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MONITORING OF REINTRODUCED RED DEER
IN THE AREA OF TARA (WESTERN SERBIA):
INCIDENCE OF BARK STRIPPING WITHIN AN
ACCLIMATISATION ENCLOSURE AND
POSTRELEASE MOVEMENTS

MONITORING REINTRODUCIRANOG JELENA OBICNOG
NA PODRUCJU TARE (ZAPADNA SRBIJA): OPSEG GULJENJA KORE
U PRIHVATILISTU | KRETANJE POSLIJE ISPUSTANJA

Slavko MLADENOVIC!, Milan MALINIC?, Boris RADIC!, Dragica VILOTIC', Srdan STAMENKOVIC?,

Dragan GACIC'

SUMMARY

The modern approach in the development of programs for the reintroduction of red deer was applied for the first
time in Serbia. We compared the most important planned and implemented activities in the period 2018-2021,
and assessed the results achieved in the Mt. Tara area. The plan was to hold the red deer (58 + 159) in the accli-
matisation enclosure for several months and release them into the selected favourable area (150 km?) during three
consecutive years. Bark stripping occurred mainly on thinner common hazel stems of coppice origin (< 9.9 cm).
Total mortality among the 72 red deer that were transported to the acclimatisation enclosure was 8.3%. The long-
est movement of a 4-year-old female (held for 15 weeks) was 24 km. During the study period, no bark stripping
was observed outside the acclimatization enclosure, nor were any deaths of the released red deer registered. In the
period 2019-2021, 74 red deer were released from the acclimatization enclosure into the Mt. Tara area, which is
about 60% of the estimated capacity of the selected favourable area.
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INTRODUCTION
uvoD

In the past, red deer (Cervus elaphus L.), as an indigenous
species was present in large numbers in many forest com-
plexes in today’s central Serbia, whose forest cover is about
37%, with mostly coppice forests occupying 66% or 1.38
million hectares (Gaci¢ et al., 2020). According to the data

from the statistical survey on hunting (Form LOV-11, mu-
nicipal level, www.stat.gov.rs), in the spring of 2019 the esti-
mated number of red deer was 6,268 individuals, of which
2,056 individuals or 32.8% were in Central Serbia: 1,593
individuals in the statistical region of Southern and Eastern
Serbia, and 463 individuals in the statistical region of Su-
madija and Western Serbia (Fig. 1). More precisely, the to-
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tal recorded culling in 2019/2020 was 94 individuals in
these statistical regions (78 and 16, respectively). This cle-
arly indicates that the current status of red deer is not fa-
vourable in central Serbia, mainly due to overexploitation
(legal and illegal), habitat loss and competition with dome-
stic livestock, which were also the main causes of deer
extinction in some parts of Europe (Burbaité and Csanyi
2010; Valente et al., 2017).

In the period 2016-2018, a multidisciplinary research was
successfully implemented within the SRBREDDEER pro-
ject, which was initiated and funded by the Forest Admini-
stration of the Ministry of Agriculture, Forestry and Water
Management. For the first time a modern approach and
methodology were applied to determine areas suitable for
the reintroduction of red deer in Serbia, as well as to deter-
mine the location of acclimatisation enclosure, risk asse-
ssment of extinction and minimum viable population after
reintroduction, and develop a more efficient monitoring
system for red deer populations and their habitats in Serbia
(Gaci¢ et al., 2020). One of the main project activities was
the collection and analysis of data on previous reintroduc-
tions of red deer in Serbia and throughout Europe (e.g. Bo-
jovi¢, 1968; Tomic et al., 2010; Apollonio et al., 2014), with
emphasis on errors and factors of the greatest significance
for their success or failure. Thanks to that, measures were
proposed to improve the ongoing reintroductions in Ser-
bia, not only to improve the survival and reproduction of
red deer, but also to make the reintroduction process as
economical as possible.

The proposed program for the reintroduction of red deer
to the Mt. Tara area (Gaci¢ et al., 2018) was based on the
guidelines prepared and adopted by the IUCN/SSC Re-in-
troduction Specialist Group (1998, 2013), as well as on the
conclusions from the expert workshop held in Kragujevac
(May 26, 2018) within the SRBREDDEER project. Besides
this, the spatial context of reintroduction was observed
through the specific landscape pattern issues using a
structural metric parameter (Kie et al., 2002; Plante et al.,
2004). In addition, it is based on the interest and willingness
of local hunters and relevant state hunting authorities to
provide full and long-term support to this reintroduction
in the selected favourable area of Mt. Tara. Therefore, it
differs significantly from all previous programs implemen-
ted in central Serbia (Hadzi-Pavlovi¢, 1986; Novakovié,
1999).

The aim of this paper was to compare the most important
planned and implemented activities related to the proposed
program during the period 2018-2021, and to evaluate the
results achieved in the reintroduction of red deer in the Tara
area with emphasis on the incidence of bark stripping wit-
hin an acclimatization enclosure and postrelease movement
of red deer.

MATERIAL AND METHODS
MATERIJAL | METODE

Research area — Podrucje istraZivanja

The selected favourable area for reintroduction was central
part of the Tara mountain massif (Fig. 1) on the area of 150
cels 1 km x 1 km squares. The altitude ranges from 424 to
1,544 m a.s.1,, but the altitudinal belt of 900-1,300 m occupy
about 119 km?, or 79.3% of its total area.

The acclimatisation enclosure is located in the central part
of the favourable area (Fig. 2), which mostly belongs to two
hunting grounds. The acclimatisation enclosure occupies
3.63 ha (altitude about 1,100 m a.s.l.), of which most are
forests (1.90 ha or 52.3%), followed by meadows and pa-
stures (1.27 ha or 35.0%), forest land (0.18 ha), wetland
(0.27 ha), while it also contains two wooden huts (0.01 ha).
The parent rock is limestone, which forms smaller or larger
ridges in some parts of the forest.

According to Gaci¢ et al. (2018) 150 km? was the smallest
possible area relevant for the assessment of red deer habi-
tat, where the newly established red deer population has a
realistic chance of remaining as a compact whole after re-
introduction. In addition, we analyzed the position of the
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Figure 1. Research area
Slika 1. Podrucje istrazivanja
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acclimatization enclosure in relation to the characteristics
of the neighboring forests including state forests (managed
by state forest company - approx. 7,550 ha and Tara Nati-
onal Park - approx. 4,180 ha) and Church forests (approx.
360 ha). Areas under high forests range from 40.2 to 97.8%,
while non-overgrown areas are rare, mostly barren land
(range 0.3-18.1%). The main tree species are common
beech (Fagus sylvatica L.), sessile oak (Quercus petraea /
Matt./ Liebl.), Austrian pine (Pinus nigra J. E. Arnold),
Norway spruce (Picea abies /L./ H. Karst), Scots pine (Pinus
sylvestris L.), silver fir (Abies alba Mill.) and European white
birch (Betula pendula Roth.). Numerous rivers (Petinja,
Brate$ina, Kami$ina and Raca), as well as numerous streams
that have water throughout the year pass through the area,
so the hydrographic characteristics are favourable. It is esti-
mated that the current state of the road network in these
forest management units does not cause serious habitat fra-
gmentation.

The vegetation period in the research area begins in mid-
April and ends in late October. The average annual rainfall
is about 1040 mm. A significant part of the annual precipi-
tation is in the form of snow. The first snow appears in Sep-
tember, and the last one in April, sometimes even later. The
season with the highest recorded precipitation is summer,
followed by autumn, spring and winter. The main directi-
ons of wind blowing are northeast and southwest. For
further information on the research area and acclimatisa-
tion enclosure, see Gaci¢ et al. (2018, 2020).

Methodology — Metodologija

Our study is based on a newly established population of 74
red deer released in the Mt. Tara area during 2019 (n = 22),
2020 (n=32) and 2021 (n = 20), from five localities: 1. Du-
basnica, 2. Fruska gora National park, 3. Bukovik, 4. Plavna
and 5. Kozara (Fig 1.). The data on the number and structure
(sex and age) of released red deer were collected from the
records of the Forest Directorate (Ministry of Agriculture,
Forestry and Water Management) and PE “Vojvodina-
$ume”. Animals were from enclosures.

During the first year of red deer reintroduction, six females
were translocated from eastern Serbia, a fenced part called
Dubasnica within the hunting ground Zlotske sume - Crni
vrh, three of which died during transport on March 17,
2019, and one after a few days, most likely due to the stress
of capture and long transport. A month later, 17 individu-
als were translocated from Vojvodina (4 males, 7 females
and 6 calves), which originate from Hungary but were tem-
porarily kept in quarantine at the Ravne location within the
hunting ground of Fruska Gora National Park.

During the second year (January 28, 2020), four females
were translocated from a fenced area called Kosuta inside
the Bukovik hunting ground in southern Serbia, one of
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which died a few days after arrival. Then, six males from
Vojvodina, originating from the Plavna hunting ground
(February 15), as well as 18 individuals (2 males, 7 females
and 9 calves) from Fruska gora National Park (March 23)
were also translocated.

During the third year, six males were translocated from the
hunting ground Plavna (February 10, 2021), one of which
died a few days after arrival. A month after that, four fema-
les and two calves were translocated from the hunting gro-
und Plavna (March 27) and one male, seven females and
one calf from the famous hunting ground Kozara in Voj-
vodina (March 29).

Upon arrival, red deer were placed in an acclimatisation
enclosure at Jezerine, a location 14.4 km away from the
main road Uzice - ViSegrad, which also had the role of a
temporary holding quarantine. The plan was to hold the
red deer in the acclimatisation enclosure for several months
to allow them to recover from the trip and to acclimatize
to their new habitat, and release them into the selected fa-
vourable area (150 km?) during three consecutive years
between July 20 and August 15, depending on weather con-
ditions and calf development. However, the length of the
holding period varied due to an unplanned release in 2021
resulting from a damage to the fence caused by brown bear
— Ursus arctos L. (from February 10 to the beginning of
May) until the planned release after calving in 2019 (April
17 to July 29) and 2020 (January 28 to June 25). In both ca-
ses, the holding period lasted for several months, which is
atechnique defined by some authors as soft release (Rosatte
etal., 2007; Ryckman et al., 2010). During captivity, as well
as after release, red deer were provided with hay, maize and
rock salt.

The reintroduced red deer were monitored in a way that
does not interfere with its normal activities and does not
lead to domestication. We used quality equipment for day
and night observation (Swarovski SLC 10 x 42, Pulsar
CORE FXQ 50, camera traps Ltl Acorn, Spromise and Se-
issiger), while five individuals (49 + 1) were equipped
with GPS collars (Lotek LifeCycle 500 Pro Collar) during
disease-testing protocol in quarantine of origin (Ravne -
Frugka gora National Park) in April 2019. These individu-
als were then loaded into a livestock trailer and transported
to the acclimatisation enclosure in the area of Tara.

Other participants in the monitoring were employees of lo-
cal hunting association (“Aleksa Dejovi¢”, Uzice) and Tara
National Park (Bajina Basta), who used camera traps and
personally collected records of red deer in the field, or col-
lected records from the local people. All records from the
Detinja hunting ground were without data on geographical
coordinates, so they were not included in the statistical
analysis. We had a total of 27 complete records, of which
26 were from the Tara National Park hunting ground and
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one from the Soko hunting ground. Additionally, we had
14 records in the period from August 15 to November 9,
2019, which were obtained from a 4-year-old female
equipped with GPS collar number 607. The straight-line
dispersion distance from the acclimatisation enclosure was
calculated. The difference between the mean dispersion dis-
tances in 2019, 2020 and 2021 was tested using one-way
ANOVA and the Fisher’s LSD test (P < 0.05) after log trans-
formation (STATGRAPHICS 16.1). The collected data were
mapped and all spatial analyses were performed using Ar-
cGIS 10.3 Package.

Incidence and intensity of bark stripping caused by red deer
within the acclimatisation enclosure were determined from
18 to 20 September, 2020. The definition of incidence is the
percentage of damaged trees in an area, and the intensity is
the severity of damage to an individual tree, such as the
number or size of bark wounds (Gill, 1992). Trees of high
and coppice origin were randomly selected on the entire
surface of the forest, so we mostly moved along isohypses.
The diameter at breast height was measured (cm) and the
position of the tree in the acclimatization enclosure was
determined using a Magellan Mobile Mapper 50 4G GPS
receiver. The total number of measured trees of high origin
(n=479) was twice smaller than the trees of coppice origin
(n = 999). Each individual tree was assessed for all visible
bark stripping damage (recent and aged) and was quanti-
fied using a five point scale (Mountford, 1997): 0 = no da-
mage (no bark removed); 1 = limited damage (<10% bark
removed); 2 = moderate damage (10-50% bark removed);
3 = severe damage (>50% bark removed); and 4 = very se-
vere damage (ring-barked). Utilization intensity (%) was
calculated for trees of coppice origin and represents the ra-
tio of debarked stems and all stems in the stump, e.g. some
stumps of common hazel (Corylus avellana L.) had 30
stems. The median values for damaged and undamaged
common hazel trees were compared by the Kruskal-Wallis
test.
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RESULTS AND DISCUSSION
REZULTATI | RASPRAVA

Bark stripping occurred mainly on thinner common hazel
stems of coppice origin (< 9.9 cm), as well as on thinner
aspen, European hornbeam and sycamore stems of high
origin (Fig. 2). In total, 1478 stems within the acclimatiza-
tion enclosure were examined and 301 of them were debar-
ked (20%).

The mean stem girth of coppice and high trees was 5.1
4.6and 13.7 £ 12.1 cm, respectively. Bark stripped common
hazel stems were not significantly thinner than undamaged
common hazel stems (Kruskal-Wallis test: KW = 1.10, P =
0.29). We found that middle-aged and quality trees of the
main species were not damaged: beech (Fagus sylvatica),
sycamore (Acer pseudoplatanus), sessile oak (Quercus pe-
trae), Scots pine (Pinus sylvestris), Norway spruce (Picea
abies) and wild cherry (Prunus avium). These results indi-
cated that, except properly supplemental feeding, an adequ-
ate methodology for the selection of acclimatisation enclo-
sure had been applied, whose habitat quality mitigated the
consequences of numerous mistakes made during the im-
plementation of the reintroduction program. During the
study period, no bark stripping was observed outside the
acclimatization enclosure.

The highest incidence and intensity of bark stripping da-
mage were found on the edge of the forest near the best
meadow, where there are two old wooden huts and a fee-
ding station with maize and hay. Utilization intensity was
the highest in the part of the forest that is below the best
meadow and feeding site, and above the moist soil where
the only water source is located (Fig. 3).

Habitat quality at the release site has a high impact on the
success of reintroduction, if the number and origin of the
inhabited breeding stock are favourable, which includes the
degree to which the animals are dispersed from the release
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Figure 2. Number of trees per species - left (seed origin), right (coppice origin)

Slika 2. Broj stabala po vrstama drveca - lijevo (iz sjemena), desno (iz panja)
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Table 1. Intensity of damage within acclimatisation enclosure in the area of Tara

Tablica 1. Intenzitet guljenja kore u prihvatilistu jelena obiénog na podrucju Tare

Category (damage score)

D__BH c_lass : Kategorija ostecenja Uit
Debljinski stupanj o Ukupno
{em) Limited Mod_erate Severe Very se_vere (n)
Slab Umjeren Jak Vrlo jak
Trees of high origin
Stabla visokog porijekla
<99 206 8 1" 5 11 241
10.0-19.9 139 1 2 1 - 143
20.0-29.9 44 - 44
30.0-39.9 23 - 23
40.0-49.9 13 - i3
50.0-59.9 1 1
60.0-69.9 4 4
Total
Ukupno 440 9 13 6 11 479
Trees of coppice origin
Stabla izdanackog porijekla
<99 678 260 - 938
10.0-19.9 39 2 4
20.0-29.9 12 12
30.0-39.9 3 - 8
40.0-49.9 4 4
50.0-59.9 1 1
Total
Ukupno 137 262 999

site (Griffith et al., 1989; Yott et al., 2011; Apollonio et al.,
2014). The location of the acclimatisation enclosure Jeze-
rine in the Tara area was determined with the participation
of numerous experts (from Serbia, Slovenia and Italy) using
landscape structure analyses and the common phytocoe-
nological methodology (Gaci¢ et al., 2018). Based on these
analyses, four hexagons (the area of each one is 50 ha), were
selected, which are sunny during the winter with an average
value of 1228 Wh per unit area of 25 m? Their landscape
structure is complex with over 1120 elements on an area of
200 ha, while the length of the forest edge is about 54 km
on an area of 200 ha.

There are pastures of good enough quality on natural me-
adows in the acclimatisation enclosure Jezerine. They were
once mowed to feed livestock, and now various shrub spe-
cies such as common hazel, blueberry (Vaccinium myrtillus
L.), forest blackberry (Rubus spp.) and wild rose (Rosa spp.)
appear on them. In addition, the scrub of common hazel is
present, mostly as shrubs with several thin and several thic-
ker stems from the stump. In the further surroundings, the
share of areas under field crops and orchards was not large.
The red deer released within the acclimatisation enclosure
removed the bark of several tree species during spring and
summer 2020 (Tab. 1). We believe that this can be explai-
ned by its significantly smaller total area than projected
(3.63 vs 7.29 ha). In addition, in 2020, a higher number of

individuals was released (n = 28) compared to the projec-
ted optimal number (58 + 159), which was then further
increased in early June by five newborn calves. Unfortuna-
tely, there are no detailed data on supplementary feeding
within the acclimatization enclosure, especially on the amo-
unt of maize suppled on a daily and/or monthly basis, so it
was not possible to analyze the impact of this factor on the
released red deer behavior.

From 29 July 2019 to 30 November 2021, we obtained 41
red deer locations for the 74 released individuals from the
acclimatisation enclosure in the area of Tara (Tab. 2).
Approximately 42% of all location estimates were obtained
from direct observations, 34% from GPS collars, and the
remaining 24% from camera traps, footprints and damage
by red deer.

Mean straight-line dispersal distance differed between GPS
points and other red deer records in 2019 (F, ;, = 288.76, P
<0.05), but GPS points were not obtained in 2020 and 2021
(Fig. 4). The dispersal distance for GPS points (4-year-old
female) ranged from 17.30 to 24.23 km (mean + SD =21.89
+ 2.47), while for the other pooled records it ranged from
3.09 to 18.44 km (8.97 + 4.30). The mean straight-line dis-
persal distance from the acclimatisation enclosure differed
between the three study years (F,,, = 5.55, P = 0.01). Red
deer during 2020 (11.66 + 4.61) dispersed farther than red
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deer in 2019 and 2021 (6.85 + 1.26 and 7.29 + 3.76, respec-
tively).

Total mortality among the 72 red deer that were transpor-
ted to the acclimatization enclosure was 8.3% between 2019
and 2021, of which three females died in the livestock tra-
iler, and three individuals after a few days in the acclimati-
zation enclosure (29 + 1). During the study period, there
were no recorded deaths of released red deer outside the
acclimatization enclosure. The fence around the acclimati-

zation enclosure was much weaker than designed (Gaci¢ et
al., 2018), due to which free-ranging brown bears and wild
boars could enter the enclosure and access the feeding sta-
tion, even when new groups of red deer were inside and the
fence was closed.

Red deer were released from the acclimatization enclosure
through two openings in the fence whose length was 10 and
30 m (Fig. 3). Each year, these openings were closed a few
days before the transport of the new group, until the day of
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Table 2. Dispersal distance from the acclimatization enclosure for released red deer
Tablica 2. Udaljenost od prihvatiliSta za jelena obi¢nog naseljenog na podru¢ju Tare

Record

Zapis
(n)

Record description
Opis zapisa

Distance
Udaljenost

(km)

1 30 July 2019 Camera trap on a brown bear feeding place, 7 @ + 1 & 5.18
2 end of August 2019 Direct observation (gamekeeper), 2 @ 6.21

3 3 September 2019 Camera trap on a feeding place, 1 &' (with GPS collar) 6.10
4 5 September 2019 Direct observation, 1 ¢ 8.61

5 15 September 2019 Direct observation, 1 ¢ 1.85
6 2 October 2019 Direct observation, 3 @ 1.15
7 19 January 2020 Footprint on the ground 17.82
8 18 February 2020 Footprint on the ground 18.44
9 20 April 2020 Camera trap and direct observation (gamekeeper), 3 ¢ 12.41
10 21 April 2020 Direct observation (gamekeeper), 1 ¢ 8.36
1 24 June 2020 Direct observation (vegetable garden owner), 1 ¢ 1.89
12 4 July 2020 Direct observation, 1 & 1.71

13 29 July 2020 Direct observation (vegetable garden owner), 1 9 10.45
14 end of August 2020 Direct observation, 1 @ + 1 & 7.59
15 10 September 2020 Browsing by red deer on beech trees 6.74
16 11 September 2020 Direct observation, 1 @ + 1 & 18.39
17 29 October 2020 Direct observation (hunting ground manager), 1 ¢ 12.45
18 31 January 2021 Direct observation, 2 ¢ 17.14
19 6 February 2021 Footprint on the ground 4.88
20 5 March 2021 Direct observation, 3 @ + 3 & 1.78
21 5 June 2021 Direct observation (gamekeeper), 1 @ 8.21

22 15 July 2021 Damage by red deer on vegetable garden 6.96
23 24 August 2021 Camera trap, 1 & 5.69
24 end of August 2021 Direct observation, 1 & 7.04
25 end of August 2021 Direct observation, 2 ¢ 6.21

26 20 September 2021 Direct observation, 2 ¢ 5.95
21 November 2021 Camera trap and direct observation, 3 @ + 1 & 3.09

their release, so that previously released individuals into the
wild (Petinja hunting ground) could return to the acclima-
tization enclosure for most of the year. The exception was
2021, when a brown bear destroyed part of the fence, as a
result of which the released red deer escaped from the accli-
matization enclosure before calving.

Our results obtained in 2019, showed that red deer disper-
sal occured immediately after release from the acclimatiza-
tion enclosure, which confirms the results obtained in On-
tario, Canada (Yott et al., 2011). The release began in the
afternoon of July 29, and on the same day, the first herd of
one middle-aged male and 7 hinds left the acclimatization
enclosure at around 10:30 pm. Then, this herd was recor-
ded early in the morning of July 30 at 4:27 am on the ca-
mera trap in the hunting ground Tara National Park (record
no. 1), which was at a 5.2 km distance (straight-line) from
the acclimatization enclosure. After 3-4 days, another
middle-aged male equipped with a GPS collar, a number of
other hinds and three newborn calves came out. Two hinds
from eastern Serbia returned to the feeding station in the
acclimatization enclosure almost every day during the
night, while hinds from Fruska gora National Park and

newborn calves were recorded at a site located about 1.5
km from the acclimatization enclosure. The following
month, on September 3, 2019 at 2:14 am, a middle-aged
male equipped with a GPS collar was spotted on a camera
trap at a distance of 6.1 km (record no. 3), but it was retur-
ning to the acclimatization enclosure for the next two years.

The distribution of red deer around the acclimatization
enclosure was satisfactory, but there were no records with
geographical coordinates from the hunting ground Petinja
(Fig. 4). Instead, there are many records obtained using ca-
mera traps, which showed that one middle-aged male and
three females equipped with GPS collars remained very
close to the acclimatization enclosure after release in 2019.
In addition, there are some individuals, or smaller herds
around the acclimatization enclosure, that have been con-
tinuously seen by the guard service, especially after the esta-
blishment of three new feeding stations surrounding the
acclimatization enclosure.

Unfortunately, 4 GPS collars that were placed on one male
and three females did not give the expected results during
the study period. One collar did not function after being



454

3 e P | S
4-year-old female
D Hunting ground border
__ Acclimatisation enclosure |
—— Road to acclimatisation enclosure |
@ GPS points
[ selected area (150 km2)

|:| Hunting ground border

| Acctimatisation encilosure

—— Road to acclimatieation onclosuro
[ selected area (150 km2)

Figure 4. Dispersal distance: a - GPS collar points (n = 14), b - other red deer records (n = 27)
Slika 4. Udaljenost od prihvatiliSta: a - tocke od GPS ovratnika (n = 14}, b - drugi zapisi (n = 27)

placed on the animal, while three collars collected GPS po-
ints only while the animals were in the acclimatization
enclosure. This can be explained by the inadequate time lag
in the dynamics of procurement of the GPS collars (Janu-
ary 2018) and the delay in the start of their application
(April, 2019). In addition, there were problems in obtaining
3D locations from the GPS collars due to dense vegetation
and steep terrain, which was also reported by many other
researchers (e.g. Jung et al., 2018).

We believe that the fidelity of the release area can be expla-
ined by its high quality habitat and that the release stock

was kept for several months in the acclimatization enclo-

sure, as well as that all released red deer originate from a
smaller fenced parts of the hunting ground. Since the rele-
ased red deer have different origins, with most individuals
originating from Hungary (17 in 2019 and 18 in 2020), Voj-
vodina (6 in 2020 and 20 in 2021), southern Serbia (3 in
2020) and eastern Serbia (2 in 2019), it is plausible to
assume that this also influenced the establishment and
growth of the population in the Tara area, especially the
postrelease movements of individuals.

A large number of the red deer in the area of Tara released
from 29 July 2019 to early May 2021 were moving within a
10 km-distance from the acclimatization enclosure (Fig. 4).
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The longest movement of a 4-year-old female (held for 15
weeks) was 24 km, when she came very close to the town
of Uzice together with two other individuals. She stayed
there from August 15 to November 9, 2019 (after that, GPS
collar failed), which was a dispersal event contrary to all
our predictions. The cause of this movement may be wolf
harassment, as a few days after the opening of the fence near
the acclimatization enclosure (= 2.5 km), one female from
a pack of three wolves was culled by the guard service.
There may also be a need for water and better food resour-
ces during the stay in the enclosure, because this new habi-
tat near UzZice is located at an altitude of 600 to 900 m a.s.l.,
along the Detinja River and various agricultural crops in a
deciduous forest setting.

Red deer uses space depending on the impacts of various
factors, such as abiotic (topography and climate) and anthro-
pogenic (forest characteristics, supplementary feeding, roads
and hiking trails), but also historical events and management
in the past (Stergar and Jerina, 2017). Reaserch in Slovakia
(Kropil et al., 2015) showed two distinct spatial patterns in
the same local population (residential and migratory), and
residential annual home ranges were significantly smaller
compared to migratory ones, but residents expanded their
space use in winter compared to other seasons. In their re-
search, the longest movements were determined in three yo-
ung stags emigrating to neighbouring mountain ranges (30,
47 and 65 km), and they concluded that the smallest area for
unified management should be at least 300 km?.

Elk (Cervus elaphus) dispersion from the release site de-
pends on the impacts of many factors such as the length of
time they were held prior to release, large predators, pre-
vailing winds, geographical features of the area, age of re-
leased individuals, road density, hydro-electric corridors
and human disturbance (Rosatte et al., 2007; Ryckman et
al., 2010; Yott et al., 2011). We believe that the released red
deer in the Tara area dispersed further in 2020 due to the
COVID-19 pandemic, when many families from Belgrade
and other large cities came to this mountain during a pe-
riod of strict lockdown (to their own or rented cottages),
which was the cause of frequent human disturbance. Some
authors suggest that areas dominated by a single cover type
with little interspersion of other habitats should be avoided
for elk reintroduction (Larkin et al., 2004). These authors
recommended areas with high levels of open-forest edge
(= 5 km/km?), which will likely enhance release-site fidelity
and promote reintroduction success.

Wolf and brown bear predation, especially poaching and
illegal shooting could be an important factor affecting red
deer recruitment and reintroduction success, similar to the
situation in some other countries (Rosatte et al., 2007; Yott
et al,, 2011), while further study in the area of Mt. Tara is
required. Our results obtained in the period 2019-2021 pro-
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vided only a partial insight into the directions and distances
of movement after the release of red deer, which are pro-
bably much larger than shown by the collected records and
GPS points (Fig. 4). For example, unverified data indicate
that one group of released red deer crossed the state border
between Serbia and B&H, and that it is located near the
town of Visegrad.

The proposed reintroduction program for red deer in the
Tara area contains the necessary elements and measures
(Gaci¢ et al,, 2018), but many of them were modified du-
ring implementation, while some were not implemented.
The main goal of this reintroduction was to form a self-su-
staining and vital population of red deer in the selected fa-
vourable area (150 km?) within a 20-year period. The po-
pulation should reach an estimated capacity of 120
individuals, and serve for new settlements and sustainable
use through hunting tourism.

Some authors (Yott et al., 2011) argue that the degree of
movement and dispersal of animals from a temporary accli-
matization enclosure (soft release), or from a release site
(hard release) has the highest impact on the success of re-
introduction. In addition, the key goal of reintroduction
should be to increase the size of the population as soon as
possible (Ryckman et al., 2010).

Our analysis showed that the established acclimatisation
enclosure (3.63 ha) had a significantly smaller area than
planned (7.29 ha), so that very favourable parts of the forest
and three natural streams were left out. Moreover, the dis-
infection barrier at the main gate was not built, while the
fence around the acclimatization enclosure was much we-
aker than designed, e.g. there was no electric fence on the
outside for protection against large predators (wolves and
brown bears), and no barbed wire above the upper part of
the wire mesh with flags in the middle of the space between
the poles, etc.

CONCLUSIONS
ZAKLJUCCI

The modern approach and methodologies used in this pro-
ject (“SRBREDDEER”) were appropriate and can be applied
in other projects trying to reintroduce red deer to areas that
were once part of its natural range, both in central Serbia
and neighboring countries (B&H, Montenegro and North
Macedonia). In the period 2019-2021, 74 red deers were
released from the acclimatization enclosure in the Tara area,
which is about 60% of the estimated capacity of the selected
favourable area (150 km?). Total mortality among the 72
red deer that were transported to the acclimatisation enclo-
sure was 8.3%. During the study period, no bark stripping
was observed outside the acclimatization enclosure, nor
were any deaths of the released red deer registered. A large
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number of the released red deer were moving within a 10
km-distance from the acclimatization enclosure.

Some of the most important problems in the implementa-
tion of the red deer reintroduction program in the Tara area
are: 1) inadequate supervision regarding the realization of
the established deadlines and implementation of elements
of the program; 2) poorly organized monitoring of released
red deer and its habitats; 3) lack of education of hunters and
the local population; 4) lack of a plan for the management
of red deer populations and hunting grounds at the regio-
nal and national level (e.g. Action Plan); and 5) potential
conflicts between red deer and humans.
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SAZETAK

Suvremeni pristup u izradi programa za reintrodukciju jelena obi¢nog bio je primijenjen po prvi put
u Srbiji. U radu je dan prikaz planiranih i primijenjenih aktivnosti obnove populacije jelena obi¢nog
na lokalitetu Tara tijekom razdoblja 2018.-2021., kao i procjena ostvarena na podrucju Tara. Plan je
bio da se jelen obi¢ni (53 + 15%) drzi u prihvatilistu nekoliko mjeseci, a nakon toga ispusti u odab-
rano povoljno podrugje (150 km?) tijekom tri uzastopne godine. Jelen obi¢ni je uglavnom gulio koru
tanjih stabala obi¢ne lijeske (< 9.9 cm). Tijekom razdoblja transporta i boravka u prihvatilistu, od 72
jedinke jelena obi¢nog uginulo ih je 6 (8.3%). Nakon ispustanja iz prihvatilista, Cetiri godine stara
kosuta (drzana 15 sedmica u prihvatili$tu) imala je najdulje pravocrtno kretanje od 24 km. Tijekom
proucavanog razdoblja, izvan prihvatiliSta nije evidentirano guljenje kore, niti su evidentirana uginu¢a
ispustenih jedinki jelena obi¢nog. U razoblju 2019.-2021., 74 jedinke su ispustene iz prihvatilista u
podrudje planine Tara, §to iznosi oko 60% od procijenjenog kapaciteta odabranog povoljnog podruéja.




