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Abstract       The studied area is part of a study and comprises the Cioclovina area 
in the Şureanu Mountains. It is represented by Cioclovina-Baruşi and is 
characterized by an altitude of about 1,147 m at the Plopi Peak, being bounded by 
Culmea Bârnei in the northwest and the Petrosului Valley in the southeast. From 
the point of view of vegetation, in the studied area there is the floor of deciduous 
forests, mixed forests (deciduous and coniferous) and coniferous forests; 
eutricambosols and rendzinas are characteristic soils. The study comprises three 
distinct stages, namely: in the first stage, five variables (slope, appearance, water 
erosion, land moisture index and drainage type) were calculated. In the second 
stage, diversity indices of species were calculated. At this stage, we chose 10 
areas with high geomorphological heterogeneity and 10 areas with low 
geomorphological heterogeneity in the karst area, and 10 areas with high 
geomorphological heterogeneity and 10 areas with low geomorphological 
heterogeneity in the crystalline area. The third part is represented by statistical 
analysis. From the points collected on the ground, the diversity indices of forest 
species were calculated. After calculating these indices, the correlation between 
geomorphological heterogeneity and each variety of species in the karst and 
crystalline areas was performed. According to Allouche et al. (2012), Heidrich et al., 
(2020), Lapin & Barnes, (1995) and Stein et al., (2014), variation in 
geomorphological characteristics representing geomorphological heterogeneity 
influences the biological diversity of forest species. These studies are also 
confirmed by the results of the present work.   
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The Şureanu Mountains are located in the 

Parâng Mountains group in the Meridional 
Carpathians, and have a maximum altitude of 2,130 m 
at the Pătru Peak. From a petrographic point of view, 
they are mostly composed of crystalline shale while 
limestones only appear in the southwest. The total area 
of these mountains is 1,585 km² and has, as limits, 
Streiu Valley (in the west), Mureş Valley (in the north), 
Petroşani and Haţeg depressions (in the south), and 
Cindrel Mountains and Sebeş Valley (in the east) [12]. 

These mountains have the form of a triangle 
with the basis to the northeast, south-west, and the tip 
to the south-east. The karst area in the Şureanu 
Mountains covers an average area of 120 km2, and the 
average altitude does not exceed 1,000 m. [2; 6; 9; 10; 
15]. 

 
Material and Method 
 

This study is based on Romania’s topographic 
map at 1:25,000, with level curves, used to create the 
digital elevation model (DEM) with a 10 m space 
resolution, of the hydrographic network and the main 

peaks; on the hydrographic basin map with which the 
crystalline area was delimited; on the multispectral 
satellite image Sentinel 2 downloaded from the archive 
offered by Copernicus Open Access Hub 
(https://scihub.copernicus.eu/dhus/#/home); on 
Romania’s soil map at 1: 200,000 on which high 
drainage and low drainage were extracted; data 
regarding the species collected from the field and the 
tree diameter. [1; 5; 8; 14] 

In the first part of the study, all calculations 
were made using the SAGA GIS program. All 
operations were made in the ArcGIS Desktop version 
10.7.1. [3; 4; 7; 11; 13] 

The Shannon-Weaver statistical index is an 
index that quantifies diversity and considers the 
number of variables in the study and the relative 
number of inputs for each variable. The lower the 
community diversity (dominated by a variable/species), 
the less stable the ecosystem is. (Magurran, 2004; 
Shannon & Weaver, 1949; Spellerberg & Fedor, 2003) 

The low variation slope cells, the exposition of 
the slopes (appearance), the drainage, the water erosion 
power, and the land moisture index determined a 
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reduced geomorphological heterogeneity index, and 
cells characterized by several unique combinations of 
variables are characterized by an elevated 
geomorphological heterogeneity index. The formula of 
the Shannon-Weaver index is: 

H= - , 
where:  

= ; 
H = Shannon-Weaver index; 
S = number of analysed variables/species; 
ni = number of individuals of each species; 
N = total number of individuals. 
In the second part of the study, 20 squares of 2 

ha each were chosen. They belong to the crystalline 
area, of which 10 with low geomorphological 
heterogeneity and 10 with high geomorphological 
heterogeneity and to the karst area, respectively, of 

which 10 with low geomorphological heterogeneity 
and 10 with high geomorphological heterogeneity. 
With ARCGIS Online and ArcGIS Collector were 
gathered between 150-200 points in the various areas 
of each square being calculated biological diversity 
according to forest species and their diameter, using the 
Shannon-Weaver statistical index.  

Finally, the statistical correlation between 
geomorphological heterogeneity and biological 
diversity was carried out, but also the creation of trend 
and distribution graphs (boxplot) using Microsoft 
Excel and SPSS. 
 
Results and Discussions 
 

The study area consists of the Cioclovina karst 
area and the crystalline area near it, located in the 
Dacic Plateau of the Şureanu Mountains (Fig. 1). 

 

 
Fig. 1. Geographical location of the Şureanu Mountains. A: Position in Romania. B: Position within the Parâng 

Group and the location of the study areas 
 

The karst areas in the Şureanu Mountains are 
Cioclovina-Baru (83.3 km2), Crivadia-Bănița-Peștera 
Bolii (22.6 km2), Piatra Leşului (3.5 km2) and Vărtoape 
area (4.3 km2). 

The karst area chosen for this study is 
represented by Cioclovina-Baru, characterized by a 
maximum altitude of 1,147 m at Plopi Peak, and 
located between Culmea Bârnei in the north-western 
part and the Petrosului Valley in the south-eastern part. 

In this area, there are many forms of relief: 
exokarst forms of the doline, lapies, karst depression 
types (Ponorici Depression, Fundătura Ponorului 
Depression) and endokarst forms, caves (Cioclovina 
Uscată, Cioclovina cu Apă etc.). 

The crystalline area was chosen in the vicinity 
of the karst area, having a karst-like area and altitudes, 
together covering an area of 83 km2; the maximum 
altitude in the karst area is 1,196 m, while in the 
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crystalline area it is 1,136 m; the minimum altitude in 
the karst area is 366 m, while in the crystalline area it is 
342 m; both areas have a hydrographic network 
tributary to the Strei River. 

 

From the point of view of vegetation, the areas 
present the floor of deciduous forests, of mixed forests 
(deciduous and coniferous) and coniferous forests. The 
identified soils are represented by eutricambosols and 
rendzina. 

 
 

  
Fig. 2. Types of vegetation in the karst area (left) and in the crystalline area (right)

 
 

Conclusions 
 

In this analysis, the results of the correlation 
between geomorphological heterogeneity and diversity 
indices were different between the areas (the karst and 
crystalline areas). 

In the karst area, the correlation between 
geomorphological heterogeneity and representative 
species, as well as between heterogeneity and the 
Shannon diversity index is positive because the 
elevated heterogeneity area is characterized by sharp 
slope, low fertile soils, which are widespread near the 
valleys and forestry works have favourable conditions 
for their achievement.  

Also, the correlation between 
geomorphological heterogeneity and species 
dominance and the heterogeneity of species and the 
average species diameter is negative because a 
significant part of low heterogeneity areas has 
characteristics that are particularly present in areas with 
high geomorphological heterogeneity. 

In the crystalline area, the correlation between 
geomorphological heterogeneity and the richness of 
species as well as between heterogeneity and the 
Shannon diversity index is negative because the areas 

with high heterogeneity are characterized by sharp 
slopes, rock surfaces, and the area with low 
heterogeneity is characterized by rocks and certain 
adapted species.  

The correlation between geomorphological 
heterogeneity and the dominance of species as well as 
between heterogeneity and medium species diameter is 
positive because the moisture index of the land is high, 
with species of economic importance. 

In this study, abiotic (geological and 
geomorphological) diversity was correlated with 
biological diversity (forest species), identifying a 
relationship (possibly dependent) between them. 

Differences between the karst and crystalline 
areas have also been observed – in terms of 
correlations between biological diversity indices and 
low or high geomorphological heterogeneity. 

The results of this study suggest significant 
differences in the characteristics of forest vegetation 
between the limestone substrate area and the crystalline 
rock area, the correlation values being even opposed 
between the two areas with different substrate. 

According to this analysis, the most powerful, 
positive correlations of geomorphological 
heterogeneity with the richness of the species and the 
diversity of the Shannon species.  
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In the area with crystalline rocks, the most 
powerful correlations are between geomorphological 
heterogeneity and the dominance of species, and the 
average tree diameter, respectively. 

Particular conditions of morphometric indices 
in the two different areas in terms of substrate also 
influence forest species and their characteristics. 
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