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Introduction 

On 26 November 2018, I happened to notice 
footprints of a large ungulate on some sandy 
roads on the ‘De Haar’ military training 
grounds near Assen, Province of Drenthe, The 
Netherlands. On that particular day I ignored 
the unfamiliar prints, but within a week, on 2 
December 2018, I found the same large foot-
prints, less than 200 m from the previous spot 
and decided this time to take some measure-
ments. To my surprise it became clear that a 
red deer (Cervus elaphus) was the only animal 

that fitted the size of the prints.
Red deer are rare in the province of Dren-

the. Most observations in the past decades 
were found to be linked to escapes or illegal 
introductions (table 1). These animals were 
all shot, in accordance with the policy of the 
province to discourage illegal introductions 
(Provincie Drenthe 2014). According to this 
policy, migration and temporary presence 
of wild red deer in Drenthe is permitted and 
the presence of roaming wild deer will be 
assessed case by case with regard to agricul-
tural damage and the risk of traffic accidents. 
After a brief check with the authorities of the 
province of Drenthe it became clear that there 
were no reports of a recent escape or intro-
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duction and it appeared likely that the red 
deer was wild. I decided to start a surveillance 
in order to get more information about its 
behaviour. The behaviour of red deer outside 
their Dutch range in the province of Gelder-
land and the Oostvaardersplassen and outside 
enclosures such as Weerterbos and Groene 
Woud has never been described before. From 
a genetic perspective, populations of red deer 
in the Netherlands and neighbouring Ger-
many are investigated quite well (de Groot et 
al. 2016). They are genetically clearly separate, 
so movements of red deer from these popula-
tions can be reconstructed if genetic material 
is obtained. The goal of the study in Drenthe 
was to better understand the behaviour of a 
red deer in a fragmented landscape that was 
previously thought to be unsuitable for such 
a large animal. Filling this knowledge gap, 
at least partly, may contribute to more fact-
based discussions on introduction projects or 
natural colonisation of red deer in the Neth-
erlands.

Methods

The study area is located roughly between 
Assen, Smilde and Beilen, bordered by the 
highway A28 and the canals Drentsche 
Hoofdvaart and Oranjekanaal. 

Field work was conducted between 2 
December 2018 and 14 July 2019. First of all, 
I searched on average three days per week 
for red deer hoof prints on sandy roads and 
walked transects across arable fields in a wide 
area around De Haar. Once a track was found, 
I tried to follow the trail for as far as possible. 
Approximately half of the tracks found were 
logged in detail with a GPS, with additional 
waypoints taken every 50-60 m. For the other 
half of the tracks, only the waypoints every 
50-60 m were taken. Documented tracks 
were removed or marked in order to prevent 
multiple counts of the same track. Red deer 
trails were found relatively easily on arable 
fields and on sandy roads but were difficult to 

find on meadowland and almost impossible 
to spot in woods and heathland (only during 
snow cover). The main goal of mapping tracks 
was to investigate the activity area of this deer. 
However, following this animal step by step, 
kilometre after kilometre, also provided a 
wonderful insight in its behaviour. From the 
type of tracks, indicating for instance a walk 
or gallop, it’s possible to deduce whether the 
animal was searching for food (walking slowly 
in different directions), just passing by from 
one place to another (walking in a straight 
line) or running from danger. I started to fol-
low the tracks from the beginning of Decem-
ber 2018. Since most arable fields were pre-
pared for new crops in the last week of March, 
I henceforth restricted the survey to the edges 
of these fields. Additionally, by random sam-
pling (only fresh tracks and samples dis-
tributed widely over the area and research 
period), measurements were taken of the hoof 
prints and parts of the tracks. Sizes were reg-
istered in the field with an accuracy of 0.5 cm 
for hoof prints and track width and 1 cm for 
stride length.

Secondly, eight camera traps were placed 
in locations where the red deer could be 
expected based on tracks found previously. 
Camera traps were used to identify the ani-
mal and confirm that there was only one 
animal roaming the area (appendix 1). They 
were also useful for improving estimates of 
the age of the tracks (by providing the exact 
time the deer passed by) and provided data 
on the nocturnal activity of this deer. Two 
cameras were located at De Haar, the others 
a few kilometres further to the south within 
the Hijkerveld nature reserve. In order to 
avoid additional disturbance, camera traps 
were mounted within 100 m from the near-
est public path (average distance 66 m) or at 
the edge of arable fields. The first camera was 
placed on 12 December 2018, the last cameras 
were removed from the field on 14 July 2019. 
Altogether, the camera traps provided 24,681 
observation hours. 

The home range of the deer was estimated 
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based on locations (tracks or camera trap 
observations) that were visited on at least two 
separate occasions during winter, following 
the definition of Powell and Mitchell (2012): 
“the best concept of a home range is that part 
of an animal’s cognitive map of its environ-
ment that it chooses to keep updated.” From 
these locations, a minimum convex polygon 
(MCP) was calculated to outline the home 
range of the deer.

Finally, samples of fresh droppings were 
collected on 12, 17 and 24 February 2019 and 
stored frozen in 96% alcohol. DNA from these 
samples was analysed by Wageningen Envi-
ronmental Research for genetic identification 
of this red deer (de Groot 2019). Results were 
compared with populations as described by 
De Groot et al. (2016).

Results

Pictures from camera traps revealed a 3-4 
year old stag (figure 1). Its age was estimated 

based on the antlers1 and general body shape 
as described by Worm (2010a). 

In less than half a year, over 1300 records of 
this red deer were collected, covering (parts 
of) 34 kilometre grid squares (figure 2). Out of 
these records, 35 were made by camera trap, 
all the others were the result of the search for 
tracks. The deer was recorded at every loca-
tion where a camera trap was mounted. All 
camera trap records were obtained during the 
twilight and at night, never in broad daylight. 
Observations with the camera traps were on 
average 170 minutes after civil dusk or before 
civil dawn and on average 209 minutes after 
sunset or before sunrise. Only one record 
was made during civil twilight, 11 minutes 

1  Brow tines in December-March relatively small, 
indicating the second set of antlers (animal three 
years old). After casting the brow tines of the new 
antlers were considerably larger (four years old, see 
appendix 1). Pedicles were visible (excluding stags 
from eight years or older).

Figure 1. Red deer caught on camera trap. Assen, De Haar, 2 February 2019.
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Figure 2. Locations of tracks or camera trap observations of the red deer stag in 2018-2019. Note that vegetation 
cover (heathland, woods or pastures) prohibited search for tracks in the central part of the Hijkerveld and parts of 
the agricultural area around as well.
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before sunrise. Most activities (54%) of this 
deer were observed within two hours of civil 
dusk and dawn, therefore within nautical 
and astronomical twilight and at night. The 
camera traps from De Haar and Hijkerveld 
revealed an activity pattern in which the stag 
visited De Haar at night but returned to the 
Hijkerveld to rest during daytime.

According to GPS data, a total of 33.2 kil-
ometres of tracks were logged in detail. The 
shortest trail was a mere 58 metres but the 
longest one stretched out for over 5.5 kilome-
tres. On average, it was possible to follow the 
tracks over a distance of 722 metres (n=46). 
It became clear that although De Haar was 
regularly visited, the Hijkerveld was the main 
area of residence for this deer. From there the 
deer explored the surrounding landscape, 
resulting in an estimated home range of over 
2000 hectares. Although the centre of the 
Hijkerveld could not be investigated, based on 
the locations where the red deer entered or left 
the area it is likely that the central part was 
used as well. This is illustrated by an obser-
vation by the shepherd of the Hijkerveld who 
encountered the stag by chance on 4 Decem-
ber 2018 in the middle of the heathland, more 
than 500 metres from the nearest observa-
tions in this study (B. Zoer, personal commu-
nication). From the tracks that were mapped, 
combined with data from the camera traps, it 
is clear that the red deer easily travelled 5-10 
kilometres at night. 

After the first observations in 2018 the red 

deer remained present in the study area until 
18 May 2019. After this date, no new records 
were collected with camera traps and despite 
an intensive search, no more tracks were 
found. Clearly the animal had left its winter-
ing grounds. 

The tracks showed that this deer mostly 
walked in a steady direct register gait. Stride 
length was on average 119.7 cm and showed lit-
tle variation (table 2). The trail width was also 
very consistent, on average 20.8 cm, illustrating 
that this deer walked mostly in a very straight 
line. Size measurements of the hind hoof were 
on average 8.1 cm long and 5.5 cm wide. 

Gallop tracks were relatively rare (1.3% of 
1293 track waypoints) and typically found 
close to roads. It seems likely that these tracks 
indicate disturbance. In several cases the deer 
approached a road in a normal walking gait 
at first and then backed off in a gallop before 
crossing. Stride length in gallop was impres-
sive compared to the normal walking gait: on 
average 296.3 cm and a maximum of 435 cm. 
At gallop speed, trail width increased to an 
average of 27.2 cm. The same hind hooves that 
were measured in direct register gait clearly left 
larger prints in gallop (on average 8.4 cm long 
and 6.6 cm wide).

Among the tracks, signs of feeding behav-
iour were found at only 17 waypoints. This was 
mostly on grassland (8x) and furthermore on 
remnants of harvested flower bulbs (4x), sugar 
beets (3x) and potatoes (2x). There is one cam-
era trap observation of foraging on young 

Table 1. Reported red deer in Drenthe in the past decades.

Date Details
6 October 2003 1 adult female: Gasterse duinen : escape/illegal introduction: animal was shot 

later on
12 April 2015 1 young male, 2 years old : Assen, A28 : traffic killed : DNA analysis pointed 

out the populations of Dämmerwald and Üfter Mark in Germany as most 
probable origin.

7-25 March 2017 2 adult females : Veenhuizen-Norg: illegal introduction : both animals were 
shot at 6 April 2017

8 June 2018 – 17 June 2019 1 female : Drents-Friese Wold : escape from a red deer farm in Smilde: ani-
mal was shot 17 June 2019. A few other red deer that were involved in the same 
escape were shot already within the day of their escape close to the farm.
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beech leaves (Fagus sylvatica, appendix 1).

Discussion

The three faecal samples showed identical 
DNA profiles, based on eight microsatel-
lites markers (de Groot 2019). Cluster anal-
ysis in STRUCTURE (de Groot et al. 2016) 
placed the red deer for 65% into the cluster 
‘red’ and smaller percentages in the clusters 
‘purple’, ‘orange’ and ‘green’ (see figure 6 and 
7 in De Groot et al. 2016). The cluster ‘red’ is 
typical for red deer from the Kroondomeinen 
and National Park Hoge Veluwe. Based on 
the exact alleles found at each microsatellite, 
all are known from the Kroondomeinen ref-
erence set but two of them are absent in the 
Hoge Veluwe reference dataset. This indicates 
the Kroondomeinen as most the likely origin 
of this red deer. It should be mentioned that the 
reference dataset of Wageningen Environmen-
tal Research does not include animals from red 
deer farms in the Netherlands. So, even though 
there is a sound genetic match with the Kroon-
domeinen, other options, although unlikely, 
cannot be ruled out with certainty.

Red deer inhabit a limited number of areas 
in the Netherlands. The largest populations 
live in the provinces of Gelderland (Veluwe 

1900 animals) and Flevoland (Oostvaarders-
plassen, 490 animals2) (Spek 2014, Provincie 
Flevoland 2018). Furthermore, they are kept 
in enclosures in the province of Limburg 
(Weerterbos, 150 ha, introduction in 2005, 
30 animals in October 2018) and Noord-Bra-
bant (Groene Woud, 300 ha, introduction in 
2017, 26 animals in October 2018) (Middel-
jans 2008, Tielemans 2017, Dekker & Hou-
ben 2018, Gabriëls 2018; B. Houben, per-
sonal communication). From the perspective 
of Drenthe, the nearest populations are in 
the north-eastern part of the Veluwe (70 km 
from Assen) and Forst Bentheim in Germany, 
approximately 80 km from Assen. However, 
in April 2015 a young stag was hit by a car near 
Assen and DNA analysis pointed to Däm-
merwald and Üfter Mark (both Germany) 
as its most probable origin (de Groot & Jans-
man 2016). Red deer from the German Däm-
merwald and Üfter Mark would have to walk 
140 km to Assen, measured in a straight line. 
Other observations in the past decades were 
found to be linked to escapes or illegal intro-

2  490 red deer is the population size that the prov-
ince of Flevoland finds acceptable. The actual num-
bers are much higher: 1525 were counted in Octo-
ber 2019 (Cornelissen et al. 2019).

Table 2. Measurements of red deer tracks. Measurements of hooves all without dew claws. Stride length = distance 
between one print and the corresponding following one. Measurements of trail width all from the outsides of the 
prints. Direct register print = print of the hind (rear) hoof overlapping with the front hoof. L=length, W=width, 
n=sample size. 

Type Average (cm) Sd (cm) Median (cm) Min (cm) Max (cm) n
Walk (direct register)
Stride length 119.7 2.5 120 115 127 115
Trail width 20.8 3.0 21 14 32 106
Direct register print (L/W) 9.8 / 8.1 1.0 / 1.0 10 / 8 8 / 6.5 13 / 11 65
Hind hoof (L/W) 8.1 / 5.5 0.3 / 0.4 8 / 5.5 7.5 / 4.5 9 / 6 34
Gallop
Stride length 296.3 85.0 258.5 214 435 32
Trail width 27.2 4.4 27.5 20 38 52
Front hoof (L/W) 9.9 / 7.7 0.6 / 0.5 10 / 7.5 8.5 / 7 11 / 9 20
Hind hoof (L/W) 8.4 / 6.6 0.5 / 0.6 8.5 / 6.5 7.5 / 6 9 / 8 19
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ductions (table 1). In the eastern parts of the 
provinces of Overijssel (Twente) and Gelder-
land (Achterhoek), roaming red deer occur 
more often (Worm 2010b). Unfortunately, 
the observations from Twente and the Achter-
hoek are mostly poorly documented inciden-
tal encounters. These red deer were suppos-
edly all from Forst Bentheim, Dämmerwald 
and Üfter Mark. This seems likely, due to rela-
tively short distances (10-25 km) between the 
Dutch observation sites and the German areas 
of origin. The stag that was observed in Dren-
the in the winter of 2018-2019 is the first con-
nection between the Veluwe (Kroondomeinen) 
and Drenthe. It is clear that red deer are able to 
cover fairly large distances and can cope with 
infrastructural barriers such as motorways 
and canals. The common assumption that red 
deer in Drenthe are probably escapes seems no 
longer valid. The introduction of red deer in 
Drenthe has been discussed in the past (Spek & 
Worm 2014), with a focus on the Drents-Friese 
Wold. The animals from 2015 (Dämmerwald 
and Üfter Mark) and 2018-2019 (Kroondo-
meinen) show that an introduced popula-
tion of red deer in Drenthe could occasionally 
receive fresh blood from other populations. 
This would reduce the risk of inbreeding.

Red deer are the largest terrestrial mammals 
in the Netherlands. It is remarkable that such a 
large animal is able to travel almost unnoticed 
for months through the landscape of Drenthe. 
I expected that the presence of this deer would 
soon become public knowledge and farm-
ers, hunters, nature conservation employees 
and others who spend a lot of time in the field 
would either observe the animal or find tracks. 
But it appears that either no one else found the 
tracks or that anyone who did, did not realise 
that red deer could occur in the area. It there-
fore seems likely that chance observations lead 
to an underestimation of the occurrence of red 
deer outside their regular distribution areas as 
described by Worm (2010b). 

Both the evidence from the camera traps 
and the lack of regular observations during 
the daytime show that this deer was strictly 

nocturnal. The edges of civil twilight are 
much better suited than sunrise and sun-
set for the human eye to spot a red deer. Since 
there was only one camera trap observation 
during civil twilight and none during daylight, 
it makes sense that hardly anybody has actu-
ally seen the animal while it was in the region. 
Apart from the shepherd of the Hijkerveld, 
who saw the deer once, only a single resident 
of the area mentioned to me that he had seen 
the stag. It is possible that these observations 
during daylight were caused by disturbance of 
the red deer at its resting place. The nocturnal 
rhythm of red deer is a well-known response 
to human disturbance (Hoogeveen 1991, Dek-
ker & Groot Bruinderink 2010). From this per-
spective it is noteworthy that the Hijkerveld, 
when compared to De Haar, is less accessible 
for the public and dogs are not allowed due 
to the presence of the sheep. It seems that this 
red deer adapted well to the area in Drenthe by 
using the quietest parts of the terrain (Hijker-
veld) for rest during daytime and exploring the 
wider region only at night.

Since the red deer tracks were easily found 
on arable fields and sandy roads but were hard 
to find in pastures and almost impossible to 
spot in woods and heathland it is clear that 
the data do not reflect the complete use of the 
home range. Almost no data was obtained 
from the core area in the Hijkerveld. Never-
theless, it is evident that the animal frequented 
a large area. This knowledge is relevant with 
regards to new introductions of red deer in 
the Netherlands. Spek and Worm (2014) esti-
mated the home range needed for red deer in 
the Drents-Friese Wold in areas influenced 
by human activity at 100-500 hectares. This 
seems questionable based on the results of the 
2018-2019 study in Drenthe. A radio telem-
etry study of 20 male red deer in the Slova-
kian Carpathians found a home range of 564-
1762 ha for resident deer and 1250-6393 ha for 
migrants (Kropil et al. 2014), depending on the 
type of modelling used. In a Hungarian low-
land area, radio-tracked red deer were found to 
have much larger home ranges: the mean home 
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range of twelve stags was 6697 ha (min: 1774 
ha, max: 17,748 ha) (Szemethy et al. 1998). A 
telemetry study in the fragmented landscape of 
Schleswig-Holstein in Germany found a wide 
variety of home ranges with the largest ones, 
for stags, at 721-6300 ha, (Reinecke et al. 2013). 
Based on these studies, it appears that a home 
range of over 2000 ha is not exceptionally large 
for a red deer stag. It also makes clear that red 
deer in small enclosures like Weerterbos and 
Groene Woud are unable to display complete 
natural behaviour patterns. 

Though tracks were followed over long dis-
tances, the agricultural landscape seemed to 
be of little importance as a foraging area. More 
time was spent on grassland, but feeding on 
crop remains was incidental. This is strikingly 
different to the behaviour of roe deer (Capreo-
lus capreolus) in the same area, which system-
atically dig up remnants of flower bulbs, sugar 
beets or potatoes.

Basic data of Dutch red deer track measure-
ments have not been published until now, this 
article provides the first documented set. Ani-
mal track guides (Bang & Dahlstrøm 1980, 
Nauta & Pot 2019) all lack essential informa-
tion and do not distinguish between track 
sizes of male or female deer, front or hind 
hooves, or direct register walk or gallop. The 
hoof measurements from Drenthe fit within 
the range described in the guide books, but 
the maximum stride length in gallop (435 cm) 
is much greater than the maximum (350 cm) 
mentioned by Bang & Dahlstrøm (1980).
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Samenvatting

Een edelhert (Cervus elaphus) in  Drenthe 
in de winter van 20182019

In de provincie Drenthe leeft geen popula-
tie edelherten. Waarnemingen vielen in het 
nabije verleden vrijwel steeds te herleiden 
tot bekende ontsnappingen of illegale uitzet-
tingen. Conform het beleid van de provin-
cie, dat is gericht op het voorkomen van ille-
gale uitzettingen, zijn dergelijke dieren steeds 
geschoten. Van tenminste 2 december 2018 
tot 18 mei 2019 overwinterde een edelhert van 
wilde herkomst in het gebied tussen de plaat-
sen Assen, Smilde en Beilen. Door intensief 
sporenonderzoek, gebruik van cameravallen 
en DNA-analyse van gevonden keutels zijn 
homerange, gedrag en herkomst van dit dier 

onderzocht. Er zijn in minder dan een half 
jaar tijd meer dan 1300 waarnemingen van 
dit individuele dier vastgelegd. Het hert is 
op basis van gewei en lichaamsbouw geschat 
op een mannelijk dier van 3-4 jaar oud. De 
plaatsen die dit hert met enige regelmaat 
bezocht wijzen op een homerange van meer 
dan 2000 ha. Het dier was nagenoeg strikt 
nachtactief. In agrarisch gebied werd inci-
denteel gefoerageerd op grasland en oogstres-
ten van aardappel, bloembollen en suikerbiet. 
DNA-onderzoek van drie keutelmonsters 
wijst op de populatie van de Kroondomeinen 
op de Veluwe als meest waarschijnlijke her-
komstgebied. Dat is hemelsbreed 85 km van 
het overwinteringsgebied in Drenthe. De ken-
nis die is opgedaan met het onderzoeken van 
dit dier kan benut worden in discussies over 
herintroductie en spontane kolonisatie van 
edelherten in Nederland. Belangrijke vragen 
daarbij zijn de grootte van een territorium dat 
nodig is voor volledig natuurlijk gedrag en 
de mate waarin genetische uitwisseling tus-
sen populaties mogelijk is. Twee gevallen uit 
Drenthe maken nu duidelijk dat zwervende 
edelherten over een afstand van hemelsbreed 
85 tot 140 km de provincie kunnen bereiken 
en daarmee een eventueel geïntroduceerde 
populatie in theorie van vers bloed kunnen 
voorzien. Aanvullend leverde het onderzoek 
een dataset op van afmetingen van sporen 
hetgeen voor Nederland zo nog niet eerder 
was vastgelegd.
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Appendix 1. Links to a few camera trap videos 
of the red deer described this article.
https://www.youtube.com/
watch?v=gyx74sQ0cPs
https://www.youtube.com/
watch?v=Vdih2LQrhOM
https://www.youtube.com/watch?v=MB-K4-
v611w
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