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Abstract. In Pădurea Craiului Mountains we have recorded 21 terrestrial isopod species (Ligidium hypnorum, 
L. germanicum, Mesoniscus graniger, Hyloniscus riparius, H. transsilvanicus, Trichoniscus carpaticus, 
Haplophthalmus danicus, H. mengii, Cylisticus convexus, Protracheoniscus politus, Porcellium collicola, Trachelipus 
difficilis, T. arcuatus, T. nodulosus, T. ratzeburgii, T. rathkii, Porcellio scaber, P. spinicornis, Armadillidium vulgare, 
A. carniolense, A. versicolor). The most abundant and frequent species were: P. politus, H. transsilvanicus and M. 
graniger. The last species was identified most commonly in caves. However, we encountered M. graniger at 
the soil surface, as well as in an abandoned mine. In caves other four species (T. arcuatus, T difficilis, A. 
versicolor, C. convexus) were sometimes observed. Generally, these were present near the cave entrances and 
only rarely deep inside the caves. Well represented species in Pădurea Craiului Mountains are those related 
to forests and wetlands. However, the consequences of deforestation and other anthropic activities are 
indicated by the abundance of synanthropic species, related to open areas. 
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Introduction 
 
In Apuseni Mountains, terrestrial isopods were 
mainly studied in the eastern regions, in Arieş and 
Someş River hydrographic basins, with quantita-
tive methods (Tomescu et al. 1992, 1995, 2000, 
2001, 2002, 2005, Mureşan et al. 2003). Studies 
upon the terrestrial isopods from the western part 
of Apuseni are more recent, they initially being 
made with quantitative methods (Tomescu et al. 
2008) and only later with direct ones, but only in 
an urban environment (Bodin et al. 2013). Pădurea 
Craiului Mountains are situated in the western 
part of Apuseni Mountains, being one of the most 
important karst areas from Romania (e.g. Rusu, 
1988). Recent studies focuses on the biodiversity 
and ecosystems structure from karstic areas (e.g. 
Daoxian, 2001, Tuyet 2001, Elliott 2007). Because 
karstic areas are habitats that do not recover once 
destroyed (Tuyet 2001), their conservation is ex-
tremely important (Veni, 1999, Hamilton-Smith 
2001). The endogeic environment have a remark-
able invertebrate diversity (e.g. Peck 1998). As in 
other regions, in Romania there are also studies in 
this topic (e.g. Ilie et al. 2002, Nitzu et al. 1998-
1999, 2011, Nae et al. 2004-2005) dealing with the 
biodiversity of some karstic areas, including ter-
restrial isopods. Information about Mesoniscus 
graniger, a cavernicolous species (Radu, 1983), are 

more numerous (e.g. Radu 1977, Giurgincă 2000-
2001a,b, Giurginca 2009). Recently, the informa-
tion about the cavernicolous Oniscidea from Ro-
mania was reviewed (Tabacaru & Giurginca 2013). 
Studies upon the terrestrial isopods from karst ar-
eas were made in other sectors of the Pannonian 
Basin (Vilisics & Lapanje 2005, Vilisics et al. 2008, 
2011), as well as in other regions (e.g. Taiti & Xue 
2012, Kashani et al. 2013). Thus, the aim of the 
study was to find out if the terrestrial isopod as-
semblages are influenced by the karst areas from 
Pădurea Craiului Mountains, comparing them to 
other, previously studied, areas from north-
western Romania (Ferenţi et al. 2012a, 2013a). 
 
 
Material and methods 
 
Pădurea Craiului Mountains are situated in western Ro-
mania (Fig. 1), in the north-western sector of Apuseni 
Mountains, in Western Carpathians (Posea & Badea 
1984). Pădurea Craiului Mountains are one of the most 
important karst areas from Romania (Rusu 1988). Never-
theless the altitude is relatively low, not exceeding 1000 m 
a.s.l. (Tufescu 1974). Although in the region there are only 
few localities, in the past it was affected by bauxite exploi-
tation (e.g. Dragastan et al. 2009). Between the years 2010 
- 2012 we made 25 field trips in Padurea Craiului Moun-
tains. We collected terrestrial isopods from 64 habitats 
(from 40 localities), grouped in 7 categories: caves, mines, 
natural forest (beech and oak), forest plantations (pine),  
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Figure 1. The studied area in north-western Romania. 
 
 

wet areas (meadows near streams), open areas (grass-
lands) and anthropogenic affected areas (constructions) 
(Table 1). From caves, the isopods were collected by the 
first author, who is member of the Speleological Club 
Cristal, Oradea, with the permission of their custodian. 
Isopods were captured by hand or with tweezers from 
under different type of shelters (e.g. logs, bark, stones), or 
from under herbaceous vegetation near waters, as well as 
in other studies (e.g. Giurgincă et al. 2006, Vilisics et al. 
2011, Tomescu et al. 2011, Ferenţi et al. 2012a, 2013a,b). In 
each sampling site from the surface two collectors spent 
20 minutes. In forests, we also used the litter sieve, iso-
pods being selected from the samples directly on field. 
The isopods were identified in laboratory with the help of 
the scientific literature (e.g. Radu, 1983, 1985, Farkas & 

Vilisics 2013), according to the present nomenclature 
(Schmalfuss, 2003). We calculated the relative abundance, 
frequency of occurrence and diversity (Shannon & 
Wiever 1949). In order to express the assemblages’ simi-
larities between habitat types, we calculated Jaccard index 
(Zar 1999). 
 
 
Results 
 
In Pădurea Craiului Mountains we identified 21 
terrestrial isopod species (Table 1). The highest 
number of species collected from a sampling site 
was 8. In many cases (mostly in caves) we encoun-
tered only one species per location. The most of 
the total number of 559 individuals belonged to P. 
politus (113 individuals). Only one cavernicolous 
species, M. graniger, was present in the region. 
However, M. graniger was identified two times 
outside the caves, under barks and rocks from 
moist areas, and once in an artificial subterranean 
habitat (abandoned mine). Caves and their en-
trances present a high species richness (10). From 
these 10 species, in addition to M. graniger, only T. 
arcuatus, T. difficilis, A. versicolor and C. convexus 
were found inside caves. However, these species 
are generally present only at the cave entrances, in  

 
 

Table 1. Terrestrial isopods in different habitat types from Pădurea Craiului Mountains (C – cave 
entrance, M – mine entrance, F – natural forests, P – forest plantation, W – wetlands, O – open ar-
eas, B – buildings, *- also identified inside caves or mines, H – Shannon-Wiever diversity) 

 

 C M F P W O B 
1. Haplophthalmus danicus Budde-Lund, 1880   10     
2. Haplophthalmus mengii (Zaddach, 1844)   4     
3. Ligidium hypnorum (Cuvier, 1792) 4 1 1  7   
4. Ligidium germanicum Verhoeff, 1901 16  5  23   
5. Hyloniscus riparius (C. Koch, 1838) 3  24  15   
6. Hyloniscus transsilvanicus (Verhoeff, 1901) 4 8 12  52   
7. Trichoniscus carpaticus Tabacaru, 1974   1     
8. Mesoniscus graniger (Frivaldsky, 1865) 52* 1* 5  3   
9. Cylisticus convexus (De Geer, 1778) 6* 1 16  30 2  
10. Protracheoniscus politus (C. Koch, 1841) 1 2 91 5 14   
11. Trachelipus ratzeburgii (Brandt, 1833)     1   
12. Trachelipus difficilis (Radu, 1950) 1*    3   
13. Trachelipus arcuatus (Budde-Lund, 1885) 1*  8  2   
14. Trachelipus nodulosus (C. Koch, 1838)   4  32 7  
15. Trachelipus rathkii (Brandt, 1833)     2 9  
16. Porcellium collicola (Verhoeff, 1907)   3     
17. Porcellio scaber Latreille, 1804   6  10 7 2 
18. Porcellio spinicornis Say, 1818     2   
19. Armadillidium vulgare (Latreille, 1804)  1 6  10 3  
20. Armadillidium versicolor Stein, 1859 11*  1  1  4 
21. Armadillidium carniolense Verhoeff, 1901     3   
No. of individuals 99 14 197 5 210 28 6 
No. of species  10 6 16 1 17 5 2 
H 1.55 1.35 1.97 0 2.29 1.48 0.63 
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partially lighted areas, and only rarely deeper in-
side the caves. 

Overall, the diversity of terrestrial isopod as-
semblages from Pădurea Craiului Mountains was 
H = 2.50. Among habitat types, the highest diver-
sity was recorded in wet areas and forests (Table 
1). Regarding similarity, the highest differences 
were registered between caves / mines / planta-
tions and anthropogenic areas, respectively be-
tween plantations and open areas (Table 2). The 
species composition of these habitats is completely 
different, these having no species in common. As 
well, there are high differences between planta-
tions, constructions and natural areas. The highest 
species overlap was observed between assem-
blages from wetlands and caves and between as-
semblages from wet areas and natural forests (Ta-
ble 2). The highest species number was registered 
in natural and wet areas. The same species (P. poli-
tus, H. transsilvanicus and M. graniger) occupy the 
first place both in terms of abundance and fre-
quency (Table 3). Table 4 indicates the distribution 
of the isopod species in the 40 studied localities. 
 
 
Discussion 
 
The number of terrestrial isopods species from 
Pădurea Craiului Mountains is higher than in 
other regions from Western Carpathians (e.g. 
Radu 1950, Tomescu et al. 1992, 1995, 2000, 2001, 
2002, 2005, Mureşan et al. 2003). This is probably a 
consequence of the high number and diversity of 
subterranean and surface habitats. Nevertheless, it 
also can be the result of using the direct method. 
However, the assemblages similarity is relatively 
low, with three exceptions when the Jaccard index 
was lower than 0.5. This indicates the high diver-
sity of microhabitats from the region, a fact with 
conservative importance. The number of indi-
viduals was unequal between habitats, like in 
other karstic areas (see in: Vilisics et al. 2011). Im-
portant differences between isopod assemblages 
from different habitat types were observed in 
other regions (e.g. Ferenţi et al. 2012b). 

The terrestrial isopods from Pădurea Craiului 
Mountains mostly occupy habitats adequate to 
their ecological requirements (see in: Radu 1983, 
1985). The most common species were those re-
lated to forested and wet areas, well represented 
habitats in this massif. P. politus, a sylvan species, 
frequently found in forested areas from Romania 
(see in: Tomescu et al. 2011), was the most com- 

Table 2. Similarity (Jaccard index) of terrestrial isopod as-
semblages (C– cave, M– mine, F– natural forests, P– for-
est plantation, W– wetlands, O– open areas, B– build-
ings). 

 

 C M F P W O B 
C 1       
M 0.45 1      
F 0.52 0.37 1     
P 0.10 0.16 0.06 1    
W 0.58 0.42 0.57 0.05 1   
O 0.07 0.22 0.23 0 0.29 1  
B 0 0 0.12 0 0.12 0.16 1 

 
 

Table 3. The percentage abundance (A %) and  
frequency of occurrence (f %) of terrestrial isopods. 

 

 A % f % 
Haplophthalmus danicus 1.78 1.56 
Haplophthalmus mengii 0.71 3.13 
Ligidium hypnorum 2.32 10.94 
Ligidium germanicum 7.87 9.38 
Hyloniscus riparius 7.51 15.63 
Hyloniscus transsilvanicus 13.59 26.56 
Trichoniscus carpathicus 0.17 1.56 
Mesoniscus graniger 10.91 21.88 
Cylisticus convexus 9.83 20.31 
Protracheoniscus politus 20.21 35.94 
Trachelipus ratzeburgii 0.17 1.56 
Trachelipus difficilis 0.71 3.13 
Trachelipus arcuatus 1.96 4.69 
Trachelipus nodulosus 7.69 14.06 
Trachelipus rathkii 1.96 4.69 
Porcellium collicola 0.53 3.13 
Porcellio scaber 4.47 12.50 
Porcellio spinicornis 0.35 1.56 
Armadillidium vulgare 3.57 15.63 
Armadillidium versicolor 3.04 6.25 
Armadillidium carniolense 0.53 3.13 

 
 
mon species in Pădurea Craiului Mountains. The 
large distribution of P. politus is a result of the 
wide areas occupied by forests, which covered un-
til the recent past the entire area. Recently, the 
woodlands in this area were heavily deforested, as 
in other regions from Romanian Carpathians (see 
in: Rozylowicz et al. 2011, Knorn et al. 2012). In 
Pădurea Craiului Mountains, P. politus was pre-
sent almost in every case in natural beech forests. 
Only in the vicinity of an abandoned mine near 
Şuncuiuş, P. politus was found in a pine planta-
tion, where it was the only isopod species. The 
second species with high frequency and abun-
dance was H. transsilvanicus, a species related to 
natural wet areas (Radu, 1983). In Pădurea Craiu-
lui Mountains it is favoured by the presence of 
many mountainous forested wet areas (streams,  
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Table 4. The distribution of terrestrial isopod species in Pădurea Craiului Mountains (Lh-L. hypnorum, Lg-L. germani-
cum, Hr-H. riparius, Ht-H. transsilvanicus, Tc-T. carpaticus, Mg-M. graniger, Hd-H. danicus, Hm-H. mengii, Cc-C. con-
vexus, Ppo-P. politus, Pc-P. collicola, Td-T. difficilis, Ta-T. arcuatus, Tn-T. nodulosus, Trth-T. rathkii, Trtz-T. ratzeburgii, 
Ps-P. scaber, Psp-P. spinicornis, Avu-A. vulgare, Ave-A. versicolor, Ac-A. carniolense, T-total no. of species). 

 

 
Lh Lg Hr Ht Tc Mg Hd H

m 
Cc Pp

o 
Pc Td Ta Tn Trt

h 
Trt
z 

Ps Psp Av
u 

Av
e 

Ac T 

Tomnatec X - X X X X - X X X X - - X - - X - X - - 12 
Brătcuţa Valley - - X X - - - - - X - - X - X X - - X - X 8 
Cornet X - - X - - - - X X - X - X - - - - X - - 7 
Dealul Răcaş X X - X - - X - X - X - - - - - - - - - - 6 
Damiş - - - X - - - X X X - - - X - - X - - - - 6 
Vida Zone, Pali’s Grot X X X X - - - - - X - - - - - - - - - - - 5 
Vida Lake - X X X - - - - - X - - - - - - - - X - - 5 
Izbândiş Cave X X - X - X - - - X - - - - - - - - - - - 5 
Şuncuiuş - - X - - - - - X X - - - X - - - - - X - 5 
Leşu Dam - - - X - - - - X X - - - - - - X - - - - 4 
Tinoasa Hill X X - X - - - - - X - - - - - - - - - - - 4 
Aleşd - - - - - - - - - - - - - - X - X - - X - 3 
Gălăşeni Cave - - - - - X - - X - - - X - - - - - - - - 3 
Fâşca - - X - - - - - X - - - - X - - - - - - - 3 
Călaţea - - - X - - - - - X - - - - - - - - - - X 3 
Bălnaca - - - - - - - - X - - - - - - - X - X - - 3 
Zece Hotare - - X - - X - - X - - - - - - - - - - - - 3 
Aştileu - - X - - - - - X - - - - - - - - - - - - 2 
Vadu Crişului - - - - - - - - - X - - - - - - - X - - - 2 
Valău Cave - - X - - - - - - - - - - - - - - - - X - 2 
Dobricioneşti - - - - - - - - - - - - - X - - - - X - - 2 
Chicera Hill - - - - - - - - - - - - - X - - X - - - - 2 
Vârciorog - X - X - - - - - - - - - - - - - - - - - 2 
Beznea - - - - - - - - - - - - X - - - - - X - - 2 
Meziad Cave - - - - - X - - - - - - - - - - - - - - - 1 
Stanul Foncii Pit Cave / Cave - - - - - X - - - - - - - - - - - - - - - 1 
Ciur-Ponor Cave - - - - - X - - - - - - - - - - - - - - - 1 
Bratca/Lorău - - - - - - - - - - - - - - X - - - - - - 1 
Roşia, Farcu Mine - - - - - X - - - - - - - - - - - - - - - 1 
Sclavului Hill - - - - - - - - - X - - - - - - - - - - - 1 
Viduţa Cave - - - - - X - - - - - - - - - - - - - - - 1 
Cobleş Cave - - - - - X - - - - - - - - - - - - - - - 1 
Fanea Babii Pit Cave, Lazuri Gorge - - - - - X - - - - - - - - - - - - - - - 1 
Stracoş Cave - - - - - X - - - - - - - - - - - - - - - 1 
Roşia, Stâlpului Hill, Pit Cave - - - - - X - - - - - - - - - - - - - - - 1 
Vacii Cave - - - - - X - - - - - - - - - - - - - - - 1 
Monir Hill - - - - - - - - - X - - - - - - - - - - - 1 
Feregiorului Hill - - - - - - - - - X - - - - - - - - - - - 1 
Secătura Hill - - - - - - - - - X - - - - - - - - - - - 1 
Osoi Cave - - - - - - - - - - - X - - - - - - - - - 1 
Total no. of localities 6 6 9 12 1 14 1 2 11 16 2 2 3 7 3 1 6 1 7 3 2  

 
 
marshes), a fact in accordance with its ecological 
requirements (see in: Tomescu et al. 2011). Never-
theless, H. transsilvanicus was recently encoun-
tered in some plains from north-western Romania 
(Ferenţi et al. 2012a, 2013a,b) and even in Blahnita 
Plain from Oltenia region (Ferenţi & Covaciu-
Marcov 2014). 

Despite the predominance of sylvan species, in 
case of Trachelipus genus, the high abundance of 

T. nodulosus is unusual, as this species is related to 
open grassy areas (Farkas, 2010). In north-western 
Romania, T. nodulosus was frequently recorded in 
anthropogenic affected habitats (e.g. Bodin et al. 
2013, Ferenţi et al. 2013b). Although in Pădurea 
Craiului Mountains are present other species from 
Trachelipus genus such as T. difficilis, T. arcuatus 
or T. ratzeburgii, that are considered to be sylvan 
(Radu 1985, Vilisics & Hornung 2010), these ap-
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peared in few habitats and were represented by 
few individuals compared to T. nodulosus. Proba-
bly, this is the result of deforestation and the in-
crease of open grassy areas that enlarge the spe-
cies` habitat at high altitudes. Nevertheless, some-
times T. nodulosus was found inside forests. To-
gether with T. nodulosus, other species such as P. 
scaber, A. vulgare and C. convexus were probably 
favoured by human activities from the region. 
These species were frequently found in anthropo-
genic affected areas, buildings, abandoned mines, 
deforested areas and rarely in natural habitats.  

Only A. carniolense and P. spinicornis are re-
lated to steep limestone slopes. P. spinicornis was 
observed only in the Crişul Repede gorge, an area 
with steep limestone walls. A. carniolense was 
found only on Brătcuţa valley, an area with differ-
ent habitat types, both rocky areas and forests. De-
spite the fact that A. carniolense was identified in 
the Arieş hydrographic basin from Apuseni 
Mountains (Tomescu et al. 2002), it seems that in 
Pădurea Craiului Mountains this species is found 
near to its north-western distribution range limit, 
compared with data recorded so far (Radu, 1985, 
Tomescu et al. 2000, 2002).  

Compared to other areas from Apuseni Moun-
tains, the karst from Pădurea Craiului Mountains 
offers proper conditions for M. graniger. This spe-
cies was found in 14 locations, the majority (11) 
being represented by caves. However, in 2 cases it 
was observed outside the caves. Even if this fact 
might look surprisingly, M. graniger was also re-
corded in the past outside caves in Romanian 
Carpathians, including the vicinity of Pădurea 
Craiului Mountains (Giurginca 2009). In Pădurea 
Craiului Mountains, the epigeic populations were 
identified at forests edge, under humid logs and 
bark. M. graniger was also found inside an aban-
doned mine (Farcu mine from Roşia village). The 
other species from the region are epigeic, fre-
quently recorded in different habitats from the 
country (e.g. Radu, 1983, 1985). However, in Pă-
durea Craiului Mountains some epigeic terrestrial 
isopod species (T. arcuatus, T difficilis, A. versicolor 
and C. convexus) were present at caves entrance or 
even inside caves. Usually, these isopods are lim-
ited to caves` entrance, only sometimes advancing 
inside them, up to 40 m depth. Probably, epigeic 
isopods enter actively in caves, searching for more 
constant conditions. The epigeic isopods were pre-
sent only in caves that were populated by bats. 
Thus, the presence of this species in the cave 
seems to be an opportunistic one, they being ad-

vantaged by the humidity, coolness and by the 
guano. From these epigeic species A. versicolor and 
C. convexus were previously found in under-
ground environment in Romania (Tabacaru & Gi-
urginca, 2013). 

The diversity of terrestrial isopod assemblages 
from Pădurea Craiului Mountains is close to that 
recorded in other regions from north-western Ro-
mania with direct methods (Ferenţi et al. 2012a, 
2013a), but is higher than in anthropogenic areas, 
such as towns (Bodin et al. 2013). The slightly 
higher diversity than in Carei Plain (Ferenţi et al. 
2012a) is due to the relief and habitats` diversity 
from Pădurea Craiului Mountains in comparison 
to a plain area. However, in both areas the highest 
diversity was recorded in wet habitats. Unlike 
Carei Plain, in Pădurea Craiului Mountains the 
isopod species diversity from forests is much 
higher, underlining the importance of natural for-
ests. In Pădurea Craiului Mountains, the most un-
favourable habitat type for terrestrial isopods 
seems to be the plantations. Thus, it seems that 
even if some isopods colonize ruins, buildings, 
mines, they are less tolerant toward plantations. 
Probably, the first habitat types are more diverse, 
while the extremely uniform plantations do not of-
fer proper conditions for them. Although in other 
regions, in black locust plantations were found 
many terrestrial isopod species (Farkas et al. 2013), 
probably in areas still rich in native forests and 
other natural habitats, isopods avoid plantations.  

Terrestrial isopod assemblages from Pădurea 
Craiului Mountains reflect the region`s habitat di-
versity and the past of its anthropogenic impact. 
Thereby, the presence of the majority of species 
and mainly those with high frequency and abun-
dance is a consequence of the two dominant habi-
tat types of the area, namely forests and wetlands. 
The karst relief from Pădurea Craiului Mountains 
generates higher species richness than in other re-
gions from Apuseni Mountains (e.g. Tomescu et 
al. 2000, 2002, Mureşan et al. 2003). This fact indi-
cates the conservative importance of the area, 
similar to other karst regions (e.g. Vilisics et al. 
2011). However the anthropogenic influence (such 
as mining and deforestation), manifests through 
the relatively high number of synanthropic species 
or species related to open areas, which are fa-
voured by the disappearance of the forests. 
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