and carnivores, no average difference was found between the drone and spotlight count
methods; however, there was especially a relatively large range and no density-dependent
range between the animals spotted by the two methods (Figure 4). Deer may move around
in small herds, and, therefore, a herd moving outside the survey transect may result in a
difference between the methods in the number of individuals. The positive slopes of the
linear regressions (Figure 3) for hare and carnivores were below 1, which suggests that the
drone method in general has more observations than the spotlight method for these two
groups. However, the p-values are relatively high for these two groups. For deer, the slope
is close to 1, which suggest little to no difference. The direct linear relation between drone
and spotlight counts of deer may be due to the larger size of deer and, therefore, relative
ease of spotting them from the ground. Spotlight counts may disturb especially deer and
carnivores, pushing them out of the transect areas, and thereby affect the drone counts.
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This could be supported by the distribution of the animals (Appendix A, Figures A1–A10),
where especially deer and carnivores seemingly moved to the outside of the transect before
the drone count. There was not a clear trend observed as to when the animals would react
to the human disturbance or not. Sometimes, they would remain still when caught in the
spotlight and continue foraging immediately after, and sometimes they would scatter and
move out of the transect quickly. Deer and the carnivores tended to be more vigilant and
run further away, when disturbed by the spotlight or the sound of the drone. Road bias,
the possible effects that busy roads can have on wildlife behavior and presence [43], and
variations in how accustomed to human activities the animals were in specific areas could
be an explanation of this, as well as the weather conditions or simply random migration,
but further studies are needed to uncover the effects of drone count and spotlight count
disturbance [25,44]. Since this study was based on the premise of the Hunters Association’s
planned surveys, it was a priority not to risk disturbing their surveys. Therefore, the drone
surveys had to be conducted after the spotlight surveys. Ideally, the drone survey would
have been conducted first, as the data suggest that spotlighting disturbs animal distribution.
It would have been even better to conduct the surveys on separate nights. However, this
approach would require many more surveys to achieve a normal distribution of data for
both methods, providing a foundation for future studies.

The drone could potentially cover a larger area, up to three times the area of the transect
when including the observations outside the transects (Appendix A, Figures A1–A10), in
roughly the same timeframe as the spotlight counts in Ulsted and roughly twice the
timeframe in Ingstrup and Stenum. The spotlight survey car in Ingstrup and Stenum
drove faster than in Ulsted but still within the guideline limit [12], which could explain
why the drone counts here had more sightings for all animal groups, but slightly more
obstructions of line of sight from the road along the transect line in Ingstrup and Stenum,
such as vegetation and residential housing, could also be an explanation, when comparing
to Ulsted.

4.1. Similar Studies

Monitoring mammals using drones has been extensively studied [22–32,45–51]. Witt
et al. [32] compared spotlight counts and point counts to counts using a drone equipped
with thermal cameras for direct detection of koalas (Phascolarctos cinereus) while flying
the drone in predetermined transects. A detection probability of 83.3 ± 11.39% for the
drone method was seen, compared to 38.9 ± 20.03% for spotlight counts and 4.2 ± 4.17%
for point counts. Psiroukis et al. [50] monitored free-range rabbits at night, by flying at
an altitude of 25 m in a predetermined flightpath. Using a thermal camera, images was
gathered and later analyzed using deep learning (YOLOv5), demonstrating the prospects of
combining UAS-gathered imagery with machine learning. Howell et al. [31] analyzed the
cost-effectiveness of UAS thermal imaging for koala detection, comparing it with spotlight
and point counts, and showed that the drone method was a cost-effective tool, despite the
hardware, training, and licensing costs.

4.2. Limitations of this Study

Fog and bright moonlight had an effect on the quality of the drone survey. Fog
decreased the detection distance to the animals considerably, so the drone had to fly
closer to the subject for species recognition. Bright moonlight made drainage well covers,
powerline foundations, water puddles, larger rocks, et cetera, very visible due to the
emissivity and reflection of the materials, which at a distance would look like animals, so
every object had to be inspected. Therefore, fog and moonlight did make the drone surveys
slightly more time-consuming and challenging. Legislation could pose a challenge when
upscaling the method for larger survey areas with limited accessibility, since the drones
must be kept within visual line of sight (VLOS) at all times. However, the M300 makes
it possible to assign several remote controllers to the same drone, making it possible to
pass on the control of the drone from one operator to another mid-flight. Thereby, two
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or more drone operators could cover a much larger area while keeping the drone within
VLOS. This would make the method man-hour heavy, and adding the expenses of the
drone equipment would make the survey much more expensive than volunteer-based
surveys. There was some degree of uncertainty when determining species, especially
because fox (Vulpes vulpes), raccoon dog (Nyctereutes procyonoides), badger (Meles meles),
and cat (Felis catus) can have similar postures and gaits when observed from a distance,
which is why all carnivores were grouped in this study. The silhouette of deer and hare
could also be difficult to distinguish from each other when comprised of very few pixels,
but the patterns of movement made it possible to identify the species from a distance. In
general, the animals were not evenly distributed in the open and were often seen in pairs
or herds. Patches of several km2 could be desolate at one point in the night, but within
less than an hour, the ground could be teeming with hare and roe deer, due to seemingly
random movement of the animals.

4.3. Perspectives and Future Studies

The presented method showed promise with higher detection rates for hare, and
potentially covering a much larger area per survey, but it is still time-consuming and
more expensive in terms of equipment compared to utilizing volunteers, so it is unlikely
to replace spotlight counts. The drone method would be superior in areas difficult or
dangerous to travers by car or on foot, and potentially when monitoring cryptic animals,
where traditional methods fall short. Additionally, it might be possible to use it to infer a
correction factor to apply in the spotlight count method, for each specific habitat and species,
as an alternative or a supplement to distance sampling calculations [17], by assuming that
all animals in the survey area are detected with the drone. This might be accomplished by,
after obtaining a sufficiently large amount of data to attain normal distribution per habitat,
applying correlation statistics in the drone counts versus the spotlight counts, for example,
Pearson’s correlation (Figure 3). Ideally, this would be performed per survey area, since
it should be assumed that there are differences in the habitats and local populations. To
obtain reliable data, measures should be taken to eliminate the risk of the spotlight counts
having an effect on the drone counts, by doing the drone and spotlight surveys on separate
nights. Hare leverets are notoriously difficult to monitor [3], and throughout the drone
surveys and pilot studies, not a single leveret was positively detected. On especially clear
nights, several animals smaller than adult hares were detected, mostly assumed to be mice
due to their patterns of movement, but it could be speculated that a portion of them were
leverets, since they were often seen in the open field near adult hares. This could have been
confirmed with a light-enhanced infrared camera (IR), mounted on the drone, or handheld
by approaching on foot [3]. With the development of better camera technology, it might
be possible to expand the method to include leverets and other small mammals and even
study their behavior and movements from above.

5. Conclusions

The scouring drone count method did observe significantly more hares than the
traditional spotlight method, while for deer and carnivores, there was no significant
difference in the average number of observations. Even though the drone method was
as man-hour heavy as the spotlight method, it has potential to cover a larger area within
the same timeframe. The drone and camera needed are expensive, so the inexpensive and
citizen science-driven spotlight counts are still an invaluable tool for estimating mammal
wildlife populations but can be supplemented and enhanced by the drone method. Further
automation of the drone flight missions and animal detection could reduce the need for
expensive drone operators. The drone method offers a basis for studying animal behavior,
simultaneously with a monitoring mission, and is not as limited by vegetation along the
transect lines as the spotlighting method. Further studies into the disturbances caused by
the monitoring methods are needed, and more data should be obtained with drone counts
and spotlight counts, possibly independently of each other, until a normal distribution is
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reached. This could give insights into the differences in the habitats and possibly make a
foundation for a correction factor that could be used in spotlight counts, as a supplement
to or even a replacement of distance sampling techniques in the unique habitats surveyed.

Author Contributions: Conceptualization, P.P., D.B., C.P. and S.P.; methodology, P.P.; formal analysis,
P.P., S.P. and C.P.; investigation, P.P.; resources, S.P. and C.P.; data curation, P.P. and S.P.; writing—
original draft preparation, P.P.; writing—review and editing, P.P., D.B., C.P. and S.P.; visualization,
P.P.; supervision, D.B., C.P. and S.P.; funding acquisition, S.P., C.P. and D.B. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was funded by The Danish Ministry of Environment (grant number 2021-
69701), the Institute Infrastructure (Aalborg University), and the Aalborg Zoo Conservation Founda-
tion (AZCF: grant number 07-2022). Thank you for the support and making this study possible.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: We would like to thank Zacharias Jacobsen, Kurt Thomsen, and Frederik de
Claville Christiansen from the Danish Hunters Association (Danmarks Jægerforbund) for providing
data from spotlight counts and letting us fly over their preserves and Jens Christian Rasmusen for
moral support and invaluable help with the night-time drone surveys.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of this study; in the collection, analyses, or interpretation of data; in the writing of the manuscript or
in the decision to publish the results.

Appendix A

Drones 2023, 7, x FOR PEER REVIEW 12 of 23 
 

Appendix A 
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Figure A6. Observations in the area of Ulsted South, 5 April 2023, from spotlight counts and drone 
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Figure A7. Observations in the area of Ingstrup, 15 March 2023, from spotlight counts and drone 
counts. The blue line shows the transect lines, and the grey area represents the survey area. Figure A7. Observations in the area of Ingstrup, 15 March 2023, from spotlight counts and drone

counts. The blue line shows the transect lines, and the grey area represents the survey area.
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Figure A8. Observations in the area of Stenum, 15 March 2023, from spotlight counts and drone 
counts. The orange line shows the transect lines, and the grey area represents the survey area. Figure A8. Observations in the area of Stenum, 15 March 2023, from spotlight counts and drone
counts. The orange line shows the transect lines, and the grey area represents the survey area.
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Figure A9. Observations in the area of Ingstrup, 9 April 2023, from spotlight counts and drone 
counts. The blue line shows the transect lines, and the grey area represents the survey area. Figure A9. Observations in the area of Ingstrup, 9 April 2023, from spotlight counts and drone counts.
The blue line shows the transect lines, and the grey area represents the survey area.
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Figure A10. Observations in the area of Stenum, 9 April 2023, from spotlight counts and drone 
counts. The orange line shows the transect lines, and the grey area represents the survey area. 
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