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Abstract:
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There are many natural tree-shrub belts among farmlands in Bulgaria. However, no studies have focused
explicitly on the species inhabiting there. The aim of our study — to explore the possibility of using the
natural tree-shrub belts in agricultural areas as refuges for medium-sized and larger mammals and birds.
Camera trapping — used to record species in the Upper Thracian Plain and the Kazanlak Basin. The devices
were set facing animal paths, in dense tree-shrub belts between the farmlands of five settlements for the
period November 2021 — April 2024. A total of 1737 independent registrations of 14 mammal and 15 bird
species were obtained. We recorded 27 species of wildlife from 21 families of native fauna, excluding
stray dogs and cats. The golden jackal (Canis aureus Linnaeus, 1758), the red fox (Vulpes vulpes Linnaeus,
1758), the European badger (Meles meles Linnaeus, 1758) and the European hare (Lepus europaeus Pal-
las, 1778) were registered at all camera stations. Among the 17 established bird species there — a series of
synanthropic species, such as the Eurasian magpie (Pica pica Linnaeus, 1758), Eurasian jay (Garrulus
glandarius Linnaeus, 1758), blackbird (Turdus merula Linnaeus, 1758), common pheasant (Phasianus
colchicus Linnaeus, 1758) and tits (Parus spp.). The tree-shrub belts in the study area appear to function
successfully as oases for many wildlife species among local agricultural ecosystems. These belts could also
represent travel corridors that enable the movement of wildlife across an agricultural landscape.

Key words: Bulgaria, camera traps, shelterbelts, mammals, birds

Introduction

Biodiversity loss in agroecosystems has been found
to be directly linked to ecosystem service provision
and human well-being (Kratschmer et al. 2024).
Worldwide, more and more woodlands and grass-
lands are being converted into arable land (Foley et
al. 2005). This human activity, together with agri-
cultural intensification and chemicalization, reduces

"Corresponding author: atidje_dj@abv.bg

wildlife diversity, either by direct extermination or by
habitat loss/fragmentation (Emmerson et al. 2016).
According to Ellis & Ramankutty (2008), more than
75% of Earth’s ice-free land showed evidence of
alteration, as a result of human residence and land
use, suggesting major losses of biodiversity (Butch-
art et al. 2010). The intensive monoculture farming
leads to erosion, landslides and reduced wildlife di-
versity. To counteract these processes, construction
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of shelterbelts along the boundary of arable land,
together with other activities is performed. These
structures could be of natural origin (shrubs, trees or
combined: of trees and shrubs and riverine) or could
be built by people (i.e., a layer of trees against the
wind, hedgerows, grass filter strips, etc.), depending
on the purpose (Clark & Reeder 2007, Constandache
& Nistor 2014, Popov et al. 2017, Sarychev et al.
2019, Shahanov & Cirella 2022). Restoration and
preservation of natural belts are preferred. Despite
the efforts that go into planting artificial belts, they
cannot replace the unique habitats that provide key
refuges for many animal species (Lecq et al. 2017).
In the absence of natural belts, the construction of
artificial belts is encouraged for supporting greater
species diversity (de Leon et al. 2021). Green belts
also could be used by mammals as biocorridors for
movement between farmland patches (Mize et al.
2008, Fremier et al. 2015).

In Bulgaria, there are natural shelterbelts all
over the country in the farmland matrix. Moreo-
ver, during the time of socialism, belts of trees and
bushes had been built to reduce wind gusts, to stop
drifting snow and to prevent erosion (Vassilev et al.
2019). Nowadays, the remnants of these protective
tree belts could be found only in North-Eastern Bul-
garia (Dodev et al. 2023). Studies on green belts in
Bulgaria have focused mainly on their protective
functions (Popov et al. 2017, Vassilev et al. 2019,

Shahanov & Cirella 2022) without focusing on
the fauna. The communities of invertebrates (Li et
al. 2016, Grabovska et al. 2021) or birds (Clark &
Reeder 2007, Lavrov et al. 2021) have been most
often studied when assessing biodiversity in such
structures abroad. Only few studies explored small
mammal species (Michel et al. 2006, Michel et al.
2007, Sullivan et al. 2012, Dondina et al. 2016, Pel-
letier-Guittier et al. 2020).

Camera trapping is a suitable method for as-
sessing mammal species presence (e.g. Griffiths
1994, Karanth 1995, McCallum 2013, Rovero et al.
2013, Wayne et al. 2013). This method has also been
used successfully in birds recording (e.g. O’Brien
& Kinnaird 2008, Randler & Kalb 2018, Fonttrbel
et al. 2020). The aim of our study — to explore the
possibility of using natural tree-shrub belts in agri-
cultural areas as the refuges for medium-sized and
larger mammals and birds.

Materials and Methods

Study area

The study — carried out in natural tree-shrub belts
between farmlands in the Upper Thracian Plain and
the Kazanlak Basin, Bulgaria. The shelterbelts were
located near five settlements (Elhovo, Kirilovo,
Hristiyanovo, Hadzhidimitrovo and Stara Zagora
City) in Stara Zagora District (Fig. 1).
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Fig. 1. Location of the studied sites.
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The belt close to Elhovo — located 600 m away
from the settlement, between vineyards with an alti-
tude of 315 m ASL. The second belt — located 1700
m away from the village of Kirilovo, between ag-
ricultural lands (242 m ASL), where sunflower and
rape plantations were alternating. The third belt —
1400 m away from the village of Hristiyanovo and
— located between wheat fields (191 m ASL). The
belt that — 600 m away from the village of Hadzhid-
mitrovo — between patches of wheat and lavender
(475 m ASL) with adjacent fruit orchard. The last
belt — 150 m away from Stara Zagora City, between
a wheat field and a cattle farm at an altitude of 158
m ASL. The shelterbelts consisted mainly of oak
(Querqus sp.), common hornbeam (Carpinus betu-
lus Linnaeus, 1753), acacia (Robinia pseudoacacia
Linnaeus, 1753) and elm (Ulmus sp.). Among them,
single fruit trees such as apple (Malus), cherry (Pru-
nus sp.), mulberry (Morus sp.), walnut (Juglans)
and pear (Pyrus sp.) were found. The understory —
made up of blackthorn (Prunus spinosa Linnaeus,
1753), hawthorn (Crataegus monogyna Jacq.), rose
hip (Rosa canina Linnaeus, 1753) and blackberry
(Rubus allegheniensis Porter, 1896). Grass commu-
nities were dominated by perennial species.

Camera trapping

The study — carried out in the period November
2021-April 2024 (Table 1). Infrared camera traps
Keep Guard Cam KG690NV, Keepway Industrial
Inc.; Ltl Acorn 6310-3G, Zhuhai Ltl Acorn Elec-
tronics Inc. with a trigger speed of 0.8 sec. and
Bestguarder DTC-880V with a trigger speed of 0.6
sec were used. A total of five devices were placed
on animal trails in dense tree-shrub belts between
farmlands (each location has been referred to as a
camera station in the text below). The cameras were
mounted at a distance of 1.30-2.5 m from the ani-
mal trail and at a height of about 50-70 cm from the
ground. The devices’ working regime — to take three
consecutive photos and a video, with a possibility
of a photo with a five-min delay after the video. The

Table 1. Camera trap, trapping period and number of
camera-days.

Camera station From To Camera-
days
Hristiyanovo 21.11.2021 | 30.8.2022 282
Stara Zagora 23.11.2021 | 15.9.2022 296
Elhovo 20.11.2023 | 4.2.2024 76
Kirilovo 28.11.2023 | 1.3.2024 94
Hadzhidimitrovo | 22.1.2024 | 30.4.2024 99

cards and batteries were checked every two weeks.
The total number of camera days — 847. To avoid
pseudoreplications (Meredith & Ridout 2014), the
registrations of one and the same species at one
station — considered as an independent event when
there — an interval of 30 min or more in between
(Linkie & Ridout 2011).

Statistical treatment

As the number of camera days — not uniform across
camera stations, a linear regression — performed to
test whether the number of species recorded de-
pended on the length of the trapping period. No
statistical differences in the number of captured
species between different stations were found (p =
0.93). To determine the most common mammals
and birds in the tree-shrub belts, the percentage
of independent registrations (IR) were calculated,
within each group. Finally, the linear regression
analysis — repeated to test the dependence of the
number of detected species from proximity to set-
tlement. The data were processed using Past 4.03
for Windows.

Results

Actotal of 1737 independent registrations of 14 mam-
mal and 15 bird species were collected. Registered
wildlife (27 species, excluding stray dogs and cats)
belonged to 21 families of birds and mammals of the
native fauna (Table 2). The mammals (70.6% IR)
were more frequently detected than birds (29.4%
IR). Most of the registered mammals were oppor-
tunistic generalists in terms of both food and habitat
type. Stray dogs and cats used the shelterbelts’ paths
predominantly near villages.

The golden jackal (Canis aureus Linnaeus,
1758), red fox (Vulpes vulpes Linnaeus, 1758), Eu-
ropean badger (Meles meles Linnaeus, 1758) and
the European hare (Lepus europaeus Pallas, 1778)
were registered at all camera stations. At four cam-
era stations were detected stray cats, stone mar-
tens (Martes foina Erxleben, 1777) and blackbirds
(Turdus merula Linnaeus, 1758), while European
hedgehogs (Erinaceus roumanicus Barrett, 1900),
common pheasants (Phasianus colchicus Lin-
naeus, 1758), Eurasian jays (Garrulus glandarius
Linnaeus, 1758) and Eurasian magpies (Pica pica
Linnaeus, 1758) were recorded at three stations.
The largest number of species (20: ten bird and ten
mammal species) — registered by the camera trap
placed in the area of Hadzhidimitrovo Village (Ta-
ble 2, Fig. S1).

The badger — the most frequently captured
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Fig. 2. Percentage of independent registrations of mammals in natural tree-shrub belts in the Stara Zagora district
arable lands for the period November 2021 — April 2024.
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Fig. 3. Percentage of independent registrations of birds in natural tree-shrub belts in the Stara Zagora district arable
lands for the period November 2021 — April 2024.

(33.4% IR) among mammals, followed by the jackal
(19.3% IR) (Fig. 2). The most frequently captured
bird — the common pheasant (35.9% IR), followed
by the song thrush (Turdus philomelos Brehm, 1831;
14.5% IR) and the blackbird (14.3% IR; Fig. 3). Re-
gardless of the human presence in the area, stray
dogs and cats were rarely captured, cats being more
frequent than dogs (1.9% IR for dogs and 9.8% IR
for cats; Fig. 2). As expected, these two species were

not detected by the cameras located furthest away
from the settlements.

Linear regression analysis showed increase
in species registrations in tree-shrub belts with de-
creasing distance to settlement (Fig. 4). However,
the results were not statistically significant (y =
-0.005x + 18.45, R*=0.55, p = 0.15).
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Fig. 4. Relationship between the number of registered
species and the distance of the studied tree-shrub belts to
the nearest settlement in the Stara Zagora District for the
period November 2021-April 2024.

Discussion

Medium-sized carnivores such as golden jackals,
red foxes and European badgers were recorded
both at the remote stations and those near the settle-
ments. The red fox is a synanthropic species and is
not afraid of human proximity (Michelfelder 2003,
Scott et al. 2018, Baumann 2023, Celva et al. 2023,
Moesch et al. 2024). In human-dominated land-
scapes, jackals exhibit specific behaviours ranging
from synanthropic (Lapid et al. 2023, Gonji et al.
2024) to subtle spatial avoidance of humans (Fenton
et al. 2021). In the study area the species avoided
humans, while taking advantage at every oppor-
tunity of consuming food of anthropogenic origin
along the settlements (Raichev et al. 2020, Fenton et
al. 2021). It is well known the jackals permanently
inhabit the shrub belts and the local hunters benefit
of this when hunting. A similar proximity of even
larger carnivores to urban areas — found by Bate-
man & Fleming (2012). According to Penjor et al.
(2022), the benefits of using anthropogenic environ-
ments are a trade-off between ecological opportu-
nities (food subsidies or easy prey) and the risk of
conflicts with humans.

Rodent fauna — revealed partly by the present
study, because of the difficulties in species determi-
nation. Isolated hedgerows in Lower Saxony, Ger-
many can be marginal habitats, both for some forest
specialists and for some habitat generalists among
rodents (Schlinkert et al. 2016) and thereby increase
regional biodiversity in agricultural lands. Minne-
sota farmstead shelterbelts supported not only com-
munities of small rodents, but also of shrews, which
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in turn attracted other larger mammals and birds
(Yahner 1983). In the present study, stray dogs and
cats used these tree-shrub belts not only as travel
corridors, but also for searching prey (personal ob-
servation). As expected, they were mostly detected
by cameras closer to settlements.

Among the 17 registered birds’ species, synan-
thropic were the magpie, the jay, the blackbird, the
common pheasant and the tits. The diversity of in-
sectivorous birds could also be associated with the
potential high diversity of beetles and other insects
in the tree-shrub belts (Li et al. 2016, Bonifacio et
al. 2011). The structural features of these habitats,
such as high density and floristic composition, also
have a beneficial effect on bird communities. The
studied tree-shrub belts, as mentioned above, were
of natural origin. The bushes were extremely dense
in places and the structure of the belts — complex,
forming three floors. Such structures are reported
to support nesting birds, reducing the risk of preda-
tion (Laux et al. 2022). The available fruit-bearing
bushes (hawthorn, rosehip, blackthorn, etc.) are an
important food resource for migratory birds (Pesots-
kaya et al. 2020). According to Lavrov et al. (2021),
single tall trees suggest the presence of dendrophil-
ous birds. In the present study, only the green wood-
pecker (Picus viridis Linnaeus, 1758) — recorded, as
the camera traps were set to shoot the space near the
ground. Thus, only understory bird diversity could
be effectively detected by camera trapping (Fontur-
bel et al. 2020).

The heterogeneity of tree-shrub belts supports
the presence of species from many taxa (Graham et
al. 2018). Height, width and tree biomass are belt
features of vital importance for both mammals and
birds, while connectivity is of particular importance
for mammals (Graham et al 2018). Conservation
management of tree-shrub belts aimed at support-
ing birds, requires activities to increase their hetero-
geneity (e.g. hedge trimming, partial rejuvenation
cuts, planting juicy bearing shrubs and maintaining
old trees) (Hinsley & Bellamy 2000, Batary et al.
2012).

Conclusion

The tree-shrub belts in the study area successfully
function as oases for many wildlife species among
local agricultural ecosystems. They could also rep-
resent travel corridors that enable the movement of
wildlife across an agricultural landscape. We rec-
ommend their protection as refuges for wild species
in the purpose of the sustainable use of agricultural
land.
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Fig. S1. Some photos of the registered mammals and birds in the tree-shrub belts.

69



Ahmed A., Peeva S., Raichev E.

KeepGuard Camera Name 62F16C @ 11-29-2021 11: 18:08

Common pheasant
(Phasianus colchicus Linnaeus, 1758)

European robin (Erithacus rubecula Linnaeus, 1758)

KeepGuard Camera Name 59F15C P 02-22-2022 12: 23: 42

Eurasian magpie (Pica pica Linnaeus, 1758)

KeepGuard Camera Name 19F-TC@ 02-04-2022 08: 24:00 \

Eurasian jay (Garrulus glandarius Linnaeus, 1758)

Fig. S1. Continuation.
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