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I	TRODUCTIO	 

 

The continuous development and expansion of 
the human society lead to the degradation, 
fragmentation and destruction of natural and semi-
natural systems, with great impact on biodiversity at 
global scale (Myers and Knoll, 2001). The average 
area of habitat patches and the degree of isolation are 
decisive in establishing the importance of habitat 
patches for species survival. The interconnection of 
favorable habitat patches can ensure the survival of 
many species. Even less favorable habitat patches can 
prove useful for the survival and dispersal of 
individuals between remaining habitat patches (Haila, 
2002).  

The consequences of fragmentation are different 
in time and space, for example: changes of species 
composition, of interspecies relations, increase of 
edge effect, shortening of food chains, and even 
speciation - under special conditions. When a certain 
type of habitat is destroyed within the landscape, 
there is a critical point of fragmentation after which 
the extinction rates increase and lead to a rapid loss 
of species richness at a regional scale (Metzger and 
Decamps, 1997). In order to protect the habitats it is 
necessary to preserve the remaining natural areas by 
limiting the construction of buildings and roads, 
deforestation, wetlands draining and by protecting 
wildlife  also outside natural parks (Lomolino and 
Smith, 2003). Equally important is the connectivity 
of natural and semi-natural systems through corridors 
that facilitate the dispersal of individuals between 
habitat patches. There are studies that show that 
species diversity in an area increases in the presence 
of corridors, due to a higher immigration rate and a 
lower extinction rate (Simberloff and Cox, 1987). 
This connectivity can be provided also through green 
bridges, passages, forest belts, hedges (i.e. green 
areas that mark the limits of the agricultural 
properties, between two and five meters wide but 
with lengths up to tens of kilometers).  
 Since MacArthur and Wilson published their 
seminal book on island biogeography in 1967, the 
role and importance of islands in conservation has 
received increased attention. The issue of species 
diversity conservation in such “islands” of habitat is 
linked to the concept of ecological network. The 

network ensures the survival of meta-populations by 
connecting their viable habitat patches and 
combines the conservation of biodiversity with the 
sustainable use of natural resources. Several 
European initiatives are focused on developing 
networks of protected areas at a continental scale 
(e.g. Nature 2000, PEEN - Pan-European Ecological 
Network, EMERALD, European Green Belt). An 
ecological network consists of zones that provide 
for different functions like conservation, 
development, and logistic support. The components 
of an ecological network are: the core area whose 
main function is the conservation of biodiversity, 
the buffer zone required for the protection of the 
other components of the network from external 
factors, corridors connecting habitat patches and/or 
stepping-stones (small intermediate areas that 
facilitate dispersal by providing temporary 
conditions for living and breeding), and sustainable-
use areas (Meffe and Carroll, 1994).  
 The Măcin Mountains National Park (MMNP) 
is located in north-west Dobroudja, in the steppic 
bioregion. It is included in IUCN second category of 
protected areas. The steppe ecosystem, characteristic 
for the southeastern part of Romania, is very 
vulnerable and highly affected by human activities. 
The major environmental problems caused by 
human activities in the MMNP are: extraction of 
granite from the quarry in Greci, unregulated 
tourism, grazing, unsustainable logging and medical 
plants collecting, stray cats and dogs, poaching and 
introduction of invasive alien species.   
In the past, the entire central part of Dobroudja was 
covered with steppe vegetation characterized by 
grass and shrubs, interspersed with forests. 
Nowadays this type of ecosystem is rarely 
encountered because it was replaced by agricultural 
fields. In places where conditions were inadequate 
for agriculture, steppe vegetation was partly 
preserved. This is the case of steppe vegetation 
patches that cover the hillocks in Dobroudja. Their 
steep slope prevented their plough and cultivation, 
thus preserving small “islands” of native steppe 
isolated among agricultural fields. The hillocks are 
of ancient human origin, representing tumuli from 
the Kurgan Culture (Marler, 2005) and are 
distributed all over Dobroudja. 
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The goal of our present study was to estimate the 
value of these hillocks for conservation. 
 

MATERIAL A	D METHODS 

 

Our study sites are located near Luncaviţa, 
outside MMNP, represented by a chain of several 
hillocks called Movilele Înşirate surrounded by 
agricultural fields (Fig. 1). 
 

 
 

Fig.1. Hillocks near Luncaviţa 
 

Even though the human impact is high, the 
hillocks are still covered with native vegetation. All 
hillocks are covered with small trees and shrubs on 
the northern slope and with steppe vegetation on the 
southern part. The fauna is represented by 
invertebrates, reptiles and small mammals. We 
repeatedly found skin sheds of snakes and networks 
of used and abandoned badger and fox burrows 
which suggest that the hillocks provide shelter and 
over-wintering habitat for various species.   

Between 2006 and 2007, we repeatedly 
sampled invertebrates by netting on three hillocks. 
For comparison we also sampled invertebrates in 
four control areas within Măcin Mountains National 
Park, where human impact is reduced. Invertebrate 
samples were preserved in the field in 70% alcohol. 
Identification of invertebrates was done in the 
laboratory at different taxa level: order, family, and 
even species for grasshoppers (Orthoptera). We 
used MVSP (Multi-Variate Statistical Package) 
version 3.1 for data analysis.  

We did morphometrics on a common 
grasshopper species (Chorthippus dorsatus) to 
estimate habitat quality and human impact on 
hillocks. We measured both sides of the body, 
checking for fluctuating asymmetry. Fluctuating 
asymmetry (FA) is given by small random 
differences between the left and right side of a trait. 
It is suggested that when these values rise above a 
certain threshold, they are caused by developmental 
instability due to different stressful factors, natural 
or anthropogenic (Jentzsch et al., 2003). For FA 
analysis we used digital photographs of left and 
right sides of preserved insects. Measurements were 
done with ImageTool version 3.0.    
   

RESULTS A	D DISCUSSIO	S 
 

We collected 18,578 invertebrates, of which 
63% in 13 samples from three hillocks, and 37% in 
22 samples from the four control areas in MMNP. 
The average number of individuals per samples was 
901 individuals from the hillocks and 299 
individuals per sample from the control areas (Table 
1). 

 
Table 1.  Invertebrate diversity in MMNP and hillocks 

 

Location 
Latitude 

N 
Longitude 

E 

Number 
of 

samples 

Number 
 of 

individuals 

Average number of 
individual/sample 

Categories 
of higher 

taxa 

Average 
number of 

individuals/ 
taxa richness 

Pricopan 45.14 28.12 3 945 315.0 19 49.7 

Greci 45.10 28 .16 3 982 327.3 16 61.4 

Ghiunaltu 45.20 28.26 6 1652 275.3 18 91.8 

Cheia 45.26 28.17 10 3008 300.8 19 158.3 
Total Park (control) 22 6587 299.4  90.3 

Hillock 1 45.17 28.14 3 2618 872.7 19 137.8 

Hillock 2 45.17 28.14 4 3007 751.8 18 167.1 

Hillock 3 45.18 28.15 6 6096 1016.0 21 290.3 

Total  hillocks 13 11721 901.6  198.4 
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In both cases, the number of individuals 
captured increased along with the number of 
samples. The hillocks have similar higher taxa 
compared with MMNP, however, the density of 
individuals is higher on hillocks, indicating a 
concentration of individuals, and suggests an 
important role as refuge (Fig. 2 and 3).  
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Fig.  2. The dominant higher taxa categories of 
invertebrates inventoried on hillocks and MMNP 

 

 
 

Fig. 3. The correlation between number of 
individuals per sample and higher taxa richness 

 
Only eleven species of orthopterans were 

identified on the three hillocks studied, 
representing 22% of the total number of species 
inventoried in MMNP.  

 Seven species belong to Suborder Caelifera - 
Acridoidea, three to Suborder Ensifera - 
Tettigonioidea and one to Suborder Ensifera - 
Grylloidea. 

 Both in the hillocks and in MMNP, 
asociations between Gomphocerippus rufus and 

Tettigonia viridissima, and between Chorthippus 

parallelus and Platycleis albopunctata  grisea  

were observed.  

Using the identified species of Orthoptera, we 
analyzed the similarity between sampling locations 
and noticed two distinct clusters: one for MMNP 
locations and one for the hillocks (Fig. 4). 
 

 
 

Fig. 4. Similarity between sampling locations based 
 on Orthoptera species 

 
The FA values obtained for the Chorthippus 

dorsatus hillocks populations are quite high, between 
2.73% and 9.93%. Since values above 1-2 % indicate 
the presence of stressful factors that determine the 
asymmetrical development of individuals, habitat 
quality in the hillocks can be considered low.  

 This is consistent with the high human impact 
documented during the study, ranging from garbage 
disposal, fires, grazing, and even an attempt to plow. 
 

CO	CLUSIO	S 

 

The hillocks of Kurgan origin in Dobroudja 
represent patches of remaining natural habitats that are 
important for diversity conservation since they provide 
the minimal necessary conditions for species survival 
and dispersal.   

Based on the high number of individuals 
collected, we can observe a concentration effect on the 
hillocks, as compared to Măcin Mountains National 
Park where the habitats diversity is higher.  

The analysis of fluctuating asymmetry in 
orthopterans revealed the low quality of habitats due 
to the serious anthropogenic impact on these “islands” 
of habitat. 

This preliminary study recommends the addition 
of these hillocks to the park territory and the creation 
of green corridors that would enhance their 
connectivity and functional role. 
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ABSTRACT 

 

Most of south-eastern Romania was covered in 
the past by steppe, but was transformed almost 
completely in agricultural fields. The Măcin 
Mountains National Park is located in the northern 
part of Dobroudja, in the steppic bioregion. Outside 
the park there are several hillocks, tens of meters in 
diameter, surrounded by agricultural fields but with 
typical steppe and woody vegetation. During 2006 
and 2007 we sampled the invertebrates on three 
hillocks near Luncaviţa (Movilele Înşirate), to 
compare taxa richness and abundance with four 
control areas in Măcin Mountains National Park. 
The hillocks have a higher density and taxa 
richness indicating that they act as refuge for local 
species, facilitating their survival and dispersal. 
However, a preliminary analysis of fluctuating 
asymmetry in a hillock population of the 
grasshopper Chorthippus dorsatus showed high 
levels of asymmetry, indicating poor habitat 
quality. Including these hillocks in the Nature 2000 
network and reducing human impact would 
enhance their role in conservation. 
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