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ABSTRACT

In order to understand the processes engendered by different faunal elements in natural
systems, and to plan how such systems should be managed and conserved, it is essential
to start by determining the presence of those faunal elements, even large mammals. The en-
tire range of North Anatolian Mountains provides suitable sheltering and feeding habitats
for large mammals. The region stretching between Kéroglu Mountains (west) and Ilgaz
Mountains (east) is one of the most important Anatolia’s wildlife corridors. We located and
identified the species of large mammals in the Ilgaz Mountains, as well as specific habitats
used by them. Field studies carried out in this region during April-August 2017 resulted in
180 records of nine different species of large mammals: Lepus europaeus, Ursus arctos, Canis
lupus, Vulpes vulpes, Lynx lynx, Meles meles, Sus scrofa, Cervus elaphus and Capreolus capreo-
lus. To obtain those records took 621 days of studying with camera traps. Among those
species, European hare was the most frequently recorded herbivore (101), and brown bear
was the most frequently recorded carnivore (19). Both hare and roe deer displayed clustered
distribution patterns in the region. The analysis of our records showed that lynx, boar, and
fox were strictly nocturnal; whereas hare and wolf were predominantly nocturnal. We also

obtained records of the cubs of many large mammal species (bear, lynx, boar, red deer, roe
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deer) although we did not encounter any large mammal nests during the study.
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INTRODUCTION

Mammal species with a weight of over one kilog-
ram are known as large mammals [1]. In most
ecosystems, species of large mammals living on land
play prominent roles. Among these, large herbivores
act as considerable modifiers of primary production,
as well as nutrient cycles and soil properties, and even
regimes of wildfires and bushfires [2]. Likewise, large
carnivores play a major part in shaping the ecosy-
stems they live in, by directly and indirectly effecting
the species they prey on [3, 4]. Home range sizes of
large mammal species are relatively bigger than tho-
se of other vertebrates, and thus they require large,
uninterrupted ecosystems for feeding and breeding
[5]. They are also known to be very sensitive to dis-
turbance, and show considerable intolerance against
it [6]. In Anatolia, many of the ecosystems that large
mammals may find favourable have either become
fragmented, or they are completely destroyed as a
result of human activities — a serious threat to the
continuity of large mammal populations. Identifying

the presence of different species in a given area and
determining the habitats preferred by large mammals
were the two key precautions in investigating the ef-
fects of habitat fragmentation and producing alterna-
tive solutions for the conservation of species [7].

As pointed out by Can and Togan [8], there was
considerable lack of information on large mammal spe-
cies living in Turkey, and there were no reliable syste-
matic field surveys for most of them. This statement
still remained valid for the majority of large mammal
species in 2017. Therefore, it is clearly necessary to con-
duct more studies on large mammal in different parts of
Anatolia for the purpose of protecting their habitats and
the species themselves.

North Anatolian Mountains start with Kéroglu
Mountains in the west and continue with Ilgaz Moun-
tains towards the east, constituting a transition zone
between the geographic regions of Central Anatolia
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and Western Black Sea, and thus is a very important loca-
tion in terms of biological diversity. Forests extending from
the Camlidere-Gerede border towards Cankiri province are
thought to be of great importance as an ecological corridor.
Ilgaz Mountains are a notable part of this corridor, as they
still contain habitats that are not fragmented. The region
also hosts an adequate vegetation cover, which provides
shelter and food for large mammals, while also supporting
the local and long-distance movements of these species bet-
ween the Northwest and Northeast Anatolia. Preservation
of such transition zones is crucial for the presence of large
mammals in Anatolia.

We demonstrated the outcomes of our study that fo-
cused on determining the inventory of large mammal spe-
cies in the Ilgaz Mountains. The number of records and the
daily activity patterns of spotted species were all based on
camera trap records. With these results, we aimed to provi-
de scientific data and insight for future conservation efforts
on the large mammals in the region, and to support feasible
management plans involving the area.

MATERIALS AND METHODS
Study Area

We carried out our study in a part of Ilgaz Mountains
in northern Turkey (coordinates: 41.016198-32.916474/,
40.844273°-33.100230,41.048360°-34.052563",
41.138825-33.785055", Fig. 1).

Ilgaz Mountains define a wide geography, stretching
between and beyond the borders of Kastamonu and Canki-
r1 provinces. This study covered different parts around the
Cankar1 province. Ilgaz Mountains lie in the second row of
North Anatolian Mountains, along the west-east plane. II-

Figure 1. Location of the study area (Ilgaz Mountains, Cankiri Province,
Turkey) - camera trap stations (F).
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gaz Mountains reach 2587 metres at the peak, and our study
was carried out at 1000-2500 metres of altitude. Biogeog-
raphically, the mountains extend into two different floristic
regions: the Mediterranean and the Euro-Siberian phyto-
geographical regions. The region has a dominant forest ve-
getation, which contains communities of Pinus sylvestris L.,
Pinus nigra subsp. pallasiana (Lamb.) Holmboe, and Abies
nordmanniana subsp. equitrojani (Asc. & Sint. ex Boiss.)
Coode & Cullen. Ilgaz Mountains form a transition zone
between the geographic regions of Central Anatolia and
Western Black Sea, therefore having a climate influenced
by both regions’ typical characteristics. The summers are
dry and cool, with snowy and rainy winters. The study area
(along the southern slopes of the mountains) is dominated
by an atypical Mediterranean climate, with extreme colds
and limited rainfall [9, 10].

A section within the study area (approx. 1088.61 ha;
337.75 ha of which is within the borders of Cankiri province)
was declared a “Ilgaz Dag1 National Park” in 1976 [11].

Camera Trapping

In order to determine and identify the large mammal
fauna, we carried out camera trap surveys between Ap-
ril 2017 and August 2017. We used of five cameras, all
of which were passive infrared (Keepguard Wildlife Ca-
meras, Keepway Industrial, Asia Co., Ltd). Based on in-
terviews previously conducted with the locals living in
the area, we targeted large mammal species belonging to
the orders of Lagomorpha, Carnivora, and Cetartiodact-
yla: European hare (Lepus europaeus Pallas, 1778), brown
bear (Ursus arctos L. 1758), wolf (Canis lupus L. 1758),
golden jackal (Canis aureus L. 1758), red fox (Vulpes vul-
pes L. 1758), Eurasian lynx (Lynx lynx L. 1758), wild cat
(Felis silvestris Schreber, 1777), European badger (Meles
meles L. 1758), European pine marten (Martes martes L.
1758) and/or beech marten (Martes foina Erxleben, 1777),
wild boar (Sus scrofa L. 1758), red deer (Cervus elaphus L.
1758), and roe deer (Capreolus capreolus L. 1758).

Trap spacing was known to have a significant effect in
density studies [12]. The distances between camera traps
have to be decided according to both the target species and
the characteristics of the study area. In relative abundance
studies that rely on presence-absence data, maximizing the
possibility of photographing all species in the area is the
main purpose, but camera spacing seemed to have little ef-
fect on the successful documentation of these species [13].
However, it is still important to adjust the distance between
camera traps —the distances should be far apart enough to
record an adequate number of individuals in the sampling
area, but at the same time, close enough to avoid missing
any individuals in the sampling area [14]. For our study, we



decided to place the camera traps approximately 5-10 km
apart in order to maximize the coverage area, but kept the
distance between the traps at <10 km in order to avoid mis-
sing species that have relatively small home ranges (e.g. mar-
ten species). Trap locations were fixed throughout the entire
period of our study. Cameras were only replaced if one got
stolen or broken for any reason.

One month prior to the beginning of our sampling ef-
forts, we scouted the area for any possible clues indicating
the presence of large mammal species (e.g. faeces, tracks).
We placed the camera traps on paths and trails, where we
detected and identified such clues. All cameras were positi-
oned at 50-70 cm of height on average, and the focal range
was set to 5-7 metres. All the cameras and sensors were
protected with weather-resistant covers mounted on rigid
vegetation. We visited the traps every month in order to get
the captured visuals and to check if battery replacement was
necessary. By using Garmin GPSMAP 60 CSX (Garmin In-
ternational, Inc., Olathe, KS, USA), we recorded the geog-
raphic positions of all camera trap stations and plotted them
(Fig. 1). The triggering mechanism for camera traps relied
on sensors that can detect heat and/or motion within the
range of a conical infrared beam. An approximate lag of 0.3
seconds was observed from the time the sensor detects an
animal and the time the camera is triggered. Consecutive
shots had a 10 second delay in between.

Data Analysis

We assumed that consecutive photographs of a speci-
fic species taken by the same camera trap in a relatively
short period [within 1 hr; 15, 16] represented the same
individual, keeping in mind that some species may linger
around or in front of a camera for longer periods. The-
refore, we filtered all such multiple visuals belonging to
target species, and evaluated them as a single “record.”
Photographs displaying a group containing individuals
of the same species were also evaluated as single records
for the given species. The capture rates for species were
calculated by considering the number of records taken in
100 camera trap days (CTD), and this value was called the
relative capture frequency (RCF). These RCF values were
then used in determining the distribution patterns (ran-
dom, regular, or clustered) of all species targeted within
the area of study. To demonstrate the significant varia-
tions in the number of records among different camera
trap stations for a given species, we performed x* tests.

The number of records taken at different hours in a
day was assumed to reflect the daily activity preferences
of target species. To describe these activity patterns for all
target species, we used the timestamps on the records. We
then analysed these activity preferences by tabulating the
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number of records for all species in 2-h intervals. In order

to come up with results that can be evaluated as statistically

significant, we performed this analysis only for species with

the adequate number of records [17]. The records were later

classified into three different daily activity preference gro-
ups (diurnal, nocturnal, or crepuscular) depending on the

capturing period. The species were assumed to be diurnal if
the records were taken during 06:00—17:59, nocturnal if the

records were taken during 18:00—-05:59, and crepuscular if
the records were taken during 04:00-07:59 or 16:00—19:59.
We performed x? tests to determine the significant differen-
ces in the number of records belonging to particular daily
activity preference groups for all our target species. The sig-
nificance level was determined by using an « value of 0.05.

All statistical analysis and graphs were made by STA-
TISTICA (v. 8.0; StatSoft, Inc., Tulsa, OK, USA).

RESULTS

We distributed the observation effort among camera trap
stations according to how many days each one worked
for (CTDs); F1: 142 (23%), F2: 120 (19%), F3: 96 (16%), F4:
121 (19%), and F5: 142 (23%). The total sampling effort of
621 CTDs yielded 311 independent camera trap records
for further analysis, after filtering our photographs as
described under the data analysis section. Among these
311 records, we found that 58% of the records (180 out of
311) belonged to the target species, whereas 42% (131 out
of 311) were photographs of domestic animals, humans,
small mammals, birds, and reptiles.

In the study area, we ended up capturing the photog-
raphs of 9 different species of large terrestrial mammals (see
appendices for their photographs). Among our target speci-
es, the most frequently recorded was hare (101 times; 56.11%
of all the records belonging to all target species), followed by
roe deer (19 times; 10.56%) and bear (19 times; 10.56%), red
deer (12 times; 6.67%) and lynx (12 times; 6.67%), wolf (nine
times; 5%), boar (four times; 2.22%), badger (twice; 1.11%),
and fox (twice; 1.11%). Table 1 shows the RCF values for each
species, and how many days it took a trap to capture that
species in the study area (first capture day: FCD).

Table 2 showed the distribution of RCF values for each
species among all camera trap stations during the entire
study period. The comparison of these values among came-
ra trap stations gave statistically significant differences for
hare and roe deer (x*=134.20; x*=37.05, respectively; df=4;
p<0.05), but the comparison for all other species proved to
be statistically insignificant (p>0.05).

We determined a statistically significant difference in
the number of records taken during three designated daily
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Table 1. Number of records, RCF values, and first capture days of target species.

Species
Order English Name Latin Name Number of Records RCF* FCD*
Lagomorpha European hare Lepus europaeus Pallas, 1778 101 16.26 2
Brown bear Ursus arctos L. 1758 19 3.06 13
Wolf Canis lupus L. 1758 9 1.45 43
Carnivora Red fox Vulpes vulpes (L. 1758) 2 0.32 121
Eurasian lynx Lynx lynx (L. 1758) 12 1.93 52
Badger Meles meles (L. 1758) 2 0.32 38
Wild boar Sus scrofa L. 1758 4 0.64 30
Cetartiodactyla Red deer Cervus elaphus L. 1758 12 1.93 18
Roe deer Capreolus capreolus (L. 1758) 19 3.06 43
Total 180 28.98

*RCF: Relative capture frequency, FCD: First capture day

activity preference periods for hare, lynx, wolf, boar, and
fox (x*=108.59; 200.02; 107.43; 200.02; 200.02; df=2; p<0.05,
respectively), and this was interpreted as an indication that
these five species were nocturnal. Camera traps yielded an
equal number of records during all periods for badger; and
there was no statistically significant difference in number of
records taken during each period for bear, red deer, and roe
deer (p>0.05, Table 3).

We analysed the daily activity patterns of carnivorous
large mammals that were recorded at least nine times. The
results revealed that bear was active from 12:00 to 08:00,
frequently between 22:00 and 04:00; that lynx preferred
being active during 20:00—00:00 and from 02:00 to 04:00;
and that wolf was active both from 20:00 to 02:00 and from
04:00 to 08:00 (Fig. 2).

Table 2. Distribution of RCF values for each species among all camera
trap stations

Daily activity patterns of herbivorous large mammals,
on the other hand, were analysed for species that had a mi-
nimum of 10 records. These results revealed a consistent
presence of roe deer and red deer during all time periods,
showing no clear preference for a specific activity pattern;
whereas hare was active from 20:00 to 08:00, frequently bet-
ween 20:00 and 04:00 (Fig. 3).

Although we did not encounter any nests belonging
to any of the large mammal species during our study, our
camera traps captured photographs of the cubs of several
target species (Fig. 4).

DISCUSSION AND CONCLUSION

We revealed by evaluating the camera trap data that the
habitat provided suitable habitats for large mammals sin-

Table 3. Daily activity preferences of the target species.

Camera Trap Stations Species Daily Activity Preference*
Species Total
F1 F2 F3 F4 F5 Nocturnal Diurnal Crepus-
cular
European hare 0.70  9.17 66.67 19.00 141 16.26
European hare 88.12 11.88 20.79
Roe deer 2.82  0.00 0.00 11.57 070 3.06
Roe deer 42.11 57.89 52.63
Brown bear 211 167 208 744 211 3.06 Brown bear 74.68 26.32 31.58
Red deer 141 0.83 4.16 1.65 211 193 Red deer 75.00 25.00 50.00
Eurasian lynx 141  3.33 5.20 0.83 0.00 193 Eurasian lynx 100.00 0.00 0.00
Wolf 0.70  5.00 1.04 0.00 0.70 145 Wolf 88.89 11.11 33.33
Wild boar 0.00 1.67 0.00 0.00 141 0.64 Wild boar 100.00 0.00 0.00
Badger 0.00  0.00 1.04 0.83 0.00 0.32 Badger 50.00 50.00 50.00
Red fox 0.00 0.83 000 000 070 0.32 Red fox 100.00 0.00 0.00
Total 9.15  22.50 80.21 41.32 915 2898 *Percentages (%) for daily activity patterns
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Figure 2. Daily activity patterns of carnivorous large mammals with
minimum nine records: brown bear (A), Eurasian lynx (B), and wolf (C).
The number of records from all five stations are shown with bars for
each period.

ce we observed several large mammal species with high
ecological requirements. This was the first time that a
systematic camera trap study recorded the presence of
hare, bear, wolf, fox, lynx, badger, boar, red deer, and roe
deer in the Ilgaz Mountains. We determined that at least
five of these species bred in the area, as indicated by the
photographs of their cubs captured by our camera traps,
further supporting the assumption about the area’s po-
tential importance.

Among the species we targeted were marten species,
jackal, and wild cat, but we could not capture any of them.
The questionnaire surveys conducted with the local people
pointed out that no findings on the presence of jackals in the
region. Accordingly, we did not encounter a single clue to
indicate a jackal’s presence during our field studies. Nevert-
heless, we identified footprints and faeces belonging to at
least one marten species during our study, and encountered
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Figure 3. Daily activity patterns of herbivorous large mammals with
minimum ten records: European hare (A), roe deer (B), and red deer
(C). The number of records from all five stations are shown with bars
for each period.

a wild cat in close proximity of the area. Photograph captu-
ring rates may be affected by the animal size, as reported in
recently conducted studies [13]. For our study, we placed the
camera traps approximately 50 cm above the ground level in
order to ensure capturing the species with large body sizes.
This precaution, in return, might have led to missing the
relatively smaller and rare species like marten and wild cat,
both of which can move faster than other large mammals
in the study area.

Hare was known to occur in almost all Turkey [18, 19].
In this study, it was the most common species with 101 re-
cords, and it took only two days for our cameras to capture
this species. Unexpectedly, boar and fox, which were known
to be two other common species in Anatolia [18], were en-
counter with much lower frequency in the area. Fox was
also the last captured large mammal species (after 121 days).
The low density of human population in the study area, and
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Figure 4. Cubs of target animals recorded during the study: brown bear
(A), Eurasian lynx (B), roe deer (C), red deer (D), and wild boar (E).

therefore a significant lack of anthropogenic factors, might

have encouraged sensitive species such as bear, lynx, and

wolf to use the area more comfortably for feeding and bre-
eding. Lynx preys on foxes [20], although their encounters

did not always end with foxes being eaten [19]. Fox, by its

generalist nature, can exploit resources efficiently in a vari-
ety of habitats, and could move to a different habitat in order

to avoid predators that were relatively larger than itself [21].
We claimed that foxes dispersed to regions closer to human

settlements located elsewhere, possibly due to the presence

of bear, lynx, and wolf in the study area. The best possible

explanation for the low RCF for boar was the predation by
wolves [22]. Other reasons affecting the RCF values for boar
might been the difference in climate (and accordingly, the

availability of food), certain diseases, or hunting exploitati-
on - although hunting was prohibited in the majority of the

region.

Even though Tobler et al. [23] proposed that the abun-
dance of a species might affect its RCF values, this correlati-
on might not be useful for comparing the relative abundan-
ce of different species. This was due to numerous reasons
including the relationship between the size of a species and
the probability of a camera trap to capture this species, as
well as differences in behaviour or home range size among
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species. Therefore, the RCF values we obtained during our
study could not be used as actual indicators to make a de-
duction regarding the abundance of a species in compari-
son with others in the study area. The RCF values of species
were used only for determining if they had random, regu-
lar, or clustered distribution in the study area. Roe deer and
hare were evaluated to show clustered distributions in the
region. Roe deer was concentrated particularly in Eksik vil-
lage (Ilgaz district, F4 camera trap station), using this area
especially in the post-breeding period. Hare was observed
to intensely use the open lands inside the forest area betwe-
en Kiriglar and Kayu villages (Ilgaz district, F3 camera trap
station). The distributions of other target species were re-
latively homogeneous throughout Ilgaz Mountains, which
extend approximately 60 km into Cankiri province.

We determined that wolves, lynxes, and hares showed
similar activity preferences. The majority of the activities of
these three species took place during the night; while bear,
red deer, and roe deer showed activity in both daytime and
twilight (fox, badger, and boar records were not analysed
due to insufficient number of data). As we did not have a
single capture for lynx during day hours, we could indica-
te that it was a strictly nocturnal species. The daily activity
preference of lynx was indisputably related to its hunting be-
haviour [24]. As shown in recent studies, the primary prey
of Anatolian populations of lynx was hare [25, 26]. Thus, it
makes sense that the activity periods preferred by lynx were
in correlation with the nocturnal habits of its primary food
source. Wolf was thought to have accommodated nocturnal
behaviour in order to avoid encountering humans [19, 27],
and the findings of our study also supported this.

The study area, along with the surrounding regions,
was not subjected to heavy human activity. The region hosts
very little human settlement. As a result, a good amount of
high vegetation covers as well as abundant food might play
a role in making the study area a favourable habitat for this
cryptic species —indicators for the area’s ecological signifi-
cance. Our results provided scientific data and insight for
future conservation efforts and management studies con-
cerning the large mammal species in Ilgaz Mountains. No-
teworthy records of large mammal species from the study
area signified both the importance of our study, and the
necessity of better management plans to ensure efficient
protection of the region and the species it hosts.
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APPENDIX

Record samples of large mammal species captured du-

ring the study: 1. Ursus arctos, 2. Canis lupus, 3a-3b.

Lynx lynx, 4. Vulpes vulpes, 5. Meles meles, 6. Capreolus

capreolus, 7. Cervus elaphus, 8. Sus scrofa, 9. Lepus eu-

ropaeus.
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