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Abstract
Background Determining the density of mammalian wildlife in an ecosystem is very important for the ecosystem 
conservation. The aim of this study is to reveal mammalian wildlife density and compare the effect human footprint 
index (HFI) on the Mediterranean ecosystems. The mammalian wildlife surveys were conducted between August 
2013 and December 2013, using 21 camera traps with 2175 camera trap days in a Mediterranean forest ecosystem in 
İzmir, Türkiye. We used random encounter model (REM) method to estimate densities.

Results The population density for 5 mammals were; for red fox 7.89 ind./km2 (± 0.82 SE), wild boar 4.36 ind./km2 
(± 0.46 SE), European hare 15.33 ind./km2 (± 03.37 SE), beech marten 0.99 ind./km2 (± 0.10 SE) and golden jackal 0.50 
ind./km2 (± 0.05 SE). These results were compared with mammal community which was previously studied in another 
Mediterranean ecosystem in Muğla, Türkiye, includes caracal and has a lower human footprint index.

Conclusions According to results of this study human activity which can be revealed by Human footprint index (HFI) 
is one of the main parameter on Mediterranean ecosystem and it is effecting the density and occurence of species 
in mammal community. Both a higher human footprint index and the absence of caracal might cause higher density 
of red fox and European hare in İzmir, Türkiye. This study also suggests that caracal might be a serious suppressor on 
red fox which could be explained by competition. Caracal may also control the European hare in Mediterranean forest 
ecosystem of Anatolia. Thus, decreasing human footprint index and maintaining caracal suppressor effect are crucial 
for the conservation of the whole Mediterranean ecosystem.
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Background
Density and abundance estimations on mammals is vital 
for wildlife conservation. Camera trapping is a reliable 
tool for this purpose [1–6]. In ecological studies, “Cap-
ture-Marking-Recapture (CMR)” techniques (Peterson 
Method, Schanbel Method, Jolly-Seber Method) are used 
to calculate the population size of a species in a certain 
area [7]. CMR techniques can be easily applied to cam-
era trapping studies. However, in order to make an accu-
rate population size calculation with this method, animal 
species must be selected which have individual distinc-
tive patterns on their furs such as lynx (Lynx lynx), jag-
uar (Panthera onca), snow leopard (Panthera uncia) 
and tiger (Panthera tigris) and wild cat (Felis silvestris) 
[8–11]. Otherwise, the method fails because of the indi-
vidual recognition can not be determined. An alterna-
tive method is to calculate the density and abundance of 
mammalian species that are difficult to define individu-
ally, to create relative index of abundance of species [12]. 
With this method, only an index is revealed and does 
not give a population information in a certain area. This 
method also fails to avoid inconsistencies in capture rates 
because each species moves at different speeds [13]. On 
the other hand methods that provide accurate calcula-
tions for animal densities give a robust chance for con-
servation acts [14, 15]. This accurate estimates on density 
and abundance allow elaborative comparisons between 
study areas and different time scales [16, 17]. Popula-
tion abundance and density results are necessary aspect 
for conservation action plans because it presents data 
on animal demography which is a critical parameter for 
future conservation projections. [18].

Rowcliffe et al. [19] introduced a new model for cal-
culating the population size of species that do not have 
significant individual patterning differences in their fur. 
The Random Encounter Model (REM) is a novel method 
for estimating animal density from camera trap data and 
the method models encounter between camera traps and 
animals without the requirement for individual identifi-
cation of animals and it has been widely applied in the 
last 15 years [19, 20].

As much as the species density in a mammal com-
munity in an ecosystem is determined by intraspecific 
and interspecific interactions the human impact in that 
ecosystem also shapes the mammal community. At this 
point, it is very important to measure and evaluate the 
anthropogenic influence on a mammal communities.

The main aims of this study were:

  • to reveal mammalian wildlife density of a 
Mediterranean forest ecosystem in İzmir province of 
Türkiye by random encounter model (REM) method 
and compare with an ecosystem where a similar 
study had been conducted in Muğla Province [21],

  • to reveal and compare the effect human footprint 
index (HFI) on the Mediterranean ecosystems,

  • to discuss presence or absence of caracal on the 
density of some medium sized mammals in a typical 
Mediterranean forest ecosystem which is dominated 
by Red pine (Pinus brutia) in Türkiye. The results 
were evaluated with the nearby mammalian 
communities of Muğla Province [21].

Methods
Study area
This study was carried out in Seferihisar/İzmir province 
that is located at Western Türkiye with a sampling area 
covered nearly 200 km2 (Fig. 1). On the other hand, the 
size of the study area in the Marmaris/Muğla region, 
where the results of this study were evaluated and where 
data was previously obtained with the same methodol-
ogy, was approximately 650 km2 [21].

The survey area (Seferihisar/İzmir) and Marmaris/
Muğla region have same conditions in terms of climate 
and vegetation. Both area have typical Mediterranean cli-
mate with hot and dry summers and mild and rainy win-
ters. The main vegetation of these regions are dominated 
by Turkish red pine (Pinus brutia) forest at different 
post-fire succession regeneration stages, maquies, mixed 
stands of red pine and maquies species such as Quercus 
spp., and Erica spp. The altitude ranges between sea level 
and 622 m a.s.l. in Seferihisar/Muğla. The altitude ranges 
between sea level and 1000 m a.s.l. in Marmaris /Muğla.

Data collection and analysis
The survey was conducted between August 2013 and 
December 2013, deploying 21 camera traps (Cuddeback 
Digital, Wisconsin, USA). The camera traps were placed 
approximately 3 km away from each other which means 
one camera trap station was located randomly in a 9 
km2 gird cell that is crucial for density estimations with 
the Random Encounter Model (REM) method which is 
coherent with literature and in total nearly 200 km2 area 
was covered [15, 19–21]. No baits were used during the 
study and the natural distribution composition of the 
mammal communities in the study area was not affected. 
Camera trap sampling was not done in areas permanently 
used by people, settlements and actively used agricultural 
areas in parallel with the literature [15, 19–22]. The sur-
vey extended over 2175 camera trap days. Camera trap 
stations were visited monthly to download data and 
renew batteries. Camera-trap records were processed 
separately for each station in a data-sheet in the form of 
station number, photo date, photo time, species name, 
and if possible sex, group size and other notes. If more 
than one record of the same species was obtained on a 
camera within 10 min, we treated them as a single record 
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[21]. The Random Encounter Model (REM) method was 
used to determine the density of the mammals in the 
study area and the number of individuals per km2. The 
REM method models encounter between camera traps 
and animals without the requirement for individual iden-
tification of animals and it has been widely applied in 
recent years [19, 20]. REM method estimates density as:

 
D =

y

t

π

vr(2 + θ)

where y is the number of records, t is the total camera-
trap days, v is the range and r refers to the effective radius 
and angle of the camera detection zone, respectively. 
The r value was 0.0015; θ value was 0.392 [21]. In order 
to make a reliable calculation about the target species via 
REM method, a minimum of 50 records of that species 
must be taken [15, 22]. According to this recommenda-
tion 5 species densities were estimated within this study. 

Movement speeds (v) were taken from the published lit-
erature (Table 1).

In addition, the data of the study conducted in Muğla 
province, where the results of this study were compared, 
were obtained with the same methodology. Thus, com-
parisons between the two regions could been made reli-
ably [21]. The wilderness of ecosystems was assessed in 

Table 1 Parameters used to calculate Random Encounter Model 
(REM) densities
Species Records Camera 

trap 
days

Speed 
(v)

Radius 
(r)

Angle 
(θ, in 
radi-
ans)

Vulpes vulpes 1264 2175 6.451 0.015 0.3920
Sus scrofa 714 2175 6.592 0.015 0.3920
Lepus europaeus 339 2175 0.893 0.015 0.3920
Martes foina 135 2175 5.54 0.015 0.3920
Canis aureus 116 2175 9.45 0.015 0.3920
Note1 [23], 2 [24], 3 [25], 4 [26], 5 [27]

Fig. 1 Location of the study area İzmir province (b), Muğla province (c) and Türkiye (a)
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two areas. One of the most consistent analyzes on the 
wilderness of a region made with the “Human Footprint 
Index” (HFI). HFI method was used to understand how 
this density was affected by human impact. This was 
done by characterizing several attributes and thus poten-
tial human pressure was assessed. There is a recent and 
widely used metric “The Human Footprint Index” [28]. 
It is derived from remotely-sensed and bottom-up sur-
vey information compiled on eight measured variables. 
The Human Footprint Index (HFI) represents not only 
the most current information of its type, but also the 
first temporally-consistent set of Human Footprint maps. 
Data on human pressures includes: (1) built environ-
ments, (2) population density, (3) electric infrastructure, 
(4) croplands, (5) pasture lands, (6) roads, (7) railways, 
and (8) navigable waterways. Firstly, each pressure was 
scaled on 0–10 which the 10 stands for highest human 
disturbance. Then these pressures are overlaid to esti-
mate the standardized cumulative human pressure. The 
Human Footprint maps represents a range of uses as 
proxies for human disturbance of natural systems and 
can provide an increased understanding of the human 
pressures that drive macro-ecological patterns, as well as 
for tracking environmental change and informing con-
servation science and application. HFI values range from 
0 (no human impact) to 50 (heavily human impacted). 
Using the “Human Footprint, 2018 Release (2009)” data 
the HFI index of both regions was revealed with the Arc-
GIS 10.8 (ESRI Inc. Redlands, California, USA) [29]. R 
studio program was used for analysis. Accordingly, the 
Kruskal-Wallis rank sum test was applied to understand 
whether there was a significant difference between the 
HIF values.

Results
Nine different mammalian species were recorded during 
the camera trapping survey (Table 2; Fig. 2).

The population density for 5 mammals were calcu-
lated as (mean individuals per km2, SE and 95% CI); red 
fox was 7.89 +/- 0.82; (6.56–9.82), wild boar was 4.36 
+/- 0.46; (3.64–5.44), European hare was 15.33 +/- 3.37; 
(11.23–23.93), beech marten was 0.99 +/- 0.10; (0.83–
1.23) and golden jackal was 0.50 +/- 0.05; (0.42–0.61).

According to human footprint index calculations, the 
value for İzmir/Seferihisar was 8–38, while it was 6–33 
for Muğla/Marmaris. The distribution of HFI values 
among the areas is presented in Fig. 3.

It was tested whether there was a significant difference 
between these results. Accordingly, the human impact in 
Izmir/Seferihsar was found to be higher than in Muğla/
Marmaris (p < 2.2e-16).

Discussion
In this study, first robust density estimation and com-
parison were revealed via REM (random encounter 
model) method and how these data were affected by 
anthropogenic influence. The European hare density in 
the study area was the highest with 15.33 ind./km2 and 
golden jackal density was the lowest with 0.55 ind./km2 
(Table  3). Results were showed that REM method is 
secure methodology to compute mammal community 
which recorded by camera traps as emphasize by previ-
ous studies [17, 20].

Results were compared with a previous study con-
ducted in a very similar ecosystem (Muğla). Red fox and 
European hare density in İzmir were distinctly higher 
than Muğla. This may be explained by two way; lower 
human footprint and presence of caracal in Muğla.

Human activity which can be revealed by Human foot-
print index (a measure of anthropogenic influence on 
habitats) is an important determinant of fox diet com-
position and occurence in an ecosystem [30]. Habitat 
change through rural and urban expansion negatively 
impacts most wildlife species. However, anthropogenic 
food sources in habitats may benefit some species like red 
foxes [31, 32]. The red fox is described as one of the most 
adaptable of the wild carnivores [17, 33]. Its success in 
urban areas and croplands probably derives from its high 
ecological and behavioural tolerance. As a medium-sized 
omnivore, which is both an agile predator and scaven-
ger, it can easily disperse and colonize new human made 
habitats [34]. Our study area in İzmir/Seferihisar is highly 
effected by human in terms of settlement and cropland 
which is an ecological opportunity for red fox. On the 
other hand in Muğla/Marmaris Köyceğiz region has a 
lower human footprint which has diet limitations for 
red fox. Another explanation for the lower red fox den-
sity in Muğla could be the presence of caracal. Caracal is 
an apex predator and keystone species in Mediterranean 
ecosystems of Türkiye [35]. It could be a suppressor for 
the red fox population. Studies on similar felidae species 

Table 2 Recorded species during the survey period
Number Species Total number 

of events in 
2175 camera 
trap days

1 Vulpes vulpes (red fox) 1264
2 Sus scrofa (Wild boar) 714
3 Lepus europaeus (European hare) 339
4 Martes foina (beech marten) 135
5 Canis aureus (golden jackal) 116
6 Meles meles (European badger) 21
7 Erinaceus concolor (Southern white-

breasted hedgehog)
18

8 Hystrix indica (Indian crested 
porcupine)

8

9 Felis silvestris (European wildcat) 2
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such as lynx were indicating interspecies competition. 
Researches revealed that fifty per cent of fox mortali-
ties in the radio-tracking study (four of eight) were lynx 
predation [34, 36]. Canid species such as black-backed 
jackal, bat-eared fox and cape fox were ordinary prey 
items for caracal in Africa [37]. Another recent study in 
Türkiye showed the co-occurrence of caracal and red fox. 
This co-occurrence suggests that European hare is a com-
mon prey for them [38]. Our study area had a very high 
European hare density while in Muğla the European hare 
density was very low. These results suggest that hare was 
main prey for caracals as indicated in literature [38–40]. 
The density of the European hare is directly proportional 
to the increase in human footprint in an area, especially 
size of the agricultural land [41]. High European density 
in our study might be explained by high human footprint 
(croplands). Red fox is the main predator of European 
hare in Europe [42]. Abundant prey options (including 
European hare) due to human influence and the absence 

of an apex predator such as caracal may explain the high 
density of red foxes in İzmir/Seferihisar.

Conclusion
Results of this study showed that REM method is reliable 
monitoring tool for mammal populations. Mammalian 
wildlife is dramatically affected by an increasing number 
of anthropogenic impacts to ecosystems which is referred 
to as the “human footprint” [43]. Conversely, species that 
have a cosmopolitan distribution such as rodents, red 
foxes and hare may benefit from human footprint [44]. 
Findings of this research are in parallel with the literature 
mentioned above. On the other hand this study revealed 
that caracal might be a serious suppressor on red fox 
population in Anatolian Mediterranean forest ecosystem. 
Caracal also stands out as a species that regulates carniv-
ora mammal wildlife in ecosystems where human foot-
print is relatively low. As a result, it can be said that the 
wildlife community of Mediterranean ecosystems could 
be shaped by both human footprint and apex carnivore 

Fig. 2 Mammalian species detected during the research. (a) red fox, (b) wild boar, (c) European hare, (d) beech marten, (e) European badger, (f) Southern 
white breasted hedgehog, (g) indian crested porcupine, (h) European wildcat, (i) golden jackal
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species like caracal. Maintaining caracal suppressor 
effect and decreasing human footprint index might be 
crucial for the conservation of the whole Mediterranean 
ecosystem.

Abbreviations
CMR  Capture Marking-Recapture
REM  Random encounter model
HFI  Human footprint index
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