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Abstract

Karst areas, as areas with attractive geological and geomorphological features are an important and in-
tegral part of geoheritage. They possess huge tourism potential and can be used for the development 
of geotourism. The Pek River basin is a highly dominant karst terrain with numerous geological and ge-
omorphological features, especially caves. However, their geotourism potential still remains fully unre-
vealed. In this paper, we analyzed several geosites that represent significant karst geoheritage forma-
tions and as such they can be the backbone of future geotourism development in this area. The aim of 
this paper is to emphasize the geotourism potential of the Pek River lower basin and to determine the 
current state and geotourism potential of these geosites by applying the modified geosite assessment 
model (M-GAM).
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Introduction

Karst geosites, as areas with attractive karst process 
features, represent a very important part of geoheritage 
and possess outstanding qualities and potentials that 
can be used for the development and improvement of 
geotourism. These type of terrains fall within the cate-
gory of special environments and they are a significant 
component of what is referred to as the ‘earth’s geodi-
versity’ (Gray, 2004). Their unique features, fossil and 
archaeological remains make them an interesting tour-
ism resource with a high economic value.

When it comes to karst tourism in Eastern Ser-
bia, the potentials for its development are numerous 
and of great importance, both for the region and for 
the local population.  Tourism development and an 
increase in visitor numbers could be the initial trig-
ger for the restoration and improvement of social and 
business activities in this region. The highly dominant 
karst terrain in this area has led to the development of 
numerous surface and underground geomorphologi-

cal features. This part of Serbia possesses a large num-
ber of caves (over 1000 caves) and other karst geosites 
on a relatively small territory (12 000 km2) making 
it one of the areas with the highest concentration of 
karst geosites (especially caves) in Serbia (Tomić, 2011). 
The Pek River lower basin is an excellent example of 
this because it has numerous karst geosites that pos-
sess significant geotourism values and potentials. All 
of the geosites analyzed in this paper are located on 
the territory of Kučevo municipality in the Braničevo 
district (eastern Serbia). They represent the most sig-
nificant karst formation sites for geotourism develop-
ment in this area. For the purposes of this paper, the 
area of ​​the Pek River lower basin is defined as the area 
of ​​the territory of Kučevo municipality.

During the past two decades, geotourism has be-
come an increasingly popular form of tourism 
throughout the world (Ruban, 2015). It primarily de-
pends on geosites (geological heritage) which identifi-
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cation and subsequent assessment are important steps 
in the process of geotourism development and protec-
tion of geosites (Štrba, 2018). Quantifying and assess-
ing the value of geosites to potential visitors and re-
searchers is widely recognized as a useful tool for the 
effective development and management and for the 
protection of geological heritage of a certain area. As 
response to this, numerous authors have focused their 
research on geosite assessment and geoheritage evalu-
ation (Brilha, 2016; Fassoulas et al., 2012; Kubalíková 
& Kirchner, 2016; Różycka & Migoń, 2014; Różycka & 
Migoń, 2018; Rybár, 2010; Štrba, 2015; Štrba et al., 2015; 
Tičar et al., 2018; Tomić & Božić, 2014; Tomić et al., 
2018) in order to better assess the current state and geo-
tourism potential of geosites which would further lead 
to an improvement of geosite management and enable 
sustainable geotourism development. Based on the in-
ternationally accepted concept of geotourism, an im-
portance of geosite identifications and assessments is 
undisputable, with special emphasis on presentation 
of geosites to the general public which interest is es-
sential for geotourism progress. The main objectives 
of geotourism include promotion and protection of 
geoheritage throughout tourism activities along with 
educational and interpretive elements in order to in-

crease the awareness of the wider public for conserva-
tion needs as well as sustainable development of the 
tourism industry (Suzuki & Takagi, 2018). These core 
elements of geotourism have been confirmed multi-
ple times by various authors in the past (Dowling & 
Newsome, 2010; Farsani et al., 2014; Hose, 2000; Hose 
& Vasiljević, 2012; Pralong, 2006;) and have proven as 
key concepts of geotourism.

The main goal of this paper is to present the karst 
geoheritage of the Pek River lower basin as well as to 
determine and compare the current state and karst 
tourism potential of geosites located in this area. Our 
research included nine geosites (Ceremošnja Cave, 
Ravništarka Cave, Dubočka Cave, Ševička Cave, 
Zviška Intermittent Spring, Siga Waterfall, Burev 
Waterfall, Little Spring Waterfall and Šumeća Karst 
Spring) which were analyzed by using the M-GAM 
(Modified Geosite Assessment Model) model (Tomić 
& Božić, 2014) for geosite assessment. The results of 
the analysis should provide information about the 
major fields of improvement and identify which areas 
require more attention and better management in the 
future in order for this area to become a well-known 
karst tourism destination which would attract a larger 
number of tourists in the future.

Study area

The Pek River lower basin (Figure 1) is located in east-
ern Serbia at the southeastern part of the Pannonian 
basin. The Pek River is the right tributary of the Dan-
ube River and its valley stretches in the SE-NW di-
rection. It is composite and slightly tilted in the NW 
direction towards the Pannonian basin (Vujadinović, 
1953). Our explored area includes four speleolog-
ical objects (Ceremošnja Cave, Ravništarka Cave, 
Dubočka Cave, Ševička Cave), one intermittent spring 
(Zviška), three waterfalls (Siga Waterfall, Burev Wa-
terfall, Little Spring Waterfall) and one karst spring 
(Šumeća Karst Spring). All of these geosites are locat-
ed in the Pek River lower basin, in the municipality of 
Kučevo and are connected by the Pek River. 

Ceremošnja Cave is located on the Northwestern 
slopes of Homolje Mountains, at an altitude of 533 m, 
at the foot of their highest peak, Veliki Štubej (940 m) 
in the Ceremošnja village. The cave was arranged for 
tourist visits in 1980 and it has been protected on a na-
tional level as a natural monument level since 2007. It 
is located 15 km from the town of Kučevo and togeth-
er with the Ravništarka Cave it is the only one open 
for visits even though there are 16 other caves in the 
vicinity. The total length of the explored cave passag-
es so far is 775.5 m, while the length of the tourist trail 
is 431 m. With its numerous and picturesque cave or-

naments (Figure 2 and Figure 3) it is considered as one 
of the most beautiful caves in Serbia (Lazarević, 1988). 
Its management has been entrusted to the tourist or-
ganization of Kučevo.

Ravništarka Cave is located in the immediate 
vicinity of the Ceremošnja Cave, in the village of 
Ravnište which belongs to the basin of Kučajna riv-
er, the left tributary of the Pek river. The length of its 
main passageway is 501.5 m, and the total length of 
all passageways is 589 m. The total surface of the cav-
ity system is 2.908 m2 and the volume is about 20.000 
m3. This cave was adapted for tourist visits in 2007 
when it was also declared as a natural monument. 
The total length of the tourist trail is 535 m. Unlike 
Ceremošnja Cave, which is essentially a set of sever-
al large halls, Ravništarka Cave (Figures 4 and 5) has 
only one hall called “Black Castle”. The cave entrance 
is 12.5 m wide and is located at an altitude of 406.6 m. 
On the plateau above the cave there is an info centre 
with a restaurant and souvenir shop (Lazarević, 1993). 

Ševička Cave or “Vrteč” cave is located in the 
Ševica village, about 5 km from the local asphalt road. 
The cave is about 400 m long and is mainly visited by 
speleology enthusiasts and adventurers which is also 
the case with the much more famous Dubočka Cave 
located nearby (Lazarević, 2001). The first part of the 
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Figure 1. Location of the analyzed geosites in the Pek River lower basin
Source: Authors

Figure 2. The main hall of Ceremošnja Cave
Photo: Nemanja Tomić
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Figure 3. Cave ornaments in Ceremošnja Cave
Photo: Nemanja Tomić

Figure 4. Cave ornaments in Ravništarka Cave
Photo: Nemanja Tomić
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cave is easily accessible to all visitors while the deeper 
parts of the cave are reserved for trained speleologists.

Dubočka Cave is the largest speleological object 
in the Pek River basin with good conditions for par-
tial tourist arrangement. This geosite is located 12 km 
from Kučevo, near Duboka village, at the foot of a 
high limestone cliff.

This large cave has a one kilometer long main 
passageway. The entrance is 16 m wide and 15 m 
high (Lazarević, 2001). The cave system consists of 
three main parts: Main passageway, Glinoviti and 
Rusaljkin passageway and a river flows through the 
cave system.

Zviška Intermittent Spring is located on the right 
side of the Pek River, at the beginning of Kaona gorge. 
It is less than 100 meters away from the main road 
Belgrade-Kučevo giving it the most favorable position 
of all analyzed geosites. Its main source is located at 
the foot of a steep limestone slope on the right valley 
side of the Pek River. It has a funnel shaped opening 
of 1.15 x 1.0 m and a depth of 1.10 m (Lazarević, 1991).

Siga Waterfall is located 4 km away from the 
Ceremošnja Cave. It is a 30 m high cascade waterfall 
located right below the source of the Siga stream. The 
waterfall can be reached by car but not by bus, since 
the road is not asphalted. In the past few years, the wa-

terfall has been drying out in early summer (Rajković, 
2014). This geosite represents one of the most famous 
waterfalls in eastern Serbia and certainly the most vis-
ited in the Kučevo municipality. 

Malo Vrelo (Little Spring Waterfall) is located 16 
km from Kučevo, in the village of Rakova Bara. This 
waterfall represents a wide area that includes a strong 
karst spring, which immediately forms a stream with 
a sloping curve in the length of 150 m, and then crash-
es down in a vertical cascade waterfall about 15 m 
high. The stream also created a short 200 m gorge 
along with a few smaller waterfalls ranging from two 
to eight meters in height. The Little Spring Waterfall 
can be reached by the regional road Kučevo - Golu-
bac (Krešić, 1988). Its source together with its stream 
and waterfalls represents a unique geomorphological 
complex of unusual beauty.

Burev Waterfall is located near the village of 
Ševica, at a place called Burev, close to Ševica river 
and Ševička Cave, the right tributary of the river Pek. 
A stream originates from a strong karst spring and af-
ter 50 m it forms several smaller streams which fall 
over a 30 m wide terrace creating a large number of 
miniature cascade waterfalls (Krešić, 1988). The Burev 
Waterfall is located 13 km away from Kučevo and one 
klometer away from the local asphalt road.

Figure 5. Part of the tourist trail in Ravništarka Cave
Photo: Nemanja Tomić
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Šumeća Karst Spring is located in the vicinity of 
Turija village, 12 km from the center of Kučevo. This 
karst spring is the strongest spring in the municipal-
ity of Kučevo. From the small cave opening at the 
foot of the northern slopes of the mountain massif 

‘Đula’, clean water bursts out and immediately forms 
a strong stream. Several hundred meters downstream 
from the spring it powers a few rural watermills. Dur-
ing the drought period, spring water discharge is re-
duced to barely 10 l/s (Krešić, 1988).

Methodology

The methodology of this study is based upon the 
‘modified geosite assessment model’ (M-GAM), de-
veloped by Tomić & Božić (2014). The M-GAM repre-
sents a modification of GAM model created by Vujičić 
et al. (2011). This method is based on previous geosite 
assessment methods developed by different authors 
(Bruschi & Cendrero, 2005; Coratza & Giusti, 2005; 
Erhartič, 2010; Hose, 1997; Pereira et al., 2007; Pralong, 
2005; Reynard, 2008; Reynard et al., 2007; Serrano & 
González-Trueba, 2005; Tomić, 2011; Zouros, 2007). It 

combines the opinion of both sides, tourists and ex-
perts, in such a way that neither side is favoured in 
the assessment process. It has been successfully test-
ed and applied numerous times for the assessment of 
various geosites (Antić & Tomić, 2017; Boškov et al., 
2015; Božić et al., 2014; Božić & Tomić, 2015; Tičar et 
al., 2018; Tomić et al., 2015; Tomić et al., 2018; Vukoičić 
et al., 2018).

The M-GAM model consists of two key indica-
tors: Main Values and Additional Values, which are 

Figure 6. Siga (1), Burev (2) and Malo Vrelo (3) Waterfalls
Source: http://www.tokucevo.org/vodopadi-i-vrela/
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Table 1. The structure of Modified Geosite Assessment Model (M-GAM)

Indicators/Subindicators Description

Main values (MV)

Scientific/Educational value (VSE)

1. Rarity Number of closest identical sites

2. Representativeness Didactic and exemplary characteristics of the site due to its own quality and general configuration

3. Knowledge on geoscientific 
issues 

Number of written papers in acknowledged journals, thesis, presentations and other publications

4. Level of interpretation 
Level of interpretive possibilities on geological and geomorphologic processes, phenomena and shapes 
and level of scientific knowledge

Scenic/Aesthetic (VSA)

5. Viewpoints 
Number of viewpoints accessible by a pedestrian pathway. Each must present a particular angle of view 
and be situated less than 1 km from the site.

6. Surface Whole surface of the site. Each site is considered in quantitative relation to other sites

7. Surrounding landscape and 
nature 

Panoramic view quality, presence of water and vegetation, absence of human-induced deterioration, 
vicinity of urban area, etc.

8. Environmental fitting 
of sites 

Level of contrast to the nature, contrast of colors, appearance of shapes, etc.

Protection (VPr)

9. Current condition Current state of geosite

10. Protection level Protection by local or regional groups, national government, international organizations, etc.

11. Vulnerability Vulnerability level of geosite

12. Suitable number of visitors 
Proposed number of visitors on the site at the same time, according to surface area, vulnerability and 
current state of geosite

Additional values (AV)

Functional values (VFn)

13. Accessibility Possibilities of approaching to the site

14. Additional natural values Number of additional natural values in the radius of 5 km (geosites also included)

15. Additional anthropogenic 
values 

Number of additional anthropogenic values in the radius of 5 km

16. Vicinity of emissive centers Closeness of emissive centers

17. Vicinity of important road 
network 

Closeness of important road networks in the in radius of 20 km

18. Additional functional values Parking lots, gas stations, mechanics, etc.

Touristic values (VTr)

19. Promotion Level and number of promotional resources

20. Organized visits Annual number of organized visits to the geosite

21. Vicinity of visitors centers Closeness of visitor center to the geosite

22. Interpretative panels Interpretative characteristics of text and graphics, material quality, size, fitting to surroundings, etc.

23. Number of visitors Annual number of visitors

24. Tourism infrastructure 
Level of additional infrastructure for tourist (pedestrian pathways, resting places, garbage cans, toilets 
etc.)

25. Tour guide service If exists, expertise level, knowledge of foreign language(s), interpretative skills, etc.

26. Hostelry service Hostelry service close to geosite

27. Restaurant service Restaurant service close to geosite

Grades (0.00-1.00)

0.00 0.25 0.50 0.75 1.00

1. Common Regional National International The only occurence

2. None Low Moderate High Utmost

3. None Local publications Regional publications National publications
International 
publications
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further divided into 12 and 15 indicators respectively, 
each individually marked from 0 to 1. This division is 
made due to two general kinds of values: main - that 
are mostly generated by geosite’s natural characteris-
tics; and additional - that are mostly human-induced 
and generated by modifications for its use by visitors. 
The Main Values comprise three groups of indicators: 
scientific/educational (VSE), scenic/aesthetical values 
(VSA) and protection (VPr) while the Additional Val-
ues are divided into two groups of indicators, func-
tional (VFn) and touristic values (VTr). The Main and 
Additional Values are more detailed presented in table 
1. In total sum, there are 12 subindicators of Main Val-
ues, and 15 subindicators of Additional Values which 
are graded from 0 to 1 that define M-GAM as a sim-
ple equation: 

M-GAM = MV + AV� (1)

where MV and AV represent symbols for Main and 
Additional Values. Since Main and Additional Values 
consist of three or two groups of subindicators, we can 
derive these two equations:

MV = VSE + VSA + VPr,� (2)

AV = VFn + VTr,� (3)

Now that we know that each group of indicators 
consists of several subindicators, equations (2) and (3) 
can be written as follows:

0.00 0.25 0.50 0.75 1.00

4. None
Moderate level of 
processes but hard to 
explain to non experts

Good example of 
processes but hard to 
explain to non experts

Moderate level of 
processes but easy to 
explain to common 
visitor

Good example of 
processes and easy to 
explain to common 
visitor

5. None 1 2 to 3 4 to 6 More than 6

6. Small - Medium - Large

7. - Low Medium High Utmost

8. Unfitting - Neutral - Fitting

9.
Totally damaged (as 
a result of human 
activities)

Highly damaged (as 
a result of natural 
processes)

Medium damaged 
(with essential 
geomorphologic 
features preserved)

Slightly damaged No damage

10. None Local Regional National International

11.
Irreversible (with 
possibility of total loss)

High (could be easily 
damaged)

Medium (could be 
damaged by natural 
processes or human 
activities)

Low (could be damaged 
only by human 
activities)

None

12. 0 0 to 10 10 to 20 20 to 50 More than 50

13. Inaccessible
Low (on foot with 
special equipment and 
expert guide tours)

Medium (by bicycle and 
other means of man-
powered transport)

High (by car) Utmost (by bus)

14. None 1 2 to 3 4 to 6 More than 6

15. None 1 2 to 3 4 to 6 More than 6

16. More than 100 km 100 to 50 km 50 to 25 km 25 to 5 km Less than 5 km

17. None Local Regional National International

18. None Low Medium High Utmost

19. None Local Regional National International

20. None Less than 12 per year 12 to 24 per year 24 to 48 per year More than 48 per year

21. More than 50 km 50 to 20 km 20 to 5 km 5 to 1 km Less than 1 km

22. None Low quality Medium quality High quality Utmost quality

23. None Low (less than 5000)
Medium (5001 to 10 
000)

High (10 001 to 100 
000)

Utmost (more than 100 
000)

24. None Low Medium High Utmost

25. None Low Medium High Utmost

26. More than 50 km 25–50 km 10–25 km 5–10 km Less than 5km

27. More than 25 km 10–25 km 10–5 km 1–5 km Less than 1 km
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∑= + + =
=1

12

MV VSE VSA V SIMVPr i
i

where, 0 ≤ SIMVi ≤ 1� (4)

∑= + =
=1

15

AV VFn VTr SIAVi
j

where, 0 ≤ SIAVj ≤ 1.� (5)

Here, SIMVi and SIAVj represent 12 subindicators 
of Main Values(i = 1,...,12) and 15 subindicators (j = 
1,...,15) of Additional Values. 

While in GAM all grades for each subindicator are 
given by experts M-GAM, focuses not only on the ex-
pert’s opinion but also on the opinion of visitors and 
tourists regarding the importance of each indicator in 
the assessment process. Visitor inclusion in the assess-
ment process is done through a survey where each re-
spondent is asked to rate the importance (Im) of all 
27 subindicators (from 0.00 to 1.00) in the M-GAM 
model (Table 2). The importance factor (Im) gives vis-
itors the opportunity to express their opinion about 
each subindicator in the model and how important 
it is for them when choosing and deciding between 
several geosites that they wish to visit. After each re-
spondent rates the importance of every subindicator, 
the average value of each subindicator is calculated 
and the final value of that subindicator is the impor-
tance factor. Afterwards, the value of the importance 
factor (Im) is multiplied with the value that was given 
by experts (also from 0.00 to 1.00) who evaluate the 
current state and value of subindicators (Table 2). 

This is done for each subindicator in the model after 
which the values are added up according to M-GAM 
equation but this time with more objective and accu-
rate final results due to the addition of the importance 
factor (Im). This parameter is determined by visitors 
who rate it in the same way as experts rate the subindi-
cators for Main and Additional Values by giving them 
one of the following numerical values: 0.00, 0.25, 0.50, 
0.75 and 1.00, marked as points. The importance factor 
(Im) is defined, as:

∑
= =Im 1

Iv

K

k
k

K

� (6)

Where Ivk is the assessment/score of one visitor for 
each subindicator and K is the total number of visitors. 
Note that the Im parameter can have any value in the 
range from 0.00 to 1.00. 

Finally, the modified GAM equation is defined and 
presented in the following form:

M – GAM = MV + AV� (7)

∑= ⋅
=

MV Im
1

MVii
i

n

� (8)

∑= ⋅
=

AV
1

AVIm j j
i

n

� (9)

As it can be seen from the M-GAM equation, the 
value of the importance factor (Im), which is rated 
by visitors (for each subindicator separately) is mul-
tiplied with the value given by experts (also separate-
ly for each subindicator). This is done for each subin-
dicator in the model. Therefore, the values of M-GAM 
sub-indicators are always equal or less than GAM val-
ues.

In their research about different geotouristic seg-
ments, Božić & Tomić (2015) conducted a survey and 
calculated the importance factor for each subindicator 
in the M-GAM model. Therefore, the values of the im-
portance factor in this paper have been adopted from 
the mentioned paper.

Based on the assessment results, a matrix of Main 
(X axes) and Additional Values (Y axes) is created 
(Figure 7). The matrix is divided into nine fields rep-
resented with Z(i,j), (i,j=1,2,3). Depending on the final 
score, each geosite will fit into a certain field. For ex-
ample, if a geosite’s Main Values are 7 and additional 
are 4, the geosite will fit into the Z21 field.
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Results and discussion

Based on the assessment results we can see a nota-
ble difference in the assessment values between spe-
leological and hydrological karst geosites. Speleologi-
cal geosites are quite common in this region, therefore 
they received the lowest grade for rarity (0). As far as 
hydrological karst geosites are concerned, the results 
are slightly different. Waterfalls Siga, Burev and Lit-
tle Spring represent a regional phenomenon, and they 
were given a score of 0.25. The karst hot spring Šumeća 
was also given a score of 0.25 eventhough karst springs 
usually represent a frequent occurrence in karst areas. 
However, in the Pek River Basin they represent region-
al geosites. The Zviška Intermittent Spring was given 
the highest score because it represents a very rare nat-
ural phenomenon on an international level. The sub-
indicator related to knowledge on geoscientific issues 
is rated differently for each geosite. Ceremošnja and 
Ravništarka caves have generally higher scores than 
the other two caves. This is partly because these two 
caves were explored and protected on a national level 
and scientific papers about these caves were published 
in national publications. Dubočka and Ševička caves 
have a score of 0.25, which means they have only been 
explored at a local level. The karst geosite Zviška was 
rated with a medium value of 0.5 which is very unfor-
tunate because this geosite represents a very rare nat-
ural occurance and more attention should have been 
focused towards it in the past. The Siga Waterfall was 
the highest rated waterfall mainly due to the fact that 
it is the most well known in the Kučevo municipali-
ty. The interpretation level for the analyzed geosites 
was rated the highest of all subindicators within the 
group of scientific values. All speleological objects 
have the maximum score due to the fact that they rep-
resent good examples of geological and geomorpho-
logical phenomena related to their origin and current 
state can be easily explained to the common visi-

tor. Springs and waterfalls are also highly rated, just 
slightly less than caves which means that they possess 
a moderate level of geomorphological processess that 
are easy to explain to common visitors. 

When it comes to Scenic/Aesthetic values, we can 
notice that the highest rated subindicator in this 
group is related to environmental fitting of geo-
sites. All speleological sites, apart from Ševička Cave 
have the maximum score for this subindicator. Lit-
tle Spring and Burev waterfalls are evaluated with a 
score of 0.5, the same as the karst spring of Šumeća. 
The Siga waterfall with its almost hidden forest lo-
cation was rated the highest. The lowest rated sub-
indicator in this group is related to viewpoints be-
cause there are only a few. One of the best is located 
in the vicinity of the Ceremošnja Cave, at the 940 m 
high top of Veliki Štubej. The other is located near 
the center of Kučevo.

In case of protection values, the subindicators for 
current state and carrying capacity received the high-
est score, while level of protection is rated lowest. The 
vulnerability level of the analyzed geosites was rated 
medium, which means that they can be damaged by 
natural processes or human activities. Most of the ge-
osites are currently not damaged apart from Zviška 
Spring and Siga Waterfall. The waterfall got a score of 
0.5 for its current condition due to an increasing lack of 
water for longer periods than in previous years which 
significantly affects its tourist potential. Zviška Spring 
received the lowest grade due to damage through hu-
man activities originating from the abandoned indus-
trial zone that was once here. 

In terms of Additional values we can notice that 
Ravništarka and Ceremošnja caves have the highest 
additonal values while Dubočka Cave has the lowest, 
followed closely by Malo Vrelo Waterfall and Šumeća 
Karst Spring (Table 3). 

Table 3. Overall ranking of the analyzed geosites by M-GAM

Geosite Label
Main values Additional values

Field
VSE + VSA + VPr Σ VFn + VTr Σ

Ceremošnja Cave - GS1 1.78 + 2.29 + 2.11 6.18 1.74 + 2.67 4.41 Z21

Ravništarka Cave - GS2 1.58 + 2.09 + 2.11 5.78 1.71 + 3.61 5.32 Z22

Ševička Cave - GS3 1.15 + 1.08 + 1.52 3.75 0.83 + 0.97 1.8 Z11

Dubočka Cave - GS4 1.55 + 1.90 + 1.73 5.18 0.83 + 0.79 1.62 Z21

Zviška Intermittent Spring - GS5 2.35 + 0.43 + 0.71 3.49 1.18 + 1.73 2.91 Z11

Siga Waterfall - GS6 1.79 + 1.63 + 1.12 4.54 1.18 + 1.25 2.43 Z21

Little Spring Waterfall - GS7 1.36 + 0.81 + 1.54 3.71 0.66 + 0.97 1.63 Z11

Burev Waterfall - GS8 1.36 + 0.81 + 1.54 3.71 1.01 + 0.97 1.98 Z11

Šumeća Karst Spring - GS9 1.25 + 0.81 + 1.54 3.6 0.66 + 0.97 1.63 Z11
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Within Functional values, accessibility is rat-
ed highest, while the vicinity of emissive centers is 
rated lowest. The accessibility of Ceremošnja and 
Ravništarka caves is highest as they are both accessi-
ble by asphalt roads and reachable by bus. All of the 
waterfalls have a lower level of accesibility as they are 
only approachable by bike or on foot. Dubočka and 
Ševička caves have the lowest level of accessibility as 
they require the help of an experienced guide and are 
located a few kilometers away from the nearest road. 
Additional functional values are very low for each ge-
osite because there are no parking lots (besides the 
ones near Ceremošnja and Ravništarka caves), gas sta-
tions and other similar facilitites nearby.

The final group of subindicators is related to tour-
ist value. Hostelry and restaurant service were rated 
highest while promotion, organized visits, interpre-
tive panels, number of visitors, tourist infrastructure 
and tour guide service were rated poorly.

Current promotional activities are done by the 
Tourist Organization of Kučevo mainly at the local lev-
el. However, it is only for Ceremošnja and Ravništarka 
caves as well as for the Siga Waterfall. Other geosites 
are currently neglected. Another problem is that there 
are very few, if any, organized visits to the majority 
of the analyzed geosites. The tourist organization and 
geosite management do not precisely keep track of 
visitor numbers. According to their estimations there 

are less than 5000 visitors per year at Ravništarka 
and Ceremošnja caves, while other geosites are much 
less visited. Tourist infrastructure and guide service 
only exist at the Ravništarka and Ceremošnja geosites, 
with Ravništarka offering a better quality service and 
overall experience.

By comparing the final results for all analyzed ge-
osites we can clearly detect their position in the M-
GAM matrix (Figure 7) based on their Main and Ad-
ditional Values. From the displayed matrix we can 
see that five geosites (Ševička Cave, Zviška Spring, 
Šumeća Karst Spring, Little Spring and Burev Water-
falls) are located within the Z11 field, three geosites 
(Siga Waterfall, Ceremošnja and Dubočka caves) are 
located in the Z21 field while the only geosite in the Z22 
field is Ravništarka Cave.

Looking at the final results in the matrix we can 
clearly notice that speleological geosites are better po-
sitioned compared to other geosites. From the hydro-
logical karst geosites, only Siga Waterfall is in the Z21 
field, while the others are in Z11. Other waterfalls are 
located in the Z11 field, near the border with the Z21 
field meaning they have similar values to Siga wa-
terfall but slightly lower than Siga. As for the caves, 
Ceremošnja and Ravništarka are located near the bor-
der between fields Z21 and Z22. Ravništarka Cave is 
in a better position due to its higher Additional val-
ues. However, Ceremošnja Cave has slightly higher 

Figure 7. Position of analyzed geosites in the M-GAM matrix
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Main Values. Dubočka Cave also has good Main Val-
ues, however it cannot compete with Ravništarka and 
Ceremošnja when it comes to Additional Values.

Based on our results we can see that future activi-
ties should be focused towards improving such ele-
ments as tour guide service, interpretive panels, tour-
ist infrastructure and visitor center contents. Also, the 
majority of analyzed geosites (apart from Ceremošnja 
and Ravništarka cave) still remain without protection 
from the Nature Conservation Institute of Serbia, even-
though some of them deserve at least the lowest level of 
protection status. Future tourism development of this 
region should be primarily focused towards cave tour-
ism. Ravništarka and Ceremošnja caves already possess 
some of the tourist infrastructure and other elements 
neccessary for tourism development which should be 
fully utilized in their current condition and improved 
in the coming years. Dubočka and Ševička caves lack 
the necessary infrastructure and they are not for aver-
age cave tourists. These two caves can be used for ad-
venture speleotourism through smaller investments in 
spelunking equipment and expert tour guide service 
which could transform these two geosites into a speleo 
adventure destination. Other analyzed geosites includ-
ed waterfalls and springs. None of these sites possess 
any kind of infrastructure, often not even a proper road 
sign indicating their location. Rectifying this would be 
a significant initial step towards the inclusion of these 
sites into the tourism offer of Kučevo.

In their paper about speleotourism in Eastern Ser-
bia, Tomić et al. (2018) analyzed six speleological geo-
sites by applying M-GAM. According to their results, 
the highest rated cave was Resavska Cave, one of the 
most popular caves in Serbia, with Ravništarka Cave 
getting a lower final score. If we compare our results 
with this we can notice that Ravništarka Cave now 
has slightly higher Main and Additional Values than 
Resavska Cave. The main reason behind this improve-
ment is related to several infrastructural improve-
ments that have been done recently. Thanks to these 
recent activities Ravništarka and Ceremošnja Cave 
can now easily match Resavska and Rajkova Cave on 
the national tourism market. In order to do this suc-
cessfully and attract a larger number of tourists in the 
future, it is necessary to improve the tour guide ser-
vice and promotional activities of these caves as well 

as to establish a long lasting and stable management 
organization that would take care of tourism activi-
ties at these sites. For the moment, this job is entrust-
ed to the tourism organization of Kučevo whose ac-
tivities and human effort play a key role in the future 
tourism development of this area.

Furthermore, if we compare our results to those of 
Tičar et al. (2018) who analyzed caves and speleotour-
ism in Slovenia, we can notice that tourist caves in Slo-
venia do not possess much higher Main Values than the 
ones analyzed in this paper. However, when it comes 
to Additional Values there is a clear difference. Slove-
nian caves are much higher rated than Serbian ones. 
The main reason behind this is connected with human 
interventions and the level of tourism infrastructure 
which is much higher than in Serbian caves. One of the 
reasons is also a longer cave tourism tradition in Slove-
nia and the vicinity of bigger tourist destinations and 
especially the direct connection to main tourist flows 
from Western and Central Europe towards the Medi-
terranean (Adriatic Sea). The implementation of a sim-
ilar cave management model in Serbia would for sure 
benefit further speleotourism development. 

If we compare our assessment results to those of 
other karst geosites in Serbia such as canyons and 
gorges, we can notice that caves have higher values 
than some of them. According to research done by 
Božić et al. (2014), Ravništarka and Ceremošnja Cave 
have a better position in the M-GAM matrix than La-
zar and Uvac Canyon. Once again, the main reason 
behind this is related to the level of Additional Values 
and the human factor, the same as in the case of Slo-
venian caves. However, if we look at the results from 
Božić and Tomić (2015) and their analysis of can-
yons and gorges in Serbia, we can see that the Đerdap 
Gorge has much higher results and a better position in 
the M-GAM matrix than any of the geosites analyzed 
in this paper. By analyzing and comparing research 
done on this topic in Serbia, it would seem that at the 
moment caves and speleotourism have a slight advan-
tage over canyons and gorges when it comes to tour-
ism development. More attention is focused towards 
caves in general as well as towards their infrastruc-
ture and tourism development. However, further re-
search on this topic is necessary in order to definitely 
confirm or disprove this fact in the future. 

Conclusion

The speleological and hydrological karst geoheritage in 
the Pek River lower basin includes a diverse and wide 
range of natural values. Speleological objects have the 
highest tourist value and potential which is why they 
should be the base for tourism development in this 

area. On the other hand, karst waterfalls and springs 
lack the basic tourist infrastructure which is the main 
problem of these geosites. Improvement of transport, 
communal and tourist infrastructure is not only nec-
cessary for further tourism development but also as a 
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basis for further development of the local and region-
al economy. The analyzed geosites possess all of the 
necessary elements for geotourism development apart 
from the human factor and effort focused towards im-
proving the Additional Values of these geosites in the 
future. One of the necessary activities is also to con-
tinually monitor speleotourism trends throughout the 
world so that the analyzed caves can be competitive 
on this market. The value of these caves certainly pro-
vides a possibility for their recognition on the glob-
al speleotourism market. However, this has not been 

the case so far. Based on our results we can notice that 
there is still plenty of work to be done especially in the 
area of infrastructure and other elements related to 
Additional Values. One of the future goals should be 
better promotional activities on a national and inter-
national level as well as better road signalization and 
tour guide service. Significant improvement of these 
elements would bring a much larger number of tour-
ists to these sites which would also benefit the local 
economy through higher revenue and additional jobs 
for the local community.
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