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The possibilities and limitations of thermal 
imaging to detect wild boar (Sus scrofa) 
carcasses as a strategy for managing 
African Swine Fever (ASF) outbreaks

ASP-Bekämpfung: Kadaversuche aus der Luft – Möglichkeiten 
und Einschränkungen

Ulf Hohmann1, Michael Kronenberg2, Martin Scherschlicht3, Fiona Schönfeld4

Summary The removal of wild boar carcasses is one of the first important countermeas-
ures after an ASF outbreak. Thermal imagers that visualise body temperature 
are already in use for selective carcass detection. In addition to carrion-specific 
infrared radiation (IR-radiation) derived from natural body temperature or decay 
heating, non-carrion specific heat sources such as the absorption of sunlight, limit 
detection selectivity. To understand the influence of different heat sources on the 
IR-radiation phenology of carcasses better, we monitored the internal tempera-
ture of nine culled wild boar (Sus scrofa) during decomposition using dummies 
as a control. Culling took place between June and November and the objects 
were placed in fenced-off areas. Some of them were exposed to direct sunlight 
throughout, while others remained in the shade. For detection, we used both 
stationary and helicopter mounted thermal imagers. As expected, all culled boar 
had cooled down approximately two days after death. In summer, in culled boar 
that were placed at ambient temperatures above 10 °C, decay-heating started 
after 3–7 days and lasted up to four weeks. In the carcasses that were exposed 
to direct sunlight, absorption had a similar effect on IR-radiation as is normally 
observed from internal heating. In boar culled during November–December at 
an ambient temperature below 10 °C, we found no signs of decomposition or 
decay-heating. Solar absorption was the main source of IR-radiation after algor 
mortis. We therefore conclude that thermal imaging will be less efficient for 
detecting carcasses during colder seasons (Ø <10 °C; November–March) and at 
other times of the year on sunny days and the subsequent nights following such 
days. Considering the highlighted challenges relating to the detection of wild 
boar carcasses using IR-radiation, and the fact that moribund boar prefer places 
with IR-shielding vegetation to die, the continued reliance on a ground search 
approach for detecting infected carrion is still inevitable at present.

Keywords: absorption, carcass detection, aircraft mounted thermal imagers, 
drone, infrared

Zusammenfassung Im ASP-Management ist die Kadaverbeseitigung eine der ersten Gegenmaßnah-
men. Dabei wird der Einsatz von Infrarotkameras zur Detektion der Körperwärme 
bereits für eine selektive Kadaversuche praktiziert. Doch neben kadaverspezi-
fischer Wärmestrahlung aufgrund Restkörper- oder Verwesungswärme können 
kadaverunspezifische Wärmequellen wie die Absorption von Sonnenlicht die 
Selektivität einschränken. Um den Einfluss der verschiedenen Wärmequellen 
auf die IR-Abstrahlungsphänologie eines Kadavers besser zu verstehen, wurden 
neun zwischen Juni und November getötete Wildschweine (Sus scrofa) sowie 
Wildschweinattrappen in umzäuntem Gelände ausgelegt. Ein Teil wurde der 
direkten Sonneneinstrahlung ausgesetzt. Zur Detektion wurden IR-Kameras 
an einem Hubschrauber sowie stationäre Anlagen genutzt. Wie zu erwarten, 
kühlten alle Versuchstiere am zweiten Tag nach der Tötung vollständig aus. Die 
Sommerkadaver bei Umgebungstemperaturen von > 10 °C zeigten nach dem 
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Introduction

Within an African Swine Fever (ASF) outbreak area, 
most wild boar get infected by direct contact with dead 
conspecifics that carry the virus (Chenais et al. 2019). 
Carcasses can facilitate the spread of the disease for sev-
eral weeks to months during decomposition (Miteva et 
al. 2020, Zani et al. 2020). Thus, the rapid removal of wild 
boar carcasses during a sylvatic ASF outbreak is one 
of the most effective and important countermeasures 
(Miteva et al. 2020). However, the rapid detection of 
the carcasses remains a challenging task as wild boar 
(Sus scrofa) prefer dense vegetation during resting time 
and moribund boar infected with ASF frequently die 
in areas that are poorly accessible (Morelle et al. 2019). 
Usually, search teams on the ground try to locate boar 
carcasses, either visually or with the aid of trained 
detection dogs. Both approaches are time-consuming 
and expensive. On the other hand, it is known from 
forensic research that both human bodies and domes-
tic pigs (Sus scrofa domesticus) that are used as human 
body models for decomposition studies can produce 
a considerable amount of heat during decomposition 
(Johnson et al. 2013, Lee et al. 2018, Sharanowski et al. 
2008). The generation of heat during decomposition is 
the result of necrophagous insect larvae and bacterial 
activity inside the carcass (DesMarais 2014). Depend-
ing on ambient conditions, the decomposition process 
can last up to three to four weeks, and results in a net 
difference of body surface temperature to ambient 
temperature of up to 10 °C or more. Surface tempera-
ture can be measured non-invasively using infrared 
or thermal imagers (DesMarais 2014, Edelman et al. 
2013, Johnson et al. 2013). Thermal imaging cameras 
mounted on an aircraft (e.g. a drone or helicopter) 
can make use of this temperature difference to locate 
decomposing carcasses from a distance (Amendt et al. 
2017, Bodnar et al. 2019, Butters et al. 2020, Descalzi 
2019, Lee et al. 2018, Murray et al. 2018). Research has 
shown that decaying clothed bodies and mammalian 
carcasses wrapped in plastic or carpet, or even bur-
ied, still produce internal heat to generate sufficient 
surface temperature (difference >0,1  °C) contrasts to 
the background (Butters et al. 2020, Kelly 2006, Lee et 
al. 2018, McDaneld 2016). We therefore assume that 
a decaying wild boar carcass, despite being covered 
with thick, highly insulating fur, would be detectable 
using infrared or thermal imagers during putrefac-

dritten bis siebten Tag Verwesungswärme, die bis zu vier Wochen anhielt. Die 
Herbstkadaver bei Umgebungstemperaturen von < 10 °C zeigten weder Zeichen 
von Verwesung noch von Verwesungswärme. Im Freien heizte die Absorption 
von Sonnenlicht die Kadaver oder Attrappen ähnlich auf wie der Verwesungsme-
tabolismus. Bei den Herbstkadavern war Absorption die einzige nennenswerte 
Wärmequelle nach Algor mortis. Die Effizienz von Infrarotkameras zur selektiven 
Detektion von Kadavern wird daher in der kalten Jahreszeit (Oktober/November 
bis März/April) und ganzjährig während sonniger Wetterphasen und in der Fol-
genacht eingeschränkt sein. Da sich kranke Wildschweine bevorzugt in Bereiche 
mit IR-abschirmender Vegetation zurückziehen, sind bodengestützte Kadaver-
suchstrategien im ASP-Management unumgänglich.

Stichwörter: Absorption, Kadaverdetektion, luftgestützte wärmebildgebende 
Verfahren, Drohne, Infrarot

tion. However, many other natural objects have similar 
abilities to emit infrared radiation (IR-radiation) with 
emissivity values and absorption coefficients for elec-
tromagnetic radiation (ability to weaken the intensity 
of electromagnetic radiation passing an object) com-
parable with those of skin or fur (Edelman et al. 2013). 
These objects such as bare soil, wooden material, dried-
out vegetation or stones could emit thermal radiation 
within the range of a carcass. We wondered to which 
extend the absorption of sunlight contributes to the net 
IR-radiation of a carcass beside any internal heat sources. 
Moreover, in case of a given similar heat capacity and ther-
mal conductivity, many such objects emit IR-radiation 
even hours after sunset, mimicking the properties of a 
warm, decaying carcass into night time. In colder peri-
ods of slowed down – or even blocked – activity of nec-
rophagous insects and bacteria (Anderson 2000, Kelly 
2006, Lee et al. 2018), these abiotic mechanisms could 
determine the thermal signature of a carcass only.

As the efficiency of carcass detection requires a reli-
able differentiation of objects based on the emitted 
IR-radiation, these masking effects should be consid-
ered. To gain a better understanding of such interfering 
effects, this study aims to differentiate physical (exter-
nal) warming from decomposing (internal) warming 
by means of an experimental set up using wild boar 
carcasses and dummies exposed to direct sunlight or 
shade during summer and winter.

Materials and methods

We used nine culled wild boar with an average life 
weight of 28 kg (range of 20–40 kg, details in Table 3). 
We also prepared wild boar dummies to have the ther-
mal conductivity and absorption properties similar to a 
wild boar carcass but excluding the decay metabolism 
as an energy source. A wild boar dummy is made up of 
a tanned wild boar skin wrapped around water tubes 
each filled with approximately 25 l of tap water. 

The experimental (culled wild boar) and control 
(wild boar dummy) objects were placed in different 
fenced-off areas and arranged in five different experi-
mental settings at different times of the year. Three 
of the experimental settings were in summer (June–
August/September) and two were in winter (Novem-
ber/December) as shown below:
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impacts on insect activity and natural decomposition pro-
cesses, we did not use drugs to euthanize study animals. 
Most of the animals were culled by means of a close-
range head shot to limit the number of artificial body 
openings resulting from penetrating gunshot wounds. 
Only one animal in Setting 1 and the animals in Setting 5 
were culled with a typical hunting-distance shot to the 
chest that produced a large penetrating gunshot wound.

All wild boar carcasses were exposed to ambient con-
ditions in fenced-off areas to prevent interference by 
foxes or other ground scavengers. Airborne scavengers 
such as buzzards (Buteo buteo) had unlimited access to 
the carcasses but were rarely observed in the study areas.

Measurement of wild boar carcass and wild boar 
dummy internal temperatures
We measured and stored internal sample temperature 
with a temperature-measuring probe (Trueber T100) and 
a data logger. Temperature measurements were taken 
at least every hour, starting after culling and lasting for 
three to four weeks (Fig.  4). Temperature probes were 
placed 20 cm deep in the mouth and anus or under the 
skin of the wild boar carcasses. In case of the dummies, 
the temperature probes were located between the skin 
and the water tubes. The ambient air temperature was 

• Setting  1, Winningen (Rhineland-Palatinate, Ger-
many): During the first trial in summer (June 2019), 
two wild boar carcasses were positioned side by side 
in the open (Fig. 1).

• Setting  2, Winningen (Rhineland-Palatinate, Ger-
many): In the second trial in summer (August 2019), 
a wild boar dummy was placed in the open as a 
control next to a recently opened and exposed wild 
boar carcass.

• Setting  3, Bassenheim (Rhineland-Palatinate, Ger-
many): In late summer (September  2019), a wild 
boar carcass/dummy pair was placed in the open 
and another pair was positioned nearby in con-
stant shade (generated with a self-made sun shading 
made up of stretched tarp; Fig. 2). 

• Setting  4, Hochscheid (Rhineland-Palatinate, Ger-
many): In early winter (November 2019), a wild boar 
carcass/dummy pair was again positioned in the 
open and another pair nearby in constant shade.

• Setting  5, Hochscheid (Rhineland-Palatinate, Ger-
many): In winter (December 2019) in a similar set-up 
as described in Setting 4 with the only difference being 
large lacerations due to penetrating gunshot wounds. 

All wild boar, except for one animal in Setting 1, were kept 
in a semi-natural enclosure before culling. To avoid any 

FIGURE 1: Setting 1: Winningen, Rhineland-Palati-
nate, Germany 2019. During the first trial in June 2019, 
co-author M. Kronenberg positioned a boar carcass in 
the open in a fenced area. A similar approach was used 
for Setting 2 (Winningen, Rhineland-Palatinate, Ger-
many 2019) in August.
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FIGURE 2: Setting 3: Bassenheim, Rhineland-Pala-
tinate, Germany 2019. During the third trial in Sep-
tember 2019, a carcass and dummy pair were positi-
oned within a fenced area. One pair was placed in the 
open and another pair close by in the shade. A similar 
experimental set up was used in Setting 4 (Hochscheid, 
Rhineland-Palatinate, Germany 2019). 
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FIGURE 3: Winningen, Rhineland-Palatinate, Ger-
many 2019. Carcass 3 photographed on 12 August 2019, 
seven days after culling, with a visible maggot infestation.

Ph
ot

o 
ta

ke
n 

b
y 

M
. K

ro
ne

nb
er

g.



Berliner und Münchener Tierärztliche Wochenschrift 2021 (134) 4

measured in a box placed 50  cm above ground in the 
shade (Fig.  1). To simplify the data capture, we meas-
ured the daily minimum and maximum ambient tem-
peratures of each carcass and dummy, and calculated the 
daily average from these results. 

IR-radiation
Thermal images were taken with a FLIR camera system to 
visualize the differences in IR-radiation between the car-

casses, the dummies, and their surroundings. The images 
captured are in greyscale, with colder areas being shown 
as darker. A FLIR-System (Star SAFIRE® 380-HDC) 
was attached to a helicopter (Polizei-Hubschrauberstaffel 
Winningen, Rhineland-Palatinate), which flew over the 
study area 32 times (Settings 1 and 2 were observed from 
16  June to 3  September  2019 with 56% of the images 
being captured at night). A ground station (FLIR A65) 
was positioned at a height of 2–4 m above ground and a 

FIGURE 4: Difference of daily average temperatures between carcasses (internal probe 20 cm inside anus) and 
ambient air. Solid lines: open exposure, dashed lines: shade exposure. The number of objects as mentioned in Table 1 
are shown in brackets. Period A (cooling down of the carcass through algor mortis for 1–2 days after culling), 
Period B (3–5 days after culling; decrease in temperature), Period C (between 6–7 days to up to three weeks after 
culling: pronounced heating period due to decomposition).

FIGURE 5: Setting 2: Winningen, Rhineland-Palatinate, Germany 2019. Temperature measurements (taken at 
five-minute intervals) inside a wild boar carcass (No. 3) and a wild boar dummy in comparison to ambient air tem-
peratures during summer (August/September). The objects are also shown in Figure 6. 
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distance of 8–9 m to the objects (Settings 3, 4 and 5) from 
11 September to 15 December 2019. The FLIR A65 is a 
thermal imaging temperature sensor that provides linear 
output of recorded temperatures. When the emissivity 
values are similar, this technique can be used as a proxy 
of temperature differences between observed objects. 
Surface temperature differences were taken between the 
ground and objects in Setting 3. Due to handling errors 
during the evaluations in Setting 3, we could only store 
six measurements taken between 11–16 September 2019. 
In Settings 4 and 5, surface temperature differences were 
taken between the wild boar dummy and the carcasses in 
the shade because ground measurements failed.

Daily weather data (number of hours of sunshine and 
air temperature) were collected from data provided by 

the German National Meteorological Service (Deutscher 
Wetterdienst; https://www.dwd.de/) station ‘Andernach’, 
which is situated 13  km from Settings  1 and 2, and 
6 km from Setting 3, or from the meteorological station 
‘Hahn’, which is situated 6 km from Settings 4 and 5.

Results

Carcass temperatures recorded in summer (June–Sep-
tember 2019; Settings 1 and 3)
During the first two days after culling, all carcasses 
cooled down at a rate of approximately 0,5–1  °C per 
hour (ambient temperatures ranged from 0–17  °C). 
Due to ambient conditions, the differences between the 

TABLE 1: Heating phenology due to decomposition progress in wild boar carcasses during summer and winter 
2019 as a function of daily average temperatures (no: no significant temperature difference to the ambient air temperature

Days after culling Differences of daily 
temperature means in °C 
(dummy in brackets)

°C
(dummy in 
brackets)

A B C D E F G H I

Setting No. 
(carcass 
No.) (further 
details see 
Table 3)

Exposure Culling date Start and 
end of 
decay hea-
ting

Peak 
period 
of decay 
heating

Carcass 
(mouth or 
anus) to 
ambient 
during 
whole 
period (row 
D)

Body 
(mouth or 
anus) to 
ambient 
during peak 
period (row 
E)

Maximum 
difference
measured

Mean (min–max) of 
daily ambient tempe-
rature in °C for three 
weeks after culling

Setting 1 (1) open 16.06.2019 3–24 4-20 10.3 10.9 14.6 21.4 (11.8–30.2)

Setting 1 (2) open 18.06.2019 3–22 4-12 9.7 11.6 21 20.8 (11.8–29.6)

Setting 2 (3) open 05.08.2019 4–20 7-12 8.7 (5.1) 10.3 (6.8) 14.1 (10.6) 18.6 (13.4–26)

Setting 3 (4) shade 11.09.2019 6–18 7-13 15.3 (–2.7) 17.7 (–3.9) 26.2 (–1.1) 14,71 (9.5–21.3)

Setting 3 (5) open 11.09.2019 7–23 8-13 13.4 (0.3) 14.8 (0.0) 22.4 (0.7) 14.71 (9.5–21.3)

Setting 4 (6) open 30.10.2019 no no no no no 4.82 (2–7.3)

Setting 4 (7) shade 30.10.2019 no no no no no 4.82 (2–7.3)

Setting 5 (8) shade 22.11.2019 no no no no no 4.06 (1.9–6.6)

Setting 5 (9) open 22.11.2019 no no no no no 4.06 (1.9–6.6)

FIGURE 6: Setting 3: Bassenheim, Rhineland-Palatinate, Germany 2019. Temperature measurements (taken at 
five-minute intervals) inside a wild boar carcass and a wild boar dummy exposed to the open (sun) or in the shade in 
comparison to ambient air temperatures during late summer (September/October).
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ambient air temperature and that of the carcasses could 
be positive or negative (Period A in Fig. 4). From day 3 
to day  7, all four summer carcasses (mean daily aver-
age air temperature of 14–21 °C) became warmer than 
the ambient air temperature for a period of between 
12–21  days after culling (Table  1). During this period, 
the daily average temperature of the carcasses was 
mostly found to be between 9–18  °C above the daily 
average ambient air temperature (Table  1). For some 

days, the temperature difference between the ambient 
air and the carcass could be even higher (Period  B/C 
in Fig. 4). Especially during periods of colder weather 
(Fig.  6, period between 18–21  September  2019), the 
carcasses showed the highest temperature difference to 
the ambient air temperature of up to 26  °C (Period D 
in Fig.  4). Period C represents the timeframe during 
which the most pronounced maggot mass was visible 
in and around the carrion (Fig. 3). All measured tem-

FIGURE 7: Setting 4: Hochscheid, Rhineland-Palatinate, Germany 2019. Temperature measurements (taken at one-hour 
intervals) inside a wild boar carcass and a wild boar dummy exposed in the open (sun) or in the shade in comparison to 
ambient air temperatures in November. Measurements for the carcass in the sun started with one day’s delay.

FIGURE 8: Setting 1: Winningen, Rhineland-Palatinate, Germany 2019. Carcass 1 at 11 hours after culling, loca-
ted in a fenced-off, open exposure. The thermal image was taken on 16 June 2019 at 7:30 p.m, after the carcass was 
exposed to 5.6 hours of sunshine at an average ambient air temperature of 19.3 °C (maximum ambient air tempera-
ture of 23.7 °C). 
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peratures in the carcasses showed a diurnal increase 
and decrease, following a day-night rhythm (Fig. 5 and 
Fig. 6). The internal temperature of the summer carcass 
in the shade (Setting  3, animal  4) displayed a similar 
pattern, but with less fluctuation than the carcasses that 
were exposed in the open (Setting 3, animal 5; Table 1, 
Fig.  6). Both the internal and skin temperature of the 
carcasses correlated more directly with the duration of 

sunshine per day (R2 = 0.3) than with the maximum air 
temperature (R2 = 0.02).
Carcass temperatures recorded during winter (Novem-
ber–December 2019; Settings 4 and 5)
In contrast to the carcasses from the summer period, the 
winter carcasses (mean daily average air temperature of 
4–5 °C) did not show any signs of decomposition, inter-
nal heating or any obvious infestation with the larvae of 

FIGURE 9: Setting 1: Winningen, Rhineland-Palatinate, Germany 2019. Carcass 1 and 2, 16 and 18 days after 
culling, located in a fenced-off, open exposure. The thermal image was taken on 4 July 2019 at 1:48 p.m. after the 
carcasses were exposed to 15 hours of sunshine at an average ambient air temperature of 19.5 °C (maximum ambient 
air temperature of 26 °C).

FIGURE 10: Setting 2: Winningen, Rhineland-Palatinate, Germany 2019. Carcass 3, 5 days after culling, located in a 
fenced-off, open exposure. The thermal image was taken on 10 August 2019 at 11:58 p.m. after the carcass was expo-
sed to 4.2 hours of sunshine at an average ambient air temperature of 22.6 °C (maximum ambient air temperature of 
28.5 °C).
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FIGURE 11: Setting 2: Winningen, Rhineland-Palatinate, Germany 2019. Carcass 3 (7 days after culling), 
Carcass 1 (57 days after culling) and Carcass 2 (54 days after culling). Carcass 1 was culled on 5 August 2019 at 
8:40 a.m. The VIS (left) and thermal image (right) were taken on 12 August 2019 at 11:47 a.m., after the carcasses 
were exposed to 7.7 hours of sunshine at an average ambient air temperature of 16.9 °C (maximum ambient air 
temperature of 24.5 °C). 

TABLE 2: Setting 3, timetable of images taken with a 
FLIR 65 camera, and duration of sunshine and ambient 
temperatures

Date Time Days 
after 
death

Suns-
hine (h)

Ambient air tempe-
rature

Mean °C Max °C

11.09.2019 15:59 0 4,40 14 26

12.09.2019 15:03 1 4,80 19 25

14.09.2019 13:44 3 11,70 16 24

15.09.2019 11:55 4 11,90 16 26

16.09.2019 14:20 5 0,20 16 22

FIGURE 12: Setting 2: Winningen, Rhineland-Palatinate, Germany 2019. Carcass 3 (9 days after culling), 
Carcass 1 (59 days after culling) and Carcass 2 (56 days after culling). The thermal image was captured on 
14 August 2019 at 10:58 p.m. after the carcasses were exposed to 9.7 hours of sunshine at an average ambient air 
temperature of 17.6 °C (maximum ambient air temperature of 23.8 °C). 
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necrophagous insects for at least one month after culling 
(Fig. 4 and Fig. 7). 

Wild boar dummy temperatures
In the case of the controls, summer and winter tempera-
ture measurements were also regarded separately.

In summer, considering the differences in the daily 
average temperature, the wild boar dummies were 
warmer than the ambient air, but cooler than active 
decomposing wild boar carcasses (Table  1). Although 
the dummies were coldest compared to the carcass 
when both were in the shade, the situation changed 
when they were exposed to direct sunlight. In August 
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FIGURE 13: Thermal images of setting 3: Bassenheim, Rhineland-Palatinate, Germany 2019. Carcasses 4 and 5 in 
a fenced-off setting with exposure in the open at the front, and exposure to shade at the back (see sketch, for further 
details see Table 2).

and September (in June/July no dummies were used), 
i.e. during periods characterised by pronounced internal 
decay heating and sunshine, the temperatures measured 
in the dummy could be within the temperature range 
of the carcass. In summer, this was the case between 
21–24 August 2019 with more than 12 hours of sunshine 
being recorded (Fig. 5). During this period, the dummy 
internal temperature was almost equal to that of the 
decaying carcass. In autumn, between 21–22  Septem-
ber 2019, with 11 and 6 hours of sunshine the dummy 
maximum internal temperatures reached the levels of 
the carcass minimal internal temperatures (Fig. 6).

In winter (Settings 4 and 5), the temperature profiles of 
the dummies and carcasses were similar and close to that 
of the ambient air temperature, regardless of whether 
they were exposed to sunlight or not (Fig. 4 and 7).

IR-radiation
In general, thermal images captured by using the FLIR-
cameras could visualize the carcasses when compared 
to the surrounding objects. This was the case up until 
two days after culling, as long as algor mortis was 
not completed, or after internal decay heating started 

FIGURE 14: Thermal image of Setting 4: Hochscheid, 
Rhineland-Palatinate, Germany, image taken 16 Novem-
ber 2019. On the left, carcass 7 indicated by red arrows. 
It is positioned behind a stretched tarp (17 days after 
culling, labelled “Kadaver Schatten”) together with 
dummy. Right side carcass 6 (17 days after culling, 
labelled “Kadaver Sonne”) together with dummy exposed 
open. 
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from day three to seven after culling. Interestingly, 
even carcasses older than 50 days were still detectable. 
However, if carcasses were exposed in the open, espe-
cially during periods with direct sunlight, differentia-
tion of objects became difficult as the thermal imager 
showed similar IR-signatures (here similar greyscales) 
for surrounding objects and dummies (Fig. 8–11). This 
phenomenon could last until the following night after 
a sunny day (Fig. 12).

The open exposed and shaded carcass/dummy pairs 
in Settings  3 gave more insight into these masking 
effects via absorption of sunlight (Fig. 13).

Summer period (August–September, Setting 3)
On day zero and one day after culling, both carcasses 
were warmer than the grassy ground. However, the 
carcass exposed to sunlight (approximately 4–5 hours 
sunshine; Table 2) was between 3–21 °C warmer than 
the carcass in the shade. The dummy in the open 
showed a similar IR-signature and only the dummy in 
the shade was colder.

On the third and fourth day after culling, algor 
mortis was completed, but decay heating had not 

yet started. This was a period characterised by con-
sistently sunny and warm weather. The carcass and 
dummy exposed in the open reached temperatures 
of 9.5 °C higher than that of the ground temperature. 
In contrast, the carcass parts that were in the shade 
were 5.5  °C cooler than the exposed ground, and 
20 °C cooler than the carcass exposed in the open. The 
dummy in the shade showed a similar ‘cold’ surface 
IR-signature whereas the dummy in the open showed 
a similar ‘warm’ IR-signature. 

On day five, when internal heating started, the sur-
face temperature of the carcass in the shade was 5 °C 
higher than that of the carcass exposed in the open, 
when compared to the ground surface temperature. 
This day was characterised by overcast skies. The 
dummy in the shade was warmer than the surface 
ground temperature (slightly lighter shade of grey), 
but this difference was less pronounced when com-
pared to the carcass in the shade and to the exposed 
carcass and dummy.
Winter period (November–December; Setting 4 and 5; Fig. 14)
Only during the first two days both carcasses could be 
visualized in the thermal image (when compared to 

TABLE 3: Details of culled boar including date, method of culling and exposure setting
Animal Setting 

(location)
Life 
weight

Age/Sex Origin Date of 
culling

Culling details Date and exposure details in 
the fenced area

1 1
(Winningen)

25 piglet/
male

Hunting 
ground 
Koblenz

16.06.2019
8:40 a.m.

Distance rifle shot chest
caliber 30.06
with exit wound

16.06.2016 4 p.m.
Medium grown meadow
No shadow Gunshot exit 
wound downside
No dummy

2 1
(Winningen)

39 piglet/ 
female

enclosure 18.06.2019
7:00 p.m.

Close distance head shot
Revolver caliber .357 Win 
Mag
No exit wound

19.06.2019 11:30 a.m.
Medium grown meadow
No shadow
No dummy

3 2
(Winningen)

30 subadult/
female

enclosure 05.08.2019
11:30 a.m.

Close distance head shot
Revolver caliber .357 Win 
Mag
No exit wound

05.08.2019 2 p.m.
Medium grown meadow
No shadow
Together with dummy

4 3 (Bassenheim) 20 piglet/
male

enclosure 11.09.2019
5:45 a.m.

Distance rifle head shot 
caliber 7x64: Entry and exit 
shot wounds in the ears

11.09.2019 6 p.m.
Medium grown meadow
shadow
Together with dummy

5 3
(Bassenheim)

24 piglet/
female

enclosure 11.09.2019
5:45 a.m.

Distance rifle head shot 
caliber 7x64: entry and exit 
shot wounds in the ears

11.09.2019 6 p.m.
Medium grown meadow
No shadow
Together with dummy

6 4
(Hochscheid)

25 piglet/
male

enclosure 30.10.2019
10:45 a.m.

Close distance head shot
Rifle caliber 22 Hornet
No exit wound

30.10.2019 4 p.m.
medium grown meadow
No shadow
Together with dummy

7 4
(Hochscheid)

25 piglet/
male

enclosure 30.10.2019
12:15 a.m.

Close distance head shot
Rifle caliber 22 Hornet
No exit wound

30.10.2019 4 p.m.
medium grown meadow
shadow
Together with dummy

8 5
(Hochscheid)

25 piglet/
female

enclosure 22.11.2019
9:00 a.m.

Distance rifle shot chest
caliber 7 x 64
with exit wound

22.11.2019 2 p.m.
medium grown meadow
shadow
Gunshot exit wound upside
Together with dummy

9 5
(Hochscheid)

40 subadult/
male

enclosure 22.11.2019
10:00 a.m.

Distance rifle shot chest
caliber 7 x 64
with exit wound

22.11.2019 2 p.m.
medium grown meadow
no shadow
Gunshot exit wound upside
Together with dummy
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internal temperature in Fig  4). Later, the carcass and 
dummy exposed in the open only reached temperatures 
that were 10–20  °C warmer than the shaded counter-
parts (e.g. Fig. 15; arrow A) during periods of sunshine. 
During periods that were overcast, only minor surface 
temperature differences could be observed between the 
objects exposed in the open and those in the shade 
(Fig. 15; arrow B). By taking a closer look at the hourly 
differences of the surface temperature between differ-
ent objects on 24 November 2019 with a sunny period 
between 11  a.m. and 2  p.m., it is noticeable, that dur-
ing the night hours, both the carcass and the dummy 
exposed in the open were colder than the shaded objects 
due to a higher negative radiation ratio (Fig. 16). 

Discussion

As expected, the speed and phenology of decompo-
sition in the medium-sized wild boar carcasses did 
not differ from that of similarly sized domestic pig 
carcasses (Amendt et al. 2017, DesMarais 2014, John-
son et al. 2013, Sharanowski et al. 2008). This study 

confirms that thermal imaging of wild boar carcasses 
could be a useful tool to detect carrion under natural 
conditions. Despite the fact that a wild boar carcass 
is covered with an insulating layer of fur, IR-emission 
was not hampered to such an extent as to limit detec-
tion by an infrared camera. However, the efficiency of 
such an approach is often limited in ASF management 
as thousands of hectares of suitable wild boar habi-
tat must be covered (Tierseuchenbekämpfungsdienst 
Brandenburg). One concerning aspect is that masking 
effects of absorbed solar radiation generally decrease 
the detectability of carcasses in open areas. Indeed, 
our study demonstrated that absorbed solar radiation 
could dominate the IR-signature of a medium-sized 
mammalian carcass that is exposed in the open. With 
non-decaying dummies that have identical physical 
properties to wild boar carcasses in terms of their 
mass, emissivity, heat capacity, and thermal conduc-
tivity, we showed that these objects can be reheated 
in a similar way. In winter, when the decomposition 
process was inhibited, the absorption of sunlight was 
the only relevant energy source of IR-radiation for 
ground objects, including dead animals. Furthermore, 

FIGURE 15: Setting 4: Hochscheid, Rhineland-Palatinate, Germany Nov–Dec. 2019.
Upper graph: Sunshine hours per day referring to weather station ‘Hahn’. Arrow A indicates a day with four hours 
of sunshine, whereas arrow B indicates a day without sunshine.
Lower graph: Difference of surface temperature around early afternoon (1:00–2:30 p.m.) between different objects, 
with the dummy in the shade set as zero. Differences of surface temperature > 0 °C indicate that the object surface 
was warmer than the surface of the dummy in the shade. Differences of surface temperature < 0 °C indicate that the 
object surface was colder than the surface of the dummy in the shade. The number of carcass as mentioned in Table 1 
are shown in brackets.
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FIGURE 16: Setting 4: Hochscheid, Rhineland-Palatinate, Germany 24 November 2019. The difference in surface 
temperature was taken every hour on 24 November 2019 between different objects, with the dummy in the shade set 
as zero. Differences of surface temperature > 0 °C indicate that the object surface was warmer than the surface of the 
dummy in the shade. Differences of surface temperature < 0 °C indicate that the object surface was colder than the 
surface of the dummy in the shade. The number of carcasses as mentioned in Table 1 are shown in brackets.

TABLE 4: Overview of detectability predictions of wild boar carcasses using Airborne Thermal Imagers (ATI). 
Classification are based on cited literature and own findings. PMI: Post mortem interval given in days after death.

Season April–October; Ø >10 °C PMI November–March Ø <10 °C

Location of carcass Open or only ground 
vegetation

Covered with con-
cealing vegetation

Open or ground 
vegetation, decidious 
vegetation

Covered with ever-
green vegetation

Detectable via ATI

Best time

Yes, but masking 
sunlight

overcast days and night

limited 0 till 2 Yes, but masking 
sunlight

overcast days and night

limited

Detectable via ATI limited limited 2 till 3/7 limited limited

Detectable via ATI

Best time

Yes, but masking 
sunlight

overcast days and night

limited 3/7 till 18/24ff limited limited

due to heat capacity, an elevated IR-radiation of such 
items could last until the following night after a sunny 
day. Hence, abundantly occurring ground objects in a 
typical wild boar habitat such as bare ground, stones 
or wooden material can show IR-signatures that are 
similar or even identical to that of an exposed carcass, 
both during the day and at night. These masking effects 
might at least partly explain the limited efficiency of 
carcass detection strategies using the FLIR-technique, 
as a reliable IR-differentiation of objects is hampered 
by such effects.

Some recent studies, mostly with a forensic back-
ground, have examined the potential of drone- or heli-
copter-assisted infrared imaging techniques to facilitate 

the detection of corpses in large areas and at longer 
post-mortem intervals. In one of the first studies of 
this kind, Amendt et al. (2017) showed that internal 
decay heating is sufficient to detect pig carcasses from 
a helicopter several weeks after death. Murray et al. 
(2018) used drones to search for human remains and 
found that the surface temperature of desiccated skin 
can be changed by absorbing solar radiation. Lee et 
al. (2018) also worked with aircraft-mounted thermal 
imagers to measure the IR-radiation of the decompos-
ing remains of eight decaying pigs at ambient tempera-
tures ranging between 14–24 °C. The carcasses in this 
study remained several degrees warmer than the sur-
roundings (on average), but detectability was shown to 
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decline when the temperature contrast decreased under 
specific circumstances. Unfortunately, the authors did 
not mention the effect of solar radiation on thermal 
imaging. Descalzi (2019) also used thermal imagers 
mounted on drones for detecting larval aggregations 
associated with decomposing carcasses. She mentioned 
that masking effects were caused by decreased detect-
ability due to sunlight, but without providing further 
details. In an Australian study, Butters et al. (2020) also 
found that IR-imagers operated from an unmanned 
aerial platform and used to search for decomposing 
remains were influenced by sunlight. Although some 
of these studies prolonged their measurements into 
the winter season, the local climate did not allow 
ambient temperatures to drop regularly below 10  °C. 
The development of necrophagous insect larvae was 
therefore merely slowed down, but a maggot mass still 
ensued (Butters et al. 2020, Kelly 2006, Lee et al. 2018). 
In this study, we demonstrated that no decay heating 
and consequently no IR-radiation based on internal 
decomposition metabolism could be observed in wild 
boar carcasses at average ambient temperatures below 
10 °C, and that this observation applied in spite of the 
presence of blowflies. Further details are also described 
in Probst et al. (2020). Under such circumstances, the 
IR-radiation of both the wild boar carcasses and the 
wild boar dummies was almost exclusively the result of 
external energy inputs. The masking effect was superior.

To increase the efficiency of thermal imaging tech-
niques for detecting carcasses, based on our findings, 
we recommend that:
1. During the vegetation period (average ambient 

temperature > 10 °C; April–October), airborne ther-
mal imagers should mainly be used in open areas 
but preferably on overcast days. The best results can 
be achieved during nights following cloudy days.

2. Outside of the vegetation period (average ambient 
temperatures < 10 °C; November–March), probably 
only a short timeframe (before algor mortis is com-
plete until the second day after death) can be used 
(Overview given in Table 4).

Based on these limitations, and keeping in mind that 
the simultaneous detection of living animals is also 
always a risk – especially during resting periods when 
animals are immobile – we recommend that an effec-
tive carcass detection regime should not only be based 
on the use of thermal imaging techniques, if such tech-
niques are used at all. Considering that wild boar prefer 
dense vegetation, the use of specially trained dogs 
would be a more promising approach for the detection 
of wild boar carcasses during an ASF outbreak.
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