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Introduction 
The effective management of wild mammal popu-
lations requires accurate data regarding their abun-
dance and population density. A large variety of 
methods exists in the literature and in practice but 
none of them is universally accepted. Some of these 
methods are more accurate but require large invest-
ments, e.g. the application of thermal cameras, te-
lemetry studies and genetic surveys (Mayle et al. 
1999, Pearse et al. 2001, Iannuzzo et al. 2010, 
Morelle et al. 2012, Wäber & Dolman 2015). 
Others are cheaper but provide questionable results, 
like the spring census applied in Bulgaria. Drive and 
pellet-group counts methods, on the other hand, re-
quire considerable field effort and the involvement 
of many staff members (Aulak & Babinska-Werka 

1990, Campbell et al. 2004, Hemami & Dolman 
2005, Borkowski et al. 2011).

The choice of method for estimation of game-
species density depends on the scientific purposes 
and available funds (Chećko 2011, Morelle et al. 
2012, Alves et al. 2013, Pellerin et al. 2017). The 
two most frequently utilised classical approaches 
which do not require extensive funding are the di-
rect observations on transects (walked by foot) and 
track counts (snow /mud tracking). Camera trapping 
has been used increasingly in recent years among the 
hunting staff and hunting enterprise management in 
Bulgaria. They are cost-effective, relatively easy to 
operate and provide detailed data with wide appli-
cations. In many countries, camera traps have been 
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used to constantly monitor the trends in the devel-
opment of animal populations and even to estimate 
their abundance (O’Brien 2011). For these purposes 
in some European countries, data analysing the har-
vest in relation to the field effort (number of hunters 
and number of days) are used.

In Bulgaria, the officially accepted method for 
estimating population size for game species since 
1962 has been the spring census (taxation) in March 
(Annex №28 to article 105, paragraph 2 in Regulation 
18/07.10.2015). Specifically, regarding the ungu-
lates, the staff of the State Hunting Enterprises is 
required to perform observations in their designated 
areas throughout the whole year. However, these ob-
servations are mainly conducted on supplementary 
feeding stations, i.e. points that specifically attract 
the animals. This limits the inference based on the 
resulting data. Part of the individuals does not visit 
such points due to various biological and behaviour-
al characteristics of the species (territoriality, hierar-
chy, etc.) or due to abiotic factors (seasonal variation 
in activity, enough natural food base) and they are 
left undetected (Morellet et al. 2013). Due to these 
reasons, we believe that the application of more dif-
ferent methods will provide better results and pos-
sibly indicate population trends in the future.

As a case study, we used the roe deer (Capreolus 
capreolus L.), which is influenced by the presence 
of other species (red deer and the fallow deer, see 

Focardi et al. 2006) and has a more secretive life-
style (Andersen 1961). 

The aim of this study is applying three different 
methods (direct observations, track counts and cam-
era traps) to estimate roe deer density in the State 
Hunting Enterprise „Shiroka polyana” in different 
parts of the year.

Materials and Methods
Study area
The State Hunting Enterprise (SHE) „Shiroka pol-
yana” (Fig. 1) is located in the Western parts of the 
Rhodope Mountains with an area of 110 km2, includ-
ing three dams. Its relief is typically mountainous, 
with altitudes ranging from 1000 to 1790 m a.s.l. 
The climate in the region is characterised by late 
springs, short and cool summers, warm autumns and 
long cold winters with thick snow cover. The main 
habitats are formed by Scots pine (Pinus sylvestris 
L.), Norway spruce (Picea abies H. Karst.) and, to 
a lesser extent, by the European silver fir (Abies 
alba Mill.), European beech (Fagus sylvatica L.), 
common aspen (Populus tremula L.), sessile oak 
(Quercus petraea Liebl.), Balkan pine (Pinus peuce 
Griseb.), common alder (Alnus glutinosa Gaertn.), 
silver birch (Betula pendula Roth.). Part of the en-
terprise’s territory is in the protected area “Dupkata” 
(4.5 km2) – a Biosphere Reserve. 

Fig. 1. Study area with camera-trap locations and transects for direct observations and track counts of roe deer.
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Sampling methods
The three methods compared in the current study in-
clude two classical approaches (transect counts and 
track counts) and a recently developed method of 
estimating population density from camera trap data:

Direct observations on predefined transects. 
This method was applied in April 2016. Despite its 
apparent resemblance to the spring census, this ap-
proach is much more robust since it is based on: 1) 
observations conducted by a single person or team, 
eliminating the possibility of double detection of the 
same individual; 2) mathematical treatment of the 
results, whereas the spring census counts are based 
on the subjective judgement of the forestry/ hunt-
ing enterprise staff. The total length of the walked 
transects was 76.53 km within 3 days (Fig. 1). For 
each transect, two strips with a width of 20 m or 30 
m (according to the visibility of the habitat) on the 
two sides of the transect were observed for roe deer 
individuals. The total covered area this way is es-
timated as 2.41 km2. The minimal roe deer density 
was calculated as the number of observed individu-
als, divided by the size of the covered area (Mayle 
et al. 1999). The data were normalised to km2 for 
comparison with the other methods. 

Track counts. Snow tracking was performed 
in two consecutive days in January 2017 on three 
transects with a total length of 10.4 km (Fig. 1). The 
mean number of recorded tracks was used for further 
estimation. The Formozov-Malyshev-Pereleshin 
formula (Acevedo et al. 2008) was used for popula-
tion density estimation:

D =  π    x 
        2  SM
where D is population density (ind/km2); x – 

total number of recorded tracks (on all transects); S 
– total length of all transects, km; М – mean distance 
moved by the species in a day, km. Internationally 
published studies in similar habitats were referred to 
determine the mobility of the roe deer (Hinge 1986).

Camera traps and density estimation with-
out the need for individual recognition (REM 
model) (Rowcliffe et al. 2008). This study took 
place between the 1st and the 7th of June, 2017. 
Twenty=four camera traps (Bestguarder DTC-
880V) were randomly placed at a distance of ap-
proximately 500 m from each other (Fig. 1). Thus, 
the minimum number of camera traps required by 
the model was exceeded. The devices were set up at 
the chosen distance from each other in order to cover 
the area effectively. The devices were separated in 
two model areas, representative of the area (12 cam-
era traps each). The camera traps were set up to take 

three consecutive pictures (5 seconds apart) and a 
10-sec video upon activation. The time period be-
tween consecutive triggering was set to be one min-
ute (i.e. new series of photos and a video could be 
taken one minute after the previous triggering). For 
each location, a standard form was filled, contain-
ing information about the habitat characteristics. The 
resulting data were imported and analysed through 
CameraBase 1.6 (Tobler 2013), adapted (by adding 
additional input and analytical options) and translat-
ed in Bulgarian (Zlatanova, unpublished). Photos 
showing the prolonged stay of an individual in front 
of the camera trap were considered as one individual 
registration to avoid overrepresentation of the spe-
cies. The population density was estimated using the 
following formula:

D =  y        π 
        t  vr (2+θ)
where D is population density (ind./km2); y – 

total number of independent registrations; t – total 
number of camera trap days; r – radius of the detec-
tion zone of the camera trap, km; θ – angle of the de-
tection zone of the camera trap, radians; v – mobility 
of the species (distance moved in a day, km). Due to 
malfunctioning of some of the camera traps, the total 
number of studied camera trap days was 110 (t). A 
total of 11 independent registrations of roe deer were 
recorded (y). A study in similar habitats in Scotland 
indicates that the mean travelled distance for the roe 
deer is 1.25 km/24 h (v) (Hinge 1986). Using such 
data from Bulgaria or the near parts of Europe would 
certainly decrease the bias in this estimation, but it is 
currently lacking. The information about radius and 
angle of the detection zone was acquired through the 
technical specifications of the camera traps: radius (r) 
= 0.025 km; angle (θ) = 1.13 rad.

Results
A total of 25 tracks with an average of 7.7 individu-
als per transect, were recorded (min = 2, max = 15 
per transect). The estimated population numbers and 
densities are presented in Table 1.

The G-test of goodness-of-fit showed no sta-
tistically significant differences between the derived 
number of individuals from the three methods (G = 
0.2, d.f = 2, P = 0.905). The officially reported data 
from the census in the State Hunting Enterprise are 
for 164 individuals (1.5 ind./km2) in spring 2017. 
There was a statistically significant difference be-
tween this value and the estimated population den-
sity from the three methods (exact binomial test of 
goodness-of-fit, p < 0.01).
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Discussion
The biological and ecological characteristics of 
the roe deer suggest that the detection probabilities 
throughout the year are different. In the climatic con-
ditions of Bulgaria, the best possibilities for observ-
ing roe deer in mountainous areas are April-May, 
and a bit earlier in the year in the plains. During this 
period, the animals venture into open areas to forage 
on crocus (Crocus sp.) and rarely visit supplemen-
tary feeding sites. During the summer, they keep to 
closed and shady areas due to the hot weather and 
the insects which pester them, and visit feeding sites 
at night, when they are difficult to observe. In au-
tumn, the availability of a sufficient natural food 
base is the reason why the deer remain in more shel-
tered areas, and only in areas with poorer habitats, 
the deer begin to frequent feeding sites. These vis-
its increase everywhere with the first snowfall and 
longer-lasting snow cover. Due to the cold weather 
in winter, the deer are more active during the day 
and, therefore, the possibility of observation im-
proves. Taking into consideration these peculiarities 
in the activity of the deer, we chose to apply these 
three methods in the aforementioned months. The 
obtained similar results (average of 3 ind./km2) from 
all three methods imply relatively good accuracy. 

Of course, no known method has so far been able 
to count all individuals in a given population but 
this is not necessary. For the good management of 
wild species, it is more important to know what is 
the trend in the size of the population – whether it 
increases or decreases. Observations at feeding sites 
can also be used for discerning such a trend, but as 
already mentioned, the inference will cover only part 
of the population of the species. This monitoring ap-
proach is also applied in other European countries 
(Meriggi et al. 2008). The roe deer density reported 
in the literature varies widely: in the Chizé Reserve 
(France) – 6-22 ind./km2 (Pettorelli et al. 2002); 
in the floodplain forests along the Morava River 
(Czech Republic) – 7 ind./km2 (Prokešová et al. 
2006); in the Białowieża Primeval Forest (Poland) 
– 1.2 ind./km2 (Sönnichsen et al. 2017). Flajšman 
et al. (2018) review data from 14 countries, mainly 
in Western Europe, and report roe deer densities be-
tween 4.5 and 73.5 ind./km2.

In Bulgaria, previous studies indicate that the 
suitable area for the roe deer in the country is ap-
proximately 40,000 km2, which has the capacity to 
support 120,000 individuals, or a density of 3 ind./
km2 (Kolev 2007), which is very close to the re-
sults from our study. The recommended maximal 
population density is 12 ind./km2 (Kolev 2007). The 

Table 1. Estimated population density derived from the three methods, compared with the official census data.

Method Direct observations Track counts Camera traps Official census
Density (ind./km2) 3.2 3.0 3.5 1.5

Table 2. Comparison of the different methods based on their characteristics. Each method was rated on a scale from 1 
to 3 for each characteristic, (1 being the worst and 3 being the best score). Duration/ required field effort = time con-
sumption of the method; Precision = accuracy of the obtained results; Seasonal/ visibility independence = possibility of 
application throughout the year and whether the method depends on the presence/absence of foliage; Ease of learning/ 
needed training to apply the method = time required for untrained staff to acquire the method.

Characteristics
Methods

Direct observations Track counts Camera traps Official census

Duration/ required 
field effort

2/3
(whole-day observa-

tions on multiple 
transects)

2/3
(whole-day observa-

tions on multiple 
transects)

3/3
(quick set up, does not 
require direct observa-

tions and large field 
effort)

1/3
(year-round observa-
tions and intensive 

census in the spring)

Precision 3/3 3/3 3/3 1/3

Seasonal/ visibility 
independence

2/3
(difficult in the periods 

with foliage)

1/3
(only in winter)

3/3
(independent of 

season)

1/3
(year-round and in 

spring, difficult in the 
periods with foliage)

Ease of learning/ 
needed training to ap-

ply the method
3/3 2/3 2/3 3/3

Total 10/12 8/12 11/12 6/12



highest estimated population has been reported for 
SHE “Chepino” (29-36 ind./km2), also located in 
the Rhodope Mountains (Morimando et al. 2016). 
Damyanov et al. (2010) have estimated a density of 
2.5 ind./km2 for the hunting enterprise “Vitoshko-
Studena” in 2008. These results indicate that popu-
lation densities of roe deer vary widely within the 
country. This is why we recommend game managers 
to use more than one scientifically sound approach 
to assess the populations, which will result in results 
that are more accurate. Following Acevedo et al. 
(2008), we have compared the tested methods on a 
three-step scale (

Table 2) and propose that the hunting units 
should assess their capabilities regarding the meth-
ods and their key characteristics and choose and ap-
ply the one which suits their needs best. Based on the 
comparison, we recommend camera trapping as the 
most cost-effective and least time-consuming tool.

Conclusions
The estimated population density of the roe deer in 
the study area is on average 3 ind./km2 based on the 
three tested methods. This is twice as big as the of-
ficially reported data of 1.5 ind./km2. Consequently, 
we can assume that applying more than one method 
would decrease the bias in the estimation. This is 
why we recommend that forestry and hunting offi-
cials should employ this approach for management 
purposes. Furthermore, the rapid technological ad-
vances might offer many other more costly, but also 
more accurate options. 
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