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THE BIODIVERSITY OF Lavandula angustifolia MILL. F1 HYBRIDS   
 
 

GONCEARIUC Maria, MAŞCOVŢEVA Svetlana, BUTNARAŞ Violeta, BALMUŞ Zinaida 
 

Abstract. Lavandula angustifolia MILL. polycross hybrids have been studied in the third year of vegetation. The biodiversity of the 
hybrids is supported by value indices of the quantitative characters, content and chemical composition of the essential oil, leaf colour 
and shape, corolla colour. Thus, different polycross hybrids have a plant height of 41-66 cm, the length of the inflorescence spike of 
5.6-13.4 cm, and the length of the inflorescence stem ranges from 10.6 cm to 27.1 cm. The content of hydrodistilled oil varies 
between 2.010% and 5.900% (dry matter) in different hybrids. 28-31 compounds of the essential oil have been identified. The 
concentration of the major essential oil components is as follows: linalool - 34.6-67.75% and linalyl acetate -12.5-34.5%. These two 
major components are followed by terpene-4-ol, the concentration of which is high in most of the hybrids (6.09-14.2%). 
 
Keywords: Lavandula angustifolia, hybrid, essential oil, biodiversity, stem ranges. 
 
Rezumat. Biodiversitatea hibrizilor F1 de Lavandula angustifolia MILL. Au fost studiaţi  hibrizi policross F1 de Lavandula 
angustifolia MILL. Biodiversitatea hibrizilor este susţinută de indicii valorilor caracterelor cantitative, conţinutului şi componenţa 
chimică a uleiului esenţial, culoarea şi forma frunzelor, culoarea corolei florilor. Astfel,  genotipurile  hibride  au talia plantelor de 
41-66 cm, lungimea spicului floral de 5,6-13,4 cm, iar lungimea tijei florale variază de la 10,6 cm până la 27,1 cm. Conţinutul de ulei 
esenţial separat prin hidrodistilare variază la diferiţi hibrizi de la 2,010 până la 5,900%(s.u.). Se deosebesc hibrizii şi prin concentraţia 
componenţilor majori ai uleiului esenţial: linalool - 34,6-67,75%, acetat de linalilă -12,5-34,5%. În uleiul esenţial al majorităţii 
hibrizilor linaloolul şi acetatul de linalilă este urmat de un al treilea component major (+) terpen-4-ol, în concentraţie de până la 
14,2%, la formele parentale acesta fiind un component minor.  
 
Cuvinte cheie: Lavandula angustifolia, hibrid, ulei esenţial, biodiversitate, tijă florală. 

 
INTRODUCTION 

 
Lavandula angustifolia MILL. – Lavender in the family Lamiaceae, was known as a medicinal and aromatic 

plant in the countries bordering the Mediterranean basin as early as 600 years before Christ. The name of Lavandula 
comes from the Latin lavare – to wash because the Romans used this species to scent baths. It was also used for 
preparation of aromatized fatty oils. The essential oil extracted by steam distillation is the main product of the fresh 
blossoms of this species and is used in the perfumery industry, the manufacture of cosmetics and various health and 
hygiene products. It is also employed in the preparation of different creams, pharmaceutical products that have a 
calming, antidepressant, and antibacterial effect. Lavender is a valuable meliferous plant because its nectar is rich in 
carbohydrates. The species is also known and used as an ornamental plant. Excellent appearance of evergreen plants, 
the inflorescences with different shades of blue flowers, very long flowering period - 35-40 days, the aroma of flowers 
are successfully exploited (GONCEARIUC, 2008). In the Republic of Moldova, lavender is grown on relatively large 
areas and the essential oil is designed for export. 

 
MATERIAL AND METODS 

 
Lavender polycross hybrids in the third year of vegetation were used as biological material. The following 

morphological characters that determine the productivity and hybrid biodiversity: plant height, the length of inflorescences, 
inflorescence spikes and inflorescence stems, the number of whorl per inflorescence, the number of inflorescences per 
plant were assessed in the experiments. Essential oil was derived from fresh inflorescences at the flowering stage through 
hydrodistillation in the Ginsberg apparatus, while the oil content was recalculated for dry matter. After distillation, the 
essential oil was dried over anhydrous sodium sulphate. The chemical composition of the essential oil and the 
concentration of the components were estimated using a gas chromatographic analysis coupled with mass spectrometry 
(GC-MS). The conditions of the gas chromatographic analysis were as follows: Gas Chromatographer Agilent 
Technologies type 7890 A GC system, type 5975 C Mass Selective Detector US 92014110; Column HP 5 MS 30 m x 0.25 
mm x 0.25 µm (5% Phetylmethylsiloxane); injector temperature 2,500oC, detector temperature 2,800oC; the temperature 
regime of 250oC (10 degrees/min) up to 280 degrees (const. 5.5 min); mobile phase – helium 1 ml/min.  

 
RESULTS AND DISCUSSIONS 

 
A number of Lavandula angustifolia MILL. polycross hybrids have been developed and studied. Varieties 

originating from France, Ukraine and Moldova and the hybrids of these species were included in the hybridization as 
parental forms. In this paper, we present 10 of the most important producing F1 hybrids that are prospective for the 
development of lavender varieties-clones. The biodiversity of the selected hybrids is supported by the indices of different 
morphological characters. Thus, the plant height varies from 43 to 61 cm, and the inflorescence length from 19.3 cm in the 
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F1 hybrid Cr26S-85 to 24.5 cm in the hybrid VM-21V (Table 1). It is important for Lavandula angustifolia to have the   
number of verticiles per floral as high as possible and, accordingly, as many flowers per floral  spike as possible, because it 
is known that the highest quantity of essential oil accumulates in the oleiferous glands of flower sepals. The inflorescences 
of five hybrids (VM-21V, VM-32V, VM-69V, Cr26S-57, Cr26S-58-85, Cr26S) have a relatively high number (6.0-6.8) of 
whorls. Lavender varieties suitable for mechanized harvesting should have a long inflorescence stem. The majority of the 
polycross hybrids meet these requirements and the longest flower stems were attested in the hybrids Cr26S-21, Cr26S-173, 
VM-21V, VM-32V. The hybrids assessed show promise due to the fact that each plant has a large number of floral stems. 
The essential oil content varies in different hybrids from 2.010% to 5.900% (dry matter) and is higher than that of the 
lavender varieties studied by other authors (HASSIOTIS et al., 2010). Three of the hybrids (VM-32V, VM-69V, Cr26S-57) 
are distinguished by the highest content of essential oil – 4.491-5.900% (Table 1). 
 

Table 1. The values of productivity indices in Lavandula angustifolia MILL. F1 hybrids, 2010. 
Tabel 1. Valorile unor indici ai productivităţii la hibrizii F1 de Lavandula angustifolia MILL., 2010. 

 

 
Hybrid F1 

 

Plant 
height 
-cm- 

Inflorescence 
length 
-cm- 

Length of 
flower stem 

-cm- 

Length of 
floral ear, 

-cm- 

Number whorls/ 
inflorescence 

Number of 
inflorescences / 

plant 

Content of 
essential oil, 

% (dry matter)
X sX X sX X sX X sX 

VM-18V 58.0 22.8 3.48 15.42.09 7.40.67 5.70.79 425 3.961 
VM-21V 60.8 24.52.85 16.41.93 8.10.89 6.00.45 325 3.962 
VM-32V 55.5 21.92.65 16.03.24 5.90.51 6.20.45 324 4.491 
VM-56V 54.0 21.42.16 14.61.52 6.80.90 5.80.51 301 3.865 
VM-69V 61.0 25.01.81 15.81.45 9.21.43 6.20.45 297 4.491 
Cr26S-21 60.0 20.81.3 17.42,8 3.40.2 5.01.1 360 3.440 
Cr26S-57 45.0 19.43.8 13.24.1 5.61.8 6.60.7 280 5.900 
Cr26S-58 52.0 19.92.1 14.00.9 5.91.2 6.10.6 416 2.840 
Cr26S-85 43.0 19.32.1 13.40.8 5.91.3 6.80.8 320 3.570 
Cr26S-173 53.0 21.23.6 16.82.4 4.41.2 4.90.6 417 2.700 

 
The lavender polycross hybrids are also distinguished by the flower corolla colour that varies from light blue 

(Fig. 1b) to different shades of violet (Figs. 1a, c, d). The biodiversity of the lavender polycross hybrids is also 
supported by the bush shape, which is pyramidal, round or semicircular. 

 

        
                                                      a                                                                                                                           b          

         
                                                       c                                                                                                                          d 
Figure 1. The biodiversity of Lavandula angustifolia F1 hybrids (original). / Figura 1. Biodiversitatea hibrizilor F1 de Lavandula angustifolia. 
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The biodiversity of the F1 hybrids is supported not only by the morphological (quantitative) characters but by the 
concentration of the chemical components of essential oil. Some hybrids also differ by the number of the chemical 
constituents identified in the essential oil. The chemical composition of the essential oil isolated from fresh flowers by 
hydrodistillation is characterized by the presence of two major components - linalool and linalyl acetate (Figs. 2 to 5, Table 
2). The quality of the lavender essential oil intended for perfumery is known to depend on the concentration of linalyl 
acetate. The higher the concentration of this component, the higher the quality of the essential oil is. The antimicrobial 
action depends on the concentration of linalool in the essential oil (GONCEARIUC, 2004, 2008). The new polycross hybrids 
differ between them by the concentration of the major components, as well (Figs. 2 to 5, Table 2). Thus, the concentration 
of linalyl acetate  ranges from 12.55% in the essential oil separated from the inflorescences of the hybrid  Cr.26S-21 (Fig. 
5, Table 2) to 34.28% of the essential oil of the hybrid Cr.26S-85 (Fig. 4, Table 2). It should be noted that the hybrids 
developed differently from the lavender varieties described by other researchers (YUANYUAN et al., 2008; HASSIOTIS et al., 
2010a, HASSIOTIS et al., 2010b) due to a higher concentration of linalyl acetate in the essential oil.  

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Gas-chromatogram of essential oil of the 
lavender hybrid VM-18V. / Figura 2. Gaz 

cromatograma uleiului esenţial a hibridului  
VM-18V de lavandă. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Gas-chromatogram of essential oil of  the 
lavender hybrid VM-56V. /  Figura 3. Gaz 

cromatograma uleiului esenţial a hibridului  
VM-56V de lavandă. 
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The lavender polycross hybrids differ by the concentrations of linalool, which vary from 33.64% in the 
essential oil yielded from the inflorescences of the Cr.26S-85 hybrid (Fig. 4) to 64.83% in the essential oil of the VM-
32V hybrid (Table 2). Some hybrids (VM-18V) are distinguished by higher concentrations reaching up to 14.19% of 
(+) terpinen-4-ol (Fig. 2, Table 2), as opposed to other hybrids in which the concentration of this component ranges 
from 6.9% in the hybrid VM-21V  to 9.01% in the hybrid Cr.26S-57 (Table 2), or makes only 0.59% in the essential oil 
of  the VM-56V hybrid. 

Some differences were also observed in the presence and concentration of minor components in the essential 
oil of the polycross hybrids. For example, -pinene was identified in the essential oil of only three hybrids, and -
pinene is absent in the oil of the hybrid VM-56V only. 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Gas-chromatogram of essential oil of 
the lavender hybrid Cr.26S-85. / Figura 4. Gaz-
cromatograma uleiului esenţial a hibridului de 

lavandă Cr.26S-85. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Gas-chromatogram of essential oil of  
the lavender hybrid Cr.26S-21. / Figura 5. Gaz-
cromatograma  uleiului   esenţial a hibridului de 

lavandă Cr.26S-21. 
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       Table 2. Chemical composition (%) of the essential oils of the ten best Lavandula angustifolia F1 hybrids. 
Tabel 2. Compoziţia chimică (%) a zece din cei mai buni hibrizi F1 de Lavandula angustifolia. 

 

No. Components 
Area (%)

VM-18V VM-21V VM-32V VM-56V VM-69V Cr.26S-21 Cr.26S-57 Cr.26S-58 Cr.26S-85 Cr.26S-173
1 -pinene 0.036 0.030 0.020 - 0.02 0.02 0.04 0.04 0.03 0.03 
2 camphene 0.022 0.03 0.03 0.04 0.03 0.03 0.03 0.06 0.06 0.03 
3 1-octen-3-ol 0.170 0.13 0.11 0.08 0.23 0.14 0.30 0.13 0.17 0.08 
4 -pinene - 0.02 - - - 0.02 - 0.02 - - 
5 3-octenonă 0.07 0.07 - 0.02 0.10 0.72 0.19 0.04 0.04 0.02 
6 -myrcene 0.42 0.38 0.25 0.34 0.22 0.21 0.24 0.48 0.38 0.41 
7 4-metil-octanol 0.07 0.07 - 0.08 0.12 0.23 0.07 0.04 0.02 - 
8 -felandren 0.03 0.03 0.02 0.02 0.02 0.03 0.04 0.04 0.03 0.03 
9 acetic acid hexyl ester 0.30 0.11 0.08 0.20 0.16 0.22 0.13 0.09 0.03 0.06 
10 limonene 0.25 0.66 0.07 0.65 0.29 0.30 0.32 0.66 0.36 0.43 
11 1,8-cineol 0.75 0.93 1.23 0.61 0.92 0.39 0.53 0.88 0.87 0.26 
12 -trans-cymene 0.61 0.34 0.34 0.63 0.30 2.31 2.93 1.60 0.94 2.44 
13 -cis-ocymene 0.72 0.26 0.16 0.30 0.27 0.71 1.06 1.06 0.46 0.59 
14 3-caren 0.17 0.17 0.12 0.15 0.17 0.25 0.17 0.23 0.17 0.18 
15 (-)linalool 34.60 47.77 64.83 55.40 61.07 63.58 59.52 39.48 33.64 36.58 
16 octenol-3acetat 0.85 0.16 0.10 0.11 0.15 0.20 0.21 0.56 1.13 0.40 
17 (+)camphor 0.20 0.29 0.23 0.24 0.34 0.46 0.21 0.28 0.29 0.16 
18 borneol 0.87 1.32 1.21 0.82 1.02 2.62 1.27 1.30 1.58 0.80 
19 (+)terpinen-4-ol 14.19 6.09 7.39 0.59 7.72 6.34 9.01 7.22 8.83 7.24 
20 -terpineol 3.92 3.50 2.77 3.96 2.88 2.44 2.19 4.87 5.06 4.54 
21 cis-geraniol (nerol) 0.40 0.35 0.20 0.39 0.20 0.14 0.15 0.54 0.53 0.51 

22 iso-borneol 0.02 0.02 0.02 0.02 0.06 0.09 0.06 0.18 0.15 0.15 
23 linalyl acetate 30.05 28.69 15.05 26.83 17.75 12.55 15.14 30.76 34.28 34.05 
24 lavandulol acetate 2.80 1.23 0.91 0.90 0.38 1.22 0.69 1.19 3.68 2.10 
25 nerol acetate 0.74 0.65 0.37 0.65 0.37 0.31 0.28 0.92 0.89 0.94 
26 geranyl acetate 1.48 1.35 0.76 1.32 0.79 0.64 0.54 1.83 1.72 1.83 
27 -cariophilen 2.98 2.49 1.41 1.59 2.00 1.76 1.21 1.21 1.13 1.65 
28 -ergamotene 0.09 0.13 0.06 0.08 0.10 0.06 0.07 0.06 0.06 0.10 
29 -farnesene 0.47 0.15 0.57 1.77 0.10 0.48 1.51 1.34 0.37 1.83 
30 --farnesene 

(germacren) 
0.48 0.28 0.15 0.27 0.33 0.25 0.50 0.51 0.21 0.83 

31 Caryophyllene oxide 0.48 0.45 0.39 0.47 0.35 0.30 0.17 0.27 0.25 1.31 
 Total  % 98.24 98.03 98.75 98.53 98.46 98.74 98.26 97.89 97.36 99.58 

 
CONCLUSIONS 

 
Lavandula angustifolia MILL polycross F1 hybrids have been developed and evaluated. The biodiversity of the 

hybrids is supported by the quantitative characters which influence the productivity - plant height (41-66 cm), length of 
inflorescence spike (5.6-13.4 cm), the number of whorl per inflorescence (4.9-6.8), the number of inflorescences per plant 
(280-425), the colour of the flower corolla. The essential oil content varies in different hybrids from 2.010 to 5.900% (dry 
matter). The biodiversity of the hybrids is enhanced by different concentrations of essential oil components. The linalool 
concentration in the essential oil varies from 34.6 to 67.75% and linalyl acetate - from 12.5 to 34.5%. 

In the essential oil of  most  hybrids, linalool and linalyl acetate is followed by the third major component - terpinen-
4-olat at a concentration of up to 14.19%. 
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ANATOMICAL ASPECTS OF THE VEGETATIVE ORGANS OF SOME 
SYNANTHROPIC PLANT SPECIES 

 
 

ROŞESCU Marinela Roxana, ANDREI Marin  
 
Abstract. To highlight certain anatomical characteristics of the vegetative organs of synanthropic plants there were performed 
superficial sections and cross-sections through the root, stem and leaf of the plant species frequently found within the analysed area 
around Pitesti, Mioveni and Maracineni. Conyza canadensis (L.) CRONQ. has been selected owing to the following reasons: this 
species is widespread over the analysed areas; Conyza canadensis (L.) CRONQ. is a species which was brought to Europe in 1655, 
being thus, seen as belonging to the neophyte category (that is plants introduced in Europe after 1500) or adventitious plant category 
(CIOCÂRLAN, 2009); the species has never been analysed from a structural point of view. The registered anatomic data together with 
the physiological and ecological ones plead for labelling these species as type C4 plants. 
 
Keywords: Conyza canadensis (L.) CRONQ., Conyza type leaf trichomes, anatomy of vegetative organs. 
 
Rezumat. Aspecte anatomice ale organelor vegetative la unele specii de plante sinantrope. Pentru evidenţierea unor 
particularităţi anatomice ale organelor vegetative la plantele sinantrope au fost efectuate secţiuni transversale şi tangenţiale prin 
rădăcină, tulpină şi frunză la specii de plante mai frecvent întâlnite în zonele cercetate din Piteşti, Mioveni şi Mărăcineni. Specia 
Conyza canadensis (L.) CRONQ. a fost aleasă din următoarele motive: este foarte răspândită în zonele cercetate; este o specie ajunsă 
în Europa în 1655, fiind considerată neofită (plantă introdusă în Europa după 1500) sau adventivă (CIOCÂRLAN, 2009); specia nu a 
mai fost analizată din punct de vedere structural. Datele de anatomie obţinute, corelate cu cele de fiziologie şi ecologie, pledează 
pentru încadrarea acestei specii la plantele de tip C4.  
 
Cuvinte cheie: Conyza canadensis (L.) CRONQ., peri de tip Conyza, anatomia organelor vegetative. 

 
INTRODUCTION 

 
Conyza canadensis (L.) CRONQ., 1943, is widespread over almost all plain units, in rural areas and at the edge 

of the woods, in the outskirts, along less circulated rural roads and so on (ROŞESCU, 2009). This plant is acclimated to 
excess light exposure and high temperatures. 

 
MATERIAL AND METHODS 

 
To highlight certain anatomical characteristics of the vegetative organs, there were performed superficial 

sections and cross-sections through the root, stem and leaf of Conyza canadensis (L.) CRONQ. The samples were 
prepared for microscopic analysis by cutting the biologic material in the pith of elder (Sambucus nigra) with a blade 
(razor). There were performed cross sections through the root, stem and leaf and superficial sections in the leaf 
(concerning in stripping the epidermis), the superior and inferior epidermis being analysed subsequently.  

Brightening and colouring the sections were undergone according to the method presented in ANDREI & 
PARASCHIVOIU (2003) (treating with Javel water, colouring with Congo red and iodine green, assembling in glycerine). The 
microscopic samples were examined and photographed using a microscope type DOCUVAL. The displayed photographs and 
schemes, representing sections through the vegetative organs of Conyza canadensis (L.) CRONQ. are genuine.   

 
RESULTS AND DISCUSSIONS 

 
Cross section through the root 
The section we presented had been performed through a conducting root with a secondary structure. Observing 

this section it is easy to notice different degrees of exfoliating in the case of rhizodermis, a 3-4-layered periderm made 
of parenchyma cells, a central well developed diarh cylinder having a well-represented xylem (Fig. 1). 

Cross section through the stem 
The section performed through the stem emphasizes the fact that this vegetative organ is involved in the 

process of photosynthesis, both the epidermis and the cortex being rich in chloroplasts. Studying the cross section it is 
easy to see that the stem seems furrowed, the ridges of the furrows being strengthened by packs of sclerenchyma cells, 
which are elongated by parenchyma cells that surround the poles of both the xylem and phloem at their superior end 
(Figs. 2; 3). Between two ridges, there are smaller packs consisting of palisade cells and between two larger furrows, 
there are double or triple packs of palisade cells. The palisade cells are ranged in 3-5(6) lines between two large furrows 
and in less than 5 lines between two smaller furrows.   

In longitudinal sections the ridges appear as light-coloured bands, wider (large ridges) or narrower (small 
ridges). The spaces between the ridges appear as dark-coloured bands due to the packs of palisade cells (Figs. 4; 5). 

In superficial sections, the epidermis of the stem is covered by a layer which appears as a series of longitudinal 
ridges (Fig. 6) and presents rare stomata.  
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Cross section through the leaf 
In cross section, at the midrib level, it is easy to recognize two bundles of under-epidermis sclerenchyma, at 

the two poles of the vascular tissue (xylem and phloem). It is easy, as well, to see the bottom of a trichome, which goes 
from the epidermis exactly above the superior sclerenchyma pole (Figs. 7; 8). 

What customizes this structure is the ground tissue. This is made of 2/3 layers of palisade cells situated just 
under the upper epidermis, cells that are rich in chloroplasts. Then, it comes an intermediary tissue, made of 2-3 layers 
of cells containing less chloroplasts and again 2/3 layers of palisade cells at right angles on the lower epidermis. Such 
structure is specific to ecvifacial leafs.  

The palisade parenchyma technically surrounds the spongy parenchyma, being interrupted only at the midribs 
level, where the midribs are covered by sheaths (type Kranz structure, crown) (Fig. 9). This structure corresponds to the 
organization of a xeromorphe leaf, as in the case of Atriplex sp. (ESAU, 1960). From the point of view of the way of 
CO2 photosynthetic assimilation, the structure of the leaf of Conyza canadensis (L.) CRONQ., ranges as type C4.  

In the palisade mesophyll of the leaf, from place to place, one can see secretory cavities, limited by 
parenchyma cells, where etheric oil is accumulated (Fig. 10).    

Both epidermises are interrupted by type anisocytic stomata (Fig. 11) and specific pluricellular trichomes. 
Stomata open when exposed to light. The trichomes on the upper epidermis, which are better developed, are specialized 
at the level of the packs of sclerenchyma. Analyzing figure 12, it is easy to notice the fact that the trichomes are 
surrounded by a thick cuticula, which prolongs on their entire surface, in the shape of some obvious ridges. The cells of 
the trichomes convey by perforated walls.     

Trichomes 
A special structure specific to this plant, to be seen on both leaves and stems, is the trichomes. There are 

registered two types of trichomes: 
- pluricellular trichomes, filiform, very long, made of uniform cells; 
- shorter pluricellular trichomes, made of heteromorphous cells. 
We assume that the first mentioned type of trichome, thin and uniform, perform the role of merging the second 

type (Fig. 13). 
The second type of trichomes can be described as: pluricellular, stronger, with a pluricellular base, their cell walls 

are thick and are covered by an obvious cuticula, which has multiple protective functions among which we can mention: 
humidity adjustment at the organ surface, defence against different aggressions in the external environment, (TOMA, 1975-
1977; TOMA & NIŢĂ, 1985, 1995). The trichomes are living entities, made of cells with individual nucleus, which grow in 
length from the bottom to the top. These cells have perforated cell walls, at which level plasmodesma cells can be noticed. 
The plasmodesma cells perform the role of connecting structurally and physiologically the trichome cells (type Conyza 
trichome) (ANDREI & PREDAN, 2007; TOMA & ANGHEL, 1985) (Figs. 14; 15).   

Within a certain period of the year, these trichomes are uprooted. Their active part is at the bottom formed by 
3-4 cells (Figs. 16-18). The top of the majority of the trichomes curve when it comes in touch with the others resulting 
in a protective cloth (Fig. 19). 

Conyza type trichome play a double role: of protection and of nutrition or of absorbing water from the atmosphere. 
During their first period of life, the trichomes play a protection role against the herbivorous animals, due to their rigidity, while 
during the second period of life a major part of the trichomes die, except for 3-4 cells at the bottom which stay alive and 
ensure nutrition. The death of these cells is preceded by the issue of some intercellular cells filled with tannin.   
 

CONCLUSIONS 
 

As a result of the research, we can conclude as follows:  
- the root of Conyza canadensis (L.) CRONQ displays a central diarch cylinder, a cortex with parenchyma cells 

and an exfoliated rhizodermis;  
- the stem is furrowed, with ridges reinforced by packs of sclerenchyma; between the ridges there are packs of 

palisade cells; 
- the leaf is ecvifacial, it has palisade tissue under both epidermis, the palisade tissue surrounding the spongy 

tissue; at the poles of the xylem-phloem bundle, there are packs of sclerenchyma and the midrib is covered by nutritive 
sheaths (type Kranz structure); 

- epidermis displays two types of pluricellular trichomes, some are filiform, very long, made of uniform cells, 
the others are shorter pluricellular trichomes,  made of heteromorph cells - Conyza type trichome, whose tops can curve 
or tear, resulting into an assimilating stump. Conyza type trichome play a double role: of protection and of nutrition. 

From a physiological point of view, such a structure of the leaf (with almost all the cells of the mesophyll 
involved in the process of photosynthesis) and of the stem (the presence of the palisade cells) leads to the conclusion 
that the photosynthesis processes are more intense comparing to other heliophile-xerophile plants. From an ecological 
point of view, the analysed species grow in both permanent light and high temperatures conditions. Such conditions are 
to be found in rural areas and in the outskirts. Anatomic data, connected with the physiological and ecological ones, 
plead for ranging this species among C4 type plants. It is undoubtedly obvious that only a biochemical study of the 
photosynthesis products can decide without any doubt on this labelling.   
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Figure 1. Cross section through the root of Conyza canadensis 
(L.) CRONQ. (Oc. 10×; Ob. 40 + ampl.). / Figura 1. Secţiune 
transversală prin rădăcină la Conyza canadensis (L.) CRONQ. 

(Oc. 10×; Ob. 40 + ampl.) (original). 
 

 
 

Figure 2. Cross section through the stem of Conyza canadensis 
(L.) CRONQ. (Oc. 10×; Ob. 40 + ampl.). / Figura 2. Secţiune 

transversală prin tulpina de Conyza canadensis (L.) CRONQ. (Oc. 
10×; Ob. 40 + ampl.) (original). 

 

 

Figure 3. Sclerenchyma Packs in the stem of Conyza canadensis 
(L.) CRONQ. (Oc. 10×; Ob. 40 + ampl.). / Figura 3. Pachete de 

sclerenchim din tulpina de Conyza canadensis (L.) CRONQ. (Oc. 
10×; Ob. 40 + ampl.) (original). 

 
 

Figure 4. Longitudinal section through the stem of Conyza 
canadensis (L.) CRONQ. (Oc. 10×; Ob. 40). / Figura 4. Secţiune 
longitudinală prin tulpina de Conyza canadensis (L.) CRONQ. 

(Oc. 10×; Ob. 40) (original). 
 
 

 

Figure 5. Longitudinal section through the stem of Conyza 
canadensis (L.) CRONQ. Ridges and the areas between (Oc. 10×; 
Ob. 40 + ampl.). / Figura 5. Secţiune longitudinală prin tulpina 
de Conyza canadensis (L.) CRONQ. Coaste şi zone intercostale 

(Oc. 10×; Ob. 40 + ampl.) (original). 
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Figure 6. Superficial sections through the stem of Conyza 
canadensis (L.) CRONQ. The epidermis of the stem (Oc. 10×; 

Ob. 40 + ampl.). / Figura 6. Secţiune tangenţială prin tulpina de 
Conyza canadensis (L.) CRONQ. Epiderma tulpinii (Oc. 10×; 

Ob. 40 + ampl.) (original). 
 

 
 

Figure 7. Cross section through the leaf of Conyza canadensis 
(L.) CRONQ. (Oc. 10×; Ob. 40). / Figura 7. Secţiune transversală 
prin frunza de Conyza canadensis (L.) CRONQ. (Oc. 10×; Ob. 40) 

(original). 

 
 

Figure 8. Cross section through the leaf of Conyza canadensis 
(L.) CRONQ. The midrib (Oc. 10×; Ob. 40+ampl.). / Figura 8. 
Secţiune transversală prin frunza de Conyza canadensis (L.) 
CRONQ. Nervura mediană (Oc. 10×; Ob.40+ampl.) (original). 

 

 
 

Figure 9. Assimilation perifascicular sheaths at Conyza 
canadensis (L.) CRONQ. (Oc. 10×; Ob. 40 + ampl.). / Figura 9. 
Teacă perifasciculară asimilatoare la Conyza canadensis (L.) 

CRONQ. (Oc. 10×; Ob. 40 + ampl.) (original). 

 
 

Figure 10. Secretory cavities in the leaf of Conyza canadensis 
(L.) CRONQ. (Oc. 10×; Ob. 40 + ampl.). / Figura 10. Cavităţi 

secretoare din frunza de Conyza canadensis (L.) CRONQ. (Oc. 
10×; Ob. 40 + ampl.) (original). 
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Figure 11. Anisocytic-type stomata in the leaf of Conyza 
canadensis (L.) CRONQ.(Oc. 10×; Ob. 40 + ampl.). / Figura 11. 
Stomate de tip anizocitic din frunza de Conyza canadensis (L.) 

CRONQ. (Oc. 10×; Ob. 40 + ampl.) (original). 
 

 
 

Figure 12. Trichomes in the upper epidermis of the leaf of 
Conyza canadensis (L.) CRONQ. (Oc. 10×; Ob. 40 + ampl.). / 
Figura 12. Păr din epiderma superioară a frunzei de Conyza 

canadensis (L.) CRONQ. (Oc. 10×; Ob. 40 + ampl.) (original). 
 

 
 

 
 
 
 
 
 
 

Figure 13. Epidermis trichomes at Conyza canadensis (L.) 
CRONQ. (Oc. 10×; Ob. 40). / Figura 13. Perii epidermali la 

Conyza canadensis (L.) CRONQ. (Oc. 10×; Ob. 40) (original). 
 

 
 

Figure 14. Conyza type trichome (Oc. 10×; Ob. 40). / Figura 14. 
Peri de tip Conyza (Oc. 10×; Ob. 40) (original). 

 

 
 

Figure 15. Conyza type trichome structure (Oc. 10×; Ob. 40 + 
ampl.). / Figura 15. Structura părului de tip Conyza (Oc. 10×; Ob. 

40 + ampl.) (original). 
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Figure 16. Detaching the Conyza type trichome top (Oc. 10×; 
Ob. 40 + ampl.). / Figura 16. Detaşarea vârfului la părul de tip 

Conyza (Oc. 10×; Ob. 40 + ampl.) (original). 
 

 
 

 
 
 
 
Figure 17. Detaching the Conyza type trichome top Scheme (1-

trichome bottom; 2-tanin cell; 3-trichome top). / Figura 17. 
Detaşarea vârfului la părul de tip Conyza. Reprezentare 

schematică (1-bază păr; 2-celulă cu tanin; 3-vârf păr) (original). 
 

 
 

Figure 18. ”Assimilating stumps” of Conyza type trichome (Oc. 
10×; Ob. 40). / Figura 18. “Cioturi” asimilatoare ale perilor tip 

Conyza (Oc. 10×; Ob. 40) (original). 
 

 
 

Figure 19. Curved Conyza type trichome (1-trichome, 2- stem 
fragment) (Oc. 10×; Ob. 40). / Figura 19. Curbarea perilor de tip 

Conyza (1-păr; 2- fragment de tulpină) (Oc. 10×; Ob. 40) (original). 
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STUDY REGARDING THE CHEMICAL COMPOSITION OF VOLATILE OILS  
OF Mentha pulegium L. FROM ROMANIA FLORA 

 
 

ANDRO Anca Raluca, BOZ Irina, ZAMFIRACHE Maria-Magdalena 
 

Abstract. In recent years a lot of techniques for determinations of the chemical composition of plants, specially the volatile 
compounds has developed very much due to the awareness that secondary metabolic products have numerous biological activities. 
Economic and medical interests, as well as taxonomic studies were the most powerful incentive for research on the chemical 
composition of plants. In the present study we analyzed the volatile oils obtained from aerial plant organs of Mentha pulegium L. in 
different phenophases. Volatile oils were obtained by hydrodistillation using Clevenger type apparatus, and for the identification of 
the chemical components have been use GC-MS. There were identified 20 chemical compounds, but only 13 are common to all 3 
phenophases. The main compounds analysed were pulegone, menthone, germacrene D and isomenthone, compounds with important 
biological properties. 
 
Keywords: Mentha pulegium L., volatil oil, medicinal plant, chemical compounds, phenophases. 
 
Rezumat. Studii privind compoziţia chimică a uleiurilor volatile de Mentha pulegium L. din flora României. În 
ultimii ani s-au dezvoltat foarte multe tehnici de determinare a compoziţiei chimice a plantelor, în special a compuşilor volatili 
datorită conştientizării faptului că produşii de metabolism secundar prezintă numeroase activităţi biologice. Interesele economice, 
medicinale, precum şi studiile taxonomice au fost stimulatorii cei mai puternici pentru cercetări în privinţa compoziţiei chimice a 
plantelor. În această lucrare am analizat uleiurile volatile obţinute din organele vegetative aeriene ale speciei Mentha pulegium L. 
aflată în diferite fenofaze. Uleiurile volatile au fost obţinute prin hidrodistilare utilizând un dispozitiv de tip Clevenger, iar pentru 
identificarea compuşior chimici s-a utilizat GC-MS. S-au identificat un număr de 20 de compuşi chimici, însă doar 13 fiind comuni 
celor 3 fenofaze. Principalii compuşii analizaţi au fost pulegona, mentona, izomentona şi germacren D, compuşi cu importante 
proprietăţi biologice.  
 
Cuvinte cheie: Mentha pulegium L., ulei volatil, plantă medicinală, compuşi chimici, fenofaze. 
 

INTRODUCTION 
 

Belonging to the Lamiaceae family, Mentha pulegium L. is a species widespread in Romania, preferring damp 
and marshy places (GUŞULEAC, 1961). On the surface of aerial organs, there are present secretory hairs, organs that 
produce volatile oil that provides aromatic properties to the plant. Due to these properties, it is often used in 
pharmaceutical, cosmetic and food industries. 

In this study we analyzed the chemical composition of volatile oils from aerial organs of Mentha pulegium L. 
species in different vegetative phenophases. These data were correlated with data on specific environmental conditions 
of the taxon and compared with the data published in the specialized literature.   

Recent research on the chemical composition of essential oil from Mentha pulegium L. were made by 
MAHBOUBI & HAGHI (2008) and DERWICH et al. (2010), who identified the presence of piperitone (38.0%), piperitenone 
(33.0%), α-terpineol (4.7%) and pulegone (2.3%) as most important compounds. 

  
MATERIAL AND METHODS 

 
Aerial organs from Mentha pulegium L. were collected in vegetative, flowering and senescence stages from 

Caraorman region (Tulcea District, Romania) in the summer of 2010. The species was determined by Ciprian Minzu, 
taxonomist within the Faculty of Biology, “Al. I. Cuza” University of Iaşi. 

For the extraction of essential oils we used a Clevenger device, in accordance with the European 
Pharmacopoeia standards, the Laboratory of Plant Physiology, Faculty of Biology, “Al. I. Cuza” University of Iaşi. The 
plant material was crushed and placed in the balloon device and afterwards water was added. Distillation was carried 
out for 3 hours. 

Separation and identification of chemical compounds of essential oils was performed using GC_MS (Gas 
Chromatography coupled with Mass Spectrometry) in the Research Center for Agri-food products, the Faculty of 
Horticulture, University of Agricultural Sciences and Veterinary Medicine in Bucharest. Separated compounds were 
identified by retention time at a library of spectra, located in the device database. 

 
RESULTS AND DISCUSSIONS 

 
After analyzing the essential oil extracted from Mentha pulegium L. species throughout the vegetation period, there 

were identified 20 compounds. The number of identified compounds is 18 for the vegetative phenophase, 15 for flowering 
and 16 for fructification phenophase. Of the 20 compounds examined, 13 were common to the three samples, thus conferring 
the aromatic character of these oils. It was also noted that some compounds appear in only one or two phenophases. 
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Varying in percentage in the analysed volatile oils, in the first three positions, there are located the following 
compounds: pulegone (40.480%, 67.277%, 60.624%), menthone (18.348%, 15.366%, 20.866%), isomenthone (7.707%, 
6.824%, 11.296%) and germacrene D (1.302%, 2.297%, 0.475%), as shown in chromatograms obtained from the 
analysis of volatile oil in the  three vegetative stages, from diagrams (Figs. 1; 2; 3) and from Table 1. 

Following the comparative analysis on the three samples of essential oil obtained from Mentha pulegium L., 
during the vegetation period there were observed percentage changes of chemical compounds in the three vegetative 
phenophases. Thus, it was observed that in the case of pulegone, the highest value was reached at flowering: 67.277%, 
but the lowest value was reached in the previous phase: 40.480%. For menthone the highest value was recorded at 
fructification (18.348%), while the lowest value was reached at flowering: 15.366%. Regarding content isomenthone it 
was noted that its evolution was similar as menthone, but smaller values were recorded, as shown in the aforementioned 
table. 

Pulegone has antimicrobial properties but is can be also used as an agent in aromatherapy, while menthone has 
antibacterial, antiseptic and anticancer properties (ZEIGER, 1998). Isomenthone is a stereoisomer of menthone, present 
in many essential oils, being characteristic to peppermint essential oil.  

Germacrene D is a hydrocarbon in sesquiterpenes class and is considered an intermediate in the biosynthesis of 
other sesquiterpenes (ADEWALE, 2009), which can be successfully used as a pesticide and pheromone (http://sun.ars-
grin.gov). It also has numerous biological activities in nature (pheromone, antibacterial activity, antifungal) (CONNOLLY 

& HILL, 1991). 
 

Table 1. Chemical composition of the volatile oils of Mentha pulegium L. species during vegetation period. 
Tabel 1. Compoziţia chimică a uleiurilor volatile de la specia Mentha pulegium L. pe parcursul perioadei de vegetaţie.  

 

No. Compounds Vegetative phenophase (%) Flowering phenophase (%) Senescence phenophase  (%) 
1 α - Pinene 0.886  0.573  0.527  
2 Sabinene 0.297  0.203  0.169  
3 β - Pinene 0.742  0.507  0.453  
4 3 - Octanon 0.111  0.170  0.169  
5 Mircene 0.238  0.272  0.194  
6 3 - Octanol 0.994  1.583 1.425  
7 Limonene 1.625  0.685 0.469  
8 Menthone 18.348  15.366 20.866  
9 Izomenthon 7.707 6.824  11.296  
10 Izo -  Pulegone 0.882  1.807  1.656  
11 Izo - Menthol 0.251  0.395  0.767  
12 Pulegone 40.480  67.277 60.624  
13 Piperitone - - 0.224  
14 Methyl-acetate 0.095  - - 
15 Verbenon - 0.413 0.512  
16 α - Copaen 0.364  - - 
17 β - Cubeben 0.281  - - 
18 β - Cariophylene 0.545  1.629  0.176  
19 α - Cariophylene 0.200  - - 
20 Germacrene D 1.302  2.297  0.475  

 
Research on the chemical composition of volatile oil derived from Mentha pulegium L. species were also 

conducted by ZWAVING & SMITH (1971). They identified in the analyzed volatile oil the following compounds: 
limonene (11%), octyl-3-acetate (0.8%), octanol-3 (1%), menthone (8%), isomenthone (7%) and piperitone (70%). 
Pulegone, which is usually common in the oil of this plant, was not found. 

Recent studies on quantitative and qualitative analysis of essential oil from Mentha pulegium L. species were 
made by MAHBOUBI & HAGHI (2008). They identified the presence of piperitone (38.0%), piperitenone (33.0%), α-
terpineol (4.7%) and pulegone (2.3%) as the most important compounds. 

DERWICH et al. (2010) identified in the composition of essential oil from Mentha pulegium L. high values in 
terms of piperitone content (35.56%), piperitenone (21.18%), α-terpineol (10.89%) and pulegone (6.452%). 

Environmental factors such as temperature, radiation and photoperiod play a foremost role in the quantity and 
quality of volatile oil (YAMAURA et al., 1989). The essential nutrient material for plant growth, water, mineral elements 
and nitrogen also play an important role in the chemical composition and quality of essential oil (RAJESWARA et al., 
1990). 

 
CONCLUSIONS 

 
By correlating the obtained data we can determine the aromatic value of the studied species depending on the 

harvest period in the vegetation stage and the ontogenetic stage of the plant. The achieved results are used to identify 
wild plant populations with the highest degree of aromatic value. 
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Figure 1. The chemical composition of essential oil of Mentha pulegium L. in the vegetative phenophase. 
Figura 1. Compoziţia chimică a uleiului volatil de Mentha pulegium L. în fenofaza vegetativă.  

 

 

Figure 2. The chemical composition of essential oil of Mentha pulegium L. in the flowering phenophase. 
Figura 2. Compoziţia chimică a uleiului volatil de Mentha pulegium L. în fenofaza de înflorire. 
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Figure 3. The chemical composition of essential oil of Mentha pulegium L. in the senescence phenophase. 
Figura 3. Compoziţia chimică a uleiului volatil de Mentha pulegium L. în fenofaza de fructificare. 
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HISTO-ANATOMICAL ASPECTS REFERING TO THE VEGETATIVE ORGANS  
OF TWO SPECIES OF Inula L. FROM ROMANIA FLORA 

 
 
AFEMEI Marinela, BOZ Irina, TOMA Constantin  

 
Abstract. The authors analyse the structure of vegetative organs of two Inula L. species from Romania flora, evidencing the constant 
and particular histo-anatomical features of this species. Peculiar attention has been given to the number of vascular bundles, the 
thickness of periphloemic strands, presence or absence of root hairs, protective hairs and the absence or presence of aerenchyma in 
cortical parenchyma. 
 
Keywords: Inula, anatomy, vegetative organs, protective hairs, aerenchyma. 
 
Rezumat. Aspecte histo-anatomice referitoare la organele vegetative a două specii de Inula L. din flora României. 
În cadrul acestei lucrări, autorii analizează structura organelor vegetative la două specii de Inula L. din flora României, evidenţiind 
caracterele comune şi particularităţile histo-anatomice ale acestor două specii. O atenţie deosebită a fost acordată numărului de 
fascicule conducătoare, grosimea straturilor perifloemice, prezenţa sau absenţa perilor rădăcinii, perilor tectori şi prezenţa sau absenţa 
aerenchimurilor la nivelul parenchimului cortical. 
 
Cuvinte cheie: Inula, anatomie, organe vegetative, peri tectori, aerenchim. 

 
INTRODUCTION 

 
Inula L. (LINNAEUS, 1747) is a large genus of about 120 species in the world, spread in temperate areas from 

Europe and Asia (NYÁRÁDY, 1964). In Europe this genus comprises about 19 species (TUTIN et al., 1976). In Romanian 
flora 10 species can be found, but one of these has not been anymore confirmed in the former (NYÁRÁDY, 1964) or 
recent botanical works (OPREA, 2005; CIOCÂRLAN, 2009). In nature we can found also hybrids derived by crossing 
different species of Inula, but these are not mentioned any longer in recent botanical works (CIOCÂRLAN, 2009).  

From the genus Inula, mainly I. helenium was studied, an herb known since ancient times. BRUNETON, 1999 
called substances in the plant and their role in combating various diseases. Thus, he notes that certain substances found 
in the rhizome of the plant - and izoalantolactone are cytotoxic in vitro, with antifungal and antibacterial properties. At 
concentrations of 10 mg/ml, it prevents the growth of fungi pathogenic for humans: Microsporum cookie, Trichophyton 
mentagrophytes. Among Inula species growing in our country, Inula helenium L. is considered a medicinal herb 
(AHMAD et al., 2006; BARNES et al., 2007; SCHISCHKIN, 1999; TEHON, 1951; YBERT & DE MEUX, 2001). But many 
species of Inula were known and used in Romanian popular medicine (BORZA, 1925, 1936; BUTURĂ, 1935, 1936; 
PANŢU, 1902).  

I. ensifolia L. is a perennial plant, having a forked horizontal rhizome. The stem is high (10-40 cm), glaber, 
usually presenting a single anthodium in the top, rarely more. The leaves are linear, sessile with paralleled vein. The 
plant bloom from July to August and the fruit is an achene (NYÁRÁDY, 1964). In our country this specie is common in 
Maramureş, Muntenia, Moldova, Dobrogea, being rarely met in the Danube Delta.  

I. hirta L. is also a perennial plant, having a horizontal rhizome. Aerial stem is 10-15 cm tall, hairy, covered 
with leaves up to blossom (anthodium). Leaves are oblong-ovate, narrow-lanceolate or narrow-elliptic, sessile; the 
margins finely denticulated rarely full. The flowers are grouped in large anthodia, usually solitary. The plant flowers 
from June to September. The fruit is an achene, usually glabrate. I. hirta vegetate through meadows, vineyards, forest 
edge, rib thickets, forest steppe zone is common to oak floor (NYÁRÁDY, 1964).  

Research regarding the anatomical structure of Inula sp. is relatively few METCALFE & CHALK 1950 (1972) 
and often referring to I. helenium (TERPILO, 1961; LEMAIRE, 1882; MANSFIELD, 1916). In this context, our work 
continues the research starting in 2010 (TOMA et al., 2010) and tries to bring new data regarding the anatomy of Inula 
species from Romanian flora.  

 
MATERIAL AND METHODS 

 
The plant material for this study is represented by I. ensifolia and I. hirta. This species were collected during 

the flowering period from Valea lui David, Iaşi district. For the histo-anatomical research, the vegetal material has been 
fixed and preserved in 70% ethylic alcohol. The sections were cut with a microtome and a botanical razor. The 
vegetative organs were cross sectioned, on different levels, from the top to the basis. First of all, the sections were 
submitted to a discoloration process, using sodium hypochlorite (20-25’), then coloured (with iodine green and with 
ruthenium) and mounted in gel. The drawings were performed by means of a Romanian (Projektionszeichenspiegel) 
microscope and the micrographs were performed by means of a Novex (Holland) microscope, using a Canon A95 
camera.  
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RESULTS AND DISCUSSIONS 
 

Root (Figs. 1; 2) 
For both investigated species the roots are adventitious, originating from rhizomes and having an endogenous 

origin. The rhizodermis presents isodiametric or easy high cells, with external wall visible curved and thicker than 
others. From place to place we can observe long absorbent hairs, having a dilated base and the external wall very thin.  

The cortical parenchyma is very thick with unilayered exodermis and endodermis. The endodermis is casparian 
type and his cells present often a brown coloured content, called helenin.   

At I. ensifolia the central cylinder is relatively thin and starts with a unilayer pericycle, his cells alternate with 
the endodermis cells. On this pericycle there develop six phloem vessels consisting in sieved tubes and companion cells. 
Normally, these vessels should have to alternate with the same number of xylem vessels. In reality, all the central part 
of central cylinder is homogenous, form by cells with thick walls, unlignified, so it is hard to observe the phloem 
vessels. 

At I. hirta the central cylinder is thicker and presents a secondary structure, resulting from the activity of 
cambium. The ring of phloem is sinuous, with different thickness, consisting in sieved tubes, companion cells and less 
parenchyma cells. The secondary xylem presents a pentagonal shape with five rounded angles coming in contact with 
pericycle.  

Rhizome (Figs. 3-6) 
The rhizome presents a secondary structure resulting from the activity of the cambium. The cross section is 

irregular circular and the epidermis presents small cells with the external wall thicker than the others and covered by a 
thin cuticle. The phellogen forms by dedifferentiation in hypodermic position, very few (2-3) layers of suber pointed to 
exterior and the same number of phelloderm layers pointed to interior. Therefore, under the epidermis there appears a 
thin periderm that in time will determinate the peeling of the epidermis. The cortex is relatively thin, parenchymatous 
assimilator, of meatic type and it is not end in a special type of endodermis. 

The central cylinder is very thick, almost entirely of secondary origin, being formed by an external phloem thin 
layer, (with sieved tubes, companion cells and many parenchyma cells) and a few internal xylem layers (often two-
there) with different thickness. Both rings of secondary xylem and secondary phloem are crossed by narrow 
parenchymatic rays on the level of xylem and wider parenchymatic rays on the level of phloem.  

The pith is parenchymatic-cellulosic, relatively thin, most of the cells from the central part being disorganized 
or in process of disorganization, resulting aeriferous cavities, with fitful configuration. 

On some sections of I. hirta we can observe the formation of adventives roots with endogenous origin, formed 
due to the pericycle. 

Stem (Figs. 7-14) 
In cross section of the superior level of the stem, both analysed species present an irregular contour, with 

rounded angles. The epidermis present isodiametric cells, with external walls thicker than the rest and covered by a thin 
ribbed cuticle. From place to place, there are present the stomata and long multicellular, uniseriate protective hairs. In I. 
hirta, the stomata appear above the external part of the epidermis.  

On both analysed species the cortex is relatively thin, differentiated in two subzones: an external one, with 
small cells and an internal one, with big cells of different thickness, because of the penetration of vascular bundles. The 
cortex is not ending with a special endodermis.    

In I. ensifolia, the central cylinder is very thick, formed by many (25-27) collateral vascular bundles and a 
thick parenchymatic-cellulosed pith of meatic type. The vascular bundles present different size, the largest one rising 
powerful in cortex, so the contour of the vascular bundles is visible sinuous. In the bigger vascular bundles, there 
already appear the elements of a secondary xylem (vessels and libriform fibres). All the bundles present a very thick 
layer of sclerenchymatic fibres at the periphery of the phloem.   

In I. hirta, the central cylinder is also very thick with very thick pith and many (22-24) vascular bundlers of 
different sizes. The phloem of these vascular bundles is formed by sieved tubes, companion cells and a few parenchyma 
cells. The xylem presents the elements of primary origin disposed in radial array, separated by cells of cellulosic 
parenchyma, and the elements of secondary origin disposed circularly and separated by few libriform fibres.  

The pith of both analysed species is parenchymatic lignified, of meatic type, with the wall slightly thickened.  
In cross section of the median level of the stem, in comparison with the superior level, the contour became 

almost circular, the ribs being much attenuated. The structure of the central cylinder remains similar with the one of the 
anterior level; the cortex presents a few vascular bundles, covered completely by sclerenchymatic fibres.   

In cross section of the inferior level of the stem the central cylinder became thicker, with many vascular 
bundles (30-32). The epidermic cells present external thick walls covered by a cuticle much thicker; the hypodermic 
layer is visible colenchymatic. In the thickness of the cortex we remark a few vascular bundles with primary structure 
surrounded completely by sclerenchymatic fibres. 

Leaf (Figs. 15-18) 
At both analysed species, in front side view, the epidermis consists of irregularly-shaped cells, with weak 

waved walls. Along the veins (presenting different width, often parallel) the cells are rectangular-oblong with straight 
lateral walls. Both epidermis present stomata of anomocytic type, so the limb is amphistomatic. 
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In cross section, the midrib is strongly rising at the inferior part of the limb. Epidermis present isodiametric 
cells, with externals and internal walls thickening at the right of the main and secondary ribs. Among the protective 
hairs we remark short secretory hairs, multicellular, with 2-3 layers of glandular cells.   

The mesophyll is homogeneous, formed by palisade tissue at the upper side and lacunar tissue at the lower one, 
so, the blade has a bifacial-heterofacial (dorsiventral) structure. At I. hirta, here and there, the cells situated under the 
superior epidermis present a regulate disposition, being slightly higher, so remembering of the palisade cells.  

The vascular bundles present different dimensions. The vascular bundle from the midvein is thicker and the 
lateral bundles are smaller, with sclerenchymatic fibres on both poles or only on phloem pole. The smallest (thinnest) 
vascular bundles have only phloem and are surrounded by a parenchyma – sheath. 

 
CONCLUSIONS 

 
The structure of these two Inula sp. that we studied is relatively similar, the difference consisting in the 

number of vascular bundles, the thickness of periphloem sclerenchymatic strands, presence or absence of root hairs, the 
position of stomata and the number of palisade layers in the structure of lamina. Our results regarding the histo-
anatomical researches confirm the existent data from the literature, very few and with a general character and, on the 
other hand, bring new information. 
 

ACKNOWLEDGEMENTS  
  
This paper was published with the support provided by the POSDRU project “Developing the innovation 

capacity and improving the impact of research through post-doctoral programmes POSDRU/89/1.5/S/49944”. 
 

REFERENCES 
 

AHMAD J., AQIL F., OWAIS M. 2006. Modern Phytomedicine. Turning Medicinal plants into drugs. Wiley-VCH Verlag 
GmbH & Co. Co.KGaA, Weinheim: 2-25. 

BARNES J., ANDERSON L. A., PHILLIPSON J. D. 2007. Herbal medicines (third ed.). Pharmaceutical Press, London. 
Chicago: 85-101.  

BORZA A. 1925. Flora grădinilor ţărăneşti române. II. Plantele de podoabă, de leac, de farmece şi credinţe. Buletinul 
Grădinii Botanice şi al Muzeului Botanic de la Universitatea din Cluj. 5(3-4): 49-74. 

BORZA A. 1936. Noutăţi etnobotanice româneşti: o farmacie băbească. Buletinul Grădinii Botanice Cluj. 16(1-4): 17- 27. 
BRUNETON J. 1999. Pharmacognosy. Phytochemistry. Medicinal plants. 2nd ed. Paris and New York: Intercept Ltd, 

Londers: 265-380. 
BUTURĂ V. 1935. Plante cunoscute şi întrebuinţate de românii din Ardeal. Note etnobotanice. Buletinul Grădinii 

Botanice Cluj. 15: 219-227. 
BUTURĂ V. 1936. Plante cunoscute şi întrebuinţate de românii din Transilvania. Buletinul Grădinii Botanice Cluj. 

16(1-4): 71-77. 
CIOCÂRLAN V. 2009. Flora ilustrată a României. Pterydophyta et Spermatophyta (ed. a 2-a). Edit. Ceres. Bucureşti. 
LEMAIRE A. 1882. De la détermination histologique des feuilles médicinales. Theodor Oswald Weigel, Leipzig: 47-155. 
MANSFIELD W. 1916. Histology of medicinal plants (first ed.). New York. John Wiley & Sons. Inc. London: Chapman 

& Hall, Limited: 219-298. 
METCALFE C. R. & CHALK L. 1950 (1972). Anatomy of the Dicotyledons. Clarendon Press, Oxford. 2: 782-804. 
NYÁRÁDY  E. I. 1964. Fam. Compositae. In: Flora R. P. R. Edit. Academiei Române. Bucureşti. 9: 264-291. 
OPREA A. 2005. Lista critică a plantelor vasculare din România. Edit. Universităţii „Al. I. Cuza” Iaşi. 668 pp. 
PANŢU Z. C. 1902. Vocabular botanic, cuprinzând numirile ştiinţifice şi populare române ale plantelor. Bull. Herb. 

Institutul de Botanică Bucureşti. 1(2): 105-138. 
SCHISCHKIN B. K. 1999. Fam. Compositae. In: Flora of the USSR, Smithsonian Institution Libraries. Washington D.C. 

25: 404-446. 
TEHON L. R. 1951. The drug plants of Illinois (circular 44). Natural History Survey Division. Urbana. 67 pp. 
TERPILO N. I. 1961. Anatomiceskij atlas lekarstvenyh rastenij. Gosud. Mediţinskoe izdatel’stvo U.S.S.R., Kiev: 72-86. 
TUTIN  T. G., HEYWOOD V. H., BURGES N. A., MOORE D. M., VALENTINE D. H., WALTERS S. M., WEBB D. A. 1976. 

Flora Europaea, Plantaginaceae to Compositae (and Rubiaceae). Cambridge University Press. 4: 133. 
TOMA C., GRIGORE M.-N., AFEMEI MARINELA, STĂNESCU IRINA-ELENA. 2010. Histo-anatomical considerations on 

some romanian Inula L. species, with pharmacological action. Analele Ştiinţifice ale Universităţii „Al. I. 
Cuza”,  Iaşi, Secţiunea a II- a. Biologie: 5-13. 

YBERT E. & DE MEUX A. L. 2001. Larousse Encyclopédie des Plantes Médicinales. Identification, preparations, soins. 
Larousse, Paris: 52-153. 

 
 
 
 



AFEMEI Marinela          BOZ Irina          TOMA Constantin 

 

26 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1. Cross section through the root of I. ensifolia. / Figura 1. Secţiune transversală prin rădăcină la I. ensifolia (original). 
Figure 2. Cross section through the root of I. hirta. / Figura 2. Secţiune transversală prin rădăcină la I. hirta (original). 

Figure 3. Cross section through rhizome of I. ensifolia. / Figura 3. Secţiune transversală prin rizom la I. ensifolia (original). 
Figure 4. Cross section through rhizome of I. hirta. / Figura 4. Secţiune transversală prin rizom la I. hirta (original). 

Figure 5. Aeriferous cavities from the rhizome pith of I. ensifolia. / Figura 5. Cavităţi aerifere din măduva rizomului de I. ensifolia (original). 
Figure 6. Aeriferous cavity from the rhizome pith of I.hirta. / Figura 6. Cavitate aeriferă din măduva rizomului de I. hirta (original). 
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Figure 7. Cross section through the stem (superior level) of I. ensifolia. 
Figura 7. Secţiune transversală prin tulpină (treime superioară) la I. ensifolia (original).   

Figure 8. Cross section through the stem (superior level) of I. hirta. 
 Figura 8. Secţiune transversală prin tulpină (treime superioară) la I. hirta (original).   

Figure 9. Cross section through the stem (middle level) of I. ensifolia. 
Figura 9. Secţiune transversală prin tulpină (treime mediană) la I. ensifolia (original).  

Figure 10. Cross section through the stem (middle level) of I. hirta.  
Figura 10. Secţiune transversală prin tulpină (treime mediană) la I. hirta (original).  

Figure 11. Cross section through the stem (inferior level) of I. ensifolia.  
Figura 11. Secţiune transversală prin tulpină (treime inferioară) la I. ensifolia (original).  

Figure 12. Vascular bundler - stem (inferior level) of I. hirta. 
Figura 12. Fascicul conducător - tulpină (treime inferioară) la I. hirta (original).  

Fig. 12 Fig. 11 

Fig. 7 Fig. 8 

Fig. 9 Fig. 10 
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Figure 13. Pith - inferior level of the stem of I. ensifolia. / Figura 13. Măduvă din treimea inferioară a tulpini de I. ensifolia (original). 
Figure 14. Stomata from the stem of I. hirta. / Figura 14. Stomată de la nivelul tulpinii la I. hirta (original). 

Figure 15. Cross section through the leaf of I. ensifolia. / Figura 15. Secţiune transversală prin limbul foliar la I. ensifolia (original). 
Figure 16. Stomata from the leaf of I. ensifolia. / Figura 16. Stomată de la nivelul limbului foliar la I. ensifolia (original). 

Figure 17. Cross section through the leaf of I.hirta. / Figura 17. Secţiune transversală prin limbul foliar la I.hirta (original). 
Figure 18. Front side of the epidermis of I. ensifolia. / Figura 18. Epiderma văzută de faţă la I. ensifolia (original). 
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INFLUENCE OF SOME ORGANIC FERTILIZERS ON THE PHYSIOLOGICAL 
PROCESSES IN Citrullus lanatus (THUNB.) MATSUM. & NAKAI  PLANTS  

CULTIVATED IN AREAS WITH SANDY SOILS 
 
 

NICOLAE Ion, LASCU Nicolae, PLOAE Marieta 
 

Abstract. The physiological research was achieved in Citrullus lanatus (THUNB.) MATSUM. & NAKAI, Rica F1 hybrid, cultivated on 
sandy soil, in field conditions, at the CCDCPN, Dăbuleni, Dolj. The photosynthesis intensity recorded, during the day, the highest 
values at noon (12 a.m.) for watermelon plants fertilized with 30 t/ha Manure and the lowest values were recorded in the morning (8 
a.m.) for plants fertilized with 30 t/ha Manure. The linear regressions performed between the photosynthesis rate and the 
photosynthetic active radiation, show a strong positive correlation to the plants fertilized with 2 t/ha Orgevit (R2 = 0.96) and a weaker 
positive correlation to the plants fertilized with 30 t/ha Manure (R2 = 0.51). The transpiration intensity recorded the highest values at 
noon (12 a.m.) for watermelon plants fertilized with 2 t/ha Orgevit and the lowest values in the morning (8 a.m.) for the plants 
fertilized with 30 t/ha Manure. The linear regressions performed between the photosynthetic rate active radiation and the 
transpiration intensity of fertilized plants, show a strong positive correlation to the plants fertilized with 4 t/ha Orgevit (R2 = 0.97) 
and a weaker positive correlation to the plants fertilized with 60 t/ha Manure (R2 = 0.78). The mature leaves of watermelon plants 
have the highest chlorophyll pigment content in plants fertilized with 2 t/ha Orgevit and the lowest content was recorded in plants 
fertilized with 4 t/ha Orgevit. 
 
Keywords: physiological processes, photosynthesis, transpiration, watermelon plants, Orgevit. 
 
Rezumat. Influenţa unor fertilizanţi organici asupra proceselor fiziologice la plantele Citrullus lanatus (THUNB.) 

MATSUM. & NAKAI cultivate în zone cu soluri nisipoase. Cercetările fiziologice s-au efectuat la Citrullus lanatus (THUNB.) 

MATSUM. & NAKAI, hibridul Rica F1, cultivate pe sol nisipos, în condiţii de câmp, la CCDCPN Dăbuleni, Dolj. Intensitatea 
fotosintezei a înregistrat, pe parcursul zilei, cele mai mari valori la prânz (12 a.m.) la plantele de  pepeni verzi fertilizate cu 30 t/ha 
gunoi de grajd, iar cele mai mici valori dimineaţa (8 a.m.) la plantele fertilizate cu 30 t/ha gunoi de grajd. Regresiile liniare realizate 
între rata fotosintezei şi radiaţia fotosintetic activă, evidenţiază o corelaţie pozitivă puternică la plantele fertilizate cu 2 t/ha Orgevit 
(R2 = 0,96) şi o corelaţie pozitivă mai slabă la plantele fertilizate cu 30 t/ha gunoi de grajd  (R2 = 0,51). Intensitatea transpiraţiei a 
înregistrat cele mai mari valori la prânz (12 a.m.) la plantele de pepeni verzi fertilizate cu 2 t/ha Orgevit, iar cele mai mici valori 
dimineaţa (8 a.m.) la plantele fertilizate cu 30 t/ha gunoi de grajd. Regresiile liniare realizate între rata transpiraţiei şi radiaţia 
fotosintetic activă, la plantele fertilizate, evidenţiază o corelaţie pozitivă puternică la plante fertilizate cu 4 t/ha Orgevit (R2 = 0,97) şi 
o corelaţie pozitivă mai slabă la plantele fertilizate cu 60 t/ha gunoi de grajd (R2 = 0,78). La frunzele mature ale plantelor de pepeni 
verzi cel mai ridicat conţinut în pigmenţi clorofilieni s-a înregistrat la plantele fertilizate cu 2 t/ha Orgevit, iar cel mai scăzut conţinut 
s-a înregistrat la plantele fertilizate cu 4 t/ha Orgevit. 
 
Cuvinte cheie: procese fiziologice, fotosinteză, transpiraţie, plante de pepeni verzi, Orgevit. 

 
INTRODUCTION 

 
This paper presents the results of the physiological research carried out on watermelon plants cultivated in 

2009 at the Agricultural Station of Research and Development for the Plant Culture on Sandy Soils (CCDCPN) 
Dăbuleni, Dolj. The physiological investigations were carried out within the national research program (PN II), No. 
52147/2008, entitled: "Research on the foundation and development of technology for cultivation of watermelon grafted 
plants, in order to obtain biological production in sandy soils areas". 

Taking into account that watermelons are frequently cultivated on sandy soils, along with technological stages, 
the fertilization is necessary for obtaining quantitative and qualitative production. The sandy soils are considered poorly 
supplied in mineral substances and therefore in order to obtain biological watermelons, the organic fertilization of crops 
is necessary, in accordance with the rules of an ecological agriculture.  

Organic manures can serve as alternative to mineral fertilizers (NAEEM et al., 2006) for improving soil 
structure (DAUDA et al., 2008) and microbial biomass (SURESH et al., 2004). 

The net photosynthetic activity is subjected to seasonal changes and to diurnal changes, which are mainly 
influenced by the stage of shoot development, the leaf ageing, the accumulation of hormones and of carbohydrates in 
the leaves, as well as by the fluctuations of light, leaf temperature, air temperature and humidity (LAKSO, 1985). 

The photosynthetic CO2 assimilation of the leaves was remarkably improved by high nitrogen nutrition 
(CECHIN & FUMIS, 2004). 

The young leaves have the highest intensity of the transpiration process and as they get older, the transpiration 
intensity decreases, the lower values being recorded at senescent leaves (BURZO et al., 1999). 

 
MATERIAL AND METHODS 

 
Under the circumstances imposed by the biological agriculture, the behaviour of the Rica F1 watermelon 

hybrid was studied in field condition. The Rica F1 soil is a late Sugar Baby cultivars type. 
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This paper presents the results of the physiological research obtained by applying the fertilization with Manure 
and Orgevit in different doses of application. 

The Manure is considered to be a natural fertilizer, full and complex, which comes from different animal 
species from a mixture of straw, feed, manure and urine. It helps to improve the soil structure, the humus content and 
the useful microorganisms.  

The Orgevit is a granular organic fertilizer, which is administered on the surface of the soil and it is then 
incorporated in the land. The Orgevit contains: organic matter, nitrogen, phosphate, potassium, calcium, magnesium, 
iron, manganese, zinc, molybdenum, cobalt, etc. 

The watermelon plants on which physiological measurements were made were represented by the Rica F1 
hybrid, cultivated on the following fertilization variants: plants fertilized with 30 t/ha Manure, plants fertilized with 60 
t/ha Manure, plants fertilized with 2 t/ha Orgevit, plants fertilized with 4 t/ha Orgevit. 

This paper's aim is to study physiological processes (photosynthesis rate, transpiration rate) of watermelon 
plants in accordance with environmental factors. 

The intensity of photosynthesis and transpiration were made by using the portable photosynthesis analyser, 
LCpro+, system which enables automatic recording and other parameters (photosynthetic active radiations incident on 
the leaf surface, leaf temperature, stomatal conductance, etc.).  

The obtained results were graphically represented and statistically interpreted by using of the linear 
regressions. 

The content of the chlorophyll pigments was estimates by Minolta SPAD 502 chlorophyll meter (the use of the 
chlorophyll meter SPAD is a non-destructive method and permits repeated measurements). 
 

RESULTS AND DISCUSSIONS 
 

The physiological investigations were carried out on July 7th 2009 and consisted of analysing the diurnal 
dynamics of the physiological processes (photosynthesis rate, transpiration rate), of establishing correlations between 
these processes and the intensity of photosynthetic active radiation incident on the leaf surface and also of determining 
the chlorophyll pigment on Citrullus lanatus (THUNB.) MATSUM. & NAKAI, Rica F1 hybrid, in different organic 
fertilization variants.  

The morphological aspect of watermelon plants cultivated in different fertilization variants is shown in       
figures 1-4. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Citrullus lanatus - plants fertilized with 
30 t/ha Manure. 

Figura 1. Citrullus lanatus - plante fertilizate cu 
30 t/ha gunoi de grajd  (original). 

 

  
Figure 2. Citrullus lanatus - plants fertilized 

with 60 t/ha Manure. 
Figura 2. Citrullus lanatus - plante fertilizate 

cu 60 t/ha gunoi de grajd (original). 
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The diurnal dynamics of photosynthesis of the plants presents, generally, low values in the morning 

correlated with low light and temperature intensity and with the reduced opening degree of the stomata, maximum 
values at noon correlated with the increasing light intensity and temperature and with the opening degree of the stomata 
and low values in the evening as a result of the decreasing light intensity, of the gradual decreasing temperature and of 
the decreasing of the opening degree of the stomata (Figs. 5; 6).  
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The diurnal dynamics of the transpiration of the plants presents low values in the morning correlated with 
the minimum opening of the stomata and with the decreasing of the dehydration power of the air, maximum values in 
the afternoon correlated with the increasing opening degree of the stomata as a result of the increasing light intensity 
and temperature and of the dehydration power of the air, and low values towards the evening correlated with low light 
intensity and temperature (Figs. 7; 8). 

 
Figure 3. Citrullus lanatus - plants fertilized 

with 2 t/ha Orgevit. 
Figura 3. Citrullus lanatus - plante fertilizate 

cu 2 t/ha Orgevit (original). 

 
Figure 4. Citrullus lanatus - plants fertilized 

with 4 t/ha Orgevit. 
Figura 4. Citrullus lanatus - plante fertilizate 

cu 4 t/ha Orgevit (original). 

Figure 5. The diurnal dynamics of photosynthesis in Citrullus 
lanatus plants fertilized with 30 t/ha and 60 t/ha Manure. 

Figura 5. Dinamica diurnă a fotosintezei la plantele Citrullus 
lanatus  fertilizate cu 30 t/ha şi 60 t/ha gunoi de grajd. 

Figure 6.The diurnal dynamics of photosynthesis in Citrullus 
lanatus plants fertilized with 2 t/ha and 4 t/ha Orgevit. 

Figura 6. Dinamica diurnă a fotosintezei la plantele Citrullus 
lanatus  fertilizate cu 2 t/ha şi 4 t/ha Orgevit. 
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The photosynthetic active radiations have a great role in the photosynthesis and transpiration induction by 
carrying photoactive opening movements of the stomata and by increasing the temperature of the leaves. The intensity 
of photosynthesis and transpiration varies depending on the light radiation received by leaves, which are dependent on 
the position of leaves on plants. 

The results obtained after the tests regarding the dynamics of the photosynthetic active radiation incident on 
the leaf surface of Rica F1 watermelon plants grown in different fertilization variants are presented in table (Table 1). 
 

Table 1. The photosynthetic active radiation incident on the leaf surface. 
Tabel 1. Radiaţia fotosintetic activă incidentă pe suprafaţa frunzei. 

 

Watermelon plants cultivated 
in different fertilization variants 

The photosynthetic active radiation (μmol/m2/s) 

Hours: 8 a.m. Hours: 12 a.m. Hours: 4 p.m. 
Watermelon plants fertilized with 30 t/ha Manure 356 1678 1405 
Watermelon plants fertilized with 60 t/ha Manure 897 1539 1325 
Watermelon plants fertilized with 2 t/ha Orgevit 820 1488 510 
Watermelon plants fertilized with 4 t/ha Orgevit 1148 1611 495 

 

The linear regressions performed between the intensity of the photosynthesis and the photosynthetic active 
radiation, show a strong positive correlation to watermelon plants fertilized with 2 t/ha Orgevit (the coefficient of 
determination R2 = 0.96) and a weaker positive correlation to the plants fertilized with 30 t/ha manure (the coefficient of 
determination R2 = 0.51) (Figs. 9; 10).  
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Figure 7. The diurnal dynamics of transpiration in Citrullus 
lanatus plants fertilized with 30 t/ha and 60 t/ha Manure. 

Figura 7. Dinamica diurnă a transpiraţiei la plantele Citrullus 
lanatus fertilizate cu 30 t/ha şi 60 t/ha gunoi de grajd. 

Figure 8. The diurnal dynamics of transpiration in Citrullus 
lanatus plants fertilized with 2 t/ha and 4 t/ha Orgevit. 

Figura 8. Dinamica diurnă a transpiraţiei la plantele 
Citrullus lanatus fertilizate cu 2 t/ha şi 4 t/ha Orgevit. 

Figure 9. The correlation between the intensity of the 
photosynthesis and the leaf temperature in Citrullus lanatus plants 

fertilized with 30 t/ha and 60 t/ha Manure. 
Figura 9. Corelaţii între intensitatea fotosintezei şi temperatura 

frunzei la plantele Citrullus lanatus  fertilizate cu 30 t/ha şi  60 t/ha 
gunoi de grajd. 

Figure 10. The correlation between the intensity of the 
photosynthesis and the leaf temperature in Citrullus lanatus  

plants fertilized with 2 t/ha and 4 t/ha Orgevit. 
Figura 10. Corelaţii între intensitatea fotosintezei şi temperatura 
frunzei la plantele Citrullus lanatus fertilizate cu 2 t/ha şi 4 t/ha 

Orgevit. 
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The linear regressions performed between the intensity of the transpiration and the photosynthetic active 
radiation show a strong positive correlation to watermelon plants fertilized with 4 t/ha Orgevit (the coefficient of 
determination R2 = 0.97) and a weaker positive correlation to the plants fertilized with 60 t/ha Manure (the coefficient 
of determination R2 = 0.78) (Figs. 11; 12).  
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The temperature along with the solar radiation intensity is the main external factor which influences the 

photosynthesis and transpiration processes. The temperature of the plants generally depends in a large measure on the 
ambient air temperature, and on the transpiration intensity, which limit the temperature of the plants. 

The research carried out on the dynamics of air temperature at the time of the physiological tests, show a 
temperature increase in the morning (8 a.m.) when the values are of 27.9 °C, an increase at noon (12 a.m.) when the 
values are of 35.1 °C and a slight decrease in the evening (4 p.m.) when the values are of 31.5 °C. 

The chlorophyll content. The mature leaves of watermelon plants grown in different fertilization alternatives 
have the highest chlorophyll pigment content in plants fertilized with 2 t/ha Orgevit and  the lowest content was 
recorded in plants fertilized with 4 t/ha Orgevit (Fig. 13). 

 

47 46.7
47.5

45.3

30

35

40

45

50

Plants Fertilized with
30 t/ha Manure

Plants Fertilized with
60 t/ha Manure

Plants Fertilized with 
2 t/ha Orgevit

Plants Fertilized with 
4 t/ha Orgevit

The chlorophyll  content in mature leaves 

SPAD units

 

 
 

 
 
 
 
 

Figure 11. The correlation between the intensity of the 
transpiration and the leaf temperature in Citrullus lanatus plants 

fertilized with 30 t/ha and 60 t/ha Manure.  
Figura 11. Corelaţii între intensitatea transpiraţiei şi temperatura 
frunzei la plantele Citrullus lanatus fertilizate cu 30 t/ha şi  60 

t/ha gunoi de grajd. 

Figure 12. The correlation between the intensity of the 
transpiration and the leaf temperature in Citrullus lanatus plants 

fertilized with 2 t/ha and 4 t/ha Orgevit . 
Figura 12. Corelaţii între intensitatea transpiraţiei şi temperatura 
frunzei la plantele Citrullus lanatus fertilizate cu 2 t/ha şi 4 t/ha 

Orgevit. 

Figure 13. The chlorophyll content at the mature leaves of Citrullus lanatus. 
Figura 13. Conţinutul în clorofilă la frunzele mature de Citrullus lanatus. 
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CONCLUSIONS 
 

During the day the highest values of the photosynthesis intensity were recorded at noon (12 a.m.) for 
watermelon plants fertilized with 30 t/ha Manure (24.12 µmol CO2/m

2/s) and the lowest values were recorded in the 
morning (8 a.m.) for the plants fertilized with 30 t/ha Manure (8.88 µmol CO2/m

2/s). 
The linear regressions performed between the photosynthesis rate and the photosynthetic active radiation show 

a strong positive correlation to the plants fertilized with 2 t/ha Orgevit (R2 = 0.96) and a weaker positive correlation to 
the plants fertilized with 30 t/ha Manure (R2 = 0.51). 

During the day the highest values of the transpiration intensity were recorded at noon (12 a.m.) for watermelon 
plants fertilized with 2 t/ha Orgevit (6.23 mmol H2O/m2/s) and the lowest values were recorded in the morning (8 a.m.) 
for the plants fertilized with 30 t/ha Manure (2.88 mmol H2O/m2/s).  

The linear regressions performed between the transpiration rate and the photosynthetic active radiation show a 
strong positive correlation to the plants fertilized with 4 t/ha Orgevit (R2 = 0.97) and a weaker positive correlation to the 
plants fertilized with 60 t/ha Manure (R2 = 0.78). 

The mature leaves of watermelon plants have the highest chlorophyll pigment content in plants fertilized with 
2 t/ha Orgevit and the lowest content was recorded in plants fertilized with 4 t/ha Orgevit.  
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ASPECTS REGARDING PHYTOPLANKTON COMPOSITION  
FROM PECINEAGU DAM 

 
 

DOBRESCU Codruţa Mihaela, SOARE Liliana Cristina  
 

Abstract. The Pecineagu Dam is located in the water course of the Dâmboviţa River, in a depression located between Piatra Craiului 
and Iezer-Păpuşa mountains, at an altitude of 1,080 m. Pecineagu Reservoir is used for hydroelectricity and irrigations. The 
phytoplankton in Pecineagu Reservoir was characterized as being of high quality (systematic groups and identified species, dominant 
forms). Biologic determinations were realized through water sampling from representing sections (dam and end of the lake), from the 
deep floor (water surface and photic zone). There were identified 35 species belonging to 22 genera.  In this research, there are 
described the monthly distributions of algocoenosis, phytoplankton composition characteristic to each month, as well the changes in 
their density.  

 
Keywords: Pecineagu Dam, qualitative analysis, phytoplankton, taxonomic diversity, algocoenosis. 
 
Rezumat. Aspecte privind compoziţia fitoplanctonului din barajul Pecineagu. Barajul Pecineagu este situat pe cursul 
superior al râului Dâmbovita, într-o depresiune dintre Munţii Piatra Craiului şi Munţii Iezer-Papuşa. Fitoplanctonul din lacul 
Pecineagu a fost caracterizat din punct de vedere calitativ (grupe sistematice şi specii indentificate, forme dominante). În lacul de 
acumulare Pecineagu au fost identificaţi 35 de taxoni din 22 de genuri. În lucrare sunt prezentate distribuţia pe luni a algocenozelor, 
componenţa cenozei fitoplanctonice aferente fiecărei luni din perioada studiată, precum şi variaţia densităţii acesteia. 
 
Cuvinte cheie: Barajul Pecineagu, analiză calitativă, fitoplancton, diversitate taxonomică, algocenoze.  

 
INTRODUCTION 

 
Pecineagu Dam is located in the watercourse of the Dâmboviţa River, in a depression located between Piatra 

Craiului and Iezer-Păpuşa Mountains, at an altitude of 1,080 m. Years ago, this was a very important lake for fishing 
large trout, one of a few lakes where the Danube salmon lived and naturally reproduced. 

The dam was built in order to capitalize the Dambovita river hydroelectric potential on the one hand, while on 
the other, to supply Bucharest with good quality fresh water.  

Pecineagu Dam is a rock fill dam (Fig. 1), with a height of 107 meters and the crown length of 267 m, whose 
building began in 1984, after, the Industrial Minister, tried to finish this project for four years. The form of the dam is 
pyramidal, modelled after the American Kentucky dam, which, built in 1944, has been providing electric energy to New 
York and some other three smaller cities on the Atlantic east coast ever since. 

 In case of danger, the woods on the right side of the dam would fall in the dam, moving a large volume of 
water, which would break the dam in a half; thus, there appeared the necessity to give the dam the pyramid form in the 
idea of trampoline water, which can be thrown over the dam, without causing important damage.  

 

 
 

Figure 1. Pecineagu Dam. / Figura 1. Barajul Pecineagu (www.baraje.ro). 
 

MATERIAL AND METHODS 
 

The biological determinations were realized through water samples taken in February, April, July and 
November 2008, using typical methods (CANTER-LUND & LUND, 1995; GERTRAUD & ROGER, 1999), in glass vases with 
a volume of 0.25 - 0.3 l. Water samples were taken from representative sections (dam and end of the lake) and deep 
layers (water surface and photic zone). 

The microscopic testing of fresh products was realized using the OPTIKA B-253 microscope, with 10, 20, 40 
lens, and 10 and 15 ocular, and the photography was taken using the CANON A 630 camera. 
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For determining the species, the Romanian tools (IONESCU & PÉTERFI, 1979, 1981) and the European tools 
(FRANCISC & BARNA, 1998; HINDÁK et. al., 1975; HORTOBAGYI, 1973) representative for the study (UNGUREANU, 2006; 
MIRON, 1999; MĂLĂCEA, 1969) were used. Systematic classification of algae was made by REVIERS, 2003. 

 
RESULTS AND DISCUSSIONS 

 
Phytoplankton in Pecineagu reservoir was characterized in terms of quality (systematic groups and identified 

the species, dominant forms) (Table 1). 
 

Table 1. The composition and the taxonomic diversity of the phytoplankton in Pecineagu Reservoir. 
Tabel 1. Compoziţia şi diversitatea taxonomică a fitoplanctonului din barajul Pecineagu.   

 

No. Taxa list February April July November 

 Ochrophyta 

1 Nitzschia spp.    + 

2 Nitzschia acicularis    + 

3 Nitzschia sigmoidea    + 

4 Nitzschia vermicularis    + 

5 Cymbella lanceolata  +   

6 Cymbella ventricosa   ++  

7 Gomphonema constrictum  +++   

8 Fragillaria crotonensis    ++ 

9 Navicula cryptocephala   +  

10 Navicula gracilis + + ++ ++ 

11 Suriella ovata    + 

12 Asterionella formosa +    

13 Ceratoneis arcus +   ++ 

14 Melosira ambigua ++ +++  + 

15 Melosira varians  ++   

16 Cyclotella meneghiniana    + 

17 Synedra acus ++  ++  

18 Synedra ulna + +++ +++  

19 Diatoma vulgare  + +  

20 Stauroneis spp. +    

21 Stauroneis phoenicenteron   +++ + 

 Euglenophyta 

22 Euglena intermedia   +  

Chlorophyta 

23 Pediastrum duplex  +++   

24 Pediastrum boryanum  +   

25 Scenedesmus spp.  +   

26 Scenedesmus acuminatus    + 

27 Scenedesmus acutus    + 

28 Scenedesmus quadricauda  ++   

29 Ulothrix zonata   +++  

 Cyanophyta     

30 Microcystis aeruginosa + +++ +++  

31 Oscillatoria limosa   +  

32 Oscillatoria tenuis    ++ 

33 Aphanizomenon flos-aque +    

Dinophyta 

34 Cryptomonas ovata   +  

35 Ceratium hirudinella   ++ ++ 
 

Legend: + (present species in the lake), ++  / +++ (many species present in the lake),  - (species absent from the lake). 
Legendă: + (specie prezentă în lac), + +  /  + + + (numeroase specii prezente în lac), - (specii absente în lac). 

 
The monthly distribution of algocoenosis is given in figures 2, 4, 6 and 8 and the composition of 

phytoplankton conenosis, which corresponds to every month during the studied period, just as the variation in density 
are shown in figures 3, 5, 7, 9. 
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Figure 2. Distribution of taxa in Pecineagu Lake in February. 

Figura 2. Distribuţia taxonilor din Lacul Pecineagu în luna 
februarie.                  

                                                         

Figure 3. Plankton composition in Pecineagu Lake in February. 
Figura 3. Compoziţia fitoplanctonului din Lacul Pecineagu în 

luna februarie. 
 

   
Figure 4. Distribution of taxa in Pecineagu Lake in April. 
Figura 4. Distribuţia taxonilor din Lacul Pecineagu în luna 

aprilie. 
 

Figure 5. Plankton composition in Pecineagu Lake in April. 
Figura 5. Compoziţia fitoplanctonului din Lacul Pecineagu în 

luna aprilie. 
 

          
Figure 6. Distribution of taxa in Pecineagu Lake in July. 

Figura 6. Distribuţia taxonilor din Lacul Pecineagu în luna 
iulie. 

Figure 7. Plankton composition in Pecineagu Lake in July. 
Figura 7. Compoziţia fitoplanctonului din Lacul Pecineagu în 

luna iulie. 
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Figure 8. Distribution of taxa in Pecineagu Lake in November.  

Figura 8. Distribuţia taxonilor din lacul Pecineagu în luna 
noiembrie. 

Figure 9. Plankton composition in Pecineagu Lake in November.  
Figura 9. Compoziţia fitoplanctonului din lacul Pecineagu în luna 

noiembrie. 
 
Analysing  these  figures,  it  was  found  that the largest diversity was met when sampling in  November  

(Figs. 8; 9); there were identified representatives of 15 species which belong to 11 genera. The taxonomic diversity was 
minimal in February, as there were noticed only nine species belonging to the diatoms and blue-green algae. The richest 
genera were: Nitzschia and Scenedesmus. During the warm season, respectively the months of April and July, 
phytoplankton reduced its diversity in terms of number of systematic groups to which the organisms identified in the 
sections of studied samples belong to (Tables 2; 3).  

 
Table 2. Planktonic organisms found in Lake Pecineagu depending on the sampling depths.  

Tabel 2. Organismele planctonice din lacul Pecineagu în funcţie de adâncimea de la care au fost prelevate probele.  
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

No. Species Water surface Photic zone 
1 Aphanizomenon flos-aque +  
2 Asterionella formosa +  
3 Ceratium hirudinella +++ + 
4 Ceratoneis arcus ++ + 
5 Cryptomonas ovata  + 
6 Cyclotella meneghiniana  + 
7 Cymbella lanceolata +  
8 Cymbella ventricosa +  
9 Diatoma vulgare ++  
10 Euglena intermedia +  
11 Fragillaria crotonensis ++ + 
12 Gomphonema constrictum + + 
13 Melosira ambigua ++ +++ 
14 Melosira varians + + 
15 Microcystis aeruginosa +++ ++ 
16 Navicula cryptocephala ++  
17 Navicula gracilis ++++ +++ 
18 Nitzschia spp.  + 
19 Nitzschia acicularis +  
20 Nitzschia sigmoidea ++  
21 Nitzschia vermicularis + + 
22 Oscillatoria limosa +  
23 Oscillatoria tenuis ++ + 
24 Pediastrum duplex + + 
25 Pediastrum boryanum +  
26 Scenedesmus spp. +  
27 Scenedesmus acuminatus +  
28 Scenedesmus acutus +  
29 Scenedesmus quadricauda + + 
30 Suriella ovata +  
31 Stauroneis spp. +  
32 Stauroneis phoenicenteron +++ + 
33 Synedra acus ++ ++ 
34 Synedra ulna ++ +++ 
35 Ulothrix zonata + + 
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Table 3. Planktonic organisms found in Lake Pecineagu according to the section where samples were taken from.  
Tabel 3. Organismele planctonice din lacul Pecineagu în funcţie de secţiunea de unde au fost prelevate probele.  

 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The seasonal variations of Ochrophyta and Chlorophyta from Pecineagu are shown in figures 10 and 11 and 
emphasize that in the middle of the warm season, respectively in July, there were identified algae from five taxonomic 
groups: Cyanophyta, Euglenophyta, Ochrophyta, Pyrrophyta and Chlorophyta. 

In April, an important recession of diatoms was observed and it was obvious that the green algae developed. 
 

   
Figure 10. Seasonal variations of the phylum species 

Ochrophyta.  
Figura 10. Variaţiile sezoniere ale speciilor de Ochrophyta.                                                                          

Figure 11. Seasonal variations of the phylum species 
Clorophyta.  

Figura 11. Variaţiile sezoniere ale speciilor de Chlorophyta. 

No. Species Dam Lake Tail 

1 Aphanizomenon flos-aque +  

2 Asterionella formosa +  

3 Ceratium hirudinella ++ ++ 

4 Ceratoneis arcus ++ + 

5 Cryptomonas ovata +  

6 Cyclotella meneghiniana +  

7 Cymbella lanceolata  + 

8 Cymbella ventricosa + + 

9 Diatoma vulgare  ++ 

10 Euglena intermedia +  

11 Fragillaria crotonensis + + 

12 Gomphonema constrictum + + 

13 Melosira ambigua +++ + 

14 Melosira varians + + 

15 Microcystis aeruginosa +++ ++ 

16 Navicula cryptocephala + + 

17 Navicula gracilis +++ ++ 

18 Nitzschia spp. +  

19 Nitzschia acicularis +  

20 Nitzschia sigmoidea + + 

21 Nitzschia vermicularis + + 

22 Oscillatoria limosa +  

23 Oscillatoria tenuis + + 

24 Pediastrum duplex + + 

25 Pediastrum boryanum   

26 Scenedesmus spp. + + 

27 Scenedesmus acuminatus  + 

28 Scenedesmus acutus + + 

29 Scenedesmus quadricauda + + 

30 Suriella ovata  + 

31 Stauroneis spp. +  

32 Stauroneis phoenicenteron ++ ++ 

33 Synedra acus ++ + 

34 Synedra ulna +++ ++ 

35 Ulothrix zonata + + 
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Generally, the biological variety in Pecineagu Reservoir was reduced; 35 phytoplankton species from 22 
genera were identified. The phytoplankton association presented a variety in quality and quantity, from one season to 
another, from one section extracted to another, displaying predominant autotroph forms against heterotroph forms. 

The diversity of phytoplankton, dependent directly on the light factor and biogene substance, is divided 
differently in the throphogenic zone, the zone in which the light penetrates and the photosynthesis is realized, 
corresponding to the trophic zone and the tropholytic, aphotic, in which the breakdown process is predominant.  At the 
water surface, there predominate green algae and diatoms, while on the deeper layers, they were better identified 
diatoms and blue algae.  

In case of the phytoplankton, diatoms were dominant in the cold season of the year, and in the warm season, 
the green and blue algae become predominant. 

Towards the end of fall and beginning of winter the development of the algae declines and can determine the 
stimulation of some large quantity of organic mass found in different stages of decomposition, especially in the deep 
water beds. The diatoms become dominant.  

During the study of Pecineagu Reservoir, there were no flourishing algal registered. 
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VEGETAL ASSOCIATIONS OF THE ORDER PHRAGMITETALIA KOKH 1926 IN 
BERZUNŢI MOUNTAINS, BACĂU COUNTRY 

 
 

ARDEI Irina, PARASCHIV Dalia 
 
Abstract. This study presents the results of the research done during 2008-2010 in the area of Berzunţi Mountains, concerning the 
paludous vegetation. The two vegetal associations identified belong to the order Phragmitelalia KOCH 1926 and to the class 
Phragmiti-Magnocaricetea KLIKA in KLIKA et NOVÁK 1941. Each vegetal association is accompanied by a phytocenological table, a 
bioform spectrum, a floristic element spectrum and an ecological index spectrum. 
 
Keywords: vegetal association, Phragmitetalia, bioforms, floristic elements, ecological indexes. 
 
Rezumat. Asociaţii vegetale ale ordinului Phragmitetalia KOKH 1926 din Munţii Berzunţi, judeţul Bacău. Acest 
studiu prezintă rezultatele cercetărilor efectuate în perioada 2008-2010, în zona Munţilor Berzunţi, cu privire la vegetaţia palustră. 
Cele 2 asociaţii vegetale identificate aparţin ordinului Phragmitelalia KOCH 1926 şi clasei Phragmiti-Magnocaricetea KLIKA în KLIKA 

et NOVÁK 1941. Fiecare asociaţie vegetală este însoţită de un tabel fitocenologic, de spectrul bioformelor, cel al elementelor floristice 
şi cel al indicilor ecologici. 
 
Cuvinte cheie: asociaţie vegetală, Phragmitetalia, bioforme, elemente floristice, indici ecologici. 

 
INTRODUCTION 

 
Berzunţi Mountains are completely situated within Bacău County; their central area overlaps the Berzunţi, Poduri, 

Dofteana and Bârsăneşti communes, to which the vicinities of Dărmăneşti and Târgu-Ocna towns are added. They have the 
following borders: Tarcău Mountains to the north, Dărmăneşti Depression to the west, Tazlău Subcarpathians to the east 
and south. They are situated in the hydrographic basin of Trotuş river, between 46º28’04’’ and 46º16’10’’ northern latitude 
and 26º27’59’’ and 26º38’41’’ eastern longitude. After the research done in Berzunţi Mountains area during 2008-2010 we 
identified two vegetal associations belonging to the order Phragmitetalia. The paludous vegetation specific to this order 
comprises phytocenoses with high individuals, which occupy depression areas with an excess of humidity. These 
phytocenoses also appear along water streams, in marshes or near pools with a fluctuant water level. 

 
MATERIAL AND METHODS 

 
The species nomenclature is in agreement by CIOCÂRLAN (2000), the bioforms and the floristic elements were 

taken from SANDA et al. (2003), the ecological indexes for each species identified in surveys were established according 
to the study CHIFU et al. (2006). For the vegetation study we used the method of the phytocenological school in Zürich–
Montpellier, improved by J. Braun-Blanquet and J. Pavillard. Considering several phytosociological papers about 
nomenclature and classification: SANDA (2002), SANDA et al. (1997), SANDA et al. (2001), SANDA et al. (2008), the two 
paludous vegetal associations can be included in the following phytocenosystem: 

Class PHRAGMITI – MAGNOCARICETEA KLIKA in KLIKA et NOVAC 1941 
Order PHRAGMITETALIA KOCH 1926 
Alliance Phragmition communis KOCH 2926  
As. Phragmitetum vulgaris SOÓ 1927 
As. Typhetum latifoliae LANG 1973 

 
RESULTS AND DISCUSSIONS 

 
1. As. Phragmitetum vulgaris SOÓ 1927 

Syn.: Scirpo-Phragmitetum KOCH 1926, Schoenoplecto-Phragmitetum communis (KOCH 1926) EGGLER 1961, Scirpeto-
Phragmitetum medio-europaeum (KOCH 1926) R.Tx. in R.Tx. et PREISSING 1942, Scirpo-Phragmitetum phragmitetosum 
SOÓ 1957 
Cane association 

Chorology and stationary conditions: The association Phragmitetum vulgaris SOÓ 1927 has already been 
cited in Berzunţi Mountains area in Berzunţi and Bârsăneşti villages (BARABAŞ, 1974; BARABAŞ, 1978; MITITELU & 

BARABAŞ, 1978) with the name Scirpo–Phragmitetum W. KOCH 26. During our research we identified phytocenoses of 
this association in the following villages: Plopu - Dărmăneşti, Larga - Dofteana, Cucuieţi - Dofteana and Vermeşti-
Comăneşti. The cane associations are situated on insular areas along the Trotuş river valley, but in these cases we 
cannot speak about genuine cane groups because they do not occupy very large areas. Sometimes these paludous 
associations are situated at the edge of the marshes with a variable water level constituting dense shrubs. They can 
vegetate on wet soils infiltrating even in agricultural fields.  
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Floristic composition and phytocenotic structure: The dominant species Phragmites australis forms long-
lasting phytocenoses, sometimes almost pure, giving them a specific physiognomy. Besides cane, other species develop 
themselves proving the stability of the association, such as the ones specific to the alliance Phragmition australis, to the 
orders Phragmitetalia and Magnocaricetalia. We can also mention representatives of other classes: Bidentetea tripartiti 
and Molinio–Arrhenatheretea (Table 1). 

Bioform spectrum: after the bioform analysis we notice the predominance of hemicryptophytes (H) with 
66.65% of the total species composing this association, followed by helohydatophytes (HH) with 14.81%, then by 
geophytes (G) with 11.11% and annual terophytes (Th) with 7.40% (Fig. 1). 

Floristic element spectrum: is dominated by the Eurasian element with 40.73% followed by the circumpolar 
species (Circ) with 37.03%, the cosmopolitan species (Cosm) and the European species (Eur) with 11.11% each (Fig. 2).  

Ecological index spectrum: regarding the light-related preferences we notice a predominance of light-biased 
plants, which hardly accept shade (L7 - 66.66% and L8 - 22.22%). Analysing the temperature preferences we can say 
that the largest proportion belongs to the amphytolerant species, which support ample temperature variations (Tx - 
40.74%). They are followed by the mesothermic species (T5 - 33.33%). Regarding the spread area, the largest 
proportion belongs to the category of intermediate species to the subcontinental climate (C5 - 29.62%), followed by the 
intermediate category (C3) between the species preferring the ocean climate and the species in suboceanic climate areas; 
this category is equally represented with the indifferent species (Cx) with 25.92% each. Most of these prefer the moist-
wet biased soils (U8 - 29.62%) and moist-wet soils (U9 - 18.51%), followed by the clammy-wet soils (U7 - 14.81%) and 
then by the flooded soils (U10 - 7.40%). According to their preferences for the soil reaction, the largest majority is 
constituted by amphytolerant species (Rx - 44.44%), then plants growing in neutrals soils (R7 - 29.62%), followed in 
fewer proportion by plants growing in acid and moderately less acid. Under the aspect of preferences for the nitrogen 
amount available in soil, we can notice that species grow in soils with mineral nitrogen varying from extremely scarce 
to moderate and rich (Fig. 3). 

 
Table 1. The association Phragmitetum vulgaris SOÓ 1927.  

Tabel 1. Asociaţia Phragmitetum vulgaris SOÓ 1927. 
 

Geoelem. Biof. 

Ecological indexes Number of survey 1 2 3 4 

 
L 

 
T 

 
C 

 
U 

 
R 

 
N 

Altitude (m) 250 300 450 280 
Herbaceous layer coverage (%) 85 90 100 90 

Survey area (m²) 100 100 100 100 
Number of species 6 7 10 8 

Characteristic of assciation
Cosm HH 7 5 x 10 7 5 Phragmites australis 5 5 5 5 

Phragmition australis 
Circ H (HH) 8 6 3 10 x 7 Berula erecta - - - + 
Eua G (H) 8 6 5 6 7 3 Calystegia sepium - + - - 
Eua H-HH 7 6 5 9 x 7 Lycopus europaeus - - - + 

Phragmitetalia
Circ H 7 x x 9 3 3 Epilobium palustre - - - + 
Circ G 7 x 5 7 x 3 Equisetum palustre + - - - 
Eur H-HH 7 5 3 9 7 4 Mentha aquatica - + - - 
Circ H 7 5 5 9 7 6 Scutellaria galericulata - - + - 
Circ H-G 7 2 x 7 7 7 Stachys palustris - - + - 

Magnocaricetalia 
Eua H-HH 6 x x 8 x x Lysimachia vulgaris + - - - 
Circ H-HH 7 5 5 8 7 x Lythrum salicaria - - + - 
Eua H 7 x 5 8 x 5 Myosotis scorpioides + - - - 

Bidentetea tripartiti 
Circ H 8 x 3 8 x 2 Juncus articulatus - + - - 
Circ Th 7 5 x 8 4 5 Polygonum hydropiper - - - + 

Molinio-Arrhenatheretea
Circ H 8 x x 6 x 5 Agrostis stolonifera - - + - 
Eua H 6 x 5 6 6 7 Alopecurus pratensis - - + - 
Cosm H 7 5 3 6 x 4 Holcus lanatus - - - + 
Eua H 8 5 3 7 8 4 Juncus inflexus + - - + 
Eua H 7 6 8 8 7 x Lythrum virgatum - + - - 
Circ HH-G 7 5 4 9 4 3 Scirpus sylvaticus - + + - 
Eua H 7 6 3 8 x 8 Symphytum officinale - - + - 
Eur Th (TH) 7 x 5 4 7 6 Tragopogon orientale - - - - 

Variae syntaxa
Eua H 6 7 7 7 8 4 Althaea officinalis - - - + 
Eua H 7 x x 8 x 4 Filipendula ulmaria - + - - 
Cosm HH 7 x 3 11 x x Lemna minor - - + - 
Eua H 8 5 7 3 9 3 Medicago falcata - - + - 

 

Survey  place  and  date: 1. Plopu – Dărmăneşti (July 27, 2009); 2. Larga-Dofteana (August 5, 2009); 3. Cucuieţi – Dofteana (August 1, 2010); 4. 
Vermeşti-Comăneşti (August 21, 2010).  
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Figure 1. Bioform spectrum for the association Phragmitetum vulgaris SOÓ 1927.  
Figura 1. Spectrul bioformelor asociaţiei Phragmitetum vulgaris SOÓ 1927.  
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Figure 2. Floristic element spectrum of the association Phragmitetum vulgaris SOÓ 1927. 
Figura 2. Spectrul elementelor floristice ale asociaţiei Phragmitetum vulgaris SOÓ 1927. 
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Figure 3. The ecologic indexes spectrum for the association Phragmitetum vulgaris SOÓ 1927.  

Figura 3. Spectrul indicilor ecologici specific asociaţiei Phragmitetum vulgaris SOÓ 1927. 
 

2. As. Typhetum latifoliae LANG 1973 
Syn. Typhetum latifoliae SOÓ 1927, Typhetum angustifoliae-latifoliae SCHEMALE 1939 
Bulrush groups 

 
Chorology and stationary conditions. The association Typhetum latifoliae LANG 1973 has already been 

mentioned across Berzunţi Mountains in the villages Berzunţi and Bârsăneşti under the name Typhetum angustifoliae-
latifoliae (EGGL) 33 Schmale 39 (BARABAŞ, 1978; MITITELU & BARABAŞ, 1978). During the research we identified 
phytocenoses of this association in the following villages: Berzunţi, Plopu - Dărmăneşti, Larga - Dofteana and on the 
Pipirig Hill. The bulrush groups in the researched area generally appear in shallow pools, in the microdepressions where 
rainfall water collects, in marshes, along water streams. These are spread at altitudes varying between 350 and 850 m, in 
unaired acid soils rich in organic matter. 

Floristic composition and phytocenotic structure 
Phytocenoses are required by the characteristic species Typha latifolia, which makes a coverage varying 

between 60% - 90%. Regarding the phytocenotic composition, besides the dominant species Typha latifolia, we can 
remark species characteristic to the alliance Phragmition australis and order Phragmitetalia. On the pool shores one can 
notice species belonging to classes Bidentetea and Molinio-Arrhenatheretea and among them species characteristic to 
the class Lemnetea (Table 2). 

Bioform spectrum: after the bioform analysis we notice the dominance of hemicryptophytes (H) with 58.05% 
of the total species constituting this association, followed by geophyte elements (G) with 19.34%, helohydatophytes 
(HH) with 9.67%, annual and biannual terophytes (Th and TH) cumulating 9.67% and camephytes with 3.22% (Fig. 4). 
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Floristic element spectrum: is dominated by the Eurasian element (Eua) with 38.70%, followed by the 
circumpolar species (Circ) with 29.03%, the cosmopolitan species (Cosm) with 16.12% and the European (Eur) and 
Atlantic-Mediterranean (Atl-Med) elements, each having 3.22% (Fig. 5). 

The ecological index spectrum: Regarding the light-related preferences, we notice the dominance of light-biased 
plants, which hardly accept shade (L7 - 48.38% and L8 - 25.80%). From the analysis of the temperature preferences, the 
largest proportion belongs to amphytolerant species (Tx - 41.93%); these are followed by species intermediate to sub-
thermophilic (T6 - 22.58%) and by mesothermic species (T5 - 19.35%). Regarding the spreading area, the largest species 
proportion belongs to the intermediate category (C3 - 32.25%) between the species preferring the oceanic climate and the 
species from the suboceanic climate areas. It is also well represented the group of species intermediate to subcontinental 
climate (C5 - 22.58%) equal with the indifferent species (Cx). Most of them prefer soils towards moist-wet (U8 - 29.03%) 
and moist-wet (U9 - 19.35%), being followed, with the same percentage, by plants adapted to clammy-wet soils and 
flooded soils (U7 and U10 with 16.12% each). From the analysis of species proportion according to the soil reaction 
preferences, the largest majority is constituted by amphytolerant species (Rx - 45.16%). The distribution in the other 
categories is the following: plants preferring neutral soils (R7 - 22.58%) and intermediate plants between the neutral ones 
and the neutral and basic ones (R8 - 19.35%), followed in smaller proportions by plants preferring moderately acid and acid 
soils. Regarding the preferences for the amount of nitrogen in the soil, we can notice the fact that species grow especially 
in soils with mineral nitrogen (N5 - 35.48%); the other proportions vary from very scarce to moderate and rich (Fig. 6). 

 
Table 2. The association Typhetum latifoliae LANG 1973.  

Tabel 2. Asociaţia Typhetum latifoliae LANG 1973.  
 

Geoelem. Biof. 

Ecological indexes Number of survey 1 2 3 4 5 

K 
L T C U R N 

Altitude (m) 350 550 250 550 550 
Herbaceous layer coverage (%) 60 70 80 90 80 

Survey area (m²) 10 10 10 10 10 
Number of species 6 11 8 5 8 

Characteristic of associations
Cosm G (HH) 8 6 5 10 x 8 Typha latifolia 4 5 5 5 5 V 

Phragmition australis
Eua H-HH 7 6 5 9 x 7 Lycopus europaeus + + - - - II 

Phragmitetalia
Circ H 7 x x 9 3 3 Epilobium palustre + - + - - II 
Circ H 6 x 3 9 x 4 Galium palustre  - - - + - I 
Eur H-HH 7 5 3 9 7 4 Mentha aquatica - + - - - I 
Cosm HH 7 5 x 10 7 5 Phragmites australis - - + - - I 
Circ H-G 7 2 x 7 7 7 Stachys palustris - + - - - I 

Magnocaricion
Eua G (HH) 7 7 3 9 7 4 Carex riparia + - - - - I 

Cirsio- Bolboschoenion
Cosm H-G 8 x 7 10 8 5 Bolboschoenus maritimus - - - + - I 
Circ G 8 x 7 7 x 5 Juncus gerardii - - - - + I 

Glycerio-Sparganion
Eua H 7 5 4 8 8 8 Mentha longifolia - + + - - II 
Eua H 7 x 5 8 x 5 Myosotis scorpioides - - - - + I 
Eua G (HH) 7 6 5 10 x 5 Sparganium erectum ssp. neglectum - - + - - I 
Eua H (HH) 7 x 3 10 7 6 Veronica beccabunga - - + - - I 

Bidentetea tripartiti
Circ H 8 x 3 8 x 2 Juncus atriculatus - + - - - I 
Eur(Med) Th 7 6 3 8 x 7 Polygonum  mite - - - - + I 

Lemnion
Cosm HH 7 x 3 11 x x Lemna minor + - - - - I 

Molinio - Arrhenatheretea
Circ H 8 x x 6 x 5 Agrostis stolonifera - - - + - I 
Eua H 6 x 5 6 6 7 Alopecurus pratensis - - - - + I 
Circ H 7 x x 8 x x Caltha palustris + - - - - I 
Circ G 5 7 2 8 8 5 Equisetum telmateia  - + - - - I 
Eua(Med) TH 8 6 5 7 8 5 Inula britanica - + - - - I 
Med H 8 6 3 8 7 5 Oenanthe silaifolia - - - + - I 
Eua H 6 6 6 6 7 5 Potentilla reptans - - - - + I 
Eua(Med) H 6 x x 7 x x Ranunculus repens - - - - + I 
Circ HH-G 7 5 4 9 4 3 Scirpus sylvaticus - + - - - I 

Stelarietea mediae
Cosm Th 6 7 5 5 x 8 Echinochloa crus-galli - - + - - I 

Epilobietea angustifoliae 
Eur H 6 7 3 7 8 4 Lysimachia punctata - - - - + I 

Variae syntaxa
Eua(Med) Ch-N 7 5 x 8 x 8 Solanum dulcamara - + - - - I 
Atl-Med H 5 5 2 8 6 5 Carex pendula - - + - - I 
Eua G 8 x 3 6 8 x Tussilago farfara - + - - - I 

 

Survey place and date: 1. Berzunţi (July 24, 2008); 2. Larga-Dofteana (August 5, 2009); 3. Plopu-Dărmăneşti (July 27, 2009); 4, 5. Pipirig Hill (July 23, 2010). 
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Figure 4. The bioform spectrum of the association Typhetum latifoliae LANG 1973.  
Figura 4. Spectrul bioformelor asociaţiei Typhetum latifoliae LANG 1973.  
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Figure 6. The ecological index spectrum specific to the association Typhetum latifoliae LANG 1973. 
Figura 6.  Spectrul indicilor ecologici specific asociaţiei Typhetum latifoliae LANG 1973. 

 
CONCLUSIONS 

 
During 2008-2010 we identified 2 paludous vegetal associations: Phragmitetum vulgaris SOÓ and Typhetum 

latifoliae LANG 1973 belonging to the order Phragmitetalia KOCH 1926. 
The percentages obtained with the spectrum of bioforms, floristic elements and ecological indexes for the two 

vegetal associations confirm the data rendered in the specialty literature. 

Figure 5. The floristic element spectrum of the association Typhetum latifoliae LANG 1973.  
Figura 5. Spectrul elementelor floristice al asociaţiei Typhetum latifoliae LANG 1973.  
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ADVENTIVE SPECIES IN THE DANUBE FLOODPLAIN BETWEEN CALAFAT AND 
BECHET (OLTENIA, ROMANIA)  

 
 

RĂDUŢOIU Daniel 
 
Abstract. In this paper 20 adventive species are presented, being located in the Danube floodplain between Calafat and Bechet. The 
large number of these species in the studied area is directly proportional with a practice of an improper agriculture. Most of these 
plants are growing widely, having the tendency of expansion (Conyza canadensis, Xanthium saccharatum, Ambrosia artemisiifolia) 
due to humans. Few species experience a slight reduction in the number of individuals (Veronica peregrina). A high percentage of 
the analysed plants are annual, only few are biennial or perennial. 
 
Keywords: adventive species, Danube floodplain, Oltenia, Romania. 
 
Rezumat. Specii adventive din Lunca Dunării între Calafat şi Bechet (Oltenia, România). În lucrarea de faţă sunt 
prezentate 20 de specii adventive identificate în Lunca Dunării între Calafat şi Bechet. Prezenţa în număr mare a acestor specii în 
suprafaţa analizată este direct proporţională cu practicarea unei agriculturi necorespunzătoare. O mare parte dintre aceste plante se 
dezvoltă în exemplare numeroase, manifestând în acelaşi timp şi tendinţa de expansiune (Conyza canadensis, Xanthium 
saccharatum, Ambrosia artemisiifolia) datorită omului. Puţine sunt cele care cunosc o uşoară reducere a numărului de indivizi 
(Veronica peregrina). Un procent ridicat din plantele analizate sunt anuale, puţine sunt bienale sau perene. 

 
Cuvinte cheie: plante adventive, Lunca Dunării, Oltenia, România. 

 
INTRODUCTION 

 
The idea of studying this class of plants came along with the detailed research of the Danube sector within an 

international research contract which has focused on the study of aquatic plants. The Amorpha fruticosa (LINNAEUS, 
1753) species widely spread on the Romanian bank of the Danube made me study all the plants in the Danube 
floodplain, especially the adventive ones. 

The adventive plants are species which are present in a certain place due to their introduction, intentionally or 
circumstantially (accidentally), by humans. They are also known as synanthropic, alien, imported, introduced or 
anthropophyte species (DIHORU, 2004). 

Their classification differs from one author to another. A simpler classification is made by KORNAŚ (1978). He 
divides them into: apophyte (native species that grow in anthropogenic habitats) and anthropophyte (species introduced 
from distant flora) plants. 

An older classification (HOLUB & JIRÁSEK, 1967), but recently taken into account (PYŠEK et al., 2002), is 
firstly considering how they were introduced. According to this they are divided into hemerophytes (plants introduced 
intentionally (consciously)) and xenophytes (plants introduced unintentionally (accidentally, unconsciously)). 

From what we know, in Oltenia the special concerns in this area are rare (COSTACHE & RĂDUŢOIU 2005; 
RĂDUŢOIU & COSTACHE, 2008; RĂDUŢOIU, 2009). Data indicating some adventive species are sporadic in this part of 
the country. 

 
MATERIAL AND METHODS 

 
To carry out a complete floristic inventory of the adventive species from this part of the country, there were 

done many field trips in all the seasons to observe the plants in all the stages of development. This thing allowed an 
accurate determination and an observation of their dynamics for almost 10 years. 

The determination of the studied species was done using the specific national or international literature 
(MORARIU, 1952; NYÁRÁDY, 1957; GHIŞA, 1960a; GHIŞA, 1960b; SĂVULESCU et al., 1964; TUTIN et al., 1976; BELDIE, 
1977, 1979; CIOCÂRLAN, 2000, 2009 etc.). 

For the taxa whose objective determination was not possible in the field, fresh material was sampled in 
separate bags for immediate determination in the laboratory. 

The identified material was compared in some cases with the holotypes and exiccates existent in the 
Herbarium of the University of Craiova (CRA). 

The authors’ abbreviations were done after BRUMMITT & POWELL (1992). 
 

RESULTS AND DISCUSSIONS 
 

In our researches 20 adventive species have been identified in the studied area. Their presentation is done in 
alphabetical order to ease the finding of a taxon. 

Amaranthus albus (LINNAEUS 1753) – White Amaranth (Fam.  Amaranthaceae) 
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It is an annual plant, adventive from North America, and today is spread all over the continents, in the warm areas. It 
was mentioned about 50 years ago as "being feral in the meadows" (NYÁRÁDY, 1957, after ANASTASIU & NEGREAN, 2007). It 
is a species well-adapted to the climatic and soil conditions from this part of Romania. In the studied area, the plant was found 
in grapevines (in the localities: Rast, Negoi, Catane, Piscu Vechi, Ciupercenii Noi, Dunăreni), in heaths (in almost all the 
heaths from the Danube floodplain, in our studied area) as isolated individuals or occupying small, exclusive areas up to 3 m2. 
Its participation in the weed encroachment, in the whole vineyards, is not too high. 

Amaranthus deflexus (LINNAEUS 1753) – low amaranth (Fam. Amaranthaceae) 
It is a weed that multiplies easily by generative way. This species was found in a few localities between Bechet 

and Calafat (Calafat, Nebuna, Rast and Negoi), as isolated specimens. It differs from the earlier species by the fruit, 
which does not open at maturation, by acute leaves and puberule stems. 

Amaranthus powellii (S. WATSON 1875) – Powell amaranth = green pigweed and A. retroflexus (LINNAEUS 
1753) – Redroot amaranth (Fam. Amaranthaceae). 

They are from North America and are the most common species of amaranth in the studied area. Basically they 
are in all the corn crops. Their control is difficult due to the large number of seeds that one individual can produce (up 
to 1 million seeds / plant (IONESCU SISEŞTI, 1955). In some vineyards these plants are important or characteristic species 
in the formation of nitrophile associations (Amarantho – Chenopodietum albi MORARIU 1943).  

Ambrosia artemisiifolia (LINNAEUS 1753) – common ragweed (Fam. Asteraceae) 
It is an annual summer plant, with a specific physiognomy. It is adventive from North America, Europe, and 

Asia. It prefers drier, sunny places along roadside, but also crops and meadows. In some areas of the floodplain forest in 
the studied area, this plant gave the physiognomy of the grass layer (Rast), but after the floods in 2006, its place was 
taken by other species, the high humidity on a long period of time leading to major reductions of the specimens in these 
areas.   

Amorpha fruticosa (LINNAEUS 1753) – False Indigo (Fam. Fabaceae) 
It is a species found throughout the studied area, forming a thicket hard to go through on the bank of the 

Danube, a true "riparian jungle” (DIHORU 2004), especially in the places where man has interfered by plantations or 
workings. It multiplies very much both by seeds and especially by root suckers.  

The only advantage of this species in the studied area is that it takes part in the consolidation of the dyke. 
Bidens frondosa (LINNAEUS 1753) - devil's beggartick (Fam. Asteraceae) 
It is an annual plant with origins in North America. It is present in the Danube floodplain of the studied area on 

the Danube bank or at the edge of holms, ponds and canals. In some areas, it is almost exclusive (in ponds and canals of 
the former rice plantations from Rast). It multiplies by achenes. The setae on these fruits have stiff bristles that serve for 
hanging and dissemination. 

Conyza canadensis (LINNAEUS 1753) CRONQUIST 1943 – Canadian horseweed (Fam. Asteraceae)  
It is an annual plant with origins in North America. It is growing at the edge of crops, garden, ruderalized field 

and even street. It was brought to Europe in 1655 and in Romania it was frequently mentioned starting with 1814 
(ANASTASIU & NEGREAN 2007). It was found that a well-developed single plant can produce over one million fruits, 
which gives it the status of a nitrophilous invasive plant of the first rank (DIHORU, 2004). 

Datura stramonium (LINNAEUS 1753) – Jimson weed (Fam. Solanaceae) 
It is an annual species of late spring or summer, common in most ruderalized places and crops (hoeing crops) 

in the studied area. In the Danube floodplain, it is commonly seen in waste places (Calafat, Rast, Bechet, Dunăreni, 
Nebuna, Bistreţ, Negoi, Catane, Piscu Vechi, Tunari etc.). It is therefore a thermophilous, nitrophilous and heliophilous 
taxon (GHIŞA, 1960). A plant can produce 90 to 2,000 (30,000) seeds (CIOCÂRLAN, 2009). 

Elodeea nuttallii ((PLANCHON 1848) H. ST. JOHN  1920) – Nuttall’s pondweed (Fam.Hydrocharitaceae) 
It is an aquatic plant found in some of the ponds in the Danube floodplain (Rast, Bistreţ, Ghidici, Dunăreni). It 

is from North America. In Europe, it seems it was originally cultivated in aquariums. The presence of this species in 
Romania was first reported in 1992 in the Danube Delta. In the water where it is found, it covers almost all the volume 
of water, preventing the growth of other species of aquatic plants and even hindering fishing.   

Erigeron annuus (LINNAEUS 1753) PERS. 1807 – annual fleabane (Asteraceae)  
It is an annual plant, sometimes biennial or perennial, white-blue, of medium stature that extended very much 

in the past years in the studied area, especially in the abandoned infields. In Oltenia it was first mentioned by POPESCU 
(1968). It multiplies exclusively by seeds. It forms part of the plants category that produce a large number of seeds. The 
only biological control would be the pulling of young plants before fructification.  

Galinsoga ciliata ((RAFIN.) BLAKE 1922) – Field Basil (Fam. Asteraceae) 
It is a plant of South American origin. It is a commensal plant in the hoeing crops, especially of the corn ones. 

It develops largely in the low-groomed gardens. It is used by locals as fresh fodder for pigs and poultry. The success of 
this annual plant is ensured by the large number of produced germs and by rapid growth. 

Galinsoga quadriradiata (RUIZ et PAVON s. str. 1798) – shaggy soldier (Fam. Asteraceae) 
It is a taxon that morphologically is very similar to the previous species. For a long time in Romania it was 

mentioned under G. ciliate. CIOCÂRLAN is the first who sees differences between the two species in 2004. In Oltenia, 
the first citation was made by COSTACHE & RĂDUŢOIU (2005). It is present in almost all the gardens from the studied 
area but also as isolated specimens in hoeing culture. 
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Humulus lupulus (LINNAEUS 1753) – hop (Fam. Cannabaceae) 
In the literature, it is mentioned as a North American, Eurasian species (GRINŢESCU, 1952; CIOCÂRLAN, 2009). 

It is found in the studied area, in almost all the forests from the Danube floodplain. In some parts it forms thickets that 
can hardly be crossed. 

Oxalis corniculata (LINNAEUS 1753) – creeping woodsorrel (Fam. Oxalidaceae) 
In the literature this taxon has different origins. Some authors say that it is of Southern European origin 

(BELDIE, 1977), others consider it as an adventive (Mediterranean) plant (CIOCÂRLAN, 2009). 
It is commonly found in ruderalized areas and roadside crops. 
Oxalis dillenii (JACQUIN 1913) – slender yellow woodsorrel (Fam. Oxalidaceae) 
It is an annual-perennial species; with North American origin. It differs from Oxalis corniculata by the 

ascending stems, not lifted at nodes, by opposite leaves ± whorl leaves, with little or no stipules. 
In the studied area it has been identified only in Rast locality. In fact this species is considered rare at the 

national level (CIOCÂRLAN, 2009). 
Veronica peregrina (LINNAEUS 1753) – neckweed (Fam. Scrophulariaceae) (Fig. 1) 
It is a plant with South American origin. It is a small plant, found only in Rast locality, in the studied area. It 

appeared in this part of the country after the catastrophic floods in 2006, floods that have affected this sector of the 
Danube. It appeared in the courtyard of a household damaged by the flood. Initially the population of this species had 
numerous specimens on an area of 10 m2, currently its number has declined significantly. 

 

 
 

Figure 1. General aspect with Veronica peregrina in Rast.  
Figura 1. Aspect general cu Veronica peregrina în localitatea Rast (original). 

 
Veronica persica (POIRET 1808) – Birdeye Speedwell (Fam. Scrophulariaceae) 
This taxon gives the physiognomy of the vineyards during spring. It is present in all the other crops in the area 

(rarely in the cultures of cereals (CIOCÂRLAN et al., 2004)). It is an annual plant, with solitary flowers, original from the 
southwest of Asia. It flowers and ripens several times during a single vegetation season. Unlike other species of 
Veronica in the area it is among the few that roots at nodes. 

Xanthium saccharatum WALLROTH (Fam. Asteraceae) 
It is an annual species, of late spring-summer. It has North American origins, but in Romania this taxon has 

been confused for a long time with Xanthium italicum MORETTI. It has a great development in the heaths of all the 
localities from the studied area. It multiplies by seeds. Their spread is facilitated by the presence of thorns on the fruits, 
thus hanging easily to animals. In some localities (Rast, Catane, Negoi), where there are sheepfold in the Danube 
floodplain, the species caused poisoning to animals by eating it during young stage. Also, some areas have a desolate 
aspect because of the dry debris of the plant. 

Xanthium spinosum (LINNAEUS 1753) – Cholera (Fam. Asteraceae) 
It is of South American origin, being present nowadays in all the continents (CIOCÂRLAN, 2004). It is easily 

distinguished from the other species of Xanthium by the presence of trifurcate thorns at the base of the leaves. It is 
common in the studied area, in trashy places or heaths. In younger stages this plant is avoided by animals because of 
odour and at the maturity due to the trifurcate thorns at the base of the petiole. If at this thing there would be also added 
the fact that a single individual can produce up to 1800 achenes, we can say that the success of this plant in the area is 
provided. 
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CONCLUSIONS 
 

Analysing the adventive species in the studied area and comparing their number to the total number of 
adventive species from the flora of Romania, we can say that in a so small area (if we consider the national level) there 
were found about a quarter of the adventive species from our country. 

Some of them become invasive, eliminating the other species (Heliotropium europeum, Ajuga chamaepytis, 
Gypsophila muralis, Vaccaria hispanica, Lappula squarrosa, Hypericum perforatum and other) they live together with 
(Conyza canadensis, Xanthium saccharatum, Amaranthus retroflexus or Ambrosia artemisiifolia) and others are rare 
(Veronica peregrina, Oxalis dillenii). 

The family with the most adventive species in the studied area is the Asteraceae. They are numerous both as 
number of species and as individuals. 
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SOME ASPECTS REGARDING TAXONOMICAL UNITS IN THE COMPOSITION OF 
CILIATES FAUNA CONTAINED IN THE MARINE AND FRESH WATER SEDIMENTS 
OF NATURAL AND ARTIFICIAL ECOSYSTEMS OF NATURAL SCIENCE MUSEUM 

COMPLEX CONSTANŢA  
 
 

KERKMANN Gina Raluca 
 
Abstract. The ciliates represent a very important group of cellular protozoans dominating the metazoans by species richness and 
density. Our preoccupations in the field of ciliates started in college years, but systematic researches about qualitative composition of 
ciliates and their ecology   started in 1997 and continues today. There were found 59 species of ciliates, most of them belonging to 
the class Kinetofragminophora (PUYTORAC et al., 1974). The species were found in the sediments of paramarine interconnected lakes 
Siutghiol and Tăbăcărie, in the mediolitoral sands of the Romanian Black Sea coast – Faleza Nord station, as well as in covered 
basins of Dolfinarium. 
 
Keywords: ciliates, taxonomy, sediments.  
  
Rezumat. Câteva aspecte privind ponderea diferitelor categorii taxonomice ale ciliatelor din sedimentele 
ecosistemelor naturale şi artificiale aflate în incinta Complexului Muzeal de Ştiinţe ale Naturii Constanţa. 
Ciliatele reprezintă un grup aparte de protozoare care domină metazoarele prin bogăţia de specii şi densitate. Preocupările noastre în 
domeniul ciliatelor datează din anii studenţiei dar cercetările sistematice asupra compoziţiei calitative şi ecologiei ciliatelor datează 
din 1997 şi continuă şi în prezent. Au fost identificate 59 de specii de ciliate în sedimentele lacurilor paramarine interconectate 
Siutghiol şi Tăbăcărie, în nisipurile mediolitorale ale coastei româneşti a Mării Negre – staţia Faleza Nord – precum şi în bazinele 
acoperite de la Delfinariu, majoritatea lor aparţinând clasei Kinetofragminophora (PUYTORAC et al., 1974).  
 
Cuvinte cheie: ciliate, taxonomie, sedimente. 
 

INTRODUCTION 
 

The ciliates represent a very important group of protozoan cells dominating the metazoans by the species 
richness and density. Our preoccupation in the field of benthic ciliates has started in college – the main purpose being to 
establish the qualitative composition of ciliates fauna (DUMITRACHE-KERKMANN, 1998, 2003). 

In recent years, research studies   concerning the ciliates of paramarine lakes Siutghiol and Tăbăcărie 
(DUMITRACHE-KERKMANN, 2004) have been supplemented by researches about ciliates living in salt water in some 
artificial ecosystems such as the covered basins of the Dolphinarium Constanţa. Most of our scientific articles were 
dedicated to different ecological aspects of marine and freshwater ciliates; it is well known that the different species of 
ciliates are important bioindicators of water quality. 

The present scientific paper contains a taxonomical analysis of ciliates species identified into the sediments of 
paramarine lakes and covered basins of the Dolphinarium. The taxonomic system used in this paper is according to that 
used by the European protozoologists (DRAGESCO & DRAGESCO-KERNEIS, 1986).   

 
MATERIAL AND METHODS 

 
Since 1997 I have systematically collected samples containing sediments and water from different ecosystems: 

sediments from shallow areas of Tăbăcărie and Siutghiol Lakes, the Romanian Black sea coast – Faleza Nord. Since 
2009 there have been collected other samples resulted from the covered basins of the Dolphinarium Constanţa  
containing epibiosis from the walls and a sedimentary mixture from the bottom (fragments of macrophytic algae and of 
various origin sand marks) collected by the diver  on the occasion of regular hygienic activities. This research about the 
qualitative composition and ecology of ciliates from different ecosystems continues today. 

After collecting, the samples were transferred from collecting recipients to Petri dishes to undergo the first 
examination with the binocular loop; this stage has been followed by the second examination with the microscope.  

The examination stage has been followed by that of sediment separation by different methods (Webb, Uhlig) 
according to the degree of fragility of the species from the samples composition and aimed scope (UHLIG, 1964, 1966; 
WEBB, 1956). 

Reduction of speed of the ciliates has been executed with the help of several anaesthetic mixtures some 
containing a mixture of sleeping pills for human use. 

The diagnosis has been established for some species on fresh sampled material; in other cases, vital colorants 
were used such as acetyl methyl green and finally some species required the application of techniques for the receipt of 
permanent preparations Chatton-Lwoff and Bodian (WILBERT version) (1986).   

Species diagnosis was made using the reference scientific works of FOISSNER and DRAGESCO (DRAGESO & 

DRAGESCO-KERNEIS, 1986; FOISSNER, 1996; BERGER et al., 1997).  
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RESULTS AND DISCUSSIONS 
 
Psamophilious ciliates identified by us since 1997 include 205 species belonging to 38 families; 140 of them 

have been identified in the sediments of paramarine lakes Siutghiol and Tabacarie and the lakes from the Danube Delta. 
Table 1 presents the taxonomic index of ciliates which were identified in sediments of interconnected lakes 

Tăbăcărie and Siutghiol and  in the sediments of the covered basins of the Dolphinarium Constanţa and in the coastal 
sands of Faleza Nord station (Black Sea).The last species were presented in another recent scientific paper (KERKMANN, 
2010). 

These 59 species belong to three classes: Kinetofragminophora (PUYTORAC et al., 1974), Oligohymenophora 
(PUYTORAC et al., 1974) and Polyhymenophora (JANKOWSKI, 1967 in DRAGESCO & DRAGESCO-KERNEIS, 1986).   

The first class, Kinetofragminophora (PUYTORAC et al., 1974), includes ciliates whose oral cilia  cannot be 
differentiated from somatic cilia. In this class, the  Kariorelictida ciliates are very interesting protozoans with relict 
status. They once inhabited sands of the ancient Tethys Sea. This is the best represented class considering that 48% of 
all identified species belong to it. 

The next evolutionary step is represented by the class Oligohymenophora (PUYTORAC et al., 1974), (21.5 % of 
all identified species) whose oral cilia show various degrees of differentiation from the somatic cilia. Ciliates of the 
third class - Polyhymenophora (JANKOWSKI, 1967 in DRAGESO & DRAGESCO-KERNEIS, 1986) – 30.5% of total species- 
is the most evolved class as oral cilia are well differentiated from the somatic cilia and present a very complicated 
structure.   

The Class Kinetofragminophora (PUYTORAC et al., 1974) is on the first place in terms of contained subclasses 
compared with the other two classes – Oligohymenophora (PUYTORAC et al., 1974) and Polyhymenophora (JANKOWSKI, 
1967 in DRAGESO & DRAGESCO-KERNEIS, 1986) containing each only one subclass. The same situation is for the orders 
that belong to each subclass of ciliates (in order of their evolution 6, 2 and 4.) 

Although they are primitive on the evolutionary scale, the ciliates belonging to the class Kinetofragminophora 
(PUYTORAC et al., 1974) present taxonomic heterogeneity, as the 28 species it includes belong to 28 families.  

The Class Kinetofragminophora is also on the first place as number of subclasses (3) compared to the next 
classes that include only one subclass. We mention the same situation in the case of the orders that compose each class, 
which according to their evolution are 6, 2 respectively 4.  

Even if they are primitive on the evolution scale, the ciliates belonging to Kinetofragminophora Class present 
taxonomic heterogeneity. The 28 species belong to 11 families. Oligohymenophora Class includes only 8 families (one 
more for the most evolved class of the ciliates). 

The Class Kinetofragminophora contains 3 families with a greater number of species compared to the others 
(5), while the next classes include only one family with seven species; paramecium ciliates are important indicators of 
the environment quality. At the opposite pole, we mention the families Spathididae and Aspidiscidae represented by a 
single species each. 
 

Table 1. Taxonomic index of psamophilious ciliates of Dobrogea.  
Tabel 1. Indexul taxonomic al ciliatelor psamofile din Dobrogea. 

 

No. Class  Subclass Order Suborder Family Species 

1 Kinetofragminophora Gymnostomata Prostomatida Prostomatina Holophryidae 
Holophrya simplex SCHEWIAKOFF, 
1893 

2 Kinetofragminophora Gymnostomata Prostomatida Prostomatina Holophryidae 
Holophrya ovum SCHEWIAKOFF, 
1893 

3 Kinetofragminophora Gymnostomata Prostomatida Prostomatina Holophryidae 
Holophrya nigricans LAUTERBORN, 
1894 

4 Kinetofragminophora Gymnostomata Prostomatida Prostomatina Holophryidae Holophrya sp.2 

5 Kinetofragminophora Gymnostomata Prostomatida Prostomatina Holophryidae 
Urotricha globosa CLAPAREDE et 
LACHMANN, 1857 

6 Kinetofragminophora Gymnostomata Prostomatida Prorodontina Prorodontidae 
Prorodon marinus CLAPAREDE et 
LACHMANN, 1858 

7 Kinetofragminophora Gymnostomata Prostomatida Prorodontina Prorodontidae Prorodon teres EHRENBERG, 1838 
8 Kinetofragminophora Gymnostomata Prostomatida Prorodontina Prorodontidae Plagiocampa rouxi KAHL, 1930 
9 Kinetofragminophora Gymnostomata Prostomatida Prorodontina Colepidae Coleps hirtus NITZSCH, 1817 
10 Kinetofragminophora Gymnostomata Prostomatida Prorodontina Colepidae Coleps spetai KAHL, 1930 
11 Kinetofragminophora Gymnostomata Prostomatida Prorodontina Colepidae Lagynophrya acuminata KAHL, 1930
12 Kinetofragminophora Gymnostomata Prostomatida Prorodontina Colepidae Lagynophrya rostrata KAHL, 1930 
13 Kinetofragminophora Gymnostomata Prostomatida Prorodontina Colepidae Phithothorax processus KAHL, 1931 
14 Kinetofragminophora Gymnostomata Prostomatida Haptorina Enchelyidae Enchelyodon elegans KAHL, 1930 

15 Kinetofragminophora Gymnostomata Prostomatida Haptorina Enchelyidae 
Lacrymaria coronata CLAPAREDE et 
LACHMANN, 1858 

16 Kinetofragminophora Gymnostomata Prostomatida Haptorina Enchelyidae Lacrymaria acuta  KAHL, 1930 
17 Kinetofragminophora Gymnostomata Prostomatida Haptorina Enchelyidae Lacrymaria olor MÜLLER, 1788 

18 Kinetofragminophora Gymnostomata Prostomatida Haptorina Enchelyidae 
Trachelophyllum sigmoides KAHL, 
1931  

19 Kinetofragminophora Gymnostomata Prostomatida Haptorina Spathididae Spathidium sp. 



Muzeul Olteniei Craiova. Oltenia. Studii şi comunicări. Ştiinţele Naturii.  Tom. 27, No. 1/2011             ISSN 1454-6914 

 

53 
 

No. Class  Subclass Order Suborder Family Species 
20 Kinetofragminophora Gymnostomata Prostomatida Haptorina Didiniidae Didinium nasutum MÜLLER, 1786 

21 Kinetofragminophora Gymnostomata Pleurostomatida Haptorina Amphileptidae 
Lionotus lamella EHRENBERG, 1838,  
SCHEWIAKOFF, 1896 

22 Kinetofragminophora Gymnostomata Pleurostomatida Haptorina Amphileptidae Lionotus fasciola EHRENBERG, 1838 
23 Kinetofragminophora Incertae Sedis Kariorelictida - Loxodidae Loxodes striatus ENGELMANN, 1862 
24 Kinetofragminophora Vestibulifera  Trichostomatida - Plagiopylidae Plagioyla nasuta STEIN, 1860 
25 Kinetofragminophora Vestibulifera  Colpodida Colpodina Colpodidae Bresslaua sp. 
26 Kinetofragminophora Vestibulifera  Colpodida Colpodina Colpodidae Colpoda cucullus MÜLLER, 1786 
27 Kinetofragminophora Vestibulifera  Colpodida Colpodina Colpodidae Colpoda steinii KAHL, 1935 
28 Kinetofragminophora Hypostomata Nassulida Nassulina Nassulidae Nassula picta EHRENBERG, 1833 

29 Oligohymenophora Hymenostomata Hymenostomatina Tetrahymenina Tetrahymenidae Tetrahymena cf. pyriformis 
EHRENBERG, 1830,  LWOFF, 1947 

30 Oligohymenophora Hymenostomata Hymenostomatina Ophryoglenina Ophryoglenidae Ophryoglena atra EHRENBERG, 1831 

31 Oligohymenophora Hymenostomata Hymenostomatina Peniculina Paramecidae 
Dexiostoma campylum FOCKE, 1836 
DUJ. 1841  

32 Oligohymenophora Hymenostomata Hymenostomatina Peniculina Paramecidae 
Paramecium cf. aurelia EHRENBERG, 
1838,    

33 Oligohymenophora Hymenostomata Hymenostomatina Peniculina Paramecidae 
Paramecium caudatum EHRENBERG, 
1838 

34 Oligohymenophora Hymenostomata Hymenostomatina Peniculina Paramecidae Paramecium putrinum HILL, 1752 
35 Oligohymenophora Hymenostomata Hymenostomatina Peniculina Paramecidae Paramecium trichium HILL, 1752 
36 Oligohymenophora Hymenostomata Hymenostomatina Peniculina Paramecidae Paramecium sp. 
37 Oligohymenophora Hymenostomata Hymenostomatina Peniculina Lembadionidae Lembadion bullinum PERTY, 1852 
38 Oligohymenophora Hymenostomata Scuticociliatida Philasterina Uronematidae Uronema marinum DUJARDIN, 1841 

39 Oligohymenophora Hymenostomata Scuticociliatida Philasterina Uronematidae 
Uronema nigricans MÜLLER, 1786,  
FLORENTIN, 1901 

40 Oligohymenophora Hymenostomata Scuticociliatida Pleuronematina Pleuronematidae 
Pleuronema marinum DUJARDIN, 
1841 

41 Oligohymenophora Hymenostomata Scuticociliatida Pleuronematina Cyclidiidae Cyclidium glaucoma MÜLLER, 1786 

42 Polyhymenophora Spirotricha Heterotrichida Heterotrichina Spirostomidae 
Spirostomum teres CLAPAREDE et 
LACHMANN, 1858-1859 

43 Polyhymenophora Spirotricha Heterotrichida Heterotrichina Etopidae Metopus sp. 2 
44 Polyhymenophora Spirotricha Heterotrichida Heterotrichina Condylostomatidae Condyostoma remanei SPIEGEL, 1928
45 Polyhymenophora Spirotricha Odontostomatida Heterotrichina Epalxellidae  Saprodinium sp. 

46 Polyhymenophora Spirotricha Oligotrichida Oligotrichina Strombidiidae 
Strombidium arenicola DRAGESCO, 
1960 

47 Polyhymenophora Spirotricha Oligotrichida Oligotrichina Strombidiidae 
Strombidium sauerbrayae KAHL, 
1930 

48 Polyhymenophora Spirotricha Oligotrichida Oligotrichina Strombidiidae Strombidium viride FOISSNER, 1986 

49 Polyhymenophora Spirotricha Hypotrichida Stichotrichina Strongylidiidae 
Strongylidium arenicolus DRAGESCO, 
1960 

50 Polyhymenophora Spirotricha Hypotrichida Sporadotrichina Oxytrichidae Uroleptus sp. 
51 Polyhymenophora Spirotricha Hypotrichida Sporadotrichina Oxytrichidae Paruroleptus sp. 
52 Polyhymenophora Spirotricha Hypotrichida Sporadotrichina Oxytrichidae Oxytricha gibba MÜLLER, 1786 
53 Polyhymenophora Spirotricha Hypotrichida Sporadotrichina Oxytrichidae Oxytricha sp.1 

54 Polyhymenophora Spirotricha Hypotrichida Sporadotrichina Euplotidae 
Euplotes patella MÜLLER, 1786, 
EHRENBERG, 1838 

55 Polyhymenophora Spirotricha Hypotrichida Sporadotrichina Euplotidae Euplotes sp.1 
56 Polyhymenophora Spirotricha Hypotrichida Sporadotrichina Euplotidae Euplotes sp.6 
57 Polyhymenophora Spirotricha Hypotrichida Sporadotrichina Euplotidae Diophrys scutum DUJARDIN, 1841 
58 Polyhymenophora Spirotricha Hypotrichida Sporadotrichina Euplotidae Uronychia transfuga MÜLLER, 1786 
59 Polyhymenophora Spirotricha Hypotrichida Sporadotrichina Aspidiscidae Aspidisca sp. 
60 3 5 12 15 27 59 

 
CONCLUSIONS 

 
Ciliates belonging to the class Kinetofragminophora (PUYTORAC et al., 1974) have succeeded to survive due to 

their robustness, capacity of adaptation and maintenance of sediment ecosystems with salt regime and varied natural or 
artificial origin. 

The subject is interesting and needs further researches.  
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MITES OF FRUIT PLANTATIONS OF THE REPUBLIC OF MOLDOVA  
 
 

KULIKOVA Ludmila  
 

Abstract. Mite fauna of fruit plantations of the Republic of Moldova consists of 132 species belonging to 15 families collected 
during the period 1995-2010. 87 species of rare mite species were registered. Trophic specialization of mites was revealed in terms of 
occurrence: the main species - above 7%, sporadic species - less than 4%, associated species - from 4% to 8%. Mites were found on 
the following fruit tree species: Malus domestica BORKH. - 66 mite species, Armeniaca vulgaris LAM. - 24, Cydonia oblonga MILL. - 
25, Pyrus communis L. - 11, Prunus domestica L. - 42, Cerasus avium (L.) MOENCH - 32, Cerasus vulgaris MILL. - 23, Prunus 
divaricata - 16, Persica vulgaris MILL. - 3. During 2006-2010, the list of mite specie was expanded by 32 species. 
 
Keywords: mites, fauna, trophic specialization. 
 
Rezumat. Acarienii plantaţiilor de pomi fructiferi din Republica Moldova. Fauna de acarieni a plantaţiilor pomicole din 
Republica Moldova constă din 132 specii incluse în 15 familii, colectate în perioada 1995-2010. Au fost înregistrate 87 specii rare de 
acarieni. Specializarea trofică a acarienilor de plante în termeni de apariţie: speciile de bază - mai mare de 7%, cele sporadice - nu 
mai mult de 4%, speciile asociate 4-8%. Acarienii au fost găsiţi pe: Malus domestica BORKH. - 66 specii, Armeniaca vulgaris LAM. - 
24, Cydonia oblonga MILL. - 25, Pyrus communis L. - 11, Prunus domestica L. - 42, Cerasus avium (L.) MOENCH - 32, Cerasus 
vulgaris MILL. - 23, Prunus divaricata - 16, Persica vulgaris MILL. - 3. În perioada 2006-2010 lista acarienilor de plante a fost 
completată cu 32 de specii. 
 
Cuvinte cheie: acarieni, faună, specializarea trofică. 

  
INTRODUCTION 

  
At present, the variety of fruit plantations of the Republic of Moldova allow to expand the volume of exported 

fruits. The study of fauna and of trophic relationships of plant mites makes possible to foreseen the changes in the 
composition of the dominant species of phytophagous mites. Studies on the development of the population density of 
phytophagous mites can be proposed for plant protection to be included in preventive measures and fight against pests. 
The most important pests of fruit gardens are the mites of the family Tetranychidae DONNADIEU, 1975 and Eriophyidae 
NALEPA, 1898. 

By sucking the cell sap from the leaves, the mites in mass outbreaks cause the disturbance of photosynthesis, 
browning and decrease in size of leaves, premature defoliation. 

The species of the family Tetranychidae (Fig. 1) create necrotic spots on leaves and those of Eriophyidae 
create structures in the form of convex balls (galls). At present, the density of the populations of previously less 
important species of phytophagous mites from the family Eriophyidae (Fig. 2) increased to economically meaningful 
values. When the number of mites on a piece of leaf reaches 41 individuals the fruit quality is low. 

The main regulators of phytophagous mite’s abundance are individuals from the family Phytoseiidae BERLESE, 
1916. It was established that the development of the populations of phytophagous mites is affected by temperature and 
humidity. 

The studies of fruit plantations during 2006-2010 expanded the list of mites by 32 species. Some species of 
mites have been recorded as rare and occur only in fruit plantations. 

 
MATERIAL AND METODS 

 
Plant mites were collected in fruit plantations from three geographical zones (Northern Moldavian Plateau, 

Central and Southern Moldavian Plateau) of the Republic of Moldova in 65 villages between 1995 and 2010 as it 
follows: Durleşti, Băcioi, Străşeni, Codru, Vadul lui Vodă, Budeşti, Elizavetovca, Ţaul, Coşniţa, Brătuşeni, Sadovoe, 
Cricova, Ghidighici, Grătieşti, Stăuceni, Mereni, Tohatin, Grătieşti, Albiniţa, Cotiujeni, Corjeuţi, Lărguţa, Călăraşi, 
Bahmut, Sadova, Ţibirica, Căinari, Bălăbăneşti, Bălţata, Boşcana, Cimişeni, Cruglic, Dubăsarii Vechi, Maşcăuţi, 
Oniţcani, Lopatnic, Brînzeni, Ialoveni, Naslavcea, Berezlogi, Făgureni, Dolna, Lozova, Micăuţi, Huzun, Sireţ, Rezina, 
Floreni, Ivanovca, Ialoveni, Cucoara, Cahul, Zăbriceni, Făureşti, Topcino, Cuculeni, Ţînţărăni, Capriani, Orgeev, 
Livadeni, Valea Mare, Trifeşti, Cuizăuca, Buşeuca, Rădenii Vechi. 

The material includes 147 samples for the period 2006-2010 and 8,390 samples for the period 1995-2005. 
Thus, it is about industrial gardens with areas from 10 to 3,250 hectares and farms with areas of 5 to 20 hectares, aged 5 
to 50 years. 9 species of fruit plants were examined in different gardens located on plains, slopes and hilltops. The 
location of the gardens was near the forest or adjacent to fields and abandoned lands. 

The collection of plant samples was performed by the following methods: 1. on heavily damaged single trees; 
2. on the diagonal of the garden from 10 trees by 10 leaves; 3. on sectors of 100 meters length and a distance of 50 and 
100 meters from the edge of the garden. Plant samples: shoots of 50 cm length, the first leaves, inflorescences, very 
young fructifications - 10 shoots of 10 trees each; 100 leaves: 10 leaves of 10 trees each; bark - from 10 trees.  
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The collection of total preparations of mites is deposited in the Laboratory of Entomology, Institute of Zoology 
of Moldova. On the preparations there are indicated: no of sample, no of preparation, date of collection, location, plant 
species, mite species. A database of the species composition of mites was created. 

The present, the work on the distribution of mites on different species of fruit plants is original for Moldova. 
 

 
 

Figure 1. Necrotic spots provoked by Schizotetranychus (E.) fraxini (Tetranychidae) (original). 
Figura 1. Petele de necroză provocate de Schizotetranychus (E.) fraxini (Tetranychidae) (original). 

  

 
 

Figure 2. Eriophyidae NALEPA, 1898 (female) (original). 
Figura 2. Eriophyidae NALEPA, 1898 (femelă) (original).  

 
RESULTS AND DISCUSSIONS 

 
The mite fauna of fruit plantations of the Republic of Moldova consists of 132 species from 15 families 

belonging to the orders Acariformes ZACH., 1941 and Parasitiformes REUTER, 1909 (Table1). 
According to the trophic specialization, the mites are divided in: predators (Phytoseiidae - 24%, Stigmaeidae - 

5%, Anystidae - 1%, Cunaxidae - 2%), microphages (Tydeidae - 19%, Pygmephoridae - 2%, Scutacaridae - 1%, 
Glycyphagidae - 1%, Cryptognathidae - 1%, Tarsonemidae - 10%) and phytophagous (Tenuipalpidae - 5%, Bryobiidae 
- 8%, Eriophyidae - 5%, Acaridae - 3%, Tetranychidae - 13%) (Fig. 3).  

In terms of occurrence of the main composition, we mention the mites above 7%. The group of mites with the 
index less than 4% was formed by sporadic species. The third group was the related species, whose rate of occurrence 
varied from 4 to 8%. Among predatory mites the most abundant species were from the families Phytoseiidae - 24% and 
phytophagous mites from Eriophyidae - 5%, Bryobiidae - 8%, Tetranychidae - 13% (KULIKOVA, 1996, 2002). 
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Table 1. Mite species of fruit plantations of the Republic of Moldova.  
Tabel 1. Speciile de acarieni ai livezilor din Republica Moldova. 

 

Species 
Malus 

domestica 
Prunus 

domestica 
Pyrus 

communis
Cerasus
avium 

Persica 
vulgaris 

Cydonia 
oblonga 

Armeniaca 
vulgaris 

Cerasus 
vulgaris 

Prunus 
divaricata 

Order Acariformes ZACH., 1941 
Family Tarsonemidae KRAMER, 1877 

Tarsonemus angulatus    +       
T. bifurcatus        +   
T. crassus  +  +       
T. ellipticus     +      
T. hermes  +         
T. lobus       +    
T. naegelie  + +  +  +    
T. pauperoseatus    +       
T. piliger   +        
T. talpae  + +        
T. trapezoides  +   +      
T. virgineus     +      
T. vulgaris   +        

Family Pygmephoridae CROSS, 1965 
Siteroptes  crossi  +         
S. hassi  +         

Family Scutacaridae OUDEMANS, 1916 
Imparipes puberulus  +         

Family Tydeidae KRAMER, 1877 
Tydeus caudatus   +  +    + + 
T. californicus  +  + + + + + +  
T. devexus       +    
T. dignus   +        
T. elinguis          + 
T. heterosetus   +       + 
T. kochi     +      
T. mirabilis        +   
T. obstinatus  +         
T. praefatus        +   
T. wainsteini  + +       + 
Paralorryia ferula  +         
P. lena        +   
P. mali  + +        
P. ocellata  +         
P. opifera       +    
P. subularis     +      
P. woolleyi       +    
Tydides ulter  +         
Triophtydeus immanis   +  +  + +   
T. flatus  + +    +   + 
Lorryia reticulata  +   +      
Pronematus  anconai   +      +  
P. rapidus        +   
P. sextoni  + +     +   
Pronematulus oblongus   +        

Family Cunaxidae THOR, 1902 
Cunaxoides parvus   +        
C. ulcerosus       +    
Cunaxoides sp. +         

Family Stigmaeidae OUDEMANS, 1931 
Eustigmaeus pinnata        +   
E. rhodomela     +      
Mediolata pini     +      
Stigmaeus longipilis     +      
Zetzellia mali  + +    +    
Villersiella sp. +         

Family Anystidae OUDEMANS, 1902 
Anystis baccarum  +         

Family Tetranychidae DONNADIEU, 1975 
Panonychus citri       +    
P. ulmi  +  +   +    
Schizotetranychus 
pomeranzevi  

+ +        

S. prunicola  + +      +  
S. fraxini  + + + + + + + +  
S. rajae  +         
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S. orientalis  +   +    + + 
S. uchidai  +         
S. populi  +         
Amphitetranychus 
viennensis  

 +  +    +  

Tetranychus lonicerae +         
T. urticae   +        
T. pamiricus  +     +    
T. polygoni  +         
T. sawzdargi  +         
Metatetranychoides 
longiclavatus  

+         

Polynychus rubicundus  + +    + +   
P. przhevalskii  +      +   

Family Bryobiidae BERLESE, 1913 
Bryobia (Lyobia) ribis  +   +      
B. lonicerae  + +  +    +  
B. ulmophila   +      +  
B. redicorzevi   + + +  + + + + 
B. angustisetis  +       + + 
B (L) confusа       +  
B. (B.) graminum  +   +    +  
B. lagodechiana         +  
B. vasiljevi        +  
B. tiliae        +   

Family Tenuipalpidae BERLESE, 1913 
Cenopalpus (C.) mespili  +      +   
C. piger  +  + +      
C. pennatisetis  +   +  +    
C. pulcher  + +  +      
C. ruber  +         
C. populi  +   +      
Amblypalpus narsikulovi     +      

Family Eriophyidae NALEPA, 1898 
Eriophyes angro  +         
E. cochi  + +        
E. mali  +         
E. pyri  +         
E. similis  +         
Aculus schlechtendali  + +    +    

Family Acaridae LEACH, 1816 
Acarus tyrophagoides  +         
Acotyledon agilis    +    +   
A. rhizoglyphoides  +  +   +  +  
A. redikorzevi  +   +  + +   

Family Glycyphagidae BERLESE, 1923 
Glycyphagus ornatus         +  
Erythraeus sp.       +   

Order Parazitiformes REUTER, 1909 
Family Phytoseiidae BERLESE, 1916 

Amblyseius andersoni   +      +  
A. agrestis         +  
A. astutus          + 
A. finlandicus  + + + + + + + + + 
A. graminis       +    
A. herbarius  +         
A. marginatus  +         
A. meridionalis        +   
A. meghriensis        +   
A. rademacheri        +   
A. reductus   +    +    
A. umbraticus   +        
Typhloctonus formosus   +        
T. sguamiger   +        
Typhlodromus cotoneastri   +  +   +   
T. pyri   +       + 
T. tiliarum          + 
Anthoseius caudiglans        +   
A. inopinatus         +  
A. rhenanus     +      
A. recki  +         
Kampimodromus aberrans  + +  +  +   + 
K. langei  + +    +    
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10%
2%1%

19%

2%
5%

1%
13%8%

5%
1%

5%

3%
1%

24%

Tarsonemidae 

Pygmephoridae

Scutacaridae 

Tydeidae

Cunaxidae 

Stigmaeidae

Anystidae

Tetranychidae

Bryobiidae 

Tenuipalpidae

Cryptognathidae

Eriophyidae 

Acaridae

Glycyphagidae

Phytoseiidae

K. marzhaniani         +  
Phytoseius echinus  + +  +      
P. juvenis  +        
Phytoseius corniger  + +        
P. plumifer +         
P. hera +         
P. salicis    +      
Paraseiulus soleiger         + 
Paraseiulus subsoleiger        +  
Metaseiulus longipilis  +     +   

 
 

 
 

 
 
 

 
 
 
 

 
 
 

 
 

 
 

 
Figure 3. Trophic specialization of the mites of fruit plantations.  
Figura 3. Specializarea trofică a acarienilor plantaţiilor fructifere. 

 
The study of trophic relationships offers the possibility to foreseen the changes in the composition of dominant 

species of phytophagous mites and the development of their population density. 
In apple fruit plantations economically important species of phytophagous mites were identified: Eriophyes 

angro, Е. cochi, Aculus schlechtendali, Schizotetranychus (E.) fraxini, S. pomeranzevi, S. prunicola, Panonychus citri, P. 
ulmi, Amphitetranychus viennensis, Tetranychus urticae. Most effective in combating phytophagous mites are predatory 
mites Amblyseius andersoni, A. finlandicus, Typhloctonus formosus, Typhlodromus cotoneastri, T. pyri, Anthoseius 
rhenanus, Kampimodromus aberrans, Phytoseius juvenis, P. echinus (KULICOVA, 1997, 2000, 2000a, 2007, 2007a).  

The factors influencing the diversity of fruit plantation mites are: plant species, age, soil properties, air 
temperature and humidity. We further render the trophic specialization of mites on 9 species of fruit plants: 

Malus domestica BORKH. - Tarsonemidae 8%, Tydeidae 14%, Cunaxidae 2%, Stigmaeidae 3%, Bryobiidae 
6%, Tenuipalpidae 9%, Acaridae 5%, Phytoseiidae 15%, Eriophyidae 9%, Pygmephoridae 2%, Scutacaridae 2%, 
Tetranychidae 22%, Anystidae 2% (Fig. 4). 
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Figure 4. Mites of Malus domestica fruit plantations.  
Figura 4. Acarienii plantaţiilor fructifere de Malus domestica. 

 
Armeniaca vulgaris LAM. - Tarsonemidae 4%, Tydeidae 30%, Stigmaeidae 4%, Bryobiidae 8%, 

Tenuipalpidae 4%, Acaridae 8%, Glycyphagidae, Phytoseiidae 29%, Tetranychidae 13% (Fig. 5). 
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Figure 5. Mites of Armeniaca vulgaris fruit plantations.  

Figura 5. Acarienii plantaţiilor fructifere de Armeniaca vulgaris. 
 

Cydonia oblonga MILL. - Tarsonemidae 8%, Tydeidae 26%, Cunaxidae 4%, Stigmaeidae 4%, Bryobiidae 4%, 
Tenuipalpidae 4%, Acaridae 4%, Phytoseiidae 21%, Eriophyidae 4%, Tetranychidae 21%  (Fig. 6). 
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Figure 6. Mites of Cydonia oblonga fruit plantations. 

Figura 6. Acarienii plantaţiilor fructifere de Cydonia oblonga. 
 

Pyrus communis L. - Tarsonemidae 28%, Tydeidae 18%, Bryobiidae 9%, Tenuipalpidae 9%, Acaridae 9%, 
Phytoseiidae 9%, Tetranychidae 18% (Fig. 7). 

 

 
Figure 7. Mites of Pyrus communis fruit plantations.  

Figura 7. Acarienii plantaţiilor fructifere de Pyrus communis. 
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Prunus domestica L. - Tarsonemidae 10%, Tydeidae 24%, Bryobiidae 7%, Tenuipalpidae 2%, Acaridae 9%, 
Phytoseiidae 34%, Tetranychidae 14%, Cunaxidae 2%, Stigmaeidae 2%, Eriophyidae 5% (Fig. 8). 

 

 
Figure 8. Mites of Prunus domestica fruit plantations.  

Figura 8. Acarienii plantaţiilor fructifere de Prunus domestica. 
 

Cerasus avium (L.) MOENCH. - Tarsonemidae 13%, Tydeidae 18%, Stigmaeidae 9%, Bryobiidae 13%, 
Tenuipalpidae 16%, Acaridae 3%, Phytoseiidae 19%, Tetranychidae 9% (Fig. 9). 
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Figure 9. Mites of Cerasus avium fruit plantations.  

Figura 9. Acarienii plantaţiilor fructifere de Cerasus avium. 
 

Cerasus vulgaris MILL. - Tarsonemidae 8%, Tydeidae 13%, Bryobiidae 36%, Tenuipalpidae 9%, Acaridae 
4%, Phytoseiidae 26%, Tetranychidae 17%,  Glycyphagidae 4% (Fig. 10). 
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Figure 10. Mites of Cerasus vulgaris fruit plantations.  

Figura 10. Acarienii plantaţiilor fructifere de Cerasus vulgaris. 
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In fruit plantations the association of certain mite species to certain fruit tree species was detected. For the first 
time, the list of rare species of mites was compiled - 87 species, which reflects the current state of knowledge and the 
distribution of each species. We have also introduced species represented by single individuals in the list. 
 In seed fruit orchards 42 species of mites were found: 

- Malus domestica BORKH.: Tarsonemus hermes, Tydeus obstinatus, Paralorryia ferula, P. ocellata, Tydides 
ulter, Cunaxoides sp., Villersiella sp., Bryobia ribis, Cenopalpus mespili, C. ruber, Acarus tyrophagoides, Amblyseius 
herbarius, A. marginatus, Anthoseius recki, Phytoseius corniger, P. plumifer, P. hera, Eriophyes mali, E. angro, E. 
pyri, E. similis, Siteroptes crossi, S. hassi, Imparipes puberulus, Schizotetranychus (E.) uchidai, S. rajae, S. populi, 
Metatetranychoides longiclavatus, Tetranychus lonicerae, T. pamiricus, T. polygoni, T. sawzdargi, Anystis baccarum;  

- Pyrus communis L.: Tarsonemus angulatus, T. pauperoseatus;  
- Cydonia oblonga MILL.: Tarsonemus lobus, Tydeus devexus, Paralorryia opifera, P. woolleyi, Cunaxoides 

ulcerosus, Amblyseius graminis, Panonychus citri.  
In stone fruit gardens 45 species of mites were registered: 
- Cerasus avium (L.) MOENCH: Tarsonemus ellipticus, Tydeus kochi, Paralorryia subularis, Amblypalpus 

narsikulovi, Eustigmaeus rhodomela, Stigmaeus longipilis, Mediolata pini, Typhlodromus cotoneastri, Phytoseius salicis;  
- Armeniaca vulgaris LAM.: Tarsonemus bifurcatus, Tydeus mirabilis, T. praefatus, Paralorryia lena, 

Pronematus rapidus, Eustigmaeus pinnata, Bryobia (L.) tiliae, Cenopalpus mespili, Erythraeus sp., Amblyseius 
rademacheri, A. meridionalis, A. meghriestis, Anthoseius caudiglans, Metaseiulus longipilis, Polynychus rubicundus;  

- Cerasus vulgaris MILL.: Amblyseius agrestis, Anthoseius inopinatus, Kampimodromus marzhaniani, 
Paraseiulus subsoleiger, Glycyphagus ornatus, Bryobia (L.) lagodechiana, B. vasiljevi, B (L) confusа;  

- Prunus domestica L.: Tarsonemus piliger, T. vulgaris, Pronematulus oblongus, Tydeus dignus, Cunaxoides 
parvus, Typhloctonus formosus, T. sguamiger, Phytoseius juvenis, Metaseiulus longipilis, Phytoseius corniger;  

- Prunus divaricata LEDEB.: Amblyseius astutus, Typhlodromus tiliae, Tydeus elinguis.  
The study of mite fauna in fruit plantations should continue in order to provide fruit producing enterprises 

forecasts (short and long term) of the possible damages produced by phytophagous mites. 
 

CONCLUSIONS 
 

Mite fauna of fruit plantations of the Republic of Moldova consists of 132 species: at Malus domestica (66), 
Armeniaca vulgaris (24), Cydonia oblonga (25), Pyrus communis (11), Prunus domestica (42), Cerasus avium (32), 
Cerasus vulgaris (23), Prunus divaricata (16), Persica vulgaris (3). 

In apple fruit plantations, the dominant species of phytophagous mites are Eriophyes angro, Е. cochi, Aculus 
schlechtendali, Schizotetranychus (E.) fraxini, S. pomeranzevi, S. prunicola, Panonychus citri, P. ulmi, 
Amphitetranychus viennensis, Tetranychus urticae. The dominant predatory mite species are Amblyseius andersoni, A. 
finlandicus, Typhloctonus formosus, T. cotoneastri, T. pyri, Anthoseius rhenanus, Kampimodromus aberrans, 
Phytoseius juvenis, P. echinus.  

Rare species of mites were found in fruit plantations: in seed fruit ones – 42, in stone fruit ones – 45. 
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COLLEMBOLA (HEXAPODA) FROM THE RIPARIAN HABITATS 
OF THE DNIESTER RIVER  

 
 

BUŞMACHIU Galina 
 

Abstract. The paper includes 138 Collembolan species from diverse habitats situated along the banks of the Dniester River. The 
majority of species has a large zoogeographical distribution: European (36 species), cosmopolitan (33), Palaearctic (28), Holarctic 
(25) and Mediterranean (5). Eleven species have restricted area of distribution; some of them are known also from Romania and 
Ukraine, the others are endemic. Identified Collembola species are highly diversified ecologically and in many cases habitat-
restricted that indicate the importance and conservation value of the Dniester River ecosystems.  
 
Keywords: Collembola, Dniester River, ecology, species diversity. 
 
Abstract. Collembola (Hexapoda) din ecosistemele riverane ale fluviului Nistru. Lucrarea include 138 specii de 
colembole identificate în diverse biotopuri amplasate de-a lungul malurilor fluviului Nistru, cu predominrea speciilor cu areal larg de 
distribuţie: Europene (36 species), cosmopolite (33), Palaearctice (28), Holarctice (25) şi Mediteraneene (5). Unsprezece specii au 
areal îngust de răspândire, fiind cunoscute în România şi Ucraina sau sunt endemice. Speciile de colembole identificate au preferinţe 
ecologice diverse şi sunt adesea depistate în microhabitate unice, ceea ce indică importanţa şi necesitatea păstrării şi conservării 
ecosistemelor riverane ale Nistrului. 
 
Cuvinte cheie: Collembola, fluviul Nistru, ecologie, diversitate specifică. 

 
INTRODUCTION 

 
Collembola are the most diverse, abundant and widely distributed groups of invertebrate animals and constitute 

the vast majority of fauna living in the soil and litter. These invertebrates have some very important attributes: 
taxonomic and ecological diversification; fidelity to narrow niches and microhabitats; high endemism; easy sampling; 
sensitivity to perturbation; important contribution to ecosystem function, so Collembola, among other invertebrate 
groups, were the most useful indicators for locating biodiversity hotspots and for measuring change. 

The faunistic and ecological researches of the river banks and floodplains using this small group of 
invertebrates present special interest (KHANISLAMOVA, 1988; BULIMAR, 1992; ČARNOGURSKÝ, 1998; STERZYNSKA & 

EHRNSBERGER, 1999; STERZYNSKA & PILIPIUK, 1999; RUSSELL et al., 2004; TRONSTAD et al., 2005). The bank of rivers 
and floodplains are in a permanent transformation. The spring river floods or abundant rains increase greatly the water 
level and transcend the usual bank limit, bringing to the banks biogenic elements such as fine particle of organic matter.  

The Dniester River is unique because of  its geographical and transboundary position and the broad spectrum 
of habitats including petrophyte and Mediterranean types of forests, Populus alba, Pinus nigra and Robimia 
pseudoacacia plantations, the rocky slope of calcareous canyons, small lakes, meadows, large flooded areas and 
agricultural fields (POSTOLACHE, 1995).  

The first result of the study of Collembola along the banks of the Dniester River was published in 2004. Since 
then several papers including the biotopic, faunistic and ecological analysis have been done (BUŞMACHIU, 2004, 2006, 
BUŞMACHIU & ZUBCOV, 2007). The aim of this paper is to unify all data concerning collembolan species richness and 
diversity along the banks of the Dniester River, their distribution, ecology and preferences. The study was supported by 
the projects No. 08.820.08.02 BF and 10.820.08.07 BF. 
  

MATERIALS AND METHODS 
 

Characteristics of the studied habitats. The samples of the faunistic material were collected from the soil, 
litter, wood decompose, moss, tree trunks, herbs and aquatic plants near 29 localities situated along the Dniester River.  
The banks of river changed gradually from calcareous to sand and silt with different texture along the riverbeds, 
forming a large spectrum of habitats. The Carpathian part of the river is covered by petrophyte forests and low shrubs; 
the poplar, willow and acacia plantations are in the Middle part; the flooded forests and meadows are in the Lower 
Dniester. The Mediterranean types of the forest and spot of steppe are situated on the bank with high altitude of the 
Lower Dniester.    

The list of habitats, localities and its abbreviation:  
1. The petrophyte community on the rocky slope of calcareous canyons near the localities Butuceni (B.), 

Camenca (C.), Orheiul Vechi (OV), Mărcăuţi (M.), Lalova (L.), Raşcova (Rc.), Saharna (S.), Sărăteni (St.), Tătărăuca 
Nouă (TN), Ţipova (Ţ.), Unguri (U.) and Vîşcăuţi (V.). 

2. The banks of the river covered with herbaceous plants and trees plantations near the towns Soroca (Sr.) and 
Rezina (R.), villages Cocieri (Co.), Goieni (G.), Gura Bîcului (GB), Holercani (H.), Otaci (O.), Malovata (Ml.) and 
Naslavcea (N.). 
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3. Flooded areas expanded through dozens of kilometres along numerous meanders with paludous vegetation, 
natural forest on the base of oak, as well as meadows on alluvial soil near the villages Copanca (Cp.), Crocmaz (Cr.), 
Iagorlîc (I.), Leuntea (Le.), Olaneşti (Ol.) and Talmaza (T.).  

4. Spot of natural steppe - xerophilous ecosystem occurs near the village Răscăieţi (Rs.).  
5. Natural forest with elements of Mediterranean flora adapted to xerothermic conditions near the village 

Grădiniţa (Gr.).  
Sampling and extraction. Collembola were collected during 2001-2010 years; extraction was made using 

flotation method and then fixed in 70-80 % ethyl alcohol. The species of Collembola in the open habitats, meadows and 
from aquatic plants were also collected by exhauster and fixed immediately in alcohol. Collembolan specimens were 
mounted on permanent slides and identified according to the basic keys and some modern systematic works. 
 

RESULTS AND DISCUSSIONS 
 

As a result of investigation, 138 species of Collembola belonging to 66 genera and 17 families have been 
found in different habitats situated along the banks of the Dniester River. That is more than half of the species of this 
group cited from the Republic of Moldova (BUŞMACHIU, 2010). The highest number of registered collembolan species 
were from the families Entomobryidae (33 species), Neanuridae (19), Isotomidae (18), Hypogastruridae (15), 
Onychiuridae (13) and Tullbergidae (11).  Two families, Sminthuridae and Katiannidae, were represented by 5 species, 
when the families Tomoceridae, Odontellidae and Dicyrtomidae only with 3 species each. The other collembolan 
families such as Brachystomellidae, Cyphoderidae, Sminthurididae and Neelidae have only two found species, while 
Poduridae and Arrhopalitidae only one species each. 

The list of collembolan species with the localities, distributions, life forms and some ecological data 
(CHERNOBAI et al., 2003; FJELLBERG, 1998; KRAWCZYNSKI, 2006) are included in Table 1. The abbreviation of the 
localities is included in the material and methods. 

In the petrophyte forests, there were found such species as: Ceratopysella engadinensis, Schoettella 
ununguiculata, Morulina verrucosa, Pseudachorutella assigilata, Superodontella sp., Tetrodontophora bielanensis, 
Pseudosinella imparipunctata, Orchesella orientalis, O. multifasciata, Sphaeridia pumilis and Ptenothrix leucostrigata.  

From the moist soil along the bank and aquatic herbs, we sampled the following hygrophilous species – 
Friesea afurcata, Anurida ellipsoides, Stenaphorura denisi, Ballistura schoetti, Isotomurus palustris, and epineustic 
species Podura aquatica, Sminthurides aquaticus.  

The typical species for calcareous soil and moss on calcareous soil are: Kalaphorura paradoxa,  
Thalassaphorura tovtrensis, Protaphorura pannonica, Jevania weineriae, Orchesella maculosa, Xenylla uniseta, 
Folsomides angularis and F. marchicus. Some species, such as Stachia populosa, Isotomodes productus, Folsomides 
parvulus, have been found only in open xerothermophilous steppe habitats. 

In the litter of natural forests, trees plantation and under low shrubs the following 15 species were found: 
Ceratophysella succinea, Pseudachorutes subcrassus, Deutonura albella, Neanura moldavica, Pogonognathellus 
flavescens, Tomocerus minor, Orchesella albofasciata, Entomobrya atrocincta, Entomobrya multifasciata, E. 
quinquelineata, Pseudosinella octopunctata, Pseudosinella horaki, Heteromurus major, Folsomia quadrioculata and 
Orchesella pseudobifasciata. 

Among the studied species, it is interesting to emphasize some of them: Orchesella orientalis and O. maculosa 
were cited earlier in Romania (IONESCO, 1915) and Ukraine (CHERNOBAI et al., 2003), two species Dimorphaphorura 
irinae and Endonura gracilirostris have been recently described in Ukraine and then found in the soil of calcareous 
canyon of the Dniester River. Two species Morulina verrucosa and Tetrodontophora bielanensis are the Carpathian 
elements in the fauna of the Republic of Moldova, while such species as Willemia intermedia, Hymenaphorura 
polonica, Jevania weinerae and Neanura minuta are very rare, with few individuals and found only in one microhabitat 
of the studied localities. It is important to reveal the zoogeographical analysis of the studied species (Fig. 1).  

Most of them have a large area of distribution: European 36 species (26.1%), cosmopolitan 33 (23.9%), 
Palaearctic 28 (20.3%), Holarctic 25 (18.1%) and Mediterranean 5 (3.6%). However, among  the studied species, 11 
(8%) have a restricted area of distribution being also present in the adjacent countries Romania and Ukraine or are 
endemic, such as Lathriopyga nistru (BUŞMACHIU, DEHARVENG & WEINER, 2010), Neanura moldavica (BUŞMACHIU &  

DEHARVENG, 2008), Xenylla andrzeji (BUŞMACHIU & WEINER, 2008), Pseudosinella gruiae (DA GAMA & BUŞMACHIU, 
2002), Protaphorura sp., Arrhopalites sp. and Superodontella sp. 

Collembola are highly diversified ecologically and also habitat-restricted taxa, so the presence of rare and 
unique collembolan species as well as newly described species, indicate the importance and conservation value of the 
Dniester River ecosystems. 

 
CONCLUSIONS 

 
The investigation carried out in different habitats situated along the banks of the Dniester River allows us to 

reveal 138 species of Collembola belonging to 66 genera and 17 families. Among the studied species 127 have a large 
area of distribution: European 36 species (26.1%), cosmopolitan 33 (23.9%), Palaearctic 28 (20.3%), Holarctic 25 
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(18.1%) and Mediterranean 5 (3.6%). Eleven species have a restricted area of distribution; some of them are also known 
from Romania and Ukraine; the others are endemic.  

The identified Collembola species are highly diversified ecologically and in many cases habitat-restricted. The 
presence of the rare and unique collembolan species as well as newly described species, indicate the importance and 
conservation value of the Dniester River ecosystems.  

 

 
 

Figure 1. Distribution of collembolan species identified in the riparian habitats of the Dniester River. 
Figura 1. Distribuţia zoogeografică a speciilor de colembole identificate în habitatele riverane ale fluviului Nistru. 

 
ACKNOWLEDGEMENTS 

 
I’m warmly grateful to Professor Wanda Weiner - Institute of Systematics and Evolution of Animals (Krakow, 

Poland) for the help in the identification of some species and scientific support. 
 

REFERENCES 
 

BULIMAR FELICIA. 1992. Compoziţia faunistică şi structura comunităţilor de colembole (Collembola: Insecta) în 
ecosistemele stuficole din Delta Dunării. Analele Ştiinţifice ale Institutului Delta Dunării. Tulcea: 95-100. 

BUŞMACHIU GALINA. 2004. Biotopical distribution of Collembola in the riverbank of transboundary Dniester River. In: 
Integrated menagenent of natural resources in the transboundary Dniester River basin. Proceedings of the 
International Conference. Chişinău: 67-69. 

BUŞMACHIU GALINA. 2006. The structure of collembolan communities in the riverside zone of the Lower Prut. 
Collection of Scientific Articles. Bender: 142-146. 

BUŞMACHIU GALINA. 2010. Checklist of springtails (Collembola) from the Republic of Moldova. Travaux du Museum 
National d’ Histoare Naturelle “Grigore Antipa”. Bucureşti. 53: 149-160. 

BUŞMACHIU GALINA & DEHARVENG L. 2008.  Neanurinae and  Morulininae of Moldova (Collembola: Neanuridae), 
with description of Neanura moldavica sp.n. Zootaxa. Krakow. 1714: 61-66. 

BUŞMACHIU GALINA, DEHARVENG L., WEINER WANDA MARIA 2010. A new species of the genus Lathriopyga Caroli, 
1910 (Collembola: Neanuridae: Neanurinae) from the Republic of Moldova. Zootaxa. Krakow. 1639: 53-58. 

BUŞMACHIU GALINA & ZUBCOV E. 2007. Some peculiarities of Collembola distribution in the riverain zones of the 
Dniester River. Studia Universitates “Babes-Bolyai”. Cluj-Napoca. 52(2): 3-10. 

BUŞMACHIU GALINA & WEINER WANDA MARIA. 2008. Species of Xenylla (Collembola: Hypogastruridae) from the 
Republic of Moldova, with description of Xenylla andrzeji sp.nov. Zootaxa. Krakow. 1959: 65-68 

ČARNOGURSKÝ J. 1998. Influence of the simulated flood on the collembolan communities in the former seasonally 
flooded Danubian forest near the Gabčikovo. Soil Zoology in Central Europe. Česke Budĕjovice: 13-17. 

CHERNOBAI J. M., KAPRUS I. I., RISUN V. B. et al. 2003. [Ecology and fauna of soil invertebrates from Western Volino-
Podolie]. Kiev. Naukova dumka. 387 pp.  

FJELLBERG A. 1998. The Collembola of Fennoscandia and Denmark. Part I: Poduromorpha. Fauna Entomologica 
Scandinavica. Denmark. 15: 1-184. 

GAMA DA MARIA MANUELA &  BUSMACHIU GALINA. 2002. Systématique évolutive des Pseudosinella. XVI. Espèces 
édaphiques de la Moldavie (Insecta: Collembola). Revue suisse de Zoologie. 109(4): 679-685. 

IONESCO C. N. 1915. Contributions à la faune des insects Collemboles (terrestres, cavernicoles et aquatiques) de 
Roumanie. Annales Scientifiques de l'Université de Jassy. 9(3-4): 463-518. 

KHANISLAMOVA GUZEL  1986. Particularity of Collembolan communities in the condition of floodplain. In: Fauna and 
ecology of Collembola. Moscow. Nauka: 78-89. 

KRAWCZYNSKI R. 2006. Succession of Collembola in the post-mining landscape of Lower Lusatia. Hannover. 201 pp. 



BUŞMACHIU Galina 

66 
 

POSTOLACHE G. 1995. Vegetaţia Republicii Moldova. Ştiinţa. Chişinău. 340 pp. 
RUSSELL D., HAUTH A., FOX O. 2004. Community dynamics of soil Collembola in floodplains of the Upper Rhine 

Valley. Pedobiologia. 48: 527-536. 
STERZYNSKA MARIA & EHRNSBERGER R. 1999. Diversity and structure of Collembola communities in wetlands. 

Proceedings of 5th Central European Workshop on Soil Zoology. Ceske Budejovice: 325-334. 
STERZYNSKA MARIA & PILIPIUK I. 1999. Communities of soil fauna (Enchytraeidae, Collembola) in Biebrza river basin. 

Soil Zoology in Central Europe. Česke Budĕjovice: 335-342. 
TRONSTAD L., TRONSTAD B., BENKE A. 2005. Invertebrate seedbanks: rehydration of soil from an unregulated river 

floodplain in the south–eastern US. Freshwater Biology. 50: 646-655.  

 
 

Buşmachiu Galina 
Institute of Zoology, Academy of Sciences of Moldova, 

Academy Str., No. 1, 2028 Chisinau, Republic of Moldova, 
E-mail: bushmakiu@yahoo.com 

 
Received: March 25, 2011 

Accepted: July 19, 2011 

 
 



 

67 

T
ab

le
 1

. T
he

 li
st

 o
f 

C
ol

le
m

bo
la

 s
pe

ci
es

 f
ro

m
 th

e 
ri

ve
ri

ne
 e

co
sy

st
em

s 
w

it
h 

di
st

ri
bu

ti
on

 a
nd

 s
om

e 
ec

ol
og

y.
 

   
   

 T
ab

el
 1

. L
is

ta
 s

pe
ci

il
or

 d
e 

co
le

m
bo

le
, d

is
tr

ib
uţ

ia
 ş

i e
co

lo
gi

a 
lo

r 
în

 e
co

si
st

em
el

e 
ri

ve
ra

ne
. 

 

N
o.

 
T

ax
a 

 

L
oc

al
it

ie
s 

 
D

is
tr

ib
u

ti
on

, l
if

e 
fo

rm
s 

an
d

  e
co

lo
gi

ca
l d

at
a 

 
F

am
il

y 
H

yp
og

as
tr

u
ri

d
ae

 
 

 
1 

H
yp

og
as

tr
ur

a 
m

an
ub

ri
al

is
  (

T
U

L
L

B
E

R
G

, 1
86

9)
 

V
. 

C
os

m
op

ol
it

an
, c

om
po

st
 a

nd
 f

un
gi

vo
ro

us
 s

pe
ci

es
 

2 
H

yp
og

as
tr

ur
a 

ve
rn

al
is

 (
C

A
R

L
, 1

90
1)

 
G

B
, L

e.
 

C
os

m
op

ol
it

an
, h

yg
ro

ph
il

ou
s,

 r
iv

er
in

e 
an

d 
m

ea
do

w
 s

pe
ci

es
 

3 
C

er
at

op
hy

se
ll

a 
de

nt
ic

ul
at

a 
(B

A
G

N
A

L
L
, 1

94
1)

 
C

p.
, O

l. 
 

C
os

m
op

ol
it

an
, h

em
ie

da
ph

ic
, m

es
op

hi
lo

us
 s

pe
ci

es
 

4 
C

er
at

op
hy

se
ll

a 
en

ga
di

ne
ns

is
 (

G
IS

IN
, 1

94
9)

 
L

., 
L

e.
, S

., 
T

. 
C

os
m

op
ol

it
an

 s
pe

ci
es

 o
f 

dr
y 

op
en

 h
ab

it
at

s 
5 

C
er

at
op

hy
se

ll
a 

su
cc

in
ea

 G
IS

IN
, 1

94
9 

B
., 

G
B

. 
C

os
m

op
ol

it
an

, m
es

op
hi

lo
us

 a
nd

 c
om

po
st

 s
pe

ci
es

 
6 

Sc
ho

et
te

ll
a 

un
un

gu
ic

ul
at

a 
(T

U
L

L
B

E
R

G
, 1

86
9)

 
G

r.
, G

B
, L

., 
H

., 
O

V
.  

H
ol

ar
ct

ic
, t

he
rm

op
hi

lo
us

 a
nd

 x
er

op
hi

lo
us

, e
pi

ed
ap

hi
c 

 s
pe

ci
es

  
7 

C
ho

re
ut

in
ul

a 
in

er
m

is
 (

T
U

L
L

B
E

R
G

, 1
87

1)
 

O
. 

P
al

ae
ar

ct
ic

, f
or

es
t s

pe
ci

es
 

8 
X

en
yl

la
 a

nd
rz

ej
i B

U
S

M
A

C
H

IU
, W

E
IN

E
R

, 2
00

8 
B

. 
R

. M
ol

do
va

, f
or

es
t s

pe
ci

es
 

9 
X

en
yl

la
 b

oe
rn

er
i (

A
X

E
L

S
O

N
,1

90
5)

 
B

.  
P

al
ae

ar
ct

ic
, b

ry
op

hi
lo

us
 a

nd
 s

il
vi

co
lo

us
 s

pe
ci

es
 

10
 

X
en

yl
la

 b
re

vi
ca

ud
a 

T
U

L
L

B
E

R
G

, 1
86

9 
B

., 
G

r.
, H

.  
P

al
ae

ar
ct

ic
, e

pi
ed

ap
hi

c,
 f

or
es

t s
pe

ci
es

, p
re

fe
rs

 d
ry

 h
ab

it
at

s 
11

 
X

en
yl

la
 b

re
vi

si
m

il
is

 b
re

vi
si

m
il

is
 S

T
A

C
H

, 1
94

9 
G

B
, O

V
, L

e.
, R

s.
, T

. 
E

ur
op

ea
n,

 th
er

m
op

hi
lo

us
, s

il
vi

co
lo

us
 s

pe
ci

es
 

12
 

X
en

yl
la

 m
ar

it
im

a 
T

U
L

L
B

E
R

G
, 1

86
9 

O
V

, T
., 
Ţ

. 
C

os
m

op
ol

it
an

, c
or

ti
ci

co
lo

us
 s

pe
ci

es
  

13
 

X
en

yl
la

 u
ni

se
ta

 G
A

M
A

, 1
96

3 
S

. 
E

ur
op

ea
n 

br
yo

ph
il

ou
s 

sp
ec

ie
s 

14
 

W
il

le
m

ia
 in

te
rm

ed
ia

 M
IL

L
S
, 1

93
4 

L
e.

 
H

ol
ar

ct
ic

, e
ue

da
ph

ic
, m

yc
et

op
ha

go
us

 a
nd

 a
ci

do
ph

il
ou

s 
sp

ec
ie

s 
 

15
 

W
il

le
m

ia
 s

ca
nd

in
av

ic
a 

S
T

A
C

H
, 1

94
9 

G
r.

, L
e.

 
H

ol
ar

ct
ic

, e
ue

da
ph

ic
, t

ro
gl

op
hi

lo
us

 s
pe

ci
es

 
 

F
am

il
y 

B
ra

ch
ys

to
m

el
li

d
ae

 
 

 
16

 
B

ra
ch

ys
to

m
el

la
 c

ur
vu

la
 G

IS
IN

, 1
94

8 
L

e.
 

E
ur

op
ea

n,
 x

er
op

hi
lo

us
 a

nd
 th

er
m

op
hi

lo
us

 s
pe

ci
es

 
17

 
B

ra
ch

ys
to

m
el

la
 p

ar
vu

la
 (

S
C

H
Ä

F
F

E
R

, 1
89

6)
 

O
. 

C
os

m
op

ol
it

an
, m

es
op

hi
lo

us
 s

pe
ci

es
 o

f 
m

oi
st

 o
pe

n 
ha

bi
ta

ts
 

 
F

am
il

y 
N

ea
n

u
ri

d
ae

 
 

 
18

 
F

ri
es

ea
 a

fu
rc

at
a 

D
E

N
IS

, 1
92

7 
C

o.
 

M
ed

it
er

ra
ne

an
, h

em
ie

da
ph

ic
, h

yg
ro

ph
il

ou
s 

sp
ec

ie
s 

19
 

F
ri

es
ea

 m
ir

ab
il

is
 (

T
U

L
L

B
E

R
G

, 1
87

1)
 

  L
e.

, T
N

, S
., 

S
r.

  
C

os
m

op
ol

it
an

, u
bi

qu
is

t a
nd

 a
ci

do
ph

ilo
us

 s
pe

ci
es

  
20

 
F

ri
es

ea
 tr

un
ca

ta
 C

A
S

S
A

G
N

A
U

, 1
95

8 
S

. 
P

al
ae

ar
ct

ic
, c

om
m

on
 f

or
es

t s
pe

ci
es

 
21

 
P

se
ud

ac
ho

ru
te

ll
a 

as
si

gi
la

ta
 B

O
R

N
E

R
, 1

90
1 

S
t. 

P
al

ae
ar

ct
ic

, r
ar

e 
fo

re
st

 s
pe

ci
es

 
22

 
P

se
ud

ac
ho

ru
te

s 
du

bi
us

 K
R

A
U

S
B

A
U

E
R

, 1
89

8 
L

e.
 

P
al

ae
ar

ct
ic

, f
or

es
t s

pe
ci

es
 

23
 

P
se

ud
ac

ho
ru

te
s 

pa
rv

ul
us

 B
O

R
N

E
R

, 1
90

3 
G

r.
, L

e.
, R

s.
 

P
al

ae
ar

ct
ic

, h
em

ie
da

ph
ic

, a
ci

do
ph

il
ou

s 
fo

re
st

 s
pe

ci
es

 
24

 
P

se
ud

ac
ho

ru
te

s 
pr

at
en

si
s 

R
U

S
E

K
, 1

97
3 

B
., 

R
s.

, T
., 
Ţ

. 
E

ur
op

ea
n,

 e
ur

yt
op

ic
, m

es
op

hi
lo

us
 h

em
ie

da
ph

ob
io

nt
  

25
 

P
se

ud
ac

ho
ru

te
s 

su
bc

ra
ss

us
 T

U
L

L
B

E
R

G
,1

87
1 

L
e.

, O
., 

S
., 

V
. 

P
al

ae
ar

ct
ic

, m
es

op
hi

lo
us

, f
or

es
t h

em
ie

da
ph

ob
io

nt
 

26
 

M
ic

ra
nu

ri
da

 p
yg

m
ae

a 
B

Ö
R

N
E

R
, 1

90
1 

L
e.

, O
V

, R
s.

, S
., 
Ţ

 
C

os
m

op
ol

it
an

, e
ur

yt
op

ic
, h

yg
ro

ph
il

ou
s 

an
d 

ac
id

op
hi

lo
us

 s
pe

ci
es

 
27

 
A

nu
ri

da
 e

ll
ip

so
id

es
 S

T
A

C
H

, 1
94

9 
S

r.
 

P
al

ae
ar

ct
ic

, e
ue

da
ph

ic
, h

yg
ro

ph
il

ou
s 

sp
ec

ie
s 

28
 

A
nu

ri
da

 tu
ll

be
rg

i S
C

H
O

T
T

, 1
89

1 
O

l.,
 M

.  
H

ol
ar

ct
ic

, h
yg

ro
ph

il
ou

s 
sp

ec
ie

s 
29

 
M

or
ul

in
a 

ve
rr

uc
os

a 
(B

O
R

N
E

R
, 1

90
3)

 
U

. 
C

en
tr

al
 E

ur
op

ea
n,

 e
pi

ed
ap

hi
c 

sp
ec

ie
s 

30
 

N
ea

nu
ra

 m
in

ut
a 

G
IS

IN
, 1

96
3 

S
. 

E
ur

op
ea

n,
 h

em
ie

da
ph

ob
io

nt
, f

or
es

t s
pe

ci
es

 
31

 
N

ea
nu

ra
 m

ol
da

vi
ca

 B
U
Ş

M
A

C
H

IU
, D

E
H

A
R

V
E

N
G

, 2
00

8 
G

B
, L

e.
, O

V
, H

., 
R

s.
, T

., 
Ţ

., 
S

.  
R

. M
ol

do
va

, h
em

ie
da

ph
ic

, m
es

op
hi

lo
us

 f
or

es
t s

pe
ci

es
 

32
 

N
ea

nu
ra

 m
us

co
ru

m
 (

T
E

M
P

L
E

T
O

N
, 1

83
5)

  
C

p.
, O

. 
E

ur
op

ea
n,

 h
em

ie
da

ph
ic

, m
es

op
hi

lo
us

 s
il

vi
co

lo
us

 s
pe

ci
es

 
33

 
D

eu
to

nu
ra

 a
lb

el
la

 (
S

T
A

C
H

, 1
92

0)
 

C
r.

, R
s.

, S
.  

E
ur

op
ea

n,
 h

em
ie

da
ph

ic
, m

es
op

hi
lo

us
 f

or
es

t s
pe

ci
es

 
34

 
D

eu
to

nu
ra

 s
ta

ch
i (

G
IS

IN
, 1

95
2)

 
C

p.
, H

., 
S

.  
E

ur
op

ea
n,

 h
em

ie
da

ph
ic

, m
es

op
hi

lo
us

 f
or

es
t s

pe
ci

es
 

35
 

E
nd

on
ur

a 
gr

ac
il

ir
os

tr
is

 
S

M
O

L
IS

, 
S

K
A

R
Z

Y
N

S
K

I, 
P

O
M

O
R

S
K

I, 
K

A
P

R
U

S
, 2

00
7 

B
., 

G
B

, H
., 

O
V

, L
e.

 
R

. M
ol

do
va

, U
kr

ai
ne

, h
em

ie
da

ph
ic

, t
he

rm
op

hi
lo

us
 s

pe
ci

es
 

36
 

L
at

hr
io

py
ga

 n
is

tr
u 

B
U
Ş

M
A

C
H

IU
, D

E
H

A
R

V
E

N
G

, W
E

IN
E

R
, 2

01
0 

L
., 

O
V

, R
c.

,  
R

s.
, Ţ

., 
V

. 
R

. M
ol

do
va

, l
it

te
ri

co
lo

us
 s

pe
ci

es
, u

nd
er

 lo
w

 s
hr

ub
s 

 
F

am
il

y 
O

d
on

te
ll

id
ae

 
 

 
37

 
Su

pe
ro

do
nt

el
la

 s
p.

 
U

. 
R

. M
ol

do
va

, h
em

ie
da

ph
ic

, s
il

vi
co

lo
us

 s
pe

ci
es

 o
f 

w
oo

d 
de

co
m

po
se

 
38

 
A

xe
ny

ll
od

es
 b

ay
er

i K
S

E
N

E
M

A
N

, 1
93

5 
G

B
, L

e.
,V

.  
E

ur
op

ea
n,

 e
ue

da
ph

ic
, t

he
rm

op
hi

lo
us

 s
pe

ci
es

 
39

 
St

ac
hi

a 
po

pu
lo

sa
 (

S
E

L
G

A
, 1

96
3)

 
R

s.
 

P
al

ae
ar

ct
ic

, e
ue

da
ph

ic
, x

er
ot

he
rm

op
hi

lo
us

 s
pe

ci
es

 

Muzeul Olteniei Craiova. Oltenia. Studii şi comunicări. Ştiinţele Naturii.  Tom. 27, No. 1/2011             ISSN 1454-6914 



 

68 

 
F

am
il

y 
O

n
yc

h
iu

ri
d

ae
 

 
 

40
 

T
et

ro
do

nt
op

ho
ra

 b
ie

la
ne

ns
is

 W
A

G
A

, 1
84

2 
U

. 
E

ur
op

ea
n,

 C
ar

pa
th

ia
n,

 li
tt

er
ic

ol
ou

s 
ep

ig
eo

nt
 

41
 

K
al

ap
ho

ru
ra

 p
ar

ad
ox

a 
(S

C
H

A
F

F
E

R
, 1

90
0)

 
 L

., 
Ţ

., 
S

. 
E

ur
op

ea
n,

 e
ue

da
ph

ic
 

42
 

M
ic

ra
ph

or
ur

a 
ur

al
ic

a 
(K

H
A

N
IS

L
A

M
O

V
A

, 1
98

6)
 

Ţ
. 

H
ol

ar
ct

ic
, e

ue
da

ph
ic

 
43

 
D

im
or

ph
ap

ho
ru

ra
 ir

in
ae

 (
T

H
IB

A
U

D
,T

A
R

A
S

C
H

U
K

, 1
99

7)
 

V
. 

R
. M

ol
do

va
, U

kr
ai

ne
, e

ue
da

ph
ic

 s
pe

ci
es

 
44

 
P

ro
ta

ph
or

ur
a 

ar
m

at
a 

(T
U

L
L

B
E

R
G

, 1
86

9)
 

C
p.

, N
., 
Ţ

. 
C

os
m

op
ol

it
an

, e
ue

da
ph

ic
, e

ur
yt

op
ic

 s
pe

ci
es

 
45

 
P

ro
ta

ph
or

ur
a 

ca
nc

el
la

ta
 (

G
IS

IN
,1

95
6)

 
G

B
, R

s.
 

P
al

ae
ar

ct
ic

, e
ue

da
ph

ic
, m

ea
do

w
s 

an
d 

fo
re

st
 s

pe
ci

es
 

46
 

P
ro

ta
ph

or
ur

a 
gi

si
ni

 (
H

A
Y

B
A

C
H

, 1
96

0)
 

 
E

ur
op

ea
n 

eu
ed

ap
hi

c 
sp

ec
ie

s 
47

 
P

ro
ta

ph
or

ur
a 

pa
nn

on
ic

a 
(H

A
Y

B
A

C
H

, 1
96

0)
 

R
c.

 
P

al
ae

ar
ct

ic
, e

ue
da

ph
ic

 s
pe

ci
es

 
48

 
P

ro
ta

ph
or

ur
a 

sa
ka

to
i (

Y
O

S
II

, 1
96

6)
 

B
., 

L
., 

L
e.

, O
., 

R
c.

, S
r.

 
E

ur
op

ea
n,

 e
ue

da
ph

ic
, x

er
ot

he
rm

op
hi

lo
us

 s
pe

ci
es

 
49

 
P

ro
ta

ph
or

ur
a 

su
ba

rm
at

a 
(G

IS
IN

, 1
95

7)
  

B
., 

R
c.

, S
., 

V
. 

E
ur

op
ea

n,
 e

ue
da

ph
ic

, 
50

 
P

ro
ta

ph
or

ur
a 

sp
. 

B
., 

G
., 

O
V

 
R

. M
ol

do
va

, x
er

ot
he

rm
op

hi
lo

us
 e

ue
da

ph
ob

io
nt

   
51

 
T

ha
la

ss
ap

ho
ru

ra
 to

vt
re

ns
is

 (
K

A
P

R
U

S
, W

E
IN

E
R

, 1
99

4)
 

B
. 

R
. M

ol
do

va
, U

kr
ai

ne
, R

us
si

a,
 x

er
ot

he
rm

op
hi

lo
us

 e
ue

da
ph

ob
io

nt
   

52
 

O
rt

ho
ny

ch
iu

ru
s 

st
ac

hi
an

us
 (

B
A

G
N

A
L

L
,1

93
9)

 
G

r.
, S

r.
  

E
ur

op
ea

n,
 e

ue
da

ph
ic

 s
pe

ci
es

  
 

F
am

il
y 

T
u

ll
b

er
gi

id
ae

 
 

 
53

 
Je

va
ni

a 
w

ei
ne

ra
e 

R
U

S
E

K
, 1

97
8 

L
. 

E
ur

op
ea

n,
 e

ue
da

ph
ic

, s
il

vi
co

lo
us

 s
pe

ci
es

 
54

 
D

ou
tn

ac
ia

 x
er

op
hi

la
 R

U
S

E
K

, 1
97

4 
B

., 
I.

, H
., 

O
V

, Ţ
.  

E
ur

op
ea

n,
 x

er
ot

he
rm

op
hi

lo
us

  s
pe

ci
es

 o
f 

op
en

 h
ab

it
at

s 
55

 
M

es
ap

ho
ru

ra
 c

ri
tic

a 
E

L
L

IS
, 1

97
6 

B
., 

I.
, L

., 
M

l.,
 R

s.
, Ţ

. 
P

al
ae

ar
ct

ic
, e

ue
da

ph
ic

, x
er

ot
he

rm
op

hi
lo

us
 s

pe
ci

es
 

56
 

M
es

ap
ho

ru
ra

 h
yl

op
hi

la
 R

U
S

E
K

, 1
98

2 
I.

, L
e.

 
C

os
m

op
ol

it
an

, e
ue

da
ph

ic
, e

ur
yt

op
ic

 s
pe

ci
es

  
57

 
M

es
ap

ho
ru

ra
 it

al
ic

a 
(R

U
S

E
K

,1
97

1)
 

H
., 

O
V

  
E

ur
op

ea
n,

 e
ue

da
ph

ic
, e

ur
yt

op
ic

 s
pe

ci
es

  
58

 
M

es
ap

ho
ru

ra
 k

ra
us

ba
ue

ri
 B

Ö
R

N
E

R
, 1

90
1 

G
., 

G
B

, L
., 

L
e.

, Ţ
. 

C
os

m
op

ol
it

an
, e

ue
da

ph
ic

, e
ur

yt
op

ic
 s

pe
ci

es
  

59
 

M
es

ap
ho

ru
ra

 m
ac

ro
ch

ae
ta

 R
U

S
E

K
, 1

97
6 

I.
 

C
os

m
op

ol
it

an
, e

ue
da

ph
ic

, e
ur

yt
op

ic
,  

ac
id

op
hi

lo
us

 s
pe

ci
es

   
60

 
M

es
ap

ho
ru

ra
 s

yl
va

ti
ca

 (
R

U
S

E
K

, 1
97

1)
 

G
B

, Ţ
., 

H
. 

H
ol

ar
ct

ic
, e

ue
da

ph
ic

 s
pe

ci
es

  
61

 
M

es
ap

ho
ru

ra
 y

os
ii 

(R
U

S
E

K
, 1

96
7)

 
R

s.
, Ţ

. 
H

ol
ar

ct
ic

, e
ue

da
ph

ic
 a

ci
do

ph
il

ou
s 

w
oo

dl
an

d 
sp

ec
ie

s 
62

 
M

et
ap

ho
ru

ra
 a

ff
in

is
 (

B
Ö

R
N

E
R

, 1
90

2)
 

  G
r.

, G
., 

I.
, M

l.,
  R

s.
, S

r.
, Ţ

. 
P

al
ae

ar
ct

ic
, e

ue
da

ph
ic

, x
er

ot
he

rm
op

hi
lo

us
 s

pe
ci

es
 o

f 
 o

pe
n 

ha
bi

ta
ts

 
63

 
St

en
ap

ho
ru

ra
 d

en
is

i (
B

A
G

N
A

L
L
, 1

93
5)

  
  G

r.
 

E
ur

op
ea

n,
 e

ue
da

ph
ic

, h
yg

ro
ph

il
ou

s 
sp

ec
ie

s 
 

F
am

il
y 

Is
ot

om
id

ae
 

 
 

64
 

A
nu

ro
ph

or
us

 c
us

pi
da

tu
s 

S
T

A
C

H
,1

92
0 

G
r.

 
P

al
ae

ar
ct

ic
,  

li
tt

er
ic

ol
ou

s 
sp

ec
ie

s 
 

65
 

F
ol

so
m

ia
 c

an
di

da
 W

IL
L

E
M

,1
90

2 
C

., 
G

., 
S

r.
  

C
os

m
op

ol
it

an
, u

bi
qu

is
t, 

th
er

m
op

hi
lo

us
 a

nd
 c

om
po

st
 s

pe
ci

es
 

66
 

F
ol

so
m

ia
 m

an
ol

ac
he

i B
A

G
N

A
L

L
, 1

93
9 

S
. 

P
al

ae
ar

ct
ic

, e
ur

yt
op

ic
 s

pe
ci

es
 

67
 

F
ol

so
m

ia
 p

en
ic

ul
a 

B
A

G
N

A
L

L
,1

93
9 

B
., 

R
s.

, S
.  

P
al

ae
ar

ct
ic

, m
es

op
hi

lo
us

, a
nd

 s
il

vi
co

lo
us

 s
pe

ci
es

 
68

 
F

ol
so

m
ia

 q
ua

dr
io

cu
la

la
 (

T
U

L
L

B
E

R
G

, 1
87

1)
 

Ţ
. 

H
ol

ar
ct

ic
, e

ur
yt

op
ic

 h
em

ie
da

ph
ic

, h
yg

ro
ph

il
ou

s 
sp

ec
ie

s 
69

 
Is

ot
om

od
es

 p
ro

du
ct

us
 (

A
X

E
L

S
O

N
, 1

90
6)

 
L

., 
R

s.
, V

., 
T

N
, Ţ

.  
C

os
m

op
ol

it
an

, x
er

ot
he

rm
op

hi
lo

us
 e

ue
da

ph
ob

io
nt

 
70

 
Is

ot
om

od
es

 s
ex

se
to

su
s 

se
xs

et
os

us
 G

A
M

A
, 1

96
3 

 
G

r.
  

E
ur

op
ea

n,
 e

ue
da

ph
ic

 x
er

ot
he

rm
op

hi
lo

us
 s

pe
ci

es
 o

f 
op

en
 h

ab
it

at
s 

71
 

Is
ot

om
ie

ll
a 

m
in

or
 (

S
C

H
Ä

F
F

E
R

, 1
89

6)
 

G
r.

, I
., 

L
e.

, R
s.

, V
., 

S
.  

 
H

ol
ar

ct
ic

, u
bi

qu
is

t, 
eu

ed
ap

hi
c 

m
es

op
hi

lo
us

 s
pe

ci
es

 
72

 
F

ol
so

m
id

es
 a

ng
ul

ar
is

 (
A

X
E

L
S

O
N

, 1
90

5)
 

O
V

  
H

ol
ar

ct
ic

, x
er

ot
he

rm
op

hi
lo

us
 s

pe
ci

es
  

73
 

F
ol

so
m

id
es

 m
ar

ch
ic

us
 (

F
R

E
N

Z
E

L
, 1

94
1)

 
R

s.
, L

., 
S

. 
P

al
ae

ar
ct

ic
, x

er
ot

he
rm

op
hi

lo
us

 s
pe

ci
es

 o
f 

op
en

 h
ab

it
at

s 
74

 
F

ol
so

m
id

es
 p

ar
vu

lu
s 

S
T

A
C

H
, 1

92
2 

 
G

B
, L

., 
L

e.
, N

., 
T

., 
Ţ

., 
S

.  
C

os
m

op
ol

it
an

, e
ue

da
ph

ic
, x

er
ot

he
rm

op
hi

lo
us

 s
pe

ci
es

 
75

 
C

ry
pt

op
yg

us
 b

ip
un

ct
at

us
 (

A
X

E
L

S
O

N
, 1

90
3)

 
C

o.
, S

. 
P

al
ae

ar
ct

ic
, x

er
ot

ol
er

an
t h

em
ie

da
ph

ob
io

nt
 

76
 

C
ry

pt
op

yg
us

 th
er

m
op

hi
lu

s 
(A

X
E

L
S

O
N

, 1
90

0)
 

G
., 

G
B

, L
e.

,  
S

r.
 

C
os

m
op

ol
it

an
, n

it
ro

ph
il

ou
s,

 x
er

ot
he

rm
op

hi
lo

us
 h

em
ie

da
ph

ob
io

nt
   

77
 

B
al

li
st

ur
a 

sc
ho

et
ti

 (
D

A
L

L
A

T
O

R
R

E
, 1

89
5)

 
H

. 
C

os
m

op
ol

it
an

, h
yg

ro
ph

il
ou

s 
sp

ec
ie

s 
of

 o
pe

n 
ha

bi
ta

ts
 

78
 

P
ro

is
ot

om
a 

m
in

im
a 

(A
B

S
O

L
O

N
, 1

90
1)

 
L

e.
  

H
ol

ar
ct

ic
, e

ur
yt

op
ic

, m
es

op
hi

lo
us

 h
em

ie
da

ph
ob

io
nt

 
79

 
P

ro
is

ot
om

a 
m

in
ut

a 
(T

U
L

L
B

E
R

G
, 1

87
1)

 
G

., 
S

r.
  

C
os

m
op

ol
it

an
, t

he
rm

op
hi

lo
us

, m
es

op
hi

lo
us

, h
em

ie
da

ph
ob

io
nt

 
80

 
Is

ot
om

ur
us

 p
al

us
tr

is
 (

M
Ü

L
L

E
R

,1
77

6)
 

O
., 

H
. 

H
ol

ar
ct

ic
, h

yg
ro

ph
il

ou
s,

 a
lg

iv
or

ou
s 

sp
ec

ie
s 

81
 

P
ar

is
ot

om
a 

no
ta

bi
li

s 
(S

C
H

Ä
F

F
E

R
, 1

89
6)

 
C

p.
, G

r.
, L

e.
, O

., 
R

s.
, S

. 
C

os
m

op
ol

it
an

, u
bi

qu
is

t, 
m

es
op

hi
li

c,
 a

lk
al

op
hi

lo
us

  h
em

ie
da

ph
ob

io
nt

  
82

 
Is

ot
om

a 
vi

ri
di

s 
B

O
U

R
L

E
T
, 1

83
9 

C
p.

, G
r.

, L
e.

, T
., 

T
N

.  
H

ol
ar

ct
ic

, u
bi

qu
is

t, 
m

es
op

hi
lo

us
 s

pe
ci

es
 

 
F

am
il

y 
P

od
u

ri
d

ae
 

 
 

83
 

P
od

ur
a 

aq
ua

ti
ca

 L
IN

N
A

E
U

S
, 1

75
8 

O
l. 

C
os

m
op

ol
it

an
, e

pi
ne

us
ti

c,
 h

yg
ro

ph
il

ou
s 

sp
ec

ie
s 

 
F

am
il

y 
E

n
to

m
ob

ry
id

ae
 

 
 

 BUŞMACHIU Galina 



 

69 

84
 

E
nt

om
ob

ry
a 

at
ro

ci
nc

ta
 S

C
H

O
E

T
T

, 1
89

6 
L

., 
R

s.
  

C
os

m
op

ol
it

an
, m

es
op

hi
lo

us
,  

th
er

m
op

hi
lo

us
 m

ac
ro

ph
yt

ob
io

nt
 

85
 

E
nt

om
ob

ry
a 

ha
nd

sh
in

i S
T

A
C

H
, 1

92
2 

V
. 

E
ur

op
e 

an
d 

A
si

a 
M

in
or

, m
es

op
hi

lo
us

 a
nd

 x
er

op
hi

lo
us

 s
pe

ci
es

 
86

 
E

nt
om

ob
ry

a 
m

ar
gi

na
ta

 T
U

L
L

B
E

R
G

, 1
87

1 
L

e.
, V

.  
P

al
ae

ar
ct

ic
, m

es
o 

- 
an

d 
xe

ro
ph

il
ou

s,
 c

or
ti

co
ph

il
ou

s 
sp

ec
ie

s 
87

 
E

nt
om

ob
ry

a 
m

ul
ti

fa
sc

ia
ta

 (
T

U
L

L
B

E
R

G
,  

18
71

) 
L

,.R
s.

  
C

os
m

op
ol

it
an

,  
xe

ro
th

er
m

op
hi

lo
us

 m
ac

ro
ph

yt
ob

io
nt

 
88

 
E

nt
om

or
by

a 
ni

va
lis

 (
L

IN
N

A
E

U
S
,1

75
8)

 
V

. 
C

os
m

op
ol

it
an

, a
tm

ob
io

nt
 a

nd
 c

or
ti

co
lo

us
, m

es
op

hi
lo

us
 s

pe
ci

es
  

89
 

E
nt

om
ob

ry
a 

qu
in

qu
el

in
ea

ta
 B

O
R

N
E

R
, 1

90
1 

 B
., 

C
p.

, M
l. 

M
ed

it
er

ra
ne

an
, x

er
ot

he
rm

op
hi

lo
us

 m
ac

ro
ph

yt
ob

io
nt

  
90

 
E

nt
om

ob
ry

a 
vi

ol
ac

eo
li

ne
at

a 
S

T
A

C
H

, 1
91

3 
L

e.
, V

., 
S

. 
E

ur
op

ea
n 

li
tt

er
ic

ol
ou

s 
sp

ec
ie

s 
91

 
L

ep
id

oc
yr

tu
s 

cy
an

eu
s 

T
U

L
L

B
E

R
G

, 1
87

1 
 S

. 
H

ol
ar

ct
ic

, m
es

op
hi

lo
us

 m
ic

ro
ph

yt
ob

io
nt

 
92

 
L

ep
id

oc
yr

tu
s 

li
gn

or
um

 (
F

A
B

R
IC

IU
S
, 1

77
5)

 
G

r.
, O

., 
R

s.
, Ţ

. 
H

ol
ar

ct
ic

, e
ur

yt
op

ic
, m

es
o 

an
d 

hy
gr

op
hi

lo
us

 e
pi

ge
on

t 
93

 
L

ep
id

oc
yr

tu
s 

pa
ra

do
xu

s 
U

Z
E

L
, 1

89
0 

G
., 

L
e.

, O
., 

S
., 

T
N

, V
. 

H
ol

ar
ct

ic
, m

es
op

hi
lo

us
 m

ac
ro

ph
yt

ob
io

nt
  

94
 

L
ep

id
oc

yr
tu

s 
vi

ol
ac

eu
s 

L
U

B
B

O
C

K
, 1

87
3 

L
e.

, Ţ
., 

T
N

. 
H

ol
ar

ct
ic

, e
pi

ed
ap

hi
c 

an
d 

si
lv

ic
ol

ou
s 

sp
ec

ie
s 

95
 

P
se

ud
os

in
el

la
 a

lb
a 

(P
A

C
K

A
R

D
,1

87
3)

 
I.

, L
e.

 
C

os
m

op
ol

it
an

, m
yc

et
op

ha
go

us
, h

em
ie

da
ph

ic
 a

nd
 c

om
po

st
 s

pe
ci

es
  

96
 

P
se

ud
os

in
el

la
 a

lb
id

a 
(S

T
A

C
H

,1
93

0)
 

G
r.

 
M

ed
it

er
ra

ne
an

, h
em

ie
da

ph
ic

, f
or

es
t s

pe
ci

es
 

97
 

P
se

ud
os

in
el

la
 g

ru
ia

e 
G

A
M

A
, B

U
Ş

M
A

C
H

IU
, 2

00
2 

C
p.

 
R

. M
ol

do
va

, h
em

ie
da

ph
ic

, f
or

es
t s

pe
ci

es
 

98
 

P
se

ud
os

in
el

la
 h

or
ak

i R
U

S
E

K
, 1

98
5 

C
p.

, G
r.

,  
S

., 
S

t.,
 R

. R
s.

, Ţ
., 

T
. 

E
ur

op
ea

n,
 h

em
ie

da
ph

ic
 s

pe
ci

es
 o

f 
fo

re
st

 li
tt

er
  

99
 

P
se

ud
os

in
el

la
 im

pa
ri

pu
nc

ta
ta

 G
IS

IN
, 1

95
3 

C
r.

, G
r.

, L
e.

, L
., 

 R
s.

 
E

ur
op

ea
n,

 h
em

ie
da

ph
ic

, f
or

es
t a

nd
 w

id
el

y 
di

st
ri

bu
te

d 
sp

ec
ie

s 
10

0 
P

se
ud

os
in

el
la

 m
ol

da
vi

ca
 G

A
M

A
, B

U
Ş

M
A

C
H

IU
, 2

00
2 

C
p.

, G
r.

, L
e.

, R
., 

S
t.,

 Ţ
. 

R
. M

ol
do

va
, U

kr
ai

ne
, h

em
ie

da
ph

ic
 s

pe
ci

es
 o

f 
fo

re
st

 a
nd

 o
pe

n 
ha

bi
ta

ts
 

10
1 

P
se

ud
os

in
el

la
 n

os
ek

i R
U

S
E

K
, 1

98
5 

O
l. 

E
ur

op
ea

n,
 h

em
ie

da
ph

ic
 s

pe
ci

es
 

10
2 

P
se

ud
os

in
el

la
 o

ct
op

un
ct

at
a 

B
Ö

R
N

E
R

, 1
90

1 
G

B
, G

r.
, H

., 
L

e.
, M

l, 
O

V
, R

s.
 

C
os

m
op

ol
it

an
, e

ur
yt

op
ic

, h
em

ie
da

ph
ic

 s
pe

ci
es

 
10

3 
P

se
ud

os
in

el
la

 s
ex

oc
ul

at
a 

S
C

H
O

T
, 1

90
2 

L
e.

  
C

os
m

op
ol

it
an

 h
em

ie
da

ph
ic

 c
om

po
st

 s
pe

ci
es

 
10

4 
W

il
lo

w
si

a 
ni

gr
om

ac
ul

al
a 

(L
U

B
B

O
C

K
, 1

87
3)

 
 T

., 
O

V
. 

C
os

m
op

ol
it

an
, c

or
ti

co
ph

il
ou

s 
sp

ec
ie

s 
of

 w
ar

m
 h

ab
it

at
s 

10
5 

O
rc

he
se

ll
a 

al
bo

fa
sc

ia
ta

 S
T

A
C

H
, 1

96
0 

O
., 

C
., 

G
B

.  
E

ur
op

ea
n,

 x
er

op
hi

lo
us

, e
pi

ed
ap

hi
c 

sp
ec

ie
s 

 
10

6 
O

rc
he

se
ll

a 
ci

nc
ta

 (
L

IN
N

A
E

U
S
, 1

75
8)

 
G

r.
, L

e.
, T

N
, S

., 
L

e.
 

H
ol

ar
ct

ic
, a

tm
ob

io
nt

 a
nd

 e
pi

ed
ap

hi
c,

 m
es

op
hi

lo
us

  s
pe

ci
es

 
10

7 
O

rc
he

se
ll

a 
fl

av
es

ce
ns

 (
B

O
U

R
L

E
T
, 1

83
9)

 
S

. 
H

ol
ar

ct
ic

, a
tm

ob
io

nt
 a

nd
 e

pi
ed

ap
hi

c,
 m

es
op

hi
lo

us
 s

pe
ci

es
 

10
8 

O
rc

he
se

ll
a 

m
ac

ul
os

a 
IO

N
E

S
C

O
, 1

91
5 

S
. 

R
. M

ol
do

va
, R

om
an

ia
, U

kr
ai

ne
, a

tm
ob

io
nt

  
10

9 
O

rc
he

se
ll

a 
m

ul
ti

fa
sc

ia
ta

 S
T

S
C

H
E

R
B

A
K

O
W

, 1
89

8 
L

., 
L

e.
, O

., 
R

s.
, T

N
, Ţ

.,V
. 

E
ur

op
ea

n,
 x

er
ot

he
rm

op
hi

lo
us

 s
pe

ci
es

 o
f 

fo
re

st
 a

nd
 o

pe
n 

ha
bi

ta
ts

  
11

0 
O

rc
he

se
ll

a 
or

ie
nt

al
is

 S
T

A
C

H
, 1

96
0 

R
s.

, Ţ
. 

E
ur

op
ea

n,
 a

tm
ob

io
nt

 a
nd

 e
pi

ed
ap

hi
c 

sp
ec

ie
s 

11
1 

O
rc

he
se

ll
a 

ps
eu

do
bi

fa
sc

ia
ta

 S
T

A
C

H
, 1

96
0 

V
., 

S
. 

E
ur

op
ea

n,
 a

tm
ob

io
nt

 a
nd

 e
pi

ed
ap

hi
c 

sp
ec

ie
s 

11
2 

O
rc

he
se

ll
a 

sp
ec

ta
bi

li
s 

T
U

L
L

B
E

R
G

, 1
87

2 
O

. 
P

al
ae

ar
ct

ic
, a

tm
ob

io
nt

 a
nd

 x
er

ot
he

rm
op

hi
lo

us
 s

pe
ci

es
 

11
3 

O
rc

he
se

ll
a 

xe
ro

th
er

m
ic

a 
S

T
A

C
H

, 1
96

0 
V

. 
E

ur
op

ea
n,

 a
tm

ob
io

nt
, x

er
ot

he
rm

op
hi

lo
us

 s
pe

ci
es

 
11

4 
Se

ir
a 

do
m

es
ti

ca
 (

N
IC

O
L

E
T

, 1
84

1)
 

Ţ
. 

E
ur

op
ea

n,
 u

bi
qu

is
t, 

sy
na

nt
hr

op
ic

, t
he

rm
op

hi
lo

us
 s

pe
ci

es
  

11
5 

H
et

er
om

ur
us

 m
aj

or
 (

M
O

N
IE

Z
, 1

88
9)

 
C

p.
, L

., 
L

e.
, O

V
, R

s.
, Ţ

.  
M

ed
it

er
ra

ne
an

, t
he

rm
op

hi
lo

us
, f

or
es

t h
em

ie
da

ph
ob

io
nt

 
11

6 
H

et
er

om
ur

us
 n

it
id

us
 (

T
E

M
P

L
E

T
O

N
, 1

83
5)

 
C

., 
C

p.
, G

., 
H

., 
L

e.
, T

N
 

C
os

m
op

ol
it

an
, h

yg
ro

 -
 a

nd
 m

es
op

hi
lo

us
, e

ue
da

ph
ob

io
nt

  
 

F
am

il
y 

C
yp

h
od

er
id

ae
 

 
 

11
7 

C
yp

ho
de

ru
s 

al
bi

nu
s 

(N
IC

O
L

E
T
, 1

84
2)

 
B

., 
C

p.
, G

B
, G

., 
T

.  
P

al
ae

ar
ct

ic
, m

yr
m

ec
op

hi
lo

us
, m

es
op

hi
lo

us
, e

ue
da

ph
ob

io
nt

 
11

8 
C

yp
ho

de
ru

s 
bi

de
nt

ic
ul

at
us

 (
P

A
R

O
N

A
, 1

88
8)

 
B

., 
L

e.
, S

., 
T

N
 

M
ed

it
er

ra
ne

an
, m

yr
m

ec
op

hi
lo

us
, t

he
rm

op
hi

lo
us

, e
ue

da
ph

ob
io

nt
 

 
F

am
il

y 
T

om
oc

er
id

ae
 

 
 

11
9 

T
om

oc
er

us
 m

in
or

 (
L

U
B

B
O

C
K

,1
86

2)
 

B
. 

C
os

m
op

ol
it

an
, h

yg
ro

ph
il

ou
s,

 f
or

es
t s

pe
ci

es
 

12
0 

T
om

oc
er

us
 v

ul
ga

ri
s 

(T
U

L
L

B
E

R
G

, 1
87

1)
 

L
e.

 
H

ol
ar

ct
ic

, m
es

op
hi

lo
us

, s
il

vi
co

lo
us

 s
pe

ci
es

  
12

1 
P

og
on

og
na

th
el

lu
s 

fl
av

es
ce

ns
 (

T
U

L
L

B
E

R
G

, 1
87

1)
 

I.
, S

. 
H

ol
ar

ct
ic

, h
yg

ro
ph

il
ou

s,
 a

ci
do

ph
il

ou
s,

 s
il

vi
co

lo
us

 s
pe

ci
es

  
 

F
am

il
y 

N
ee

li
d

ae
 

 
 

12
2 

M
eg

al
ot

ho
ra

x 
m

in
im

us
 W

IL
L

E
M

, 1
90

0 
G

r.
, Ţ

. 
C

os
m

op
ol

it
an

, e
ur

yt
op

ic
, m

es
op

hi
lo

us
 e

ue
da

ph
ob

io
nt

 
12

3 
N

ee
lu

s 
m

ur
in

us
 F

O
L

S
O

M
,1

89
6 

G
r.

, I
., 

S
. 

C
os

m
op

ol
it

an
,  

m
es

op
hi

lo
us

 e
ue

da
ph

ob
io

nt
 

 
F

am
il

y 
S

m
in

th
u

ri
d

id
ae

 
 

 
12

4 
Sm

in
th

ur
id

es
 a

qu
at

ic
us

 B
O

U
R

L
E

T
, 1

84
2 

H
. 

H
ol

ar
ct

ic
, h

yg
ro

ph
il

ou
s,

 e
pi

ne
us

ti
c 

sp
ec

ie
s 

12
5 

Sp
ha

er
id

ia
 p

um
il

is
 (

K
R

A
U

S
B

A
U

E
R

, 1
89

8)
  

L
e.

, R
s.

, S
r.

, S
.  

C
os

m
op

ol
it

an
, u

bi
qu

is
t, 

m
es

op
hi

lo
us

 s
pe

ci
es

  
 

F
am

il
y 

A
rr

h
op

al
it

id
ae

 
 

 
12

6 
A

rr
ho

pa
li

te
s 

sp
. 

L
e.

, O
V

, S
t. 

R
. M

ol
do

va
, m

es
ot

he
rm

op
hi

lo
us

 s
il

vi
co

lo
us

 s
pe

ci
es

 
 

F
am

il
y 

K
at

ia
n

n
id

ae
 

 
 

Muzeul Olteniei Craiova. Oltenia. Studii şi comunicări. Ştiinţele Naturii.  Tom. 27, No. 1/2011             ISSN 1454-6914 



 

70 

12
7 

Sm
in

th
ur

in
us

 a
ur

eu
s 

(L
U

B
B

O
C

K
, 1

86
2)

 
L

e.
, R

s.
, V

., 
S

.  
 

P
al

ea
rc

ti
c,

 e
ur

yt
op

ic
, m

es
op

hi
lo

us
 s

pe
ci

es
  

12
8 

Sm
in

th
ur

in
us

 b
im

ac
ul

at
us

, A
X

E
L

S
O

N
, 1

90
2 

O
., 

S
r.

 
P

al
ae

ar
ct

ic
, h

yg
ro

ph
il

ou
s,

 s
pe

ci
es

 o
f 

op
en

 h
ab

it
at

s 
12

9 
Sm

in
th

ur
in

us
 e

le
ga

ns
 (

F
IT

C
H

, 1
86

3)
 

R
s.

, S
r.

  
E

ur
op

ea
n,

 x
er

ot
he

rm
op

hi
lo

us
 s

pe
ci

es
 

13
0 

Sm
in

th
ur

in
us

 n
ig

er
 (

L
U

B
B

O
C

K
, 1

86
8)

 
L

. 
P

al
ae

ar
ct

ic
, e

ur
yt

op
ic

 s
pe

ci
es

   
 

F
am

il
y 

D
ic

yr
to

m
id

ae
 

 
 

13
1 

D
ic

yr
to

m
a 

fu
sc

a 
(L

U
B

B
O

C
K

, 1
87

3)
 

G
r.

 
H

ol
ar

ct
ic

, m
ea

do
w

 m
ac

ro
ph

yt
ob

io
nt

 
13

2 
P

te
no

th
ri

x 
at

ra
 (

L
IN

N
A

E
U

S
, 1

86
8)

 
L

e.
 

P
al

ae
ar

ct
ic

, s
il

vi
co

lo
us

 s
pe

ci
es

 
13

3 
P

te
no

th
ri

x 
le

uc
os

tr
ig

at
a 

S
T

A
C

H
, 1

95
7 

 
S

r.
, B

.  
E

ur
op

ea
n,

 s
il

vi
co

lo
us

 s
pe

ci
es

  
 

F
am

il
y 

S
m

in
th

u
ri

d
ae

 
 

 
13

4 
L

ip
ot

hr
ix

 lu
bo

ck
i (

T
U

L
L

B
E

R
G

, 1
87

2)
 

M
. 

P
al

ae
ar

ct
ic

, s
il

vi
co

lo
us

 m
ac

ro
ph

yt
ob

io
nt

 
13

5 
A

ll
ac

m
a 

fu
sc

a 
(L

IN
N

E
, 1

75
8)

 
L

e.
 

H
ol

ar
ct

ic
, s

il
vi

co
lo

us
 a

nd
 c

or
ti

co
ph

il
ou

s 
sp

ec
ie

s 
13

6 
C

ap
ra

in
ea

 m
ar

gi
na

ta
 (

S
C

H
O

T
T

, 1
89

3)
 

C
p.

, G
r.

, L
., 

S
.  

 
P

al
ae

ar
ct

ic
, x

er
ot

he
rm

op
hi

lo
us

 s
pe

ci
es

 
13

7 
Sm

in
th

ur
us

 v
ir

id
is

 (
L

IN
N

A
E

U
S
, 1

75
8)

 
G

B
, G

r.
, O

.  
H

ol
ar

ct
ic

, m
es

op
hi

lo
us

, m
ea

do
w

s 
m

ac
ro

ph
yt

ob
io

nt
  

13
8 

Sm
in

th
ur

us
 w

ah
lg

re
ni

 S
T

A
C

H
, 1

92
0 

G
r.

 
E

ur
op

ea
n,

 m
ea

do
w

s 
m

ac
ro

ph
yt

ob
io

nt
 

    

 BUŞMACHIU Galina 



Muzeul Olteniei Craiova. Oltenia. Studii şi comunicări. Ştiinţele Naturii.  Tom. 27, No. 1/2011             ISSN 1454-6914 

 

71 
 

SPECIES COMPOSITION OF SPRINGTAILS (HEXAPODA: COLLEMBOLA) FROM 
SOME CULTIVATED SOILS OF PRAHOVA COUNTY (ROMANIA) 

 
 

FIERA Cristina 
 

Abstract. The present study was carried out in Prahova County in October 2010, in six sites with cultivated soil, 2 on each type of 
crop: maize (Zea mays L.), lucerne (Medicago sativa L.) and a crop of winter oilseed rape (Brassica napus (L.)). The species 
composition and dominance structure of springtail from different crops were analysed. In total, 21 species of Collembola were 
identified. The most abundant species were different for each crop type. Folsomia alpina, a high-mountain forest and alpine species 
was observed in the lucerne crop, which means that the presence of rare species in agricultural soils represents a valuable indicator of 
the changes these types of ecosystem undergo under the action of human activity. 
 
Keywords: lucerne, maize, rape, relative abundance, species richness, Collembola. 
 
Rezumat. Compoziţia specifică a faunei de colembole (Hexapoda: Collembola) din soluri cultivate, jud. Prahova 
(România). Prezentul studiu s-a realizat în judeţul Prahova, octombrie 2010, în şase suprafeţe cultivate, câte două din fiecare tip de 
cultură: porumb (Zea mays L.), lucernă (Medicago sativa L.) şi rapiţă (Brassica napus (L.)). A fost analizată compoziţia specifică a 
faunei de colembole, identificându-se speciile dominante pentru fiecare tip de cultură. S-a remarcat o diferenţă cu privire la speciile 
cele mai abundente din fiecare cultură. Folsomia alpina, specie montan – alpină, a fost semnalată într-o suprafaţă cultivată cu 
lucernă. Prezenţa speciilor rare în agrosisteme reprezintă un indicator al modificărilor acestor tipuri de ecosisteme de către om. 
 
Cuvinte cheie: lucernă, porumb, rapiţă, abundenţă relativă, bogăţie specifică, Collembola. 

 
INTRODUCTION 

 
Soil cultivation is known to reduce the abundance and species richness of soil fauna. The use of high doses of 

pesticides (especially insecticides and herbicides), mineral fertilizers and intensive farming caused a high decrease of 
soil fauna in different crops (FRATELLO et al., 1985; SABATINI et al., 1997). It is showed that management practices and 
type of cultivation had more influence on soil biota than different soil types (FROMM et al., 1993).  

Little is known about the composition of springtails species from arable land of Romania, especially from the 
soils cultivated with maize (POPOVIVI et al., 1977; CĂLUGĂR et al., 1987a, 1987b, 1991; BULIMAR et al., 1991-1992), 
lucerne (RADU et al., 1970; BULIMAR & HUŢU, 1994) and winter oilseed rape (CĂLUGĂR et al., 1990). Recently, FIERA 
(2006) has reported a new record for the Romanian springtail fauna: Hemisotoma orientalis (STACH, 1947) in a maize 
crop from Insula Mare a Brăilei, South-Eastern Romania.  

The sampling programme was designed first to quantify the differences between the three crop types (maize, 
lucerne and winter oilseed rape) in terms of species composition of Collembola (this paper; preliminary results) and 
then to concentrate on the importance of shelterbelts in the maintenance of soil communities and on their dispersal 
ability to migrate between shelterbelt and adjacent crops. 

 
MATERIAL AND METHODS 

 
Six research sites in arable soils were investigated in October 2010 in Prahova county, 2 on each type crop: 

maize (Zea mays L.), lucerne (Medicago sativa L.) and a crop of winter oilseed rape (Brassica napus (L.)). Ten random 
soil samples were collected from each plot using McFadyen core. All soil samples were transported in plastic bags to 
the laboratory. Extraction was done with modified Berlese-Tullgren funnels at a temperature of 18-23°C for about 7 
days (EDWARDS, 1991). The individuals were collected and preserved in 70% ethyl alcohol. Collembola were identified 
to species level using the most recent keys, as indicated by FIERA (2006). 

 
RESULTS AND DISCUSSIONS 

 
21 species of Collembola were recorded from all the sampling sites (Table 1). The most abundant species from 

cultivated soils were: Isotoma viridis (BOURLET, 1839) and Isotomurus sp. (from lucerne), Proisotoma minuta 
(TULLBERG, 1871) and Sminthurinus elegans (FITCH, 1863) (from rape), Protaphorura sakatoi (YOSII, 1966) and 
Parisotoma notabilis (SCHÄFFER, 1896) (from maize). We were not able to identify at species level the most abundant 
Isotomurus from the lucerne crop (Doftana locality) due to difficulties of taxonomic status of this genus. 

The number of Collembola species in our study was markedly lower than it has been reported in other studies 
about arable land (SMOLIS & HUREJ, 2001; LAGERLÖF & ANDRÉN, 1991). This low number of springtails probably 
depends on the number of unit samples collected and on the sampling method. As we mentioned at the method section, 
the collembolan fauna was collected only under one sampling occasion. Besides, as Collembola live in leaf litter and on 
the upper humus layer, in the soil and on the soil surface, on the vegetation, and on water film, no single sampling 
method collects all species. Combining pitfall traps and soil samples to collect Collembola from rape crops of Austria 
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may yield a better estimation of the community composition of the sites than one method alone (QUERNER
 & BRUCKNE, 

2010). The authors identified more species in the soil subsamples than in the traps.  
 

Table 1. Species composition of Collembola from arable land of three localities (Prahova county), 2010. 
Tabel 1. Compoziţia specifică a colembolelor din agrosisteme din trei localităţi ale judeţului Prahova, 2010. 

 

No. Species Lucerne Rape Maize 
  LU1 LU2 WR1 WR2 MA1 MA2 
 Hypogastruridae       
1. Hypogastrura vernalis (CARL, 1901)    8.3   
 Onychiuridae       
2. Protaphorura sakatoi (YOSII, 1966)      40.9 
3. Protaphorura octopunctata gr. BÖRNER, 1901      9.1 
4. Protaphorura sp.       18.2 
5. Onychiurus rectospinatus STACH, 1922          
 Tullbergiidae       
6. Stenaphorura denisi (BAGNALL, 1935)  10.3      
7. Metaphorura affinis (BÖRNER, 1902) 1.3      
 Isotomidae       
8. Proisotoma minuta (TULLBERG, 1871)  13.8  53.8    
9. Isotomiella minor (SCHÄFFER, 1896) 10.3  7.7   18.2 
10. Isotoma anglicana LUBBOCK, 1862  8.1   30.8  
11. Isotoma viridis (BOURLET, 1839)   54.1 23.1    
12. Folsomides parvulus STACH, 1922  1.3     
13. Folsomia alpina KSENEMAN, 1936  1.3     
14. Folsomia candida WILLEM, 1902 3.4      
15. Parisotoma notabilis (SCHÄFFER, 1896) 10.3 10.8   69.2  
16. Isotomurus sp. 36.2      
 Entomobryidae       
17. Lepidocyrtus violaceus (FOURCROY, 1785)  22.9     
18. Pseudosinella imparipunctata GISIN, 1953                     4.5 
19. Pseudosinella sexoculata SCHÖTT, 1902      9.1 
 Katiannidae       
20. Sminthurinus aureus (LUBBOCK, 1862) 5.2  7.7 25.0   
21. Sminthurinus elegans (FITCH, 1863)   7.7 66.7   
Species richness 8  7  5  3  2  6 

 

Legend: Doftana: 45°22'14"N; 25°44'10"E; crop LU1; Breaza: 45°10'51"N; 25°39'5"E, crops: LU2, MA2; Băicoi: 45°1'48"N; 25°50'43"E, crops: 
WR1, WR2, MA1; LU - lucerne, WR- winter rape, MA - maize (in the table it is presented the relative abundance of each species). 
Legendă: Doftana: 45°22'14"N; 25°44'10"E; cultură LU1; Breaza: 45°10'51"N; 25°39'5"E, culturi: LU2, MA2; Băicoi: 45°1'48"N; 25°50'43"E, 
culturi: WR1, WR2, MA1; LU - lucernă, WR- rapiţă de iarnă, MA - porumb (în table este prezentată abundenţa relativă a fiecărei specii). 

 
There are several studies dealing with Collembola from different crops. Extremely low densities and species 

richness of soil fauna, including Collembola communities from cultivated soil are reported  in other European countries: 
Poland (SMOLIS & HUREJ, 2001), Slovak (KOVÁC & MIKLISOVÁ, 1997), UK (FRAMPTON, 1997).  

A very interesting species found in the lucerne crop from Breaza locality was Folsomia alpina, a high-
mountain forest and alpine species (POPTAPOV, 2001). Rare species in agricultural soils represent a valuable potential if 
conditions changes due to human activities (HÅGVAR, 1994). Other species of Collembola mentioned in a previous 
study (FIERA, 2006) conducted in a maize crop could be mentioned: Folsomia quadrioculata (TULLBERG, 1871), F. 
manolachei BAGNALL, 1939, Pseudosinella sexoculata SCHÖTT, 1902, Isotoma anglicana LUBBOCK, 1862, Parisotoma 
notabilis (SCHÄFFER, 1896); the last three species were found in our study, too. At Ploieşti, another locality of Prahova 
County, in a soil cultivated with lucerne, there were also identified: Orchesella cincta (LINNAEUS, 1758), Seira 
domestica (NICOLET, 1842), Sminthurinus aureus (LUBBOCK, 1862) (not included in Table 1).  

Arable land represents a good example of competition-free (size-neutral) habitat that support r-selected species 
(small size, short generation time and high fecundity) (BEGON et al., 1990). The conditions from cultivated soils enable 
more sensitive species (K-strategist) with lower reproduction capacity to occur randomly and survive in these soils for a 
short time before the enemies come or other type of disturbance occurs. The Collembola is one of the important prey 
groups for generalist arthropod predators in agricultural soils and constitutes a considerable proportion of their diets 
(POLLET & DESENDER, 1989; WARNER et al., 2003). 
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STRUCTURAL CHARACTERISTICS OF THE THRIPS FAUNA  
(INSECTA: THYSANOPTERA) ON THE ASH AND STERILE WASTE DUMPS FROM 

ROVINARI (GORJ DISTRICT)  
 
 

BĂRBUCEANU Daniela, VASILIU-OROMULU Liliana,  
CORNEANU Mihaela, CORNEANU C. Gabriel  

 
Abstract. The collections carried out in July 2010 regarding the Thysanoptera praticolous fauna on the tailing dumps of Rovinari 
show a low specific diversity, of only 11 species. The human impact exerted over the years upon the studied sites resulted in the 
reduction of the Thysanoptera taxonomic spectrum and especially in the diminution of the population of certain thrips species. The 
Thysnoptera coenosis has been constantly composed of a characteristic species, Haplothrips leucanthemi, unidentified so far as 
typical on the previously studied dumps of Zlatna area and Retezat Massif, so we can consider this species as a bioindicator. The 
Shannon-Wiener diversity index presented fluctuating values in the studied sites and the differences between them were not 
statistically significant. The geographical distribution of Rovinari Thysanoptera indicates a dominance of the Euro-Siberian species. 
Such studies show that Thysanoptera species that grow on dumps differ from one another, according to the type of dumps, therefore 
it is necessary to carry out chemical analysis of both the substrate and insects.  
 
Keywords: ash and sterile waste dumps, Haplothrips leucanthemi, specific diversity, ecological indices. 
 
Rezumat. Particularităţi structurale ale faunei de thripşi (Insecta: Thysanoptera) de pe haldele de steril din zona 
Rovinari (judeţul Gorj). Colectările efectuate în luna iulie 2010 privind fauna de thysanoptere praticole de pe haldele de steril 
din zona Rovinari relevă o diversitate specifică mică, de numai 11 specii. Impactul antropic exercitat de-a lungul anilor asupra 
siturilor cercetate a determinat reducerea spectrului taxonomic al thysanopterelor şi mai ales diminuarea populaţiilor unor specii de 
thripşi. Cenoza de thysanoptere a fost constant alcatuită dintr-o specie caracteristică, Haplothrips leucanthemi, neidentificată până 
acum ca tipică pe haldele studiate anterior din zona Zlatna şi masivul Retezat, astfel încât putem considera această specie 
bioindicatoare. Indicele de diversitate Shannon-Wiener a avut valori fluctuante în siturile studiate, iar diferenţele dintre acestea nu au 
fost semnificative din punct de vedere statistic. Distribuţia geografică a thysanopterelor din zona Rovinari indică o pondere mare a 
speciilor Euro-siberiene. Astfel de studii relevă faptul că speciile de thysanoptere care se dezvoltă pe suprafeţe haldate sunt diferite în 
funcţie de  tipul de haldă, de aceea se impune efectuarea unor analize chimice atât a substratului, cât şi a insectelor. 
 
Cuvinte cheie: halde de steril şi cenusă, Haplothrips leucanthemi, diversitate specifică, indicatori ecologici. 

 
INTRODUCTION 

 
Polluting agents have much faster selective and disturbing action than climatic factors, which entails the 

disappearance or reduction of particular groups of organisms with an important role in the economy of ecosystems, 
disruption of trophic links of the chain, weakening the functions and composition of natural and artificial ecosystems. 

The Thysanoptera fauna constitutes a very important coenotic element of the structure of all land ecosystems.  
Phenological and ecological characteristics of thrips led to their use as bioindicators in studies assessing the 

conservation or deterioration status of different habitats, as well as environmental predictions on their evolution. 
Thus, some Thysanoptera species like Frankliniella intonsa (TRYBOM, 1895), Bagnalliella yuccae (HINDS 

1902), Haplothrips niger (OSBORN, 1883) are used in the ecological monitoring of habitats subject to environmental 
pollution (IONESCU et al., 1973; VASILIU-OROMULU et al., 2007). 

Research carried out on old tailing dumps from the mines for the extraction of Hg, S, Au in Zlatna area have 
indicated the species Chirothrips manicatus HALIDAY ,1836 as bioindicator resistant to pollution of the area by various 
pollutants (VASILIU-OROMULU, 2010). On the tailing dumps of Retezat Massif Frankliniella intonsa was typical, being 
the first species that appeared after the 1999 floods (VASILIU-OROMULU, 2007). 

The study of the Thysanoptera fauna carried out in Rovinari, a highly polluted area with heavy metals and 
radionuclides, is part of the direction to substantiate an ecological basis for species biodiversity, for their evolution in 
time and space, within grassland ecosystems. 
 

MATERIAL AND METHODS 
 

The collections were carried out during 13th -14th July 2010 from different biotopes of Rovinari dumps. The 
first site, grassland on tailing dumps, was located exactly near the plant. Of the approximately 60 plant species 
identified, few were flowering. The second site was represented by a clearing lying on dumps in the woods, about 0.5 
km away from the first site, where 28 herbaceous species had been identified. The third site, grassland on tailings, 
within the "Experimental field of ashes and tailings Rovinari ", belongs to the Forest Research Station in Craiova, being 
situated at a distance of about 1 km from the plant. 38 herbaceous species were identified, the gramineae Bromus 
arvensis being dominant. The last site was represented by a very young plantation of poplars and willows on ashes, with 
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herbaceous vegetation between the rows, consisting of 38 plant species. That site also belongs to the "Experimental 
field", being located at about 300 m from the third site. 

It is important to mention that during the observations, most plants were dry, temperatures far exceeding the 
normal values. 

Setting the necessary number of samples that afford a degree of research accuracy with a statistical coverage of 
95% has resulted in five mowing samples, of 50 lawn-threading on each site. 

The thrips species was identified with the follow keys of determination: KNECHTEL (1951), SCHLIEPHACKE & 

KOCH (1980), STRASSEN (2003). 
The amount of heavy metals in soil was determined with the help of a spectrophotometer with atomic 

absorption, using the standard methods. The radionuclides concentration in soil was determined by gamma 
spectrometry of high resolution, using the standard method (DUGGAN, 1988). 

 
RESULTS AND DISCUSSIONS 

 
a. Specific diversity. The numerical abundance reveals a total of 321 individuals (adults and larvae) collected 

during the mowing samples from the studied dumps, which belong only to 11 species (Table 1). Of these, most are 
primary consumers and are polyphagous, only Odontothrips loti is oligophagous. Only one species belongs to the 
secondary consumers, the zoophagous Aeolothrips intermedius. 

Ecologically, the taxonomic spectrum of praticolous Thysanoptera is varied, consisting of a mixture of typical 
gramineous and floral forms. Among the gramineous forms we can mention Chirothrips manicatus, Ch. ruptipennis that 
preferentially grow on Poaceae. Floral forms have a wider habitat, living in inflorescences of various herbaceous plants, 
typical floral species being: Frankliniella intonsa. Fr. tenuicornis, Haplothrips leucanthemi, H. niger, Thrips physapus, 
Odontothrips loti. One aptera species located at the foot of the grass was the Bolothrips bicolor thrips. 

The specific diversity is higher in the "grassland on tailings" site within the "Experimental field", site IIa 
(Table 2), but cannot be compared to the one of unpolluted grasslands (VASILIU-OROMULU, 1995). VASILIU-OROMULU 

(2007, 2010) notes the same low diversity on Zlatna tailing dumps, while Retezat dumps are characterized by a higher 
specific richness. 

Besides the improper herbaceous substrate on the tailing dumps, the small number of collected individuals can 
also be caused by climatic factors: excessively high temperatures, low humidity and entry of thrips in summer diapause, 
as a strategy for survival. 

Sex structure has special importance upon the biotic potential of populations. The main emphasis in our 
research has been placed on finding out the sex ratio index of all thrips species from different sites. Table 1 notes the 
dominance of females in most thrips species, so that the sex-ratio index stays within normal limits in the researched 
sites.  

The presence of numerous Terebrantia larvae expresses the high level of renewal of thrips populations (Table 2). 
 

Table 1. Specific diversity of Thysanoptera fauna on the tailing dumps in Rovinari area. 
Tabel 1. Diversitatea specifică a faunei de Thysanoptera pe haldele de steril din zona Rovinari. 

 

Suborder Family Species No. ind. 
Geographical 
distribution 

Terebrantia 

Aeolothripidae Aeolothrips intermedius BAGNALL 1934 1♀; 1♂ PAL 

Thripidae 

Chirothrips manicatus HALIDAY, 1836 55 ♀♀; 10 ♂♂ HOL 
Chirothrips ruptipennis PRIESNER, 1938 1♂ EUR 
Frankliniella intonsa (TRYBOM 1895)      51 ♀♀ EUS 
Frankliniella tenuicornis (UZEL, 1895) 1♀ COS 
Odontothrips loti (HALIDAY, 1852) 2 ♀♀ HOL 
Thrips physapus LINNAEUS, 1758 9♀♀; 3♂♂ EUS 

Tubulifera Phlaeothripidae 

Bolothrips bicolor (HEEGER, 1852)   5♀♀; 1♂ EUR 
Haplothrips leucanthemi (SCHRANK, 1781) 100♀♀ ; 12♂♂ EUS 
Haplothrips niger (OSBORN, 1883) 39 ♀♀; 6♂♂ WEUS
Haplothrips reuteri KARNY, 1907 1♀; 1♂ PON-MED 

 

COS=Cosmopolite; EUR=European; HOL=Holarctic; EUS=Euro-Siberian; PAL=Palaearctic; WEUS=West Euro-Siberian; PON-MED = 
Ponto-Mediterranean. 

 
b. Ecological indices. On the first site, tailing dumps near the plant, the association of Thysanoptera was 

formed by Haplothrips leucanthemi (Foto 1) as a eudominant species, to which there were added Haplothrips niger, 
Frankliniella intonsa and Chirothrips manicatus as accompanying species. 

On site Ib, grassland in the woods, the specific nucleus of thrips was formed in equal parts by the species 
Haplothtrips leucanthemi and Frankliniella intonsa. 

On site IIa, Experimental field on tailings, the species Haplothrips leucanthemi and Chirothrips manicatus 
were present as eudominant in the herd, to which there were added the Frankliniella intonsa and Haplothrips niger 
species with values of the relative abundance of 13.19%, respectively 11.54% (Fig. 1). 
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On site IIb, site on ashes, the Thysanoptera coenosis was composed of the characteristic species Haplothrips 
leucanthemi accompanied by the Frankliniella intonsa. 

The Haplothrips leucanthemi, Haplothrips niger, Frankliniella intonsa, Chirothips manicatus species, which 
show abundant large numbers (Table 2, Fig. 1), have high ecological plasticity, each occupying an important ecological 
niche in the structural network of the grassland ecosystem. Thus, the values of the herd vary from one coenosis to 
another in relation to the plant association and certain climatic factors. 

The structure of Thysanoptera populations with a low percentage of eu/dominant species and low number of 
stenotope species has also been reported in other habitats in Romania (VASILIU-OROMULU, 2002). 
 

Table 2. The structural indices of the thrips populations, in Rovinari, July 2010. 
Tabel 2. Indicatorii structurali ai populaţiilor de thripşi, Rovinari, iulie 2010. 

 

Ia. Grassland near the plant Σ x x/m2 s2 Stdev s' 
mg.dry 

matter/m2 
A% C% pi log pi 

Chirothrips manicatus  12 1.2 12 4.0 2.0 0.20 1.20 12 40 -0.111 

Frankliniella intonsa  14 1.4 14 5.2 2.3 0.23 1.40 14 30 -0.120 

Bolothrips bicolor  2 0.2 2 0.2 0.4 0.04 0.20 2 20 -0.034 

Haplothrips leucanthemi 50 5.0 50 30.2 5.5 0.55 5.00 51 50 -0.150 

Haplothrips niger  19 1.9 19 6.5 2.6 0.26 1.90 19 50 -0.138 

Larvae 2 0.2 2 0.2 0.4 0.04 0.20 2 20 -0.034 

 99 9.9 99 125.9 11.2 1.12 9.90 100 210 -0.587 

   H(S) = 2  Hmax = 3 E%   =75.45  

Ib. Grassland in the woods            
Frankliniella intonsa  2 0.2 2 0.2 0.4 0.04 0.2 50 20 -0.151 

Haplothrips leucanthemi  2 0.2 2 0.2 0.4 0.04 0.2 50 20 -0.151 

 4 0.4 4 0.5 0.7 0.07 0.4 100  -0.301 

   H(S) = 1  Hmax = 1 E%   =100  

IIa. Grassland on sterile dump            
Aeolothrips intermedius  2 0.2 2 0.4 0.6 0.06 0.20 1.10 10 -0.022 

Chirothrips manicatus 51 5.1 51 40.3 6.3 0.63 5.10 28.02 60 -0.155 

Chirothrips ruptipennis  1 0.1 1 0.1 0.3 0.03 0.10 0.55 10 -0.012 

Frankliniella intonsa  24 2.4 24 10.9 3.3 0.33 2.40 13.19 50 -0.116 

Frankliniella tenuicornis  1 0.1 1 0.1 0.3 0.03 0.10 0.55 10 -0.012 

Odontothrips loti  5 0.5 5 1.6 1.3 0.13 0.50 2.75 20 -0.043 

Thrips physapus  10 1.0 10 3.6 1.9 0.19 1.00 5.49 30 -0.069 

Bolothrips bicolour  4 0.4 4 0.5 0.7 0.07 0.40 2.20 30 -0.036 

Haplothrips leucanthemi  60 6.0 60 44.9 6.7 0.67 6.00 32.97 60 -0.159 

Haplothrips niger  21 2.1 21 7.0 2.6 0.26 2.10 11.54 50 -0.108 

Larvae  3 0.3 3 0.2 0.5 0.05 0.30 1.65 30 -0.029 

 182 18 182 286.8 16.9 1.69 18.20 100.00  -0.762 

   H(S) = 3  Hmax =3 E% =73.20  

IIb. Grassland on ash dump            
Chirothrips manicatus  2 0.2 2 0.4 0.6 0.06 0.2 5.56 10 -0.070 

Frankliniella intonsa  11 1.1 11 5.4 2.3 0.23 1.1 30.56 20 -0.157 

Odontothrips loti  1 0.1 1 0.1 0.32 0.03 0.1 2.78 10 -0.043 

Thrips physapus  2 0.2 2 0.4 0.63 0.06 0.2 5.56 10 -0.070 

Haplothrips leucanthemi  12 1.2 12 5.7 2.39 0.24 1.2 33.33 20 -0.159 

Haplothrips niger  5 0.5 5 1.2 1.08 0.11 0.5 13.89 20 -0.119 

Haplothrips reuteri  2 0.2 2 0.4 0.63 0.06 0.2 5.56 10 -0.070 

Larvae 1 0.1 1 0.1 0.3 0.03 0.1 2.78 10 -0.043 

 36 3.6 36 55.2 7.4 0.74 3.6 100  -0.731 

   H(S) =2.43  Hmax = 3 E%   =80.96  

 
On all sites, there were observed low values of the constant. Among the species of open areas, the highest 

values of the constant belonged to Chirothrips manicatus and Haplothrips leucanthemi, common species of grassland 
sites. Low values of the constant in samples may suggest the dynamic nature of Thysanoptera coenosis due to the active 
movement of these insects. 
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The Shannon-Wiener diversity index was fluctuating between the studied sites, so differences were not 
statistically significant. The highest value of the diversity index was observed in Thysanoptera populations of station IIa. 

Experimental field on tailings (Table 2). Higher specific diversity in case of the last mentioned site can be 
explained by richer food resources compared to the trophic supply of other areas, with much more flowering plant 
species on that site. 

Larger differences noticed between the theoretical value of the diversity index and the observed one lead to the 
idea that Thysanoptera diversity can reach high values when the fluctuations of biotic and abiotic factors allow it. 

Dry biomass values range from 0.4-18.2 mg/dry matter/m2, indicating the food input of these insects to the 
flow of matter in the ecosystem. 

c. Geographical distribution. The geographical distribution of thrips species in Rovinari presents: 3 Euro-
Siberian, 2 European, 2 Holarctic, 1 cosmopolite, 1 Palearctic, 1 W-Euro-Siberian and 1 Ponto-Mediterranean. We can 
notice a higher proportion of the Euro-Siberian species, a situation encountered, for example, in the vineyard ecosystem 
(VASILIU-OROMULU & BĂRBUCEANU, 2010). VASILIU-OROMULU (1998) finds the prevalence of European species in 
Romania, these species being on the second place in this study (Table 1). 

d. Content in heavy metals and radionuclides in soil and Thysanoptera fauna. The content in heavy metals 
and radionuclides activity, is dependent on the soil substrate, respective on the waste dump type (sterile or ash waste 
dumps), or Control area. The recorded values are presented in Table 3 and Table 4.    
 

Table 3. Amount of some heavy metals in different stations from Middle Jiu valley (in mg/kg soil). 
Tabel 3. Metale grele in diferite staţii din Valea Jiului mijlociu. 

 

Heavy metal Near plant Forest Sterile dump Ash dump Control 

Zn 72.6 61.8 95.0 73.2 43.5 

Cu 34.4a 28.0a 25.8a 27.2a 28.2a

Fe 29,331 21,256 34,081 28,856 20,073 

Mn 652 238 195 419 325 

Pb 27.0a 43.4a 47.2a 33.6a 43.5a

Ni 44.6a 22.0a 77.7b 22.6a 22.6a

Co 11.40 7.26 13.80 8.48 8.64 

Cr 46.2a 11.4 14.9 45.5a 9.43 

Cd 0.218 0.243 0.322 0.239 0.151 
 

Legend: 
a 

– over normal value; 
b

 – over alert value. 

Legendă: 
a 

peste valoarea normală; 
b

 - valoarea de avertizare. 
 

 
The values recorded, in the all stations, for Cu, Pb and Ni, recorded values over the normal limit, and for Ni, in 

sterile waste dump in Rovinari, was recorded a value over alert limit.  
 

Table 4. The radionuclides activity (in Bq/kg soil) in some stations from the Middle Jiu valley. 
Tabel 4. Activitatea radionucleară în unele staţii din Valea Jiului mijlociu.  

 

Radionuclide Near plant Forest Sterile waste dump Ash waste dump Control 

234Th (238U) 83.03 ± 9.12 47.9 ± 5.35 45.4 ± 2.19 163.6 ± 17.5  < 10.0 
226Ra 51.5 ± 1.2 33.3 ± 1.50 29.9 ± 1.3 229.5 ± 5.1 16.5 ± 0.85 
210Pb 118.8 ± 8.2 87.5 ± 4.85 47.7 ± 3.95 151.1 ± 8.42 20.8 ± 2.36 
214Bi 48.1 ± 2.04 32.5 ± 1.57 27.4 ± 1.41 117.1 ± 4.0 14.8 ± 0.91 
214Pb 54.0 ± 2.03 35.0 ± 1.47 30.4 ± 1.27 142.0 ± 5.35 18.2 ± 0.86 
235U 9.17 ± 0.91 4.87 ± 0.36 4.0 ± 0.46 8.99 ± 1.73 2.36 ± 0.26 

228Ac (232Th) 55.9 ± 3.51 29.1 ± 2.17 34.8 ± 2.56 88.4 ± 5.14 26.4 ± 2.0 
212Pb 73.6 ± 2.38 64.1 ± 1.56 46.7 ± 1.53 137.8 ± 4.86 33.6 ± 1.27 

40K 616.5 ± 39.4 453.7 ± 23.1 539.9 ± 27.6 519.2 ± 40.9 446.2 ± 26.8 
7Be < 19.1 < 11.6 < 14.3 < 22.8 < 11.1 

137Cs 183.3 ± 10.1 < 1.7 19.9 ± 27.6  77.5 ± 3.5 18.3 ± 1.01 
 

Legend:  
Limits values for Romania: 226Ra: 10-90; 232Th: 13-65; 40K: 330-800 Bq/kg (after CHIOSILĂ et al., 1994); 
Mean values for Romania: 226Ra: 38; 232Th: 39; 40K: 540 Bq/kg (after, CHIOSILĂ et al., 1994). 
Legendă:  
Valori limită pentru România: 226Ra: 10-90; 232Th: 13-65; 40K: 330-800 Bq/kg (după CHIOSILĂ et al., 1994); 
Valori de risc pentru România: 226Ra: 38; 232Th: 39; 40K: 540 Bq/kg (după CHIOSILĂ et al., 1994). 
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Excepting the values recorded for 40K and 7Be, for the all radionuclides were recorded upper value4s in 
comparison with Control and with media for Romania. This aspect underlined the toxic effect in these areas, the present 
species manifesting a natural resistance at the presence of a big amount of radionuclides and/or heavy metals. The 
species present in these areas can be indicator species for the presence of a big amount of heavy metals and/or 
radionuclides. 

Previously researches performed by other authors, underlined the presence of some thrips species in the 
polluted areas with heavy metals and/or radionuclides (VASILIU-OROMULU et al., 2007; VASILIU-OROMULU & 
BĂRBUCEANU, 2008; VASILIU-OROMULU & JENSER, 2008, a/o). The analyse of the trips fauna in different stations, 
underlined the presence of the same genotypes, with a natural resistance at a heavy metals amount in soil and/or with 
resistance at a great amount of radionuclides as: Chirothrips manicatus, Frankliniella intonsa, Haplothrips leucanthemi, 
Haplothrips niger, a/o.  

 
CONCLUSIONS  

 
The study of thrips on the tailing dumps of Rovinari indicates a low specific diversity, consisting of 11 species. 
The Thysanoptera coenosis has constantly consisted of a species characteristic to the tailing dumps of 

Rovinari, the tubuliferous Haplothrips leucanthemi. 
The human impact exerted over the years on the studied sites resulted in the reduction of the taxonomic 

spectrum of Thysanoptera and especially in the diminution of the population of certain thrips species. Thus, the 
presence and evolution of the structure and function of Thysanoptera fauna is primarily related to changes in the 
evolution of the primary producers from the studied ecosystems.  

The bioindicator species is Haplothrips leucanthemi for all researched sites, compared to Zlatna dumps, where 
the bioindicator is the Chirothrips manicatus species, while on the Retezat dumps, the Frankliniella intonsa species. 

Consequently, Thysanoptera species that grow on dumps differ from one another, according to the type of 
dumps, therefore it is necessary to carry out chemical analysis of both the substrate and insects.  

The strategies for the protection of ecosystems subject to human impact can be understood only through 
detailed knowledge of the structure and operating principles of all living systems, and therefore of these secondary 
producers, which are the insects of the Thysanoptera order. 

The Thysanoptera species present in a big amount in the affected area (sterile and ash waste dumps), can be 
used as indicator species for the presence of a big amount of heavy metals and/or radionuclides. 
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Figure 1. The relative abundance of thrips species on Rovinari tailing dumps. 
Figura 1. Abundenţa relativă a speciilor de thripşi pe haldele de steril din Rovinari.  
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Photo 1. Haplothrips leucanthemi, male. 
Foto 1. Haplothrips leucanthemi, mascul (original). 
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FAUNISTIC DATA ON ORTHOPTERA INSECTS FROM THE  
SCIENTIFIC RESERVE “PLAIUL FAGULUI” (REPUBLIC OF MOLDOVA) 

 
 

STAHI Nadejda, DERJANSCHI Valeriu  
 

Abstract. The study presents the results of the research studies on the Orthoptera fauna of Scientific Reserve “Plaiul Fagului” from 
the Republic of Moldova, carried out between June and September 2008. The paper shows a list of 53 species from this reserve 
grouped in 13 Orthoptera subfamilies with ecological and zoogeographical data.  
 
Keywords: Orthoptera, Scientific Reserve ”Plaiul Fagului”. 
 
Rezumat. Date faunistice privind insectele ortoptere din Rezervaţia Ştiinţifică „Plaiul Fagului” (Republica 
Moldova). Lucrarea dată prezintă rezultatele cercetărilor a faunei insectelor din ordinul Orthoptera din Rezervaţia Ştiinţifică „Plaiul 
Fagului” din Republica Moldova, efectuate în iunie-septembrie 2008. Lucrarea include o listă de 53 specii de ortoptere din această 
rezervaţie, grupate în 13 subfamilii cu date privind ecologia şi zoogeografia.  
 
Cuvinte cheie: Orthoptera, Rezervaţia Ştiinţifică „Plaiul Fagului”. 

 
INTRODUCTION 

 
In the Republic of Moldova, there are known 113 species of insects from Orthoptera order (STAHI & 

DERJANSCHI, 2009). For the first time in the Scientific Reserve “Plaiul Fagului” there were cited 12 species 
(OSTAFICIUC et al., 2005), followed by 8 (DERJANSCHI et al., 2006). In other paper, at those 21 known Orthoptera 
species, there were added other 4 (STAHI, 2007). Thus, 53 species were identified within this reserve. The recorded 
species represent 46.9% of the whole fauna of Orthoptera insects of our republic, 31 belonging to Caelifera suborder 
and 22 to Ensifera.  

 
MATERIAL AND METHODS 

 
Description of the studied area. The Scientific Reserve “Plaiul Fagului” has been protected by the state since 

1975. In 1976, the landscape – nature, including forestland, went into the forest reserve and synergetic category. On 
March 12, 1992 it was set up the Scientific Reserve “Plaiul Fagului” for the conservation, regeneration, organic 
recovery, and study of one of the most picturesque and representative ecosystems of the Central Codrii in an area of 
5,642 ha (96.4% of the surface is covered by forests). 

The reserve is situated in the North-Western part of Central Codrii Plateau. Central Codrii is the name of the 
forests that grow in the hilly part of the Republic of Moldova. The current reserve was created to protect unique and 
precious beech forests and other species of trees (Fig. 1).  

The territorial-administrative structure includes 5,387 acres of natural trees including European Beech 
formations (Fagus sylvatica) – 272 ha, Ash (Fraxinus excelsior) – 1,163 ha, Oak (Quercus robur), Sessile Oak (Q. 
petraea) – 1,039 ha, lime (Tilia sp.) – 169 ha and other species – 169 ha. 

The territory of the reserve is highly fragmented; the relief displays a mountainous character in certain areas 
and steep slopes prevail here; these are affected by old landslides and linear erosion, forming deep ravines with 
groundwater sources. The Bik River and several rivulets spring within this area. The altitudes vary between 140 and  
410 meters. The vegetation of the reserve includes about 680 species of vascular plants, 150 fungi, 48 lichens and 65 
mosses (POPUŞOI, 2008).  

Plant formations are represented by forests of Central European kind, which have been preserved in their 
natural origin (beech, oak, lime, hornbeam, oak are the dominant species). Beech formations reach more than 150 years 
and a height of up to 40 meters with a stem diameter of over 100 cm. Beech grows mixed with hornbeam and oak. 
These forests grow at more than 200 m altitude (POPUŞOI, 2008). In the neighbouring zones, there are crops, vineyards 
and orchards, which are favourable for various species of vertebrates and invertebrates. 

At present, within the reserve, there are recorded: 42 species of mammals, about 140 species of birds, 7 reptiles 
and 8 of amphibians. Recently the wildlife of reserve has been enriched with Noble Deer, Deer-in-spots and Roe Deer. 
The number of vertebrates is exceeded by the insects. As for the bird variety, only during the spring-winter passage and 
nesting period there were observed birds from 14 orders (POPUŞOI, 2008). 

Method of sampling and evaluation of Orthoptera species. Orthoptera specimens were obtained by sweep-
sampling and by hand directly on the grasses. The insects were collected from different locations like meadows, wet 
meadows also, the vegetation from paths in the woods, alfalfa fields from the reserve. 

For collecting of the Orthoptera individuals we used the sweep net. The samples were collected during calm, 
warm and sunny weather conditions, in June and August 2008. During each visit we performed 50 sweeps by 6 times in 
every studded habitat. At each step a sweep was made by traversing a horizontal arc of 1800 with a standard canvas net, 
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which had 38 cm in diameter. Sample collection took place from 10 am to 6 pm with repose between 11.30 am till 15 
pm (GARDINER et al., 2005). The individuals were identified immediately in the field or in the laboratory using 
identification keys (HARZ, 1969, 1975; HELLER, 1998; IORGU & IORGU, 2008; KNECHTEL & POPOVICI-BÂZNOŞEANU, 
1959; BEY-BIENKO, 1964). Both system and nomenclature follow the work of EADES & OTTE (Orthoptera Species File. 
Version 2.0/4.0), and Grasshoppers, crickets and katydids Orthoptera (http://www.biolib.cz). 

The zoogeographic elements were established according to the work of BEY-BIENKO (1950, 1952) and IORGU 

& IORGU (2008). At processing of mathematical and statistical analysis of the entomological material we have applied 
the works of ANDREEV (2002). 

The classification of the life forms of long-horned and short-horned grasshoppers were based on the works of 
BEY-BIENKO (1950, 1952) and PRAVDIN (1978). 
 

 
 

Figure 1. Localisation of the Scientific Reserve “Plaiul Fagului” in the Republic of Moldova.  
Figura 1. Localizarea Rezervaţiei Ştiinţifice „Plaiul Fagului” în Republica Moldova.

RESULTS AND DISCUSSIONS 
 

During our researches, on the Scientific Reservation “Plaiul Fagului” from the Republic of Moldova, we 
collected 2,525 individuals of insects from Orthoptera order from 53 species which belong to 33 genera, 11 subfamilies: 
Bradyporinae - 1 species, Conocephalinae - 2, Meconematinae - 1, Phaneropterinae - 5, Tettigoniinae - 9, Gryllinae - 2, 
Oecanthinae - 1, Gryllotalpinae - 1, Tridactylinae - 1, Tetriginae - 4, Acridinae - 1, Calliptaminae - 1, Gomphocerinae – 
19, and Oedipodinae respectively 5 species, 6 families and 5 superfamilies. Acridoidea superfamily registered the most 
numerous number of species, twenty-six, while Tridactyloidae and Tetrigoidea had just one and respectively four 
species (Table 1). 

The analyses of the synecological indices according to the degree of dominance of species revealed that 30 are 
subrecedent and represent 11.95% – 302 individuals from the total collected (2,525).  

The species Conocephalus fuscus, Decticus albifrons, Metrioptera bicolor, M. roeselii, Chrysochraon dispar, 
Chorthippus loratus, Stauroderus scalaris, Mecostethus alliaceus and Paracinema tricolor bisignata are recedent and 
constitute 12.83% – 324 individuals of the collected specimens. 

The species Oecanthus pellucens, Chorthippus mollis, Ch. parallelus, Ch. vagans, Omocestus haemorhoidalis, 
O. rufipes, O. viridulus, Stenobothrus lineatus and Aiolopus thalassinus are subdominants and represent 27.60% – 697 
individuals of the collected specimens. 
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The species Leptophyes punctatissima, Pholidoptera griseoaptera and Chorthippus albomarginatus are 
dominant; more individuals of the first two species were collected from the bushes and trees and vegetation from the 
pads. The value of the index of these three species was 20.56% – 519 individuals of the 2,525 collected specimens.  

The species Chorthippus biguttulus and Ch. brunneus (Fig. 6) were eudominant and constituted 27.05% – 683 
individuals of the collected specimens. The majority of individuals of these species were collected from the meadows 
and alfalfa fields, which are located in the vicinity of pools in the middle of the reservation.  

The variety of ecological preferences of Orthoptera species in this reservation is so high, because collections 
were carried along selvedge and meadows, alfalfa fields which are nearby woods, also in the wet meadows where 
vegetation is represented by typical hygro-mesophilous plants. So, in this reserve, mesophilous, hygrophilous and 
hygro-mesophilous species are prevalent. 

Analysing the species composition and the distribution of some Orthoptera species we notice that 
Conocephalus fuscus, Ruspolia nitidula, Decticus verrucivorus, Metrioptera bicolor, M. roeselii, Pholidoptera 
griseoaptera, Platycleis veyseli, Pterolepis germanica, Tettigonia viridissima, Chrysochraon dispar, Euthystira 
bracyptera, Gryllotalpa gryllotalpa, Xya variegata, Depressotetrix depresa, Tetrix bipunctata, T. subulata, T. 
tenuicornis, Chorthippus albomarginatus, Ch. parallelus, Omocestus viridulus, Aiolopus thalassinus, Mecostethus 
alliaceus, Paracinema tricolor bisignata and Stethophyma grossus inhabit vegetation near streams and lakes, meadows 
and wet meadows of the reserve (Fig. 4). 

In the fields of alfalfa, there were collected Tettigonia viridissima, Chorthippus albomarginatus, Ch. 
biguttulus, Ch. brunneus, Omocestus haemorhoidalis, O. rufipes, O. viridulus, Stenobothrus lineatus and those from 
genera Chorthippus, Omocestus and Stenobothrus. Also, in spring and early summer we collected individuals of Field 
Crikets (Gryllus campestris) and Steppe Cricket (Melanogryllus desertus).  

According to the ecological forms 16 species are mesophilous, 12 – hygrophilous and meso-xerophilous, 11 
are xerophilous and the last two species are hygro-mesophilous (Fig. 2). 

Concerning Orthoptera species, on the investigated territory, the dominant species in terms of number are 
chortobionts and thamnobionts (Table 1).  

The index of diversity of Orthoptera insects from Scientific Reserve “Plaiul Fagului” had a value of 28.949 
with an error of 0.056%; the Simpson index was 0.035%, the Shannon index – 1.284 with an error of 0.0098% and the 
Equitability – 0.4 (Table 1). 

Table 1. Sinecologycal analyse of Orthoptera fauna from Scientific Reserve “Plaiul Fagului”.  
Tabel 1. Analiza sinecologică a faunei ortopterelor din Rezervaţia Ştiinţifică „Plaiul Fagului”. 

 

No. Species 
N 
♀/♂ 

Domination 
Feeding 
group 

Habit 
Zoo-

geography % Class
Eco-
form 

Life 
form 

Family TETTIGONIIDAE KRAUSS, 1902 
1. Ephippiger ephippiger (FIEBIG, 1784) 1/2 0.12 D1 Ph. 3 B CSE 
2. Conocephalus fuscus (FABRICIUS, 1793) 44/35 1.94 D2 Ph-cr. 1 A HP
3. Ruspolia nitidula (SCOPOLI, 1786) 3/1 0.16 D1 Ph-cr. 1 A MA
4. Meconema thalassinum (DE GEER, 1773) 1/0 0.04 D1 Ph-cr. 3 C HE
5. Isophya zubowskii BEI-BIENKO, 1954 0/1 0.04 D1 Ph. 3 B PC 
6. Leptophyes albovittata (KOLLAR, 1833) 12/9 0.83 D1 Ph. 4 D CAM 
7. Leptophyes boscii FIEBER, 1853 7/5 0.48 D1 Ph. 4 D SEE 
8. Leptophyes punctatissima (BOSC, 1792) 106/72 7.05 D4 Ph. 4 D NE 
9. Phaneroptera falcata (PODA, 1761) 15/10 0.99 D1 Ph. 3 C ES

10. Decticus albifrons (FABRICIUS, 1775) 11/19 1.19 D2 Ph-cr. 5 F CM 
11. Decticus verrucivorus (LINNAEUS, 1758) 1/0 0.04 D1 Ph-cr. 4 F ES 
12. Metrioptera bicolor (PHILIPPI, 1830) 15/13 1.11 D2 Ph-cr. 4 A ES 
13. Metrioptera roeselii (HAGENBACH, 1822) 14/21 1.39 D2 Ph-cr. 3 A ES 
14. Pholidoptera fallax (FABRICIUS, 1793) 1/3 0.16 D1 Ph-cr. 3 B CAM 
15. Pholidoptera griseoaptera (DE GEER, 1773) 52/115 6.61 D4 Ph-cr. 2 C HE 
16. Platycleis veyseli (KOÇAK, 1984) 0/1 0.04 D1 Ph-cr. 5 A CAP
17. Pterolepis germanica (HERRICH-SCHÄFFER, 1840) 2/4 0.24 D1 Ph-cr. 4 E PM
18. Tettigonia viridissima LINNAEUS, 1758 5/2 0.28 D1 Ph-cr. 3 C HP

Family GRYLLIDAE LAICHARTING, 1781 
19. Gryllus campestris LINNAEUS, 1758 7/8 0.59 D1 Ph-cr.      3 F HP
20. Melanogryllus desertus (PALLAS, 1771) 13/10 0.91 D1 Ph-cr. 3 F CAM
21. Oecanthus pellucens (SCOPOLI, 1763) 31/47 3.09 D3 Ph-cr. 5 B CAM

Family GRYLLOTALPIDAE LEACH, 1815 
22. Gryllotalpa gryllotalpa (LINNAEUS, 1758) 2/0 0.08 D1 Ph-cr. 3 F HP

Family TRIDACTYLIDAE BRULLÉ, 1835 
23. Xya variegata (LATREILLE, 1809) 11/9 0.79 D1 Ph-cr. 1 F CAM

Family TETRIGIDAE SERVILLE, 1838 
24. Depressotetrix depressa (BRISOUT DE BARNEVILLE, 1848) 2/1 0.12 D1 Ph. 1 F CM
25. Tetrix bipunctata (LINNAEUS, 1758) 10/10 0.79 D1 Ph. 1 F ES 
26. Tetrix subulata (LINNAEUS, 1758) 16/12 1.11 D1 Ph. 2 G HR 
27. Tetrix tenuicornis (SAHLBERG, 1891) 6/4 0.40 D1 Ph. 1 F HP 

Family ACRIDIDAE MACLEAY, 1821 
28. Acrida ungarica (HERBST, 1786) 6/11 0.67 D1 Ph. 5 A MA
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Legend: Feeding groups: Ph. – phytophagous, Cr. – carnivorous, Ph-cr. – omnivorous;  
Eco-forms: 1 – hygrophilous, 2 – hygro-mesophilous, 3 – mesophilous, 4 – meso-xerophilous, 5 – xerophilous;  
Life forms: A – chortobiont, B – gramineous chortobiont, C – sedge-chortobionts, D – facultative chortobionts, E – herbivore chortobiont, F – 

thamnobiont; G – openly-living geophilous; H – under-cover geophilous, I – fissure-living biont J – herpetobionts, K – geobiont. 
Zoogeographical groups: PAL – Palaearctic: ES – Eurosiberian, HP – Holopalaearctic, EP – Euro-Asiatic-Palaearctic, HR – Holarctic; MED 

– Mediterranean: CM – Circum-Mediterranean, MA – Mediterranean-African, PM – Ponto-Mediterranean, P – Pontic; C-A – Central Asian: CAM – 
Central Asian-Mediterranean, CAP – Central Asian-Pontic; EUR – European: HE – Holoeuropean, CE – Central European, CNE – Central-North-
European, CSE – Central-South- European, NE – North-European, SEE – South-East-European.  

 
The rarest species have been Ephippiger ephippiger (Fig. 7) and Meconema thalassinum because thamnobiont 

species are difficult to find out and collect. 
In the oak forests from the Scientific Reserve “Plaiul Fagului” we collected the next species: Leptophyes 

albovittata, L. bosci, L. punctatissima, Phaneroptera falcata, Meconema thalassinum and Oecanthus pellucens. On the 
vegetation from the paths within the woods, we collected just Pholidoptera griseoaptera species (Fig. 5). 
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Figure 2. The distribution to the eco-form of Orthoptera species from the Scientific Reserve “Plaiul Fagului”.  
Figura 2. Distribuţia ortopterelor din Rezervaţia Ştiinţifică „Plaiul Fagului” conform eco-formelor. 

29. Calliptamus italicus (LINNAEUS, 1758) 2/6 0.32 D1 Ph. 5 E HP
30. Chrysochraon dispar (GERMAR, 1834) 12/26 1.50 D2 Ph. 1 A ES
31. Euthystira brachyptera (OCSKAY, 1826) 8/5 0.51 D1 Ph. 1 A CAP
32. Chorthippus albomarginatus (DE GEER, 1773) 124/50 6.89 D4 Ph. 3 A CNE 
33. Chorthippus apricarius (LINNAEUS, 1758) 1/2 0.12 D1 Ph. 3 A ES 
34. Chorthippus biguttulus (LINNAEUS, 1758) 130/168 11.80 D5 Ph. 4 G CAM 
35. Chorthippus brunneus (THUNBERG, 1815) 226/159 15.25 D5 Ph. 4 G HP 
36. Chorthippus dichrous (EVERSMANN, 1859) 6/3 0.36 D1 Ph. 5 A CAP 
37. Chorthippus dorsatus (ZETTERSTEDT, 1821) 1/3 0.16 D1 Ph. 3 A ES 
38. Chorthippus loratus (FISCHER VON WALDHEIM, 1846) 17/16 1.31 D2 Ph. 5 A PM 
39. Chorthippus mollis (CHARPENTIER, 1825) 49/51 3.96 D3 Ph. 4 A EP 
40. Chorthippus parallelus (ZETTERSTEDT, 1821) 54/57 4.40 D3 Ph. 4 A EP 
41. Chorthippus pullus (PHILIPPI, 1830) 3/6 0.36 D1 Ph. 3 A CE 
42. Chorthippus vagans (EVERSMANN, 1848) 31/45 3.01 D3 Ph. 4 A P 
43. Omocestus haemorrhoidalis (CHARPENTIER, 1825)  34/19 2.10 D3 Ph. 4 E EP 
44. Omocestus minutus (BRULLÉ, 1832)  3/4 0.28 D1 Ph. 4 A P 
45. Omocestus rufipes (ZETTERSTEDT, 1821)  33/31 2.53 D3 Ph. 5 A HP 
46. Omocestus viridulus (LINNAEUS, 1758)  45/45 3.56 D3 Ph. 3 A ES 
47. Stauroderus scalaris FISCHER VON WALDHEIM, 1846 26/12 1.50 D2 Ph. 3  ES
48. Stenobothrus lineatus (PANZER, 1796) 29/33 2.46 D3 Ph. 4 A ES
49. Aiolopus thalassinus (FABRICIUS, 1781) 30/33 2.50 D3 Ph. 1 A HP
50. Mecostethus alliaceus (GERMAR, 1817) 21/22 1.70 D2 Ph. 1 A ES
51. Oedipoda caerulescens (LINNAEUS, 1758) 14/8 0.87 D1 Ph. 5 F PM
52. Paracinema tricolor bisignata (CHARPENTIER, 1825) 15/15 1.19 D2 Ph. 1 A CM
53. Stethophyma grossum (LINNAEUS, 1758) 2/1 0.12 D1 Ph. 1 A ES

TOTAL INDIVIDUALS 2,525       
The index of diversity 28.949 error – 0.056 
The Simpson index 0.035 error – 0 
The Shannon index 1.284 error – 0.098 
The Equitability 0.4 
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CONCLUSIONS 
 

During of our regarding the fauna of insects from the order Orthoptera in the Scientific Reserve “Plaiul 
Fagului”, there were collected 53 species which belong to 33 genera and 11 subfamilies. 

Of the 2,525 collected individuals just two species are dominants – Chorthippus biguttulus and C. brunneus. 
Zoogeographically, 24 have a Palaearctic distribution, 10 Mediterranean and Central-Asian and the last 7 – 

European. 
Concerning Orthoptera species, on the investigated territory, the dominant species in terms of number are 

chortobionts and thamnobionts. 
 

 
 

Figure 3. The zoogeographical distribution of Orthoptera species from the Scientific Reserve “Plaiul Fagului“.  
Figura 3. Distribuţia zoogeografică a ortopterelor din Rezervaţia Ştiinţifică „Plaiul Fagului”. 

 
Zoogeographically, 26 species have a Palaearctic distribution, 11 – Mediterranean, 9 – Central-Asian and the last – 

European (Fig. 2). Most of the Palaearctic group has Eurosiberian distribution (12 species) and the fewest (1 species) – 
Holopalaearctic; most of the Mediterranean group has Circummediterranean (7) and the fewest (1) – Pontic zoogeographical 
distribution. In case of Central Asian group 8 species have Central Asian-Mediterranean and 2 – Central Asian-Pontic 
distribution. The last 2 species are European elements (Central-North-European and North-European) (Fig. 3). 
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Figure 4. Wet meadow from the Scientific Reserve “Plaiul 
Fagului“. / Figura 4. Luncă umedă din cadrul Rezervaţiei 

Ştiinţifice „Plaiul Fagului”. (original). 
 
 

 

Figure 5. Male of Pholidoptera griseoaptera the Scientific 
Reserve “Plaiul Fagului“ July 9, 2008 / Figura 5. Mascul de 

Pholidoptera griseoaptera „Plaiul Fagului” 09.07.2008. (original). 

 

Figure 6. Male of Chorthippus brunneus the Scientific Reserve 
“Plaiul Fagului” July 8, 2008. / Figura 6. Mascul de 

Chorthippus brunneus „Plaiul Fagului” 08.07.2008. (original). 

 

Figure 7. Female of Ephippiger ephippiger the Scientific 
Reserve “Plaiul Fagului” July 19, 2008 / Figura 7. Mascul de 

Ephippiger ephippiger „Plaiul Fagului” 19.08.2008. (original). 
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CHANGES IN CARABID COMMUNITIES ALONG THE URBANIZATION GRADIENT 
IN PYONGYANG (NORTH KOREA) 

 
 

ŠUSTEK Zbyšek  
 
Abstract. The Carabids were pitfall trapped and individually collected in Pyongyang in 8 sites along the urbanization gradient from 
city margin to its centre in September – November 1986 and June – July 1990. Altogether 51 species were recorded, representing 
14.7% of the species known to occur in Korea. The communities consisted exclusively of middle and small species (up to 20 mm). 
There was not found any species of the genus Carabus. Absence of non-flying species probably also results from very intensive 
agricultural exploitation of Pyongyang surrounding. Most species belonged to the genera Amara and Harpalus, characteristic also in 
Korean conditions for fields and orchards. The humid climate was reflected by the occurrence of several species of the genus 
Chlaenius even in the very city centre. Urbanisation gradient was manifested by decline on number of species, individuals and 
diversity index and by increase in relative representation of Transpalaearctic species Dolichus halensis, Pseudoophonus tardus and 
Ansisodactylus signatus. There can be defined some pairs or groups of vicariant species taking the same position in the (peri)urban 
ecosystems in East Asia and Europe: Platynus magnus x Platynus assimilis, Nebria coreica x Nebria brecollis. Pseudoophonus 
sinicus + P. simplicidens + P. coreanus + P. jureceki x P. calceatus, Curtonotus nitens x Curtonotus aulicus. Generally, the rules of 
forming the carabid communities in urban conditions in both parts of Palaearctis are very similar. 
 
Keywords: Carabids, communities, urban fauna, Pyongyang, North Korea. 
 
Rezumat. Schimbările cenozelor de carabide de-a lungul gradientului de urbanizare la Pyongyang (Coreea de 
Nord). Carabidele s-au colectat din 8 locuri în Pyongyang situate de-a lungul gradientului de urbanizare de la marginea oraşului 
până în centru. Colectările s-au făcut în septembrie – noiembrie 1986 şi iunie – iulie 1990. În total s-au găsit 51 specii, ceea ce 
reprezintă 14,7% specii cunoscute în Coreea. Cenozele au fost compuse exclusiv din specii mici sau medii (până la 20 mm). În oraş 
şi împrejurimi n-a fost găsită nici o specie a genului Carabus. Absenţa speciilor aptere rezultă şi din exploatarea agrară foarte 
intensivă a împrejurimilor orasului Pyongyang. Majoritatea speciilor au aparţinut genurilor Amara şi Harpalus, care sunt 
caracteristice şi în condiţiile nord coreene pentru agrocenoze şi livezi. Clima umedă a fost reflectată de găsirea câtorva specii ale 
genului Chlaenius chiar în centrul oraşului propriu zis. Gradientul urbanizării a provocat scăderea numărului speciilor, indivizilor şi a 
indicelui de diversitate, precum şi creşterea abundenţei relative a speciilor transpalearctice Dolichus halensis, Pseudoophonus tardus 
şi Ansisodactylus signatus. Printre specii pot fi definite mai multe perechi sau grupuri de specii vicariante care iau aceeaşi poziţie în 
ecosistemele periurbane din Asia răsăriteană şi din Europa: Platynus magnus x P. assimilis, Nebria coreica x N. brecollis. 
Pseudoophonus sinicus + P. simplicidens + P. coreanus + P. jureceki x P. calceatus, Curtonotus nitens x C. aulicus. În general, 
regulile după care se formează cenozele carabidelor în ambele părţi  ale palearcticei sunt foarte similare. 
 
Cuvinte cheie: carabide, cenoze, fauna urbană, Pyongyang, Coreea de Nord. 

 
INTRODUCTION 

 
The urban environment consists of an extraordinarily variable mosaic of habitats. Its includes as ephemeral 

habitats arising simultaneously in different sites in the city where the initial stages of succession of plant and animal 
communities can be observed, islands of relatively stabilized ecosystems in densely built-up areas, as well as sometimes 
even surprisingly well preserved habitats situated at city margins or sometimes projecting deeply into the city interior 
and acting as biocorridors. Immigration of species from the city surroundings into its interior depends on the 
biodiversity and state of the nature in the city exterior, course of streets and structure of built-up areas and pattern of 
greenery mosaic. The ecosystems surviving in the city are subjected to strong anthropogenic influences like chemical, 
light and noise pollution, pests control, intensive care at greenery in gardens and parks, trampling, recreation and other 
human activities.  

The fauna of urban ecosystems is an objective of many investigations programs (London, Warsaw, Moscow, 
Budapest, Leipzig, Brno, Bratislava, Madrid) in Europe (KLAUSNITZER, 1990) since mid-1970-s. Within all these 
projects Carabids were also studied (CZECHOWSKI 1980a, 1980b, 1981; DAVIS, 1978; DUSHENKOV, 1983; HALLER, 
2003; KLAUSNITZER & RICHTER, 1980; LIK, 2010; ŠUSTEK, 1979, 1984, 1989; TOPP, 1972) and a lot of data has been 
collected, which allow certain generalizations. There exists, however, a question to what degree these general 
conclusions can be extended on urban fauna in other continents, with essentially different species and conditions. 

The aim of this study is (1) to establish the structure of Carabid communities in Pyongyang as a big East Asian 
city, (2) to show differences between the communities in the city interior and exterior and (3) to show to what degree 
there are general patterns in forming the urban fauna in Central Europe and East Asia.  
 

MATERIAL AND METHODS 
 

The material was collected during two expeditions to the Democratic People’s Republic of Korea (North 
Korea) undertaken within the collaboration agreements between the Czechoslovak Academy of Sciences and Academy 
of Sciences of DPRK in September - November 1986 and June - July 1990. The beetles were pitfall-trapped (plastic jars 
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of 300 ml with 75 mm wide opening filled by formalin) and individually collected at 8 sites. The traps were emptied in 
7-10-day intervals, between longer excursions to other parts of the country. In each site 5 traps were installed. In order 
to maximize the chance to obtain a representative material within a very limited time, the beetles were also collected 
individually. In the park around the Potogang hotel the sampling was completed by collecting beetles coming in the 
evening on illuminated entry into the building or to lamps in the parks. Because of a relative limited extent of the whole 
material, samples collected in individual sites by all methods were pooled. 

The study sites (Fig. 1) were selected so that they characterize the urbanization gradient from the surroundings 
to the city centre and can be easily visited by walking from the hotel and can be hidden or protected from the public. 

The Carabids were identified using mainly the works of ANDREWES (1977), HABU (1973, 1978, 1982a, 1982b, 
1983, 1984, 1987), JEDLIČKA (1962, 1963, 1965), KÜHNELT (1941), LAFER (1989), LINDROTH (1956), NETOLITZKY 
(1942-1943), PAWLOWSKI (1974) and UÉNO et al. (1999). The nomenclature was partly up-to-dated according to 
KRYZHANOVSKIJ et al. (1995).  

The dominance of species is characterized by the following scale: eudominant > 10%, dominant 5-10%, 
subdominant 1-5%, recedent 0.5-1% and subrecedent < 0.5%. The presence of species is characterized as it follows 
euconstant > 75%, constant 50-75%, accessory 25-50% and accidental < 25%. The Shannon/Weawer index serves to 
characterize diversity. 

The hierarchical classification of the communities was carried out by unweight average linkage methods using 
the Jaccard’s index for presence-absence data and Whiteker’s index for the quantitative data. The calculations were 
done by the program CAP III. 

Pyongyang´s environment and specification of individual study sites: 
Major part of Pyongyang lays at an altitude of about 30 m, only the surrounding hills reaching about 50-60 m. 

Its surroundings are mostly deforested and intensively used for agriculture. The forests are preserved only on low hills 
norther of the city and, from a part, they are transformed into large parks or recreation zones included as islands into the 
built up zone. They belong to the alliance Pino koraiensis-Quercion mongolicae and are strongly affected by cutting-off 
of lower wooden vegetation as burning wood. In some places traces of digging trenches during the Korean war are also 
visible and indicate a profound damaging or destroying of them in early 1950-ies. Meadow or pasture vegetation 
formations in the European sense do not exist there at all. 

The city as such was completely built up anew, after the extensive destructions during the Korean war (1950-
1953), according to modern urbanistic concepts. Therefore there does not exist any historical densely built-up centre 
with closed blocks of buildings, typical of European cities. The major part of Pyongyang resembles the big housing 
estates of Central and East European cities from 1960-1980-s, with isolated prefabricate high blocks, and a considerable 
portion of public greenery functioning as biocorridors. Just a minor part of the city consists of 3-4-floor houses built up 
in 1950-s, emergency one-floor living buildings or industrial and logistic complexes. There do not exist residential 
quarters of family houses surrounded by small gardens, like in European suburbs. 

The climate (average temperature 9.8ºC, annual precipitation sum 925 mm) is influenced by cold sea streams 
and frosty winds from Siberia in winter and is characterized by great differences between winter and summer (Table 1). 
Winter is long and cold (140 frosty days), with little precipitation. Summer is warm with temperatures reaching 30ºC, 
but humid, with strong monsoon rains in July and August, when 52% of the annual precipitation falls. Still in 
September the humidity is very high and dense fogs last about until noon in first two weeks. In late September the 
weather becomes dry. Transition between the warm growing season and winter is sudden, especially in autumn. 

 
Table 1. Basic climatic parameters in Pyongyang.  

 Tabel 1. Principalii parametri ai climei oraşului Pyongyang. 
 

Characteristics Months 

 J F M A M J J A S O N D 

Average maximum temperature ºC - 0.8 2.4 8.9 17.1 22.6 26.7 28.6 28.9 24.7 17.2 9.4 1.7 

Average temperature ºC - 10.7 -7.8 -1.8 4.9 10.9 16.5 20.7 20.5 14.3 6.7 - 0.3 -7.2 

Average monthly temperature ºC - 8 - 4.5 2.0 10.0 16.0 21.0 25.0 25.0 20.0 13.0 4.0 5.0 

Precipitation sums in mm 12.2 11.0 24.7 49.9 72.2 90.3 275.2 212.8 100.2 39.9 34.9 16.5 

Number of frosty days 31 28 25 5 0 0 0 0 0 2 19 30 

 

Due to the official, extremely anthropocentric, Juche ideology, there does not exist the environment and nature 
protection in the Europeans sense. In 1980-s, the organochlorine pesticides continued to be abundantly used, even to 
treat the urban greenery on streets. 

The geologic substrate is acid, of volcanic origin. The soils are mostly sandy. The abundant water from 
monsoon rains influences the litter structure in abrupt slopes arranging the pine needles perpendicularly to contour lines. 

The following sites (Fig. 1) were studied: 
1 and 2– pine-oak forest in shallow glans in small hills near the western margin of Pyongyang, at the road to 

Nampo, close to the Taedonggang river (Fig 1a). An about 40-50 years old stands of the alliance Pino koraiensis-
Quercion mongolicae (c.f. KOLBEK et al. 2001), at present with strongly predominant Pinus koraiensis and with young 
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Quercus dentatus and Q. mongolicae in undergrowth. Mature oaks were rare in the stand. The bottom of the valleys 
showed moderately increased humidity. Due to the very similar character of both sites and the reduced distance between 
them, the material sampled from them was pooled; 

3 – little fields of soybean surrounded by grassy plots on the dike of the Taedonggang river (Fig. 1b). The 
vicinity of the site was completely free of any buildings at the time of investigation, only the vegetable farm existed in 
the vicinity; 

4 – a narrow ruderal grassy site on the Saemaul street (Fig. 1c); 
5 – a grassy plot under dispersed trees and shrubs at a dike near the Potogang river (Fig. 1d). A drier site laying 

about 1 m above the surface of the surrounding Potogang river floodplain; 
6 – an alluvial park around Potogang hotel, with high and relatively dense tree vegetation on the Potogang 

river floodplain (Fig. 1d). The potential vegetation probably belongs to the association Parthenicisso tricuspidati-
Fraxinetum rhynchophyllae (c.f. KOLBEK et al., 2001). The extent of the park was larger in 1986-1990 than shown in 
figure 1; 

7 – garden of the Hungarian embassy (Fig. 1c), a large grassy plot with high and dispersed trees on a moderate 
southerly oriented slope; 

8 – garden of the Czechoslovak embassy (Fig. 1c) a narrow grassy strip with individual low cedars (Thuja sp.) 
in front of the embassy building. Because of the similar character, low distance and limited material the samples were 
pooled.  
 

 
 

Figure 1. Pyongyang´s surroundings, localization of the study sites in the city and details of immediate vicinity of study sites. The 
photographs were taken from Google Earth and correspond to the state of 2007. Because of the extensive building activity in last 20 

years, the approximate state of vegetation at the time of material collecting is approximately reconstructed by shadowed pictures 
(details 1a, 1b and 1 d).  

Figura 1. Împrejurimile oraşului Pyongyang, poziţia locurilor studiate în oraş şi detaliile împrejurimilor cele mai apropiate ale 
locurilor. Din cauza activităţilor intensive de construire în zonele respective în ultimii 20 de ani, starea aproximativă a vegetaţiei în 

timpul colectărilor materialului este reconstruită cu imagini de umbră (detalii 1a, 1b şi 1d).  
 



ŠUSTEK Zbyšek 

 

90 
 

Generic and specific diversity of Carabids in East Asia and Europe 
The Carabid fauna of Korea, in particular of DPRK, is relatively little investigated. KWON & LEE (1986), 

basing mostly on South Korean data, mention 346 species to occur in the whole peninsula, but in regard to species 
number occurring in adjacent parts of East Asia or in some European countries with similar climatic conditions and 
landscape diversity and comparable area (Table 2) these data seem underestimated and the real number of species 
occurring in Korean can be roughly estimated to 600-700.  

The urban fauna always represents a derivate of the fauna of the surrounding landscape, strongly depending on its 
specific diversity, as well as on the tolerance and dispersal power of individual species. The Carabid fauna of Korea and 
(Central) Europe represent fauna of opposite site of the Palaearctic subregion. In the southern part of the Korean peninsula, 
about southerly of 42º N, it is also influenced by elements of the Oriental fauna penetrating from Japan and China, for 
example the bombardier Perosophus jesonesis). In spite of many common features, especially occurrence of some identical 
genera, there are differences in species diversity of genera distributed in both parts of Palaearctic (Table 3). Whereas the 
genera Cicindela, Nebria, Carabus, Poecilus, Pterostichus, Amara and Harpalus are approximately equally represented in 
both parts of this biogeographic subregion, the genera Synuchus, Curtonous, Trichotichnus and Chlaenius are richer in East 
Asian and the genera Leistus, Ophonus, Dyschirius and Trechus much richer in Europe, some being even absent in Korea. 
This is an important factor determining the potential pool species being able to survive in urban ecosystems. As shown in 
table 3, most Carabid species known from Korea are congeners of the species occurring in Europe, but only few 
Transpalaearctic (e. g. Carabus granulatus LINNAEUS 1758, Dolichus halensis (SCHALLER 1783), Pseudoophonus griseus 
(PANZER 1797) or Holarctic species (Loricera pilicornis FABRIUS 1775) occur in both country. Most species are East Asian 
species. Some species are even oriental spreading northwards.  

 
Table 2. Number of Carabid species and genera recorded in Korea, adjacent countries and in some Central European countries 

according to different authors.  
Tabel 2. Numărul speciilor şi al genurilor de Carabidae cunoscute din Coreea, ţările vecine şi din unele ţări Europene după  

diferiţi autori. 
 

Author Region Area in mil. km2 Species Genera 
LAFER 1989 Russian Far East 7.29 593 84 
KRYZHANOVSKIJ et al. 1995 Cisamuria & Maritime Region 2.43 485 92 
LAFER 1989 Korea 0.22 171 55 
KWON & LEE 1986 Korea 0.22 346 82 
UÉNO et al. 1999 Japan 0.38 818 176 
JEANNEL 1941-1942 France 0.52 900 118 
MAGISTRETTI 1965 Italy 0.30 1189 127 
MANDL 1947 and MANDL & SCHÖNMANN 1978  Austria 0. 08 669 78 
GEORGIEV & GEORGIEV 1995 Bulgaria 0.11 725 103 
HŮRKA 1996 Czechoslovakia 0.13 631 92 

 
Table 3. Comparison of species richness in some major Carabid genera in East Asia and Europe (data taken from authors cited in Table 2).  

Tabel 3. Compararea bogăţiei de specii a unor genuri mai mari de Carabidae în Asia răsăriteană şi în Europa (date după autorii citaţi în 
Tabelul 2). 

 

Genus Country 

 Cisamuria Korea Japan Italy France Austria Bulgaria Czechoslovakia 

Comparable in both areas         
Cicindela 9 14 19 15 13 9 16 8 
Nebria 13 11 15 34 21 18 9 8 
Carabus 30 33 35 49 45 32 25 30 
Poecilus 7 6 3 11 11 8 11 11 
Pterostichus 63 31 72 67 65 56 32 44 
Bembidion 49 25 52 123 111 93 86 77 
Amara 43 13 14 64 60 67 50 54 
Harpalus + 
Pseudophonus 48 28 27 61 

42 50 54 
47 

         
Richer in East Asia         
Synuchus 10 10 15 1 1 1 1 1 
Curtonotus 8 6 5 2 2 2 2 2 
Trichotichnus 3 5 21 4 2 3 - 2 
Chlaenius 13 18 27 14 16 9 14 9 
         
Richer in  Europe         
Ophonus 1 – – 26 31 18 35 19 
Leistus 1 1 5 17 10 9 6 10 
Dyschirius s. l. 12 3 8 30 30 29 26 31 
Trechus  4 – 6 79 59 35 23 20 
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Carabid communities in Pyongyang 
Altogether 41 Carabid species were found in Pyongyang, representing 12.1% of species known from Korea. 

Among them only 5 species, i.e. 11.9% also occur in Europe (Amara majuscula, Anisodactylus signatus, Dolichus 
halensis, Pseudoophonus griseus and Harpalus modestus), of which three (5.9%) species (Anisodactylus signatus, 
Dolichus halensis and Pseudoophonus griseus) were almost always in subdominant or dominant position in the 
communities. Outside Pyongyang, they occur in Korea, especially in arable land and orchards and also penetrate into 
moderately disturbed forests. Beside it, unlike Europe, Dolichus halensis frequently occurs, together with species of the 
genus Chlaenius, on brook shores in lowlands. In this aspect, habitat preference of the Korean populations strongly 
differs from the European populations. 

The community in the forest on city margin consisted of 22 species (Table 4). Two species, Nebria coreica 
SOLSKY, 1787, (30%) and Pseudoophonus simplicidens SCHAUBERGER, 1929 (10.5%) were eudominant, four species 
Asaphidion semilucidum (MOTSCHULSKY 1862) (7.3%), Syntomus pallipes (DEJEAN, 1825) (7.3%), Tachys graduatus 
(BATES, 1783) (7.3%) were dominant. 10 species were subdominant and 6 species were recedent. The occurrence of 
Nebria coreica, Tachys graduatus, Anisodactylus signatus (PANZER 1797), Epomis nigricans (WIEDEMANN, 1821) and 
Platynus magnus (BATES 1873) indicates moderately increased humidity resulting from the accumulation of water in 
the bottom of a shallow glen. However, the humidity was not high enough to allow a higher representation of Platynus 
magnus and Epomis nigricans or the occurrence of Chlaenius species, otherwise very common in Korea. Most species 
belonged to the genera Dolichus, Amara, Curtonotu, Harpalus and Pseudoophonus and, similarly as their European 
congeners, are characteristic rather for open landscape than for a forest. The occurrence of Nebria coreica strongly 
resembles the occurrence of Nebria brevicollis (FABRICIUS 1792) in some drier (or dried) floodplain forests or urban 
alluvial parks in Europe. However, its absence in the Potogang park (see bellow) indicates it to be less tolerant. When 
comparing with other forest localities visited in Korea (ŠUSTEK, 2003), the species of the genus Carabus absented here, 
inclusively the most common species Carabus sternbergi ROESCHKE, 1898, which takes a similar position in carabid 
communities of Korean forest at low altitudes as Carabus nemoralis O. F. MULLER 1764 in Europe. Therefore, there 
absented any large species and the community consisted only of middle sized or small species. Both these features and 
strong representation of the species of the genera Amara, Curtonotu, Harpalus and Pseudoophonus (cumulative 
dominance 34.7%) indicate a considerable degradation of this community.  

The community in the Potogang park consisted of 23 species (Table 4). Three species Dolichus halensis 
(SCHALLER 1783) (22.7%), Platynus magnus (BATES 1873) (15.9%) Curtonotus nitens PUTZEYS 1866 (12.65) were 
eudominant and three species Pseudoophonus griseus (PANZER 1797) (8.4%), Anisodactylus signatus (6.7%) and 
Harpalus chalceatus BATES 1881 (5.1%) were dominant. 6 species were subdominant and 9 species recedent. 
Especially the high dominance of Platynus magnus and Anisodactylus signatus, the subdominant occurrence of Agonum 
bicolor DEJEAN. 1831, Patrobus flavipes MOTSCHULSKI. 1864, Epomis nigricans, Chlaenius inops CHAUDOIR 1862, 
Chlaenius pallipes GEBLER 1826 and Chlaenius virgulifer CHAUDOIR 1879 indicate high soil humidity in the park, 
whose ground surface lays about 50 cm above water table in the adjacent Potogang river. The occurrence of 
Pseudophonus capito MORAVITZ 1864 in other localities visited in North Korea, also confirms the alluvial character of 
the park, similarly as the finding of the ripicolous Perosophus jessoensis MORAWITZ 1863, an outsdanding 
representative of the oriental fauna. In contrast, the high dominance of Dolichus halensis, Pseudoophonus griseus, 
Anisodactylus signatus and Harpalus chalcentus, as well as no presence of six species of the genera Amara, Harpalus 
and Pseudoophonus (except for P. capito) indicate discontinuous tree canopy and grassy vegetation in the park. 
Platynus magnus evidently takes the same coenotic position in the community as Platynus assimilis in Central 
European floodplain forests and floodplain parks in centres of Brno and Bratislava (ŠUSTEK, 1979, 1984). Similarly, 
Pseudoophonus griseus substitutes here the function of the west Palaearctic Pseudoophonus rufipes in degraded forest 
or floodplain forests and urban parks in Europe (ŠUSTEK, 1989). It is remarkable, that in Europe Pseudoophonus griseus 
is restricted, unlike Pseudoophonus rufipes, more or less only on open landscape habitats and does not penetrate the 
damaged forest or forest like habitats, as it does in Korea. The same shift in habitat preference also occurs in European 
and East Asian populations of Dolichus halensis. Other four localities have, in spite of their different position in the 
city, similar structure (Table 4). Species number is much lower, fluctuating between 6 and 10. The number of 
individuals of all species range from 26 to 64. Thus these values represent about half of the respective values in the first 
two localities. In all of them the dominant species were Dolichus halensis (3.8 – 54%) and Pseudoophonus griseus (4.0 
– 26.4%). In the three localities out of the very centre Pseudoophonus simplicidens SCHAUBERGER, 1929 and 
Curtonotus nitens also dominated. In addition, the driest ruderal site is dominated by Harpalus palidipenis MORAWITZ, 
1870 (15.4%), which also seems to be rather xerophilous in other localities. In the dyke located in the vicinity of the 
Potogang hotel Pseudoophonus sinicus HOPE 1858 was eudominant (32.8%), but it was not recorded at all in the near 
Potogang park. In the embassy gardens some East Asian species of the genera Curtonotus, Harpalus and 
Pseudoophonus disappeared (Table 4). Only Harpalus palidipenis preserved here its position (11.9%). At the same 
time, the Transpalaearctic Dolichus halensis (35.71%) and Pseudoophonus griseus (23.4%) become highly eudominant. 
Beside it, there appeared the hygrophilous species Chlaenius inops (2.4%) and Chlaenius virgulifer CHAUDOIR 1879. 
Their presence in the embassy gardens, however, does not result from humidity, which is generally higher in 
Pyongyang than in Central European cities, but more probably from night migrations and attraction on light, similarly 
as in the European congeners (ŠUSTEK, 1999). Curtonotus nitens seems to play a similar zoocoenotic role in urban 
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communities of Carabids as the related congener Curtonotus aulicus (PANZER 1797) in Europe, but is obviously more 
anthropotolerant and adaptive. 

The relationships between the studied communities are clearly reflected by hierarchic classification based on 
presence absence data (Fig. 2). The rich-in-species communities from the forests and Potogang park form one cluster at 
dissimilarity level 0.56 and the poor communities from city centre form a separate cluster at dissimilarity level 0.58, in 
which the communities with predominance of more xerophilous species from the Soybean field and ruderal site form a 
closed cluster. The communities from the embassies’ gardens separate from them due to presence of two species of the 
genus Chlaenius. The community from the dike separates from them furthermore due to exclusive occurrence of 
Pseudoophonus sinicus. 

Even more realistically are the relationships between the communities reflected by the classification according 
to the abundance of species (Fig. 3). The community from the forests is separated from other communities due to the 
predominance of Nebria coreica. The communities from Potogang park, soybean field and embassies’ gardens are 
linked together due to similar proportion and higher abundance of Dolichus halensis, Pseudoophonus griseus and 
Harpalus palidipennis and lower abundance of Curtonotus nitens. On the contrary, the high abundance of Curtonotus 
nitens causes separation of the communities from the ruderal and dike, in spite of the significant difference in the 
occurrence of Pseudoophonus sinicus in the dike. 

 

 
Figure 2. Classification of Carabid communities at six sites in Pyongyang according absence-presence data. 

Figura 2. Clasificarea cenozelor de carabide din şase localităţi din Pyongyang pe baza prezenţei şi absenţei de specii. 
 

 
Figure 3. Classification of Carabid communities at six sites in Pyongyang according the abundance of species. 

Figura 3. Clasificarea cenozelor de carabide din şase localităţi din Pyongyang pe bază abundenţei de specii. 
 
All communities are characterized by a high diversity and equitability. In the pine forest and Potogang park the 

Shannon’s index reached values of 3.78 and 3.67 bits, while in other localities in city centre it ranged from 2.08 to 2.51. 
Equitability fluctuated in all localities in narrow limits of 0.67 - 0.86. The high equitability was characteristic also for 
the most stressed and poor communities in Central European cities (ŠUSTEK, 1984). The high values of Shannon’s 
diversity index in the pine forest and Potogang park are very unusual in Central European cities. Such values 
correspond only to the richest communities in natural floodplain forests. The reason why the index was so high in both 
localities results probably from the higher richness of the genus Pseudoophonus and similar adaptability of its species, 
among which all occur at least in one of the studied localities. 

All species presented in the Table 4 are able to fly. It increases their ability to penetrate into city centre. 
Only two species, the Transpalaearctic Dolichus halensis and Pseudoophonus griseus were recorded in all 

localities (Table 4) and three autochthonous species Curtonotus nitens, Pseudoophonus simplicidens and Harpalus 
pallidipennis were also euconstant being present on 83.3% of the localities. Four autochthonous species (Harpalus 
chalcentus, Pseudooophonus tridens, Harpalus tinculus and Amara lucidissima LAFER, 1987) were constant, being 
found at three localities. Most of them belonged in the majority of the localities to the dominant species. Thus these 9 
species can be considered as the best adapted to the urban ecosystem in East Asia. 

In Central European cities and in Madrid (ŠUSTEK, 1981, 1984, 1989), a clear tendency to increase of 
representation of species with large areas of distribution toward city centres was observed. This phenomenon can be 
explained so that the species which have occupied a larger area must be more euryecious, adaptable and mobile than the 
species limited to small areas or strict endemics. Thus, they have just those properties, which are inevitable to penetrate 
and survive in unfavourable conditions of large cities. This phenomenon is evidently valid also in Pyongyang, were the 
proportion of qualitative and quantitative representation of the Transpalaearctic species strongly increases in the 
localities in Pyongyang centre, proportionally to increasing urbanization (Fig. 4).  
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DISCUSSIONS AND CONCLUSIONS 
 

The urban fauna of Carabids in East Asia and Europe has the following common features:  
1. decline or absence of wingless species; 
2. absence of large species (above 20 mm); 
3. tendency to autodominace of 1 – 2 species in medium disturbed communities; 
4. number of species on medium disturbed communities ranges from 20 to 30, while in the most influenced 

communities in the city centre moves around 10; 
5. with the increase of disturbance degree it also increases the representation of species with extensive areas 

of geographic distribution; 
6. increased urbanization pressure leads to considerable convergence of community structure in localities in 

very city centre and to selection of a narrow spectre of species being able to survive in such conditions. 
The Carabid communities in the urban environment in East Asia show the following specific features: 
1. much higher sensitivity of the Carabus species to urbanization. Carabus sternbergi ROESCHKE, 1898, the 

most frequent species in Korea and an ecological vicariant of Carabus nemoralis in the forests at low altitudes (ŠUSTEK 
2003), is absent even in wider surroundings of Pyongyang. Its absence can result from higher degree of disturbance in 
the past and from isolation of remnants of forests stands. The cultivation of rice in a considerable portion of landscape 
can also play an important role, because the long-term flooding of rice fields acts as a strong barrier and, as matter of 
fact, eliminates populations of any terrestrial animal from large surfaces. Thus, just extremely few Carabids can survive 
on narrow and often repaired embankments separating individual tables of rice. Absence of the Carabus species in the 
forests located in the surroundings of Pyongyang is surprising from the view point of the generally high humidity in 
North Korea, which approximates humidity in Central European mountains, at altitudes above 1500 m, with positive 
climatic water balance (ŠKVARENINA et al., 2002). In Central Europe in such conditions the high humidity allows the 
Carabids behaving at lower altitudes as stenotopic forest species to inhabit successfully also the non-forest habitats 
(ŠUSTEK, 2006). Similarly in Bratislava, where several large seminatural forest islands were included into the intravilan, 
the Carabus species continue to survive in large parks. 

2. due to much more humid climate the strongly hydrophilous and ripicolous species of the genus Chlaenius 
also occur in the very city centre. 
 

Table 4. Survey of Carabids occurring at six sites in Pyongyang and their abundance (CE – species occurring also in Central Europe, 
presence in %).  

Tabel 4. Lista carabidelor în şase localităţi în oraşul Pyongyang şi abundenţa lor (CE - specie răspândită şi în Europa centrală, prezenţă în %). 
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Sum % P % 

Dolichus halensis (SCHALLER, 1783) X 4 27 27 1 5 15 79 18.59 100.00 

Curtonotus nitens PUTZEYS, 1866  4 15 6 10 15  50 11.76 83.33 

Pseudoophonus griseus (PANZER, 1797) X 7 10 2 4 6 11 40 9.41 100.00 

Nebria coreica SOLSKY, 1875  38      38 8.94 16.67 

Pseudoophonus simplicidens SCHAUBERGER, 1929  13 2 10 6 4  35 8.24 83.33 

Platynus magnus (BATES, 1873)  2 19     21 4.94 33.33 

Pseudoophonus sinicus HOPE, 1858      21  21 4.94 16.67 

Harpalus pallidipennis MORAWITZ, 1870  3 5 2 4  5 19 4.47 83.33 

Anisodactylus signatus (PANZER, 1797) X 2 8     10 2.35 33.33 

Asaphidion semilucidum (MOTSCHULSKY, 1862)  9      9 2.12 16.67 

Harpalus chalcentus BATES, 1881  1 6   2  9 2.12 50.00 

Pseudooophonus tridens MORAWITZ. 1862   3   3 3 9 2.12 50.00 

Syntomus pallipes (DEJEAN, 1825)  9      9 2.12 16.67 

Tachys graduatus (BATES, 1783)  9      9 2.12 16.67 

Curtonotus giganteus (MOTSCHULSKY, 1844)  5      5 1.18 16.67 

Chlaenius inops CHAUDOIR, 1862   4    1 5 1.18 33.33 

Pseudoophonus jureceki JEDLIČKA. 1934      5  5 1.18 16.67 

Amara pseudosimplicidens LAFER, 1987  4      4 0.94 16.67 

Bembidion moravitzi CSIKI, 1928  4      4 0.94 16.67 

Chlaenius micans (FABRICIUS, 1972)       4 4 0.94 16.67 

Chlaenius virgulifer CHAUDOIR, 1879   3    1 4 0.94 33.33 

Pseudophonus capito MORAVITZ, 1864   4     4 0.94 16.67 

Harpalus tinculus BATES, 1876  1  1   1 3 0.71 50.00 

Amara lucidissima LAFER, 1987  2 1   1  3 0.71 50.00 

Amara majuscula (CHAUDOIR, 1850) X 1 1     2 0.47 33.33 
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Bradycellus curtulus (MOTSCHULSKY, 1860)  2      2 0.47 16.67 

Epomis nigricans (WIEDEMANN, 1821)  1 1     2 0.47 33.33 

Harpalus modestus DEJEAN, 1829 X 2      2 0.47 16.67 

Chlaenius pallipes GEBLER, 1826    1   1 2 0.47 33.33 

Patrobus flavipes  MOTSCHULSKI, 1864   2     2 0.47 16.67 

Pseudoophonus coreanus (TSCHITSCHERINE, 1895)   2     2 0.47 16.67 

Pseudoophonus eous TSCHITSCHERIN, 1902      2  2 0.47 16.67 

Agonum bicolor DEJEAN, 1831   1     1 0.24 16.67 

Amara magnicollis TSCHITSCHERIN, 1894     1   1 0.24 16.67 

Amara mikae LAFER (1987)   1     1 0.24 16.67 

Amara sinuaticollis MORAWITZ, 1862   1     1 0.24 16.67 

Bradycellus plutenkoi LAFER, 1989   1     1 0.24 16.67 

Cymindis daimio BATES, 1873  1      1 0.24 16.67 

Harpalus bungii CHAUDOIR, 1844    1    1 0.24 16.67 

Oxycentrus argutoroides BATES, 1873   1     1 0.24 16.67 

Perosophus jessoensis MORAWITZ, 1863   1     1 0.24 16.67 

Number of individuals  124 119 50 26 64 42 425   

Number of species  22 23 8 6 10 9 42   

Shannon‘s diversity H´  3.78 3.67 2.08 2.21 2.30 2.51    

Equitability E  0.82 0.81 0.67 0.86 0.84 0.79    
 

In the communities ecological vicariation of Asian and European species can be observed. In the communities 
of floodplain urban park we mention the pair Platynus magnus and Platynus assimilis. In the fields and urban ruderals, 
four Asian species, Pseudoophonus sinicus, P. simplicidens, P. coreanus and P. jureceki play an analogous role as their 
European congener P. calceatus and Asian Curtonotus nitens is vicariant for European Curtonotus aulicus. A similar 
pair of vicariant species is represented, to a certain degree, by the endemic Nebria coreica and European Nebria 
brevicollis. Both species can be found in forests or some urban parks in places with slightly increased humidity. 
However, they considerably differ in their body size, Nebria brevicollis being more than twice as large as N. coreica. 

In spite of a limited time for the executed studies, it is obvious that the urban fauna of Carabids in both 
opposite parts of the Palaearctic is subjected to the same rules of forming. As shown on the example of the species of 
genera Harpalus and Pseudoophonus the appurtenance of a species to a genus and subgenus can have a considerable 
predictive value about ecological requirements of ecologically little known species. On the other hand, examples of 
Dolichus halensis and Pseudoophonus griseus show that considerable shifts in habitat preference and coenotic role of a 
species can occur in opposite parts of its extensive area of geographical distribution. 

 

 
 

Figura 4. Changes in the proportion of the number of species (SP) and individuals (IND) of East Asian (EA) and Transpalaearctic 
(TP) species along the urbanization gradient in Pyongyang.  

Figura 4. Schimbări proporţionale ale numărului de specii (SP) şi de indivizi (IND) ale speciilor asiatice răsăritene (EA) şi 
transpalearctice (TP) de-a lungul gradientului de urbanizare în Pyongyang. 
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INTERFERENCE OF CARABID COMMUNITIES IN A FLOODPLAIN RESERVE WITH 
NEIGHBORING ECOSYSTEMS  

 
 

ŠUSTEK Zbyšek, PORHAJAŠOVÁ Jana 
 
Abstract. The Carabid fauna of the Žitavský luh Nature Reserve consisted of 51 species. Most of them were characteristic to arable 
land forming communities in different types of crops. Only a minor part of them were species characteristic for shores of standing 
water bodies or floodplain forests. This feature was predominant even in the preserved strip of a floodplain forest along the preserved 
part of the original Žitava riverbed. The executed investigation has shown that, in spite of the regular simulation of floods in the 
reserve, the reserve is able to maintain the characteristic fauna only to a very limited degree. At the same time, the communities in 
different parts of the reserve showed a high temporal stability during the years 2003-2005. The limited representation of 
characteristic hydrophilous floodplain species in the whole reserve and a relatively high representation of mesohydrophilous forest 
species in the remnant of the floodplain forests shows that the most natural parts of the reserve are similar to the most degraded 
floodplain ecosystem in Central Europe. But even in these conditions the reserve is able to act as a significant biocentre in the 
deforested, purely agricultural landscape of South Slovakia. 
 
Keywords: Carabidae, communities, floodplains, Žitavský luh Nature Reserve, nature protection. 
 
Rezumat. Interferenţa cenozelor de carabide dintr-o rezervaţie de luncă cu ecosistemele vecine. Fauna carabidelor 
din Rezervaţia Naturală Žitavský luh (Lunca râului Jitava) este constituită din 51 de specii. Majoritatea lor au fost specii 
caracteristice pentru cenoze din diferite tipuri de agroecosisteme. Numai o mică parte a speciilor au fost specii caracteristice pentru 
malurile apelor stagnante sau pentru păduri de luncă. Această relaţie a caracterizat şi cea mai conservată parte a rezervaţiei – restul 
pădurii de luncă pe lângă vechiul braţ al râului Žitava. Cercetările noastre au arătat că, în ciuda simulării regulate a inundaţiilor în 
rezervaţie, posibilitatea ecositemului de a menţine o faună caracteristică pentru lunci naturale este foarte limitată. În afară de asta, 
structura cenozelor din diferite părţi ale rezervaţiei a fost foarte stabilă în cursul anilor 2003-2005. O reprezentare minoră a speciilor 
hidrofile sau de luncă în întreaga rezervaţie şi abundenţa relativ ridicată a speciilor mezohidrofile de pădure în restul pădurii de luncă, 
arată că rezervaţia este similară celor mai degradate ecosisteme de luncă din Europa Centrală. Dar chiar în această stare, rezervaţia 
funcţionează ca un biocentru important în peisajul defrişat, pur agricol, al Slovaciei de Sud. 
 
Cuvinte cheie: carabide, cenoze, lunci, Rezervaţia Naturală Žitavský luh, ocrotirea naturii. 

 
INTRODUCTION 

 
The floodplain ecosystems persist in Central European landscape in form of remnants suffering often a 

considerable fragmentation and other anthropogenous interventions. They represent a wide scale of habitat types 
starting from the habitats dependent on permanent presence of water to habitats forming a contact zone with the 
mesohydrophilous ecosystem on the floodplain margin. The floodplain ecosystems are also characterized by remarkable 
dynamics resulting from cyclical disturbances in the most exposed parts along riverbanks or from fluctuations of 
hydrological regimen in the more remote parts of floodplain. Correspondingly, there exists a remarkable diversity of 
species of different ecological requirements inhabiting individual patches of the floodplain landscape mosaic and 
dynamically migrating between them, according to momentary hydrological conditions. In the cultural landscape, the 
floodplains are subjected to enormous transformations due to the building of protecting dikes and drainage canals. In 
this way, in a part of floodplain the floods are completely eliminated, the soil can be supplied by water only by 
increased level of ground water table and the ecosystem slowly turn into mesohydrophilous ones. On other hand, the 
within dike parts are potentially exposed to a more intensive mechanical impact of floods concentrated into a relatively 
narrow zone. In both cases, an unnatural state arises and the fluent transition between most hydrophilous and 
mesohydrophilous habitats is liquidated. In Carabids such situations were described by ŠUSTEK (2000, 2001) 

The aim of this paper is to show how the Carabid fauna forms in a nature reserve of a small river floodplain 
subjected to recent anthropogenous changes and maintains in its form just due to an artificially simulated flood regimen. 
A similar situation was recently studied by PORHAJAŠOVÁ et al. (2010) in other part of the Žitava river floodplain, in a 
narrow within-dike zone.  
 

MATERIAL AND METHODS 
 

The Carabids were pitfall trapped at six study sites in the growing seasons of 2003 - 2004. The glass jars with 
diameter of 10 cm and volume 1 l filled with 4% formalin served as traps. In each site six traps were installed from 
early April to late October, being emptied once a month. The analysed material consists of 1,316 individuals. The 
beetles were identified using the key of HŮRKA (1995). The ecological data on species were taken form BURMEISTER 
(1939), LINDROTH (1949) and HŮRKA (1995). The unweighted average linkage method using the Chord distance as 
similarity measure served for hierarchical classification of the one year samples from each site, while the Decorana 
algorithm was used for their ordination. All calculations were executed by the program CAP. The relationship of 
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species to vegetation cover and humidity was expressed by a semiquantitative scales proposed by ŠUSTEK (2004). The 
heliophilous, open landscape species are characterized by 1, while the species requiring the complete shadowing by tree 
vegetation by 4, the ripicolous species are characterized by 5. The extremely xerophilous species are characterized by 1, 
the mesohydroplilous by 4 or 5 and the extremely hydrophilous by 8. The whole community preference for vegetation 
cover or humidity is calculated as arithmetic average of preferences of all species weighted by abundance of each 
species. These values are used for indirect ordination of the communities.  
 

Study Sites 
The nature reserve Žitavský luh is situated southeasterly of Michal nad Žitavou villages and represents a remnant 

of an extensive complex of wetlands in the Žitava river floodplain profoundly affected in 1980-1981 by the regulation of 
the river. Its area was reduced from about 200 ha to 74 ha. At present, it consists of four characteristics habitats – 
permanent open water table in the southeastern part bordered by a strip of reed stands which is gradually replaced at its 
northwestern margin by water-lodged stands of Carex (order Magnocaricetalia) into water-lodged regularly mown 
meadows (alliances Cnidion Alopecurion pratensis, Arrhebatherion). These formations cover about half of the reserve 
area. The southern part, at an artificial dike, is covered by a narrow remnant of flood plain forest (alliance Salicion albae) 
along the original branch of the Žitava river. The natural flood regime is simulated artificially. The whole reserve is 
surrounded by intensively managed arable land, but northwesterly, in a distance of about 250-391 m is situated a 700 long 
and 100-150 wide strip of poplar monoculture bordered with remnants of willow riverbank stands along the former Žitava 
river bank. The altitude ranges from 137 to 138 m. a.s.l. The detailed characteristics of the studied area are given by 
NOSKOVIČ et al. (2010). Brief characteristics of sampling sites (Fig. 1) are presented bellow: 

A – a meadow stand in the northwestern corner of the reserve, the soil is dry, not water lodged (48°10'55.71"N, 
18°17'40.12"E); 

B – a Carex meadow close to the protective dike at the margin of the nature reserve (48°10'41.58"N, 
18°17'26.1"E); 

C – a remnant of floodplain forest along the original Žitava river bed (48°10'39.10"N, 18°17'23.13"E); 
D – a grassy stand with dispersed shrubs between the shores of the permanent water table and the in the 

southeastern corner of the reserve, close to the outlet of the original river bed (48°10'28.57"N, 18°17'34.97"E); 
E – a grassy and shrubby stand at margin of a reed stand bordering the permanent water table in the 

southeastern part of the reserve (48°10'38.03"N, 18°18'3.14"E); 
F – a grassy habitat at transition between surrounding dry meadow habitats and the to margin of a reed stand 

bordering the permanent water table in the northeastern corner of the reserve (48°10'51.21"N, 18°18'4.58"E).  
 

  
 

Figure 1. The Žitavský luh Nature Reserve and position of study sites (abbreviations as in table 1). 
Figura 1. Rezervaţia Žitavský luh şi poziţia localităţilor studiate (abrevieri ca în tabelul 1). 
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RESULTS 
 
Altogether 51 species were found in the entire reserve. In individual sites and years, species number ranged 

from 6 to 24, but there was a general tendency to decreasing of number from the first year of investigations to the last 
year (from 41 to 35 and 28 in all six sites, in average from 15.93 to 8.50 species per site). However these changes 
occurred predominantly within 34 species individually represented species. Only three subdominant species (Poecilus 
cupreus (LINNAEUS, 1758), Amara similata (GYLLENHAL, 1810) and Pterostichus anthracinus (ILLIGER, 1798)) 
disappeared in the second or third year of the investigations. Among the 51 species only one species, Pseudoophonus 
rufipes (DE GEER, 1774), an expansive, open landscape species was recorded in all sites and years. Two further species, 
the tolerant forest species, Carabus scheidleri (DE GEER, 1774) and Carabus violaceus, were euconstant, while three 
species Carabus ullrichi (GERMAR, 1824), Pterostichus cylindricus (HERBST, 1784) and Pterostichus melanarius 
(ILLIGER, 1798) were constant, 12 species were accessory and 33 accidental (Table 1) and occurred only in one or two 
sites and years. 

The species spectrum consisted predominantly of species typical for arable land of lowlands and constituting in 
varying proportions fauna in different crops. Only a minor part of the species were typical hydrophilous species of 
floodplain forests and shores of various wetland habitats (Drypta dentata (ROSSI, 1790), Chlaenius nigricornis 
(FABRICIUS, 1787), Chlaenius tristis (SCHALLER, 1783), Pterostichus anthracinus, Pterostichus niger (SCHALLER, 
1783), Pterostichus quadrifoveolatus (LETZNER, 1852), Carabus granulatus (LINNAEUS, 1758)) or are eurytopic, with 
abundant occurrence in a very variable types of natural and artificial habitats (Pterostichus melanarius). A special, but 
relatively abundantly represented part consisted of mesohygrophilous species characteristic to the forests in lowlands 
(Carabus ullrichi, Carabus coriaceus (LINNAEUS, 1758) or uplands (Carabus violaceus, Carabus scheidleri), which 
also inhabit the driest types of natural floodplain forests (groups of geobiocoens Ulmi Fraxineta carpinea RAUŠER & 

ZLATNÍK 1966) or, according to local conditions, use to colonize, often in huge numbers of individuals, various types of 
anthropogeneously degraded floodplain forests.  

Most of rarely occurring species were typical species of wetlands and their occurrence confirmed that they 
survive in this nature reserve in spite of its considerably changed character. 
 

 
 

Figure 2. Hierarchical classification of the Carabid communities from the Žitavský luh Nature Reserve based on chord 
distance (abbreviations as in table 1). 

Figura 2. Clasificarea ierarhică a cenozelor de carabide din Rezervaţia Žitavský luh pe baza distanţei proporţionale 
(abrevieri ca în tabelul 1).

 
Classification of the communities 
The communities form two major clusters at Chord distance 0.88 (Fig. 2), which perfectly reflect the position 

of the study sites within the reserve and the humidity gradient created by the regulation of the Žitava river alluvium and 
reduction of size of alluvial meadows. The first cluster includes the samples from the drier sites A and F. It arises due to 
the common presence of the open landscape species Harpalus punctatulus (DUFTSCHMIDT, 1812), Brachynus crepitans 
(LINNAEUS, 1758) and Brachynus explodens (DUFTSCHMIDT, 1812) and simultaneous absence or low representation of 
Carabus scheidleri, Carabus violaceus and Carabus ullrichi. It consists of two subclusters: one including all samples 
from the site A and the sample from the site F from 2003 and other including samples from the site F from 2004 and 
2005. The separation of these two sampler results emphasizes the appearance of a high number of individuals of the rare 
hydrophilous Pterostichus angustatus in this site in 2004 and 2005 (Table 1). This change obviously results from the 
fluctuation of the water table and varying humidity in individual years. 

The second major cluster includes samples from the sites B, C, D and E. Within this cluster, at the approximate 
distance 0.7 three subclusters are differentiated. The first one includes samples from the water-lodged part of the 
meadow at the inlet channel at the western margin of the reserve (samples B3-B5). The second one includes samples 
from the remnant of the flood plain forest (C) and from the site E from 2004. This clustering pattern results from a 
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relatively high representation of Carabus scheidleri and proportionally similarly low representation of Carabus ullrichi, 
Carabus violaceus and Pseudoophonus rufipes. The third subcluster includes the samples from the site E from 2003 a 
2005 and from the site B from 2005. It is characterized by a high relative abundance of Pseudoophonus rufipes and low 
relative abundance or absence of Carabus scheidleri and Calathus fuscipes (GOEZE, 1777). The fourth subluster 
includes only samples from the site B from 2003 a 2005. It arises due a high relative abundance of Pterostichus niger, 
Pterostichus melanarius, Synomus obscuroguttatus (DUFTSCHMIDT, 1812) and presence of Carabus coriaceus. 

 

 
 
 
 

 
In the DCA ordination diagram (Fig. 3) the communities are arranged along the first axis from left to right 

according to decreasing humidity from the remnant of the floodplain forests (site C) to the sites A and F on the dike 
external site and according to decreasing shadowing from floodplain forests (site C) down upwards (site D). The 
position of individual species in the ordination diagram is mostly occasional due to individual occurrence of most 
species and ecotonal character of the whole studied area. A position clearly associated with the character of a site is 
occupied by Carabus scheidleri (site C), Calathus fuscipes (site D), Poecilus cupreus, Pterostichus quadrifoveolatustus, 
Brachynus crepitans, Brachinus explodens (the sites A and E). A neutral position in the centre of the ordination diagram 
is occupied by Pseudoophonus rufipes occurring in all sites and years. Most of the other species took an accidental 
position connected just with their momentary presence in a habitat, but not with its character. The most characteristic 
case is the presence of two individuals of Carabus coriaceus in the open meadow habitat B, situated close to the 
remnant of the floodplain forest. 

Similarly, the direct ordination according to preference of vegetation cover and humidity (Fig. 4) also 
differentiates the communities from the drier sites A and E, being concentrated in the left lower part of the diagram, and 
those from the more humid southeastern part concentrated in the upper right part of the diagram. Some of them (B, C, 
D) are situated in the proximity of the remnant of the floodplain forest. Within this general pattern shifts of some 
samples are visible. The site C (remnant of the floodplain forest) from 2005 was characterized by increased abundance 

 

Remnant of floodplain 
forests and meadows 
in vicinity 

Meadows in 
southestern part 

Caricetum 

Meadows in 
northern part 

Figure 3. DCC ordination of Carabid communities and species from the Žitavský luh Nature Reserve (abbreviations of 
samples as in table 1; abbreviations of the species name consist of the first two letters of the generic name and the first two 

letters of specific name presented in table 1; abbreviations as in table 1). 
Figura 3. Ordonarea DCC a cenozelor de carabide din Rezervaţia Žitavský luh pe baza distanţei proporţionale (abrevierea 

localitaţilor ca în tabelul 1; abrevierea speciilor constă din primele două litere ale numelui genului şi primele două litere ale 
numelui speciei). 
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of two forests species, Carabus scheidleri and Carabus ullrichi. In contrast, the site B (wet meadow) from 2005 was 
characterized by an increased presence of the open landscape species Pseudoophonus rufipes and a strong decline of 
two moderately hydrophilous species Pterostichus niger and Pterostichus melanarius. The position of the site F (margin 
of the water-lodged area) from 2003 in relation to its position in 2004 and 2005 was caused first of all by increased 
abundance of more xerophilous Brachynus crepitans and Harpalus punctatulus in 2003 and by an occurrence of large 
number of individuals of the hydrophilous Pterostichus quadrifoveolatus in 2004 and 2005. The position of the site E (a 
grassy and shrubby stand) from 2004 emphasizes the increased abundance of Carabus scheidleri, probably due to its 
emigration from the adjacent remnant of the floodplain forest (site C). This species is known to emigrate from remnants 
of forests to considerable distance into adjacent non-forests ecosystems (ŠUSTEK, 1994c, PORHAJAŠOVÁ et al., 2008). 

 
 
 
 
 
 
 
 
 

 
Figure 4. Direct ordination of Carabid 

communities from the Žitavský luh Nature 
Reserve according to the preference of 

humidity and vegetation cover (abbreviations 
as in table 1). 

Figura 4. Ordonarea directă a cenozelor 
de carabide din Rezervaţia Žitavský luh pe 
baza distanţei proporţionale (abrevieri ca în 

tabelul 1). 
 
 
 
 
 
 
 
 

 
DISCUSSIONS  

 
In spite of the occasional occurrence of the major part of species, all analyses indicate that the communities 

showed predominantly a remarkable spatial and temporal stability of their structure, but to a certain degree they flexibly 
reacted to the annual changes in the humidity and extent of the permanent water tables in the southeastern part of the 
nature reservation. However, this stability has little to do with the ecosozological value of the studied Carabid 
communities. The Carabid fauna of the Žitavský luh nature reserve shows that the major part of the reserve is inhabited 
by fauna typical rather for arable land than for a wetland nature reserve. This feature is observable in all six study sites, 
but most obvious is in the northwestern part of the reserve, being more distant from the permanent water table. In the 
more humid or shadowed southern parts it preserves elements of the fauna typical for floodplain forests. These elements 
are concentrated, of course, especially in the remnant of the floodplain forest in the southernmost part of the reserve, but 
they also emigrate to the adjacent open parts and positively influence their communities. 

Generally it can be concluded that the reserve plays a role of biocentrum for Carabids only to a limited degree. 
Its composition strongly differs from natural Carabid communities in floodplains (ŠUSTEK, 1994a, 1994b, 2010). 
However, its ecological real role is to be evaluated in regard to the fact that this reserve is isolated in the intensively 
used agricultural landscape of South Slovakia. Under such circumstances any remnant of the original landscape has a 
significant ecologically stabilizing role. The ecosozological value of the Carabid communities in the Žitavský luh and 
its landscape stabilizing role are very similar to those observed in other parts of the Žitava river floodplain 
(PORHAJAŠOVÁ et al., 2010). The considerable interference between the floodplain and arable land fauna confirm the 
hypothesis that the recent Carabid fauna of arable land in Europe originates from fauna of drier parts of naturally 
deforested floodplains (THIELE, 1977). The Žitavský luh is a good example that a nature reserve can play very different 
roles for individual groups of organisms. In this case its role for birds or some plants (NOSKOVIČ et al., 2010) is much 
higher than that for the Carabids.  
 
 

Samples from northern 
part and dry year 2003 

Samples from southern 
part and humid years 

2004 and 2005 
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CONCLUSIONS 
 

The Carabid communities in the Žitavský luh indicate that this Nature Reserve represents just a seminatural 
ecosystem strongly influenced by extensive human interventions from 1980-s, connected with the Žitava river 
regulation. It shows a considerable degree of interference with the fauna of the surrounding agroecosystems. Its present 
state gives an evidence that the measures usually taken in order to preserve small segments of the original ecosystem in 
a floodplain landscape affected by various human intervention into their original hydrological regime are insufficient to 
maintain natural animal communities in such segments. Such measures give only a limited chance to some hygrophilous 
wetland species to survive in the protected segments. However, the Žitavský luh plays, even in its present state, a 
significant role of refuge for many species in the almost completely deforested and intensively exploited surrounding 
landscape and contributes to its ecological stability. 
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CONTRIBUTIONS TO THE KNOWLEDGE OF STAPHYLINID FAUNA (COLEOPTERA: 
STAPHYLINIDAE) FROM THE RIGHT SIDE OF THE DNIESTER RIVER 

  
 

DERUNKOV Alexander, BACAL Svetlana 
 

Abstract. The paper presents faunal, ecological and distributional data on the family Staphylinidae from the right side of the Dniester 
River, collected during 2008-2010 years. Totally, 51 species of Staphylinidae were collected.  
 
Keywords: Staphylinidae, fauna, Dniester, Republic of Moldova.  
 
Rezumat. Contribuţii la cunoaşterea faunei de stafilinide (Coleoptera: Staphylinidae) de pe malul drept al 
Nistrului. Lucrarea prezintă un studiu faunistic realizat asupra familiei Staphylinidae, de pe malul drept al Nistrului, în perioada 
anilor 2008-2010. Sunt citate 51 de specii de Staphylinidae. Se enumeră lista speciilor colectate cu unele date ecologice.  
 
Cuvinte cheie: Staphylinidae, faună, Nistru, Republica Moldova. 

 
INTRODUCTION 

 
The Dniester River intersects the territory of the Republic of Moldova from north to south. The petrophytic 

ecosystems are formed along its river valley. The substratum is constituted by calcareous rocks, which emerge on the 
surface as strips or steep canyons along the river and its tributaries. Climate, relief and substratum cause the formation 
of these rocky sites. The Nistrean limestones are specific elements of landscape, forming unique ecosystems within the 
north-western limits of the Black Sea basin. Over 250 petrophytic plant species occur on rocky slopes and on limestone 
slants, with predominance of the Mediterranean plant species. An important component of this flora is grassy steppe 
vegetation and sub-arid forests with glades on rocky slopes. 

The staphylinid beetles are an important component of the riverine ecosystems. The beetles of this family are 
very common in the riversides and they are rich in number of species. The staphylinids play an important role as 
predators most of the terrestrial ecosystems where they are very abundant. The staphylinid fauna of the Dniester River 
valley was studied insufficiently. During the last three years (2008-2010) we made some collecting trips to different 
sites in the Dniester River valley to enlarge the list of beetle species. The aim of this paper is to summarize our faunal 
data on staphylinid beetles in the mentioned region.  

The study was financially supported by the international cooperation project between Moldova and Belarus, 
grant No.10.820.08.07.BF. 

 
MATERIAL AND METHODS 

 
The staphylinids were collected manually by itinerary method in the Nistrean canyons in 2008 – 2010 from the 

districts: Soroca (Tătărăuca Nouă village (GPS – N 48°18'; E 27°58)); Rezina (villages of Ţîpova – N 47°37'; E 28°57', 
Lalova – N 47°34'; E 28°59'; Orhei (Vîşcăuţi – N 47°25'; E 29°03')); Dubăsari (Holercani (GPS – N 47°18'; E 29°04')); 
Căuşeni (Grădiniţa – N 46°39'; E 29°35', Copanca – N 46°35'; E 29°42', Leuntea – N 46°40'; E 29°36'); Ştefan Vodă 
(Răscăeţi – N 46°34'; E 29°45'). The taxonomic studies used during the identification were accomplished conformable 
to the following keys of identification (KRÂJANOVSCHII, 1965; LOHSE, 1964, 1974). 

 
RESULTS AND DISCUSSIONS 

 
During the three-year study (2008-2010), 110 specimens of beetles belonging to 51 species, 31 genera, and 9 

subfamilies of staphylinids were collected (Table 1). The highest species diversity is in the subfamily Tachyporinae, 
with 13 species from 5 genera (more than 25 % of species, Table 2). Subfamilies Aleocharinae and Staphylininae are 
represented by 10 species each belonging to 9 and 4 genera respectively. The Subfamily Paederinae is represented by 5 
species from 5 genera. The Subfamily Oxytelinae is represented by 3 genera with four species and the subfamily 
Steninae is represented by one genus with one species. The Subfamily Omaliinae is presented by 2 genera and 3 
species, while subfamilies Euaesthetinae and Habrocerinae by 1 species each (Table 2). 

Nine species are mentioned for the first time in the fauna of the Republic of Moldova: Euaesthetus 
bipunctatus, Anthobium fusculum, Atheta orbata, Parocyusa rubicunda, Quedius ochropterus, Heterothops niger, 
Mycetoporus baudueri, Leptobium dimidiatum, Scopaeus ryei (MILLER & ZUBOVSKI, 1917; MEDVEDEV & SAPIRO, 
1957). The most interesting of these species is Leptobium dimidiatum (GRIDELLI, 1926). This species was described 
from Romania in the beginning of XIX-th century as Dolicaon biguttulus (LACORDAIRE in BOISDUVAL et LACORDAIRE, 
1835). Now it is known from Romania, Georgia and Turkmenistan (ASSING, 1995; STAN, 2008). The new point in 
Moldova enlarges our knowledge of its distribution. Sepedophilus testaceus (8 specs), Tachyporus hypnorum (8 specs), 
Sepedophilus marshami (7 specs) and Tachyporus nitidulus (7 specs) were the most frequently collected species during 
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the study. Tachyporus hypnorum was found in 5 collecting sites, Sepedophilus marshami and Tachyporus nitidulus 
were found in 3 collecting sites. Also Stenus ochropus and Tachyporus atriceps were collected in 3 sites, but only 1 
specimen from each site. Ten species were found only in the two sites and the remaining species were recorded only in 
one site. Tachyporus hypnorum, T. nitidulus, T. solutus, Quedius nitipennis, Carpelimus corticinus and Anthobium 
fusculum can be characterized as species with high level of adaptation to different habitats. Leptobium dimidiatum and 
Scopaeus ryei were noted as species with narrow habitat specialization.  

The material discussed includes species with large distributional ranges (LÖBL & SMETANA, 2004), such as: 
Palaearctic, Transpalaearctic, West Palaearctic, Holarctic, European, Euro-Mediterranean, Transholarctic and Cosmopolitan. 
Most of the species are characterised by a high ecological plasticity, including eurytopous, ripicolous, sylvicolous, 
phytodetriticolous, humicolous, pholeophilous, hygrophilous, paludicolous, muscicolous, myrmecophilous, 
mycetophilous, coprophilous and xerophilous species.  
 

Table 1. List of staphylinid species with ecological data from the right bank of the Dniester River. 
Tabel 1. Lista speciilor de stafilinide cu date ecologice, identificate pe malul drept al Nistrului. 

 

No. Taxa Material Distribution Ecological characteristics 
 Euaesthetinae GRAVENHORST, 1806 

1. Euaesthetus bipunctatus 
(LJUNGH, 1804)* 

1 specimen (spec), May 8, 2009, 
Copanca.  

Palaearctic 
muscicolous, hygrophilous, 
phytodetriticolous. 

 Omaliinae MACLEAY, 1825 

2. Omalium caesum 
GRAVENHORST, 1806 

2 specimens (specs), May 14, 2009, 
Răscăeţi; 
1 spec, October 8, 2009, Leuntea. 

Palaearctic 
humicolous, phytodetriticolous, 
sylvicolous, hygrophilous. 

3. Anthobium fusculum 
(ERICHSON, 1839)* 

1 spec, November 13, 2009, Lalova.  European 
sylvicolous, xerophilous, 
humicolous, mycetophilous, 
riparian. 

4. Anthobium atrocephalum 
(GYLLENHAL, 1827) 

1 spec, May 17, 2010, Vîşcăuţi.  Transholarctic 
eurytopic, hygrophilous, 
humicolous, phytodetriticolous. 

 Aleocharinae FLEMING, 1827 

5. Ocalea badia ERICHSON, 1837  1 spec, May 17, 2009, Vîşcăuţi.  Transpalaearctic 
sylvicolous, muscicolous, 
hygrophilous, phytodetriticolous. 

6. Acrotona fungi (GRAVENHORST, 
1806) 

2 specs, October 29, 2009, Răscăeţi; 
1 spec, March 6, 2009, Grădiniţa. 

Transpalaearctic, North 
America (introduced) 

ubiquitous, sylvicolous, 
hygrophilous. 

7. Atheta orbata (ERICHSON, 
1837)* 

1 spec, November 13, 2009, Lalova;  
1 spec, October 2, 2009, Răscăeţi. 

Euro-Mediterranean  
hygrophilous, riparian, 
sylvicolous, humicolous. 

8. Geostiba circellaris 
(GRAVENHORST, 1806) 

1 spec, May 17, 2010, Vîşcăuţi;  
3 specs, May 14, 2009, Răscăeţi. 

Holarctic eurytopic, myrmecophilous. 

9. Drusilla canaliculata 
(FABRICIUS, 1787)  

6 specs, March 30, 2010, Ţîpova. 
Palaearctic, North 
America (introduced) 

xerophilous, myrmecophilous, 
phytodetriticolous. 

10. Oxypoda opaca 
(GRAVENHORST, 1802)  

1 spec, October 8, 2009, Leuntea.  Transpalaearctic 
eurytopic, sylvicolous, 
phytodetriticolous. 

11. Parocyusa rubicunda 
ERICHSON, 1837* 

1 spec, October 8, 2009, Leuntea.  
Russia, Europe, 
Kazakhstan, 
Uzbekistan  

phytodetriticolous, hygrophilous, 
psammophilous.  

12. Gyrophaena joyi WENDELER, 
1924 

1 spec, October 16, 2008, Grădiniţa. Euro-Meditarranean 
eurytopic, sylvicolous, 
mycetophilous. 

13. Oxypoda abdominalis 
(MANNERHEIM, 1830) 

1 spec, November 6, 2008, Grădiniţa. Transpalaearctic eurytopic, xerophilous. 

14. Zyras haworthi STEPHENS, 1832 1 spec, April 3, 2009, Grădiniţa.  Euro-Mediterranean 
eurytopic, myrmecophilous, 
humicolous. 

 Staphylininae LATREILLE, 1802 

15. Philonthus carbonarius 
(GRAVENHORST, 1802) 

1 spec, March 6, 2009, Grădiniţa; 
1 spec, May 4, 2009, Leuntea. 

Palaearctic, North 
America (introduced) 

coprophilous, sylvicolous, 
humicolous, 
phytodetriticolous. 

16. Philonthus corruscus 
(GRAVENHORST, 1802) 

1 spec, May 17, 2009, Holercani.  Transpalaearctic eurytopic, coprophilous. 

17. Philonthus decorus 
(GRAVENHORST, 1802) 

1 spec, May 4, 2009, Leuntea. Transpalaearctic 
eurytopic, humicolous, 
hygrophilous. 

18. Othius punctulatus (GOEZE, 
1777) 

1 spec, November 6, 2009, Grădiniţa. Euro-Mediterranean  
humicolous, muscicolous, 
sylvicolous, phytodetriticolous. 

19. Quedius limbatus (HEER, 1839) 1 spec, April 3, 2009, Grădiniţa. West Palaearctic 
humicolous, stenotopic, sylvicolous, 
hygrophilous. 

20. Quedius suturalis 
KIESENWETTER, 1845 

1 spec, October 16, 2008, Grădiniţa. European 
humicolous, hygrophilous, 
eurytopic, sylvicolous. 

21. Quedius nemoralis BAUDI DI 

SELVE, 1848 
1 spec, May 14, 2009, Răscăeţi. West Palaearctic xerophilous, sylvicolous. 

22. Quedius ochropterus ERICHSON, 
1840*  

2 specs, October 8, 2009, Grădiniţa. Euro-Mediterranean 
muscicolous, sylvicolous, 
phytodetriticolous. 

23. Quedius nitipennis (STEPHENS, 
1833) 

1 spec, August 2, 2010, Tătărăuca 
Nouă.  

Euro-Mediterranean 
eurytopic, phytodetriticolous, 
humicolous, muscicolous, 
hygrophilous.  

24. Heterothops niger KRAATZ, 1868* 2 specs, October 29, 2009, Răscăeţi. European phytodetriticolous, xerophilous. 
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 Oxytelinae FLEMING, 1821 

25. Platystethus cornutus 
(GRAVENHORST, 1802)  

1 spec, November 13, 2009, 
Vîşcăuţi.  

Transpalaearctic, 
Afrotropical, Nearctic, 
Oriental 

eurytoic, riparian, hygrophilous. 

26. Anotylus rugifrons (HOCHHUTH, 
1849)  

1 spec, May 14, 2009, Răscăeţi. European 
hygrophilous, coprophilous, 
phytodetriticolous. 

27. Carpelimus corticinus 
(GRAVENHORST, 1806)  

1 spec, November 13, 2009, Lalova.  
Palaearctic, 
Australian, Nearctic, 
Neotropical 

eurytopic, hygrophilous, paludal, 
riparian, phytodetriticolous. 

28. Carpelimus exiguus (ERICHSON, 
1839)  

1 spec, October 8, 2009, Leuntea.  
Palaearctic, 
Afrotropical, 
Australian, Oriental 

stenotopic, riparian, 
phytodetriticolous, 
hygrophilous. 

 Steninae MACLEAY, 1825 

29. 
Stenus ochropus 
KIESENWETTER, 1858 = 
(erichsoni RYE, 1864)  

1 spec, November 13, 2009, 
Vîşcăuţi; 
1 spec, May 14, 2009, Leuntea; 
1 spec, October 29, 2009, Răscăeţi. 

Palaearctic riparian, hygrophilous. 

30. Stenus longipes HEER, 1839 
2 specs, August 2, 2010, Tătărăuca 
Nouă.  

European riparian, hygrophilous. 

31. Stenus boops LJUNGH, 1810  2 specs, May 17, 2010, Holercani. Transpalaearctic 
eurytopic, riparian, 
phytodetriticolous,  
hygrophilous. 

32. Stenus proditor ERICHSON, 1839 1 spec, March 30, 2010, Ţîpova. Transpalaearctic 
stenotopic, paludicolous, 
hygrophilous. 

 Tachyporinae MACLEAY, 1825 

33. Lordithon exoletus (ERICHSON, 
1839)  

1 spec, May 8, 2009, Grădiniţa. Euro-Mediterranean 
eurytopic, sylvicolous, 
mycetophilous. 

34. 
Mycetoporus baudueri 
MULSANT & REY 1875* 
(= hellieseni A. STRAND, 1950) 

2 specs, May 14, 2009,  
1 spec, October 29, 2009,  
Răscăeţi; 
1 spec, October 8, 2009, Grădiniţa.  

West Palaearctic 
eurytopic, sylvicolous, 
mycetophilous. 

35. Mycetoporus forticornis 
FAUVEL, 1875 

1 spec, October 16, 2008, Grădiniţa. European 
eurytopic, thermophilous, 
muscicolous, humicolous. 

36. 
Mycetoporus eppelsheimianus 
FAGEL, 1968 (= brucki auct. nec 
PANDELLE, 1869) 

1 spec, April 3, 2009, Grădiniţa. European 
stenotopic, muscicolous, 
sylvicolous, humicolous. 

37. Sepedophilus immaculatus 
(STEPHENS, 1832) 

1 spec, November 6, 2008,  
1 spec, March 6, 2009, Grădiniţa. 

Transpalaearctic, 
Oriental 

humicolous, sylvicolous. 

38. Sepedophilus testaceus 
(FABRICIUS, 1793) 

6 specs, May 8, 2009, Grădiniţa, 
2 specs, October 8, 2009, Leuntea. 

Holarctic 
eurytopic, mycetophilous, 
phytodetriticolous, humicolous. 

39. Sepedophilus marshami 
(STEPHENS, 1832)  

1 spec, November 6, 2008,  
1 spec, April 3, 2009,  
1 spec, May 8, 2009, Grădiniţa; 
1 spec, May 20, 2009, Răscăeţi; 
3 specs, October 8, 2009, Leuntea. 

Palaearctic, North 
America (introduced) 

eurytopic, mycetophilous, 
sylvicolous.  

40. Sepedophilus obtusus (LUZE, 
1902)  

1 spec, October 16, 2008,  
1 spec, April 3, 2009, Grădiniţa; 
1 spec, October 29, 2009, Răscăeţi. 

Euro-Mediterranean xerophilous, sylvicolous. 

41. Tachyporus atriceps STEPHENS, 
1832 

1 spec, November 13, 2009, Lalova; 
1 spec, May 8, 2009, Grădiniţa;  
1 spec, August 2, 2010, Tătărăuca 
Nouă.  

Palearctic 
eurytopic, muscicolous, 
riparian, hygrophilous. 

42. Tachyporus hypnorum 
(FABRICIUS, 1775)  

1 spec, March 6, 2009,  
2 specs, October 8, 2009, Grădiniţa; 
1 spec, November, 13 2009, Lalova;  
1 spec, March 30, 2010, Ţîpova;  
2 specs, October 29, 2009, Răscăeţi;  
1 spec, August 2, 2010, Tătărăuca 
Nouă. 

Transpalaearctic 
 

ubiquitous, muscicolous, 
phytodetriticolous, humicolous, 
hygrophilous. 
  

43. Tachyporus nitidulus 
(FABRICIUS,1781)  

1 spec, November 6, 2008,  
1 spec, March 6, 2009, 
1 spec, October 8, 2009, Grădiniţa;  
1 spec, October 8, 2009, Leuntea;  
3 specs, October 29, 2009, Răscăeţi. 

Cosmopolitan 
ubiquitous, sylvicolous, 
hygrophilous, muscicolous, 
phytodetriticolous. 

44. Tachyporus solutus ERICHSON, 
1839 

1 spec, March 6, 2009, Grădiniţa. Transpalaearctic 
eurytopic, xerophilous, 
muscicolous, detriticolous. 

45. Tachinus corticinus 
GRAVENHORST, 1802 

1 spec, April 3, 2009, Grădiniţa; 
1 spec, May 20, 2009, Răscăeţi. 

Palaearctic, North 
America (introduced) 

ubiquitous, hygrophilous, 
phytodetriticolous. 

 Paederinae FLEMING, 1821 

46. 
Leptobium dimidiatum 
(GRIDELLI, 1926) * = Dolicaon 
biguttulus (LAC.) 

1 spec, May 14, 2009, Leuntea. Euro-Mediterranean halophilous.  

47. Rugilus subtilis (ERICHSON, 1840) 1 spec, May 8, 2009, Grădiniţa. European sylvicolous, hygrophilous. 

48. Scopaeus ryei WOLLASTON, 1872*  1 spec, October 29, 2009, Răscăeţi. European 
 

xerophilous. 
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49. Sunius fallax (LOKAY, 1919) 
1 spec, October 16, 2008, Grădiniţa; 
2 specs, October 8, 2009, Leuntea. 

European sylvicolous, hygrophilous. 

50. Tetartopeus scutellaris 
(NORDMANN, 1837)  

1 spec, August 2, 2010, Tătărăuca 
Nouă.  

Euro-Mediterranean hygrophilous, riparian. 

 Habrocerinae, MULSANT & REY 1877 

51. Habrocerus capillaricornis 
(GRAVENHORST, 1806) 

1 spec, November 6, 2008,  
1 spec, May 8, 2009, Grădiniţa; 
1 spec, October 8, 2009, Leuntea. 

Palaearctic, 
Australian, Nearctic, 
Neotropical 

eurytopic, mycetophilous, 
humicolous. 

 

Legend: The species with (*) are mentioned for the first time in the Republic of Moldova. 
Legendă: Speciile marcate cu asterisc (*) sunt menţionate pentru prima dată în fauna Republicii Moldova. 

 
Table 2. Percentage and taxonomic structure of stafylinids collected from the right side of the Dniester River, 2008-2010. 

Tabel 2. Structura taxonomică şi procentuală a stafilinidelor colectate de pe malul drept al Nistrului, 2008-2010. 
 

No. Subfamilies  No. of species % No. Subfamilies No. of species % 
1. Euaestetinae 1 1.96 6 Steninae 4 7.84 
2. Omaliinae 3 5.88 7 Tachyporinae 13 25.49 
3. Aleocharinae 10 19.61 8 Paederinae 5 9.81 
4. Staphylininae 10 19.61 9 Habrocerinae 1 1.96 
5. Oxytelinae 4 7.84 Total 9 51 100 

 
CONCLUSIONS 

 
The staphylinid beetles collected from the right side of the Dniester River belong to 9 subfamilies, 31 genera 

and 51 species. The species list of this family in the Republic of Moldova was supplemented by 9 species.The examined 
zone Transpalaearctic, Euro-Mediterranean, European and Palaearctic staphylinid species prevailed. The identified rove 
beetles belong to the following ecological categories: coprophilous, eurytopic, hygrophilous, humicolous, muscicolous, 
mycetophilous, myrmecophilous, paludal, phytodetriticolous, psammophilous, riparian, stenotopic, sylvicolous, 
thermophilous, xerophilous. 
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DATA CONCERNING THE DIVERSITY OF SCARABEOID BEETLES  
(COLEOPTERA: SCARABAEOIDAEA) FROM THE VÂNĂTORI NEAMŢ NATURAL 

PARK (NEAMŢ COUNTY, ROMANIA) 
 
 

ARINTON Mihaela 
 
Abstract. The material analysed in this paper was collected from the Vânători Neamţ Natural Park (Neamţ County, Romania) during 
2003-2005. The results were completed with the data obtained by searching the entomological collection of “Ion Borcea” Natural 
Science Museum Complex of Bacău (scarabeoids collected before 2003). In the literature, 86 species were mentioned for the 
Moldavia region. PANIN (1955, 1957) considered that 41 of these species are spread all over Romania. For Vânători Neamţ Natural 
Park the author identified 22 species of scarabeoids, which are included into 21 genera, 9 subfamilies and 8 families. 8 species are 
mentioned for the first time for Neamţ County: Oxythyrea funesta (PODA 1761), Protaetia (Netocia) cuprea (FABRICIUS 1775), 
Gnorimus nobilis (LINNAEUS 1758), Trichius fasciatus (LINNAEUS 1758), Oryctes nasicornis (LINNAEUS 1758), Geotrupes 
puncticollis (MALINOWSKY 1811), Lucanus cervus (LINNAEUS 1758) and Hoplia argentea (PODA 1761). 
 
Keywords: Vânători Neamţ Natural Park , scarabeoids, diversity. 
 
Rezumat. Date privind diversitatea scarabeoideelor (Coleoptera: Scarabaeoidaea) din Parcul Natural Vânători 
Neamţ (judeţul Neamţ, România). Studierea diversităţii scarabeoideelor din Parcul Natural Vânători Neamţ (judeţul Neamţ) a  
presupus o activitate de teren desfăşurată în perioada 2003-2005, care a fost completată de consultarea colecţiei de entomologie a 
Complexului Muzeal de Ştiinţele Naturii „Ion Borcea” Bacău. În  literatură, pentru Moldova, au fost semnalate 86 de specii de 
scarabeoidee. Pentru Parcul Natural Vânători Neamţ, autoarea a identificat 22 de specii, din care 8 specii sunt menţionate pentru 
prima dată pentru judeţul Neamţ: Oxythyrea funesta (PODA 1761), Protaetia (Netocia) cuprea (FABRICIUS 1775), Gnorimus nobilis 
(LINNAEUS 1758), Trichius fasciatus (LINNAEUS 1758), Oryctes nasicornis (LINNAEUS 1758), Geotrupes puncticollis (MALINOWSKY 
1811), Lucanus cervus (LINNAEUS 1758) şi Hoplia argentea (PODA 1761). 
 
Cuvinte cheie: Parcul Natural Vânători Neamţ, scarabeoide, diversitate. 

 
INTRODUCTION 

  
The Vânători Neamţ Natural Park was established in April 1999, as a subunit of Piatra Neamţ Forest District 

This protected area covers a 30,818 hectare surface (of which 26,322 hectares forests) located in the northern part of 
Neamţ County (CĂTĂNOIU, 2005.) 

According to the specialty literature, 86 species of scarabeoids have been mentioned for Moldavia Region, 
until 2004. PANIN (1955, 1957) considered that 41 of these species are spread all over Romania (without other mentions 
regarding Moldavia Region). Beside these 41 species, according to the same author, other 22 species can be found in 
Moldavia Region. In 1970 DĂNILĂ published two papers regarding the diversity of coleopterans from Botoşani and 
Suceava Counties (64 species of scarabeoids were mentioned for the studied area). In 1997 GOAGĂ & TOMOZEI 
published an entomofaunistical list (that included 5 species of scarabeoids) for Bisericani (Neamţ County). The 
coprophagous coleopterans from the region of Ceahlău Mountains (Neamţ County) were studied by MOGLAN & 

COJOCARU (2003) and 17 scarabeoid species were mentioned for this region. Starting with 2004, the author published 
different papers regarding the diversity of scarabeoids from Bacău and Neamţ Counties (ARINTON, 2004a, 2004b, 
2005a, 2005b, 2005c, 2007a, 2007b, 2007c, 2009a, 2009b; ARINTON & CIORNEI, 2007). 

The objective of this research work is to present some contributions to the knowledge of the diversity of scarabeoids 
from Vânători Neamţ Natural Park, correlated with anterior mentions in the specialty literature for Moldavia Region. 

  
MATERIAL AND METHODS 

 
Geographically, the Vânători-Neamţ Natural Park covers the east mountainside of Stânişoarei Mountains (part 

of Neamţului Mountains situated in the east-part of the Eastern Carpathians), Neamţului sub-Carpathians (that belong to 
the Eastern sub-Carpathians) and also the Ozana and Cracău basins. The Vânători-Neamţ Natural Park is characterized 
by three geomorphological areas: mountain area, sub-Carpathian depression area and sub-Carpathian hills area 
(ARINTON & TOMOZEI, 2010). 

All the data presented in this paper were obtained by analysing the insects collected by the author from the 
Vânători Neamţ Natural Park (during 2003-2005) and the beetles collected before 2003 (this material belongs to the 
entomological collection of “Ion Borcea” Natural Science Museum Complex of Bacău).  

As it is known, the scarabeoids represent a very heterogeneous group of insects. Thus, for studying their 
diversity it is necessary to use different collecting methods. The majority of insects presented in this paper were 
collected directly from the plants and from the soil. The coprophagous beetles were collected directly from the dung 
pads. Some insects were collected using pitfalls. The material was identified and preserved in the entomological 
laboratories of “Ion Borcea” Natural Science Museum Complex of Bacău. 
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RESULTS AND DISCUSSIONS 
 
For the Vânători Neamţ Natural Park (Neamţ County), the author identified 22 species of scarabeoids (19 of 

them were also mentioned earlier for Moldavia Region). Systematically, these 22 species belong to eight families: 
Aphodiidae (a single subfamily – Aphodiinae with five species), Cetoniidae (with two subfamilies: Cetoniinae – three 
species and Trichiinae – two species), Dynastidae (Dynastinae subfamily with one species), Geotrupidae (with a single 
subfamily – Geotrupinae with four species), Lucanidae (a single species), Melolonthidae (a single subfamily 
Melolonthinae with a single species), Rutelidae (with two subfamilies: Hoplinae – with one species and Rutelinae – also 
with a species) and Scarabaeidae (Scarabaeinae subfamily with three species) (Table 1). 

 
Table 1. Distribution of species and specimens within the families and subfamilies of scarabeoids. 
Tabel 1. Distribuţia în cadrul familiilor şi subfamiliilor a speciilor şi a indivizilor de scarabeoidee.  

 

No. Families Subfamily  Number of species Number of specimens 
1. Aphodiidae Aphodiinae 5 168 
2. Cetoniidae Cetoniinae 3 143 
3. Trichiinae  2 5 
4. Dynastidae Dynastinae 1 3 
5. Geotrupidae Geotrupinae 4 125 
6. Lucanidae  1 1 
7. Melolonthidae Melolonthinae 1 2 
8. Rutelidae Hoplinae  1 8 
9. Rutelinae 1 139 
10. Scarabaeidae Scarabaeinae 3 18 
T 8 9 22 612 

 
 Among the 22 species identified for the studied area, 8 species are mentioned for the first time for Neamţ 

County: Oxythyrea funesta (PODA 1761), Protaetia (Netocia) cuprea (FABRICIUS 1775), Gnorimus nobilis (LINNAEUS 
1758), Trichius fasciatus (LINNAEUS 1758), Oryctes nasicornis (LINNAEUS 1758), Geotrupes puncticollis 
(MALINOWSKY 1811), Lucanus cervus (LINNAEUS 1758) and Hoplia argentea (PODA 1761) (Fig. 1). 
 

          
 

          
 

Figure 1. Species of scarabeoids identified for the Vânători Neamţ Natural Park (Neamţ County) (original photos). 
Figura 1. Specii de scarabeoidee identificate pentru Parcul Natural Vânători Neamţ (Judeţul Neamţ):  

a) Oxythyrea funesta (PODA 1761), b) Protaetia (Netocia) cuprea (FABRICIUS 1775), c) Gnorimus nobilis (LINNAEUS 1758),  
d) Trichius fasciatus (LINNAEUS 1758), e) Oryctes nasicornis (LINNAEUS 1758), f) Geotrupes puncticollis (MALINOWSKY 1811),  

g) Lucanus cervus (LINNAEUS 1758), h) Hoplia argentea (PODA 1761) (fotografii originale). 
 

a) b) c) d)

e) f) g) h)
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Scarabaeoidea Superfamily 
Aphodiidae Family 

Aphodiinae Subfamily 
1. Acrossus rufipes (LINNAEUS 1758) 
Literature (earlier records for Moldavia Region): Botoşani and Suceava Counties (DĂNILĂ, 1970a, 1970b), 

Ceahlău – Neamţ County (MOGLAN & COJOCARU, 2003), the Vânători Neamţ Natural Park, Neamţ County (ARINTON, 
2005a), the Dofteana Valley, Bacău County (ARINTON, 2005b), Bacău and Neamţ Counties (ARINTON, 2007c). 

Material: July 27, 2000 (4 specs.), July 17, 2003 (31 specs.), July 19, 2005 (22 specs.). 
 

2. Aphodius fimetarius (LINNAEUS 1758) 
 Literature (earlier records for Moldavia Region): all over Romania (PANIN, 1957); Botoşani and Suceava 
Counties (DĂNILĂ I., 1970a), Ceahlău – Neamţ County (MOGLAN & COJOCARU, 2003), the Vânători Neamţ Natural 
Park, Neamţ County (ARINTON, 2005a), the Dofteana Valley, Bacău County (ARINTON, 2005b), Bacău and Neamţ 
Counties (ARINTON, 2007c), Holt, Bacău County (ARINTON, 2009a, b). 

Material: June 1, 2000 (14 specs.), July 17, 2003 (43 specs.), July 19, 2005 (31 specs.). 
 
3. Colobopterus erraticus (LINNAEUS 1758) 

 Literature (earlier records for Moldavia Region): Northern Moldavia, Bacău (PANIN, 1957); Botoşani and 
Suceava Counties (DĂNILĂ, 1970a), Ceahlău – Neamţ County (MOGLAN & COJOCARU, 2003), the Vânători Neamţ 
Natural Park, Neamţ County (ARINTON, 2005a), the Dofteana Valley, Bacău County (ARINTON, 2005b), Bacău and 
Neamţ Counties (ARINTON, 2007c), Holt, Bacău County (ARINTON, 2009a, 2009b). 

Material: July 27, 2000 (1 spec.), July 17, 2003 (2 specs.), July 19, 2005 (2 specs.). 
 

4. Coprimorphus scrutator (HERBST 1789) 
 Literature (earlier records for Moldavia Region): Northern Moldavia (PANIN, 1957); Botoşani and Suceava 
Counties (DĂNILĂ, 1970a), Bacău and Neamţ Counties (ARINTON, 2007c), Holt, Bacău County (ARINTON, 2009a, b). 

Material: July 7, 2000 (2 specs.). 
 
5. Teuchestes fossor (LINNAEUS 1758) 
Literature (earlier records for Moldavia Region): Northern Moldavia (PANIN, 1957); Botoşani and Suceava 

Counties (DĂNILĂ, 1970a), Ceahlău – Neamţ County (MOGLAN & COJOCARU, 2003), the Vânători Neamţ Natural Park, 
Neamţ County (ARINTON, 2005a), Bacău and Neamţ Counties (ARINTON, 2007c), Holt, Bacău County (ARINTON, 
2009a, 2009b). 

Material: July 7, 2000 (7 specs.), July 17, 2003 (5 specs.), June 23, 2004 (2 specs.), July 19, 2005 (2 specs.). 
  

Cetoniidae Family 
Cetoniinae Subfamily 

 6. Cetonia aurata (LINNAEUS 1761) 
 Literature (earlier records for Moldavia Region): all over Romania (PANIN, 1957); Botoşani and Suceava 
Counties (DĂNILĂ, 1970a, b), Bisericani – Neamţ County (GOAGĂ & TOMOZEI, 1997), Başta, Neamţ County (ARINTON, 
2004a), Bacău and Neamţ Counties (ARINTON, 2004b), the Vânători Neamţ Natural Park, Neamţ County (ARINTON, 
2005a), the Dofteana Valley, Bacău County (ARINTON, 2005b), Poiana Sărată, Bacău County (ARINTON, 2005c), Slănic 
Moldova, Bacău County (ARINTON, 2007b). 

Material: July 27, 2000 (51 specs.), June 27, 2002 (1 spec.), July 17, 2003 (18 specs.), June 22, 2004 (34 
specs.), July 19, 2005 (15 specs.). 
 

7. Oxythyrea funesta (PODA 1761) 
Literature (earlier records for Moldavia Region): all over Romania (PANIN, 1957); Botoşani and Suceava 

Counties (DĂNILĂ, 1970a, 1970b), the Dofteana Valley, Bacău County (ARINTON, 2005b), Poiana Sărată, Bacău County 

(ARINTON, 2005c), Slănic Moldova, Bacău County (ARINTON, 2007b). 
Material: June 22, 2004 (13 specs.), July 19, 2005 (7 specs.). 

 
8. Protaetia (Netocia) cuprea (FABRICIUS 1775) 

 Literature (earlier records for Moldavia Region): all over Romania (PANIN, 1957); Botoşani and Suceava 
Counties (DĂNILĂ, 1970a), the Dofteana Valley, Bacău County (ARINTON, 2005b). 

Material: June 22, 2004 (3 specs.), July 19, 2005 (1 spec.). 
 

Trichiinae Subfamily 
 9. Gnorimus nobilis (LINNAEUS 1758) 
 Literature (earlier records for Moldavia Region): the Dofteana Valley, Bacău County (ARINTON, 2005b), 
Poiana Sărată, Bacău County (ARINTON, 2005c), Slănic Moldova, Bacău County (ARINTON, 2007b). 

Material: July 29, 2000 (1 spec.). 
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10. Trichius fasciatus (LINNAEUS 1758) 
Literature (earlier records for Moldavia Region): Northern Moldavia (PANIN, 1957); Botoşani and Suceava 

Counties (DĂNILĂ, 1970a, 1970b), the Dofteana Valley, Bacău County (ARINTON, 2005b), Poiana Sărată, Bacău County 
(ARINTON, 2005c), Slănic Moldova, Bacău County (ARINTON, 2007b). 

Material: July 27, 2000 (4 specs.). 
 

Dynastidae Family 
Dynastinae Subfamily  

11. Oryctes nasicornis (LINNAEUS 1758) 
Literature (earlier records for Moldavia Region): all over Romania (PANIN, 1957); Botoşani and Suceava 

Counties (DĂNILĂ, 1970a). 
Material: June 20, 1996 (3 specs.). 

 
Geotrupidae Family  

Geotrupinae Subfamily  
12. Anoplotrupes stercorosus (SCRIBA 1791) 
Literature (earlier records for Moldavia Region): all over Romania (PANIN, 1957); Botoşani and Suceava 

Counties (DĂNILĂ I., 1970a), Bacău and Neamţ Counties (ARINTON, 2004b), the Vânători Neamţ Natural Park, Neamţ 
County (ARINTON, 2005a), the Dofteana Valley, Bacău County (ARINTON, 2005b), Poiana Sărată, Bacău County 
(ARINTON, 2005c), Holt, Bacău County (ARINTON, 2007a), Bacău and Neamţ Counties (ARINTON, 2007c), Holt, Bacău 
County (ARINTON, 2009a, 2009b). 

Material: June 20, 1996 (1 spec.), May 30, 2000 (24 specs.), July 17, 2003 (44 specs.), June 23, 2004 (1 
spec.), July 19, 2005 (31 specs.). 

 

13. Geotrupes puncticollis (MALINOWSKY 1811) 
Literature (earlier records for Moldavia Region): all over Romania (PANIN, 1957), Holt, Bacău County 

(ARINTON, 2007a), Bacău and Neamţ Counties (ARINTON, 2007c), Holt, Bacău County (ARINTON, 2009a, 2009b). 
Material: July 27, 2000 (21 specs.). 
 

14. Geotrupes (Geotrupes) stercorarius (LINNAEUS 1758) 
Literature (earlier records for Moldavia Region): Northern Moldavia (PANIN, 1957); Botoşani and Suceava 

Counties (DĂNILĂ, 1970a), Bisericani – Neamţ County (GOAGĂ & TOMOZEI, 1997), Bacău and Neamţ Counties 

(ARINTON, 2007c). 
Material: August 7, 2000 (1 spec.). 
 

15. Trypocopris vernalis (LINNAEUS 1758) 
Literature (earlier records for Moldavia Region): Northern Moldavia (PANIN, 1957); Botoşani and Suceava 

Counties (DĂNILĂ, 1970b); Ceahlău – Neamţ County (MOGLAN & COJOCARU, 2003), the Dofteana Valley, Bacău 
County (ARINTON, 2005b), Poiana Sărată, Bacău County (ARINTON, 2005c), Bacău and Neamţ Counties (ARINTON, 
2007c). 

Material: July 6, 2001 (2 specs.). 
 

Lucanidae Family  
16. Lucanus cervus (LINNAEUS 1758) 
Material: July 27, 2000 (1 spec.). 

 
Melolonthidae Family  

Melolonthinae Subfamily  
17. Amphimallon solstitiale (LINNAEUS 1758) 
Literature (earlier records for Moldavia Region): all over Romania, except Dobrogea Region (PANIN, 

1955); Botoşani and Suceava Counties (DĂNILĂ, 1970a, 1970b), the Vânători Neamţ Natural Park, Neamţ County 

(ARINTON, 2005a). 
Material: July 18, 2003 (2 specs.). 

 
Rutelidae Family  

Hoplinae Subfamily  
18. Hoplia argentea (PODA 1761) 
Literature (earlier records for Moldavia Region): the Dofteana Valley, Bacău County (ARINTON, 2005b), 

Poiana Sărată, Bacău County (ARINTON, 2005c) 
Material: June 23, 2004 (8 specs.). 
 

Rutelinae Subfamily 
19. Phyllopertha horticola (LINNAEUS 1758) 
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Literature (earlier records for Moldavia Region): Moldavia Region (PANIN, 1955); Botoşani and Suceava 
Counties (DĂNILĂ, 1970a), Neamţ County (ARINTON, 2004b), the Dofteana Valley, Bacău County (ARINTON, 2005b), 
Poiana Sărată, Bacău County (ARINTON, 2005c). 

Material: May 31, 2000 (1 spec.), June 22, 2004 (119 specs.), July 19, 2005 (19 specs.). 
 

Scarabaeidae Family 
Subfamily Scarabaeinae 

 20. Copris lunaris (LINNAEUS 1758) 
 Literature (earlier records for Moldavia Region): all over Romania (PANIN, 1957); Botoşani and Suceava 
Counties (DĂNILĂ, 1970a), Ceahlău – Neamţ County (MOGLAN & COJOCARU, 2003), Holt, Bacău County (ARINTON, 
2007a), Bacău and Neamţ Counties (ARINTON, 2007c), Holt, Bacău County (ARINTON, 2009a, 2009b).  
 Material: July 5, 1996 (2 specs.), July 27, 2000 (2 specs.). 
 

21. Caccobius schreberi (LINNAEUS 1758) 
Literature (earlier records for Moldavia Region): all over Romania (PANIN, 1957); Botoşani and Suceava 

Counties (DĂNILĂ, 1970a), Ceahlău – Neamţ County (MOGLAN & COJOCARU, 2003), Başta, Neamţ County (ARINTON, 
2004a), Neamţ County (ARINTON, 2004b), the Vânători Neamţ Natural Park, Neamţ County (ARINTON, 2005a), Bacău 
and Neamţ Counties (ARINTON, 2007c), Holt, Bacău County (ARINTON, 2009a, 2009b). 

Material: July 17, 2003 (1 spec.), June 23, 2004 (4 specs.), July 19, 2005 (1 spec.). 
 
22. Onthophagus (Palaeonthophagus) fracticornis (PREYSSLER 1790) 
Literature: all over Romania (PANIN, 1957); Botoşani and Suceava Counties (DĂNILĂ, 1970a), Ceahlău – 

Neamţ County (MOGLAN & COJOCARU, 2003), Bacău and Neamţ Counties (ARINTON, 2004b), the Vânători Neamţ 
Natural Park, Neamţ County (ARINTON, 2005a), Bacău and Neamţ Counties (ARINTON, 2007c), Holt, Bacău County 

(ARINTON, 2009a, 2009b). 
Material: September 17, 1994 (2 specs.), July 17, 2003 (4 specs.), June 23, 2004 (1 spec.), July 19, 2005 (1 spec.). 

 
 The author has not found 24 species, which were mentioned earlier for Neamţ County, viz. Euoniticellus fulvus 
(GOEZE 1777) (MOGLAN & COJOCARU, 2003), Onthophagus (Palaeonthophagus) coenobita (HERBST 1783) (MOGLAN 

& COJOCARU, 2003), Onthophagus (Furconthophagus) furcatus (FABRICIUS 1781) (ARINTON, 2004a, 2004b), 
Onthophagus (Palaeonthophagus) nuchicornis (LINNAEUS 1758) (MOGLAN & COJOCARU, 2003), Onthophagus 
(Palaeonthophagus) ovatus (LINNAEUS 1767) (MOGLAN & COJOCARU; 2003, ARINTON, 2004a, 2004b), Onthophagus 
(Palaeonthophagus) ruficapillus (BRULLE 1832) (ARINTON, 2004a, 2004b), Onthophagus (Palaeonthophagus) 
semicornis (PANZER 1798) (ARINTON, 2004a, b), Onthophagus (Onthophagus) taurus (SCHREBER 1759) (MOGLAN & 

COJOCARU, 2003), Onthophagus (Palaeonthophagus) vacca (LINNAEUS 1767) (MOGLAN & COJOCARU, 2003), Acrossus 
luridus (FABRICIUS 1775) (GOAGĂ & TOMOZEI, 1997), Alocoderus hydrochaeris (FABRICIUS 1798) (MOGLAN & 

COJOCARU, 2003), Aphodius foetens (FABRICIUS 1787) (MOGLAN & COJOCARU, 2003), Chilothorax distinctus (MULLER 
1776) (ARINTON, 2004a, 2004b), Esymus merdarius (FABRICIUS 1775) (MOGLAN & COJOCARU, 2003), Euorodalus 
coenosus (PANZER 1798) (ARINTON, 2004a, 2004b), Otophorus haemorrhoidalis (LINNAEUS 1758) (MOGLAN & 

COJOCARU, 2003), Sigorus porcus (FABRICIUS 1792) (GOAGĂ & TOMOZEI, 1997), Pleurophorus caesus (CREUTZER 
1796) (ARINTON, 2004a, 2004b), Rhyssemus germanus (LINNAEUS 1767) (ARINTON, 2004a, 2004b), Trox (Trox) 
hispidus (PONTOPPIDAN 1763) (ARINTON, 2004a), Trox (Trox) sabulosus (LINNAEUS 1758) (ARINTON, 2004a, 2004b), 
Trox (Trox) scaber (LINNAEUS 1767) (PANIN, 1957), Melolontha melolontha (LINNAEUS 1758) (ARINTON & CIORNEI, 
2007), Valgus hemipterus (LINNAEUS 1758) (ARINTON, 2004a). 
 

CONCLUSIONS 
 
 1. For studying the diversity of scarabeoid beetles from the Vânători Neamţ Natural Park (Neamţ County), 
there have been analysed the insects collected by the author from the studied area (during 2003-2005) and the beetles 
collected before 2003 (material that belongs to the entomological collection of “Ion Borcea” Natural Science Museum 
Complex of Bacău). 

2. For the Vânători Neamţ Natural Park (Neamţ County), the author recorded twenty-two species of 
scarabeoids. Systematically, these 22 species belong to 21 genera, 9 subfamilies and 8 families Aphodiidae, Cetoniidae, 
Dynastidae Geotrupidae Lucanidae, Melolonthidae, Rutelidae and Scarabaeidae. 

3. Eight species are mentioned for the first time for Neamţ County: Oxythyrea funesta (PODA 1761), Protaetia 
(Netocia) cuprea (FABRICIUS 1775), Gnorimus nobilis (LINNAEUS 1758), Trichius fasciatus (LINNAEUS 1758), Oryctes 
nasicornis (LINNAEUS 1758), Geotrupes puncticollis (MALINOWSKY 1811), Lucanus cervus (LINNAEUS 1758) and 
Hoplia argentea (PODA 1761). 
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THE TREMATODE Clinostomum complanatum (PLATYHELMINTHES: DIGENEA) 
IDENTIFIED AT THE PERCH FROM THE SMALL RESERVOIRS ALONG THE 

PREAJBA RIVER 
 
 

GOGA Ionelia Claudia, CODREANU-BĂLCESCU Doina 

 
Abstract. The digenetic trematode Clinostomum complanatum (RUDOLPHI, 1819) was identified at perch (Perca fluviatilis LINNAEUS, 
1758), after sampling ichthyologic material from the reservoirs located along the Preajba Valley during 2010. 

 
Keywords: Preajba, digenean, Clinostomum complanatum, Perca fluviatilis, metacercaria. 
  
Rezumat. Trematodul Clinostomum complanatum (Platyhelminthes: Digenea) identificat la biban în lacurile mici 
de baraj de pe cursul râului Preajba. Trematodul digeneu Clinostomum complanatum (RUDOLPHI, 1819) a fost identificat la 
biban (Perca fluviatilis LINNAEUS, 1758), în probe de material ihtiologic, colectate pe parcursul anului 2010, în lacurile mici de baraj 
de pe cursul râului Preajba. 
 
Cuvinte cheie: Preajba, digeneu, Clinostomum complanatum, Perca fluviatilis, metacercar. 

 
INTRODUCTION 

 
Family Clinostomatidae (Ord. Strigeatida) has a widespread distribution, in the area where mean temperature is 

about 10oC (GRABDA-KAZUBSKA, 1974).  
Clinostomum complanatum is a digenetic trematode which usually infects fish-eating water birds (final hosts). 

The cercariae of C. complanatum have been recorded from some freshwater snail species belonging to the genera 
Lymnaea, Radix, Heliosoma etc., as first intermediate host. Clinostomum complanatum metacercariae (yellow grubs) were 
recorded from more than 25 freshwater fish species (second intermediate host) and adult stage of parasite (fluke) has been 
reported from more than 7 species of ichthyophagous birds (herons, egrets etc.) (MALEK & MOBEDI, 2001). VULPE (2007) 
considers that the parasite can be found at all fish species. C. complanatum metacercariae infest the skin, muscle, fins, head 
and viscera, causing pathologies and changes in the host behaviour, with consequent economic losses in fish farms (VIANA 
et al., 2005); for example, in USA and Brazil, clinostomosis cause significant problems for Siluriformes.  

The presence of metacercariae in the muscle of fish makes them unsuitable for human consumption. If a 
human accidentally consumes raw or semi cooked infected fish, the fluke attaches to the mucus membrane of the larynx 
or oesophagus causing a clinical syndrome (haloing); the parasite can migrate to the trachea. Many cases in men have 
been reported since 1938 in Japan and Korea (CHAN–WONG PARK, 2009) and other countries. In recent years, in 
pisciculture communities from the hydrographical basin PreajbaValley (Dolj County) there were performed sporadic 
samplings the purpose of which was to obtain the ichthyologic material necessary for further parasitological studies 
(GOGA, 2009, 2009a; GOGA, 2010). We identified 12 fish species belonging to two orders and four families.  

Here we describe an infection with metacercariae of Clinostomum complanatum (yellow grubs) in Perca 
fluviatilis. The present study aimed also to establish correlations between the parasitized fish life environment and the 
incidence of this parasitosis.  

 
MATERIAL AND METHODS 

 
During the year 2010, there were made some field trips in the area of the reservoirs located along the Preajba 

River, a small tributary of the Jiu River. The sampled fish material has been examined ichthyo-pathologically, namely 
clinical and parasitological examination in the Laboratory of Parasitology, Dolj Sanitary Veterinary Directorate. Strictly 
referring to the parasitological exam, we may state it was performed for the identification of the ecto and endoparasites.  

The parasites were found at a single species, respectively the perch. On macroscopic examination of the fish 
specimens were seen fixing cysts places. The parasitized fish are easily identifiable due to the presence of white-
yellowish, ovoid cysts with metacercariae enrolled inside, in the musculature and gill lamellae (Figs. 1; 3).  

With two dissection needles the metacercariae were extracted from the cysts and afterwards they were passed to a 
Petri dish with water living metacercaria was placed in a drop of water on the slide, being examined by transparency at a 
stereomicroscope (Fig. 4) and the mounting of the parasite in a fresh preparation (a small drop of water containing a 
specimen between slide and cover glass) allowed its examination at the optical microscope (Figs. 5; 6a, b) (10x X 20x).  

 
RESULTS AND DISCUSSIONS 

 
In the sampled material, there were identified parasites only at 10 perch (Perca fluviatilis LINNAEUS, 1758) 

specimens (7♂ and 3♀), with a weight varying between 91 and 422 g. Each specimen wore at least six cysts.  
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The digenean Clinostomum complanatum (RUDOLPHI, 1819) was determined. The metacercariae enrolled 
inside ellipsoidal white-yellowish cysts (yellow grubs), of about 2 mm in length, were located in the upper angle and 
inner face of the operculum (Fig. 1), gill arches (Fig. 2) and lamellae (Fig. 3) respectively. This fact illustrates the 
parasite preference for well vascularized areas, with intense activity. At Rhamdia quelen (Siluriformes) VIANNA et al 
(2005) found the largest density of C. complanatum metacercariae in the oro-branchial cavity, sub-opercular tissue. 
Likewise, metacercariae of Clinostomum marginatum parasitizing Loricariichthys platymetopon were found encysted in 
the base of the fins, muscle, inner wall of the operculum, lips, gill arches, palate, bone plaques and eyes, forming small 
white-yellowish nodules (EIRAS et al., 1999).  

GRABDA-KAZUBSKA (1974) recorded also the occurrence of Clinostomum complanatum metacercaria at Perca 
fluviatilis in Poland and the possibility of its acclimatisation in artificial heated lakes.  

The representatives of the class Digenea need at least two hosts during their life cycle: an intermediate host 
(snails, shells) and a final host (piscivorous birds, raptor fish or mammals). In the small reservoirs placed along the 
Preajba Valley, there were found numerous gastropods belonging to the genera Planorbis, Physa, Viviparus, Radix, 
Stagnicola, Fagotia (CIOBOIU, 1998-2000; CIOBOIU & BREZEANU, 2000), as well as ichthyophagous birds (Fig. 7). 
Thus, the area ecosystem offers optimum conditions for the development of Clinostomum complanatum. The absence of 
the parasite at the other fish species from the same habitat, except Perca fluviatilis, could be explained by a greater 
receptivity towards this parasite in the case of the perch, a raptor species.  

The digenean Clinostomum use raptor fish as the second intermediate host and the furcocercous cercariae 
penetrate their body after leaving gastropods or bivalves (the first intermediate host). Inside the second intermediate 
host the cercariae fork-tailed lose their tail, encyst and develop into metacercariae. From the pathology viewpoint, calm 
fish infested with metacercariae could be ingested by raptor fish species, in the present situation the perch, and 
trematodosis occurs at cutaneous level, gills, and musculature or can affect the internal organs (ROMAN, 1955). The 
metacercaria is usually encysted in a cyst of host and parasite origin, or encapsulated in a layer of tissue derived from 
the host only. The metacercariae are infective for the final (definitive) host; they excyst in the definitive host’s gut 
becoming adult digeneans (flukes), with a length of 3-8 mm (Fig. 7).  

For the determination of this digenetic trematode, we took into account the parasitized area on the fish body, as 
well as the taxonomic characters: the dimension and shape of the suckers; the position of the ventral sucker (Fig. 5) in 
relation to the position of the oral sucker; the morphology of the digestive tube (Figs. 6a, b) (MUNTEANU & BOGATU, 
2008). The metacercaria resembles quite much to the fluke both as colour and shape. They have a yellowish colour and are 
relatively large (4-6 mm). The ventral sucker is very sizable, cecums are long, extending to the front of the oral sucker.  

In natural water bodies, it is impossible to prevent parasite fauna. In order to limit as much as possible the 
infestation of fish populations, the literature in the field recommends certain prophylactic measures: limiting the number 
of molluscs within fisheries through periodical drainages, preventing the development of excessive vegetation in case 
basins get clogged, preventing the penetration of wild fish species that might carry parasites inside piscicultural basins. 

 

 
 

Figure 1. Encysted metacercaria located in the upper 
angle, inner face of the operculum (stereomicroscope, 

by transparency). (Photo: Claudia Goga).  
Figura 1. Metacercar închistat în unghiul superior, faţa 

internă a opercului (stereomicroscop, prin 
transparenţă).  

 
 

Figure 2. Metacercaria settled in the gill arch (stereomicroscope, by 
transparency. (Photo: Claudia Goga).  

Figura 2. Metacercarul fixat în arcul branhial  
(stereomicroscop, prin transparenţă).  

 
 

 
CONCLUSIONS 

 
The ichthyocenoses from the Preajba hydrographical basin are made up of 12 species belonging to two orders 

and four families; ten of the species are autochthonous and two are acclimatized allochthonous species (top mouth 
gudgeon and pumpkinseed). 
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The low incidence of clinostomosis may be induced by the reduced number of ichthyophagous birds. The 
representatives of the class Digenea need at least two hosts in their development: an intermediate host and a final host 
(raptor fish, ichthyophagous birds, mammals).  

The sampled fish did not register clinical manifestations.  
The control of the disease in these piscicultural reservoirs should rely on preventing the penetration of 

gastropods or of water infected with furcocercous cercariae, taking into account that the water level regulation is made 
in the underground, from one reservoir to another, as well as on avoiding the development of optimum conditions for 
ichthyophagous birds. People should not eat raw or undercooked fish.  

                             

 
 

Figure 3. Metacercaria encysted between gill lamellae 
(stereomicroscope, by transparency). (Photo: Claudia Goga).  

Figura 3. Metacercarul închistat între lamelele branhiale 
(stereomicroscop, prin transparenţă). 

 

 
 

Figure 4. Metacercaria extracted from the cysts 
(stereomicroscope, by transparency. (Photo: Claudia Goga).  
Figura 4. Metacercar extras din chist (stereomicroscop, 

prin transparenţă). 
 

 
 

Figure 5. Metacercaria – anterior extremity of the body (fresh 
preparation between slide and cover glass; 

optical microscope, 10x X 20x). (Photo: Claudia Goga). / Figura 5. 
Metacercar extremitatea anterioară a corpului (preparat nativ între 

lamă şi lamelă; microscop optic, 10x X 20x). 
 

 
 

Figure 6a. Metacercaria – posterior extremity of the 
body (fresh preparation between slide and cover glass; 

optical microscope, 10x X 20x). (Photo: Claudia Goga) / 
Figura 6a. Metacercar extremitatea posterioară a 

corpului (preparat nativ între lamă şi lamelă; microscop 
optic, 10x X 20x). 
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Figure 6b. Metacercaria – posterior extremity of the body (fresh 
preparation between slide and cover glass; optical microscope, 

10x X 20x). (Photo: Claudia Goga).  
Figura 6b. Metacercar extremitatea posterioară a corpului 

(preparat nativ între lamă şi lamelă; microscop optic, 10x X 20x). 

 
 

Figure 7. Ichthyophagous bird (Egretta garzetta) (final host) 
parasitized by flukes, in the oesophagus zone). (http:// 

fishparasite. Clinostomum). 
Figura 7. Pasăre ihtiofagă (Egretta garzetta) (gazdă definitivă) 

parazitată cu digene adulte în regiunea esofagului). 
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NEPHROTOXIC EFFECTS OF CHAMPION 50WP FUNGICIDES IN THE MARSH  
FROG Pelophylax ridibundus 

 
 

PĂUNESCU Alina, PONEPAL Maria Cristina 
 

Abstract. The impact of Champion 50WP fungicide on kidney histopathology of the frog Pelophylax ridibundus was investigated. The 
animals were exposed to sub-lethal concentrations (0.125x10-3/g of body weight) of Champion 50WP administrated by intraperitoneal 
shots for 3 weeks at two thermal levels (4-6ºC and 22-24ºC). Light microscopy of kidney revealed morphological changes such as 
degeneration in epithelial cells of the renal tubule, vacuolization; Perl’s stained material, interstitial edema, karyomegalia, degeneration 
of glomerulus. The most severe changes (interstitial edema, presence of large quantities of iron in renal epithelial cells, congestions of 
renal capillaries) were observed in animals exposed to Champion 50WP fungicide and kept at 22-24ºC.  
 
Keywords: frog, glomerular degeneration, interstitial edema, cell hypertrophy, Champion 50WP. 
 
Rezumat. Efectele nefrotoxice induse de acţiunea fungicidului Champion 50WP la broasca-de-lac Pelophylax 
ridibundus. În prezentul studiu au fost investigate efectele histopatologice renale induse de acţiunea fungicidului Champion la 
broasca Pelophylax ridibundus. Animalele au fost expuse la concentraţii subletale de fungicid Champion 50WP (0,125x10-3/g 
greutate corporală) administrate prin injecţii intraperitoneale timp de 3 săptămâni la 2 nivele termice (4-6ºC respectiv 22-24ºC). 
Microscopia optică a indicat prezenţa unor modificări morfologice renale ce au constat în degenerare celulelor epiteliale, vacuolizare 
celulară, prezenţa materialului Perls reactiv în celule, edeme interstiţiale, kariomegalie, degenerare glomerulară. Cele mai severe 
dintre modificări amintite (edeme interstiţiale, prezenţa fierului în cantitate mare în celulele epiteliului renal, congestia capilarelor 
sanguine) au fost înregistrate în cazul animalelor tratate cu fungicidul Champion şi ţinute la o temperatură de 22-24ºC. 
  
Cuvinte cheie: broască, degenerare glomerulară, edeme interstiţiale, hipertrofie celulară, Champion 50WP. 

 
INTRODUCTION 

 
The issue of amphibian population decline has led to an increasing public awareness of the importance of 

remnant amphibian populations wherever they might occur (MANN et al., 2009). 
Chemicals in the form of pesticides and fertilizers are being applied in greater varieties, combinations, and to a 

greater extent than ever before, and represent a significant suite of pollutants. Agricultural chemicals are receiving 
increasing attention as a potential cause of amphibian declines, acting singly or in combination with other stressors 
(RELYEA & MILLS, 2001). Surveys of natural populations have shown correlations between population declines and 
proximity to agricultural lands (BISHOP et al., 1999; LENOIR et al., 1999; DAVIDSON et al., 2002; HOULAHAN & 
FINDLAY, 2003; DAVIDSON, 2004). 

Champion 50WP is a foliar fungicide with protective action. Copper hydroxide which comprises 77% of this 
product governs the toxicity of the product. The remaining components have low to negligible toxicity. 

Environmental contamination with copper comes from its extensive use in commercial and industrial products,  
agricultural use in fertilizers and different biocides, animal feed additives and growth promoters, electroplating, textile 
products, petroleum refining, manufacture of copper compounds (HERKOVITS & PÉREZ-COLL, 2007). 

Cu plays a major role as cofactor in haematogenesises (CHIOU et al., 1999). Cu is one of the most critical trace 
elements in livestock because it is necessary for haemoglobin formation, iron absorption from gastro-intestinal tract and 
iron mobilization from tissue stores (MPOFU et al., 1999). Ingestion of large doses of copper salts may result 
progressively in irritation of the gastrointestinal tract, nausea, vomiting, salivation, gastric pain, haemorrhagic gastritis, 
diarrhoea, capillary damage, liver and kidney damage and central nervous system stimulation followed by depression. 

The aims of this study were to define histological and histopathological lesions in the kidneys that were caused 
by the exposure of the frog to Champion 50WP fungicides at two thermal levels (4-6º, respectively 22-24ºC) and to 
assess the impact of this toxic on the severity and kind of those lesions. 

 
MATERIAL AND METHODS 

 
The animals used in this study were adult of Pelophylax ridibundus, of both sexes, captured in spring (April-

May) from the surrounding areas of the city Piteşti (South Romania). The animals were kept in laboratory condition in 
aquaterrarios filled with tap water for five days to test their health and accommodate them for the experiment. The 
water was changed daily to avoid the accumulation of toxic substances.  

After adaptation in the lab, the frogs were separated in lots, which were used separately for the following 
experiments: two lots of control individuals, containing animals kept in laboratory at 4-6oC, respectively at 22-24ºC 
with no treatment, in running water which was changed every day, (1) one lot containing animals which were subjected 
to treatment with Champion 50WP in a dose of 0.125x10-3/g of body weight and kept at 4-6ºC, (2) a second lot 
containing animals which were subjected to treatment with Champion 50WP in a dose of 0.125x10-3/g of body weight 
and kept at 22-24ºC in a thermostatic chamber. Ten animals were used for each lot. The toxic was administered by 
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intraperitoneal shots, one shot every two days, in a scheme of 3 weeks. The administered dosage of toxic was not lethal 
as none of the subjects died through the experiment. All frogs were handled in accordance with the standard guide for 
care and use of laboratory animals. We began sacrificing the animals at the end of 3rd week of treatment; the frogs in 
each lot were sacrificed after chloroform anaesthesia and kidney were taken to assess histological changes via light 
microscope examination. Tissues samples were fixed in 8% neutral formalin for poikilotherms for 24h. Samples were 
then processed using a graded ethanol series and embedded in paraffin. Paraffin section were cut 5μm-thick slices using 
a rotary microtome (Slee Maintz Cut 5062) and stained with: haematoxylin (H) as a general screening method, Sirius 
red (JUNCUEIRA et al., 1979) for collagen stain (fibrosis) and Perl’s method (PEARSE, 1985) for ferrous iron. The 
sections were viewed and photographed using an Olympus microscope with an attached camera. 
 

RESULTS AND DISCUSSIONS 
 

The histopathological picture of renal damage caused by Champion 50WP fungicide action in animals kept at a 
temperature of 4-6ºC, describes the changes both in the renal corpuscles and tubules. Between the visceral and parietal 
sac, there is a much enlarged Bowman space (Fig. 1a), which characterizes the beginning of glomerular degeneration. 
Also, the capillaries are dilated and show lymphocytes infiltrates. 

In the proximal convoluted tubules, there is a vacuolization of cells in the presence of polymorphic nuclei (Fig. 
1c). Some epithelial cells have small pyknotic nuclei, in process of degeneration, while others have hypertrophic nuclei 
(Fig. 1b, c). Some cells have Perl’s positive inclusions in the cytoplasm, and that is not easily explainable. It is known 
that hemosiderin and/or ferritin are deposited in Kupffer cells (WOLKE, 1992). It was found that in the frog Rana 
ridibunda exposed to cadmium, excess iron was deposited in the liver melano-macrophages, a special type of Kupffer 
cells (LOUMBOURDIS & VOGIATZIS, 2002). Deposition of ferritin and hemosiderin is the effect of haemolysis of red 
blood cells, the destroyed cell being phagocytosed by hepatocytes and/or Kupffer cells. The iron trapped in the cells 
may be similarly the remnants of phagocytosed red blood cells, but the etiology of such a deposition is not clear, unless 
these epithelial cells are able to phagocytose red blood cells (LOUMBOURDIS, 2003). 

 

           
     

         

 

 
Due to the presence of interstitial edema, the renal tubules do not have spaces between them. Some tubules are 

completely degenerate, their cells showing hyaline material in the cytoplasm while the lumen is completely obstructed.  
Administration of the same concentrations of toxic to animals kept at a temperature of 22-24ºC causes similar 

but less profound histological changes. There is a dilation of capillaries and an enlargement of the Bowman space in the 
renal glomerulus indicating glomerular degeneration (Fig. 2a). Areas of edema occur in the renal parenchyma with 
extravasated vascular elements, and even bleeding areas (Figs. 2a, b). 

Nephrotoxic effects can also occur in the renal tubules resulting in their degeneration by cell hypertrophy, the 
presence of small pyknotic or polymorphic nuclei (Fig. 2c). Vacuolated epithelial cells are present in the cytoplasm as 
iron deposits in the form of hemosiderin (Figs. 2c, d), resulting from haemolysis, which may occur at this level. 

a 

c 

b

BS 

BS 

Figure 1. Kidney of frog treated with Champion 50WP  
and kept at a temperature of 4-6°C: a - enlarged Bowman space (BS);  

dilated blood capillaries (black arrows). b - Perl’s reagent material 
accumulation in the cytoplasm of epithelial cells. c - enlarged renal 

tubules with hypertrophied cells which have polymorphic nuclei; cells 
with iron deposits (arrow head). 400×. Perl’s staining, H-Sirius red. 
Figura 1. Rinichi la animale tratate cu Champion 50WP şi ţinute la o 

temperatură de 4-6ºC: a - lărgirea spaţiilor Bowman (SB);  
capilare sanguine dilatate (săgeata neagră). b - acumulare de material  

Perls reactiv in citoplasma celulelor epiteliale. c - dilatatea tubilor renali 
cu celule hipertrofiate ce prezintă nuclei polimorfi; depozite de fier 
intracelular (cap de săgeată). 400×. Coloraţie Perls, H-Sirius red. 
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Hemosiderin and/or ferritin is the only other well-characterized system for the intracellular storage and sequestration of 
metals apart from metallothionein and glutathione (ROESIJADI & ROBINSON, 1994), but it should be emphasized that 
metallothionein and glutathione are mainly bound to cadmium, copper, mercury and zinc. 

Some cells are completely disorganized being replaced by a hyaline amorphous mass (Fig. 2c).  
 

  
 

  
 

Figure 2. Kidney of frog treated with Champion 50WP and kept at a temperature of 22-24ºC. a - enlarged Bowman space (BS); 
dilated blood capillaries; bleeding areas (star). b - interstitial edema with extravasated blood elements (black arrow). c - cells with 

iron deposits (arrow head); renal tubular degeneration. d - Perl’s positive material deposits. 400×. Perl’s staining, H-Sirius red.  
Figura 2. Rinichi la animale tratate cu Champion 50WP şi ţinute la o temperatură de 22-24ºC. a - dilatarea spaţiilor Bowman (SB) şi a 

capilarelor sanguine; zone hemoragice (steluţa). b - edeme interstiţiale cu extravazarea elementelor sanguine (săgeata neagră). c - 
depozite de fier în celule (cap de săgeată); degenerare tubulară. d - depozit de material Perls pozitiv. 400×. Coloraţie Perls, H-Sirius red. 

  
The kidney is a common target organ for toxic compound since it forms a major pathway for excretion of these from 

the body (VOGIATZIS & LOUMBOURDIS 1998, 1999; PAPADIMITRIOU & LOUMBOURDIS, 2003), and has a high metabolic 
activity with a number of sensitive metabolic processes (LOUMBOURDIS, 2003). OSMAN et al., (2009) describe the nephrotoxic 
effects similar to those we observed in kidneys of the frog Pelophylax ridibundus for Oreochromis niloticus fish species after 
applying concentrations of 0.5, 1.0 respectively 2.5 mg Cu/l water. They refer to tubular degeneration, necrosis in the renal 
parenchyma, lymphocytic infiltrates and decrease in the number of melano-macrophages.  

The histological studies performed on Abramis brama and Aspius aspius species living in polluted water 
containing copper, KOPONEM et al. (2001) indicated the presence of renal damage described by cell injury, dilated 
glomerular capillaries or interstitial edema. Because the fish kidney receives the largest amount of post-gill blood, the 
possible kidney lesions may be considered a good indicator of aquatic pollution (ORTIZ et al., 2003). 

In addition to liver and intestine, the kidney is the organ that accumulates the largest amount of copper 
(PAPADIMITRIOU & LOUMBOURDIS, 2003). It seems that in the increased accumulation of copper, over a long period of 
time, the Rana ridibunda species has a new way of kidney detoxification when the liver is overloaded. This has also 
been observed by GROSSEL (1998) in other vertebrates.  

 
CONCLUSIONS 

 
These observations lead us to conclude that Champion 50WP fungicide in a dose of 0.125x10-3/g of body 

weight determinates morphologic modifications in the kidney of Pelophylax ridibundus in both thermic variants (at 4-6º 
and at 22-24ºC). Under sublethal concentration of this fungicide, the renal tissue of the frogs showed marked 
pathological changes such as: degeneration in epithelial cells of the renal tubule, vacuolization, Perl’s stained material, 
interstitial edema, karyomegalia, and degeneration of glomerulus. Highly degenerative changes in the renal tissue were 
evident in animals that was treated with toxic and kept at 22-24ºC. These results could be used as indicator of renal 
toxicity for a variety of chemical, including pesticides. 
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NEW RESULTS REGARDING THE MONITORING OF THE THERMAL HABITATS 
WITH ACTIVE AMPHIBIANS DURING WINTER FROM WESTERN ROMANIA 

DURING THE COLD SEASON 2010/2011  
 
 

COVACIU-MARCOV Severus-Daniel, ANTAL Cornel, SAS István 
CICORT-LUCACIU Alfred-Ştefan, TIT Daniela 

 
Abstract. The 19 thermal habitats with active amphibians during winter have recorded important modifications in the three years that 
have passed since the last monitoring. In comparison to the previous data, only three thermal habitats have positively evolved, 6 
being in regression and the amphibians have disappeared from 4 of the cases. The most serious event is represented by the complete 
disappearance of some thermal habitats and of the non-hibernating amphibian populations from their level. The thermal canals from 
Beiuş and Boghiş were intubated, thus the habitats disappeared completely. Both of the known habitats from Geoagiu were men-
affected, as a result the active amphibians lacked from them during winter. There have also been unaffected habitats in the past years, 
in which the active amphibian populations are large and stabile, as well as new habitats, formed in the previously known localities. 
The only modification of the active amphibians’ biology from all of the habitats is the disappearance of hibernation, while the 
populations from “1 Mai“ Spa and Călan also present a continuous reproduction. Pelophylax ridibundus is present in all of the 
habitats. Triturus cristatus, a rare presence in the thermal waters, has been observed only at Călan. The monitoring results confirm 
the speed and magnitude of the modifications of the thermal habitats due to anthropogenic influences and their dependence on this 
factor. 
 
Keywords: thermal habitats, active amphibians, Romania, cold season. 
 

Rezumat. Noi rezultate privind monitorizarea habitatelor termale cu amfibieni activi iarna din vestul României în 
sezonul rece 2010/2011. Cele 19 habitate termale cu amfibieni activi iarna prezintă importante modificări în cei 3 ani scurşi de la 
ultima monitorizare. Faţă de datele precedente, doar 3 habitate termale au evoluat pozitiv, 6 fiind în regres, iar în 4 cazuri amfibienii 
au dispărut. Cel mai grav eveniment îl reprezintă dispariţia completă a unor habitate termale sau, dispariţia populaţiilor de amfibieni 
nehibernante din acestea. La Beiuş şi la Boghiş canalele termale au fost intubate, habitatele dispărând complet, iar la Geoagiu ambele 
habitate cunoscute au fost afectate antropic, amfibienii activi iarna lipsind din acestea. Există însă şi habitate neafectate antropic în 
ultimii ani, în care populaţiile de amfibieni active iarna sunt mari şi stabile, precum şi habitate noi, formate în localităţi cunoscute 
anterior. În cazul amfibienilor din toate habitatele singura modificare a biologiei acestora este dispariţia hibernării, în vreme ce 
populaţiile de la Băile „1 Mai“ şi Călan prezintă şi reproducerea continuă. Pelophylax ridibundus este prezentă în toate habitatele. 
Triturus cristatus, o raritate în apele termale, a fost observat doar la Călan. Rezultatele monitorizării confirmă viteza şi amplitudinea 
modificării habitatelor termale datorită influenţei antropice şi dependenţa lor faţă de acest factor.  
 
Cuvinte cheie: habitate termale, amfibieni activi, România, sezonul rece. 

 
INTRODUCTION 

 
The presence of active amphibians during winter in the thermal waters from western Romania has been known 

for over a decade, being described, in several periods, 19 thermal habitats in which there are amphibians (COVACIU-
MARCOV et al., 2003, 2004, 2006, 2010; SAS et al., 2007). Data regarding the influence of thermal waters are found in 
the scientific literature, especially concerning the strictly aquatic animals, in many cases referring to their thermal 
tolerance (eg: BRUES, 1928; HOEPPLI & CHU, 1932; MENNI et al., 1998).  

The existence of certain species or amphibian larvae in the thermal waters is mentioned in some of these 
studies (MANSON 1939; CHEN et al., 2001; WU & KAM 2005). However, most of these articles do not refer to the 
amphibians’ ecology from the thermal waters, mentioning only their presence, the water temperature from the inhabited 
areas and eventually some behavioural particularities connected to the thermal regime.  

Regarding the modifications of the amphibians’ biology from the thermal waters from Romania, the most 
general one is the disappearance of hibernation, together with the continuous reproduction and the larvae gigantism 
(COVACIU-MARCOV et al., 2003, 2006; SAS et al., 2010).  

Although apparently numerous, the thermal habitats are very variable in time, regarding both their structure 
and the number and species diversity. It has been observed that these habitats have rapidly evolved, some of them 
disappearing, while others have been partially modified due to man-made activities (COVACIU-MARCOV et al., 2006; 
SAS et al., 2009).  

The high rate at which these thermal habitats evolve has been described in other cases, being a particularity 
(LUTZ, 1931). Most of the thermal habitats are a result of the economic and therapeutic purposes in which geothermal 
waters are used, situation also signalled in other areas (STAVREVA-VESELINOVSKA & TODOROVSKA, 2010; ORUÇI, 
2010) and which ultimately endangers these habitats (MENNI et al., 1998; COVACIU-MARCOV et al., 2006). 
Consequently, our study aims to reanalyse the situation of the 19 known thermal habitats with active amphibians during 
winter recorded in western Romania until the beginning of winter 2010/2011, in order to establish their evolution in 
relation with the previous data (SAS et al., 2009). 
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MATERIAL AND METHODS 
 

The research was realised in the cold season of 2010/2011, during the interval December - February. There were 
analysed 19 previously known habitats, performing field departures. The study involved observing the amphibian species 
present in the cold season in these habitats, estimating the size of the active populations and identifying the modifications 
induced by the thermal regime. The purpose of the action was to establish the modifications that have intervened within the 
amphibian populations from the thermal waters in comparison to the last monitoring activity, realised in the cold season 
2007/2008 (SAS et al., 2009). Not all of the known 19 thermal habitats were included in the respective study, some of them 
being afterwards described (COVACIU-MARCOV et al., 2010). The reason for the repetitive monitoring is provided by the 
speed with which the thermal habitats change under the action of the anthropogenic factors. The thermal habitats were 
covered along the shores, observing and sometimes counting the frogs. The frogs were not usually captured, but in the case in 
which it was necessary, we used a net. The captured frogs were photographed, being afterwards released in their habitat. It 
was also important to identify the frogs that sing, the pairs found in amplex and the larvae (COVACIU-MARCOV et al., 2006).  
 

RESULTS 
 
 The situation of some of the monitored thermal habitats is stationary (Table 1). However, in comparison with 
the previous data, 6 thermal habitats are found in regression, while 4 have completely disappeared. The habitat has 
disappeared in two of these cases (Beiuş and Boghiş – new thermal puddle) following the intubation of the evacuation 
canal of thermal water. In the other two cases (Geoagiu) the anthropogenic intervention has modified the aspect of the 
habitat or its supply with thermal water, facts that have stopped the remaining of the amphibians in activity. 
 

Table 1. The situation of the monitored thermal habitats and the observed species in relation to the data from the scientific literature 
(S=Stationary, P=Progress, R=Regress, D=Disappeared; T.c.=Triturus cristatus, P.r.=Pelophylax ridibundus, R.d.=Rana dalmatina, 
B.b.=Bombina bombina, R.t.=Rana temporaria, Bu.b.=Bufo bufo). / Tabel 1. Situaţia monitorizării habitatelor termice şi a speciilor 
observate în raport cu datele din literatura de specialitate (S=Staţionare, P=Progres, R=Regres, D=Dispărut; T.c.=Triturus cristatus, 

P.r.=Pelophylax ridibundus, R.d.=Rana dalmatina, B.b.=Bombina bombina, R.t.=Rana temporaria, Bu.b.=Bufo bufo). 
 

Thermal habitat 
Situation of the habitat The observed amphibian species 

S P R D T.c. P.r. R.d. B.b. R.t. Bu.b. 
1. 1 Mai Spa  X - - -  X - - - - 
2. Felix Spa  - - X -  X - - - - 
3. Răbăgani  - X - -  X - - - - 
4. Mădăras  - X - -  X - X - - 
5. Livada  - - X -  X - - - - 
6. Chişlaz  X - - -  X - X - - 
7. Sânnicolau de Munte  X - - -  X - - - - 
8. Cheşa  - - X -  X - - - - 
9. Roşiori  - - X -  X - - - - 
10. Săcuieni  X - - -  X - - - - 
11. Beiuş  - - - X  - - - - - 
12. Chiraleu  X - - -  X - - - - 
13. Acâş  X - - -  - X - - - 
14.1. Geoagiu Spa thermal canal - - - X  - - - - - 
14.2. Geoagiu Spa roman basin - - - X  - - - - - 
15.1. Călan Spa thermal canal X - - - - X - - - - 
15.2. Călan Spa old basin - - X - - X - - - - 
15.3. Călan Spa roman basin X - - - X X - - - - 
16. Cărpiniş  X - - - - X - - - - 
17. Călacea Spa  - X - - - X - X - - 
18. Şimleul Silvaniei  - - X - - X - - - - 
19.1. Boghiş old thermal canal X - - - - X - - - - 
19.2. Boghiş new thermal puddle - - - X - - - - - - 
TOTAL 10 3 6 4 1 18 1 3 - - 

 
Pelophylax ridibundus is the only species present in all of the thermal habitats during the cold season (Fig. 1). 

Together with this, Bombina bombina populations were signalled in the plain habitats. Occasionally, active Rana 
dalmatina individuals were observed in the areas neighbouring the shores of the thermal habitats. The crested newt was 
recorded to be active during winter only at Călan Spa (Fig. 2). Except for P. ridibundus, all of the other species present 
as modifications only the disappearance of hibernation. The continuous reproduction was observed only in two habitats 
at P. ridibundus. 

The anthropogenic impact is very high upon all of the thermal habitats. Thus, these are frequently polluted 
with detergents or oil products due to the locals that use the thermal waters to wash different domestic objects. 
Meanwhile, domestic wastes are deposited in many of the habitats. In some cases, supplying the habitats with thermal 
water is very variable, fact, which affects the frogs. 
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DISCUSSIONS 
 

The thermal waters from western Romania can be directly used for economic purposes, for heating (ANTAL & 

ROŞCA, 2008; ANTAL et al., 2009). Humans generally use thermal waters, this activity being practised in many areas, 
fact that ecologically endangers the thermal habitats (MENNI et al., 1998). The same negative effect is also observed in 
the case of the active amphibians from the thermal waters from western Romania (COVACIU-MARCOV et al., 2006). 
Although some of the thermal habitats have appeared following anthropogenic activities (COVACIU-MARCOV et al., 
2006), man is the factor that has sealed their faith. Unfortunately, in comparison to the situation registered 3 years ago 
(SAS et al., 2009), many of the thermal habitats and amphibian populations have negatively evolved. The number of 
habitats found in regression and the ones from which the amphibians have disappeared is identical to the stationary 
ones. Unlike these, only 3 habitats (Răbăgani, Mădăras and Călacea) present a favourable evolution. 

 

    
 

Figure 1. Pelophylax ridibundus from Călan.                                   Figure 2. Triturus cristatus from Călan. 
Figura 1. Pelophylax ridibundus de la Călan                                    Figura 2. Triturus cristatus de la Călan. 

 
At Răbăgani, after a negative impact phase, the water level is presently stable and higher than in the past 

(COVACIU-MARCOV et al., 2006), the thermal basin being full up to the concrete dam limit. Thus, the water depth that 
surpasses 1 m and is covered by rich aquatic vegetation is extremely favourable to the lake frogs. We counted 51 P. 
ridibundus individuals in January 2011, but these are probably many more. We also observed singing frogs and pairs 
found in amplex, but we did not encounter larvae, probably due to the high water level and the locals’ aquatic birds 
(SAS et al., 2009). Although the habitat from Mădăras was affected in the past by desilting activities (SAS et al., 2009), 
presently it is found in a very positive situation. The vegetation from the shores and the aquatic one have completely 
recovered, the habitat being presently unaffected by man. Consequently, at least 200 – 300 lake frogs were present at 
Mădăras at the end of December 2010, when the day temperature was - 4ºC. Moreover, in comparison to the previous 
data, B. bombina individuals have reappeared, species that has been affected by the desilting from 2007 (SAS et al., 
2009). The situation from Călacea is favourable due to the reduced anthropogenic impact, fact that allows the 
maintaining of the P. ridibundus populations and even the appearance of active B. bombina individuals during winter. 
Meanwhile, a new thermal habitat has risen here due to a new thermal water overflow in a stream in which lake frogs 
are present. The appearance and disappearance of new secondary thermal habitats has been previously signalled at 
Călacea (COVACIU-MARCOV et al., 2006; SAS et al., 2009). 

Most of the cases in which the thermal habitats are found in regression are due to man. The decrease of thermal 
water flow has occurred in many situations, which has determined a restriction of the sector available for the frogs. The 
limitation was sometimes natural, being probably due to the decrease of the pressure from the deposit, while in other cases 
it was a consequence of the exaggerate exploitation by man. This last scenario is registered at “1 Mai“ Spa, where, due to 
the constant use of thermal water by the touristic and economic objectives from the area, the level of the thermal lake is in 
a continuous decrease, the water even freezing at the shores in the cold days. Therefore, the frogs withdraw towards the 
centre of the lake and towards the areas with abundant vegetation from the shores. At “1 Mai“ Spa, a better situation is 
registered downstream of the thermal lake, where the building of a dam in 2002 helped in maintaining the water level 
constant, favouring the frogs. A good situation is also registered on the two branches that form here. Beside the 
disappearance of hibernation, the continuous reproduction is also registered at “1 Mai“ Spa. The phenomenon occurs both 
in the lake, as well as in the areas downstream of it, at the dam, where the frogs constantly sing in the sunny days. 

The thermal habitat disappeared from Beiuş and Boghiş. The fact is a consequence of the intubation of the 
thermal canal from Beiuş and of the reparation of the crack from the pipe from Boghiş. Thus, the two habitats can be 
added to the one from Acâş, where the intubation of the thermal canal led to the disappearance of the frogs (COVACIU-
MARCOV et al., 2006). It is very concerning the disappearance of the active frogs from both of the habitats from 
Geoagiu Spa, despite the good situation from the past and of the large size of at least one of the habitat. Thus, the roman 
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basin was desilted and rearranged, the frogs being completely eliminated. However, it is possible that the frogs should 
repopulate the basin in time, on the premises that the anthropogenic interventions will stop. The disappearance of the 
active frogs from the thermal canal is a consequence of a non-thermal water afflux. Its high flow strongly cooled the 
water from the thermal canal, fact that determined the frogs to go into hibernation. 

P. ridibundus is the only species present in all of the thermal habitats, as until now (COVACIU-MARCOV et al., 
2006). B. bombina appears in three habitats, but its populations are always smaller than the ones of the lake frogs. The 
fact is a consequence of the more aquatic life of B. bombina, which normally stays longer in the water than P. 
ridibundus, which sometimes distances from the water (COGĂLNICEANU et al., 2000). P. ridibundus also stays on the 
shores of the thermal waters on many occasions. The incursions in the terrestrial environment advantage this species in 
relation to B. bombina in the thermal waters with high temperatures. Meanwhile, many of the studied habitats are 
situated at altitudes that surpass the limits of B. bombina. The species has also been previously observed at Mădăras and 
Chişlaz (COVACIU-MARCOV et al., 2006), but it is signalled in a premier at Călacea Spa, although the habitat has been 
known for a long period. It is very important the identification of the crested newt at Călan. It has not been recorded in 
the thermal waters for 10 years, in the past being observed only at “1 Mai“ Spa (COVACIU-MARCOV et al., 2006). The 
remaining in activity over winter of the species and the agile frogs confirms the action mechanism of the thermal waters 
upon the terrestrial amphibians that hibernate in them (COVACIU-MARCOV et al., 2006). 

The modifications induced by the thermal waters upon the amphibians are the classical ones described in the 
scientific literature (COVACIU-MARCOV et al., 2003, 2006). Thus, in all of the thermal habitats in which there are 
present non-hibernating amphibian populations, the frogs remain active during winter. The continuous reproduction is 
registered only at 1 Mai and Călan Spa. This phenomenon has also been recorded at Felix Spa in the past. The habitat 
from Felix Spa records a negative evolution, despite the fact that in 2007 it evolved in a general positive manner (SAS et 
al., 2009). The modification of the thermal basins’ shores and the rising of massive concrete curbstones, isolate the 
already reduced populations within each basin. Moreover, the P. ridibundus populations have been greatly affected by 
the introduction of fish and exotic tortoises. These factors have caused the gigantic larvae, signalled in the past, to 
disappear (COVACIU-MARCOV et al., 2003). 

The best situation is presently recorded at Călan Spa. Thus, both large populations of P. ridibundus with a 
continuous reproduction as well as crested newts that are active during winter are present here. However, the evolution 
was also negative in the case of the old basin due to the desalting and the building of a dam that raised the water level 
until the superior limit of the basin. Thus, both the lake frogs and the common toads that were active during winter 
disappeared from them (SAS et al., 2007). However, the effect was not devastating for the lake frogs, due to the fact that 
active frogs are present in the canal in which the excess of the thermal water is eliminated. Practically, one habitat 
disappeared and another appeared. The two habitats from Călan are not modified, due to the reduced anthropogenic 
influence, at least during winter. The swimming pool is situated at a distance from localities, not being frequented by 
tourists during winter. Thus, the P. ridibundus populations are large in the thermal canal and the roman basin, numerous 
individuals being observed singing and in amplex. Triturus cristatus is also present in the roman basin as proof of the 
age of the thermal habitats from Călan and the reduced level of anthropogenic impact. 
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CONTRIBUTIONS TO THE STUDY OF THE BIRDS FROM RÂNCA RESORT  
AND ITS SURROUNDINGS (PARÂNG MOUNTAINS – GORJ COUNTY)  

IN THE AESTIVAL SEASON 
 
 

BĂLESCU Carmen 
 
Abstract. The paper presents data on birds in the Rânca area and its surroundings (the Parâng Mountains - Gorj county). The study 
was conducted in the last five years (2006-2010) during the aestival season. Observations were made in the spruce, subalpine and 
lower alpine levels, between 1560 m and 2228 m altitude. There were seen 49 species, most of them belonging to the Passeriformes 
Order. With few exceptions, most of the birds are typically mountain birds corresponding to the spruce forests and mountain gaps. 
Dryocopus martius, Hirundo rustica, Delichon urbica, Anthus spinoletta, Motacilla cinerea, M. alba, Nucifraga caryocatactes, 
Corvus corax, Cinclus cinclus Prunella collaris, Phylloscopus collybita, Regulus regulus, Phoenicurus ochruros, Turdus torquatus, 
the species of the Parus genus, Fringilla coelebs Pyrrhula pyrrhula, Loxia curvirostra are more frequent. In recent years, the beauty 
of Rânca resort attracted many investors in infrastructure (road, hotels, chalets, ski slopes), which led to the endangerment of habitats 
and species. Each of the observed species is assigned in at least one of the national and European protection lists. According to the 
European threat status one species is vulnerable (Phoenicurus phoenicurus) and three species are in decline (Falco tinnunculus, 
Galerida cristata, Hirundo rustica). 
 
Keywords: mountain birds, habitat, protection of birds. 
 
Rezumat. Contribuţii la studiul păsărilor din staţiunea Rânca şi împrejurimi (Munţii Parâng - Judeţul Gorj) în 
aspectul estival. Lucrarea prezintă date privind păsările din zona Rânca şi împrejurimile ei (Munţii Parâng-judeţul Gorj). Studiul s-a 
realizat în perioada estivală din ultimii 5 ani (2006-2010). Observaţiile s-au realizat în etajul molidului, subalpin şi alpin inferior între 
1560 m - 2228 m altitudine. S-au evidenţiat 49 de specii, majoritatea aparţinând Ordinului Passeriformes. Cu mici excepţii, cele mai 
multe păsări sunt tipic montane corespunzătoare pădurilor de molid şi golurilor montane. Frecvente sunt Dryocopus martius, Hirundo 
rustica, Delichon urbica, Anthus spinoletta, Motacilla cinerea, M. alba, Nucifraga caryocatactes, Corvus corax, Cinclus cinclus 
Prunella collaris, Phylloscopus collybita, Regulus regulus, Phoenicurus ochruros, Turdus torquatus, speciile genului Parus, Fringilla 
coelebs, Pyrrhula pyrrhula, Loxia curvirostra. Frumuseţea ţinutului montan Rânca a atras în ultimii ani numeroşi investitori pentru 
infrastructură (drumuri, hoteluri, cabane, pârtii de ski), ceea ce a condus la periclitarea habitatelor şi a speciilor. Fiecare dintre speciile 
observate este încadrată în cel puţin una din listele de protecţie naţională şi europeană. Conform cu statutul de ameninţare european o 
specie este vulnerabilă (Phoenicurus phoenicurus) şi 3 specii în declin (Falco tinnunculus, Galerida cristata, Hirundo rustica).  
 
Cuvinte cheie: păsări montane, habitat, ocrotire. 

 
INTRODUCTION 

 
Rânca resort is located at an altitude of 1580-1600 m, in the southern part of the Parâng Mountains, at the feet 

of Corneşul Mare Mountain (1686 m). It is located at a distance of 18 km from Novaci, Gorj County (DN 67 C). It is 
considered an area with a high tourist potential, a growing resort as there have been built many hotels and boarding 
houses lately (Fig. 1a). It has two ski trails.  

It has a mountain climate with variations in altitude (POPESCU, 1986). Up to 1850 m altitude, the July average 
temperature ranges between 18 and 200C and the January average temperature ranges between -4 and -60C with heavy 
snow. The rainfalls exceed 1,000 mm annually. During summer, the rains are torrential. The prevailing winds are from 
the north-west. The subalpine climate is cold and wet, with annual average temperatures between 2 and -0.50C. The 
annual rainfalls usually exceed 1,200 mm. In the area, there are many cold brooks, with fast flow and rocky bottoms: 
Rânca, Romanul, Dâlbanul, Păpuşa, Tidvele, Muşetoaia. 

The representative vegetation of Rânca resort is represented by the boreal level (Fig. 1b) at 1700 - 1800 m 
altitude, depending on the nature of terrain and exposure. The habitats corresponding to this area are represented by:  shady 
and dark forests of spruce (Picea abies); meadows dominated by Festuca nigrescens, F. rubra, Nardus stricta, Luzula 
sylvatica etc; calcareous rocks; marshy grounds, damp meadows; fast flowing brooks along which species of Carex, 
Juncus, Deschampsia caespitosa etc. grow; anthropogenic area (Fig. 1a). The subalpine level extends from the upper limit 
of spruce level to approximately (Fig. 1c) 1900 - 1950 (2000) m altitude. The main habitats found here are: dwarf pine 
(Pinus mugo), juniper (Juniperus sibirica), rhododendron (Rhododendron kotschy), bilberry (Vaccinium myrtilus), 
cowberry (Vaccinium vitis-idaea), etc., grassed-lands, lands with debris and rocks, wetlands, the valleys of brooks. The 
alpine grasslands (lower alpine) level at above 1950 (2000) m altitude is characterized by rocks and grass meadows. The 
alpine vegetation is formed of short and cold resistant herbaceous plants such as: Festuca supina, Carex curvula,  Agrostis 
rupestris, Poa alpina, Juncus trifidus, Potentila ternata, P. haynaldiana etc. There are also dwarf shrubs of Salix 
reticulata, S. herbaceea. Moss, lichens and saxifraga species grow in the rocky area. (POPESCU et al., 2001). 

In the peer-reviewed literature, there are few research studies on birds in Rânca resort (the Parâng Mountains). 
The most known are the works of POPESCU (1970, 1973, 2000) who studied the birdfauna of the Parâng-Vâlcan 
Mountains and Petroşani Depression. He highlighted a number of 112 species of birds, of which about half are cited as 
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being seen in Novaci-Rânca. Some of the collected birds are also in the collection of the Oltenia Museum of Natural 
Sciences. Recently, ORZAŢĂ (2002) has analysed the birdfauna in terms of vertical distribution. 34 species were 
identified according to our observations. 

This paper presents the situation of the avifauna in Rânca resort and surroundings, discussing about phenology, 
habitat, endangerment and protection status, anthropogenic actions and the changes on birds in the studied area, factors 
that threaten the stability of birds and the protection measures.  
 

MATERIAL AND METHODS 
 

The birds have been observed during aestival season the field trip with the students from the Department of 
Biology conducted at the research station of the University of Craiova - ”Marin Păun” Mountain Botanic Garden (1560 
m altitude). In the paper there are listed the observations from the last five years: 1-7 July 2006, 8-14 July 2007, 5-12 
July 2008, 3-8 July 2009, 28 June-4 July 2010. For the monitoring of the birds there were used traditional methods, 
including the fieldwork. 

The departures were performed both in the morning from 9 a.m. to 14.30 p.m. on pre-established routes, 
corresponding to the levels of vegetation and in the afternoon between 18 - 20 p.m. especially around the research 
station and its surroundings. As observation points we can mention Rânca (1560 m), "Coada Râncii" (1655 m), the 
winding road which passes at the feet of Păpuşa Mountain (1700-1850 m), "Coasta Crucii" (2020 m), "Cracul 
Săliştenilor", Dâlbanul (1623 m, 2000 m), Paltinul (1900 m), Dengherul (2069 m), "Şaua Dengherul" (2035 m), "Pasul 
Urdele" (2145 m), Urdele (2228 m), Păpuşa (1870 m, 2136 m), Cioara (2090 m, 2123 m), "Căldarea Tidvele", Tidvele 
(1800 m, 1950 m), "Şaua Tidvele" (2070 m),  the brooks: Rânca, Romanul, Dâlbanul, Păpuşa, Tidvele, Muşetoaia.  

 For the observation, identification and analysis of birds there were used: Norconia 10x50 binocular, camera 
(Panasonic SDR-H20), FujiFilm FineFix A900 camera, BRUUN et al. (1990) field guides, and works from the peer-
reviewed literature: BÉREŞ (1999, 2000), KOHL (1983), RADU (1967, 1984), MUNTEANU (1964, 1976, 1995), 
MUNTEANU & SZABÓ (2001), TĂLPEANU (1969) etc. There have been taken many pictures and there were filmed a few 
snapshots from the life of birds. 
 

RESULTS AND DISCUSSIONS 
 
In recent years, the habitat of Rânca resort has undergone changes due to the building of numerous hotels and 

boarding-houses, and the construction of new roads. This has led to deforestation of the area, the conifers woodcutting 
and subsequently to changes in the components of the avifauna. 

The 49 species (Table 1) observed in the mentioned periods belong in terms of taxonomic order to 5 Orders  - 
Accipitriformes, Falconiformes, Apodiformes, Piciformes, Passeriformes and 16 families. The Passeriformes Order is 
the best represented with 41 species observed so far. 

According to the table the avifauna of the area is a typical fauna of mountain areas, specific to alpine and 
subalpine areas and to spruce forests. At some species there were listed (roughly) also the maximum altitudes at which 
they were observed. From the species specific to the spruces we mention the following: Dryocopus martius, Picoides 
tridactylus, Nucifraga caryocatactes (Fig. 2a), Parus montanus, P. cristatus, P. ater, Regulus sp., Carduelis spinus, 
Pyrrhula pyrrhula, Loxia curvirostra. There are common also the eurytopic species as: Garrulus glandarius, 
Troglodytes troglodytes, Erithacus rubecula, Fringilla coelebs, and raptors. The constructions, the housings (chalets, 
villas, forest ranges) have attracted in the area many anthropogenic birds: Apus apus, Hirundo rustica, Delichon urbica, 
Phoenicurus ochruros, Turdus merula, Parus major.  

The ecotone area between the subalpine level and the level of spruce, grasslands, glades, rocky areas, debris, 
river valleys, bushes etc. are more densely populated with birds than the inner part of the forest: Anthus trivialis, Sylvia 
atricapilla, S. curruca, Phylloscopus trochilus, P. collybita, Carduelis carduelis, Phoenicurus phoenicurus etc. I 
noticed some species specific for the alpine and subalpine level (Fig. 1d): Alpine Accentor (Prunella collaris), 
Water/Rock pipit (Anthus spinoletta) – the prevailing species (Fig. 2b), Northern Wheatear (Oenanthe oenanthe) etc. 
But birds, mobile vertebrates are not strictly related to the levels of vegetation. In search of food and shelter, birds are 
found in the mentioned levels: Corvus corax, Phoenicurus ochruros, Turdus torquatus  (Fig. 2c), Oenanthe oenanthe, 
Falco tinnunculus, Buteo buteo etc.  

Along the brooks from the spruce and subalpine level there occur some species as Motacilla alba, M. cinerea, 
Cinclus cinclus etc. The Crested Lark (Galerida cristata), species typical of the plain was observed along Transalpina 
winding road from Coada Râncii Saddleback (1655 meters) up to the feet of the Păpuşa Mountain at 1800 m. In the 
peer-reviewed literature it is cited by MUNTEANU (1963) as being present in Bistriţa Mountain but without specifying 
the altitude. RADU (1967) states that it comes to nestle in the Southern Carpathians, in the coniferous forests mixed with 
beech (600-1300 m altitude). We believe that the presence of the species at high altitudes is due to its capacity of 
adaptation at the mountain conditions. Regarding the following species observed and collected from Rânca by POPESCU 
(2000) we have to verify their presence in the coming years: Tringa hypoleucos (year 1967), Strix aluco (year 1968), 
Eremophila alpestris balcanica (year 1969 at Urdele). Regarding the Horned Lark Balcanica, recent information has 
been supplied by MUNTEANU & SZABÓ (2001), whose research confirms the existence of a micropopulation of this 
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species in Urdele area. In the fieldwork, the local silviculturists have communicated the absence of the Western 
Capercaillie, which was present twenty years ago, in the spruce forests of Rânca area. The growing anthropogenic 
pressure, massive deforestation with the aim of extending the tourist area of Rânca, have had a negative impact on the 
populations of Capercaillie, which have moved towards secluded and quiet places of other areas of the Southern 
Carpathians. 

 Concerning the breeding we have reliable data on several species: Delichon urbica, Hirundo rustica (nests 
with fledglings at the eaves of buildings), Phoenicurus ochruros (nests with fledglings in abandoned sheep-folds – in 
the cracked walls, at the eaves of Rânca scientific chalet); Falco tinnunculus (nest in the rock cracks at Tidvele, approx. 
2000 m altitude); Corvus corax (nest in spruce between forked branches); Cinclus cinclus (nest in the bank of the 
Muşetoaia brook); Fringilla coelebs, Pyrrhula  pyrrhula, Oenanthe oenanthe, Parus ater, Nucifraga caryocatactes 
(injured juveniles found on the ground); Motacilla alba, M. cinerea, Loxia curvirostra, Turdus torquatus, Anthus 
spinoletta, Parus sp.  (juveniles, constant presence). 

We did not consider opportune to make a comparison of our study with other similar studies, because of the 
fact that the observations are limited only to the aestival season. 

Rânca resort has been recently affected by deforestation, overgrazing in more accessible areas, construction 
works, new roads, torrential phenomena and soil erosion, landslides, floods, pollution by abandoned wastes, garbage 
and many more. Thus, the birds of the studied area are subject to both anthropogenic pressure (Table 2) and climatic 
factors. 

 
Table 2. The consequences of anthropogenic activities on birds from Rânca and possible measures to improve the negative effects. 

Tabel 2. Consecinţele activităţilor antropice asupra păsărilor din Rânca şi posibilele măsuri de ameliorare a efectelor negative. 
 

Anthropogenic threats 
The acting way of 

threatening factors 
Threatened Species Possible counteraction measures 

Deforestation 
Conifers woodcutting  

- loss of natural habitats 
(compact spruce forests, 
scrubs, wet grasslands); 
- loss of nestle sites; 
- food-source reduction 
by eliminating the 
xylophagous insects, 
and the seeds of 
conifers. 

- all the birds that nest on the branches of 
conifers or in hollows; 
 
- insectivore species, with mixed regime: 
Loxia curvirostra, Pyrrhula pyrrhula etc. 
 

- replanting conifers that provide vital 
feeding and reproduction needs for all 
birds categories; 
 - maintenance of logs as a source of 
protection. 

Irrational grazing  
 

- destruction of nests by 
sheep flocks and 
accompanying dogs.  

- species of birds nesting on the ground. 
- grazing after the end of the nesting 
period. 

Infrastructure. 
 roads, buildings, ski trails 

- destruction of nestle 
sites; 
- disturbance of birds 
breeding.  

- most species. - to reduce the disturbance. 

Random storage of 
building materials and 
wastes 

- injuring some birds due 
to wires, nails, bricks, 
wood; 
- pollution of habitats.  

- all species. 

- arrangement of facilities for the 
storage of construction materials and 
wastes; 
- discharging regularly the trash bins.  

Leisure activities 
(hiking, climbing) 
 

- disturbing the birds 
activity. 
 

- all species. 

- installation     and     maintenance     of 
informative panels and warning plats; 
- marking the tourist routes; 
- location  of  tents  (camping) in special 
designated areas; 
- ban waste abandonment; 
- imposing  fines  when  destructing  the 
nests and collecting the eggs. 

 
Despite the anthropogenic pressure, which is growing, one can observe a change in the dynamics and 

frequency of bird species in Rânca resort. It is encouraging that some species typical for Subcarpathian areas, hill and 
plain areas extend also into this mountain area such as Galerida cristata, Parus caeruleus, Turdus philomelos, T. 
merula etc. Therefore, for a harmonious cohabitation with the birds there should be taken into account two important 
aspects: one related to tourism and infrastructure and one related to the protection of vegetation and fauna (implicitly of 
birds). In recent years, the increasing interest in Rânca led to numerous infrastructure projects. But there should be 
promoted only those projects of urban development that keep the species intact. There should be created a civilized 
tourism in order to limit its negative impact on the habitats of fauna and flora in this area.  

The identified species are listed on various international and national protection lists as having a certain status 
of endangerment (Law 13/1993, Birds Directive 2009/147/EC, Government Emergency Ordinance 57/2007, Hunting 

Law 407/2006, Law 197/2007, Law 49/2011) – Table 1.  
According to the European threat status (TUCKER, 1994), three species are declining Falco tinnunculus, 

Galerida cristata, Hirundo rustica, and one species is vulnerable: Phoenicurus phoenicurus. In our country the situation 
of these species is a favourable one. Although most species are safe, there is a risk to become vulnerable or endangered 
in any moment. Among the observed species only Corvus corax is listed in Romanian Red Book of Vertebrates, having 
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an endangered status, being declared a Monument of Nature (MUNTEANU, 2005). The current protection measures had 
led to the recovering of the raven flocks, which were reduced in the interwar period. Thus the raven is a common bird in 
the studied area. 

 
CONCLUSIONS 

 
Rânca resort, once wild, underwent important transformations in recent years (DN 67 C Transalpina road 

modernization, constructions of hotels, villas, boarding-houses, deforestation, etc.) that have led to changes in the 
biotopes and birds life implicitly. The avifauna of the area was identified during the aestival season from 1560 m 
altitude to about 2228 m altitude. It is a mountain avifauna, specific to the spruce, subalpine and lower alpine areas. The 
observed birds have a favourable conservation status, being protected by the Romanian laws. Due to the increasing 
anthropogenic pressure in the area, there should be created a managerial project for maintaining a balance between the 
socio-economic and tourist development activities of the resort with the interests in the biodiversity conservation, 
implicitly of birds. 

This study is preliminary. The monitoring of birds should be continued in other periods of the year, in order to 
obtain a more complete knowledge of the avifauna spectrum and of the biology of bird species. 
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a. 
 

b. 

 

c. 
 

d. 
Figure 1. Image of Rânca: a. anthropogenic biotope; b. boreal level - ”Marin Păun” Mountain Botanic Garden; 

c. biotope with dwarf pine and the debris; d. subalpine and alpine grasslands  levels - Vf. Păpuşa (Original photo). 
Figura 1. Imagini Rânca: a. habitat antropic; b. etaj boreal - Grădina Botanică Montană  „Marin Păun”; c. habitat cu jnepeniş şi 

grohotiş; d. etaj subalpin şi alpin - Vf. Păpuşa (Fotografii originale). 
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STUDIES CONCERNING SOME ETHOLOGICAL – PHYSIOLOGICAL 
PECULIARITIES OF THE SPECIES Mus spicilegus PETENYI, 1882 

 
 

LARION Alina 
 

Abstract. In the paper there are analysed the typological peculiarities of central nervous system (CNS) of the individuals that form the 
population of Mus spicilegus species in different seasons. The orientation – exploratory behaviour, the capacity of individuals to support 
the emotional stress and to adapt toward new conditions were studied; there were emphasized and described the positions, the movement 
of individuals, registered the frequency of various behavioural elements. It was pointed out that in spring, as well as in autumn the 
population of M. spicilegus is formed by individuals with CNS of three types: strong, medium and week. Most of the individuals are 
those with medium CNS, those with strong CNS are the less numerous. The proportion of individuals with strong CNS is lower by 
comparing to individuals with medium CNS. The winter groups are formed by one male with strong type CNS, while the other males 
have medium and week CNS. There were emphasized changes in the typological ratio of CNS in winter groups and their role in the 
maintenance of population stability at the beginning of reproductive period in spring. The dynamics of exploratory behaviour provide 
data about the value and time period of the emotion reaction caused by facing the stress and by adaptation to the new environment. It was 
revealed that females adapt more quickly to the dynamic conditions of the environment and overpass easier the stress and fear, no matter 
the CNS type, while among the males only those with strong CNS are more flexible. 
 
Keywords: Mus spicilegus, central nervous system type, emotional stress, orientation and exploratory behaviour. 

 
Rezumat. Cercetări privind unele particularităţi etologo-fiziologice ale speciei Mus spicilegus PETENYI, 1882. În 
lucrare sunt analizate particularităţile tipologice ale sistemului nervos central (SNC) al indivizilor care alcătuiesc populaţia speciei 
Mus spicilegus în diferite anotimpuri, prin studierea comportamentului de orientare şi cercetare, capacitatea indivizilor de a înfrunta 
stresul emoţional şi de a se adapta la noile condiţii. Au fost de asemenea evidenţiate şi descrise  pozele, mişcările indivizilor şi s-a 
înregistrat frecvenţa diferitor elemente de comportament. S-a constatat, că atât primăvara, cât şi toamna populaţia şoarecelui de 
mişună M. spicilegus este alcătuită din indivizi cu SNC de 3 tipuri: puternic, mediu şi slab. Majoritatea indivizilor sunt cei cu SNC de 
tip mediu, iar cei mai puţini – cei cu SNC de tip puternic. Indivizii cu SNC de tip puternic sunt mai puţin numeroşi decât cei cu SNC 
de tip mediu. În grupările de iarnă sunt prezenţi câte un mascul dominant cu SNC de tip puternic, ceilalţi masculi au SNC de tip 
mediu sau slab. Au fost evidenţiate schimbări în raportul tipologic al SNC în grupurile de iarnă şi rolul lor în menţinerea stabilităţii 
populaţiei la începutul procesului reproductiv, primăvara. Pe baza dinamicii activităţii de cercetare a indivizilor observaţi se pot face 
evaluări asupra mărimii şi duratei reacţiei emoţionale, cauzată de înfruntarea stării de stres, cât şi despre posibilitatea adaptării lor la 
mediul înconjurător. Am constatat, că femelele se adaptează mai uşor la condiţiile dinamice ale mediului şi depăşesc mai uşor stresul, 
frica indiferent de tipul SNC, pe când la masculi, numai cei cu SNC de tip puternic sunt mai flexibili. 

 
Cuvinte cheie: Mus spicilegus, tip de sistem nervos central, stres emoţional, activitatea de orientare şi cercetare. 

 
INTRODUCTION 

 
The harvest mouse Mus spicilegus PETENYI inhabit agrocoenoses and adapt to various environment conditions, 

as well as to the factors induced by anthropogenic activity. The behaviour plasticity in mound-building mouse consist in 
the capacity of individuals to adapt toward dynamic conditions of the environment that can quickly change for short 
time periods, as well as in modifications in the sphere of social interaction. The study of animal behaviour is in direct 
connection with the adaptation, which represents an important element of the evolution and is an essential problem of 
modern biology.   

Typological peculiarities of the central nervous system (CNS) of the individuals, forming the population of M. 
spicilegus in different seasons of the year and of the populational cycle, can serve as fundamental criteria of its 
functional state, its viability and tendencies in number changes. Since the type of CNS is one of the main factors that 
determine the individual rank in the hierarchic system of the groups, it determines the capacity of the organism to 
differently react and adapt toward changing environment conditions. At present, it is well known the fact that the CNS 
type influence upon the individual behaviour (MUNTEANU et al., 1988; LARION, 2003, 2009). 

 
MATERIAL AND METHODS 

 
As study object it was used the mound building mouse M. spicilegus PETENYI. To study the qualitative composition 

of the population, researches on CNS type identification were accomplished after the method of KAMENOV (1973). Each 
individual was included in the experiment once a day at the same hour. The experiment represents 10 tests with alternation of 
light and sound with the interval of 1 minute between the tests. The mandatory additional excitant was the alternating electric 
current of 30 – 40A intensity and was selected for each individual separately. At individuals with strong type of CNS the 
conditioned reflex to sound and light has formed during 8 days, at those with medium type of CNS – during 14 days and at 
those with week type of CNS – during 17 days and more. 130 individuals participated at the experiment. 

The study of orientation – exploratory behaviour, the capacity of individuals to confront the emotional stress 
and to adapt to new conditions was carried out by open field method (HALL, 1934). As a whole 229 individuals were 
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investigated. In view to emphasize and describe the positions and movement of individuals, to register the frequency of 
various ethological elements the method of couple interaction on neutral territory (male – male; male – female; female – 
female) (GOLTSMAN et al., 1977) of individuals from the same mound and from different mounds was used. In the 
experiment, there were included 189 individuals and 371 couple interactions were accomplished between individuals 
from different mounds and 322 – between individuals of the same mound. 

 
 RESULTS AND DISCUSSIONS 

 
During the analysis of M. spicilegus population, it was established that among males, as well as among females 

there are individuals from 3 CNS types, which were characterized as strong, medium, and week. At the beginning of 
spring the population is formed only by individuals from last generations of the previous year. The determining of 
typological peculiarities of CNS type allows establishing that in this period the M. spicilegus population is formed by 
the individuals with strong, medium and week CNS types. The most numerous are the individuals with medium CNS 
type (50%), followed by those with week CNS type (33%) and the least numerous are those with strong CNS type 
(17%) (Fig. 1). It can be explained by the fact that in mounds it can be present only one dominant individual, which, 
according to obtained data, have a strong CNS type.  

 
 

 
 

 

Figure 1. Ratio of CNS types in M. spicilegus population in spring. 
Figura 1. Raportul tipurilor SNC în populaţia M. spicilegus, primăvara. 

 
According to bibliography data (SHILOV, 1977), the individuals with week CNS type never occupy dominant 

position in a group hierarchy. Individuals with medium CNS type, which after the CNS type peculiarities are rather similar 
to those with strong CNS type, are probably under stress in the presence of males with strong CNS type. This fact is 
explained by the tendency to occupy the dominant position within the group, therefore the males avoid the groups where a 
male with strong CNS exists. Individuals with medium CNS type often fight for the dominant positions in the group and 
occupy this position, especially when these individuals have highest body weight (MUNTEANU et al., 1999; LARION, 2003). 

Sex structure of M. spicilegus populations has seasonal dynamics. At the beginning of spring (depending on 
climatic conditions), in late autumn and winter, when the reproduction process of individuals ceased the sex ration is 1 : 1, 
while in reproduction period the female number is higher than that of males 2 : 1 (LARION, 2002). This dynamics of sex 
ratio is part of the adaptation mechanisms of the population and allows to keep the optimum individual number in the 
changing environment conditions. By analysing the sex ratio within various CNS types, it was observed that in spring, 
among individuals with medium and week CNS type the females are more numerous than the males (p>0.05) and (p<0.05) 
accordingly. Only among individuals with strong CNS type the males are dominant (p>0.05). The majority of the 
population is formed by females with week CNS type – 64.3%, followed by the females with medium CNS type and the 
males with strong CNS type – 57.1%. The less numerous are the males with week CNS type – 35.7% (Fig. 2). 

According to the obtained data, after the animals have left the mounds, the wintering groups divide and form 
“families”, composed by a male with strong CNS type and 2 – 3 females, which confirm the results obtained by 
Muntyanu (MUNTEANU, 1990). After the individuals move into the mounds, they do not reproduce anymore. After 
analysing the mound building mouse populations, it was emphasized that the ratio of CNS types in the population in 
autumn period is slightly different from that existing in spring period. The most of the individuals have medium CNS 
type and the least have strong CNS type (Fig. 3). 

In autumn, as well as in spring, the females dominate. In October the female number is 1.6 times higher than 
that of the males and in November the sex ration is already 1 : 1. Analysing the sex ratio within various CNS types, it 
can be observed that despite of CNS type the females are more numerous than the males and the majority of the males 
have medium and week CNS type (Fig. 4). Specifically these individuals form the majority of population in autumn, 
because in this period the grouping of individuals occurs, the mound construction continue and in mounds, as it was 
mentioned before, only one male is dominant and has strong CNS type. Among individuals with strong CNS type the 
female number is 2 times higher than that of the males (p<0.01). 
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Figure 2. Sex ratio (%) in M. spicilegus with different CNS type in spring.  
   Figura. 2. Raportul de sex la M. spicilegus cu tip diferit de  SNC, primăvara. 

 

 
 

Figure 3. Ratio of CNS types in M. spicilegus population in autumn. 
      Figura 3. Raportul de sex la M. spicilegus cu tip diferit de SNC, toamna. 

 
The exploratory and orientation activity is the basis of adaptive behaviour of the animals toward certain 

environment conditions, which is more distinct in the species with colonial or group way of life. (MUNTEANU & 

CEMIRTAN, 1997). For the species M. spicilegus the adaptation is very important, because they are forced to migrate 
from one biotope to another after the agrotechnical activities in the fields, which involve the necessity to assimilate new 
territories. By analysing the individual behaviour in new situations, we tried to emphasize the ethological peculiarities 
specific for this species. The level of exploration activity is characterized by vertical activity of the individuals in open 
field test. According to mean values of the vertical activity in M. spicilegus  species during 15 minutes, the most curious 
are the males with medium CNS type – 183.5620.23 and the females with week CNS type – 150.315.96 (p>0.05). 
Less curious are the females with strong CNS type – 110.024.76. The mean values of the horizontal activity indexes 
during 15 minutes show that the highest level of horizontal activity have the males with medium CNS type – 
382.2247.3 and the females with strong CNS type – 355.036.07. Between males and females with week CNS type 
the differences of horizontal activity level are insignificant (p>0.05): in males – 339.026.66, in females – 302.423.48. 
At the beginning of the open field test the horizontal activity can be motivated as exploratory reaction, as well as by the 
fear towards new conditions, and after the fear disappears, the motoric reaction express only the value of exploratory 
activity of the individuals. As the interest towards the new environment decreases and the individuals adapt, the 
decreasing of exploratory activity indexes is registered.  

By comparing the level of horizontal, vertical activities and grooming periods, it can be mentioned that the 
higher level of vertical and horizontal activities, the lower grooming period, and vice-versa. At the individuals with 
medium CNS type it was observed that the level of vertical and horizontal activities is higher in males, thus the 
grooming period is shorter. On the contrary, to the females the level of vertical and horizontal activities is lower and the 
grooming period is longer. According to the obtained data the females of M. spicilegus species are easier adapting to the 
dynamic conditions of the environment and they faster surpassed the stress regardless of CNS type, while among males 
only the individuals with strong CNS type are more flexible. 
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Figure 4. Sex ratio (%) in M. spicilegus with different CNS type in autumn. 
 Figura 4. Raportul de sex (%) la M. spicilegus cu tip diferit de  SNC, toamna. 

 
CONCLUSIONS 

 
The determination of typological peculiarities of CNS type allows us to establish that in spring as well as in autumn 

in M. spicilegus  population there are present individuals with strong, medium and week CNS types. In the population the 
individuals with medium CNS type dominate (47% - 50%), followed by those with week CNS type (31% - 33%) and by those 
with strong CNS type (17% - 22%). The exploratory activity is higher at the males with medium CNS type. In individuals 
with medium and strong CNS type the level of vertical activity is higher in males than in females, while in those with week 
CNS type the level of vertical activity is lower in males than in females (p>0.05). By comparing the level of horizontal, 
vertical activities and grooming periods, it can be mentioned that the higher level of vertical and horizontal activities, the 
lower grooming period, and vice-versa. Therefore, according to the dynamics of motoric activity it can be revealed the value 
and time period of emotional reaction caused by facing stress, as well as by the adaptation to the new environment.  
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SYNECOLOGICAL ANALYSIS OF SOME RODENT POPULATIONS 
(MAMMALIA: RODENTIA) IN SĂNDULENI LOCALITY, BACĂU COUNTY 

 
 

PARASCHIV Dalia, ARDEI Irina 
 
Abstract. The paper presents the results of the studies conducted in an orchard ecosystem in Sănduleni commune, Bacău County, 
related to the diversity of rodents. The material captured in the 3 years of survey was represented by 91 individuals, which 
systematically belong to Rodentia Order, to 2 families (Arvicolidae and Muridae), 6 genera and 9 species. Among these only one 
species is euconstant – Apodemus flavicollis. The species Microtus arvalis, Apodemus flavicollis and A. sylvaticus were identified as 
eudominant and specific to this type of ecosystem. The most obvious coenotic affinity is between the Microtus arvalis and Apodemus 
sylvaticus species (66.6%). 
 
Keywords: rodents, orchard, synecological analysis, Sănduleni, Bacău county. 
 
Rezumat. Analiza sinecologică a unor populaţii de rozătoare (Mammalia: Rodentia) din localitatea Sănduleni, 
judeţul Bacău. Lucrarea prezintă rezultatele studiilor efectuate într-un ecosistem de livadă din comuna Sănduleni, judeţul Bacău, 
în perioada 2008-2010, cu privire la diversitatea rozătoarelor. Materialul capturat în cei trei ani de studiu a fost reprezentat prin 91 de 
indivizi, care din punct de vedere sistematic aparţin Ordinului Rodentia, la 2 familii (Arvicolidae şi Muridae), 6 genuri şi 9 specii. 
Dintre  acestea,  o  singură  specie  este  euconstantă - Apodemus  flavicollis. Speciile:   Microtus arvalis,  Apodemus flavicollis  şi   
A. sylvaticus au fost identificate ca fiind eudominante şi caracteristice pentru acest tip de ecosistem. Cea mai mare afinitate cenotică 
există între speciile Microtus arvalis şi Apodemus sylvaticus (66,6%). 
 
Cuvinte cheie: rozătoare, livadă, analiză sinecologică, Sănduleni, judeţul Bacău. 

 
INTRODUCTION 

 
Sănduleni commune is situated in the centre of Bacău County (46º45' latitude and 26º73' longitude) (Fig. 1). 

The climate of this hilly area has a continental characteristic, the average annual temperature is about 9.5ºC, the 
precipitations vary around 540 mm and the wind main direction is North and North-West. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1. Bacău County map with the location of the study area (www.judetulbacau-harta.ro). 
Figura 1. Harta judeţului Bacău cu localizarea zonei de studiu (www.judetulbacau-harta.ro). 
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The vegetation is determined by relief and climate. In this area there can be met various vegetal associations 
such as: Phaleridetum arundinaceae, Trifolio-Lolietum, Pruno spinosae-Crataegetum, Querco robori-Carpinetum, 
Glyceario-Sparganietum neglecti, Sambucetum ebuli, Tussilaginetum farfarae, Onopordetum acanthi (BARABAŞ, 1974; 
MITITELU & BARABAŞ, 1978).  

The analysed orchard ecosystem is composed of fruit trees such as: Malus domestica, Cerasus avium, Prunus 
domestica and Pyrus comunis. This orchard lies on a surface of approximately 5 ha and is surrounded by deciduous 
forests, vineyards and maize fields.  

We present in the paper the results of the studies done during 2008-2010 regarding the rodent diversity in the 
orchard ecosystem in Sănduleni locality, Bacău County. 
 

MATERIAL AND METHODS 
 

During the interval May-October of the years 2008, 2009 and 2010 there was identified a total number of 91 
rodents. The material was captured by using 50 live traps, placed as a net in the field at 10 m distance between each 
other, 3 days consecutively per month (SIMIONESCU, 1984). Thus, for each year of the study there were analysed 6 
samples and 18 samples for the whole period of study. 

The material was determined by using the specialty literature (IONESCU, 1968; POPESCU & MURARIU, 2001; 
PUCEK, 1981). 

For realizing a synecological analysis we calculated a series of ecological indexes: abundance, constancy, 
dominance, the index of ecological significance (W) and the similarity index (VARVARA et al., 2001).    

 
RESULTS AND DISCUSSIONS 

 
During 2008-2010 in the orchard ecosystem investigated by us 91 individuals belonging to Rodentia Order 

were captured: 37 individuals in 2008, 28 in 2009 and 26 in 2010. From a systematic point of view, the individuals 
belong to 2 families, 6 genera and 9 species. In Table 1 we present the species identified in this ecosystem, for each year 
of study and the whole period of study. 
 

Table 1. Rodent species collected in the orchard ecosystem in Sănduleni locality, Bacău County (2008-2010). 
Tabel 1. Specii de rozătoare colectate în  ecosistemul de livadă din localitatea Sănduleni, judeţul Bacău (2008-2010). 

 

 
 The synecological analysis for the 9 rodent species identified in the 18 samples analysed during the 3 years of 
the study (2008, 2009 and 2010) is shown in Table 2. According to the data in this table only 1 species is euconstant 
(Apodemus flavicollis), 1 is constant (A. sylvaticus), 2 are accessory (Microtus arvalis şi Clethrionomys glareolus) and 
the other 5 species are accidental. 
 Regarding dominance, the results indicate 3 eudominant species (Microtus arvalis, Apodemus flavicollis and A. 
sylvaticus) and 1 dominant species (Clethrionomys glareolus). To these there can be added 3 subdominant species 
(Pitymys subterraneus, Mus spicilegus şi Apodemus agrarius) and 2 subrecedent species (Rattus norvegicus and Mus 
musculus). 
 The index of ecological significance (W) indicates 3 characteristic species (eudominant) which are best 
adapted to the ecological factors in this type of ecosystem. Besides these, 4 species are accessory (the dominant and 
subdominant ones) and 2 are accidental (the subrecedent ones). 
 To underline the coenotic affinities among the 9 rodent species we found it is necessary to calculate the 
similarity index (Table 3). On the basis of this index values we were able to realize the dendrogram in figure 2, which 
graphically illustrates the affinities among species. 
 According to this dendrogram the most obvious coenotic affinity is between the species Microtus arvalis and 
Apodemus sylvaticus – 66.6% (in each year of study their abundance has close values). 

No. Order Family Species 
No. of specimens 

Total 

2008 2009 2010 

1 

R
od

en
ti

a 

Arvicolidae 

Clethrionomys glareolus (SCHREBER, 1780) 3 2 1 6 

2 Pitymys subterraneus (DE SÉLYS-LONGCHAMPS) 1 1 - 2 

3 Microtus arvalis (PALLAS, 1779) 7 4 5 16 

4 

Muridae 
 

Rattus norvegicus (BERKENHOUT, 1769) 1 - - 1 

5 Mus musculus (LINNAEUS, 1758) - - 1 1 

6 Mus spicilegus (NORDMANN, 1840) 2 1 - 3 

7 Apodemus agrarius (PALLAS, 1771) - 1 3 4 

8 Apodemus flavicollis  (MELCHIOR, 1834) 16 13 9 38 

9 Apodemus sylvaticus (LINNAEUS, 1758) 7 6 7 20 

 Total 37 28 26 91 
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Figure 2. The coenotic affinities among rodent species collected in the orchard ecosystem in Sănduleni locality,  
Bacău County (2008-2010).  

Figura 2. Afinităţile cenotice dintre speciile de rozătoare colectate în ecosistemul de livadă din localitatea Sănduleni,  
judeţul Bacău (2008-2010). 

 
CONCLUSIONS 

 
During the interval May-October of the years 2008, 2009, 2010 in the orchard ecosystem in Sănduleni locality, 

Bacău County, 91 individuals belonging to Rodentia order were captured: 37 individuals in 2008, 28 in 2009 and 26 in 
2010. From a systematic point of view the individuals belong to 2 families, 6 genera and 9 species. 

For the investigated ecosystem, there was identified only 1 euconstant species (Apodemus flavicollis), 1 
constant (A. sylvaticus), 2 accessory (Microtus arvalis and Clethrionomys glareolus) and 5 accidental. 

According to the synecological analysis Microtus arvalis, Apodemus flavicollis and A. sylvaticus are 
eudominant species and Clethrionomys glareolus is dominant. 

The species characteristic for the investigated orchard ecosystem are: Microtus arvalis, Apodemus flavicollis  
and A. sylvaticus; 4 species are accessory and the other 2 are accidental. 

The most obvious coenotic affinity is between the Microtus arvalis and Apodemus sylvaticus species (66.6%). 
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GEOSTATISTICAL ANALYSIS OF THE SPATIAL DISTRIBUTION OF AREAS 
AFFECTED BY CLIME CHANGE IN ROMANIA BASED ON 2100 PREDICTIONS 

 
 

PETRIŞOR Alexandru Ionuţ, MEIŢĂ Vasile 
 
Abstract. Clime change issues are at the order of the day due to their strong environmental and economic impacts. Among the 
methods used to predict their effects, the assessment of possible consequences of scenarios resulted from modelling clime processes 
play an important role. This paper summarizes the results of predicting via geostatistical tools the location of ‘hotspots’ with low 
precipitations and high temperatures in Romania. Their location suggests that mountain regions will be most affected, with the 
methodological limitation of delineating them only based on the altitude and the intrinsic limitations of the scenario. 
 
Keywords: clime change, ordinary kriging, GIS modelling, geostatistics. 
 
Rezumat. Analiza geostatistică a distribuţiei spaţiale a suprafeţelor afectate de schimbări climatice în România pe 
baza predicţiilor pentru 2100. Problemele legate de schimbările climatice sunt la ordinea zilei datorită impacturilor ecologice şi 
economice puternice. Printre metodele utilizate pentru a previziona efectele lor, evaluarea posibilelor consecinţe ale unor scenarii 
rezultate din modelarea proceselor climatice deţin un rol important. Această lucrare prezintă rezultatele predicţiei cu ajutorul 
metodelor geostatistice a locaţiei „punctelor fierbinţi” caracterizate de precipitaţii scăzute şi temperaturi ridicate din România. 
Localizarea lor sugerează că regiunile montane vor fi cele mai afectate, cu rezervele delimitării acestora doar pe baza altitudinii şi a 
limitelor intrinseci ale modelării. 
 
Cuvinte cheie: schimbări climatice, kriging obişnuit, modelare SIG, geostatistică. 

 
INTRODUCTION 

 
Due to the strong environmental impact (loss of biodiversity and eco-diversity), economic impact and 

consequent effects on human communities, clime change constitutes a top priority of the science community, disregard 
of the discipline. Among issues related to clime change, the assessment of different scenarios, particularly related to the 
evolution of temperature and precipitations, plays an important role. 

Clime change influences territorial systems through the modification of natural systems. The most important 
changes affect natural ecosystems directly and indirectly (BLENCKNER & CHEN, 2003; MARSHALL et al., 2008; 
PETRIŞOR, 2010; THOMAS, 2003). Impacts on agricultural systems include exposure to high temperatures, changes in the 
regime of precipitations, decrease of nutrients, exposure to fire, increased erosion due to the winds, and the dispersion 
of agricultural diseases and pests (Secretariat of the Convention on Biological Diversity, 2007; PETRIŞOR, 2010). 

The study of such changes relies on the analysis of correlations between clime change and loss of biodiversity 
based on climatic and biological data (BLENCKNER & CHEN, 2003), micro-scale experiments based on the dynamics of 
species under modified precipitations or simulations of increased temperatures, identifying functional details regarding 
the tolerance of different clime types and long-term monitoring of the structure of communities correlated with clime 
variation (DUKES & MOONEY, 1999), and software-based models of the clime (DUKES & MOONEY, 1999; MALCOLM, 
2003; SCHRÖTER et al., 2003; EPSTEIN et al., 1998; MARSHALL et al., 2008). Though statistical approaches are more 
appropriate for large systems and models for the spatial scale of a continent, intermediate analyses could be performed 
using the Geographical Information Systems, which are decision-support systems relying on the integration of spatially 
referenced information to resolve specific problems (COWEN, 1988), by spatially overlaying information layers. 

Starting from the temperature and precipitation data published in a study by HIJMANS et al. (2005), reflecting 
the current situation, and in another study by GOVINDASAMY et al. (2003), reflecting 2100 clime predictions, this study 
aims to use geostatistical methods to depict on a map the regions most affected by high temperatures and low 
precipitations in Romania. 
 

MATERIALS AND METHODS 
 

The study uses two data sets, presented in the introduction, freely available from the University of Berkeley 
(current values can be found at http://biogeo.berkeley.edu/worldclim/diva/diva_worldclim_2-5m.zip and predictions at 
http://biogeo.berkeley.edu/worldclim/diva/diva_wc_ccm3_2-5m.zip) in a DIVA-GIS format (HIJMANS et al., 2001). 
Current data are an output of the WorldClim project (HIJMANS et al., 2005), and 2100 predictions are based on double 
CO2 concentrations and the CCM3 model (HIJMANS et al., 2005). Both temperature and precipitation data were used to 
compute the difference between actual and predicted values for each 2.5 min × 2.5 min cell of the data grid. Due to the 
format, data had to be imported ArcView GIS 3.X, projected to Stereo 1970, and clipped for the Romanian boundaries. 

The statistical analysis consisted of looking at the distribution based on analysing a histogram built using 
Sturges’ formula to compute the length of the interval, ic: ic≈(xmax–xmin)/(1+10/3×log10N), where N is the sample size, 
and xmax and xmin are maximum, respectively minimum values of the series (DRAGOMIRESCU, 1998). The extreme 
intervals were chosen so that they would cover not more than 10% of the total and contain almost the same share of 
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temperature and precipitations values. Based on these considerations, the discrimination limits were chosen (Fig. 1): 
high temperatures are those corresponding to an increase of at least 2.68690C compared to actual values, while low 
precipitations correspond to a decrease of at least 61.6667 cm3/year compared to actual values. In both cases, the 
extremes represent 6.8% of all temperatures, respectively precipitations. 
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Figure 1. Intervals with extreme temperature and precipitation values determined based on histograms such that no more than 10% of 
the values are included, and include almost the same share of temperature and precipitations values. 

Figura 1. Intervale cu valori extreme ale temperaturii şi precipitaţiilor stabilite pe baza histogramelor, astfel ca acestea să nu 
reprezinte mai mult de 10% din total şi să fie comparabile pentru temperatură şi precipitaţii. 

 
To identify the regions most affected by high temperatures and/or low precipitations, compared to the actual 

values, two methods were used. 
1. “Ordinary kriging” prediction – method assuming that the average of a random variable is unknown and 

constant, and its random fluctuations depend only on the position of the sampling stations. The mathematical model is: 
Z(s) = µ + ε(s), where µ is unknown and constant (JOHNSTON et al., 2001). To apply the method, each 2.5 min × 2.5 min 
cell was reduced to its centre, preserving the temperature and precipitation values of the original area, and subsequently 
all these values were interpolated. 

2. GIS modelling started from the fact that each resolution unit (2.5 min × 2.5 min) has the same area, 
therefore the number of such units per county reflects the share of area affected, indicating the size of impact. The 
mathematical model relies on counting the cells by (1) clipping them upon the administrative boundaries, (2) dissolving 
their limits within each county in order to count them, and (3) assign the value to each county. Following some 
conversions required by modelling (vector to raster, reclassification), temperature and precipitation data were overlaid 
with equal weights, i.e., 50% (Fig. 2). 

 

Figure 2. Model for the GIS-based assessment of the exposure to high temperatures and low precipitations in Romanian 
counties. 

Figura 2. Model de evaluare a expunerii la temperaturi ridicate şi precipitaţii scăzute a judeţelor României în Sistem 
Informaţional Geografic. 

 
RESULTS AND DISCUSSIONS 

 
The results of statistical analysis indicate that high temperatures would affect mountain regions of the Eastern 

Carpathians, especially the north (Maramureş County) and south (Vrancea County), while low precipitations would 
occur in the Southern Carpathians, extending to the south in Oltenia (Fig. 3). Ordinary kriging predictions confirm the 
results, but restrain the affected area to the Southern Carpathians (Fig. 4). GIS modelling based on the areas equally 
affected by high temperatures (Fig. 5) and low precipitations (Fig. 6) within each county (Fig. 7) pinpoints two average 
risk areas, one situated in Maramureş County and another spanning from the centre of Romania to the South. All results 
suggest that predicted changes would affect mostly the mountain area, resulting into increased temperatures and/or 
reduced precipitations. 
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Of particular importance is in this context the situation depicted in figures 3 and 4. The images suggest that 
species from the mountain areas, more vulnerable to clime changes (PETRIŞOR, 2010) could be threatened, regardless of 
their inclusion into natural protected areas covering extensively the same regions (PETRIŞOR, 2009). Plant species can 
suffer first, since physiological dryness is a characteristic of the mountain areas (MALCOLM, 2003; SCHRÖTER et al., 2003). 

The next three figures (5; 6; 7) indicate the counties potentially most affected by clime changes. Both northern 
and southern counties potentially exposed to the stress due to high temperatures and low precipitations host important 
habitats and species, including European Union Priority Habitats and Red List species (CONDÉ  & RICHARD, 2008). For 
this purpose, many protected areas were declared, but protection could be ineffective to the impacts induced by clime 
change (PETRIŞOR, 2009). 

Methodological limitations are related by the assumptions involved by clime predictions, but also to the 
kriging technique, since the locations used in extrapolation are not uniformly dispersed within the extrapolation area. 
Questions could address the simplified classification of landforms based on the altitude, resulting into a 
geomorphologic misclassification of units (e.g., high plateaus are classified as mountains, while low mountains, such as 
those in Dobrudja, are classified as plateaus). 
 

 
Figure 3. Location of areas possibly affected by high temperatures and/or low precipitations according to 2100 clime 

predictions based on landform, determined based on the altitude. 
Figura 3. Localizarea exactă a regiunilor posibil afectate de temperaturi ridicate şi/sau precipitaţii scăzute conform 

predicţiilor climatice pentru anul 2100 în funcţie de relief, determinat pe baza altitudinii. 
 

 
Figure 4. Predicted location of areas possibly affected by high temperatures and/or low precipitations according to 

2100 clime predictions based on landform, determined based on the altitude. 
Figura 4. Hartă de predicţie a localizării regiunilor posibil afectate de temperaturi ridicate şi/sau precipitaţii scăzute 

conform predicţiilor climatice pentru anul 2100 în funcţie de relief, determinat pe baza altitudinii. 
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Figure 5. Location of counties possibly affected by high temperatures according to 2100 clime 

predictions. 
Figura 5. Localizarea judeţelor posibil afectate de valori ridicate ale temperaturii conform 

predicţiilor climatice pentru anul 2100. 
 

 

 
Figure 6. Location of counties possibly affected by low precipitations according to 2100 clime 

predictions.  
Figura 6. Localizarea judeţelor posibil afectate de valori scăzute ale precipitaţiilor conform 

predicţiilor climatice pentru anul 2100. 
 

 

 
Figure 7. Location of counties possibly affected equally by high temperatures and low 

precipitations according to 2100 clime predictions. 
Figura 7. Localizarea judeţelor posibil afectate în mod egal de valori ridicate ale temperaturii şi de 

valori scăzute ale precipitaţiilor conform predicţiilor climatice pentru anul 2100. 
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CONCLUSION 
 

The location of the critical areas characterized by low precipitations and/or high temperature according to the 
2100 prediction for Romania suggests that mountain regions will be most affected, with the methodological limitations 
related to their delineation based only on the altitude and the intrinsic limitations of the clime scenario. 
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CONSIDERATION UPON CLIMATIC CONDITIONS CHARACTERISTIC  
TO THE WINTER 2010-2011, IN OLTENIA 

 
 

MARINICĂ Ion, CHIMIŞLIU Cornelia, MARINICĂ Andreea Floriana  
 

Abstract. There have been analysed the thermal and pluviometric conditions registered in December 2010, January and February 
2011. The processed data indicated that the winter 2010-2011 is mostly in normal category with a generally decreased frequency in 
the last 30 years. The analysis is useful for rendering such climatic type during winter, which is favourable to biological and 
vegetative processes. However, the weather was warmer than the normal in January, a fact that emphasizes that the climatic warming 
process still continues, as this month represents “the peak of winter” (the middle month of winter) and the weather aspect is essential 
for the entire winter. The present paper is useful to climatologists, biologists, bioclimatologists, master students, and, generally, to the 
experts preoccupied with climatic and bioclimatic aspects. 
 
Keywords: climatic conditions, bioclimatic conditions, Oltenia, winter 2010-2011. 
 
Rezumat. Consideraţii asupra condiţiilor climatice caracteristice iernii 2010-2011 în Oltenia. Sunt analizate valorile 
termice si pluviometrice ale lunilor decembrie 2010, ianuarie şi februarie 2011. În urma prelucrării datelor, rezultă că iarna 2010-
2011 se încadrează în bună parte în categoria normalului, categorie a cărei frecvenţă de apariţie a scăzut în ultimii 30 de ani. Analiza 
este utilă pentru a semnala acest tip de climat în cursul iernii, favorabil proceselor biologice şi vegetative. Cu toate acestea, vremea 
mai caldă decât normal din luna ianuarie arată ca pe ansamblu se continuă procesul de încălzire climatică, ianuarie fiind ,,vârful 
iernii” (luna de mijloc a iernii), iar tipul de vreme din această lună este esenţial pentru întreaga iarnă. Lucrarea este utilă 
climatologilor, biologilor, bioclimatologilor, masteranzilor şi în general specialiştilor preocupaţi de aspectele climatice şi 
bioclimatice. 
  
Cuvinte cheie: condiţii climatice, condiţii bioclimatice, Oltenia, iarna 2010-2011. 

 
INTRODUCTION 

 
The climatic conditions registered in winter interconditions the bioclimatic features, while together they 

influence the ecosystems, as well as economy and society (MARINICĂ et al., 2010). It is well known that in the last 30 
years, the frequency of warm winters increased in  Romania, especially in the southwest of Romania (Oltenia), but also 
in Europe (MARINICĂ & CHIMIŞLIU, 2008). Cold winters were registered at longer intervals, as well as the normal ones. 
It is worth mentioning that the winter 2009-2010 was a cold winter and there were registered certain climatic records 
(BOGDAN et al., 2008, 2010; BOGDAN & MARINICĂ, 2009). During the winter 2010-2011, climatic conditions were 
almost normal and thus, confirmed the increase of climatic variability during the cold season. We shall further analyse 
the climatic and bioclimatic conditions of the winter 2010-2011. 
 

MATERIAL AND METHODS 
 

For the present study, there were processed data supplied by the archives of RMC Oltenia. There were 
analysed the results obtained from mathematical models, synoptic charts, and satellite imagery. 

1.1. Thermic values of December 2010. The temperature monthly means oscillated between -0.4°C at Bâcleş 
and 1.4°C at Drobeta Turnu Severin, while their deviations from the multiannual mean values, considered normal, 
varied between -1.7°C at Calafat and Bechet and -0.2°C at Râmnicu Vâlcea. The monthly minimum temperatures 
oscillated between -21.2°C at Tg. Logreşti and -11.7°C at Dr. Tr. Severin. The monthly maximum temperatures were 
between 11.1°C (registered on December 8) at Dr. Tr. Severin and 16.3°C at Drăgăşani (on December 9). The monthly 
minimum values registered at the soil surface varied between -24.6°C at Polovragi and -9.8°C at Târgu Jiu, most of the 
values going below -15°C. 

1.2. Pluviometric values of December 2010. The monthly precipitation amounts registered in December 2010 
were between 59.1 l/m2 at Calafat, in the southwest, and 126.6 l/m2 at Craiova, in the centre of Oltenia, at the southern 
extremity of the hilly area. During the interval December 1-14, there was no snow cover; between December 15 and 16 
and then December 22 and 27, it was insignificant. In the intervals December 17-21 and December 28-31, the snow 
cover reached a maximum thickness of 17 cm at Polovragi and Tg. Logreşti (December 19). 

2.1. Thermic values of January 2011. The mean monthly temperatures varied between -2.1°C at Slatina and 
Caracal, in the east of Oltenia Plain and Getic Piedmont, and 0.3°C at Dr. Tr. Severin, in the west. Their deviations 
compared to the multiannual means oscillated between 0.3°C at Slatina and 2.4°C at Tg. Logreşti; in the mountains, the 
deviation reached 3.2°C at Parâng. The monthly maximum thermal values varied between 13.0°C, temperature 
registered on January 16 at Caracal, and 16.0°C registered on January 15 at Apa Neagră and Tg. Logreşti. The monthly 
minimum temperatures oscillated between -10.3°C, on January 31 at Dr. Tr. Severin and -19.8°C, on January 31 at Apa 
Neagră. The minimum monthly temperatures at the soil surface varied between -8.1°C, registered on January 31 at 
Caracal, and -24.6°C, registered on January 26 at Slatina.     
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2.2. Pluviometric values of January 2011. The monthly amounts of precipitation varied between 18.6 l/m2 at 
Bechet and 65.8 l/m2 at Apa Neagră, while the mean for the entire region was 35.9 l/m2. With regard to the dynamics of 
the snow cover, it was insignificant on January 1, discontinuous between January 2 and 15 and on January 22, while 
during the interval January 23-31 it was significant; the maximum thickness of 20 cm was reached on January 24, at 
Bâcleş, in Mehedinţi Hills. 

3.1. Thermal values of February 2011 
Monthly mean temperatures varied between -1.6°C at Bâcleş and 0.8°C at Dr. Tr. Severin, while their 

deviations compared to the normal oscillated between -1.4°C at Calafat and 1.2°C at Tg. Logreşti; in the mountains, 
there were 1.7°C at Parâng. The monthly minimum temperatures were comprised between -19.4°C registered at Apa 
Neagră on February 1 and -10.2°C registered on February 2 at Calafat. The monthly maximum temperatures varied 
between 14.0°C at Calafat and Caracal, registered on February 7, and 17.0°C at Apa Neagră, on February 6. The 
minimum temperatures at the soil surface were between -8.9°C at Tg. Jiu, registered on February 3 and -22.2°C at Apa 
Neagră. The daily average temperatures were positive in the intervals February 6-14 and February 18-20, when the 
weather was warm, the highest values being registered on February 6 and 7. 

3.2. Pluviometric values of February 2011 
The monthly precipitation amounts varied between 32.2 l/m2 at Bechet and 92.7 l/m2 at Apa Neagră, while the 

percentage deviations compared to the normal values oscillated between -7.5% at Bechet and 96.7% at Craiova. In 
February, the snow cover was continuous in the intervals February 1-5 and February 20-28, discontinuous in the 
intervals February 6-8 and 15-19, and absent between February 9 and 15. In the first interval, the maximum thickness 
reached 16 cm, registered on February 1 at Bâcleş in Mehedinţi Hills, while in the southern half of the region the 
thickness was insignificant (generally ≤5 cm). During the second interval, the maximum thickness reached 35 cm, on 
February 26 at Apa Neagră in the Subcarpathian Depression, while, on a small area near Bechet, the values were ≤9 cm. 

 
RESULTS AND DISCUSSIONS 

 
The analysis and processing of the registered data regarding the climatic and bioclimatic conditions for the 

winter 2010-2011, revealed the following: 
1.1. Thermal regime of December 20 
The classifications of the weather type in December, according to Hellmann criterion at the meteorological 

stations from Oltenia, indicated cool (CL1) to normal features. Cool weather was registered in the west part of Oltenia 
Plain (the area of  Drobeta Turnu Severin, Calafat, Bechet, Băileşti) (Table 1). Cool weather also registered in the south 
of the Amaradia Hills, at Tg. Logreşti, and within the Subcarpathian Depression, at Apa Neagră.  

 
Table 1. Air temperature in December 2010 (°C): Monthly means in December 2010 (M); normal values (N2), deviation from the 

normal (ΔT); monthly minimum values (Tmin); monthly maximum values (Tmax) and the day they occurred.  
Tabel 1. Temperatura aerului din luna decembrie 2010 (°C): medii lunare în decembrie 2010 (M); normale (N); abaterea faţă de 

normală (ΔT); minima lunară (Tmin); maxima lunară (Tmax) şi ziua când s-au produs. 
 

Weather 
Hm N.XII M ∆T=M-N CH Tmin 

Day 
Tmax 

Day 

Station Tmin Tmax 

Dr. Tr. Severin 77 1.4 0.2 -1.2 CL -11.7 18 11.1 8 

Calafat 66 1.0 -0.7 -1.7 CL -18.3 18 14.7 9 

Bechet 65 0.4 -1.3 -1.7 CL -15.7 18 16.2 9 

Băileşti 56 0.4 -1.2 -1.6 CL -17.0 18 15.0 9 

Caracal 112 -0.1 -0.7 -0.6 N -15.9 18 14.2 9 

Craiova 190 0.1 -0.8 -0.9 N -16.4 18 13.7 9 

Slatina 165 0.3 -0.5 -0.8 N -17.6 18 14.5 8 

Bâcleş 309 -0.4 -1.2 -0.8 N -15.2 31 14.5 9 

Tg. Logresti 262 0.1 -1.0 -1.1 CL -21.2 18 13.4 9 

Drăgăşani 280 0.6 0.3 -0.3 N -14.2 18 16.3 9 

Apa Neagră 250 0.1 -1.2 -1.3 CL -17.5 18 12.0 8 

Tg. Jiu 210 0.1 -0.7 -0.8 N -14.7 18 12.7 9 

Polovragi 546 0.1 -0.5 -0.6 N -16.2 18 13.4 8 

Rm. Vâlcea 243 0.5 0.3 -0.2 N -12.0 18 14.4 8 

Parâng 1585 -3.7 -4.3 -0.6 N -17.8 16 10.2 8 

Mean Oltenia - 0.1 -0.8 -0.9 N -16.1 - 13.8 - 

 

                                                 
1 From the thermal point of view, according to Hellmann criterion, the classes are: excessively cold (EC), very cold (VC), cold (C), cool (CL), normal 
(N), warmish (WS), warm (W), very warm (VW), excessively warm (EW). 
2 The normal or the multiannual mean was calculated for the period 1901-2000 (normal N) (°C). 
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Within most of the region, December 2010 was thermally normal, which is also confirmed by the general mean 
value of the month of 0.8°C and its deviation compared to the normal (-0.9°C). In the first decade of the month, the 
daily mean temperatures were positive, the highest values being registered on 8 and 9, when there were also the highest 
maximum values. The lowest daily means registered on 18, when the thermal minimum values were also the lowest. 
There were two periods of warm weather with positive daily mean, minimum and maximum values: December 1-10 
and December 20-26. The cold intervals, specific to winter, were December 11-20 and December 27-31. Winter 
phenomena, temperatures below 0°C, snow and snow cover were registered starting with December 14 and 15. On the 
19th, the snow cover reached the maximum thickness of the month (17 cm at Târgu Logreşti and Polovragi). In the 
interval December 20-26, the snow cover disappeared due to the warm weather and then formed again on December 27. 
During most of the month and within almost the entire region, the snow cover was insignificant (less than 5 cm). During 
the first decade of the month, the thermic regime was particularly favourable to different phenological phases of the 
autumn crops (springing, multiplication, leaves formation) and, generally, to the specific biological processes of the 
vegetal cover and ecosystems. The periods with ground frost and low minimum temperatures, which decreased below 
the critical biological thresholds of the plants, were associated with the lack of the snow cover or with its insignificant 
thickness. Consequently, there were some negative effects such as frost bites on the leaves or even total degradation of 
the plants that were sowed later than the optimal period etc. During certain relatively short periods, frost advanced in 
the soil at different depths. 

During the warm periods, the vegetative cycle slowly came to normal. The water supply of the arable soil layer 
was optimum. However, in certain areas, there persisted small pools. The variation of the mean daily temperature, the 
mean of daily minimum values and the mean of daily maximum values calculated for the entire region of Oltenia is 
rendered in figure 1. The graph emphasizes the weather warming and cooling periods.  

 

 
 

Figure 1. The graph of the variation of daily mean temperature, daily mean minimum and daily mean maximum temperatures  
calculated for the entire region of Oltenia in the month of December 2010. 

Figura 1. Graficul variaţiei temperaturii medii zilnice, media minimelor zilnice şi media maximelor zilnice calculate 
 pentru întreaga regiune Oltenia în luna decembrie 2010. 

 
1.2. Pluviometric features of December 2010. The classification of the pluviometric types in December, 

according to Hellmann criterion, is rendered in Table 2.  
According to Hellmann criterion, within most of Oltenia, in December 2010, there predominated very rainy 

(VR3) and excessive rainy (ER) cases. Normal type registered on a small area at Dr. Tr. Severin, the rainy type (R) 
developed at Calafat and Bâcleş, while little rainy (LR) type characterized the Subcarpathian Depression at Apa Neagră. 
According to the deviation of the general precipitation mean for the entire region (56%), December 2010 was 
excessively rainy (ER). The rich rainfalls registered in December 2010 contributed to the maintenance of the moisture 
excess in the soil after the very rainy autumn of 2010. 
 

                                                 
3 The pluviometric features according to Hellmann criterion are: excessively rainy (ER), very rainy (VR), rainy (R), little rainy (LR), normal (N), 
little dry (LD), dry (D), very dry (VD) and excessively dry (ED) 
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Table 2. Precipitation amounts registered in the winter 2010-2011 (Σ) compared to the normal values 
(N for the period 1901-1990), deviation (%) and the type of pluviometric time according to Hellmann criterion (CH). 

Tabel 2. Cantităţi de precipitaţii înregistrate în iarna 2010-2011 (Σ), comparativ cu valorile normale 
(N pentru perioada 1901-1990), abaterea (%) şi tipul de timp pluviometric conform criteriului Hellmann (CH). 

 

Weather 
Station 

Hm December 2010 January 2011 February 2011 Winter 2011 

 ΣXII N Δ% CH ΣI N Δ% CH ΣII N Δ% CH Σ N Δ% CH 

Dr. Tr. 
Severin 77 67.2 61.2 9.8 N 44.5 51.4 -13.4 LD 74.8 47.9 56.2 ER 186.5 160.5 16.2 LR 

Calafat 66 59.1 45.5 29.9 R 33.5 40.4 -17.1 LD 65.8 38 73.2 ER 158.4 123.9 27.8 VR 

Bechet 65 60.3 36.3 66.1 ER 18.6 33.5 -44.5 VD 32.2 34.8 -7.5 N 111.1 104.6 6.2 N 

Băileşti 56 63.4 46.8 35.5 VR 23.7 38.5 -38.4 VD 50.4 36.1 39.6 VR 137.5 121.4 13.3 LR 

Caracal 112 63.9 39.5 61.8 ER 39.2 34.7 13.0 LR 45.1 34.5 30.7 VR 148.2 108.7 36.3 VR 

Craiova 190 126.6 41.8 202.9 ER 30.3 37.5 -19.2 LD 59.8 30.4 96.7 ER 216.7 109.7 97.5 ER 

Slatina 165 62.2 42.8 45.3 VR 42.0 36.0 16.7 LR 38.1 38.4 -0.8 N 142.3 117.2 21.4 R 

Bâcleş 309 68.2 54.7 24.7 R 36.6 50.5 -27.5 D 60.4 44.1 37.0 VR 165.2 149.3 10.6 LR 

Tg. Logreşti 262 88.0 44.8 96.4 ER 26.1 35.9 -27.3 D 44.0 41.0 7.3 N 158.1 121.7 29.9 VR 

Drăgăşani 280 70.6 44.6 58.3 ER 29.4 34.1 -13.8 LD 50.8 35.4 43.5 VR 150.8 114.1 32.2 VR 

Apa Neagră 250 94.2 82.3 14.5 LR 65.8 70.9 -7.2 N 92.7 66.4 39.6 VR 252.7 219.6 15.1 LR 

Tg. Jiu 210 86.7 64.0 35.5 VR 43.0 53.9 -20.2 D 64.4 52.0 23.8 R 194.1 169.9 14.2 LR 

Polovragi 546 85.1 56.1 51.7 ER 38.6 48.9 -21.1 D 48.1 48.4 -0.6 N 171.8 153.4 12.0 LR 

Rm. Vâlcea 243 107.2 46.2 132.0 ER 34.5 35.5 -2.8 N 52.9 38.4 37.8 VR 194.6 120.1 62.0 ER 

Parâng 1585 84.8 54.6 55.3 ER 33.0 57.7 -42.8 VD 43.2 47.7 -9.4 N 161.0 160.0 0.6 N 
Mean  
Oltenia 

- 79.2 50.7 56.0 ER 35.9 43.96 -18.3 LD 54.8 42.2 29.9 R 169.9 136.9 24.1 R 

  

2.1. Thermal regime of January 2011. The classification of weather types according to Hellmann criterion 
are given in Table 3. 

 
Table 3. Air temperature in January 2011 (°C): Monthly means for January 2011 (M); normal values (N); deviation from 

the normal (ΔT); monthly minimum values (Tmin); monthly maximum values (Tmax) and day of occurrence. 
Tabel 3. Temperatura aerului din luna ianuarie 2011 (°C). Medii lunare în ianuarie 2011 (M); normale (N); abaterea  

faţă de normală (ΔT); minima lunară (Tmin); maxima lunară (Tmax); temperatura minimă lunară la suprafata solului (Tmin sol) şi 
ziua când s-a produs.  

 

Weather 
Station 

Hm N.I M ∆T=M-N CH TMin 
Day  Data Tmin Day 

TMin TMax TMax Sol TminSol

Dr. Tr. Severin 77 -1.1 0.3 1.4 WS -10.3 31 14.8 15 -12.0 31 

Calafat 66 -1.8 -0.3 1.5 WS -12.6 31 15.5 14 -18.2 26 

Bechet 65 -2.2 -1.5 0.7 N -13.5 26 14.1 15 -15.0 26.27.31

Băileşti 56 -2.3 -1.1 1.2 WS -13.8 31 14.2 14 -14.8 26 

Caracal 112 -2.9 -2.1 0.8 N -16.4 31 13.0 16 -8.1 31 

Craiova 190 -2.6 -1.7 0.9 N -13.4 31 13.3 16 -20.0 31 

Slatina 165 -2.4 -2.1 0.3 N -15.3 31 13.8 16 -24.6 26 

Bâcleş 309 -3.0 -1.3 1.7 WS -13.5 27 13.1 16 -16.6 28 

Tg. Logreşti 262 -2.7 -0.3 2.4 W -15.0 27.31 16.0 15 -10.4 31 

Drăgăşani 280 -2.2 -0.9 1.3 WS -11.5 27 14.0 16 -17.5 31 

Apa Neagră 250 -2.6 -1.8 0.8 N -19.8 31 16.0 15 -16.1 31 

Tg. Jiu 210 -2.6 -1.0 1.6 WS -15.1 31 13.4 14 -15.6 31 

Polovragi 546 -3.2 -1.6 1.6 WS -14.9 27 14.7 15 -14.0 31 

Rm. Vâlcea 243 -2.2 -0.4 1.8 WS -11.4 30.31 14.4 15 -17.6 27 

Parâng 1585 -5.9 -2.7 3.2 C -15.4 26 6.7 17 - - 

Mean Oltenia - -2.6 -1.2 1.4 CL -14.1 - 13.8 - -15.8 - 
 

According to Hellmann criterion at the meteorological stations from Oltenia, January was normal (N), warm 
(W) and within most of the region warmish (WS). The general thermal mean for the entire region was -1.2°C and its 
deviation from the normal 1.4°C, which indicates a warmish month (WS). There occurred two intervals of cold weather 
with negative daily temperatures between January 1 and 8 and January 23 and 31, and an interval of warm weather 
characterized by positive daily temperatures between January 9 and 17. The daily averages oscillated around 0°C in the 
interval January 18 and 22, leading thus to the prolongation of the warm interval to 14 days. 

The graph rendering the variation of the mean minimum and mean maximum daily temperatures calculated for 
the entire region Oltenia emphasizes the cooling and warming periods in January 2011 (Fig. 2). In the interval January 
12-22, the soil was not frozen and the vegetative processes continued slowly.   
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The phenomena of thermic stress associated to low temperatures which decreased below the critical biological 
limits of plants occurred in the intervals January 1-8 and January 26-31. 
 

 
 

Figure 2. Graph of the variation of the daily mean temperature, daily mean minimum and daily mean maximum temperatures   
calculated for the entire region of Oltenia in January 2011. 

Figura 2. Graficul variaţiei temperaturii medii zilnice, media minimelor zilnice şi media maximelor zilnice  
calculate pentru întreaga regiune Oltenia în luna ianuarie 2011. 

 

2.2. Pluviometric features of January 2011. According to Hellmann criterion applied to precipitation 
amounts registered at the meteorological stations January 2011 varied from normal (N) to very dry (VD). If taking into 
account the deviation of the general mean compared to the normal, it was little dry (LD). Very dry (VD) weather was 
registered in the south of Oltenia Plain in the area of Băileşti, Bechet. However the moisture reserve in the arable or 
superficial layer of the soil was almost optimum or even optimum for winter crops due to the high amounts of 
precipitation registered during the previous months and to the reduced temperatures.  

3.1. Thermal regime of February 2011. According to Hellmann criterion February 2011 was normal (N) 
within most of the region, cool (CO) on small areas at Calafat and Slatina where fog and thermal inversions were 
frequent and warmish (WS) at Tg. Logreşti and Parâng (Table 4). It is worth mentioning that warming during the cold 
season in the mountains became almost a characteristic in the last 20 years. There were registered two intervals with 
warm weather between February 6 and 14 and February 18 and 20. The soil was frozen between February 1 and 17 and 
between February 21 and 28. 
 
Table 4. Air temperature in February 2011 (°C). Monthly means for February 2011 (M); normal values (N); deviation from the normal (ΔT); 
monthly minimum values (Tmin); monthly maximum values (Tmax); monthly minimum temperature at soil surface (Tmin sol) and the day 

it occurred. 
Tabel 4. Temperatura aerului din luna februarie 2011 (°C). Medii lunare în februarie 2011 (M); normale (N); abaterea faţă de normală (ΔT); 

minima lunară (Tmin); maxima lunară (Tmax); temperatura minimă lunară la suprafata solului (Tmin sol) şi ziua când s-a produs. 
 

Weather 
Station 

Hm N.II M ∆T=M-N CH TMin 
Day 

TMax
Data TMin day 

TMin TMax sol TminSol 

Dr. Tr. Severin 77 0.9 0.8 -0.1 N -10.2 2 16.7 7 -11.6 2 

Calafat 66 0.4 -1.0 -1.4 CO -12.5 3 14.0 7 -18.2 28 

Bechet 65 -0.1 -0.3 -0.2 N -13.2 2 16.0 7 -15.6 4 

Băileşti 56 -0.1 -0.4 -0.3 N -13.6 2 15.6 7 -15.6 4 

Caracal 112 -0.7 -1.1 -0.4 N -12.5 3 14.0 7 -13.2 2;11 

Craiova 190 -0.4 -1.2 -0.8 N -13.5 2 15.5 6 -14.4 28 

Slatina 165 -0.2 -1.3 -1.1 CO -16.3 1 14.2 7 17.3 3 

Bacleş 309 -0.9 -1.6 -0.7 N -15.5 1 16.1 7 -21.0 1 

Tg. Logreşti 262 -0.7 0.5 1.2 WS -16.4 1 16.5 7 -18.3 1 

Drăgăşani 280 -0.2 -0.4 -0.2 N -14.6 2 14.1 6 -17.5 2 

Apa Neagră 250 -0.6 -1.5 -0.9 N -19.4 1 17.0 6 -22.2 4 

Tg. Jiu 210 -0.4 -0.8 -0.4 N -13.7 1 16.3 7 -8.9 3 

Polovragi 546 -1.4 -1.2 0.2 N -13.8 1 16.7 7 -22.0 1 

Rm. Vâlcea 243 0.0 0.0 0.0 N -11.7 2 15.7 6 -14.4 2 

Parâng 1585 -5.6 -3.9 1.7 WS -13.8 28 14.3 8 - - 

Mean Oltenia - -0.7 -0.9 -0.2 N -14.0 - 15.5 - -14.0 - 
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The graph of the variation of the daily mean temperature, daily mean minimum and daily mean maximum 
temperatures calculated for the entire region Oltenia emphasizes the cooling and warming periods (Fig. 3). 

3.2. Pluviometric features of February 2011. According to Hellmann criterion the weather features varied 
from normal (N) to excessively rainy (ER); if taking into account the percentage deviation of the precipitation general 
mean calculated for the entire region. February was a rainy month (R). The moisture reserve in the arable or superficial 
soil layer was optimum during the entire month and in the warm periods the vegetative processes continued.  

Pluviometric features of the winter 2010-2011. The seasonal precipitation amounts varied between 111.1 
l/m2 at Bechet and 252.7 l/m2 at Apa Neagră. According to the percentage deviations from the normal, Hellmann 
criterion, in Oltenia the weather varied from normal (N) (Bechet and Parâng) to excessively rainy (ER) (Craiova). The 
percentage deviation of the general mean for the entire region and winter interval (24.1%) indicate a rainy (R) winter. 

 

 
 

Figure 3. Graph of the variation of the daily mean temperature, daily mean minimum and daily mean maximum temperatures 
calculated for the entire region of Oltenia in February 2011. 

Figura 3. Graficul variaţiei temperaturii medii zilnice: media minimelor zilnice şi media maximelor zilnice calculate  
pentru întreaga regiune Oltenia în luna februarie 2011. 

 
CONCLUSIONS 

 
Our analysis emphasizes that the thermal general mean of December 2010 was -0.9°C for the entire region, 

with a deviation from the normal of -0.8°C, which indicates a thermal normal month. In January the thermal general 
mean for the entire region was -1.2°C, registering a deviation of 1.4°C from the normal, which indicates a warmish 
month (WS). In February, the thermal mean for the entire region registered -0.9°C, with a deviation of only -0.2°C, 
which indicates a normal month. The mean temperature for the entire winter in the region was -1.0°C, registering a 
deviation of 0.1°C, which emphasizes a normal winter from the thermal point of view. In pluviometric terms, it was a 
rainy winter (R), while from the bioclimatic perspective, the intervals affected by thermal stress induced by low 
temperatures were short. 

Warm intervals were registered during all the winter months. After the prolonged warm interval (January, 9-
22) on the night of 23 there were signalled geese flocks migrating towards Oltenia. We mention that, during the 
aforementioned interval, there was warm weather within the entire Europe, which explains this early migration of geese 
that were confused due to the weather warming. During the entire winter there were five warm intervals summing up 43 
days (48% of the winter days), when vegetative and biotic processes restarted. The winter 2010-2011 is mostly normal, 
a category the frequency of which generally decreases in the last 30 years. This is why such analysis is useful for 
signalling this type of climate during winter, which favours biological and vegetative processes. However, the weather 
was warmer than the normal in January and this indicates that the climate warming process continues, as January is the 
middle winter month, the so-called “peak of winter” and the weather aspect is essential for the entire winter. 
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THE STUDY OF AIR QUALITY INDICES IN CRAIOVA MUNICIPALITY 
 
 

GAVRILESCU Elena 
 

Abstract. The environmental pollution is a major concern at the individual, collective and global level. The degradation of living 
conditions caused by pollution justifies these concerns; thus, complex measures are necessary, especially for reducing the negative 
effects (DUFLO et al., 2008). In this study there were measured the main pollutants: SO2, NO2, NH3 and particulates in five stations 
from Craiova municipality, and the pollution level was established. There was recorded a moderate pollution, except for Breasta area. 
Since the atmosphere is the broadest and most unpredictable vector of transmission of pollutants, it is required that the prevention of 
air pollution to be an issue of national and international interest. The air pollution can cause short and long term effects on the 
respiratory system (KYMISIS & HADJISTAVROU, 2008). 
 
Keywords: monitoring, atmospheric pollution, chemical and physical indicators, air quality indices. 
 
Rezumat. Studiul indicilor de calitate a aerului din Municipiul Craiova. Poluarea mediului reprezintă o preocupare 
majoră la nivel individual, colectiv şi global. Degradarea condiţiilor de viaţă cauzată de poluare justifică aceste preocupări şi face 
necesare măsuri complexe, în special pentru diminuarea efectelor negative (DUFLO et al., 2008). În lucrarea de faţă au fost 
determinaţi în cinci staţii din oraşul Craiova, principalii poluanţi: SO2, NO2, NH3, pulberile şi a fost stabilit gradul de poluare. S-a 
înregistrat o poluare moderată, excepţie fiind zona Breasta. Dat fiind faptul că atmosfera este cel mai larg şi în acelaşi timp cel mai 
imprevizibil vector de propagare a poluanţilor se impune ca prevenirea poluării atmosferice să constituie o problemă de interes public 
naţional şi internaţional. Poluarea atmosferică poate produce efecte pe termen scurt şi lung asupra aparatului respirator (KYMISIS & 
HADJISTAVROU, 2008). 
 
Cuvinte cheie: monitorizare, poluare atmosferică, indicatori fizici şi chimici, indici de calitate ai aerului. 

 
INTRODUCTION 

 
Since 2006, the air quality monitoring was done through the automatic air quality monitoring system, 

consisting of five automatic stations that have been placed according to the criteria set out in Ord. 592/2002. Also, there 
was taken into account the normative no. 756/2000 issued by the Ministry of Waters and Environmental Protection 
concerning the limit values, threshold values and evaluation criteria and methods of SO2, NO2 and NOx, particulate 
matters, lead, benzene, carbon monoxide and ozone in the ambient air (POPA & RACOCEANU, 2003). 

Also, there was studied the putting into practice of the national environmental policies, by: promoting the 
appropriate technologies for retaining the pollutants at the source, among the traders activity (POPA et al., 2008), air 
resource management for reducing the emissions to the lower levels possible, that do not exceed the regeneration 
capacity of the atmosphere (POPESCU, 2007), the use of low-sterile fuel (RACOCEANU & POPESCU, 2006), decreasing the 
entrainment on the deposits of slag and ash by the completion of the wetting system. 

 
MATERIAL AND METHODS 

 
Since 2006, the European Union has imposed on us to monitor the air quality, which is achieved by 

introducing an automatic air quality monitoring system, consisting of five automatic stations, which were located 
according to the criteria set in Ord. 592 / 2002 (Table 1, Fig. 1). 

 
Table 1. Measuring stations. / Tabel 1. Staţiile de măsură. 

 

Name of station Type of station
Calea Bucureşti (DJ 1)  Traffic station 

Primărie (DJ 2)  Urban station 
Billa (DJ 3)  Mixed station - industrial and traffic 

Işalniţa (DJ 4)  Industrial station 
Breasta (DJ 5  Regional Fund 

 

 
The air quality monitoring involves the tracking of pollutants in order to assess the degree of pollution of the 

atmosphere (POPESCU, 2007). The emissions were measured using the Oldham apparatus for determining noxae (Fig. 2). 
The air quality indicators are calculated based on the data from the air quality monitoring system and are regarded 

as most important for assessing the full situations, in comparison with the quality targets set by the EU regulations. 
 The quality indices, namely the specific air quality index is a coding system of the concentrations recorded for 

each of the following monitored pollutants: sulfur dioxide (SO2), nitrogen dioxide (NO2), ozone (O3), carbon monoxide 
(CO), particulate matters PM10. 

Besides these pollutants, the Oldham apparatus records also the methane, material particulates, hydrogen 
sulphide, volatile organic compounds, etc. 
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The general index is established for each of the automatic stations as being the highest from the specific 
indices corresponding to the monitored pollutants. The general index calculation results from at least three specific 
monitored indices. The general index and the specific indices are represented by integers between 1 and 6.   
 

 
Figure 1. The location of air monitoring stations.   

Figura 1. Amplasarea staţiilor de monitorizare a aerului. 

 
 
 
 

 
 
 
 

Figure 2. The Oldham apparatus for determining noxae. 
Figura 2. Aparat pentru determinarea noxelor Oldham. 

The specific index corresponding to sulfur dioxide is determined by the classification of the hourly average 
concentrations in one of the areas of concentrations listed as follows: 0-49.9 g/m3  1; 50-74.9 g/m3  2; 75-124.9 
g/m3  3; 125-249.9 g/m3  4; 350-499.9 g/m3  5; >500 g/m3  6. (according to the National Network for Air 
Quality Monitoring). 

RESULTS AND DISCUSSIONS 
 

The increased use of fossil energy since the industrial revolution, and especially since 1950, has been the major 
cause of increased emissions of air pollutants and, correspondingly, many environmental problems. Emissions due to 
the use of energy are major sources of sulfur dioxide, nitrogen oxides, carbon dioxide, and soot and constitute a large 
contribution of methane, non-methane volatile organic compounds and heavy metals. Depending on conversion due to 
atmospheric chemical reactions, on meteorological transport, and on deposition processes, air pollution can be 
transported from hundreds of kilometres (ammonia) to several thousands kilometres (aerosols) on a truly global scale 
(CO2 and CFCs). The adverse effects of emissions due to use of energy range from very local to regional and global. In 
cities, traffic can cause very high concentrations of nitrogen oxides and carbon monoxide, but also secondary products 
such as ozone and aerosols, especially under conditions of stagnant air (SLANINA, 2004). 

Air quality in cities is the result of a complex interaction between natural and anthropogenic environmental 
conditions. Air pollution in cities is a serious environmental problem – especially in the developing countries. The air 
pollution path of the urban atmosphere consists of emission and transmission of air pollutants resulting in the ambient 
air pollution. Each part of the path is influenced by different factors. Emissions from motor traffic are a very important 
source group throughout the world. During transmission, air pollutants are dispersed, diluted and subjected to 
photochemical reactions (MAYER, 1999). 

In the study conducted between 2009 and 2010, there were recorded lower values on Calea Bucuresti Street 
(DJ 1) during the winter months, due to the precipitation, which have cleaned up the air. The highest values were 
recorded in June and December at Billa (DJ 4) – which is polluted by industry and traffic. For the City Hall (DJ 2) there 
is a SO2 significant average value of 22.7 g/m3, due to heavy traffic from the centre of Craiova. The specific index for 
SO2 has the value 1 (since any recorded average value does not exceed 49.9 g/m3) (Fig. 1). 

The NO2 pollutant has recorded values above the permissible limits, at the monitoring station in Calea 
Bucureşti Street (DJ 1), in February and December, due to snow, which purified air. The average value is 29.9 g/m3. In 
the station located at the City Hall there is observed only one exceeding of 53 g/m3 in December. The average value is 
36.8 g/m3. The lowest values were recorded in Breasta area (DJ 5), the annual average value being of 23 g/m3. This 
area has no industry and traffic is reduced, the atmosphere being unpolluted. The general indices from Billa area have 
value 2 in June, September-October (Fig. 2).  

In the case of particulate matters there are observed higher values in March (DJ 2), due to the traffic, and in 
February (DJ 3), due to the industry. The general indices range between 3 and 4, respectively good and average (Fig. 3). 
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Figure 1. The evolution of SO2 concentration in 2009-2010 (average values).  
Figura 1. Evoluţia concentraţiei de SO2 în anii 2009-2010 (valori medii). 

 

 
 

Figure 2. The evolution of NO2 concentration in 2009-2010 (average values).  
Figura 2. Evoluţia concentraţiei de NO2 în anii 2009-2010 (valori medii). 

 

 
 

Figure 3. The evolution of particulate matters concentrations in 2009-2010 (average values).  
Figura 3. Evoluţia concentraţiei pulberilor în suspensie în anii 2009-2010 (valori medii). 

 
After the conducted study, in order to prevent, limit or reduce and even eliminate where possible the 

environmental pollution, in order to reduce the influence degree to people, flora and fauna, etc., the following measures 
and actions are required: 

- replacement of raw materials, combustibles, fuels and lubricants with a high content of elements and 
pollutants, with raw materials and materials less polluting;  

- additions and upgrades in the production facilities and technical equipment in order to increase their efficiency; 
- improving the technological performances of pre-purification, purification, retention, treatment, neutralization and 

dispersion facilities and equipment of pollutants or building new facilities with appropriate technologies; 
- elimination of dangerous and priority dangerous toxic substances usage, with materials and substances less 

dangerous;  
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- operation and appropriate and adequate maintenance of technological facilities of manufacturing and of 
depollution, in compliance with the designed parameters; 

- systematization of road and rail traffic and infrastructure improvements in the area of these transport activities; 
- the delivery, distribution, commercialization and use of combustibles and fuels low in sulfur, nitrogen, lead 

and heavy metals; 
- installation and use of capture and conversion facilities of noxae resulting from fuel combustion in internal 

combustion engines; 
- compliance with the existing legal regulations on the prevention and limitation of accidental pollution; 
- applying drastically the coercive principles and the “polluter pays” principle for the situations of 

noncompliance with environmental, water and health legislation in force; 
- development of plans, strategies and programs to protect the environment and to ensure the financial 

resources needed for works on short, medium and long term; 
- development and implementation (adoption) of plans and programs for the progressive reduction of 

emissions of pollutants in the environment; 
- achievement of objectives and new activities only by adopting the best available techniques, without 

involving excessive costs in the context of the transposition and implementation of European Community regulations. 
 

CONCLUSIONS 
 

1. The data and information reveal that the general quality indices of monitored parameters - sulfur dioxide, 
nitrogen dioxide, particulate matter - in the five monitoring stations from Craiova municipality present an environment 
characterized by moderate pollution. 

2. The atmospheric pollution is due to the fact that the facilities of processing, capture, retention, depollution, 
dilution and dispersion of pollutants in the atmosphere have a low efficiency. 

3. The main human activities that generate solid, liquid and gaseous pollutants, that have affected, affect and / or 
may still affect directly or indirectly in the short, medium and long term the quality parameters of environmental factors 
(water, air, soil, vegetation etc.), which also affected the health of humans, animals and plants, are represented by: 

- production activities of nitrogen fertilizers (ammonia, nitric acid, nitrate and urea) and organic synthesis products 
(acetylene, acetaldehyde, methanol, etc.); 

- electricity and heat production based on fossil fuels (coal, lignite in the lower basin of the Jiu Valley, oil, natural gases); 
- drilling, extraction and primary processing of crude oil and natural gas; 
- agro-alimentary production activities (beer, oil, tobacco, margarine, alcoholic beverages and soft drinks, meat and 

meat products, milk and milk products, etc.). 
4. To the pollution generated by socio-economic activities (industrial, agricultural activities and services, etc.) 

it is added also the air pollution due to exhaust emissions from fuel combustion in internal combustion engines (petrol, 
diesel) and rail, road and air traffic. 
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THE INFLUENCE OF PHYSICO-CHEMICAL PARAMETERS  
ON EXTRACELLULAR HYDROLASES FROM Acidiphilium SPECIES,  

ISOLATED FROM ACID MINE DRAINAGE 
 
 

CIŞMAŞIU Carmen Mădălina  
 

Abstract. Amylases are one of the most important and oldest industrial enzymes. The capability of the acidophilic heterotrophic 
bacteria to product amylases represents an adaptation to the physico-chemical conditions from mining biotopes. In our study, the 
investigations focused on acidophilic heterotrophic bacteria belong to the genus Acidiphilium due to its ability to develop in such 
polluted area and the potential bioremediation application. The influence of physico-chemical parameters on extracellular 
hydrolase’s production is related to the bacterial growth of the genus Acidiphilium. The comparative study of the amylolitic activity 
of Acidiphilium sp. at different growth temperatures conditions revealed the highest activity at 28°C and pH 3, meaning that these 
would be the best conditions in the natural environment for maximum extracellular enzymatic activity of the genus Acidiphilium. 
Also, the optimum yeast extract concentration was 0.2%, while values lower than 0.1% inhibited the extracellular hydrolase’s 
activity.  

 
Keywords: extremophiles, Acidiphilium sp., acidophilic protein, bioremediation.  
 
Rezumat. Influenţa parametrilor fizico-chimici asupra hidrolazelor extracelulare de la speciile de Acidiphilium 
izolate din drenaje miniere acide. Amilaza este una din cele mai importante şi vechi enzime industriale. Capacitatea bacteriilor 
heterotrofe acidofile de a produce amilaze reprezintă o adaptare la condiţiile fizico-chimice din biotopurile miniere. În acest studiu, 
investigaţiile s-au axat pe bacterii heterotrofe acidofile ce aparţin genului Acidiphilium datorită abilităţii lor de a se dezvolta în zone 
poluate cu metale grele şi potenţialului de aplicare în bioremediere. Influenţa parametrilor fizico-chimici asupra producerii de 
hidrolaze extracelulare este corelată cu creşterea bacteriilor din genul Acidiphilium. Studiile comparative ale activităţii amilolitice a 
speciilor de Acidiphilium în diferite condiţii de temperatură arată că cea mai crescută este la 280C şi pH 3, însemnând că acestea pot 
fi cele mai bune condiţii naturale de mediu pentru activitatea enzimatică extracelulară maximă a genului Acidiphilium. De asemenea, 
concentraţia optimă de extract de drojdie a fost 0,2%, în timp ce valori mai mici de 0,1% au inhibat activitatea hidrolitică 
extracelulară. 
 
Cuvinte cheie: extremofile, Acidiphilium sp., proteine acidofile, bioremediere. 

 
INTRODUCTION 

  
The environment is polluted by numerous organic and inorganic compounds, heavy metals in particular. Rapid 

industrialization has led to increased disposal of heavy metals and radionuclides into the environment. Heavy metal 
resistance is a widespread attribute among acidophilic heterotrophic bacteria isolated from mining environments. The 
high incidence of heavy metal resistance detected indicates the potential of these bacteria as bioremediation agents 
(DJUKIE  MANDIC, 2006; TAPIA et al., 2009; RAMPELOTTO, 2010).  

Water pollution is a major global problem. Physical-chemical processes in use for heavy metal removal from 
wastewater include precipitation, coagulation, reduction processes, ion exchange, membrane processes and adsorption. 
The unique properties of acidophilic heterotrophic bacteria are their metabolic activity in highly acidic environments 
and their heavy metal resistance. Therefore, acidophilic heterotrophic bacteria could be used to degrade organic 
pollutants in acidic wastewaters (RODRIGUEZ  DIAZ, 2009). 

Microorganisms that live in extreme environments are resource for industrial biotechnology, either as intact 
and active cells, in pure culture and consortia, or as sources of extremozymes. The interest in these enzymes is not 
limited by their industrial application they can be also used as a model system for the study of stabilization and enzyme 
activation mechanisms research of structure functional protein properties, which provide catalysis under extreme 
condition (KOZLOV & ZVEREVA, 2007; MOROZKINA et al., 2010).  

Extracellular enzymes are those enzymes that are completely dissociated from the cell and found free in the 
surrounding medium. Among the physical parameters, the pH of the growth medium plays an important role by 
inducing morphological change in the organism and in enzyme secretion. The use of acid-stable amylases is an actively 
developed modern field of extremophilic bacteria application (VAN DER MAAREL et al., 2002; GUPTA et al., 2003). 

The acid mine drainage is one of the main problems associated with mining activities. One of the effects is the 
increase in heavy metal solubility, which results in the accumulation of these toxic elements in the environment. In 
consequence these sites become inhospitable and just acidophilic heterotrophic bacteria able to tolerate the acidity and the 
high concentration of heavy metals can survive (SILVER  PHUNG, 2009; CIŞMAŞIU, 2004; JOHNSON  HALLBERG, 2005). 

Amylases are among the most important enzymes with a wide variety of industrial applications. These 
enzymes display highest specificity towards starch followed by amylase, amylopectin, cyclodextrin, glycogen and 
maltotiose. -Amylase is an inducible enzyme and is generally induced in the presence of starch or its hydrolytic 
product. Higher concentrations of glucose or complex organic supplements, which are commonly used in most 
heterotrophic media, completely inhibited growth (PANDEY et al., 2000; MOROZKINA et al., 2010).  
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The ability of heterotrophic bacteria to adapt to acidic environments is highly exploited in bioremediation of 
mining effluents containing high concentrations of heavy metals. Among the extracellular enzymes involved in metal 
biosorption, extracellular amylases are one of the most important and widely used in biotechnologies. Most of amylases 
are known to be metal ion-dependent, namely divalent ions like Ca2+, Mg2+, Mn2+, Zn2+, Fe2+ (SIVARAMAKRISHNAN et 
al., 2006; HAFERBURG  KOTHE, 2007; GADD, 2010). 

The capacity of Acidiphilium species to utilize a variety of organic substrates and to reduce Fe3+ indicates that 
they might be of ecological significance in bioleaching environment. Furthermore, Acidiphilium species are used in 
many commercial bioleaching operation sites and they are believed to play a crucial role in the bioleaching processes. 
Additionally, Acidiphilium sp. can remove the organic materials produced by acidophilic chemolithotrophic bacteria 
and thus enhance the leaching efficiency of ores (HIRAISHI  IMHOFF, 2005). 

Acidophilic bacteria have effective mechanisms to maintain intracellular ionic homeostasis and keep pH values 
close to neutral inside cells. Therefore, a high acidity of medium indicates a high developmental and activity level for 
these microorganisms. The active process of metal removal by living cells is referred to as bioaccumulation and the 
passive sorption of the dead cell walls is considered biosorption (JOHNSON  HALLBERG, 2005; RAMPELOTTO, 2010).  

A special importance has been given to the microbial diversity which represents an ecological source for 
selecting adequate microorganisms for the environment bioremediation. Recently, we isolated several strains from 
mining effluents of two different areas from Rosia Poieni (Alba dept.) and Ilba (Maramures dept.) sulphidic mines in 
Romania (CIŞMAŞIU, 2004). 

In our study, the investigations focused on the heterotrophic Acidiphilium sp. due to its ability to develop in 
such polluted area and the potential bioremediation application. Strains isolated in previous studies were used to 
investigate its extracellular hydrolases, this being the first attempt in Romania (CIŞMAŞIU, 2010). 

Acidophilic heterotrophic bacteria, identified after the morphological aspects and physiological characteristics 
as being part of the genus Acidiphilium, were highly adapted to these polluted environments, the study of extracellular  
hydrolases became more necessary. This current work focused on the study of extracellular hydrolysis from two of the 
Acidiphilium species isolated from acidic mining effluents, considering their putative applications in bioremediation.  

 
MATERIAL AND METHODS 

 
Types of the analysed microorganisms 
This study presents the influence of yeast extract concentrations, contact time, temperature on extracellular 

hydrolases of mesophilic and acidophilic Acidiphilium strains isolated from mining effluents of Roşia Poieni and Ilba 
areas. On the NP-starch medium (pH 3.0), it was revealed the existence in analysed samples of the heterotrophic 
acidophilic bacteria belonging to the genus Acidipihilium (LOBOS et al., 1986). It is obvious the influence of the 
increased pH values of the samples analysed on the presence and numerical density of the acidophilic heterotrophic 
bacteria of the Acidiphilium genus (CIŞMAŞIU, 2008; HIRAISHI  IMHOFF, 2005; TAPIA et al., 2009).  

The strains and populations of acidophilic heterotrophic bacteria belong to Acidiphilium sp., were analysed 
having in view the growth of the bacterial cultures in the specific culture media. The presence of acidophilic heterotrophic 
bacteria was revealed after the incubation for 21 days at 280C on the liquid GYE medium by the appearance of sediment, 
by the medium turbidity and the decrease under 2.0 of the initial pH value of the medium (pH 3). 

Cellular and colony morphology of the isolated strains were characterized using a phase contrast microscope. 
The isolated strains were characterized regarding the Gram staining, cellular morphology and biochemical features  
(oxidase and catalase activity, biosynthesis of organic acids). The determination of catalase production by the isolated 
strains was performed by emulsified of a loopful of the culture in few drops of 3% hydrogen peroxide. If the hydrogen 
peroxide effervesces, the bacteria tested are catalase positive. 

Depending on their physiological features, acidophilic heterotrophic bacteria were grown in specific media. For 
selection acidophilic heterotrophic bacteria were cultivated in two types of the NP-starch medium (LOBOS et al., 1986) 
with 0.1% yeast extract (medium I) and 0.2% yeast extract (medium II) with pH 3, with incubation at 280C for 21 days.  

 
Experimental methods 
To establish the best conditions of producing -amylase the following physic-chemical parameters were tested: 

the incubation temperature (200C, 240C and 280C), pH value of culture medium (3.0, 4.0 and 5.0) and yeast extract 
concentration (1-2 g/l). 

The temperatures were considered 20°C, 24°C and 28°C, in accordance with the variations of this parameter in 
the effluents’ environment. Bacterial growth was carried out at different temperatures and pH for up to 21 days, under 
stirring or static conditions, and in the presence of various concentrations of yeast extract. The optical density of the 
bacterial cultures has been determined at 7 days periods, at spectrophotometer (660 nm). 

The amylolitic activity of the extracellular hydrolyzing enzymes in the culture media was measured 
spectrophotometrically, using Wohlgemuth method (GUPTA et al., 2003), by monitoring the starch-iodine complex 
hydrolysis. These are based on decrease in starch-iodine intensity colour, increase in reducing sugars, degradation of 
colour-complexed substrate and decrease in viscosity of the starch suspension.  
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The quantitative test of the hydrolysis starch based on determination the activity of amylase in 1% starch 
presence and reading spectrophotometer at 580 mm at a 7 days interval. The enzymatic activity was expressed in units 
Wohlgemuth/ml (GUPTA et al., 2003). In the experiment of establishing the best starch concentration, the best 
parameters previously determined were observed: pH 3 and incubation temperature 280C. 

 
RESULTS AND DISCUSSION 

 
Heavy metal resistance is a widespread attribute among bacteria isolated from mining effluents of two different 

areas of the county (Rosia Poieni-Alba dept. and Ilba-Maramures dept.), acidophilic heterotrophic bacteria are 
associated with Thiobacillus ferrooxidans strains isolated from a wide variety of sources. Certain conditions which 
support the growth of T. ferrooxidans, such as acidic, mesophilic, aerobic, ferrous iron or other mineral sulfide 
substrate, are suitable for the perpetuation of some heterotrophic consorts. It has been shown that T. ferrooxidans cells 
excrete organic compounds, such as pyruvate, glutamate, aspartate, serine, glycine and other amino acids, which these 
heterotrophs can use as substrates for the bacterial growth (CIŞMAŞIU, 2008; HIRAISHI  IMHOFF, 2005). 

According to other scientists -amylases are active at the optimal growth temperature of the microorganism 
which has produced them. Agitation intensity influence the oxygen transfer rates in many bacterial fermentations and 
thus influences bacterial morphology and product formation. It has been reported that a higher agitation speed is 
sometimes benefited to bacterial growth and thus may increase enzyme production. However, it is reported that the 
variations in bacterial morphology as a consequence of changes in agitation rate do not affect enzyme production at a 
constant specific growth rate (CIŞMAŞIU, 2004; GUPTA et al., 2003).  

In order to test the physico-chemical parameters on the dynamics starch hydrolysis, there were selected 
Acidiphilium populations, isolated from mining acidic water and sediments at Roşia Poieni and Ilba areas, having a 
heavy metabolic activity in NP-starch medium. The results referring to the influence of yeast extract concentrations (1-
2g/l), contact time (7, 14, 21days) and acidity (3.0, 4.0; 5.0), and on the growth and extracellular enzymatic activity of 
two different Acidiphilium populations, cultivated on selective NP-starch medium, are represented in figures 1 and 4. 

Among the physical parameters, the pH of the growth medium plays an important role by inducing 
morphological change in the organism and in enzyme secretion. The pH change observed during the growth of the 
organism also affects product stability in the medium. The pH values serves as a valuable indicator of the initiation and 
end of enzyme synthesis. The comparative study of the extracellular hydrolytic activity of Acidiphilium sp. at different 
growth pH conditions revealed the highest activity at pH 3, confirming the acidophilic characteristics of this genus 
(Figs. 1; 2).  

 

0
0,2

0,4

0,6
0,8

1
1,2

1,4
1,6

st
at

ic
st

ir
ri

ng
st

at
ic

st
ir

ri
ng

 

st
at

ic
st

ir
ri

ng
st

at
ic

st
ir

ri
ng

st
at

ic
st

ir
ri

ng
st

at
ic

st
ir

ri
ng

st
at

ic
st

ir
ri

ng
st

at
ic

st
ir

ri
ng

st
at

ic
st

ir
ri

ng

7 14 21 7 14 21 7 14 21

pH 3 pH 4 pH 5
time (days)

O
D

 (6
60

nm
)

Medium I

Medium II

0

0,2

0,4

0,6

0,8

1

1,2

1,4

1,6

st
at

ic

st
ir

ri
ng

st
at

ic
st

ir
ri

ng
 

st
at

ic

st
ir

ri
ng

st
at

ic

st
ir

ri
ng

st
at

ic

st
ir

ri
ng

st
at

ic

st
ir

ri
ng

st
at

ic

st
ir

ri
ng

st
at

ic

st
ir

ri
ng

st
at

ic

st
ir

ri
ng

7 14 21 7 14 21 7 14 21

pH 3 pH 4 pH 5

time (days)

st
ar

ch
 (

g/
l)

Blank M I Sample M I Blank M II Sample M II
 

Figure1. The dynamics of bacterial and chemical starch hydrolysis in presence of the Acidiphilium P4 population  
in medium with pH (3; 4; 5) and yeast extracts concentrations (1-2g/l) for several incubation periods (7, 14, 21 days). 

Figura 1. Dinamica hidrolizei bacteriene şi chimice a amidonului în prezenţa populaţiei de Acidiphilium  P4  
în mediu cu pH (3; 4; 5) şi concentraţii diferite de extract de drojdie (1-2g/l) la diverse perioade de incubare (7, 14, 21 zile). 

 
Due to the increasing pH values from 3.0 to 4.0 it can be noticed the intensification of the extracellular 

hydrolytic activity of Acidiphilium cultures, emphasized by the quantity diminution of the starch in medium, used by 
acidophilic heterotrophic bacteria as a source of carbon and energy. On the other hand, simultaneously with the pH 
increase there is a significant diminution of the starch chemical hydrolysis (Fig. 2).  

The enzymatic activity increased when cells were cultivated under stirring conditions as compared to static 
conditions. Stirring conditions determine a higher oxidation activity of bacterial populations, correlated with a higher 
growth level. The experiments evidenced that the P7 population had the most hydrolytic activity (Figs. 2-4). 

Under these conditions, the highest extracellular hydrolytic activity of both Acidiphilium populations was 
obtained at 24°C and pH 3, while at 200C the microbial hydrolysis was negligible, as expected for a mesophilic species. 
The tests realized under optimal conditions of temperature (240C) and pH (3) evidenced the presence of a significant 
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activity at yeast extract 1 g/l, in comparison with the chemical control. Therefore, at the initial concentration higher than 
1g/l, the starch concentrations remained in culture liquids are close to the one determined at the chemical control at the 
end of the experiment (Figs. 1-4). 
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Figure 2. The dynamics of bacterial and chemical starch hydrolysis in presence of the Acidiphilium P7 population  
in medium with pH (3; 4; 5) and yeast extracts concentrations (1-2g/l) for several incubation periods (7, 14, 21 days). 

Figura 2. Dinamica hidrolizei bacteriene şi chimice a amidonului în prezenţa populaţiei de Acidiphilium P7 
în mediu cu pH (3; 4; 5) şi concentraţii diferite de extract de drojdie (1-2g/l) la diverse perioade de incubare (7, 14, 21 zile). 

 
At the temperature of 240C, from the tested pH values, at pH 3 the two bacterial populations showed a heavier 

enzymatic activity in the 21 days of testing, in comparison with the cultures with a pH 5.0. In this way, after 21 days of 
testing the microbial cultures hydrolyzed 15.3g/l starch, comparatively with 7.3g/l at pH 5.0. After 14 days of 
incubation the extracellular hydrolytic activity of microbial cultures maintained a lower level than in the first part of the 
experiment (Figs. 3; 4). 
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Figure 3. The growth and the starch hydrolyzing activity of the Acidiphilium P4 population under increased  

yeast extracts concentrations at different temperature and pH values for several incubation periods. 
Figura 3. Creşterea şi activitatea de hidroliză a amidonului a populaţiei de Acidiphilium P4 în prezenţa concentraţiilor  

crescute de extract de drojdie la diferite valori de temperatură, pH şi perioade de incubare. 
 
Though as a result of temperature increase, the chemical hydrolysis of starch intensifies the difference between 

these and the one catalyzed by microbial cultures is obviously at 280C, due to the much heavier metabolic activity of 
Acidiphilium cultures during the same testing period. Another noticed factor was the pH value of the culture medium, 
whose influence on starch hydrolysis is shown in figures 1-4. 

According to other scientists, generally, -amylases are active at the optimal growth temperature of the 
bacteria which has produced them (PANDEY et al., 2000; SIVARAMAKRISHMA et al., 2006; MOROZKINA et al., 2010).  
Previous studies have proved that the optimal growth temperature for the tested strains in this paper is still the one of 
280C (CIŞMAŞIU, 2008). 
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Figure 4. The growth and the starch hydrolyzing activity of the Acidiphilium P7 population  

under increased yeast extracts concentrations at different temperature values and pH values for several incubation periods. 
Figura 4. Creşterea şi activitatea de hidroliză a amidonului de către  populaţia P7 de Acidiphilium  

în prezenţa concentraţiilor crescute de extract de drojdie  la diferite valori de temperatură, pH şi perioade de incubare. 
 

CONCLUSIONS 
 

In order to test the physico-chemical parameters on the dynamics starch hydrolysis, there were selected 
Acidiphilium populations, isolated from mining effluents of Roşia Poieni and Ilba areas, having a heavy metabolic 
activity in NP-starch medium.  

The extracellular amylases are active in a wide range of pH with its maximum activity at pH values 2.5-3.0. 
The pH change observed during the growth of the organism also affects product stability in the medium. The acid 
production activity by acidophilic heterotrophic bacteria increased with cellular growth, the lowest pH values being 
obtained after 14 days of incubation. 

This enzymatic activity was dependant on the yeast extract concentration, with an optimum at 0.2%, while for 
values lower than 0.1% the extracellular hydrolysis activity was absent. Amino acids in conjunction with minerals have 
also been reported to affect α-amylase production. 

Physico-chemical characteristics and the diversity of the acidophilic heterotrophic bacteria in the acidic water 
samples suggested that the biogeochemical properties, pH and temperature, could be key factors in controlling the 
structure of the bacterial population. 

There is a strong relationship between the acidity of the medium and the amylolitic activity of the acidophilic 
heterotrophic bacteria. Results showed that hydrolyzing activity detected in this work indicates the potential of these 
bacteria as bioremediation agents. 
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A STUDY REGARDING THE IMPACT OF FORESTRY MANAGEMENT ON LICHEN 
FLORA WITHIN FORESTS FROM BUCHAREST SURROUNDINGS (ROMANIA) 

 
 

VICOL Ioana 
 

Abstract. The conservation of old-growth stands is of a crucial importance to lichens. Within investigated forests there were 
inventoried a total of 13 lichen species of which 63% were recorded to Biglaru Forest and 37% were found in Băneasa Forest, 
respectively. The investigated stands are intensively managed and this fact is in a close correlation to prevailing of synanthropic 
lichen species. A high abundance of lichen species was observed both in upper canopies of trees and on lignicolous substrata. Within 
the investigated forests a special importance is attributed to bark characteristic and illumination conditions. In the researched area, 
there have been recorded three lichen species which indicate a moderate to high environmental quality.  
 
Keywords: lichens, Băneasa, Biglaru, managed stands, forests. 
 
Rezumat. Studiu privind impactul managementului forestier asupra lichenoflorei în pădurile din împrejurimile 
Municipiului Bucureşti (România). Conservarea pădurilor seculare este de o importanţă crucială pentru speciile de licheni. În 
pădurile investigate au fost inventariate 13 specii de licheni dintre care 63% au fost înregistrate pentru Pădurea Biglaru şi 37% pentru 
Pădurea Băneasa. Pădurile investigate sunt intensiv gospodărite fapt corelat cu predominanţa speciilor de licheni sinantropice. S-a 
observat că speciile de licheni au o abundenţă înaltă atât în coronamentul superior cât şi pe substraturi lignicole. În pădurile 
investigate o importanţă specială este atribuită atât caracteristicilor ritidomului cât şi condiţiilor de iluminare. În aria cercetată au fost 
înregistrate trei specii de licheni care indică o calitate moderat-înaltă a mediului.  
 
Cuvinte cheie: licheni, Băneasa, Biglaru, păduri gospodărite, păduri. 

 
INTRODUCTION 

 
The woodland researched area has been intensively clear-cut especially to agriculture practicing (ŞERBĂNESCU, 

1959). Thus, the logging of old-growth stands presents a strong importance for agricultural practices (JÜRIADO et al., 
2009), as one of the major components of economy (KANTVILAS & JARMAN, 2006). Fragmentation and degradation of 
old-growth stands affect lichen communities because epiphytic lichens depend on host tree species and its properties, 
stand age and spatial-temporal continuity, light, aspect, availability of water, inclination of trunks, as key factors of their 
development. The explanation consists in the fact that epiphytic lichens have a long generation time as well as poor 
dispersal and colonization ability (JÜRIADO et al., 2009; MORLEY & GIBSON, 2010).  

The young-growth stand is an important limiting factor to the growth of epiphytic lichens in managed stands, 
therefore the fragments of old-growth stands distributed in a matrix of plantations are important in secondary plantation 
especially to diaspore dispersal (HILMO et al., 2009). Even-aged plantations differ from old-growth stands in both 
physical factors and structural heterogeneity (HILMO et al., 2009), the light being one of the most important factors for 
lichen growth (HILMO et al., 2009; SMITH, 1921). Old trees provide suitable microhabitats for colonization of especially 
rare lichens (MORLEY & GIBSON, 2010), and a heterogeneous habitat to maintain biodiversity in forest ecosystem. For 
this reason, lichens are indicators of stand continuity and late-succession in forests (ROOT et al., 2007). The remnant 
trees provide a temporary link between old and young forests and sources in which propagules may disperse to nearby 
ageing forests (MORLEY & GIBSON, 2010). 

This study is aimed to knowledge the impact of managed stands on lichen communities. The main objectives is 
based on assessment of the managed stands characteristics closely related to lichen flora in Băneasa (Bucharest) and 
Biglaru (Ilfov County) forests. 

 
MATERIAL AND METHODS 

 
Study area 
The investigated forestry areas are situated from the geographical point of view in the Northern and Eastern 

parts of Bucharest Municipality within the Romanian Plain (Fig. 1). 
The studied area is characterized by a temperate-continental climate. The air annual mean temperature 

(calculated for the period 1961-2000), records value range between 9.8°C at Tâncăbeşti and 11.2°C both at Giurgiu and 
Bucharest-Filaret. The multiannual values of air humidity range between 75% and 80%. Annual mean precipitation 
values decrease from North (613.1 mm) to South (550 mm) of Bucharest. The prevailing winds are those from North-
East (22.4% at Băneasa and 23.2% at Afumaţi) and South-West (14.8% at Băneasa and 8.1% at Afumaţi) (IOJĂ, 2008). 

The vegetation of the investigated areas is represented by the forest-steppe and nemoral forests. The forest-
steppe zone is characterized especially by the presence of Qercus pubescens WILLD., Quercus pedunculiflora K. KOCH, 
and nemoral zone is represented by Quercus cerris L., Quercus frainetto TEN., Quercus robur L., Carpinus orientalis 
Mill., Tilia sp., etc. (BĂLTEANU et al., 2006). 
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Figure 1. The map of investigated forests (Source: this is an own construct map by 
http://www.nationsonline.org/oneworld/map/google_map_romania.htm; Google Earth Software). 

Figura 1. Harta pădurilor investigate (Sursa: aceasta harta este prelucrată după 
http://www.nationsonline.org/oneworld/map/google_map_romania.htm; Google Earth Software). 

 
Field method 
Field activity was performed during April-August 2010. Within both investigated sites, a total of 12 sampling 

units were randomly selected. For each site, six sampling units of 4 m x 4 m were performed. In all sampling units from 
the studied area, a total of 20 trees were sampled. Epiphytic lichens have been inventoried beginning from the basis of 
the trunks of the sampled trees to the height of 1.5 m. The lignicolous lichen species were taken into account. In 
Băneasa and Biglaru forests there were identified 7 and 12 lichen species, respectively. 

 
Surveying samples 
The lichen species were determined according to CIURCHEA (2004) and MORUZI & TOMA (1971). Lichen 

species were identified based on morphology, anatomy, aspects of thalline elements, colour reactions of thallus, and 
microscopic investigation. Some chemical reagents, such as KOH (potassium hydroxide), CaCl2 (calcium chloride), and 
IIK (iodine in potassium iodide) were prepared and applied as spot tests for the identification of the lichen samples 
(MORUZI & TOMA, 1971). The nomenclature used for lichens is according to data found on www.mycobank.org. The 
nomenclature of tree species is according to CIOCÂRLAN (2009).  
 

RESULTS AND DISCUSSIONS 
 

Within the research area, a great majority of old-growth natural forests was replaced by young-growth 
secondary stands. Thus, the conversion of old natural forest to even aged plantations was detected, this being one of the 
major causes of decrease in forest lichen abundance and species richness (HILMO et al., 2009). It was observed that, 
Băneasa and Biglaru forests have been intensely managed. 

A total of 13 lichen species were inventoried within the investigated sites (Table 1), of which 63% were found 
within Biglaru Forest and 37% of the all were recorded from Băneasa Forest (Fig. 2). In Biglaru Forest (Ilfov County), 
situated at 21 km from the polluted area of Bucharest (IOJĂ, 2008), the richness of lichen species is higher than that 
recorded for Băneasa Forest (Bucharest), in spite of an intense forestry management. As in the studied area, in other 
studies, the species richness is increasing as a function of the distance from polluted areas due to an improvement of air 
quality (BARTÓK, 1980; PAOLI et al., 2006; LIŠKA & HERBEN, 2008 ).   

There is a major difference regarding the trees composition within both investigated site. The Băneasa Forest is 
characterized in a great deal by the presence of Tilia genus compared to Biglaru Forest where Quercus genus is dominant. 

According to field observations, within the two intensely managed stands, the lichen species either are 
generally absent as in Băneasa Forest (because of density of trees and their multi-layered canopies) or are represented 
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by a lower number in Biglaru Forest. In Băneasa and Biglaru forests, the lichen species were found on a lowest number 
of host trees trunks (three and two trees, respectively) (Table 1). Within glades in the investigated even-aged stands 
there prevailed in a great deal, common lichen species and an extremely low number of rare lichen species compared to 
the old-stands in these forests (Figs. 3; 4). An inappropriate forestry management, for instant: a massive replacement of 
old-growth stands with young-growth stands has a negative effect on lichen species richness (PURVIS, 2000; HILMO et 
al., 2009). In managed stands, the tree species are densely distributed and therefore the light availability is limited with 
negative effects on the growth of lichens species and their vitality (HILMO et al., 2009). Thus, the light is an important 
key factor to the establishment of lichen species on tree trunks.  

 
Table 1. List of the inventoried lichen species within the investigated forests. 

Tabel 1. Lista speciilor de licheni inventariate în pădurile investigate. 
 

Species 
Growth 

form 

Investigated sites 
Băneasa Forest Biglaru Forest 

Substrata 
Tree height 

gradient 
Substrata 

Tree height 
gradient 

Evernia prunastri (L.) ACH. 1810 Fruticose lignicolous Upper branches - - 
Flavoparmelia caperata (L.) HALE 1986 Foliose - - Quercus robur L. Trunk 
Hypogymnia farinacea ZOPF. 1907 Foliose - - lignicolous Upper branches 
Hypogymnia tubulosa (SCHAER.) HAV. 
1918 

Foliose - - lignicolous Upper branches 

Lecanora subintricata (NYL.) TH. FR. 
1871 

Crustose - - lignicolous Upper branches 

Lepraria finkii (B. DE LESD. ex HUE) R. 
HARIS 1985 

Soredioso-
Leprose 

Tilia tomentosa MOENCH (T. 
argentea DC.) 

Trunk Quercus robur L. Trunk 

Parmelia sulcata TAYLOR 1836 Foliose lignicolous Upper branches Lignicolous Upper branches 
Phaeophyscia orbicularis (NËCK.) 
MOBERG 1977 

Foliose lignicolous Upper branches Lignicolous Upper branches 

Physcia adscendens (FR.) H. OLIVIER 
1882 

Foliose 

Fraxinus excelsior L. 
Prunus cerasifera EHRH. var 

pissardi (CARRIÈRE) C. K. 
SCHNEID 

Trunk Lignicolous Upper branches 

Physcia aipolia (EHRH. ex HUMB) 
FÜRNR. 1839 

Foliose lignicolous Upper branches Lignicolous Upper branches 

Physcia stellaris (L.) NYL. 1856 Foliose - - Lignicolous Upper branches 
Physconia grisea (LAM.) POELT 1965 Foliose - - Lignicolous Upper branches 
Xanthoria parietina (L.) BELTR. 1858 Foliose lignicolous Upper branches Lignicolous Upper branches 

 
 

37%

63%

Băneasa Forest Biglaru Forest
 

 

 

 
 
 
 

Figure 2. Percentage distribution of lichen species in relation 
to investigated forests. 

Figura 2. Distribuţia procentuală a speciilor de licheni în 
raport cu pădurile investigate. 

 
 
 
 
 

In a similar study performed within Knocksink Wood Nature Reserve (Ireland) a relatively low diversity of 
epiphytic lichens was caused by anthropogenic activities, especially forestry management and a limited availability of 
light (BRODEKOVÁ et al., 2006). 

As a rule within investigated managed stands, lichen species are found in upper canopies rather than at the 
trunk level. The presence and high abundance of lignicolous lichen species in Băneasa and Biglaru forests (67% and 
83%, respectively) confirm the statement on a high abundance of lichen species in upper canopies (Table 1, Figs. 5; 6). 
On the other hand, a high cover of foliose lichens on lignicolous substrata (Table 1) reflects unfavourable microhabitats 
on trunk level of old trees with strongly closed canopies (HILMO et al., 2009).  

Within old-growth stands, it was observed that trees are not uniformly distributed, hence allowing a better 
illumination of lower third of the trunks. Thus, it is favoured the abundance and richness of lichen species. On the 
contrary, trees in the managed stands are uniformly planted, therefore have a high density in the sampling sites. In this 
case, it is prevented the establishment and development of lichen species, especially within Băneasa Forest.  

The tree composition and bark characteristics are of a special importance to lichen flora. The old trees in old-
growth fragments of Quercus L. genus represent a favourable microhabitat for the establishment of lichen species, 
particularly rare and threatened species, as it was observed within Biglaru Forest. The foliose lichen species, such as 
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Flavoparmelia caperata (L.) HALE, did not grow on young trees because of their smooth rhytidome. The old trees have 
a roughly rhytidome with a great capacity to hold moisture. By a strongly contrast, young trees from managed stands do 
not support a high abundance of lichen flora because of smooth rhytidome with a low capacity to hold moisture 
(DONICA, 2007). In young open plantations, it was observed a lower cover of lichens on trunks than the old stands both 
in Băneasa and Biglaru forests. Studies performed on lichen flora in the Yarra Ranges and Errinundra rainforests 
(Australia) have shown that the composition of lichen communities was changing depending on the successional stages 
and that these changes were generally more distinct on Nothofagus cunninghamii with a roughly rhytidome than on 
Atherosperma moschatum with a smooth rhytidome. The study has pointed out the importance of old trees which 
support a high number of lichen species, including rare species. These differences in species richness and composition 
may be attributed to the differences in the levels of bark fissuring, compared to the smooth bark of young trees 
(MORLEY & GIBSON, 2010). 

 

71%

29%

sinanthropic lichen species rare lichen species
 

Figure 3. The spectrum of synanthropic lichen species in 
relation to rare lichen species from Băneasa Forest. 

Figura 3. Spectrul speciilor de licheni sinantropice în raport 
cu cele rare în Pădurea Băneasa. 
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Figure 4. The spectrum of synanthropic lichen species in 
relation to rare lichen species from Biglaru Forest. 

Figura 4. Spectrul speciilor de licheni sinantropice în raport 
cu cele rare în Pădurea Biglaru. 

33%
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Figure 5. Percentage distribution of inventoried lichen 
species from Băneasa Forest as a function of substrata. 
Figura 5. Distribuţia procentuală a speciilor de licheni 

inventariate din Pădurea Băneasa în funcţie de substrat. 

17%

83%
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Figure 6. Percentage distribution of inventoried lichen 
species from Biglaru Forest as a function of substrata. 
Figura 6. Distribuţia procentuală a speciilor de licheni 
inventariate din Pădurea Biglaru în funcţie de substrat. 

 
Within the managed stands, it was observed a strong difference regarding the degree of illumination in 

comparison with old growth stands. Trees from young plantations from Băneasa and Biglaru forests are too frequent 
and multi-layered, therefore the lower third of trunks do not receive a better illumination.  In both Băneasa and Biglaru 
forests, the spatial distribution of trees from old-stands is not uniformly. In a such conditions, the lower third of trunks 
is more better illuminated favouring the establishment and development of epiphytic lichen species, especially rare 
species, such as: Flavoparmelia caperata sampled in Biglaru Forest.  

The important proximal environmental factors operating on epiphytic lichens within young and old stands are 
moisture regime (average humidity, frequency of wetting and drying) and availability of diffuse but fairly bright light 
closely related to the complexity of the canopy architecture and substrata type (SILLETT et al., 2000). 

In both forests, fruticose and foliose thalli were represented by lichen species which indicate a rather low to 
moderate resistance to atmospheric pollution, for instant: Evernia prunastri and Physcia aipolia (Băneasa Forest) and 
Flavoparmelia caperata and Physcia aipolia (Biglaru Forest) (ELLENBERG  et al., 1992).  

Patterns of succession in lichen communities have been observed in many parts of the world with certain lichen 
species being a characteristic of younger and of older forests (MORLEY & GIBSON, 2010). It was observed that certain 
investigated lichen species are specific for young and old habitats. In Biglaru Forest, Flavoparmelia caperata known as an 
old-forest species and growing on old tree trunks can be considered as a rare and threatened lichen species. In other study, 
it was pointed out, the importance of large, isolated old trees to inoculate surrounding younger trees in multiaged stands 
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such that communities of some old-growth associated lichen species are highest near old trees. Communities of some old-
growth associated lichens are affected by forest management, such as clear-cuts. Thus, the clear-cuts of old trees affect 
lichens diaspore dispersal and also their development; therefore it is important to maintain old-growth forests for the 
resilience of old-growth associated lichens in a managed forest landscape (SILLETT et al., 2000). 

 
CONCLUSIONS 

 
The managed stands represent one of the major problems which affect lichen diversity. It was found that old-

growth stands characteristics are closely related to a high species richness and abundance. In the two managed stands, 
there were recorded on the one hand a greater number of lichen species on trunks which are better illuminated and a 
greatest number of lichen species on lignicolous substrata. A great abundance of lichen species was observed in the 
upper third of the canopies and on the lignicolous substrata in the two investigated forests. 

In both managed forests the synanthropic lichen species are prevailing especially on old trunk, which are better 
illuminated. The abundance and species richness are favoured both by light amount and rhytidome characteristics. A 
great importance should be given to the old growth stands for protection, preservation and conservation of rare and 
threatened lichen species. 
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BIODIVERSITY AND ENVIRONMENTAL PROTECTION OF SOUTHERN ALTAI 
 
 

CHLACHULA Jiri 
 
Abstract. The Altai, being a major central Asian mountain system, represents an integral part of the World natural and cultural 
heritage with diverse ecosystems incorporating specific geographic and topographic zones and hosting rich and unique biotic 
communities. The broader Altai region has been for several thousand years a traditional and naturally productive habitation area of 
formerly exclusively pastoral semi-sedentary communities that are being gradually replaced by present-day rural and small urban 
settlements during the last decades. The present Altai faces an intensifying environmental stress due to global climate warming with 
accompanying and sometime rather pronounced natural transformations coupled with an increasing socio-economic pressure due to 
growing material needs of local people as well as the national economies. A modern approach including a multi-level systematic 
biodiversity monitoring based on inter-linked geo-contextual and biotic studies applied uniformly over the bordering (Russian-
Kazakhstan) Altai areas offers an effective documentation, evaluation and control of the on-going biodiversity degradation and ways 
of its potential conservation. The results from the systematic biodiversity investigations in Gorno Altai (Gorno Altai Republic, 
Siberia) and Southern Altai (Eastern Kazakhstan) still confirm a pristine natural character and a relative stability of the presently 
established Altai ecosystems, but also an insufficient level of modern biodiversity protection and environmental management. The 
present (global) climate change is evident in the topo-geographic structure of the Altai biotopes including an altitudinal shift of 
vegetation zones as well as expansion of parkland-steppe that implicate new requirements on management of natural resources in 
balance with the broader Altai biodiversity protection priorities. 
 
Keywords: Altai, biodiversity, environmental management, climate change, ecosystems. 
 
Rezumat. Biodiversitatea şi protecţia mediului în Altaiul de Sud. Altaiul, un sistem muntos principal din Asia Centrală, 
reprezintă o parte integrantă a patrimoniului mondial ca urmare a diverselor ecosisteme care includ zone geografice şi topografice 
specifice şi adăpostesc comunităţi biotice unice. Regiunea Altai a fost de câteva mii de ani o zonă de locuire tradiţională şi natural 
productivă a comunităţilor semi-sedentare exclusiv pastorale, care, în ultimele decenii însă, au fost continuu înlocuite de aşezări rurale şi 
mici aşezări urbane. Astfel, în prezent, Altaiul se confruntă cu intensificarea presiunii mediului ca urmare a încălzirii globale, care este 
însoţită de transformări naturale destul de profunde şi de creşterea presiunii socio-economice indusă de nevoile materiale tot mai crescute 
ale localnicilor şi economiei naţionale. O abordare modernă care să includă monitorizarea sistematică a biodiversităţii bazată pe studii 
geocontextuale şi biotice realizate uniform în regiunile din jurul Altaiului poate să ofere o documentaţie eficientă, să faciliteze evaluarea 
şi lupta împotriva degradării biodiversităţii, modul în care se poate realiza o potenţială conservare. Rezultatele investigaţiilor privind 
biodiversitatea sistemică în regiunea Gorno Altai (Republica Gorno Altai, Siberia) şi în Altaiul de Sud (Kazahstanul de Est) confirmă 
caracterul natural şi o relativă stabilitate a ecosistemelor prezente în Altai, dar, în acelaşi timp, şi problemele legate de insuficienţa 
măsurilor de protecţie a biodiversităţii şi de managementul mediului. Schimbările climatice din prezent (globale) sunt evidente în 
structura topo-geografică a biotopurilor din Altai, inclusiv o modificare altitudinală a zonelor de vegetaţie, precum şi extinderea stepei, 
ceea ce implică noi cerinţe privind managementul resurselor naturale care să fie în concordanţă cu priorităţile legate de protecţia 
biodiversităţii din regiunea Altai.  
 
Cuvinte cheie: Altai, biodiversitate, managementul mediului, schimbări climatice, ecosisteme. 

 
INTRODUCTION 

 
This summary paper presents some achievements of the interdisciplinary studies on biodiversity protection and 

environmental management of southern Altai performed as a part of the Czech-Kazakh Development Cooperation 
program in the in Gorno Altai (the Kosh-Agach Region) and the adjacent Eastern Kazakhstan (Katon-Karagay and 
Kurchum Districts) followed by initial preceding studies in Gorno Altai (2002-2005) (e.g. CHLACHULA, 2001, 2003; 
RICANKOVA et al., 2004). The main objective of field and analytical laboratory studies was mapping of the zonally 
specific biotic variety in order to support the present biodiversity protection particularly in the Altai mountains in the 
context of sustainable development of the trans-border Russian-Kazakh region geographically encompassing the 
adjacent areas of the Katon-Karagay National Park (Fig. 1), the Markakol Lake Nature Reserve, the Plateau Ukok (the 
present Ukok National Park) and the Katunsky Zapovednik State Nature Reserve (CHLACHULA & GAZALIEV, 2007). 
The resulting geo-contextual information and taxonomic databases, including some poorly known as well as non-
described species of small flora (bryophytes) and fauna (invertebrates), were evaluated by means of corresponding 
programs and represent a vital source of data for GIS-s of the monitored geographical areas of Gorno Altai and East 
Kazakhstan. The long-term objectives following this pilot project include a complex evaluation of the main natural and 
anthropogenic risks to the unique Altai biodiversity, including the most endangered species of flora and fauna, in order 
to assess, prevent or slow-down the progressing environmental degradation of the pristine mountain ecosystems. The 
principal goal of current international activities is aimed at establishment of an integrated trans-border concept of 
effective biodiversity protection strategies and vital conservation rules, balancing a long-term sustainable economic 
development in the framework of the Altai-Sayan Eco-region. The present and globally-acting environmental pressure 
on the local biodiversity, reflecting climate change and corresponding natural transformation, is confronted with similar 
trends observable in Central and Eastern Europe in comparable (mountain and lowland) ecosystems. The present results 
add to the existing information from the Altai-Sayan Eco-Region. Field documentation (on a regional and local scale) 
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was an integral part of biodiversity mapping on the territory of the Altai particularly in relation to geo-botanical studies 
The applied Quaternary ecology approach is based on the identification of the diagnostic abiotic and biotic factors 
defining the status of a local biodiversity health, stability and/or rate of environmental change. 
 

 
 

  
 
 
 
 
 
 
 
 

Figure 1. Geographical location of the study areas, Katon-Karagay National Park. / Figura 1. Poziţia geografică a zonelor studiate, 
Parcul Naţional Katon-Karagay.  

 
MATERIAL AND METHODS 

 
The applied field and laboratory methodology in investigating the southern Altai mountain and parkland-

steppe ecosystems was based on a geographically consistent and complex environmental system approach of 
interdisciplinary geosciences, biosciences, socio-economic and culture-historical studies applied on the territory of 
Gorno Altai, southern Siberia, in a geographic linkage with the parallel investigations in East Kazakhstan. The main 
aim was to provide a GIS database for environmental management of natural resources and effective nature protection 
strategies. Biotic, abiotic and statistical data were systematically collected during particular expeditions and 
subsequently analytically processed. 
 

RESULTS AND DISCUSSIONS 
 

1. Contextual Quaternary Environmental Studies and GIS 
Interdisciplinary Quaternary (geology, geomorphology, geography, pedology and GIS) studies represent the 

contextual part of the Altai biodiversity mapping. The investigations are aimed at elucidating the natural processes, their 
dynamic and relative/absolute chronology in terms of reconstruction of past climate evolution and (palaeo)environments 
since the Last Glacial until present, i.e., during the last ca. 100 000 years (CHLACHULA, 2001, 2005, 2009; EVANS et al., 
2003). The Quaternary paleoenvironmental research carried out in the pristine Altai mountain and steppe areas displays 
a gradual and patterned climatic evolution leading to the establishment of the present-day climate and regional 
environments. Geomorphic mapping, included in GIS of the Katon-Karagay Nature Park, have focused on glacial 
landforms in the Bukhtarma valley, with the series up to 300 m-high glacio-fluvial terraces analogous to the 
geomorphic forms in the Katun, Argut and Koksu basins of Gorno Altai that provide evidence of cataclysmic floods at 
the end of the last glaciation and depict the history of subsequent fluvial processes leading to the formation of the 
present Altai drainage system. Intact profiles of aeolian deposits (loess) with horizons of buried fossil paleosols in 
Eastern Kazakhstan indicate a pronounced intensity of processes and marked climatic fluctuations of increased aridity 
during the Late Pleistocene and Holocene (CHLACHULA, 2010). The present climate changes are to be viewed as a 
natural part of this long historical process (CHLACHULA & SUKHOVA, 2011). Pedological studies were a part of the 
geobotanical mapping in the framework of GIS in respect to the distribution of specific biotopes and plant species. 
Quaternary studies also assess the current erosion due to on-going environmental transformations and anthropogenic 
activity. The geographical location of particular rocks correlates with the distribution of specific floristic communities 
preferring either basic or acid bedrock environment. The present soil cover, including primarily regosolic, podzolic, 
brunisolic and chernozemic soil groups, reflects the geological and pedogenic context and dominant soil forming 
processes. 

A methodological basis of the contextual geo-data evaluation of biodiversity field mapping in the central and 
southern Altai area is represented by the geographic information system (GIS) and remote sensing control (RSC). The 
combination of the two methods allows complex and detailed analyses in terms of landscape ecology by synthesis of 
geological, geomorphological, petrological, pedological, geobotanical, floristic, zoological (macro- and micro-
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biological), demographic, economic, social, culture-historical, archaeological and other databases. The generated geo-
/bio-maps can be used for modelling of past and present topography, for reconstruction of the Quaternary climate 
history and dynamics of the region, as well as for monitoring of the acting natural processes, including potential 
geomorphic threads and hazards such as critical inundation areas, landslides and erosions (KUDA & MACUR, 2007; 
CHLACHULA, 2009). Computer simulations deliver various scenarios of possible natural rates of extinction of some 
most endangered taxa that are confronted with empiric terrain observations. The generated GIS-s have been further 
successfully used for calibration of satellite images in the framework of geo-botanical studies for definition of the 
principal vegetation types and biotopes in the trans-border Russian-Kazakh Altai study area (HOVORKOVA & 

CHLACHULA, 2010). The resulting information may eventually be used as a main tool for a future environmental 
management and development planning in the socio-economic sector on the territory of the Katon Karagay National 
Park (East Kazakhstan) that covers most of the formerly investigated area but also the adjacent Ukok NP and the Katun’ 
Nature Reserve. 

2. Biodiversity Studies 
Geo-botanical studies determined 9 main vegetation formations comprising 25 specific vegetation types that 

were recognized in the Southern Altai and Gorno Altai (KOUTNY et al., 2003). The main defined GIS components of the 
landscape include taiga, alpine grasslands and shrubs, steppes, and secondary mesophilous meadows. The specific 
species composition of these communities consists of native species; very few introduced species (except for those 
directly planted by people) were found and no spreading of invasive species was recorded. The controlling 
environmental factors that influence the vegetation cover are altitude, topography (especially inclination and orientation 
of slopes) and intensity of human activity. In comparison with Gorno Altai, the adjacent Altai of East Kazakhstan 
exhibits in places a more humid climate, which results in a wider distribution of wet plant communities and a more 
reduced distribution of xerophilous flora. The southern Altai within the Bukhtarma valley is also much densely 
inhabited than the neighbouring Kosh-Agach region; therefore the structure of landscape and vegetation is more 
anthropogenically influenced. An adequate (not-exceeding a moderate) level of human activity exposed to the pristine 
landscape is crucial for the maintenance of a high local biodiversity. Overall, the research results clearly demonstrate 
the high biological value of the studied areas of both the Gorno and Southern Altai, which are worth being protected 
(HRADILEK & CHLACHULA, 2010).  

Systematic biology studies were also carried out on the micro-vegetation biodiversity in marginally explored 
mountain and forest-steppe areas of southern Altai. Several taxa of cyanobacteria and algae were identified in the 
principal biotopes (rivers and streams, backwaters, irrigation channels, lakes, high-tundra periglacial and barren land 
settings, snow fields, and pedogenic /soil cover/ environments) of a  territorial topographic range of ca. 400-3 900 m asl. 
on the basis of morphological phenotypes and ecological demands, displaying a remarkable taxonomic variability, 
including several non-described endemic species of algae adapted to locally specific geo-environmental conditions. A 
primary research of aquatic micro-flora was linked to both the assessment of the state of water purity as well as 
mapping of a taxonomical variety of lower plants and algae in the broader Altai region. The focus of field studies was 
aimed at evaluating a potential negative human influence on local pristine environments in all topographic zones and 
geographic areas. The investigated trans-border Gorno Altai – East Kazakhstan region, although sparsely populated, 
may experience a locally significant effect of anthropogenic pollution in the vicinity of settlements harming the local 
ecosystems. The assembled database derived from the main biotopes / habitats of the principal ecosystems (aquatic, 
terrestrial, air-related and snow-cover related) is used for assessing the quality of the main water drainages, particularly 
the Bukhtarma River with its tributaries, and for the species variability of cyanobacteria and algae that in general 
represent a very good proxy indicator of water quality.  

The results show a limited impact of direct and indirect human activity to local environments (water sources) 
and minor ecological risks by present (traditional) exploitation of natural resources. All documented algal species are 
indifferent to water pollution and are common in clean water. Only a minor part of the algae taxa were identified as 
typical for polluted waters. Administrative regulations and systematic monitoring may contribute to the improvement of 
the polluted localities, particularly in places where economic activity is linked to mining. The pilot and very 
contributive results of the initial micro-botanical studies (CAISOVA et al., 2009) may serve as a background for a 
subsequent hydro-environmental work. 

Fauna investigations have encompassed all levels of study from bacteria to large mammals. The studies of 
invertebrates in the East Kazakhstan Region (the Southern Altai Mountains) have been particularly productive. The 
zoological material included terrestrial arthropods, bristletails, earwigs, beetles, centipedes, millipedes, woodlice, 
spiders, harvestmen and diurnal butterflies evaluated within the principal model groups in diverse biotopes related to an 
arid semi-desert, (parkland-) steppe, taiga-forest, meadows (or pastures), alpine meadow and mountain tundra, 
following an altitude gradient. Several so far non-described species of centipedes found in the Katon-Karagay NP 
provide witness of a persisting potential for empiric biodiversity studies (TUFF, 2007). From the ecological point of 
view, affinities of some species in terms of typical biotopes or altitudes were found. Communities of the highest and the 
lowest topographic localities were relatively poor; the highest documented invertebrate diversities are between 1 000-1 
400 m a.s.l. Monitoring of insects by the RFIT (Radio Frequency Identification Technology) may be in the local 
biodiversity context a highly productive source of quality information on a regional multi-level (macro- and micro-) 
biodiversity composition. Study of the environmental requirements and niches of the most sensitive taxa to 
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environmental changes in biotopes may significantly enrich knowledge of their ecology and contribute to the 
improvement of their protection in other countries. The entomological studies in southern Altai confirm the necessity of 
preserving the pristine heterogeneity of landscape for retaining the genofund variety of the area, with a differential 
degree of successive locality development that reflects ways of land exploitation. The new results enriched present 
knowledge of diversity of invertebrates of east Kazakhstan.  

Systematic ornithological studies represented an integral part of complex GIS biodiversity investigations in the 
Altai and delivered new information particularly from marginally studied geographical areas. A particular attention was 
paid to the localities on the territory of the Katon-Karagay National Nature Park (the most protected sector- 
“zapovednik”) as well as in the neighbouring parts of Gorno Altai (Katunskiy Zapovednik) with mosaic habitats of 
mountain as well as river-valley habitats (Fig. 2). The Distribution of specific bird taxa is influenced by the composition 
and structure of particular biotopes that in turn reflect macro-climatic, topographic as well as long-term anthropogenic 
factors. The present data of the ornithological research within the Kazakh-Russian border area indicates a unique 
character of the mountain regions with the inclusion of the Eurasian, Siberian and Central Asian elements of bird fauna, 
and with the occurrence of relict, rare and protected species (BUFKA, 2007). The completed ornithological distribution 
databases can then be used in respect to their quantitative and qualitative value, for monitoring changes of the Altai 
birds’ biotopes and their protection in terms of primary biodiversity centres, as well as protection and management of 
secondary locations that are of main importance for local ornithocoenoses. 

A key part of the zoological research was the documentation of endemic biodiversity particularly of 
environmentally very sensitive small mammals, such as rodents, and small faunal taxa living in rich geographically 
“transgressive” biotopes (SEDLACEK et al, 2007). Except for mapping an overall representation of an ecosystems 
biodiversity, a recording of new and original data on occurrences and frequencies of mammal species in poorly known 
areas may be of particular importance (RICANKOVA et al., 2006). The investigated localities of the Altai biotopes 
included arid steppe, parkland-steppe, taiga-forest, alpine meadow and mountain tundra. The RFIT monitoring has 
proven to be a useful and accurate tool for in-site documentation of spatial behaviour of small animals (vertebrate and 
invertebrate) that also provides a major potential in the frame of preservation of endangered ecosystems of the Altai-
Sayan Eco-region (MATYAS & CHLACHULA, 2010). A DNA analysis of the selected faunal samples facilitates 
taxonomic determination of individual species. The summary data eventually contribute to the monitoring of natural 
processes and transformations of the interest area as well as to environmental management of protected and pristine 
nature regions of both Eastern Kazakhstan and Gorno Altai. The comparative analytical results coherently provide 
evidence of some increased rates of species recession than during the preceding decades. These shifts in ecosystems 
evidently reflect the present global climate change (warming and increased aridization) and related restructuring of 
mountain as well as parkland-steppe environments that are clearly observable in the Altai. Anthropogenic factors may 
play a minor role in this process. 

3. Landscape Ecology and Environmental Management 
The multi-facetted biodiversity studies carried out in the broader Altai during the last 10 years have provided new 

insights on the present Altai biodiversity composition, its status, mechanism and conservation priorities. The biotic and abiotic 
summary information assembled in the framework of GIS is crucially relevant for recommendations of environmental 
management and a future biodiversity monitoring on the territory of the Katon-Karagay National Park (6435 km2) as well as 
the neighbouring naturally protected areas of Gorno Altai. The unique mountain ecosystems of the Southern and Central Altai 
with mosaic mountain habitats are regionally disproportionally influenced by people (Fig. 3). A biodiversity monitoring and a 
modern administrative concept, including systematic observation of fundamental model phenomena and documentation of 
key mammal species, are the main preconditions for a long-term and effective environmental protection of the threatened 
Altai nature. These species have primary relevance in terms of impact on the Altai ecosystems, the changing landscape 
structure and the main faunal food-chains. Taxonomy and diversity of single faunal species are still insufficiently documented. 
A large-scale registration and a systematic monitoring of the key species, including application of genetic methods and GIS 
(Fig. 4), is the conceptual basis. A very important role in the systematic monitoring of biodiversity plays a mutual symbiosis 
of individual species of flora and fauna at all taxonomic levels, pointing to the fragility of this natural biotic co-existence. 
Extinction of one species of plants usually means the disappearance of at least five insect species dependent on the particular 
floral taxon and a co-linked extinction of other species particularly of micro-fauna (e.g. endemic parasites). Among the most 
important aspects of the modern biodiversity loss is considered a termination and shift in the distribution of particularly unique 
mosaic but also most fragile alpine natural habitats that require most attention for their conservation. Equally important is a 
close international cooperation on protection of the Altai unique natural and cultural heritage. 

4. Environmental Risks and Hazards  
Environmental risks and hazards include both natural and anthropogenic factors-potential pollutants. Soil 

pollution was tested by the initial (paleo)microbiology investigations in Gorno Altai (Kosh-Agach District) 
concentrated on both the present pedogenic cover compared to some deeply buried fossil (Pleistocene-Holocene) 
palaeosol horizons intercalated in fine silty (loessic) deposits in the Altai (Katun’ and Bukhtarma) valleys opening into 
the northern and western plains, respectively. The objective was to isolate and characterize the bacterial strains present 
in the local substrates to compare with those used for biodegradation of modern industrial xenobiotics. The pilot studies 
focused on diverse vegetation zones located in different altitudes characterized by specific ecosystems from both 
sporadically settled areas as well as the pristine Altai wilderness. The laboratory testing included preparation of 
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microbacterial solutions in phenol, naphthalene, toluene, xylene, ethylbenzene and benzene agars (KOUTNY et al., 
2003). The study samples originated from differentially developed soils, ranging from an organic-rich, humid brown 
forest soil and a dark brown forest-steppe chernozem to a poorly developed regosolic high-mountain rocky semi-desert 
soil. The concentration of the detected bacteria strains in the complete KING-FU agar greatly varied, with the highest 
proportion of bacteria (up to 106 CFU/g) in the samples from more humid mixed southern taiga forest locations with 
mixed arboreal communities of larch (Larix sibirica), pine (Pinus sibirica) and birch (Betula sp.). The recorded phenol-
degrading strains prove the presence of phenol in the pristine Altai environments a priori unexposed to modern 
industrial pollution. No other bacterial strains characteristic of industrial contamination were found. The final results 
support the assumption that some key enzymes used for the biodegradation of modern xenobiotics did apparently not 
develop in the reaction to the modern industrialization and the related anthropogenic pollution, but may occur in their 
natural forms promoting degradation of various chemical compounds derived from decomposing organic matter (plant 
tissue, etc.) (CHLACHULA et al., 2002). 

 

 
 

Figure 2. The Jazovoye Ozero Lake setting, representing a unique 
pristine Altai ecosystems, Katon-Karagay National Park, East 

Kazakhstan. / Figura 2. Aşezarea Lacului Jazovoye Ozero, 
reprezentând un ecosistem unic şi nepoluat din Altai, Parcul 

Naţional Katon-Karagay, Kazahstanul de Est. 

 

Figure 3. The Bukhtarma Valley, Southern Altai, East 
Kazahstan. / Figura 3. Valea Bukhtarma, sudul Altaiului, 

Kazakhstanul de est. 

 

 
 

 

Figure 4. 3D-visualisation of relief (GIS) based on altitude, slope orientation, slope gradient and solar insolation  
(Uryl district, East Kazakhstan) (by M. Hovorkova). / Figura 4. Reprezentarea 3D a reliefului (GIS) realizată pe baza altitudinii, 

orientării versanţilor, pantelor şi insolaţiei (districtul Uryl, Kazahstanul de Est) (de M. Hovorkova). 
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Other complex environmental studies focused on the present natural (geo-hazard) as well as on industrial 
ecology risk assessment with the following conclusions: 

1. The present environmental risks and natural hazards in the broader area of Southern Altai should be 
regularly monitored and/or to some degree directly effectively regulated in the context of environmental management 
and socio-economic development. 

2. The main natural risks (geo-hazards) linked to present global warming include desertification, increased 
fragility of vegetation cover, progressive salinization of seasonally water-saturated semi-arid areas, progressing soil 
erosion due to mechanical stress, disturbed slope / bedrock balance, seasonal storm floods and pedogenic degradation 

3. The main anthropogenic risks that can be controlled represent forest fires, overgrazing by domestic animals, 
over-exploitation of forest resources, unregulated tourism, surface and ground water contamination by industrial toxic 
and radioactive waste. 

4. Geological and palaeoenvironmental records (loess sections and biotic databases) may be used as highly 
climatically susceptible multi-proxy tools for the reconstruction of past and present climate change as well as for 
climate prognosis on the regional / global scale. 

5. Focus on exploitation of renewable natural resources in accordance with modern ecological management 
represents a vital alternative of effective socio-economic development in both the steppe and mountain areas of the 
Altai-Sayan Eco-Region. 

6. Conclusions of the present pilot Altai studies can be extrapolated into other areas of the continental Eurasia 
with most fragile ecosystems and transitional economies. 

5. Natural Resource Exploitation and Sustainable Socio-economic Development 
The fundamental aims and goals of the biodiversity research are oriented to the practical evaluation of the 

current state of agriculture and the related socio-economic situation, including its feedback on the Altai biotic diversity 
and its long-term perspectives in the trans-border Gorno Altai – East Kazakhstan region. Although the main source of 
information is provided by field research, contact with representatives of local communities is equally important. 
Principal information on the land exploitation and sustainable development plans, programs and priorities can be 
delivered by the official national administrations and ecological interest groups. The summary information on the 
particular geographic areas includes data on the present settlement and administrative structure, land use and the current 
agricultural production (such as crop production, animal husbandry and forestry). Comparison of selected agricultural 
criteria in the monitored areas is provided in respect to the overall economic development in East Kazakhstan and the 
Gorno Altai Republic. The main priorities of the present economic development of the region are linked with the 
support of the private rural economic sector, including production of roe deer (maral) and regulated eco-tourism in 
particular in congruence with the environmental management plans of the principal protected natural areas of southern 
Altai (NP Ukok, Katon-Karagay NP, Katunskiy NP-Zapovednik, Late Markakol Nature Reserve). 

The main aim of the pilot field studies in the Altai was also to characterize and evaluate the current recreation 
use on the territory of the present Ukok Nature Park and the Katon-Karagay National Park, respectively, in view to the 
existing nature conservation and landscape protection regulations, and to make recommendations for promotion of 
sustainable tourism development in particular areas. The fundamental method of primary investigations was a multi-
proxy field research in terms of characterization of the current recreation use of the protected area of KKNP and 
definition of its main features and future priorities. Terrain evaluations were completed by personal contacts and 
interviews with local participants (stakeholders) - managers of protected areas, rangers, local people, as well as tourism 
operators providing visitor services. The objective was to define specific aspects concerning the present offer of 
services for park visitors, receive a feedback from local people about their ideas, priorities and perspectives of socio-
economic development of the protected areas, and about the future direction and preferences of recreation use in both 
Gorno Altai and East Kazakhstan. Main opportunities (strengths) and threats (weak points) for the sustainable tourism 
development in this border region were defined for each area separately and are up-dated. Especially the Kosh-Agach 
region is presently experiencing a dramatic and steady increase influx of both organized and individual tourists in the 
formerly closed and  now accessible border zone, particularly (but not exclusively) responding to the establishment of 
the Ukok Nature Park in 2007. Identification of the basic long-term principles of a modern and sustainable tourism-
development strategy and decisive indicators for conservation of the original pristine natural habitats of the Altai, their 
geographical range as well as overall quality is of major relevance to keep up with the increasing pressure due to the 
expanding and uncontrolled mass tourism. On the other hand, the local communities should profit from the influx of 
visitors directly (financial income) and indirectly (access road construction and improvement of infrastructure supported 
by the central government economic development programs where tourism plays the key role). Except for commercial 
tourism, the unique Altai nature offers unique possibilities for ecology educational courses and programs at all levels of 
the public and state sector, including university and joint international educational initiatives. 

 
CONCLUSIONS 

 
The present research results show a major potential for future systematic ecology studies as a part of complex 

natural monitoring and management strategy of protected areas of Eastern Kazakhstan, but also a limited impact of 
modern human activity on the quality of local water sources with only minor ecological risks resulting from the 
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traditional lifestyles of pastoralist communities. The Southern Altai is bio-geographically unique and belongs in respect 
to its peripheral geographic location to the least biotically investigated parts of central Asia. Application of modern 
technologies (satellite images, aerial vegetation mapping, GIS, or specific biological monitoring approaches, such as 
RFIT) shows new innovative ways of collecting and processing of biotic and contextual abiotic data related to 
environmental monitoring and complex ecosystem studies. Except for documenting taxonomically described species, 
the new techniques can provide a major assistance in the study of poorly known and/or so far non-described taxa of 
(lower) plants and small animals in the context of the local flora and fauna composition as well as the on-going 
environmental transformations. Fusion of the regionally assembled biodiversity databases can contributed to a better 
understanding of the main aspects of the Altai trans-border ecosystem functioning, including a year-around migration of 
particular species within single geographic sites in terms of the overall biotic community composition,  its food-
procurement hierarchies, mobility range, etc., in reflection to the pronounced seasonality and present global climate 
change. Necessity for protection of particular localities hosting the most endangered species is a strong argument for 
discussions about anthropogenic use of the corresponding biotopes. 

The focus of future ecology activities based on the present experience should include: 
- systematic documentation of the southern Altai ecosystems with a terrain reconnaissance of the principal 

study areas; revision and completion of the present biodiversity databases; 
- evaluation of the current environmental management, particularly on the territory of Katon-Karagay NP, 

definition of new approaches for improvement of nature protection strategies,  implementing modern technologies and 
methods; 

- application of innovative techniques (e.g., RFIT) can be systematically implemented in biodiversity 
investigations in the Altai area and may entail various geographical locations and specific topographic zones with the 
widest range of particular (and selected) faunal species;  

- advanced technical and personal support in the frame of the structural development of the state institutions, 
including transfer of methodical know-how and GIS databases; 

- establishment of eco-bases for research, training and educational purposes; 
- support of international cooperation (the multi-proxy Quaternary ecology, biodiversity and social studies), 

conservation of the Altai natural heritage in view of sustainable development. 
Implications of multidisciplinary (geo-/bio-/eco-) field investigations, monitoring the present landscape 

transformations in respect to climate change, should add to an adjustment of the national environmental protection 
policies, management of the local sustainable development and state regulations in the economic exploitation of natural 
resources. A systematic geo-contextual approach in biodiversity investigations based on detailed geology/ geography 
and climatic studies in association with biological and socio-economic environmental aspects and priorities can be 
ultimately used for the improvement of the existing concept of biodiversity protection and conservation of the most 
fragile ecosystem in the broader Altai area. An exact and systematic monitoring of a seasonal as well as an annual 
spatial distribution and a particular floral and faunal species variety in its pristine natural environment is one of the key 
issues of the modern and multidisciplinary-oriented biodiversity-preservation strategy that can significantly contribute 
to a long-term Altai biodiversity protection and local environmental risk management. Modelled analyses of the 
regional / national park GIS databases can further redound to creation and a subsequent implementation of a uniform 
trans-border Altai biodiversity protection strategy based on an effective assessment of the specific mountain and 
parkland-steppe ecosystems as well as an optimal planning of the socio-economic progress.  
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PROTECTION OF THE AVIFAUNA FROM THE DANUBE  
FLOODPLAIN IN CALAFAT – THE JIU SECTOR (DOLJ COUNTY, ROMANIA) 

 
 

                                                       RIDICHE Mirela Sabina 
 

Abstract. The study synthesizes qualitative data regarding avifauna from the main important bird areas (IBA) from the Danube 
Floodplain, between Calafat and the Jiu. On one hand, there are presented the ecologic type of the bird species, their distribution in 
the main IBA and the IBA designation criteria and on the other hand it is pointed out the protection statute of each species, according 
to national and international legislation. In the territory studied by us, there were identified three IBA that were designated as special 
avifaunistic protection areas (ASPA), integrated through H.G. No. 1284 / 24.X.2007 in Nature 2000 sites network. These are the Jiu - 
the Danube Confluence (ROSPA0023), Bistreţ (ROSPA 0010), Calafat - Ciuperceni - the Danube (ROSPA 0013). For ASPA Bistreţ 
we propose the extension from the actual surface of 1,916 ha to a surface of 21,552 ha, from the eastern point with 43º49'35''N 
23º45'35''E coordinates to the western one 43º51'12''N 23º14'44''E. The scientific arguments, for which we consider necessary the 
ASPA extension, consist in the fact that the proposed territory is important for the nesting, shelter and food supply of many aquatic 
and terrestrial species of European interest, used as criteria for IBA and ASPA designation. 

 
Keywords: protection, birdfauna, the Danube Floodplain. 

 
Rezumat. Protecţia avifaunei din Lunca Dunării, în sectorul Calafat - Jiu (judeţul Dolj, România). Lucrarea 
sintetizează date calitative privitoare la avifauna din principalele arii de importanţă avifaunistică (AIA) din Lunca Dunării, dintre 
Calafat şi Jiu; sunt prezentate pe de o parte tipul ecologic al speciilor de păsări, distribuţia acestora în principalele AIA şi criteriile de 
desemnare a AIA, iar pe de altă parte  este evidenţiat statutul de protecţie al fiecărei specii, în conformitate cu legislaţia naţională şi 
internaţională. În teritoriul investigat de noi au fost identificate trei arii de importanţă avifaunistică (AIA) şi desemnate ca arii de 
protecţie specială avifaunistică (APSA), integrate prin H.G. nr. 1284 / 24.X.2007 în reţeaua de situri Natura 2000; acestea sunt:  
Confluenţa Jiu - Dunăre (ROSPA0023), Bistreţ (ROSPA 0010), Calafat - Ciuperceni - Dunăre (ROSPA 0013). Pentru APSA Bistreţ 
propunem extinderea de la actuala suprafaţă de 1.916 ha la o suprafaţă de 21.552 ha, respectiv de la punctul estic cu coordonatele 
43º49'35''N 23º45'35''E  la punctul vestic 43º51'12''N 23º14'44''E. Argumentele ştiinţifice pentru care considerăm necesară extinderea 
APSA rezidă din faptul că teritoriul propus este important pentru cuibăritul, refugiul şi hrana multor specii acvatice şi terestre de 
interes european, folosite drept criterii pentru desemnarea AIA şi APSA.        
          
Cuvinte cheie: protecţie, avifaună, Lunca Dunării. 

 
INTRODUCTION 

 
As a result of the embanking, draining and rearranging of the lands from the second half of the 20th century, 

the landscape from the liable to inundation part of the floodplain, between Calafat and the Jiu, has been modified 80-
90%. The old morphology of the Danube Floodplain (with huge accumulations of mobile and immobile sands, with a 
chaotic relief of dunes placed in fascicles with depressions and marshy basins among them) preserved only in the non-
embanked Ghidici - Ciuperceni sector.  

Here, the permanent swamps Ciuperceni, Arcer, Lata, Ţarova are still natural with vast reed beds and mixed 
woods with spontaneous vegetation, productive pastures, hayfields and steppe lawns with vegetation specific to sands. 
The rest of the territory, between Ghidici and the Jiu, was subject to the construction of the protection embankment of 
the Danube which was accompanied by blurry workings of the lowland areas, dishevelment workings of the landforms, 
change of former fields in agro-ecosystems, deforestation and replantation with acacia and poplar, climaxing with the 
disappearance of Rast lake and the reduction of Bistreţ - Cârna - Nasta - Nedeia complex with a surface of about 22,000 
ha to a fishing farm of about 2,000 ha. 

Although, they are modified and reshuffled a lot, the ecosystems from the Danube Floodplain, between Calafat 
and the Jiu present a large scientific interest triggered by its geographical, hydrographical, pedological, climatological, 
flora and fauna particularities.  

The ornithological importance of this territory consists in the fact that this is the route of migration of birds that 
fly along the river. The habitats from the sector Calafat - the Jiu, especially the aquatic ones, are points of great 
concentration of the migratory birds of world and European interest (RIDICHE & MURARIU, 2009; RIDICHE & KISS, 
2011).  

The program of identification of the avifauna areas, initiated by the BirdLife International and launched in our 
country in 1994 by the Romanian Ornithological Society (R.O.S.), was the premise of our study, regarding the 
inventorying and knowing of the distribution and dynamics of the bird species in the environment between Calafat and 
the Jiu. Our observations from 1995-1997 have contributed to the designation of Bistreţ wetland as IBA (IBA RO 036), 
statute certificated by R.O.S (***1997) and by BirdLife International (HEATH & EVANS, 2000; BirdLife International, 
2001). 

After that, as a result of the documentations published by MUNTEANU (2004) and PAPP & FÂNTÂNĂ (2008), it 
is completed the IBA list, so that in the limits of the floodplain segment studied by us, there are two distinct areas 
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Calafat - Ciuperceni - the Danube (RO111) and the Jiu - the Danube Confluence (RO113) and it is reconfirmed IBA 
Bistreţ (RO112); in the latest volume, IBA Bistreţ is written with RO112 code. 

  In order to sustain the conservation of the avifauna from these areas, the most important ones have been 
integrated in Nature 2000 network sites, being designated Areas of Special Protection Avifauna (ASPA) through H.G. 
No. 1284 / 2007 (Fig. 1).  

ASPA Calafat - Ciuperceni - the Danube (ROSPA 0013) has a total surface of 29,024 ha and includes the 
complex of aquatic, semiaquatic biotopes and terrestrial biotopes and from the non-embanked segment of the Danube 
Floodplain, from the south of Calafat - Ciuperceni - Desa - Poiana Mare - Piscu Vechi - Ghidici till the Danube - the 
sector included between the 760-714 river km. On the territory of the site, there are three protected natural areas of 
national interest (Ciuperceni - Desa, Lata Swamp, Black Swamp), declared through Law No. 5 / 2000 (RIDICHE 2008; 
RIDICHE et al., 2010). 

ASPA Bistreţ (ROSPA 0010) includes the lake with the same name, with a total surface of 1,916 ha, being 
situated in the south of Dolj County (43º51'N 23º36'E), at about 4-5 km from the Danube, the access in the wet area 
being done through Calafat - Corabia road, along the Danube, with halts in every point from Bistreţ, Plosca and Cârna. 

Bistreţ Lake represents the largest water stretch from the Danube Floodplain between “Porţile de Fier” and the 
Olt River mouth, and it is the result of the systematization of the old natural lakes from the Danube Floodplain (COTEŢ, 
1957). The source of water of the lake is the Desnăţui River and the drainage of water towards the Danube is made 
through Bârzogârla Channel (4-5 km). 

The actual aquatic surface is arranged after fish working criteria, being divided through transversal 
embankments in six main basins that communicate between them through channels.  

In Nature 2000 site there are included only the basins I-IV, but in our scientific intercessions, we propose the 
extension of the site on a surface of 21,552 ha, from the eastern point with the coordinates 43º49'35''N 23º45'35''E to the 
western point 43º51'12''N 23º14'44''E  (Figs. 2 and 3). In the perimeter of the area proposed by us, there are the west, 
western basins of the lake, Călugăreni Swamp, the adjacent areas of the protection embankment of the Danube 
Floodplain and the meadow area of Rast, covered before systematization by Rast Lake, which is the communal pasture, 
today; in the east and south  -  the territories of the ex-complex Bistreţ - Cârna - Nasta - Nedeia to the Danube, on which 
there are abandoned agricultural lands, old hills, semi-mobile dunes or sandy lands with xerophilous lawns, orchards, 
acacia woods. The areas included in the limits proposed by us and those proposed by PAPP & FÂNTÂNĂ (2008) represent 
about 4,600 ha and are intensely exploited agricultural surfaces, without ornithological importance. The area that we 
proposed is important for the nesting, shelter and food of many terrestrial and aquatic species of European interest, used 
as criteria for IBA and ASPA designation.  

ASPA the Jiu - the Danube Confluence (ROSPA0023) is situated on the Jiu River, in the area where the 
river flows into the Danube and it has a surface of 22,000 ha; the most representatives biotopes of the site are the arable 
lands without irrigation (42.2%), deciduous forests (20.4%), pasture (11.8%) and wet areas (water - 7.2%, marshes - 
6.5%); in the west of ASPA, there is a surface of about 550 ha with strong salty lands, from which 4 ha have been 
included in the list of protected areas (Law No. 5/2000), under the name of “Pajiştea halofilă Gighera”; this pasture is 
placed in a embanked area, coming through draining channels, where the water table oscillates between 0.2 and 1 m and 
the water has a high content of aerated salt, chlorides and sodium. The statute of this area allows the protection of the 
plant species and animals adapted to this type of habitat. Vegetal associations met on these salty lands or in their 
neighbourhood include some very rare species for our country flora (Trifolium subterraneum, T. orithopodioides) or 
less rare species (Salicornia herbacea, Hordeum hystris, Chara fragilis, Lemna minor, L. gibbo, Pholiurus pannonicus, 
Heleocharis palustris, Juncus gerardi etc.) - LAZĂR  et al., 2001. 

For IBA designation it has been taken into account, especially the endangered bird (A1 criterion), species with 
limited distribution in a biome (A3 criterion), migratory gregarious species during the passage, nestling or in 
hibernation period (A4 criterion), gregarious species of European importance (B1 criterion), species with an 
unfavourable conservation statute in Europe, species in numerical decline, vulnerable, rare or with limited nestling areas 
(B2 criterion); B3 criteria represents the species with a favourable conservation statute, but concentrated in Europe. 
Some species may represent many IBA criteria, for example Pelecanus crispus is a gregarious species with an 
unfavourable conservation statute in Europe and endangered in the world. 

 
MATERIAL AND METHODS 

 
The avifaunistic list was written on the basis of the research and observations made by us in this area, starting 

with 1995 up to present and on the basis of the ornithological material drawn and preserved in the Museum of Oltenia 
patrimony (RIDICHE, 1999, 2004, 2007a, 2007b, 2010; RIDICHE & BĂLESCU, 2001; RIDICHE & ORZAŢĂ, 2004; RIDICHE 

& LICURICI, 2009; RIDICHE et al., 2006). The systematic order of the bird species was made after SZABÓ-SZELEY & 

BACZÓ (2006). The IBA designation criteria were taken after MUNTEANU (2004) and the protection statute of the 
species was established after the present legislation. In order to draw the maps regarding the special avifaunistic 
protection, we used Arc G.I.S. 9.3 program.  



Muzeul Olteniei Craiova. Oltenia. Studii şi comunicări. Ştiinţele Naturii.  Tom. 27, No. 1/2011             ISSN 1454-6914 

 

181 
 

 
 

Figure 1. The areas of special avifaunistic protection (ASPA) from the Danube Floodplain, the sector Calafat - the Jiu. 
Figura 1. Ariile de protecţie specială avifaunistică (APSA) din Lunca Dunării, sectorul Calafat - Jiu. 
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Figure 2. IBA limits, extension proposal of the ASPA and the existent ASPA. 

Figura 2.  Limite AIA, propunere extindere APSA şi APSA existent. 
 

 
 

Figure 3. Topographical map with IBA Bistreţ limits and ASPA proposal of extension. 
Figura 3. Harta topografică cu limitele AIA Bistreţ şi propunerea de extindere APSA. 
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RESULTS AND DISCUSSIONS 
 

In Table 1 it can be seen: the avifauna list inventoried by us, the ecological types of bird species, the way of 
distribution in the sites of the studied territory, the AIA designation criteria and the protection statute of bird species 
both at national and European level.  

The data gathered in the table may contribute to the improvement of the standard sheets of Nature 2000 sites 
that we referred to, through updating the list of species used for ASPA designation and at the same time it may stay 
contribute to the development of the managerial plans for the maintenance of the avifauna diversity.  

A synthesis of the results regarding the qualitative and quantitative distribution of bird species in AIA/ASPA 
from the studied territory is rendered in figure 4. 

 

 
 

Figure 4. The graphic representation of the avifauna in IBA/ASPA, depending on the ecologic type. 
Figura 4. Reprezentarea grafică a avifaunei în AIA/APSA, în funţie de tipul ecologic. 

 
According to the results from the Fig. 4, we observe: 
1. in Calafat - Ciuperceni - the Danube site, we identify 170 species, that represent 89.47 % from the total 

inventoried avifauna, from these, 76 are aquatic species, 89 are terrestrial species, and 5 are eurytopic species. 
2. in the area that we propose as IBA, respective ASPA Bistreţ, we have listed 168 species, that represent 

88.42% from the total inventoried avifauna, from these 88 are aquatic species, 76 are terrestrial species and 4 are 
eurytopic. A large number of species of European  interest (ex. Haliaeetus albicilla, Buteo rufinus, Aquila pomarina, 
Burhinus oedicnemus, Sterna hirundo, Chlidonias hybrida, C. niger, Alcedo atthis, Coracias garrulus, Dendrocopos 
syriacus, Anthus campestris, Ficedula parva, Lanius collurio, etc.) have been identified by us in the west, south and 
south-east surroundings of  Nature 2000 site. These species satisfy at least one of the criteria of IBA designation and 
represent the scientific argument for which we consider necessary the extension, according to the limits previously 
mentioned.  

3. in the Jiu - the Danube Confluence site and in its western neighbourhoods, we have identified 126 species, 
that represent 65.78% from the total catalogued avifauna, from these 34 are aquatic species, 88 are terrestrial species 
and 4 are eurytopic.  

A simple comparison of the way of distribution discloses quality and quantity differences regarding the 
composition of the avifauna in those sites. These differences have been generated by physical-geographic and biotic 
factors: the configuration of the terrestrial and aquatic surfaces, the configuration of the substratum and banks of the 
aquatic basins, hydric regime and floods duration, eutrophication degree of swamps/lakes, the composition of the 
herbaceous and woody, vegetal associations, the quality and availability of the trophic sources, the presence of the 
atrophic factors.  

From the aquatic species, the great majority, use trophic resources of the basins from Bistreţ and of the 
swamps and from the easy flooded area (Ciuperceni, Arcer, Lata, Lunga, etc.) and the shelter and nesting places of 
these, while in the Jiu - the Danube Confluence area, the presence of aquatic birds is considerably lower. In exchange, 
the situation is different in the case of the terrestrial species, which are much better represented in the Jiu - the Danube 
Confluence area and in the non-embanked floodplain between Ciuperceni and Ghidici. In these sites, the existence of 
the mixed woods and coppice on more extended areas determines a bigger density and a more intense frequency of 
some species: Accipitriformes, Falconiformes, Columbiformes, Strigiformes, Coraciiformes, Piciformes, Passeriformes 
Orders (Turdidae, Sylviidae, Muscicapidae, Paridae, Laniidae, Fringillidae, Emberizidae Families). At the same time, 
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the surfaces with wet pastures from these two sites, which are more isolated and less exposed to the anthropogenic 
factor, are determinant for the presence of Crex crex, which is a relatively rare summer guest in the mentioned areas. 

From the point of view of the criteria used for the IBA designation, the situation is presented in this way (Fig. 5). 
 

 
 

Figure 5. The distribution of the bird species qualified for IBA from the Danube Floodplain, in Calafat - the Jiu sector. 
Figura 5. Distribuţia speciilor de păsări calificative pentru AIA din Lunca Dunării, în sectorul Calafat - Jiu. 

 
 A1 criterion species have the best representation in Bistreţ site - 6 species: Anser erythropus, Branta ruficollis 

accidentally winter guests, Pelecanus crispus - passage species, relatively constant and sometimes numerous, 
Phalacrocorax  pygmaeus - numerous in passage and Aythya nyroca - summer guest, frequently nesting, Haliaeetus 
albicilla - rare species looking for food; in Calafat - Ciuperceni - the Danube site, we identified 4 species in danger in 
the world (Phalacrocorax pygmaeus and Aythya nyroca, frequently nesting, rare Haliaeetus albicilla and Crex crex - 
summer nesting guest, but less frequent), three of these (Phalacrocorax pygmaeus, Haliaeetus albicilla, Crex crex) 
being found as nesting species in the Jiu - the Danube Confluence area, at which it is added Pelecanus crispus. 

A3 criterion species are 8 in Bistreţ site (4 winter quests and/or passage species - Anser albifrons,  A. 
erythropus, Mergus albellus, Buteo lagopus and 4, exclusively passage species: Pluvialis squatarola, Calidris minuta, 
C. temminckii, Tringa erythropus), 5 in ASPA Calafat - Ciuperceni - Danube (Anser albifrons, Mergus albellus, Buteo 
lagopus, Calidris minuta, Tringa erythropus) and in ASPA the Jiu - the Danube Confluence we have noticed the least 
species with restrictive biome (Anser albifrons,  Buteo lagopus), noticed in passage or as winter guests.  

A4B1 criterion species are the best representative category in Bistreţ site (87 species) and Calafat - Ciuperceni 
- the Danube site (76 species) while in the Jiu - the Danube Confluence site, we have identified 43 species. This 
category includes the majority of the aquatic birds (Podicediformes, Pelecaniformes, Ciconiiformes, Anseriformes and 
Charadriiformes Orders) and some terrestrial species (Accipitriformes, Falconiformes, Coraciiformes - Merops apiaster 
and Passeriformes - Riparia riparia Orders). The most numerous concentration of these species is in spring - autumn 
passage period, especially in Bistreţ site; some species form nesting colonies in the habitat of the studied area 
(Phalacrocorax pygmaeus, Nycticorax nycticorax, Ardeola ralloides, Egretta garzetta, Platalea leucorodia, Glareola 
pratincola, Himantopus himantopus, Recurvirostra avosetta, Vanellus vanellus, Tringa totanus, Larus ridibundus, 
Sterna hirundo, S. albifrons, Chlidonias hybrida, C. niger, Merops apiaster, Riparia riparia),  and others (especially 
Anatidae and Phalacrocoracidae) make constant crowds during winter with bigger or smaller effectives depending on 
the existent climatic conditions and on the availability of trophic resources.  

Criterion B2 species are equally distributed in Calafat - Ciuperceni - the Danube site (63 species, from which 
28 are aquatic, 32 are terrestrial and 3 are eurytopic) and in Bistreţ (64 species, from which 32 are aquatic, 29 terrestrial 
and 3 are eurytopic), while in the Jiu - the Danube Confluence site, we identified 49 species, disadvantaged from the 
point of view of conservation in Europe; from these, 15 are aquatic, 31 are terrestrial and 3 are eurytopic.  

Some species of criterion B2 frequent with equal or different intensity all the sites from the studied territory: 
the majority of the Ciconiiformes (Ixobrychus minutus, Nycticorax nycticorax, Ciconia sp., Plegadis falcinellus and 
Platalea leucorodia), the majority of the diurnal birds of prey (Circus cyaneus, Buteo rufinus, Aquila pomarina, F. 
tinnunculus), galinacee (Perdix perdix, Coturnix coturnix), some waders birds (Philomachus pugnax, Scolopax 
rusticola, Numenius arquata, Tringa totanus, T. glareola), some Lariformes (Larus minutus and L. canus) and Sternide 
(Sterna albifrons, S. hirundo), Streptopelia turtur, Cuculus canorus), Strigiformes (Tyto alba, Otus scops, Athene 
noctua), Coraciiformes (Alcedo atthis, Merops apiaster, Coracias garrulus), some Piciformes (Picus viridis, 
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Dendrocopos syriacus) and Passeriformes (Galerida cristata, Alauda arvensis, Riparia riparia, Hirundo rustica, Anthus 
campestris, Phoenicurus phoenicurus, Hippolais sp., Muscicapa stiata, Ficedula parva, Lanius sp., Emberiza 
hortulana). Others have been identified by us only in the wet areas and their surroundings from Bistreţ and Calafat - 
Ciuperceni - the Danube sites (Botaurus stellaris, Ardeolla ralloides, Ardea purpurea, Anas strepera, A. acuta, A. 
querquedula, Mergus albellus, Falco columbarius, Himantopus himantopus, Recurvirostra avosetta, Charadrius 
alexandrinus, Calidris alpina, Limosa limosa, Chlidonias hybrida, C. niger); some species of B2 criterion have been 
identified only at Bistreţ (Pelecanus onocrotalus, Glareola pratincola, Calidris ferruginea, Sterna caspia) or in the 
mixed woods from the Jiu - the Danube Confluence area and in Calafat - Ciuperceni - the Danube Flooded area (Falco 
vespertinus, Jynx torquilla, Picus canus şi Dryocopus martius). 

A great number of the populations of B2 species nests in the studied territory.  
B3 criterion species do not have problems regarding the conservation throughout Europe; there have been 

inventoried 66 species in Calafat - Ciuperceni - the Danube site, 32 in Bistreţ area, 47 in the Jiu - the Danube 
Confluence sit. Most of these species belong to Passeriformes and nest in the studied areas.  

From the point of view of protective legislation analysed by us the repartition of the species is rendered in figure 6.  
 

 
 

Figure 6. The graphic repartition of the avifauna from the Danube Floodplain (Calafat - the Jiu sector),  
from the point of view of the protection statute. 

Figura 6. Repartizarea grafică a avifaunei din Lunca Dunării (sectorul Calafat - Jiu),  
din punct de vedere al statutului de protecţie. 

 
- 53 species need measures of conservation regarding the habitat, according to Birds Directive of Europe 

Council; 
- 123 species are strictly protected according to 2nd Annex (AII) and 54 species are protected according to 3rd 

Annex (AIII) from Law No. 13/1993 for Romania adhesion to the Convention regarding the conservation of wildlife 
and natural habitats from Europe, adopted at Berne on 19th September 1979; 

- 4 migratory species with unfavourable state of conservation for which the countries must assure immediate 
protection (AI/1st Annex) and 76 migratory species with unfavourable state of conservation for which the countries 
must assure conservation and management (AII) according to Law No. 13/1998 for Romania adhesion to the 
Convention regarding the conservation of the migratory species from wild animals, adopted at Bonn on 23rdJune 1979; 

- 52 species are written in the 3rd Annex (AIII) of Government Emergency Ordinance No. 57 /2007, according 
to which the conservation of these needs the designation of the special areas of conservation and of avifaunistic special 
protection areas (ASPA); 

- 152 species are forbidden for hunting according to the 2nd Annex (AII) of Law No. 407/2006 - Hunting Law; 
according to the 1st Annex (AI) of Hunting Law, 33 species may be taken from nature, after it is established a quantum 
of compensatory financing by the authorized organisms.  

Some of the species present in the studied areas (Pelecanus onocrotalus, P. crispus, Egretta alba, E. garzetta, 
Platalea leucorodia, Tadorna tadorna, Recurvirosta avosetta, Himantopus himantopus) have statute of Nature 
Monuments and are included in the Red List of vertebrates from Romania (MUNTEANU, 2005). 

Because the great majority of the bird species analysed by us have an unfavourable state of conservation 
throughout Europe and are under the incidence of many laws and of Birds Directive, it is necessary an adequate 
management of protection of the ecosystems from the studied territory, ecosystems included in Nature 2000 sites 
network (*** 2007).  

  



RIDICHE Mirela Sabina 

 

186 
 

CONCLUSIONS 
 
The majority of the bird species from this area represents the subject of the measures of conservation, imposed 

at European level, thus the results of personal research, together with the ones of other specialists lie at the basis of 
identification of  three IBA designated as ASPA (Nature 2000 sits) through H.G. No.1284/24.10.2007. 

We propose and sustain with scientific arguments the ASPA extension to a surface of about 21,552 ha, which 
will assure protection for the species with unfavourable state of conservation, identified outside the Nature 2000 site 
(1,916 ha). 

As far as the qualitative and quantitative distribution of the bird species in IBA/ASPA from the studied 
territory is concerned, we have the following situation: 

- in Calafat - Ciuperceni - the Danube sit, we have identified  170 species, of which 75 are aquatic species, 90 
are terrestrial species and 5 eurytopic species; 

- in the area proposed as ASPA Bistreţ, there are 169 species, of which 89 are aquatic species, 76 are terrestrial 
species and 4 are eurytopic species; 

- in the Jiu - the Danube Confluence area we registered 125 species, of which 33 are aquatic species, 88 are 
terrestrial species and 4 are eurytopic species; 

According to the criteria used for IBA designation, the situation is as it follows: 
- in Calafat - Ciuperceni - the Danube site, we identified 4 species A1 criterion, 5 species criterion A3, 76 

species criterion A4B1, 64 species criterion B2 and 66 species criterion B3; 
- in Bistreţ site and in its surroundings (proposed for their including in Nature 2000) we have identified 6 species 

criterion A1, 8 species criterion A3, 88 species criterion A4B1, 64 species criterion B2 and 32 species criterion B3; 
- in the Jiu - the Danube Confluence site we have identified 3 species criterion A1, 2 species criterion A3, 42 

species criterion A4B1, 48 species criterion B2 and 47 species criterion B3. 
The majority of the bird species analysed by us are under the incidence of national and international laws and 

conventions and of Birds Directive, and this fact implies the adoption of an adequate management of protection of the 
studied area. 

Seven of the studied bird species are Nature Monuments (Pelecanus onocrotalus, P. crispus, Egretta alba, E. 
garzetta, Platalea leucorodia, Tadorna tadorna, Himantopus himantopus).  
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SCIENTIFIC ARGUMENT CONCERNING THE ESTABLISHMENT  
OF NATURAL FOREST RESERVE CURCHI 

 
 

BEGU Adam, LIOGCHII Nina 
 
Abstract. The paper presents an overview of Curchi Monastery natural heritage. The Monastery is situated 49 km from Chisinau and 
14 km from Orhei, on the right side of the Vatici river, Orhei region. The Curchi monastery complex includes 11 secular oak trees, 
dominated  by  the  common oak Quercus robur and the evergreen oak Quercus petraea with ages between 75 and 110 years old,  
three lakes, three springs and a water spring - all surrounded by forests, forming a picturesque landscape. In the forest surrounding 
the monastery we can find numerous species with real scientific value, value expressed by their national and international status of 
protection. Among these: Flower plants - Cephalanthera longifolia, Cephalanthera grandilora, Platanthera bifolia, Neottia  nidus-
avis, Tulipa biebersteiniana, Lilium martagon, Anemone nemorosa, Vinca minor. The  forest shelters and offers favourable living 
conditions for animal species that have the status of nationally and internationally protected species, such as: the wild cat (Felis 
silvestris), the noble deer (Cervus elaphus), the fox (Vulpes vulpes). The beauty and the value of this landscape are completed by the 
floral and animal diversity that have been living for centuries in the forest surrounding the monastery. Species with great scientific 
value expressed by national or international protection status (NEGRU et al., 2002) are Orhidea, Liliacee, ferns, mosses, lichens, 
mammals, birds, insects, etc., appearing on national Red Lists or Annexes of international environmental conventions. 
 
Keywords: Curchi monastery, forest ecosystem, Natural Protected Areas, valuable species. 
 
Rezumat. Argument ştiinţific privind instituirea Rezervaţiei Naturale Silvice Curchi. Lucrarea prezintă rezultatele 
cercetărilor referitoare la patrimoniul natural al Mânăstirii Curchi. Mânăstirea este situată la 49 km de Chişinău şi la 14 km de Orhei, 
pe malul drept al râului Vatici, regiunea Orhei. Complexul Mânăstirii Curchi include 11 arbori seculari de stejar, dominante fiind 
stejarul comun Quercus robur şi stejarul peren Quercus petraea cu vârste cuprinse între 75 şi 110 de ani, trei lacuri, trei izvoare şi o 
fântână - toate fiind înconjurate de păduri, formând un peisaj pitoresc. În pădurea din jurul mânăstirii, putem găsi numeroase specii 
cu valoare ştiinţifică reală, valoare exprimată de statutul lor de protecţie naţional şi internaţional. Printre acestea: plante flori - 
Cephalanthera longifolia, Cephalanthera grandilora, Platanthera bifolia, Neottia nidus-avis, Tulipa biebersteiniana, Lilium 
martagon, Anemone nemorosa, Vinca minor. Locurile de adăpost din pădure oferă condiţii favorabile de trai pentru specii de animale 
care au statut de specii protejate la nivel naţional şi internaţional, cum ar fi: pisica sălbatică (Felis silvestris), cerbul comun (Cervus 
elaphus), vulpea (Vulpes vulpes). Frumuseţea şi valoarea acestui peisaj este întregită de speciile de floră şi faună, care şi-au găsit de 
veacuri habitatul în pădurea limitrofă mânăstirii. Speciile cu o deosebită valoare ştiinţifică, exprimată prin statutul naţional sau 
internaţional de protecţie (NEGRU et al., 2002) sunt orhidee, liliacee, ferigi, muşchi, licheni, mamifere, păsări, insecte etc., care 
figurează pe Listele Roşii naţionale sau Anexele Convenţiilor internaţionale de mediu.  
 
Cuvinte cheie: Mânăstirea Curchi, ecosistem forestier, Arie Naturală Protejată, specii valoroase. 

 
INTRODUCTION 

 
Harmonious blending of natural environment with cultural and historic is one of the Republic of Moldova 

prerogatives for sustainable development and a basic principle of the European Landscape Convention , Florence, 2000. 
Among cultural - historical objects of the country, a particular value presents the Monastic Complex Curchi, located 
within the Codri Orhei, 49 km from Chişinău and 14 km from Orhei, on the right side of the Vatici river. Being a 
cultural formation, Curchi monastery, together with its churches and adjacent buildings, encloses several secular oaks, 
three lakes, three springs and a well. 

Throughout history, Curchi monastery has inherited some forest land. Being an integral part of the local 
landscape, it is normal that the forest surrounding the monastery to be protected together with all other objects from the 
monastic complex composition. The beauty and value of this landscape is complemented by species of flora and fauna, 
which found their habitat in the forest near the monastery since old times.  

Once the buildings within the complex have started to be renovated, there emerged the necessity to look for 
possibilities to protect the secular trees located within the renovation perimeter as well as in the adjacent forest areas. In 
addition to the 3 protected oak trees located within the church yard and 5 located within the former monastic estate, 
there are other protected oak trees (3 trees - parcel 52/4, 1 tree - parcel 26/7) [9], but also valuable trees of Cerasus 
avium (L.) MOENCH, Fraxinus excelsior L., Tilia cordata MILL. and various species of herbal plants and animals with 
national, regional and international protection status.  
 

MATERIAL AND METHODS  
 

The flora and fauna study of the adjacent forest was carried out during 2007 - 2009, seasonally, both in field 
conditions - by going through diagonally the investigated parcels and sub parcels area and in the laboratory - with 
microscopes MBS-10, Micmed-5, specialized flora and fauna books (BEGU et al., 2005; IVAN & DONIŢĂ, 1975; 
GHEIDEMAN, 1975; SIMONOV, 1978; MUNTEANU & LOZAN, 2004; GROSSU, 1986). Floristic diversity was investigated 
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during the vegetation season based on the routing method. Plant species that could not be determined in the field were 
herborized. Phytocenotic diversity was investigated according to BRAUN-BLANQUET (1964). 

A registry of representative species and vegetation sectors together with their current state was developed. 
Valuable species have been identified according to the book: Rare plants from spontaneous flora of the Republic of 
Moldova (NEGRU et al., 2002), the Red Book of Republic of Moldova and annexes of environmental conventions to 
which Republic of Moldova is party. The “Passport” of the adjacent forest sector proposed for protection was developed 
in accordance with the model approved by the national central environmental authority (POSTOLACHE et al., 2004). The 
scheme of the forest sector proposed for protection was drawn by delimiting parcels and indicating the location of 
registered valuable species. 

 
RESULTS AND DISCUSSIONS 

 
After evaluation of the environmental status of the forest sector near the monastery Curchi was found that parcels 

37, 38, 39, 51, 52, 53 present various flora and fauna species diversity, among which there are many valuable species: rare, 
i.e. included in the Red Book as well as in the annexes of International Environmental Conventions (Fig. 1). Being part of 
a common landscape, it is normal that the forest around the monastery to be protected together with all other objects in the 
composition of the monastic complex. 

  

 
 

Figure 1. The project - scheme of Natural Forest Reserve Curhi (original).   
Figura 1. Proiect-schemă a Rezervaţiei Naturale Silvice Curchi (original). 

 
Dendroflora. The study of the forest sector under investigation revealed a lush and well-developed spectrum 

of both arboreal species and herbaceous plants. Dominant tree species are Quercus petraea L. ex LIEBL. and Quercus 
robur L., especially in parcel 50 and 53 and sub parcels 38B, 39A, 40A, trees of about 75-110 years old and a coverage 
ratio of 0.8. Parcels 51, 52, 37 and sub parcel 40C are dominated by Fraxinus excelsior L. of about 50, 75 and 100 years 
old and the coverage ratio is from 0.7 to 0.8 what is characterized by a good vitality; the sub parcels 38A and 41B is 
dominated by Carpinus betulus L., of about 80-110 years old, which occupy 30% of all investigated sectors providing a 
coverage ratio of 0.7 to 0.9. Among the sub dominant species there have been recorded Tilia cordata MILL., which 
occupies 30% of the parcel 51 and 20% of the sub parcel 40 C. This tree is found in the other parcels as well (38, 40, 
41, 50, 52, 53) but with a lower ratio (10%). Among other species there were registered: Acer platanoides L., Cerasus 
mahaleb (L.) MILL., C. avium (L.) MOENCH, and among bushes: Cornus mas L., Sorbus torminalis (L.) CRANTZ, 
Viburnum lantana L., Sambucus nigra L., Crataegus curvisepala LINDM., Staphylea pinnata L., Euonymus verrucosa 
SCOP., E. europaea L., Corylus avellana L., etc. Lianas common to deciduous forest were also registered: within the 
forest - Hedera helix L. and on the out skirt - Clematis recta L.  

Carpet grass is well developed, especially at the base of the slopes, which are rich in Melampyrum 
nemorosum L., Hieracium pilosella L., Viola mirabilis L., Isopyrum thalictroides L., Veronica chamaedrys L., Poa 
sylvicola GUSS., etc. 

Under the canopy of trees predominant are: Mercurialis perennis L., Dentaria bulbifera L., Anemonoides  
ranunculoides (L.) HOLUB., Scilla bifolia L., Corydalis solida (L.) CLAIRV., Stellaria holostea L., Geum urbanum L., 
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Primula veris L., Polygonatum latifolium MILL., Arum orientale BIEB., Ficaria verna HUDS., Asarum europaeum (L.), 
Tulipa biebersteiniana SCHULT. et SCHULT. fil., Convallaria majalis L., Alliaria petiolata (BIEB.) CAVARA et GRANDE, 
Dentaria bulbifera L., Allium ursinum L., etc.  

Around the water spring the following species were registered: Phragmites australis (CAV.) TRIN. ex STEUD., 
Iris pseudacorus L, Ranunculus cassubicus L., Alisma plantago-aquatica L., Calamagrostis arundinacea (L.) ROTH, 
Lilium martagon L., Cephalanthera longifolia (L.) FRITSCH, Equisetum telmateia EHRH., Equisetum hyemale L., etc. 

Around many predominant and sub predominant trees there is often a layer of mosses, in particular: Leskea 
polycarpa HEWD. and Amblystegium serpens WHREAS, the stems of the trees are preferred habitats of many lichens 
species: Graphys scripta (L.) ASH, Parmelia sulcata TAYL., Parmelia caperata (L.) ASH, Physcia stelaris (L.) NYL., 
Hypogimnia physodes (L.) NYL., Xanthoria parietina (L.) TH. FR., etc. These organisms are good bioindicators in 
assessing the quality of the environment.   

Fauna. Based on nests near the ponds and traces of marking the territory as well as consultation with forest 
workers, we can confirm the presence of the following species of animals: Sus scrofa (LINNAEUS 1758), Cervus elaphus 
(LINNAEUS 1758), Capreolus capreolus (LINNAEUS 1758), Vulpes vulpes (LINNAEUS 1758), Felis silvestris (SCHREBER 
1777), Meles meles (LINNAEUS 1758), Talpa europaea (LINNAEUS 1758), Ciconia ciconia (LINNAEUS 1758), Falco 
columbarius (LINNAEUS 1758), Accipiter gentilis (LINNAEUS 1758), Helix pomatia (LINNAEUS 1758), Marumba 
quercus DENIS & SCHIFFERMULLER 1775, etc.  

The species with a national and/or international protection status present a specific scientific value. Thus, the 
parcels 37, 38, 39 and 51, 52, 53 are quite rich in valuable species. For instance, the following species with national and 
international status of protection have been recorded in parcel 37: Cephalanthera longifolia (L.) FRITSCH and C. 
grandiflora MILL. which are rare species, category III of rare species, included in RBRM, protected species by the 
Convention on International Trade in Endangered Species of Wild Fauna and Flora (Washington 1973); Platanthera 
bifolia (L.) RICH. and Neottia nidus-avis (L.) RICH. rare species in Moldova, namely categories II and VIII of rarity. 
These species have also international protection status and are included in the Red Book of Ukraine, the Romanian Red 
List and the Annex of Washington Convention (1973). Species as well rare with Class IV and VIII are Tulipa 
biebersteiniana SCHULT. et SCHULT. fil., respectively Lilium martagon L., the first being included in the RBU and the 
second one even in the European Red List. Curchi forest serves as a good habitat for the conservation of such species as 
Cerastium arvense L., which is indicated as a mesoxerophilous species, encountered rarely and reported only in the 
northern part of the country (Briceni, Soroca). Within the parcel 51 among all the listed species additionally we mention 
Staphylea pinnata L.- a rare species both within our country as well as in Ukraine, thus included in the Red Book of 
Ukraine, and within parcel 39 - Anemonoides nemorosa (L.) HOLUB.: a vulnerable species, with category III of rarity 
and Vinca minor L.: a rare species, with endangered species status. Platanthera bifolia (L.) RICH. found a favourable 
habitat with parcel 38. This species is protected by state, category II, with rare and endangered species status. The value 
of this species is also acknowledged by its international status of protection – and its inclusion in the RBU, the RLR and 
in the Annex of Washington Convention (1973). Among the rare species of the studied forest sector there were 
registered the following plants: Pulmonaria officinalis L. (parcel 52); Calamagrostis canescens (WEB.) ROTH and 
Convallaria majalis L. (parcel 53), etc. Within parcels 52 and 39 there was registered Allium ursinum L., a rare species 
within the borders of our country as well included in the RBU. Here, the plant forms a dense covering within the 
mentioned parcels.  

In the forest sector, along with valuable plant species there were registered animals with national and 
international protection status, such as Felis silvestris (SCHREBER 1777), a species with category III of rarity, included 
in the RBRM as an endangered species, protected as well by the Convention on the Conservation of European Wildlife 
and Natural Habitats (Bern, 1979) and the Convention on International Trade in Endangered Species of Wild Fauna and 
Flora (Washington, 1973); Cervus elaphus, with class VIII of rarity, protected nationally but also by internationally, i.e. 
Convention on the Conservation of Migratory Species of Wild Animals (Bonn, 1979) and the Washington Convention; 
Vulpes vulpes, with class VIII of rarity and protected as well by the Washington Convention. Common for the 
investigated forest is Capreolus capreolus, included on the European Red List and Helix pomatia (LINNAEUS 1758), 
protected by Bern Convention, which was registered in all the investigated parcels of the forest.  

Secular trees and bushes species, herbaceous plants and valuable animal species is the scientific rationale 
behind the foundation of a state protected area around the monastery. Presented scientific arguments build the grounds 
for conferring the forest sector near Monastery Curchi (parcels 37, 38, 39, 51, 52, 53, total area 330 ha) a Natural Forest 
Reserve status.  

 
CONCLUSIONS 

 
The forest sector near Monastery Curchi (parcels 37, 38, 39, 51, 52, 53) represents an important habitat for 

many species of flora and fauna of national, regional and international protection status including: 11 secular oak trees, 
dominated by the common oak Quercus robur and the evergreen oak Q. petraea with ages between 75 and 110 years 
old,  Staphylea pinnata, Cephalanthera longifolia, Cephalanthera grandiflora, Platanthera bifolia, Neottia nidus-avis, 
Tulipa biebersteiniana, Lilium martagon, Anemone nemorosa, Allium ursinum, Felis silvestris, Cervus elaphus, Vulpes 
vulpes, Meles meles, Helix pomatia, Marumba quercus and others.  
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The water in the studied lakes is of quality class III and IV in the surface waters classification with a moderate 
hardness and polluted with organic substances. The spring water is transparent, non-coloured and without odour, but 
with a high hardness. 

The establishment of a protected area under the category Natural Forest Reserve will contribute to the 
conservation of trees, shrubs, herbaceous plants and rare animals, which together with the Monastery Complex 
buildings will create a valuable landscape as an area for recreation but it will also be important for the environmental 
and cultural-historical education. 
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REASSESSMENT OF THE PLIOCENE/PLEISTOCENE 
(NEOGENE / QUATERNARY) BOUNDARY IN THE DACIAN BASIN 

(EASTERN PARATETHYS), ROMANIA 
 
 

ANDREESCU Ion, CODREA Vlad, ENACHE Constantin, LUBENESCU Victoria, 
MUNTEANU Tudor, PETCULESCU Alexandru, STIUCA Emanoil, TERZEA Elena  

                                                                          
                                                                                   This paper is dedicated to EMIL LITEANU 

                                                                             the founder of Quaternary research in Romania 
 
Abstract. The aim of the present contribution is three folded: the emphasizing of the recent achievements concerning the redefinition 
and/or outlining of several Upper Pliocene-Pleistocene litho-bio and chronostratigraphic units (ANDREESCU et al., in print); the 
separation of some new Pleistocene lithostratigraphic units and, finally, the relocation of the Neogene/Quaternary boundary in the 
Dacian Basin. Accordingly, the presentation of the Upper Pliocene formations Cândeşti, Trajkovo, Izvoarele and Tuluceşti is 
resumed, as the Pleistocene Frǎteşti, Vlǎdeni, Vânǎtori, Coconi/Copǎceni, and Mostiştea ones as well. Two other formations, Tetoiu 
(Lower Pleistocene) and Cǎlmǎţui (Mid Pleistocene) have been depicted in this paper. Biochronologically, the Romanian molluscan 
zones NSM11 and NSM12 have been redefined and 6 new Early-Mid Pleistocene zones (QM4-QM9) were also outlined. Since the 
lower boundary of the Quaternary System/Period, by decision of the ICS (June, 2009),  has been accepted at 2.6 Ma, the Romanian 
Stage and its subdivisions (Pelendavian and Valahian) had to be again biochronologically redefined and, ipso facto, temporally 
constricted, so that the Romanian is now spanning between 3.7-2.6 Ma. Another item consisted in the summary description of the 
new Pleistocene chronostratigraphic units: Argedavian Age/Stage (Early/Lower Pleistocene), with Milcovian and Uzunian substages; 
Dinogetian Age/Stage (Middle Pleistocene), with Netindavian and Musaisian substages and Ilfovian Age/Stage (Late/Upper 
Pleistocene). Finally, the Pliocene/Pleistocene (Neogene/Quaternary) boundary has been relocated, so that in the Dacian Basin it lies 
at the base of both Frǎteşti (in the Moesian Platform) and Tetoiu (in the Carpathian Foredeep) formations, roughly coincident with 
the C2r/C2An1n boundary (~2.6 Ma).            
 
Keywords: Dacian Basin, Neogene, Pliocene, Pleistocene, Litho-Bio-Chronostratigraphy, Neogene/Quaternary Boundary. 
 
Rezumat. Reevaluarea limitei Pliocen-Pleistocen (Neogen-Cuaternar) în Bazinul Dacic (Paratethysul Oriental), 
România. Aceastǎ lucrare îşi propune tratarea a trei obiective principale: a) reliefarea unor unitǎţi lito-bio-cronostratigrafice pliocen 
superioare-pleistocene recent propuse (ANDREESCU et al., in print); b) separarea unor noi unitǎţi litostratigrafice pleistocene si c) 
relocarea limitei Neogen/Cuaternar, respectiv Pliocen/Pleistocen, în Bazinul Dacic. În cadrul primului obiectiv amintim: 
individualizarea formaţiunilor de Trajkovo (Romanian), de Vlǎdeni, de Vânǎtori (Pleistocen); redefinirea formaţiunilor de Izvoarele 
şi de Tuluceşti (Romanian); redefinirea biozonelor de moluşte NSM11 şi NSM12 romaniene; individualizarea a 6 noi zone de 
moluşte cuaternare (QM4-QM9); redefinirea Romanianului şi a subetajelor sale (Pelendavianul şi Valahianul) separarea etajelor 
(Argedavian, Dinogetian, Ilfovian) şi subetajelor pleistocene (Milcovian, Uzunian etc.) din Bazinul Dacic. În cel de al doilea obiectiv 
se înscrie definirea formaţiunilor de Tetoiu (Argedavian) şi de Cǎlmǎţui (Dinogetian) şi redefinirea formaţiunilor de Coconi 
(Argedavian-Dinogetian) şi de Mostiştea (Dinogetian superior). Faunele de moluşte (zonele QM1-QM4) şi de mamifere (zonele 
MN16b, MN17), detectate în partea inferioarǎ a  formaţiunilor de Frǎteşti şi de Tetoiu sugereazǎ cǎ aceste douǎ unitǎţi sunt coevale. 
Cel de al treilea obiectiv al lucrǎrii prezintǎ argumentele pe baza cǎrora, în Bazinul Dacic, noua poziţie a limitei Pliocen-Pleistocen 
poate fi acceptatǎ la baza formaţiunilor de Frǎteşti (în arealul Platformei Moesice) şi de Tetoiu (în arealul Avanfosei Carpatice), care 
coincide cu limita dintre cronele C2r (Matuyama inferior) şi C2An1n (Gauss superior), având o vârstǎ absolutǎ de cca. 2,6 Ma.      
 
Cuvinte cheie: Bazinul Dacic, Neogen, Pliocen, Pleistocen, lito-bio-cronostratigrafie, limita Neogen-Cuaternar. 

 
1. INTRODUCTION 

 
Framed northward by the Carpathian and southward by the Balkan orogenic structures, the Dacian Basin 

represented, in the Sarmatian-Pleistocene time span, one of the most spectacular and interesting sedimentation area of 
the Paratethys.  

The uniqueness of the Dacian Basin consisted, first of all, in its superposition on several major structural units, 
respectively: southwestern area of the East-European Platform; the Eastern Carpathians Outer Flysch Zone (the 
intramountaineous Comǎneşti Basin); northwestern area of the Scythian Platform; northwestern dippiest part of the 
North Dobrogea Orogene; the Carpathian Foredeep (including both Wallachian and Getic depressions); Pre-Balkan 
Foredeep and Moesian Platform. The fingerprint of this structural diversity can be observed also on the actual 
physiography, as a result of tectonic and sedimentary evolution already started in Sarmatian. 

 Another peculiarity of the Dacian Basin was its function as an “intermittent passage way” between the 
Euxinian and Pannonian basins, with major consequences on paleogeography of the Paratethys basins, including the 
distribution of terrestrial and aquatic biota.  

In Pliocene the Dacian Basin was the occidental realm of the Eastern Paratethys, whereas the Pannonian Basin 
was still remaining as the Central Paratethys (Fig. 1). This realm linking the Central and Eastern Paratethys acted as a 
distinct sedimentary basin. 
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According to the present Miocene-Pliocene boundary position, it has been stated that, in the Dacian Basin, the 
Early Pliocene corresponds to the Dacian Age (~5.3-3.7 Ma) (ANDREESCU, 1981, 1983). In this case, the Late Pliocene 
is to be represented by the Romanian Age.  

The aim of the present contribution is three folded: the emphasizing of the recent achievements concerning the 
redefinition and/or outlining of several Upper Pliocene-Pleistocene litho-bio and chronostratigraphic units (ANDREESCU 
et al., 2010; ANDREESCU et al., in print); the separation of some new Pleistocene lithostratigraphic units and, finally, the 
relocation of the Neogene/Quaternary boundary in the Dacian Basin.     

 
2. UPPER PLIOCENE (ROMANIAN) LITHOSTRATIGRAPHIC UNITS 

 
The Pliocene-Pleistocene deposits of the Dacian Basin, developed in a wide range of sedimentary 

environments, provide a valuable record reflected in a variety of facies and faunal content. 
The main Pliocene lithostratigraphic units of the Dacian Basin are the following: Berbeşti, Jiu-Motru and 

Cândeşti formations, in the western area; Merişani, Cǎlineşti, Cândeşti and Izvoarele formations in the central area; 
Luncile, Gura Dimienii, Râmna, Cândeşti and Tuluceşti formations in the northeastern and eastern areas; Oltina in the 
east-southeastern area; Trajkovo Fm in the southernmost area of the sedimentary basin.  

Most of the mentioned units have already been outlined and/or extensively described in a series of previous 
papers: Luncile, Gura Dimienii, Râmna, Cândeşti in the northeastern Dacian Basin (ANDREESCU, 1967, 2008, 2009); 
Berbeşti, Jiu-Motru and Cândeşti formations in Oltenia (PAULIUC et al., 1981; PANĂ et al., 1981; ANDREESCU et al., 
1984, 1985, 1992); Merişani, Cǎlineşti, Izvoarele (LUBENESCU et al., 1987; ANDREESCU et al., 2010, ANDREESCU et al., 
in print); Oltina (ANDREESCU, in POP et al., 1991; ANDREESCU & PANǍ, 1996; ANDREESCU et al., 2010, in print) and 
Tuluceşti (GHENEA, 1968; MUNTEANU, 2006; ANDREESCU et al., in print), in the easternmost basinal area, and Trajkovo 
(ANDREESCU et al., in print), in the southern Dacian Basin. 

The Dacian formations: Berbeşti, Jiu-Motru, Merişani, Cǎlineşti, Luncile, Gura Dimienii, Râmna (lower part) 
and Oltina are not taken into account in this paper. Besides those Dacian units, both the Jiu-Motru Fm upper part, and 
Râmna Fm as well, representing Parscovian-Pelendavian typical sequences of fluvial environments, developed in large 
progradational - aggradational alluvial plains, are not rendered out in figure 1. 

The Romanian formations: Cândeşti, Trajkovo and Tuluceşti are characterized by consistent, sometimes 
prevalent presence of the rudito-arenitic sequences, reflecting typical, diagnostic alluvial environments. Consequently, 
those formations represent the proximal and proximal to medial Carpathian alluvial fans (Cândeşti Fm.) to the north, 
Balkano-Moesian, to the south (Trajkovo Fm) and those coming from the  East-European and Scythian platforms 
(Tuluceşti Fm.), while the Izvoarele Fm, accumulated in prevalent fluvial environments extended on the junction, most 
subsiding, area between the Carpathian Foredeep and Moesian Platform (Figs. 1; 2). 

All Romanian lithostratigraphic units have been described elsewhere (ANDREESCU et al., in print) so that, in 
this contribution, our attention is to be focused on the main Pleistocene formations in the Dacian Basin.  
  

2.1. Cândeşti Formation (=Cândeşti Beds, MRAZEC & TEISSEYRE, 1901) is developed as a quasi-continuous 
alluvial train in the northern realm of the Dacian Basin (Fig. 1).  

Typical development of the Cândeşti Fm is to be found in the oriental basinal domain between the Olt River, to 
the west, and the Siret River, to the east, where its thickness can exceed 2,500 m in the Bend Zone of the Eastern 
Carpathians (ANDREESCU, 1969; ANDREESCU & ŢICLEANU, 1977).  

The type section of the Cândeşti Fm is localized in the Buzǎu valley near Cândeşti village (LITEANU et al., 
1971; ANDREESCU, 2008) (Fig. 1).  

The Cândeşti Fm is made up by thick polycyclic sequences of pebbles, sometimes indurated, sands, silts and 
clays. Main sedimentological feature of this unit consists in the prevalence of coarse clasts (gravel, pebble, cobble) over 
to medium-sized (sand) and/or fine ones (silt, clay).  

In the western Dacian Basin, west to the Olt River, the Cândeşti Fm, in spite of its somewhat atypical 
development (smaller thickness with prevailing sandy and/or small pebbly sequences), has frequently been proven to be 
rich fossiliferous both in molluscs fauna and mammals as well. Consequently,  the faunal  record of the Cândeşti Fm 
from Oltenia allowed the elaboration of a reliable  biochronologic scale valid for the Latest Pelendavian (NSM11c 
Subzone) – Valahian (NSM12 Zone) from the entire Dacian Basin (PANǍ et al., 1981; ALEXEVA et al., 1983; 
ANDREESCU, 1981, 1982, 1983; ANDREESCU et al., 1981, 1985; LUBENESCU et al., 1987; ENCIU & ANDREESCU, 1990; 
MUNTEANU, 2006; ENCIU, 2007; ANDREESCU, 2008; ANDREESCU et al., 2010; ANDREESCU et al., in print) (Fig. 3).  

On the other hand, among the most significant contributions on the various mammal taxa and the 
biochronologic scale refinement of the investigated mammal sites from Oltenia, one can mention: FERU et al. (1978, 
1979), TERZEA & BORONEANŢ (1979), TERZEA (1981, 1997, 2004, 2005), RADULESCU & SAMSON (1986, 1990, 2001), 
RǍDULESCU et al. (1993, 1995, 1998, 1999), ŞTIUCǍ et al. (2003, 2004). According to these palaeontologists, both large 
and small mammal remains as well, yielded by the Cândeşti Fm in Oltenia, confidently can be referred to the MN16a 
Subzone (Fig. 4), pointing out the Late Romanian, i.e. the Valahian Substage. 

In addition, it is worthy to be mentioned that a lot of Romanian sections have been bio-magneto-stratigraphically 
investigated also (ANDREESCU et al., 1981; ALEXEEVA et al., 1982; SNEL et al., 2006; ENCIU, 2007; ANDREESCU, 2008, 2009).  
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Figure 1. The Dacian Basin in the frame of the Paratethys realm during the Romanian-Pleistocene (modified after ANDREESCU et al., 
in print). Explanations: PB=Pannonian Basin (Romanian Age); DB=Dacian Basin (Romanian-Pleistocene); EB=Euxinian Basin; 

(Kujalnikian Age); CB=Caspian Basin (Akchagylian Age). / Figura 1. Bazinul Dacic în cadrul Paratethysului în Romanian-
Pleistocen (modificatǎ, dupǎ ANDREESCU et al., sub tipar). Explicaţii: PB=Bazinul Pannonic (Romanian); DB=Bazinul Dacic 

(Romanian-Pleistocen); EB=Bazinul Euxinic (Kujalnikian); CB=Bazinul Caspic (Akchagylian). 
 

Abbreviated Mammal sites in the Dacian Basin: 
Br=Bereşti; Bo=Bossilkovtsi; C-Ag=Curtea de Argeş; 
Ci=Ciuperceni; Co=Covrigi; Crt=Cernǎteşti; 
DO=Drǎgǎneşti-Olt; Dr=Drǎnic; Iz=Izvoru; Le=Leu; 
Li=Lisa; Lp=Lupoaia; M-B=Mǎtǎsari - Brǎdetu; 
Ml=Mǎluşteni; MV=Milcovu din Vale; Pd=Podari; 
Pr=Pralea; Sl=Slatina; T=Tetoiu; Tl =Tuluceşti; 
Type sections: Bb=Barbosi-Babele Fm; Be=Beceni (Dacian 
and Romanian stages); Cd=Cândeşti; Cd-Fm=Cândeşti Fm; 
Cm-Fm=Cǎlmǎţui Fm; Cc=Coconi Fm; Co= Copaceni Site; 
Fr=Frǎteşti Site; Fr-Fm=Frǎteşti Fm; Iz-Fm = Izvoarele Fm; 
Pl=Pleşcoi (Pelendavian-Valahian boundary); Te-
Fm=Tetoiu Fm; Tr-Fm=Trajkovo Fm; Tt=Tutrakan Site; 
Tu=Tuluceşti Fm; Uz=Uzunian Site; Vd-Fm=Vlǎdeni Fm; 
Vd=Vlǎdeni Site (F4-Vlǎdeni Borehole); Vn=Vânǎtori Site; 
Drill sites: Ra=Radomireşti; Db=63104/1H-Dobreţu; 13-F-
N=13-Feteşti-North; H4=H4-Slatina; 54=68901/54-Berceni; 
65=H65-Fierbinţi; 66=H66-Urziceni; Hr=8521-Hârşova; 
MB=3505-Mihai Bravu; Mo=60160-Morunglav. 
Ancient Daco-Getian sites:Ag=Argedava Fortress and 
Capital; Dg=Dinogetia Fortress; Pe=Pelendava Fortress. 

Situri mamaliene abreviate în Bazinul Dacic: Br=Bereşti; 
Bo=Bossilkovtsi; C-Ag=Curtea de Argeş; Ci=Ciuperceni; 
Co=Covrigi; Crt=Cernǎteşti; DO=Drǎgǎneşti-Olt; 
Dr=Drǎnic; Iz=Izvoru; Le=Leu; Li=Lisa; Lp=Lupoaia; M-
B=Mǎtǎsari-Brǎdetu; Ml=Mǎluşteni; MV=Milcovu din 
Vale; Pd=Podari; Pr=Pralea; Sl=Slatina; T=Tetoiu; 
Tl=Tuluceşti; 
Secţiuni tip: Bb=Barboşi-Babele Fm; Be=Beceni (etajele 
Dacian şi Romanian); Cd=Cândeşti; Cd-Fm=Cândeşti Fm; 
Cm-Fm=Cǎlmǎţui Fm; Cc=Coconi Fm; Co=Situl Copǎceni; 
Fr=Situl Frǎteşti; Fr-Fm=Frǎteşti Fm; Iz-Fm=Izvoarele Fm; 
Pl=Pleşcoi (limita Pelendavian-Valahian); Te-Fm=Tetoiu 
Fm; Tr-Fm=Trajkovo Fm; Tt=Situl Tutrakan; Tu=Tuluceşti 
Fm; Uz=Situl Uzunianului; Vd-Fm=Vlǎdeni Fm; Vd=Situl 
Vlǎdeni (Foraj F4-Vlǎdeni); Vn=Situl Vânǎtori; 
Foraje: Ra=Radomireşti; Db=63104/1H-Dobreţu; 13-F-
N=13-Feteşti-Nord; H4=H4-Slatina; 54=68901/54-Berceni; 
65=H65-Fierbinţi; 66=H66-Urziceni; Hr=8521-Hârşova; 
MB=3505-Mihai Bravu; Mo=60160-Morunglav. 
Situri antice geto-dacice: Ag=Cetatea şi capitala 
Argedava; Dg=Cetatea Dinogetia; Pe=Cetatea Pelendava. 

 

 
Among the most significant bio-magnetostratigraphic results, those concerning the stratotypical Romanian 

sections at Beceni and Pleşcoi (Fig. 1) are to be noted (ALEXEEVA et al., 1983; GHENEA et al., 1983; ANDREESCU, 1983, 
2008, 2009). In these type sections the Pelendavian-Valahian biochronologic boundary, represented by the so-called 
“Pleşcoi Fauna” (ANDREESCU, 1969, 2008) signifying, inter alia, the Akchagylian transgression, has been proved to be 
coincident with the subchron C2An2n (=3.2 Ma) of the C2An Chron (=Gauss Epoch). Another important event, bearing 
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an basinal sedimentogenetic significance, was the emphasizing of the Cândeşti Fm outset1, just coincident with the 
C2An1r (=Kaena) - C2An1n boundary (=3.0 Ma in ATNTS-2004). 

 

 
 

Figure 2. Suggested relationships among the Romanian-Pleistocene deposits in the central area of the Dacian Basin (Olt-Arges 
sector) (after ANDREESCU et al., in print). / Figura 2. Relaţiile sugerate dintre depozitele romanian-pleistocene  

din zona centralǎ a Bazinului Dacic (sectorul Olt-Argeş) (dupǎ ANDREESCU et al., sub tipar).  
 

Abbreviations: Cc=Coconi Fm; Cd=Cândeşti Fm; 
Co=Copǎceni Beds; Fr=Frǎteşti Fm; Iz=Izvoarele 
Fm; Ls=Loess and Loessoid deposits; Mo=Mostiştea 
Fm; Te=Tetoiu Fm; Tr=Trajkovo Fm; ILF=Ilfovian 
Stage. 

Abrevieri: Cc=Formaţiunea de Coconi; Cd=Formaţiunea de Cândeşti; 
Co=Stratele de Copǎceni; Fr=Formaţiunea de Frǎteşti; Iz=Formaţiunea 
de Izvoarele; Ls=Loess şi depozite loessoide; Mo=Formaţiunea de 
Mostiştea; Te=Formaţiunea de Tetoiu; Tr=Formaţiunea de Trajkovo; 
ILF=Etajul Ilfovian. 

 
2.2. Trajkovo Formation (ANDREESCU et al., in print).  
This lithostratigraphic entity, developed in the southernmost Dacian Basin, laying on the southern Moesian Platform, 

represents the counterpart of the Candesti Fm from the northern basinal area. These deposits are usually made up of sands, 
sandy-gravels and gravels, habitually forming elongated belts trended south-northward, as remains of the former alluvial fans 
originated in the Pre-Balkan Plateau. The fossil record is extremely scarce. The only mentioned mollusc site is located in 
Tutrakan area (Fig.1), where MANOLESCU (1915, apud ANDREESCU & PANǍ, 1996) reported an assemblage delivered by 
sands and silty sands overlying gravels and boulders sequences. This assemblage with Pristinunio pristinus (BIELZ), 
Cyclopotomida munieri (SABBA), Psilunio craiovensis (TOUR.), Wenziella sp., Viviparus turgidus (BIELZ), Melanopsis div. 
sp. etc., is indicative for the Romanian stage, but is not diagnostic either for Pelendavian, or Valahian substages. 

In various localities, situated both on northern and southern Danube areas of Trajkovo Fm., there are reported 
numerous sites bearing large mammals fossils. The assemblages with Mammuth borsoni (CROIZET & JOBERT) and Anancus 
arvernensis (HAYS), sometimes have been recorded together with Mammuthus rumanus (STEFĂNESCU) too, as found in the 
sites  Oprişoru-Vest, Cujmir, Calopǎr, Belcin etc. (BANDRABUR, 1971; GHENEA, 1977) from southwestern Oltenia, but also in 
Trajkovo, Bossilkovtsi etc. (EVLOGHIEV et al., 1995; LISTER & VAN ESSEN, 2003; MARKOV & SPASSOV, 2003) from northern 
Bulgaria. Several of the mentioned sites, with M. rumanus-M. borsoni-A.arvernensis association, remind Pralea (ATHANASIU 

& PREDA, 1928; MOTAŞ, 1956) and Curtea de Arges in northern basinal area (MIHǍILǍ, 1971), Cernǎteşti  (SCHOVERTH et al., 
1963; FERU et al., 1983), in the western Dacian Basin or Tuluceşti (eastern Dacian Basin) (RǍDULESCU & SAMSON, 1995, 
2001) sites (Fig. 1).  

                                                 
1See Addendum at the end of the paper. 
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Figure 3. Pliocene-Pleistocene Mollusc Zonation of the Dacian Basin. The most significant revisions concerning the Late Pliocene-
Pleistocene zonation are the following: 1. The former NSM11d -Valahunio iconomianus Subzone, became the second, NSM12b 

Subzone; 2. The former NSM12c-Unio kujalnicensis and 12d-Bogatschevia tamanensis subzones, as a result of the 
Pliocene/Pleistocene boundary relocation, became QM1 and QM2 zones respectively; 3. Pleistocene QM5-QM9 have been outlined 
as new zones. / Figura 3. Zonarea revizuitǎ a moluştelor pliocen-pleistocene din Bazinul Dacic. Revizuirile cele mai semnificative,  

privitoare la zonarea Pliocenului superior-Pleistocenului, sunt urmǎtoarele: 1. Fosta subzonǎ NSM11d-Valahunio iconomianus 
devine subzona NSM12b; 2. Fostele subzone NSM12c-Unio kujalnicensis şi NSM12d-Bogatschevia tamanenesis, devin zonele 

QM1, respectiv QM2, ca urmare a relocǎrii limitei Pliocen/Pleistocen; 3. Zonele QM5-QM9 sunt nou create. 
 
2.3. Tuluceşti Formation (=Tuluceşti Beds, GHENEA, 1968) is located in the easternmost area of the Dacian 

Basin. In Romania, only restricted outcrops are to be found in the southern Prut-Siret interfluve (Fig. 1). The sequences 
of the Tuluceşti Fm are represented mainly by small sized gravels, sands, sandy clays, in piles reaching-up 5-7 m at type 
locality). But, the Tuluceşti site is among the most notorious in Paratethys due to the Upper Pliocene mammal 
assemblage (ATHANASIU, 1915; GHENEA & RǍDULESCU, 1964; GHENEA, 1968; SAMSON & RǍDULESCU, 1973; 
SAMSON, 1976;  RǍDULESCU & SAMSON, 1995), in which the archaic mammoth “Elephas antiquus rumanus” has been 
coined by ŞTEFǍNESCU (1924). 

According to RǍDULESCU et al. (2003) mammalian remains from Tuluceşti, are attributable to the following 
taxa: Mammuth borsoni, Anancus arvernensis, Mammuthus rumanus (ŞTEFǍNESCU), Paracamelus cf. kujalnensis 
(KHOM.), Cervus cf. perrieri CROIZET & JOBERT, Allohippus euxinicus (ŞTEFǍNESCU).  

The above named authors and ŞTIUCǍ et al. (2003) as well, consider the level with M. rumanus as an 
equivalent to the Cernǎteşti in Western Oltenia and to the Skortselskian Complex (NIKIFOROVA et al., 1976, 1986), in 
Moldova Republic. 

 Paleomagnetically, the Podari mammal site from Oltenia has been calibrated to the C2An2n and C2An-1r 
subchrons of the C2An Chron (=middle Gauss epoch) by GHENEA et al. (1982), ALEXEEVA et al. (1983) and 
ANDREESCU (1982, 1983, 2008, 2009). By correlation, based on the mammal remains content, Tuluceşti is considered 
an equivalent of the Cernǎteşti from the western Oltenia which, in turn, has the same geochronologic significance as 
Podari, corresponding in the ATNTS-2004 to 3.2-3.0 Ma (Fig. 4).  

As a result it is worthy to emphasize the three mammal sites are to be placed in the Earliest Valahian Substage. 
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Figure 4. Dacian Basin. Pliocene-Pleistocene Mammal sites, Zonation, Age Assignment and Correlations with the Mollusc zones 
(after ANDREESCU et al., in print). / Figura 4. Bazinul Dacic. Siturile mamaliene pliocen-pleistocene, zonarea, vârsta şi 

corelarea cu zonele de moluşte (dupǎ ANDREESCU et al., sub tipar). 
 

Abbreviations: Br=Bereşti, CM=Cherleştii Mosteni, Ci=Ciuperceni, 
Crt= Cernǎteşti, DO=Drǎgǎneşti Olt, Dr=Drǎnic, Fb= Fierbinţi, 
Iz=Izvoru, Le=Leu, Li=Lisa, Lp= Lupoaia,  Ml= Mǎluşteni, MV= 
Milcovu din Vale, Pd=Podari, Ro=Roşiori, Sl=Slatina, 
T=Tetoiu;Underlined sites have been paleomagnetically investigated. 

Abrevieri: Br=Bereşti; CM=Cherleştii Moşteni; Ci=Ciuperceni; 
Crt=Cernǎteşti; DO=Drǎgǎneşti Olt; Dr=Drǎnic; Fb=Fierbinţi; 
Iz=Izvoru; Le=Leu; Li=Lisa; Lp=Lupoaia; Ml=Mǎluşteni; 
MV=Milcovu din Vale; Pd=Podari; Ro=Roşiori; Sl=Slatina; 
T=Tetoiu. Siturile subliniate au fost investigate paleomagnetic).  
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2.4. Izvoarele Formation (LUBENESCU et al., 1987, emend. ANDREESCU et al., in print).                                                            
The sequences of this formation accumulated mainly in fluvial environments, as illustrated by the geophysical 

logs. In some restricted areas (the sector Olteţ-Teleorman), these deposits could represent medial to distal Carpathian 
alluvial channels, as well as Balkan-Moesian ones, at the junction between the Getic Depression and Moesian Platform 
(Figs: 1; 2; 5). Izvoarele Fm has been named by LUBENESCU et al. (1987) based on borehole data, without specifying its 
lower and upper limits and lateral repartition as well.  

 

 
 

Figure 5. The stratotype section (in Radomireşti Well), located in the Central Area (Olt-Argeş Interfluve) of the Moesian Platform, of 
the redefined Izvoarele Fm (Romanian) (after ANDREESCU et al., in print). (Iz1, Iz2, Iz3 can be considered as  three successive 

members of the Izvoarele Formation, revealed by the three fluvial cycles; the black arrow is pointing to the basalmost Parscovian 
transgression). / Figura 5. Secţiunea stratotipicǎ (în forajul Radomireşti) a Formaţiunii de Izvoarele, situatǎ în zona centralǎ 

(interfluviul Olt-Argeş) a Platformei Moesice (dupǎ ANDREESCU et al., sub tipar). (Iz1, Iz2, Iz3 constituie membri ai Formaţiunii de 
Izvoarele, evidenţiaţi de cele trei cicluri fluviale; sǎgeata neagrǎ indicǎ transgresiunea din baza Parscovianului). 

 
The mollusc fauna, as it was reported: Pristinunio pristinus (BIELZ), P. davilai (PORUMB.), Pelendunio bielzi 

(CZEK.), Psilunio biplicatus (BIELZ), P. craiovensis (TOURN.), Rugunio condai (PORUMB.), R. turbureensis (FONT.), R. 
aff. mojswari (PEN.), Cuneopsidea doljensis (SABBA), Pseudohyriopsis problematica (COB.), Anodonta sp., Dreissena 
polymorpha PALLAS, Viviparus bifarcinatus (BIELZ), V. stricturatus (NEUM.), V. rudis (NEUM.), V. strossmayerianus 
(BRUS.), V. turgidus (BIELZ), V. craiovensis (TOURN.), Melanopsis bergeroni SABBA, M. pterochilla BRUS., M. 
rumanus TOURN., M. onusta SABBA, M. soubeirani PORUMB., M. amaradicus FONT., Valvata piscinalis MULL., V. 
crusitensis FONT., Bulimus vukotinovici (BRUS.), B. melanthopsis (BRUS.), B. oncophorus (BRUS.), Planorbis sp. does 
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not allows any chronologic subdivision of these deposits, including “clays, sands with coal interbeddings, gravels and 
sands, apparently unconformable overlaying the Călineşti Fm” (LUBENESCU et al.,1987, p. 120). 

 However, based on the above mentioned taxa one can estimate that this formation could be assigned to both 
the Pelendavian and Valahian substages.   

In Radomireşti borehole, the geophysical log (Fig. 5) shows the Izvoarele Fm is a succession of fluvial, 
transitional cycles, overlying the upper Cǎlineşti Fm representing sequences developed in upper delta environments, 
and underlying the alluvial Frǎteşti Fm. 

 
3. PLEISTOCENE LITHOSTRATIGRAPHIC UNITS 

 
The main Pleistocene lithostratigraphic units from the Dacian Basin are the following ones: Frǎteşti Fm; Tetoiu 

Fm; Vlǎdeni Fm; Copǎceni Beds; Coconi Fm; Vânǎtori Fm; Cǎlmǎţui Fm; Barboşi-Babele Fm; Mostiştea Fm; Loess 
and loessoid deposits; Alluvial deposits of the Mid to Upper Pleistocene fluvial terraces. The last units, namely the 
loess, loess-like and alluvial deposits are not taken into account in this contribution.  

 
3.1. Frǎteşti Formation (= Frǎteşti Beds, LITEANU, 1952) (Figs: 1; 2, 5-8; 10) is one of the best known, but 

also controversial lithostratigraphic unit from the Dacian Basin. It is extended on a considerable basinal surface, spread 
on the Moesian Platform area only.  

The lithology as well as the fossil record comes from both the outcrops and data supplied by thousands of 
boreholes drilled in the Romanian Plain. Paradoxically, just this advanced stage of knowledge rose a lot of controversies 
concerning the age of the “Frǎteşti Beds”: some authors related them to Pleistocene (LITEANU, 1952, 1956, 1961; 
LITEANU & GHENEA, 1966; LITEANU et al., 1967; BANDRABUR, 1971; GHENEA et al., 1979; ALEXEEVA et al., 1983), 
while others pleaded for Pliocene (MACAROVICI & COTEŢ, 1962), or to Late Pliocene and Early-Middle Pleistocene 
(FERU et al., 1979). However, if we are taking into account that in the former acceptance of the Pliocene/Pleistocene 
boundary, both the mollusc and mammal taxa of the Frǎteşti Fm were straddling that limit, then the endless 
controversies concerning the chronostratigraphic position of this unit become somewhat understandable.  

Illustrative, in this discussion is the manner in which ANDREESCU et al. (1981) presented the molluscs and 
mammals succession from Slatina-Milcovu din Vale-Izvoru sites, where the Frǎteşti Fm. cropped out: two subzones, 
then named NSM12c-Unio kujalnicensis  and NSM12d-Bogatschevia tamanensis-Rugunio riphaei together  with the 
mammal sites Slatina-1 and Slatina-2, from the lower part of the sections, have been, according to the paleomagnetic 
investigations, included in the Pliocene, namely in the Latest Romanian. On the other side, Slatina-3 (QM1-Unio 
apscheronicus) and Izvoru (QM2-Bogatschevia sturi) sites, located in the upper segment of the Frǎteşti Fm, had to be 
allotted to the Earliest Pleistocene, in conformity with the paleomagnetic results also. 

Although the Frǎteşti Fm is habitually unfossiliferous, or the shells are very rare and in a bad estate of 
conservation, in places we had the opportunity to find a lot of well-preserved ones: Milcovu din Vale, Clocociov, 
Slatina, Cherleştii-Moşteni, Izvoru, Uzunu, Copǎceni etc., so that 6 Pleistocene mollusc zones (QM1-QM6) are based 
on the fossils collected in those sites. 

As it concerns the Uzunu section (=Uzunu Beds, MACAROVICI & COTEŢ, 1962) a special mention needs to be 
made: some specimens identified by Macarovici as “Unio sturi” pertain to nominative species of the zone QM5-
Bogatschevia scutum. 

Interesting to mention, when the “Frǎteşti Beds” were described (LITEANU, 1952), a relatively long molluscs 
list, more than 45 taxa, was given referring to the two upper members Frǎteşti “A” and “B”, but all were considered as 
reworked specimens from the underlying “Levantinian”, i.e. Romanian  beds. In fact, the presence “in situ” of the most 
taxa (Viviparus div. sp., Melanopsis div. sp., Lithoglypus div. sp., Valvata div. sp., Bulimus div. sp., Hydrobia div. sp., 
Planorbarius corneus L., Spiralina vortex L., Pissidium div. sp., Corbicula fluminalis MULL. etc.) in “Frǎteşti Beds” is 
quite plausible, while several other species, pertaining to the unionids, have certainly been misidentified. 

The mammal remains are relatively abundant, especially in the south and southwestern areas of the Dacian 
Basin. Besides the well-known sites, mentioned by various authors (LITEANU & GHENEA, 1966; BANDRABUR, 1971; 
FERU et al., 1979) or those located in Slatina area (FERU et al., 1978, 1979; ANDREESCU et al., 1981), an interesting rich 
(Large) mammal site, Leu, with Mammuthus meridionalis (NESTI), Plesippus athanasiui SAMSON, Stephanorhinus ex 
gr. etruscus (FALCONER),  Alces gallicus (AZZAROLI), Leptobos cf. furtivus DUVERNOI, Pliotragus ardeus (DEPERET), 
Castor plicidens MAJOR, Ursus etruscus CUVIER, Cervus sp. etc., has been described (POPESCU, 2004, 2010) south of 
Craiova (Figs. 1; 4). 

Other characteristic features of the Frǎteşti Fm, refer to its major deposional style (stacked alluvial fans), 
thickness of its lithological subdivisions, faunal content (molluscs zonation), subtle relations with the adjoining, 
underlying and overlying formations and chronostratigraphic assignment, features which are suggestively depicted in 
figures 1; 2; 5-8.    

In conclusion, having in view the above mentions, one can safely state the Frǎteşti Fm could be seen as the 
most interesting Lower Pleistocene (Argedavian) lithostratigraphic units in the Dacian Basin. Moreover, laying onto the 
Moesian Platform, it could be viewed as a counterpart of the Tetoiu Formation developed in the Carpathian Foredeep 
domain (Figs. 1; 2; 8). 
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3.2. Tetoiu Formation (herein established). It is an equivalent, in the south-central area of the Getic Depression, 
of the Frǎteşti Fm (Figs. 1; 2; 8). The sediments, predominantly exhibiting sandy-pebbly facies, are sometimes rich 
fossiliferous, yielding both molluscs (ANDREESCU et al., 1984, 1985; LUBENESCU et al., 1987) and mammals (LITEANU et 
al., 1967b; MIHǍILǍ, 1971; SAMSON & RǍDULESCU, 1973; RǍDULESCU & SAMSON, 1990) (Fig. 4). 

The area in which this formation is typically developed is situated in the Olt-Olteţ interfluve. However similar 
facies are to be found both westwardly, to the Jiu valley, and eastwardly to the Argeş river, areas in which these 
sequences have previously been considered as “Upper Cândeşti Fm”. The Tetoiu Fm thickness is slowly but gradually 
growing basin ward, from ca 50-60 m to ca 150 m, when, presumably, the silty-clayey sequences of the Copǎceni 
Beds/Coconi Fm become prevalent (Fig. 2).  

 

 
 

Figure 6. The Pliocene-Pleistocene formations, their zonation and depositional environments in the borehole 68901/54-Berceni (after 
ANDREESCU et al., in print). (The site has been established as the Stratotypical Section of the Frǎteşti Formation (=Frǎteşti Beds, 

LITEANU, 1952); FRT1 to FRT4=Frǎteşti members; The underlying Izvoarele Fm is well developed in fluvial environments, while the 
Frǎteşti Fm represents a succession of  stacked alluvial fans; some Romanian and Argedavian molluscs zones have been imported 

either from neighbouring areas or Slatina-Milcov sites in the Olt valley region). / Figura 6. Formaţiunile pliocen-pleistocene, zonarea 
lor şi ambianţele depoziţionale în forajul 68901/54-Berceni (dupǎ ANDREESCU et al., sub tipar). Acest foraj constituie Secţiunea 

stratotipicǎ a Formaţiunii de Frǎteşti (=Stratele de Frǎteşti, LITEANU, 1952); Fr1…Fr4 = membri ai Formaţiunii de Frǎteşti; 
Formaţiunea de Izvoarele, subiacentǎ, este clar dezvoltatǎ în ambianţe fluviale, in timp ce Formaţiunea de Frǎteşti reprezintǎ o 
succesiune suprapusǎ a unor evantaie aluviale; unele zone de moluşte romaniene şi argedaviene au fost importate fie din ariile 

adiacente, fie din sectorul Slatina-Milcov (valea Oltului). 
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The borehole 63104/1H-Dobreţu (Figs. 1, 8) has been selected as the type reference section of the Tetoiu Fm.  
Unlike the Frǎteşti Fm, the molluscan fauna of the Tetoiu Fm, relatively rich but seemingly less diversified by 

comparison to the Cândeşti Fm, has not yet been as intensively studied. Among  the most significant taxa, recorded in 
the Gilort-Olteţ-Cerna area (ANDREESCU et al., 1981, 1984, 1985; LUBENESCU et al., 1986), could be mentioned: Unio 
apscheronicus ALZ., U. haeckeli PEN., U. kujalnicensis MANG., Sinanodonta krejcii (WENZ), Cristaria problematica 
(COB.), Cuneopsidea smiciclasi (BRUS.), Wenziella wilhelmi (PEN.), Bogatschevia sp., Viviparus tiraspolitanus BOG., V. 
sinzovi BOG., V. diluvianus KUNTH., V. gracilis KUNTH., V. craiovensis (TOURN.), V. contiquus (SABBA), Melanopsis 
amaradicus (FONT.), M. hastatus NEUM., Fagotia esperi (FER.), F. acicularis (FER.), Valvata div. sp., Theodoxus 
semiplicatus NEUM., Gyraulus sp. etc. Based mainly on the unionacean taxa, the presence of the QM1-QM3 zones, 
representing the Early Argedavian (Milcovian), could be inferred. 

The fossil mammals delivered by the Tetoiu Fm are to be considered among the richest, most various and 
interesting ones in the Early Pleistocene of the Eastern Paratethys.  

The sequences of the Early Pleistocene deposits, represented by Tetoiu Fm, containing several fossiliferous 
levels rich in larger mammals, are to be found at Tetoiu in the middle valley of the Olteţ River (Fig. 1). Paleontological 
investigations carried out in this area have detected a number of mammal bearing deposits that can be assigned to three 
successive fossiliferous horizons named T1-T3 (FERU et al., 1983; RǍDULESCU & SAMSON, 1990), corresponding to: 
MN17 (upper part), MmQ-1 and MmQ-2 zones respectively (Fig. 4). 

The fossil localities have yielded the following mammalian associations: Mammuthus meridionalis (archaic form), 
Mammuthus meridionalis (NESTI), Trogontherium dacicum RĂDULESCU, Stephanorinus etruscus (FALCONER), 
Stephanorhinus sp., Allohippus athanasiui SAMSON, Eucladoceros sp., Pliotragus ardeus (DEPERET), Nyctereutes 
megamastoides (POMMEL), Vulpes alopecoides MAJOR, Lynx issiodorensis (CROIZET & JOBERT), Cervus ex gr. 
rhenanus/philisi, Gazellospira torticornis (AYMARD), Mitilanotherium inexpectatum SAMSON & RĂDULESCU,Ursus etruscus 
CUVIER, Pliocrocuta perrieri (CROIZET & JOBERT), Homotherium crenatidens (FABRINI), Megantereon megantereon 
(CROIZET & JOBERT), Manis cf. hungarica KORMOS, Paradolichopithecus geticus NECRASOV, SAMSON & RĂDULESCU 
(SAMSON &  RĂDULESCU, 1963, 1966, 1973; BOLOMEY, 1965; FERU et al., 1983; RĂDULESCU & SAMSON, 1990, 2001). 

 An important biostratigraphic event in Tetoiu area is indicated at ~1.7 - 1.8 Ma by the possible appearance of 
a Homo erectus lineage documented through the discovery of a few flint pebbles which seem to be linked to human 
activity (SAMSON & RǍDULESCU, 1963; RǍDULESCU & SAMSON, 1990, 1991). 

 

 
 

Figure 7. Litho-facial cross-section showing detailed lithology and relationships among Pleistocene deposits in the Bucharest Area 
(according to ANDREESCU et al., in print). / Figura 7. Secţiune litofacialǎ, ilustrând alcǎtuirea litologicǎ detaliatǎ şi relaţiile dintre 

depozitele pleistocene în zona Bucureşti (dupǎ ANDREESCU et al., sub tipar). 
 



Muzeul Olteniei Craiova. Oltenia. Studii şi comunicări. Ştiinţele Naturii.  Tom. 27, No. 1/2011             ISSN 1454-6914 

 

207 
 

3.3. Vlǎdeni Formation (ANDREESCU et al., in print). The basinal extension of this unit can be only estimated, 
in the eastern area of the Moesian Platform, since it has nowhere been found in outcrops. The deposits of this formation, 
represented mostly by pebbles, gravels and sands, grading vertically to sandy silts or even silts and silty clays, drilled in 
the south-eastern area of the Dacian Basin, represent alluvial fans, coming from the South Dobrogea (Fig. 1). Their 
usual thickness, in the type area, rather lower than 30-50 m, is consistently increasing basinward, to the west and 
northeast, where the finer clasts (sands, sandy silts, silts) become prevalent, suggesting a gradual passage to the Lower 
Copǎceni/Coconi typical sequences (Fig. 2). 

These sequences, habitually devoid of fossils, are laying unconformably over a pile of Romanian finer 
terrigenous deposits which, in places, proved to be rich fossiliferous: Wenziella subclivosa (TEISS.), Cuneopsidea 
beyrichi (NEUM.), Rugunio mojsvari (PEN.), Moldavunio circula (ANDR.), Pelendunio cf. bielzi (CZEK.), Psilunio ex gr. 
acutus (NEUM.), Viviparus div. sp., Melanopsis div. sp., documenting the Pelendavian Substage (PAPAIANOPOL et al., 
1987; PAPAIANOPOL, 1993).  

Since the Vlǎdeni Fm is unconformable underlain by sandy-silty-clayey Pelendavian sequences, and is 
unconformale overlain by the Lower Dinogetian (Netindavian) Reddish-Clay (Fig. 9), a Lower Argedavian (Milcovian) 
age of this unit could be inferred.  

3.4. Copǎceni Beds (ANDREESCU et al., in print) (Figs. 2; 7) can eventually be viewed either as an 
“independent” formation, or as the lower member of the Coconi Fm. The sequences of Copǎceni Beds are mainly 
represented by fine facies. In our thought this unit, well developed in the most subsiding area of the basin, has to be 
considered as an equivalent of both the Tetoiu Fm, to the north, and Frǎteşti Fm, to the south (Fig. 2). 

The small mammals (Mymomys savini HINTON, Allophaiomys pliocaenicus KORM., Lagurodon arankae KRET. 
found in the Copǎceni Site (Fig. 1) together with a very rich molluscan fauna (Pseudosturia caudata TSCHEP., 
Bogatschevia cf. scutum (BOG.), B. sturi (HOERN.), B. cf. tamanica (JATZ.), Wenziella ex gr. wilhelmi (PEN.), Potomida 
ovata TSCHEP., Margaritifera cf. arca TSCHEP., Crassiana pseudodavilai RUD., Unio cf. chasaricus BOG., U. 
kujalnicensis JATZ., and an extremely abundant small gastropod assemblage, whose taxa were not yet minutely 
identified, let us suppose the correlation of this site with the T8 terrace of the Nistru and the Prut rivers (ANDREESCU et 
al., in print).  

3.5. Coconi Formation (”Marly Complex”, LITEANU, 1952; ”Coconi Beds”, ALEXEEVA et al., 1983). If the 
Copǎceni Beds are to be considered as a formation, per se, then the “Marly Complex” has to be seen as the continuously  
upward developing, during the Mid Pleistocene, of the prevailingly clayey-silty sequences in the same area dominated 
by fluvial plain environments, located in the transition zone between the Carpathian Foredeep, to the north, and the 
Moesian Platform, to the south (Fig. 2).  

The thickness ranging between 50-100 m, in the southern area (LITEANU, 1952), is relatively uniform on the 
whole southern Romanian Plain, illustrating pronounced diminishing rate of subsidence during the Middle Pleistocene 
(Early Dinogetian = Netindavian) of the southeastern area of the Moesian Platform. To the north and northeast the 
thickness of the Coconi Fm is growing consistently, so that in the Ialomiţa-Buzǎu interfluve it reaches 350-400 m, as 
revealed by some boreholes: 65/H-Fierbinţi-Târg (RǍDULESCU et al., 1997) , 66/H-Urziceni (ENCIU, 2007) etc. 

The molluscan fauna of the Coconi Fm, rather scarce, is considered biochronologically insignificant. Since its 
outlining (LITEANU, 1952) till now, no reliable marker had been signalized, either in the outcropping area of Mostiştea 
valley, or in hundreds of boreholes drilled in the eastern region of the Romanian Plain. Among the most frequent taxa 
reported from the “Marly Complex”, the following are to be cited: Pisidium priscum EICHW., P. amnicum MULL., P. 
clessini NEUM., Sphaerium rivicola LEACH, S. corneum L., Corbicula fluminalis MULL., Unio cf. pictorum L., Valvata 
piscinalis MULL., V. sibinensis NEUM., V. sulekiana BRUS., Viviparus diluvianus KUNTH, V. megarensis (FUCHS), V. 
altus (NEUM.), V. romaloi (COB.), V. geticus PAVLOV, V. crassus KUNTH, V. craiovensis TOURN.,  V. istriensis PAVLOV, 
V. maldarescui (COB.), Lithoglyphus naticoides PFEIFF., L. fuscus (ZIEG.), Bithynia tentaculata L., B. leachi SHAPP., 
Theodoxus danubialis PFEIFF., T. fluviatilis L., Spiralina vortex L., Planorbis planorbis L., Planorbarius corneus (L.) 
etc. (MACAROVICI & COTET, 1962; MACAROVICI & COSTETCHI, 1973; LITEANU & GHENEA, 1966; LITEANU et al., 
1967a; ALEXEEVA et al., 1983). 

 On the basis of rodent taxa Prolagurus pannonicus (KORMOS) and Allophaiomys pliocaenicus KORMOS found 
in the borehole 65/H-Fierbinţi (Fig. 1), RǍDULESCU et al. (1997) assigned the middle-upper part of the “Coconi Beds” 
to the Late Early Pleistocene (~1.1-1.0 Ma), an age which is in wholly agreement with our view concerning the spatial 
relationships of the Copǎceni/Coconi Beds with both the Frǎteşti and Tetoiu formations (Fig. 2).     

3.6. Cǎlmǎţui Formation (herein established). Based on boreholes data, from the easternmost area of the 
Dacian Basin (Fig. 1) a pile of ca 50-70 m of deposits dominated by sands, pebbly sands, gravels and cobbles had been 
outlined and named “psamo-psephitic complex”  by FERU et al., 1977. These deposits representing typical facies of 
some alluvial fans originating in the northern and central Dobrogea, are quickly merging westward into the Coconi Fm. 
No molluscan fauna was ever reported in those sequences that we name Cǎlmǎţui Formation.  

In two boreholes, 8521-Hârşova and 76-119-Albina, in the basal, prevalent sandy member of “psamo-psephitic 
complex”, FERU et al. (1977) found a few mammal remains assigned to Praemegaceros verticornis (DAWK.) and Equus 
cf. mosbachensis V. REICH. Although the fossil record is rather poor, the authors considered the named taxa could be 
invoked in assigning the “psamo-psephitic complex” to the Middle Pleistocene as an equivalent of the Tiraspolian 
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mammal complex (NIKIFOROVA et al., 1976, 1986), corresponding in our chronostratigraphic scale to the Early 
Dinogetian (Netindavian Substage). 

As a type section for the Cǎlmǎţui Fm could be selected the borehole 3505-Mihai Bravu, in which the “psamo-
psephitic complex” reaches a thickness of about 68 m (FERU et al., 1977).   

 

 
 

Figure 8. Litho-biostratigraphic similarities and dissimilarities among the Pliocene-Pleistocene sequences recorded  
in the transition area between Carpathian Foredeep (borehole 63104/1H-Dobreţu) and Moesian Platform (borehole 60160-

Morunglav). / Figura 8. Similitudini şi deosebiri lito-biostratigrafice între depozitele pliocen-pleistocene din aria de tranziţie dintre 
Avanfosa Carpaticǎ (forajul 63104/1H-Dobreţu) şi Platforma Moesicǎ (forajul 60160-Morunglav). 

 
3.7. Vânǎtori Formation (ANDREESCU et al., in print). According to the following mollusc taxa: Unio 

apscheronicus (ALIZ.), U. pictorum L., U. tumidus RETZ., Didacna crassa (EICH.), D. pseudocrassa PAV., Monodacna 
pontica (EICHW.), Dreissena polymorpha PALLAS, Corbicula fluminalis (MULL.), Viviparus sadleri (NEUM.), V. altus 
(PAVL.), V. diluvianus (KUNTH.), V. aethiops (PARR.), V. istriensis (PAV.), V. romaloi (COB.), V. geticus (PAVL.), 
Fagotia acicularis (FER.), F. esperi (FER.), Theodoxus danubialis PFEIF., Gibbula deversa MILASCH. etc. the QM7-
Didacna crassa-Monodacna pontica Zone has been inferred and consequently the Vânǎtori Fm has been assigned to the 
Lowermost Mid-Pleistocene (Early Dinogetian=Netindavian Substage) (Fig. 3).  
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Figure 9. Litho-facial cross-section showing the relationships among the Neogene-Quaternary deposits in the southeastern Dacian 
Basin (after ANDREESCU et al., in print). (Primary data taken from PAPAIANOPOL et al., 1987; PAPAIANOPOL, 1993; ENCIU, 2007). 

Figura 9. Secţiune litofacialǎ ilustrând relaţiile dintre depozitele neogen-cuaternare în sud-estul Bazinului Dacic (dupǎ ANDREESCU et 
al., sub tipar). (Datele primare luate din PAPAIANOPOL et al., 1987; PAPAIANOPOL, 1993; ENCIU, 2007). 

 
3.8. Barboşi-Babele Formation (=Barboşi-Babele Beds, MACAROVICI, 1960) is referring to a pile of sandy-

clayay deposits, reaching a thickness up to 80-90m, developed in the easternmost area of the Dacian Basin where, 
habitually, are underlain by sequences of the Tuluceşti Fm and/or Vânǎtori Fm. The faunal content is represented, as in 
the Vânǎtori Fm case, by a mixed freshwater, lacustrine taxa: U. pictorum, U. tumidus, D. polymorha, Sphaerium div. 
sp., Corbicula div. sp., Pisidium div. sp., Viviparus div. sp., Melanopsis div. sp., Lithoglyphus div. sp., Valvata div. sp., 
Theodoxus div. sp. and brackish estuarine molluscs: Didacna pontocaspia PAVL., D. pseudocrassa PAVL, Adacna 
plicata (EICHW) (MACAROVICI & COTEŢ, 1962; MACAROVICI & COSTEŢCHI, 1973). This fauna, outlining the QM8-D. 
pontocaspia-A. plicata Zone (Table 1), correlates with the molluscan fauna yielded by ‘Babele Beds’ (MACAROVICI & 

COSTEŢCHI, 1973), mentioned in terraces T5-Kolkotova (Nistru), T5-Pietricica (Prut) and T5-Nagornoe (Danube), 
Middle Pleistocene in age (~0.5 Ma), representing the Lowermost Musaisian Substage in the Dacian Basin. 

3.9. Mostiştea Formation (ANDREESCU et al., in press) (“Thick Sands Bank”, LITEANU, 1952; = Mostiştea 
Beds, ALEXEEVA et al., 1983).                                                                                                                                                                      

 Till now Mostiştea Beds proved to be, habitually, devoid of any significant molluscan fauna. However, in places 
MACAROVICI & COTEŢ (1962) and MUNTEANU (2006) mentioned: U. pictorum, U. aff. pictorum, Anodonta sp., Corbicula 
fluminalis MULL., Sphaerium corneum L., S. subnobilis COB., Musculum lacustre MULL., Viviparus div. sp., Lithoglyphus 
naticoides PFEIFF., Theodoxus danubialis PFEIFF., Radix ovata DRAP., Planorbis corneus L. etc., reminding the molluscan 
fauna from the “Upper Babele Beds”, equivalent to T4-T3 terraces of the Prut and the Danube rivers. 

The finding of the Mammuthus trogontherii (POHLIG) remains (APOSTOL, 1971, 1974) yielded by “Mostiştea 
Beds” from the Oriental Romanian Plain, has definitely been argued the assignment of these sands to the Upper 
Dinogetian (Musaisian).  

 
4. UPPER PLIOCENE AND PLEISTOCENE BIOCHRONOLOGIC AND CHRONOSTRATIGRAPHIC UNITS 

 
In the Dacian Basin for the Sarmatian-Pliocene time interval, 12 Middle-Late Miocene-Pliocene mollusc zones 

(NSM1 – NSM12), and 4 Early Pleistocene ones (QM1 – QM4) have been proposed (ANDREESCU, 1981, 1983). A lot of 
new data subsequently acquired (ANDREESCU et al., 1984, 1985, 1992; PAPAIANOPOL et al., 1987; LUBENESCU et al., 
1987; ENCIU & ANDREESCU, 1990) by detailed mapping and processing information coming from coal or 
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hydrogeological boreholes allowed fossil record enrichment and, finally, sequential analyses of the Pliocene - 
Pleistocene deposits. 

One of the most outstanding scientific gain of those investigations consisted in refining the biochronology 
(molluscs) of the Dacian-Pleistocene time span.  

Several zones/subzones, as for example are those referring to the Dacian (NSM8, NSM9 and NSM10), have 
been revised and, consequently, their meaning was gradually improved.  

As an immediate result of those revisions both the Dacian and Romanian ages were redefined, so that the Siensian, 
formerly considered as the Earliest Romanian (ANDREESCU, 1981, 1982), became the Latest Dacian, biochronologically 
marked by the NSM10-Malvensinaia psilodonta – Viviparus bifarciantus Zone (ANDREESCU & PANǍ, 1996).  

In this meaning the Romanian, represented by the Pelendavian and Valahian, spans between ~3.7-1.8 Ma (Fig. 10). 
Since in the stratotype area of the Romanian Stage, a new subzone, NSM12a-Euxinicardium ebersini-E. motasi 

Subzone was outlined, heralding the huge Akchagylian transgression (=Pleşcoi Beds auct.) in the northeastern Dacian 
Basin, the former NSM11d-Valahunio iconomianus, then included in the Latest Pelendavian, become the second 
Valahian NSM12b Subzone (Fig. 3). In this new biochronologic configuration, the Early Romanian (Pelendavian) is 
defined by NSM11-Moldavunio lenticularis Zone with three subzones: 11a-Rytia brandzai; 11b-Pristinunio pristinus 
and 11c-Pelendunio bielzi, whereas the Late Romanian (Valahian) involves NSM12-Ebersininaia milcovensis-
Bogatschevia pretamanensis Zone with four subzones: 12a-Euxinicardium ebersini-E. motasi; 12b-Valahunio 
iconomianus; 12c-Ebersininaia milcovensis-Valahunio orientalis and 12d-Ebersininaia geometrica-Bogatschevia 
bugasica (Fig. 3). 

The ICS decision (June, 2009) to accept the proposal of the Subcommission on Quaternary Stratigraphy (SQS) 
(August, 2008), indicating the lower boundary of the Quaternary System/ Period to be coincident with the base of Gelasian 
(2.588 Ma), and the base of Pleistocene Series as well, challenged again the status of the Pliocene and Pleistocene in the 
Paratethys realm. Thus, in the Dacian Basin, NSM12c-Unio kujalnicensis and 12d-Bogatschevia tamanensis subzones, 
defining the Late Valahian, as a result of the Pliocene-Pleistocene boundary lowering, became QM1 and QM2 zones 
respectively. Finally, the Romanian-Pleistocene molluscs zonation is rendered as it can be seen in Fig. 3. 

The inspection of figures 3 and 10 reveals the differences between the previous (column A) and present 
(column B) zonation chart and, naturally, their age assignment.  

Several of the new Pleistocene zones, as for example QM1-QM6, already separated in the Euxino-Caspian 
domain (CHEPALYGA, 1972; CHEPALYGA, in NIKIFOROVA et al., 1976), could be outlined in the Dacian Basin too. The 
last three Pleistocene mollusc zones (QM7-QM9), pointed out in the easternmost area of the Dacian Basin, characterize 
the Dinogetian Stage (Mid-Pleistocene deposits). QM1-U.kujalnicensis; QM2-B.tamanensis; QM3-U. apscheronicus 
and QM4-B. sturi zones have been outlined (ANDREESCU et al., 1981) in the Milcov-Slatina area and, since then, their 
taxa content did not change. The QM5-Bogatschevia scutum assemblage comes from Uzunu Beds, described by 
MACAROVICI & COTEŢ (1962); QM6-Pseudosturia caudata assemblage has been outlined in section 3.4. Copǎceni 
Beds; QM7-D. crassa-M. pontica assemblage characterizes the Vânǎtori Fm (see also section 3.7); QM8-D. 
pontocaspia-A. plicata assemblage comes from the Barboşi-Babele Beds (MACAROVICI, 1960) and QM9-Unio 
pictorum-U. tumidus Zone is mainly conceived on the mollusc assemblages (Unio pictorum, U. tumidus, Corbicula 
consobrina, C. crassula, C. fluminalis, Viviparus megarensis, V. altus, V. istriens, V. tiraspolitanus, Fagotia esperi, 
Bithynia div. sp., Bulimus div. sp., Valvata div. sp. etc.) reported by MACAROVICI & COTEŢ (1962), MACAROVICI & 

COSTEŢCHI (1973), MUNTEANU (2006) in the southeastern and easternmost areas of the Dacian Basin.   
Based on detailed biochronologic separations, expressed in the Romanian-Pleistocene zonal revisions, and in 

outlining of a series of new molluscan zones (Fig. 3) on the one hand, and on magnetobiostratigraphic investigations, on 
the other hand, we finally were able to redefine not only the Romanian Age and its subdivisions, but also to separate a 
series of new Pleistocene chronostratigraphic units: the Argedavian Age (with Milcovian and Uzunian subdivisions), 
the Dinogetian Age (with Netindavian and Musaisian subdivisions), and the Ilfovian Age (Figs. 3; 10) (ANDREESCU 
et al., 2010).  

Argedavian Age represents the Early Pleistocene. Its name comes from Argedava, the ancient Geto-Dacian 
Fortress and Burebista’s Kingdom Capital (Fig. 1). The Argedavian Stage is characterized by Frǎteşti Fm, in the 
western and central areas of the Moesian Platform, Tetoiu Fm, in the southern sector of the Carpathian Foredeep, 
Vlǎdeni Fm, in the eastern sector of the Moesian Platform, and Copǎceni Beds laying in the junction zone between the 
above named units (Fig. 2). Biochronologically 6 molluscan zones (QM1-QM6) (Figs. 3; 10), one subzone (MN16b) 
and four mammalian zones (MN17, MmQ-1, MmQ-2, MmQ-3) (Figs. 4, 10) define the Argedavian Age, which spans a 
relatively long interval of ca 1.8 Ma. 

The zones QM1-QM3, MN16b, MN17 and the greatest part of MmQ-1 zone (?possibly the entire zone) 
characterize the Early Argedavian (Milcovian), while the Late Argedavian (Uzunian) is defined by QM4-QM6 and 
MmQ-2, MmQ-3 zones (Figs. 4; 10).  

Since no magnetostratigraphic investigation on the passage among molluscan zones QM3/QM4 to QM8/QM9 
is available in the Dacian Basin, their absolute age, and consequently the stage/substage boundaries as well, had to be 
only estimated, first of all by analogy with the reliable data coming from studies carried out on the Pleistocene deposits 
in the Euxino-Caspian region (NIKIFOROVA et al., 1976, 1986; YAKHIMOVICI et al., 2000; TESAKOV et al., 2007; 
DANUKALOVA et al., 2008) (Figs. 3; 10). 
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The Dinogetian Age whose name is derived from Dinogetia, an ancient Geto-Dacian Fortress (Fig. 1), corresponds 
to the former Middle Pleistocene and keeps the same meaning in the present paper, spanning ca 0.65 Ma (Fig. 10).  

Lithostratigraphically the Dinogetian Stage is represented by the upper part of the Coconi Fm (“Marly 
complex”, LITEANU, 1952), Cǎlmǎţui Fm (“Psamo-psephitic complex”, FERU et al., 1977), Vânǎtori Fm (ANDREESCU et 
al., in press), Barboşi-Babele Fm (“Barboşi-Babele Beds”, MACAROVICI, 1960), Mostiştea Fm (“Thick sand bank”, 
LITEANU, 1952), “lower loess” and loess-like deposits and alluvial accumulations of the T7-T3 terraces.  

Owing to its relative scarcity, Dinogetian monotonous molluscan fauna, yielded in places by the above 
mentioned lithological units, could hardly be considered, at basinal scale, as reliable chronologic markers (datum 
planes) for the Netindavian or Musaisian. Not too much different is to be noted as concerns the availability of the Mid-
Pleistocene large and/or small mammal fauna in the Dacian Basin. In other words, despite the two Dinogetian chrons 
were clearly outlined by the “assemblage zones” QM7-QM9, we are still unable to point out an accurate absolute age of 
the Netindavian/Musaisian boundary. However, by correlation of the QM7 Zone with the Early Ceaudian (=T6-T5 
terrace of the Nistru, the Prut and the Danube rivers) (~0.75-0.7 Ma) and QM8 with the Late Ceaudian (=T5-T4 terrace 
Kolcotova-the Nistru and Pietricica-the Prut) (~0.55-0.5 Ma) (FEDOROV, 1978; SHOPOV, 1996; SHOPOV et al., 1994; 
WINGUTH et al., 2000) an absolute age of ca 0.5 Ma could be accepted for that boundary and, this case, the Netindavian 
is lasting ca 0.30 Ma, and the Musaisian ca 0.35 Ma.  

 

 
 

Figure10. Former (column A) and actual (column B) state of the Pliocene-Pleistocene Biochronologic (Molluscs, Mammals) and 
Chronostratigraphic units in the Dacian Basin and correlations with the Pannonian, Euxinic and Mediterranean realms 

(according to ANDREESCU et al., in print). / Figura 10. Unitǎţile biocronologice (moluşte, mamifere) pliocen-pleistocene şi unitǎţile 
cronostratigrafice foste (coloana A) şi actuale (coloana B) din Bazinul Dacic; corelarea acestora cu Bazinul Pannonic, Bazinul 

Euxinic şi domeniul mediteranean (dupǎ ANDREESCU et al., sub tipar). 
 

Abbreviations: NSM-9 – QM-9=Mollusc zones; MN14b-
MnQ3=Mammal zones; PARSC.=Parscovian; 
SIENS.=Siensian; PELEND.=Pelendavian; 
VALAH.=Valahian; DINOGET.=Dinogetian 
NET.=Netindavian; MUS.=Musaisian; ILFOV.=Ilfovian). 

Abrevieri: NSM-9 – QM9=Zone de moluşte; MN14b – 
MnQ3=Zone mamaliene; PARSC.=Parscovian; 

SIENS.=Siensian; PELEND.=Pelendavian; 
VALAH.=Valahian; DINOGET.=Dinogetian; 

NET.=Netindavian; MUS.=Musaisian; ILFOV.=Ilfovian). 
 

The Late Pleistocene, named Ilfovian Age in the Dacian Basin (ANDREESCU et al., 2010), is spanning ca 0.118 
Ma (0.130-0.0115 Ma), versus 0.108 Ma as accepted by various authors (GIBBARD, 2003; GIBBARD & HEAD, 2009; 
GIBBARD et al., 2005, 2009) in other sedimentary realms. Its name comes from the Ilfov district where LITEANU (1952) 
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described in detail the Colentina Pebbles and the loess-like deposits assigned to the Upper Pleistocene. Beside those 
rocks the Ilfovian Stage is represented by 1-3 loess “levels” and the alluvial accumulations of terraces T3-T1. 

No biochronologically significant freshwater/terrestrial mollusc fauna was ever reported in the uppermost 
Pleistocene deposits either in the Dacian Basin or other Paratethyan basin. In exchange the Ilfovian mammal fauna, 
reflecting a lot of environments, is pretty rich and diversified: Mammuthus primigenius (BLUMB.), Palaeoloxodon 
antiquus (FALCONER), Coelodonta antiquitatis (BLUMB.), Bison priscus BOJAN, Bos primigenius (BOJAN), Megaceros 
giganteus (BLUMB.), Ursus arctos L., Canis lupus L., Crocuta spelaea (GOLDF.) etc. 

 
5. REASSESSING THE PLIOCENE/PLEISTOCENE BOUNDARY IN THE DACIAN BASIN 

 
The decision adopted at the 18-th International Geological Congress (London, 1948) to establish the 

Neogene/Quaternary boundary synchronous with the base of the Calabrian Stage has been met in two main ways: some 
geologists, less directly involved, accepted without restraint this proposal, while other ‘Quaternarists’ from eastern 
European countries, especially from the former USSR, refuted it “ab initio”. As habitually, in such a case, available 
reasons to be invoked in a certain sense or another were more than abundant on each side.  

More than half of century elapsed since the 18th IGC decided to establish Quaternary boundary at the base of 
the Calabrian Stage and, meanwhile, the greatest part of geologists agreed to this point of view.   

It is beyond of this paper purpose an exhaustive review of the manifold debates avatars concerning the Early 
Quaternary boundary. The same is valid whether or not, the Pleistocene Series has to be considered as a Quaternary 
subdivision or as the Latest Neogene Age.  

To get an appropriate answer to these subjects the reader is kindly requested to inspect at least the titles 
included in the attached reference papers: LITEANU, 1961; LITEANU & GHENEA, 1966; SAMSON & RǍDULESCU, 1973; 
ANDREESCU, 1973; ANDREESCU et al., 1981; NIKIFOROVA et al., 1976, 1986; GHENEA, 1977; GHENEA et al., 1982; 
AGUIRRE & PASINI, 1985; VAN COUVERING, 1997; RǍDULESCU & SAMSON, 2001; AUBRY et al., 2005; WALSH, 2006; 
PRAT, 2007; HILGEN et al., 2008;  MCGOWRAN et al., 2009; VAN COUVERING et al., 2009; GIBBARD & HEAD, 2009a, 
2009b; GIBBARD et al., 2005, 2009.  

The status of the Quaternary, habitually regarded as a geological period effectively coincident with the main 
climatic deterioration of the current Ice Age, has recently been questioned as a formal stratigraphic unit (AUBRY et al., 
2005; VAN COUVERING et al., 2009).  

In response the decision of the IUGS (29 June, 2009) to ratify a proposal by the ICS (International 
Commission on Stratigraphy) that the base of Quaternary System/Period and the base of the Pleistocene Series/Epoch 
be lowered to that of the Gelasian Stage/Age is expressed in the following: 

1) the Quaternary is a full formal chronostratigraphic unit, the appropriate status for which is the System. The 
underlying System is the Neogene; 

2) the base of the Quaternary is placed at the current base of GSSP Gelasian Stage (currently in the Pliocene) 
at the base of Marine Isotope Stage (MIS) 103, which has been calibrated to an age of ~2.6 Ma; 

3) the base of the Pleistocene Series is lowered to coincide with that of the Quaternary System Boundary 
(=Gelasian Stage GSSP); 

4) the GSSP at Vrica, Italy (the former Plio-Pleistocene boundary), is retained as the base of the Calabrian 
Stage, the second stage of the revised Pleistocene Series (GIBBARD & HEAD, 2009). 

Irrespective of the reasons leading to the actual “crisis” concerning the Lower Quaternary boundary, the fact is 
we are facing with a decision which, if not entirely harmful, then one must be admitted it is giving rise to a real turmoil 
especially among the “Neogene” geologists. This direction is the decapitation of the Pliocene Epoch is quite relevant 
(see Fig. 10 and the discussion concerning the Romanian Stage). Yet the greater troubles refer, in our opinion, to the 
practical purposes, related to the  Quaternary deposits, namely to a huge quantity of scientific documentation (various 
geologic maps, scientific reports and/or papers, etc.), acquired during the last 50-60 years, hardly to be up to dated in a 
reasonable time interval. 

On the other hand, several evidences, whose inconsistency was subsequently proved, were invoked by the 
advocates of establishing the Lower Quaternary boundary synchronous with the base of Calabrian Stage. Two of them 
are worthy to be mentioned:  

1) the presence of the so-called “northern guests” (molluscs, forams) in Early Calabrian. In fact, the first 
occurrence of those disparate taxa (i.e. Hyalinea baltica, Globorotalia truncatulinoides) is recorded in older sediments, 
former included in the Picenzian Stage. RIO et al. (1984) pointed out that the Mediterranean nannofloral and 
foraminiferal assemblages underwent marked changes in the Late Pliocene in the proximity of Gauss/Matuyama 
paleomagnetic epochs (n.n.~2.6 Ma). These events, according to various authors (SHACKLETON & OPDYKE, 1977; 
THUNELL  & WILLIAMS, 1983; SUC et al., 1997; VAN DAM et al., 2006) seemingly occurred worldwide being related to 
a severe cooling, the onset of the Northern Hemisphere glaciation; 

2) the pseudo-correlation between the “marine stage” Calabrian and the “continental stage” Villafranchian 
(SUC et al., 1997) and, moreover, the inexistence in the type section of Villafranca d’Asti of several mammal taxa 
(Elephas, Leptobos, Equus) (AZZAROLI, 1970) considered typical for this stage. 
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Figure 11. Reassesed the Pliocene/Pleistocene boundary in the Dacian Basin (Stratotypical Slatina Area, Olt District) (according to 
ANDREESCU et al., 2010). / Figura 11. Repoziţionarea limitei Pliocen/Pleistocen în Bazinul Dacic (Aria stratotipicǎ Slatina, judeţul 

Olt) (dupǎ ANDREESCU et al., 2010). 
 

Legend: A=Upper Pliocene-Pleistocene lithostratigraphic and 
chronostratigraphic units in the Central Dacian Basin, applied to 
the Slatina Area; B=Lithology of the upper part of the H4-Slatina 
Drill-Site, in which the Upper Cǎlineşti Fm. (=Siensian), 
Izvoarele Fm and Frǎteşti Fm. (lower and middle parts) are 
represented; C=Molluscs zonation: NSM11a to NSM12b, 
inferred, taking into account the faunal assemblages described by 
LITEANU et al., 1967; NSM12c to QM3 are coming from the 
former Milcovu din Vale and Slatina outcrops (ANDREESCU et 
al.,1981); D=Former Pliocene-Pleistocene stratotypical sections 
of Slatina and Milcovu din Vale (ANDREESCU et al., 1981); 
E=Slatina-Milcovu din Vale magnetostratigrafic column 
(ANDREESCU et al., 1981); F=Upper Pliocene-Lower Pleistocene 
(Neogene/Quaternary) boundary in the Mediterranean realm. 

Legendă: A=Unitǎţile litostratigrafice şi cronostratigrafice din 
sectorul central al Bazinului Dacic  aplicate zonei Slatina; 
B=Litologia din partea superioarǎ a coloanei relevate de forajul H4-
Slatina, în care sunt  reprezentate partea superioarǎ a Formaţiunii de 
Cǎlineşti (Siensian), Formaţiunea de Izvoarele şi segmentele inferior 
şi mediu ale Formaţiunii de Frǎteşti; C=Zonarea moluştelor: 
NSM11a…NSM12b deduse prin considerarea asociaţiilor prezentate 
de LITEANU et al., 1967: NSM12c…QM3 provin din fostele 
aflorimente Milcovu din Vale şi Slatina (ANDREESCU et al., 1981); 
D=Fostele secţiuni stratotipice Slatina şi Milcovu din Vale 
(ANDREESCU et al., 1981); E=Coloana magnetostratigraficǎ Slatina-
Milcovu din Vale (ANDREESCU et al., 1981); F=Limita Pliocen 
superior-Pleistocen inferior (Neogen/Cuaternar) în domeniul 
mediteranean. 
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However, irrespective of the adopted or rejected point of view, expressed by “Quaternarists” versus 
“Neogenists”, regarding the position of this boundary, we found that, in the Dacian Basin, the lowering Quaternary base 
to ca 2.6 Ma (ANDREESCU et al., 2010) seems to be much more plausible than its still present position at 1.8 Ma 
(ANDREESCU et al., 1981).  

Consequently, taking into account the area Slatina-Milcovu din Vale, where the Pliocene-Pleistocene boundary 
(~1.8 Ma) has been pointed out by ANDREESCU et al. (1981) (Fig. 11), and the data provided by a lot of boreholes, 
drilled in the southern Dacian Basin, we were able to argue the new, reassessed, Pliocene-Pleistocene boundary can be 
considered coincident with the lowermost sequences of the Frǎteşti Fm in the Moesian Platform area and Tetoiu Fm in 
the Carpathian Foredeep (Figs. 2-8; 10; 11).  

Important to mention, in the eastern Dacian Basin (Fig. 1) the Pliocene/Pleistocene boundary can be 
magnetostratigraphically pointed out in Berca-Pleşcoi (ANDREESCU, 2008) and Râmnicu Sǎrat sections (VASILIEV et al., 
2004; ANDREESCU, 2009) as well.   

 
6. CONCLUSIONS 

 
In our attempt to get more confident stratigraphic results, in this contribution we defined and/or redefined some 

of the main Upper Pliocene-Pleistocene lithostratigrafic, biochronologic and chronostratigraphic units in the Dacian 
Basin. This direction, the first step consisted in resuming the already known formations (Trajkovo Fm, Izvoarele Fm, 
Frǎteşti Fm, Vlǎdeni Fm, Vânǎtori Fm, Bǎrboşi-Babele Fm etc.) and in outlining the new Pleistocene ones (Tetoiu Fm, 
Cǎlmǎţui Fm).  

In the same time, the faunal record (molluscs, mammals) has been pointed out. The results of these 
investigations are rendered out in the graphic figures accompanying the paper (Figs. 2-11).  

The next step consisted in emphasizing of the Romanian/Pleistocene biochronological units based on molluscs 
and/or mammals. Accordingly the Romanian zones NSM11-Moldavunio lenticularis, characterizing the Early 
Romanian (Pelendavian), and NSM12-Ebersininaia milcovensis-Bogatschevia pretamanensis of the Late Romanian 
(Valahian) have been redefined (Figs. 3; 10). A distinct significance, in the base of the NSM12 Zone, has 12a-
Euxinicardium ebersini-E. motasi Subzone which could be seen as a “palaeobiological echo” of the Akchagylian 
transgression in the Caspian Basin. A number of 9 Pleistocene zones, QM1- QM9, presented in previous papers 
(ANDREESCU et al., 2010, in press), have been redefined or outlined (Fig. 3).  

The mammal faunas, previously recorded in various sites (Milcovu din Vale, Slatina, Tetoiu etc.) had been 
revised, and  new assemblages, have been revealed so that many sites with upper Pliocene and/or Pleistocene mammal 
associations (Figs. 1; 4) added new taxa in faunal lists, with implications in an accurate establishing of host deposit ages 
(Coconi Fm, Cǎlmǎţui Fm etc.).  

Further the Romanian - Pleistocene chronostratigraphic units were outlined and biochronologically 
documented. The Romanian Age had to be again redefined, since its former upper boundary, according to the new 
acceptance of the Pliocene/Pleistocene boundary at ~2.6 Ma, is now situated in the Early Pleistocene (Fig. 10). Acting 
in this manner, we succeeded to maintain, although redefined, the two chrons/substages, Pelendavian (~0.5 Ma) and 
Valahian (0.6 Ma), of the Romanian Age/Stage. 

The Pleistocene age names Argedavian and Dinogetian, assessed in a previous paper (ANDREESCU et al., 
2010), come from Argedava (Fortress and Capital of the ancient Daco-Getian tribes) and Dinogetia (Daco-Getian, then 
Roman Fortress) respectively, whereas the Ilfovian represents a derivation of the Ilfov district (see section 4). 

 Milcovu din Vale Site, Uzunu Site, Netindava (Daco-Getian Fortress), Dinogetia (Geto-Dacian, then Roman 
Fortress), and Musaisos (Ancient Daco-Getian name of the Buzǎu River) appellatives stand at the origin of Milcovian, 
Uzunian, Netindavian, Dinogetian and Musaisian  names respectively (Fig. 1).  

In Slatina-Milcovu din Vale area, where the former Neogene/Quaternary boundary (~1.8 Ma) was pointed out 
in the Dacian Basin (ANDREESCU et al., 1981), we succeeded to reassess the new Pliocene/Pleistocene boundary (2.6 
Ma), coincident with the lowermost sequences of the Frǎteşti Fm in the Moesian Platform area (Figs. 6; 11), whereas 
Tetoiu Fm has the same significance in the Carpathian Foredeep (Fig. 8).  

Important to mention, in the eastern Dacian Basin (Fig. 1) the Pliocene/Pleistocene boundary can now be 
magnetostratigraphically pointed out in Berca-Pleşcoi (ANDREESCU, 2008, 2009) and Râmnicu Sǎrat sections (VASILIEV 

et al., 2004; ANDREESCU, 2009) as well.   
Lowering the Pleistocene base, that is ageing it from 1.8 to 2.6 Ma, actually the Neogene-Quaternary boundary 

rejuvenated and, in this new posture, became more suitable to a longer life expectancy than the preceding younger boundary.   
 

ADDENDUM 
 

If the architecture of Romanian (Izvoarele Fm, Trajkovo Fm) and Milcovian (Tetoiu Fm, Frǎteşti Fm and 
Vlǎdeni Fm) siliciclastic rudito-arenitic deposits, their source areas and supply directions are to be taken into account, 
then the supposition that those lithostratigraphic units were generated in the Danube’s River environments, draining 
west-eastwardly the Dacian Basin (ENCIU, 2007), seems quite unlikely. In this context the “Danube Formation” import 
in the Dacian Basin (ENCIU, 2007), becomes the more inadequately so as, in agreement with recent investigations 
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(ENACHE, 2006; ANDREESCU, 2009), at that time, i.e. during Valahian-Milcovian, the Paleo-Danube was still trapped 
somewhere in the northern Pannonian Basin.  

Moreover “Danube Series”, in various authors acceptance (SZADECZKY-KARDOSS, 1938; RONAI, 1960: apud 
RONAI, 1985), refer to the Danube’s terraces alluvial accumulations from the central-southern Pannonian Basin, a 
region which the Danube seemingly reached not sooner than the second part of the Early Pleistocene, in Uzunian 
respectively.     

Alluvial deposits of the oldest Danubian terraces (T8-T6), known in that region as „Lower Danube Series’, 
revealed the presence of Bogatschevia sturi, the nominative species of QM4 Zone which, as a datum plane at the 
Paratethys scale, spans the time interval ~1.6-1.3 Ma (NIKIFOROVA et al., 1976, 1986; ALEXEEVA et al., 1983). 

 In antithesis the facies of all the Romanian “rudito-arenitic” formations are plainly dissimilar both of genesis 
(see sections 2; 2.1-2.4) and age point of view, those units representing the northern, southern and northeastern alluvial 
environments results, whose onset is placed at ~3.2-3.0 Ma ago. The same observations, about the “Danube Fm” are 
valid as it concerns the Lower Pleistocene Frǎteşti (southern, Balkan-Moesian, source area), Tetoiu (northern, 
Carpathian source area), Vlǎdeni (eastern, South-Central Dobrogea source area) formations and the Middle Pleistocene, 
Cǎlmǎţui Fm (eastern, Central-Northern Dobrogea source area) (Fig. 1): none of those units (see sections 3.1 - 3.3 and 
3.6) could be related to the Danube River.  

On the other hand, the figure 1 suggests the Izvoarele Fm could be considered as the Pelendavian and Valahian 
coarse to finer facies developed in the frame of a more or less longitudinal, coalescent drainage system, a drainage 
(fluvial) system having nothing in common with the Danube River, indeed.    
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NEW MAASTRICHTIAN MICROVERTEBRATES  
FROM THE RUSCA MONTANĂ BASIN (ROMANIA) 

 
 

VASILE Ştefan, CSIKI Zoltán 
 

Abstract. Known since the beginning of the 20th century for their abundant and diverse paleofloristic content, the Maastrichtian 
deposits of the Rusca Montană Basin yielded no vertebrate fossils until recently, when sauropod, ornithopod, theropod, chelonian, 
crocodylian and multituberculate remains have been discovered in floodplain fines and river channel sandstones cropping out in the 
eastern part of the basin. This paper presents additional fossils from a potentially new site within the same area, belonging to taxa and 
metataxa previously unknown in the Rusca Montană Basin. The fossil assemblage includes anurans, albanerpetontids, lizards, 
ziphodont crocodylians, additional small theropods, eggshells, freshwater gastropods and angiosperm fructifications. The faunal and 
sedimentological data suggest that the fossil assemblage is largely autochthonous, and thus reflects the composition of a wetland, 
poorly drained distal floodplain paleo-ecosystem. 
 
Keywords: microvertebrates, Maastrichtian, Rusca Montană Basin. 
 
Rezumat. Noi microvertebrate maastrichtiene din Bazinul Rusca Montană (România). Cunoscute încă de la începutul 
secolului al 20-lea datorită unui conţinut paleofloristic bogat şi divers, depozitele maastrichtiene ale Bazinului Rusca Montană nu au 
furnizat vertebrate fosile până recent, când resturi ale unor sauropode, ornithopode, theropode, chelonieni, crocodilieni şi 
multituberculate au fost descoperite în depozite fine de câmpie inundabilă şi gresii de canal fluviatil care aflorează în partea de est a 
bazinului. Această lucrare prezintă o asociaţie de fosile provenind dintr-un sit potenţial nou din aceeaşi zonă, fosile ce reprezintă 
taxoni şi metataxoni anterior necunoscuţi din Bazinul Rusca Montană. Asociaţia fosilă include anure, albanerpetontide, crocodili 
ziphodonţi, şopârle, noi taxoni de theropode, coji de ouă, gastropode de apă dulce şi fructificaţii de angiosperme. Datele faunistice şi 
de sedimentologie sugerează o asociaţie fosilă autohtonă, ce reflectă compoziţia unui paleo-ecosistem umed, de câmpie inundabilă 
distală, slab drenată. 
 
Cuvinte cheie: microvertebrate, Maastrichtian, Bazinul Rusca Montană. 

 
INTRODUCTION 

 
Placed in the southwestern part of the Poiana Ruscă Mountains, the Rusca Montană Basin represents an intra-

mountainous depression bounded by the Bistra Valley to the south and the Neogene Caransebeş Basin to the southwest. 
The basin formed after the Austrian and ”Laramidian“ tectogeneses, as a depression lying between the Getic and 
Supragetic Nappes, both of which cover the Danubian Units (STRUTINSKI & HANN, 1986).  

The oldest sedimentary units covering the metamorphic basement are Lower Jurassic marine conglomerates, 
followed by Middle and Upper Jurassic reef limestones (CANTUNIARI, 1937; DINCĂ, 1977; MAMULEA, 1955). During 
the Cretaceous, sea level changes led to the deposition of alternating marine and continental sediments: Albian? 
bauxites, followed by a marine succession with Cenomanian conglomerates and sandstones, Turonian-Coniacian sandy 
marls and marls, topped by Santonian-Campanian flysch deposits, and finally Maastrichtian continental, detritic and 
volcaniclastic deposits (CANTUNIARI, 1937; DINCĂ, 1977; MAMULEA, 1955). The sedimentary succession reaches a 
little more than 2,000 m in thickness, much of which is represented by the Maastrichtian molasse deposits. 

Although no formal lithostratigraphic units have yet been described from the Rusca Montană Basin, the 
Maastrichtian deposits appear under two distinct lithologies. Coarse deposits represented by red, purple, and sometimes 
grey conglomerates and sandstones occur in the western part of the basin. These are made up of metamorphic and 
limestone clasts reworked from the underlying basement or older sedimentary deposits, and are bonded in calcareous 
cementum (DINCĂ, 1977; DUŞA, 1974, 1987; GRIGORESCU, 1992). Mixed tuffaceous and fine-grained detritic deposits 
occur in the eastern part of the basin, being crossed by Banatitic volcanic intrusions and hosting a few coal lenses 
(BIŢOIANU, 1970; DINCĂ, 1977; DUŞA, 1970, 1974, 1987; DUŞA & BĂRILĂ, 1973; GRIGORESCU, 1992; NOPCSA, 1905; 
MAMULEA, 1955). The Maastrichtian age of the later deposits has been based on their rich fossil macroflora 
(GIVULESCU, 1966, 1968; PETRESCU & DUŞA, 1970, 1980, 1985; SCHAFARZIK, 1906; TUZSON, 1913) and palynological 
content (ANTONESCU et al., 1983). Despite their similarity in lithology, flora and palynomorphs to contemporaneous 
deposits from the neighbouring Haţeg Basin (ANTONESCU et al., 1983; DINCĂ et al., 1972; GRIGORESCU, 1992; NOPCSA, 
1905), no vertebrate remains have been discovered in over one century of geological research in the Maastrichtian of 
the Rusca Montană Basin. 

The first vertebrates have been reported only recently (CODREA et al., 2009, in press; FEIGI et al., 2010) from 
the eastern part of the basin, near Lunca Cernii de Sus, from red fine-grained floodplain mudstones and coarser, gray, 
river channel sandstones. The specimens described are taxonomically diverse, belonging to sauropods (a probable 
titanosaur), ornithopods, theropods (indeterminate velociraptorines), crocodylians, chelonians, and multituberculate 
mammals, an assemblage reminiscent of that already known from the Maastrichtian deposits of the Haţeg Basin (e.g. 
GRIGORESCU, 2010: Table 1). Besides these micro- and macrovertebrate remains, the presence of minute plant seeds 
and amber-like grains was also mentioned. 
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MATERIAL AND METHODS 
 

Several outcropping red and gray-blue coloured fine-grained beds have been identified during a field survey 
along Fărcădeana Brook, a small left-side tributary of Negoiu Creek, within the inhabited area of Negoiu village, 
Hunedoara County (Fig. 1). About 70 kg of matrix has been sampled from three such beds (one red and two gray-blue 
in colour) to test for possible microvertebrate remains. The sampled overbank deposits are discontinuous and occur at 
various heights on the slopes from the brook base, which is gently dipping approximately from northwest to southeast. 
Since the different beds cannot be followed along the valley, the construction of a synthetic geological log is extremely 
difficult. The samples have been screen-washed using 2 mm and 0.71 mm mesh size sieves, following the procedure of 
sediment processing first used for Cretaceous microvertebrates in Romania by GRIGORESCU et al. (1985). The resulting 
material was sorted under a Zeiss-Stemi binocular microscope. The sample collected from the red-coloured mudstone 
was not fossiliferous; only a few gastropod opercula were found in one of the gray-blue mudstone samples, but the 
other yielded numerous small gastropods (opercula and shells), fruits, and microvertebrate remains, a remarkable 
assemblage described herein. The most representative specimens have been photographed using a Cannon EOS 1000D 
digital camera mounted on a Zeiss Stemi 2000-C microscope. 

 
RESULTS AND DISCUSSIONS 

 
The microvertebrate-bearing bed that produced the fossil remains consists of about 2 m of massive gray-blue 

muscovite-rich mudstone, slightly coarser, sandy, in its upper third, being unconformably covered by a well-sorted 
conglomerate, composed of sub-rounded, mainly quartzitic grains (2.5-5 cm in diameter), along with rare, similarly-
sized micaschist clasts. Minute pyrite crystals and coal fragments also occur in the mudstone bed. 

 Although it is difficult to compare the location of the first Maastrichtian vertebrate fossil site from the Rusca 
Montană Basin (CODREA et al., 2009, in press; FEIGI et al., 2010) to that of the site described here, the marked 
lithological differences between the fossiliferous deposits (red fine-grained overbank and gray channel sandstones for 
the site located “near Lunca Cernii de Sus”, respectively gray-blue overbank mudstones for the Fărcădeana Brook site, 
presented in this paper) suggest that the two fossil assemblages come different sedimentary bodies, representing distinct 
environments of the same fluvial system. Taking into account that the two sites also appear to sample different 
vertebrate groups (pending the discovery of further fossils), the differences in lithology and taxonomic composition are 
potential arguments supporting the idea that the fossil assemblage described herein comes from a different location 
(“site”) than the one described by Codrea and co-workers. 

 

Figure 1. Location of the fossiliferous site from Fărcădeana Brook valley, Negoiu Village, Hunedoara County. Inset showing the 
location of the Rusca Montană area in Western Romania (Base map taken from Google Earth). 

Figura 1. Amplasarea sitului fosilifer de pe valea Pârâului Fărcădeana, satul Negoiu, Judeţul Hunedoara. În medalion este ilustrată 
localizarea zonei Rusca Montană în partea de vest a României (Harta de bază preluată din Google Earth). 

 
The anurans are the best represented group of microvertebrates recovered so far. Most of the specimens found are 

not diagnostic at a lower taxonomic level; these include a globular humeral ball (FGGUB v.548, Fig. 2b), typical anuran 
tibiofibular fragments (FGGUB v.551, Fig. 2a), and a fragmentary vertebra (FGGUB v.560). The tibiofibulae have the 
tibial and fibular components of similar size, wider at the epiphyses and narrowing to the diaphysis of the element. Distinct 
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sulci separate these components on both the anterior and posterior face of the tibiofibula, the former being more 
conspicuous. The only anuran remains determinable at specific level include a prearticulary and an ilium, both incomplete. 
A small left ilium fragment (FGGUB v.550, Fig 2e) preserves the anterior part of the acetabular region, and the posterior 
part of the iliac crest. In lateral view, the acetabular region is fairly deep, bordered by a well-marked acetabular rim, 
prominent anteroventrally projecting beyond the ventral margin of the bone. Even if only a small posterior part of the iliac 
crest is preserved, this structure seems to have been rather tall. These features are not sufficient to positively assign v.550 
to a certain taxon; nevertheless, they are reminiscent of those seen in ilia of Paralatonia transylvanica (VENCZEL & CSIKI, 
2003), a common taxon in the Maastrichtian floodplain deposits of the Haţeg Basin, and also mentioned from the 
Transylvanian Basin at Oarda de Jos (JIPA et al., 2010). Three fragments of a large left prearticulary (FGGUB v.549, Fig. 
2c-d) have also been recovered. The largest of the three fragments preserves the area of the paracoronoid crest. The 
Meckelian groove is constricted at the level of the paracoronoid crest, being nevertheless well developed along all three 
fragments. The lingually-projecting coronoid process has a concave dorsal surface. All these features are mentioned in the 
initial description of Paralatonia, supporting the referral of v.549 to this taxon. 

The amphibians are also represented by a small dentary fragment, preserving the base of three thin cylindrical 
subpleurodont teeth, broken at the level of the dental parapet (FGGUB v.557, Fig. 2f). The Meckelian groove is closed; 
three oval foramina are present on the smooth labial side of the dentary. These features are typical for albanerpetontid 
lissamphibians (GARDNER, 2000), also present in the coeval deposits of the Haţeg (FOLIE & CODREA, 2005; 
GRIGORESCU et al., 1999) and the Transylvanian (CODREA et al., 2010a, 2010c; JIPA et al., 2010) basins, where they 
were referred to the genus Albanerpeton (ESTES & HOFFSTETTER, 1976).  

Three crocodilian teeth have been recovered, belonging to two dental morphotypes. One of these (FGGUB v.555, 
Fig. 2g) has an equilateral triangle outline, is strongly labiolingually compressed and has a bulging, thicker central part, on the 
lingual face. One of the edges is broken, but the other bears a serrated carina, with large, subequal denticles, slightly 
decreasing in size from the tip to the base of the tooth, while concomitantly increasing in frequency. Two other teeth, also 
bearing serrated carinae, are subconical, taller than wide when compared to the first morphotype, apically recurved both 
distally and lingually. The tips of both teeth are blunt, slightly worn; the wear facets are mesio-labially facing, longitudinally 
elongate ovals, reminiscent of those seen in teeth with comparable morphology from the Haţeg Basin. In FGGUB v.554 (Figs. 
2h-i) the denticles decrease in size from the apex to the base. FGGUB v.556 (Figs. 2j-k) is smaller and has a lanceolate 
outline; it preserves part of the cylindrical root, and shows a slight constriction at the base of the crown. Similar dental 
morphotypes have been referred to the ziphodont crocodilian Doratodon (SEELEY, 1881), a terrestrial predator quite common 
in the Maastrichtian deposits of the Haţeg Basin (GRIGORESCU et al., 1999; MARTIN et al., 2006; VASILE & CSIKI, 2010) and 
in southwestern Transylvania (CODREA et al., 2010a, 2010b, 2010c; JIPA et al., 2010). The former morphotype was probably 
restricted to the distal part of the jaw, while the latter occupied a more anterior position. 

Theropods are also represented by two isolated teeth with distinctive morphologies. One of these (FGGUB 
v.552, Figs. 2m-n) is subconical, long and narrow, labiolingually compressed and only slightly recurved mesodistally, 
bearing two unequal carinae. The mesial carena is smaller, migrated lingually, and bears no denticles; it slowly 
diminishes towards the base of the crown where it ends in a small constriction. The distal carena is more conspicuous 
and bears clearly separated denticles, which decrease apically. The denticles are low and wide, with rounded tips, their 
axis being inclined toward the tooth apex. Faint longitudinal wrinkles are noticeable on both the lingual and the labial  
side. These features are similar to those described in the “Richardoestesia” morphotype (CURRIE et al., 1990), 
belonging to a small theropod dinosaur, a morphotype also reported from the microvertebrate assemblages of the Haţeg 
Basin (CODREA et al., 2002; VASILE & CSIKI, 2010). The second theropod tooth morphotype is represented by a 
recurved, labiolingually compressed tooth, markedly “D”-shaped in cross-section with asymmetrical lingual and labial 
sides (FGGUB v.553, Figs. 2o-p). The lingual side is flattened and shows a central concavity enclosed by the 
unserrated, lingually projecting rim-like edges. The concavity is crossed by three longitudinal ridges, which divide it 
into four narrow and long depressions. The largest of the three ridges connects the tooth apex to the middle of its base. 
The remaining two ridges are shorter and fade towards the base and apex of the crown; the posterior ridge is more 
conspicuous than the anterior one. The convex labial side is also crossed by four longitudinal ridges separated by 
shallow depressions. Of these, the most prominent ridge is placed medially, equally distanced from the edges, with two 
smaller posterior, and one anterior ridge. This morphotype is similar to teeth assigned to Paronychodon (COPE, 1876) 
(e.g., SANKEY, 2008); only one single specimen of this taxon has been reported so far from Romania, from the 
Maastrichtian site of Toteşti-baraj (CODREA et al., 2002). 

The lizards are represented by two fragmentary vertebrae, preserving only the centrum. These are procoelous and 
massive, ending in condyles slightly larger in diameter than the centrum itself. No haemal keel is present, the ventral side of 
the centrae being transversely convex and smooth. FGGUB v.559 (Fig. 2l) is longer and has a pair of foramina piercing the 
floor of the neural canal, placed near the midline of the centrum at about mid-length. FGGUB v.558 is thicker dorso-ventrally 
when compared to its length, and has four foramina on the ventral surface, asymmetrically placed in the right and left halves. 
The two foramina on the left side are small, and placed in a row lateral to the sagittal midline of the centrum. On the right side, 
one large foramen is placed near the midline, at about mid-length, while the second one, of approximately the same size, is 
migrated laterally and anteriorly. Similar foramina, placed in a similar irregular pattern, have been reported from the Haţeg 
Basin in vertebrae assigned to Bicuspidon hatzegiensis (FOLIE & CODREA, 2005); nevertheless, the presence of this feature is 
probably not sufficient to support the presence of the same taxon in Rusca Montană.  
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Figure 2. Microvertebrate fossil remains from Negoiu. a: FGGUB v.551 – Anuran tibiofibula fragment, anterior view; b: FGGUB 
v.548 – Anuran humeral proximal fragment; c-d: FGGUB v.549 – Paralatonia transylvanica left prearticulary fragment, lingual and 
labial view; e: FGGUB v.550 – ?Paralatonia transylvanica left ilium fragment, lateral view; f: FGGUB v.557 – Albanerpetontid left 
dentary fragment, lingual view; g: FGGUB v.555 – Doratodon posterior tooth, lingual view; h-i: FGGUB v.556 – Doratodon anterior 

tooth, lingual and labial view; j.-k: FGGUB v.554 – Doratodon anterior tooth, lingual and labial view; l: FGGUB v.559 – Partial 
lizard vertebra, ventral view; m.-n: FGGUB v.552 – “Richardoestesia” morphotype, labial and lingual view; o.-p: FGGUB v.553 – 

“Paronychodon” morphotype, lingual and labial view; q-r: FGGUB v.562 – Geckonoid eggshell fragment, inner and outer view; s-t: 
FGGUB v.563 – Indeterminate eggshell fragment, outer and inner view. Scale bars: 1 mm. 

Figura 2. Resturi de microvertebrate fosile de la Negoiu. a: FGGUB v.551 – Fragment de tibiofibulă de anure, vedere anterioară; b: 
FGGUB v.548 – Fragment proximal humerus de anure; c-d: FGGUB v.549 – Paralatonia transylvanica, fragment de prearticular 

stâng, vedere linguală şi labială; e: FGGUB v.550 - ?Paralatonia transylvanica fragment de ilion stâng, vedere laterală; f: FGGUB 
v.557 – Albanerpetontid, fragment de dentar stâng în vedere linguală; g: FGGUB v.555 – Doratodon, dinte posterior, vedere 

linguală; h-i: FGGUB v.556 – Doratodon, dinte anterior, vedere linguală şi labială; j-k: FGGUB v.554 – Doratodon, dinte anterior, 
vedere linguală şi labială; l: FGGUB v.559 – Vertebră parţială de şopârlă, vedere ventrală; m-n: FGGUB v.552 – Morfotipul 

“Richardoestesia”, vedere labial şi linguală; o-p: FGGUB v.553 – Morfotipul “Paronychodon”, vedere linguală şi labială; q-r: 
FGGUB v.562 – Fragment de coajă de ou de tip geckonoid, vedere internă şi externă; s-t: FGGUB v.563 – Fragment nedeterminat de 

coajă de ou, vedere externă şi internă. Scara grafică: 1 mm. 
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Two eggshell types have been recovered, represented by small, 2-5 mm long and wide fragments. The first 
morphotype, about 0.17 mm thick, bears a distinctive pattern of craters and small tubercles of various sizes on the outer 
surface (FGGUB v.562, Figs. 2q-r). The inner surface is smooth, the ends of the composing calcitic prisms being tightly 
packed. The dispersituberculate pattern from the outer surface of these eggshells is consistent with that seen in the 
geckonoid eggshell morphotype (MIKHAILOV, 1991). Eggshells of this type have been reported from Maastrichtian 
deposits of both the Haţeg (e.g. CODREA et al., 2002; CSIKI et al., 2008) and Transylvanian (CODREA et al., 2010a, b, c; 
JIPA et al., 2010) basins. The second morphotype is represented by slightly thicker (0.37-0.44 mm) eggshells with a 
prismatic structure producing a smooth inner surface and an outer surface uniformly covered by small, sub-equal, tightly 
packed tubercles (FGGUB v.563, Figs. 2s-t). A more detailed analysis is needed to thoroughly assess the affinities of these 
eggshells; thin eggshell fragments different from the geckonoid morphotype have also been mentioned from the Haţeg 
Basin (e.g. CODREA et al., 2002; CSIKI et al., 2008), but their presumed theropod origin is yet to be supported. 

The most abundant fossils from the site are the gastropods, most of these similar to morphotypes reported 
previously from the Haţeg Basin by PANĂ et al. (2001); although several of the gastropods were mentioned as new taxa 
in that preliminary paper, no formal description of them is available, and thus they will be referred herein to as 
morphotypes, and not nominal taxa.  

The largest part of the gastropod fossils from Negoiu consists of circular opercula (Figs. 3a-b), identical to the 
ones commonly encountered in many sites of the Haţeg Basin, and considered to belong to cyclophorids (PANĂ et al., 
2001). The terrestrial cyclophorids are also represented by Ischurosoma filholi (Fig. 3c) and Ajkaia cf. gregaria (Fig. 
3d); these are associated with fragmentary remains that suggest the presence of helicids (Helicella; Fig. 3e). On the 
other hand, the aquatic taxa appear to be represented by the lymneids Lymnaea (Fig. 3f) and Physa (Fig. 3g), as well as 
the planorbids Planorbis planorbis (Fig. 3h) and the “Palaeoanisis septemgiratus” morphotype (Figs. 3i-j).  

The co-occurrence of terrestrial and aquatic gastropods within the same assemblage was already noted in 
several sites of the Haţeg Basin (PANĂ et al., 2001), and was used to suggest a mixed assemblage with 
parautochthonous terrestrial taxa (cyclophorids, helicids) washed into the depositional area from the surrounding land, 
along with largely autochthonous aquatic taxa characteristic for small-sized stagnant water bodies (planorbids, 
lymneids). The abundance of gastropod opercula, representing the most resistant part of the shell, is consistent with this 
idea, as the robust opercula might have been transported into the depressionary setting much easily, i.e. in larger 
numbers and better preservation state, than the more fragile shells.  

A fairly large number of minute angiosperm fructifications have been extracted from the sample yielding the 
microvertebrate and gastropod remains. Most of them show morphologies similar to fruits reported from the Budurone 
microvertebrate fossil site, in the Haţeg Basin (MAY LINDFORS et al., 2010), considered to represent new taxa, but not yet 
described formally. One of the morphological types recovered from Negoiu (Fig. 4a) is similar to Taxon A of MAY 

LINDFORS et al. (2010: Fig. 2a), an ellipsoidal fruit probably related to the Normapolles group, similar to the Normapolles 
genus Antiquocarya. Other specimens are either capsular (Figs. 4b-d) or drupaceous (Figs. 4e-g) indehiscent fruits. Two 
different morphotypes of capsular, five-locular fruits are also similar to the ones mentioned from Budurone. One of them is 
ovoid (Fig. 4b) and the other circular (Figs. 4c-d); these have been referred to the Ericales (Taxon 10 and Taxon 11 of 
MAY LINDFORS et al., 2010), a common taxon in the European Upper Cretaceous. The drupaceous fruits are unilocular, 
one of the morphs found in Negoiu being reminiscent of those from Budurone (Fig. 4e). A further morphotype, represented 
by simple ovoidal structures (Fig. 4h), is also recorded in the Budurone fossil assemblage, but its affinities remain unclear. 
The present carpoflora confirms the presence of angiosperms belonging to the Normapolles group, documented previously 
by palynological studies from the Rusca Montană Basin (ANTONESCU et al., 1983), and augments the previously known 
floral list based mainly on leaf impressions (e.g. GIVULESCU 1966, 1968; PETRESCU & DUŞA, 1970, 1980, 1985; TUZSON, 
1913). This mesofloral assemblage is similar in size and abundance of the taxa to other Late Cretaceous floras from 
Europe. Endozoochory has been postulated as an important dispersal mechanism in Late Cretaceous angiosperms with 
drupaceous fruits (ERIKSSON et al., 2010), a possible vector for such dispersal in the Rusca Montană Basin being the 
multituberculate mammals, already reported by CODREA et al. (2009, in press). 

 
CONCLUSIONS 

 
This paper represents the first record of several non-mammalian microvertebrates - anurans, albanerpetontids, 

lizards, the ziphosuchian Doratodon, the theropods “Paronychodon” and “Richardoestesia” -, along with fragmentary 
eggshells, gastropods, and plant mesofossils, from the Maastrichtian deposits of the Rusca Montană Basin. These finds 
add to the previously reported fossil taxa (CODREA et al., 2009, in press; FEIGI et al., 2010; PETRESCU & DUŞA, 1985), 
thus expanding the previously known taxon list (Table 1) and contribute to the reconstruction of the biodiversity of the 
Romanian Maastrichtian ecosystems, while also extending the known palaeogeographical distribution range of these 
taxa. The presence of similar microvertebrates, gastropods and plant mesofossils in the Maastrichtian assemblages from 
the Haţeg and Rusca Montană basins lends further support for a synchronous sedimentation, and coeval ecosystems, in 
the two neighbouring areas, already suggested by lithological, palynological and paleofloristic data. More than that, the 
identification of similar assemblages in different sites spread over the Haţeg, Rusca Montană and Transylvanian basins 
could suggest a biostratigraphical importance for some of the microvertebrates, gastropods and mesofloristic taxa in the 
Romanian Maastrichtian. 
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Figure 3. Fossil gastropods from Negoiu (uncatalogued specimens). Fam. Cyclophoridae: a, b - Cyclophorid operculae; c - 
Ischurosoma filholi; d - Ajkaia cf. gregaria; Fam. Helicidae: e - Helicella sp.; Fam. Lymnaeidae: f - Lymnaea sp.; g - Physa sp.; Fam. 

Planorbidae: h - Planorbis planorbis; i, j - “Palaeoanisis septemgiratus”. Scale bar: 1 mm. 
Figura 3. Gastropode fosile de la Negoiu (specimene neînregistrate). Fam. Cyclophoridae: a, b - Operculi de cyclophoride; c - 

Ischurosoma filholi; d - Ajkaia cf. gregaria; Fam. Helicidae: e - Helicella sp.; Fam. Lymnaeidae: f - Lymnaea sp.; g - Physa sp.; Fam. 
Planorbidae: h - Planorbis planorbis; i, j - “Palaeoanisis septemgiratus”. Scara grafică: 1 mm. 

 
 
 

 
 

Figure 4. Fossil angiosperm fructifications from Negoiu (uncatalogued specimens). a: Indehiscent fruit related to the Normapolles 
group; b-d: Five-locular capsules related to Ericales; e-g: Indeterminate drupaceous fruits; h: Ovoidal morphotype of unclear 

affinities. Scale bar: 1 mm. 
Figura 4. Fructificaţii fosile de angiosperme de la Negoiu (specimene neînregistrate). a: Fruct indehiscent apropiat de grupul 

Normapolles; b-d: Capsule pentaloculare apropiate de ericale; e-g: Fructe drupacee nedeterminate; h: Morfotip ovoidal cu afinităţi 
neclare. Scara grafică: 1 mm. 
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Table 1. List of the Maastrichtian vertebrate taxa (including eggshells) from the Rusca Montană Basin, based on finds from Negoiu, 
Fărcădeana Brook (this paper) and near Lunca Cernii de Sus (CODREA et al., 2009, in press; FEIGI et al., 2010). 

Tabel 1. Lista vertebratelor (inclusiv coji de ouă) maastrichtiene din Bazinul Rusca Montană, pe baza descoperirilor de la Negoiu, 
Pârâul Fărcădeana (lucrarea de faţă) şi din apropiere de Lunca Cernii de Sus (CODREA et al., 2009, in press; FEIGI et al., 2010). 

 

Taxa/Morphotypes     Location    Element 
AMFIBIA 
Allocaudata   
 Albanerpetontidae 
  ?Albanerpeton   Negoiu, Fărcădeana Brook  dentary fragment 
Anura 
 Discoglossidae 
  Paralatonia transylvanica  Negoiu, Fărcădeana Brook  ilium, prearticulary 
 
REPTILIA 
Chelonia 
 Cryptodira 
  ?Kallokibotion bajazidi  near Lunca Cernii de Sus  carapace fragments 
Lepidosauria 
 Sauria indet.    Negoiu, Fărcădeana Brook  2 vertebrae  
Archosauria 
 ?Eusuchia (?Allodaposuchus)   near Lunca Cernii de Sus  ilium, ischium, pubis, 

         2 caudal vertebrae  
 Ziphosuchia 
  Doratodon    Negoiu, Fărcădeana Brook  3 isolated teeth  
 Dinosauria 
  Theropoda 
   Theropoda indet.  near Lunca Cernii de Sus  isolated tooth 
   Velociraptorinae indet.  near Lunca Cernii de Sus  3 isolated teeth 
   „Richardoestesia”   Negoiu, Fărcădeana Brook  tooth 
   „Paronychodon”  Negoiu, Fărcădeana Brook  tooth 
  Sauropoda 
   Titanosauridae indet.  near Lunca Cernii de Sus  caudal vertebra 
  Ornithopoda 
   Zalmoxes   near Lunca Cernii de Sus  2 teeth, caudal vertebra  
 
MAMMALIA 
 Multituberculata 
  Cimolodonta 

Kogaionidae indet.  near Lunca Cernii de Sus  2 teeth (P2, p4) 
 
VETROVATA 
 Geckonoid  morphotype   Negoiu, Fărcădeana Brook  eggshell fragments 
 Indeterminate morphotype    Negoiu, Fărcădeana Brook  eggshell fragments 

 
The sediment yielding the microvertebrates, gastropods and fruits described herein is gray-blue, a colour 

indicative for a poorly oxygenated depositional environment, as is the presence of coal fragments and pyrite crystals 
(e.g., WHITE et al., 1990; HAMILTON-TAYLOR & DAVISON, 1995). Together with the fine-grained sediments, they 
suggest that sedimentation took place in a poorly-drained floodplain, with ponds and marshy areas (e.g., WRIGHT et al., 
2000). The preservation of fragile fossil structures, such as the thin calcitic eggshell fragments and gastropod shells, 
alongside buoyant and therefore easily transportable structures like small-sized fruits, suggests that they did not undergo 
a significant amount of transport, another argument supporting the hypothesis of a hydrodynamically quiet, poorly 
drained floodplain environment. 

Many features of the depositional environment and fossil record from the newly reported Negoiu site are similar 
to those described in the Budurone microvertebrate fossil site from the Haţeg Basin (CSIKI et al., 2008), and lend further 
support to the identification of the depositional setting as a poorly drained, water-logged area, inhabited by the semi-
aquatic invertivore vertebrates and freshwater gastropods, the top of the local food chain being represented by small 
theropods like Richardoestesia, or by ambush-preying terrestrial crocodiles (Doratodon), feeding on the semi-aquatic 
(anurans, albanerpetontid) or terrestrial (lizards) taxa that either lived in this area or visited it for feeding or drinking. The 
additional terrestrial gastropod remains and the eggshell fragments were washed into the site from the surrounding 
emergent areas, while the angiosperm fruits suggest the presence of a thick canopy surrounding the water body. 
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MAMMAL FAUNA FROM THE UPPER PALEOLITHIC SITE OF RAŞCOV-8 
(REPUBLIC OF MOLDOVA) 

 
 

CROITOR Roman, COVALENCO Serghei  
 
Abstract. The fossil mammal remains and archaeological context from the multilayered Upper Paleolithic site Raşcov-8 are rendered 
in the present paper. The Paleolithic stone implements belong to Epigravettian and Epiauregnacian cultures (21,000 – 18,000 years B. 
P.). The most abundant teeth and bones belong to reindeer - Rangifer tarandus constantini and horse - Equus caballus ssp. that shows 
morphological affinities with E. cf. transilvanicus from Romania. Some scarce remains belong to brown bear - Ursus arctos, wolf - 
Canis lupus, and mammoth - Mammuthus primigenius. The composition of the mammal assemblage from Raşcov-8 suggests that 
ancient hunters preferred as prey vulnerable juvenile and senile individuals of large sized mammal species. 
 
Keywords: Late Paleolithic, Epigravettian, Epiaurignacian, reindeer, horse, Republic of Moldova. 
 
Rezumat. Fauna de mamifere din aşezarea paleolitic superioară Raşcov-8 (Republica Moldova). Articolul prezintă 
resturile de mamifere fosile şi contextul arheologic din aşezarea pluristratigrafică paleolitic superioară Raşcov-8. Artefactele paleolitice din 
Raşcov-8 aparţin culturilor epigravetiană şi epiaurignaciană (21 000 – 18 000 BP). Rămăşiţele osteologice cele mai numeroase aparţin 
renului - Rangifer tarandus constantini şi calului - Equus caballus ssp. care din punct de vedere morfologic este foarte asemănător cu E. cf. 
transilvanicus din România. Rămăşiţele ursului brun - Ursus arctos, lupului - Canis lupus şi mamutului - Mammuthus primigenius sunt 
reprezentate prin piese mai puţin numeroase. Caracteristica asociaţiei complexului de mamifere din Raşcov-8 probează faptul că vânătorii 
paleolitici vânau în primul rând exemplarele vulnerabile, juvenile sau senile, ale speciilor de talie mare. 
 
Cuvinte cheie: Paleolitic superior, epigravetian, epiaurignacian, ren, cal, Republica Moldova. 

 
INTRODUCTION 

 
 The Upper Paleolithic site Raşcov-8 is situated on the southern border of a cluster of multilayered Paleolithic 
sites from the middle part of the Dniester River. This site is peculiar because it is situated at a certain distance from the 
river, being placed on the third terrace of the Dniester left side tributary, the Bugornaya.  
 First surface findings from Raşcov-8 were collected by N. A. Chetraru in 1958. Later, in 1971, G. V.. Grigorieva 
and I. K. Ivanova carried out a stratigraphical study of the site and reported two culture layers (GRIGORIEVA, 1974; 
CHETRARU et al., 1986). The regular excavations in Raşcov-8 on the area of 50 square meters are carried out by one of us 
(S. C.) since 2005. The excavations revealed six culture layers representing the middle part of the Late Paleolithic. 
According to the underlying paleosoil dated by the interstadial Bryansk (Shtilfrid «В») and typological characteristics of 
flint artifacts, the cultural layers from Raşcov 8 fall within the time span from 21,000 to 18,000 years B.P. 
 Beside Paleolithic layers, the uppermost deposits of the site have yielded a Getic burial with cremation and two 
levels with Cucuteni-Tripolie artifacts. The Aeneolithic osteological complex includes several skeletal remains of one 
individual of cattle (juvenile), one first phalanx of red deer and four skeletal fragments of horse. 
 The first Epigravettian cultural level is lying on Pleistocene clays formed on the border of slack water (A. L. 
Chepalyga, personal communication to S. C.). The second layer is characterised by similar cultural identity. This 
conclusion is supported by the backed bladelets and micropoints with vertical retouch found in both layers. The sample 
of artifacts (Figs. 1:1-18) includes also flint scrapers on flake, burins on retouched truncation and transverse, points-
borers, handles made of antler for tool fixation, and a part of spearhead made of mammoth ivory. The first layer yielded 
a number of osteological remains belonging to two individuals of reindeer (Table 1), one of which is mature and 
another is juvenile. Very few remains of wild horse (fragments of metapodials) belong to a single individual. 

 
Table 1. Number of bone remains and individuals reported from the Paleolithic layers of Raşcov-8; 

 bn, number of bones; ind, number of individuals. 
Tabel 1. Numărul de oase şi de indivizi descoperiţi în nivelurile paleolitice de la Râşcov-8; 

 bn, număr de oase; ind, număr de indivizi. 
 

Species 
layer I layer II layer III layer IIIa layer IV layer V 

bn. ind. bn. ind. bn. ind. bn. ind. bn. ind. bn. ind. 
Rangifer tarandus 16 2 39 2 70 3 46 3 6 1 1 1 
Cervus elaphus     1 1 2 1   1 1 
Equus caballus 4 1 10 1 57 3 6 1     
Ursus arctos       3 1     
Canis lupus           1 1 
Mammuthus primigenius     11 1     3 1 

 
 The third culture layer rests on thick deposits of gravel and boulders and consists of two levels. The upper level 
is very rich in findings that were found undisturbed inside the layer. The lower level covers gravel aggregations and is 
partially preserved. The third culture layer is particularly important, since it proves the presence of Epiaurignacian in 
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the stratigraphical column under two Epigravettian layers. The findings from this layer are numerous, mostly 
represented by osteological remains. Among flint-stone artifacts, the core-shaped scrapers (tip rabot), carinate scrapers 
on robust flakes, the scraper on «avivage» of «á museau» type are particularly interesting (Figs. 1: 19-33).  
 

 
 

Figure 1. Stone implements from the Upper Paleolithic site Raşcov-8. 
Figura 1. Unelte din piatră din situl paleolitic superior Râşcov-8. 
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The core-scrapers are naturally connected with Dufour bladelets and flakes with curved profile, two of which 
are close to the Sagaidak-Muralovka type. The bladelets on retouched truncation are also quite expressive. The 
character of retouch certainly is not of Gravettian type, since the section face is not extended over all thickness of billet. 
The same type of retouch is seen on the majority of bladelets missing the sharp end. Only three fragments of plates are 
marked by vertical truncating retouching. Among other tools, we note the presence of dihedral burins and burins on 
retouched truncation. This layer has yielded the richest osteological material that represents six individuals of reindeer 
(one of which is juvenile and one from level 3A is senile), four individuals of wild horse (one of which is juvenile and 
two individuals are senile; one senile individual comes from the level 3A), two fragments of left lower hemimandible of 
brown bear, two bone fragments of red deer, and several fragments of postcranial bones and one molar of juvenile 
mammoth. 

The fourth culture bed is situated under the deposit of gravel and boulders. This layer is sharp outlined 
stratigraphically with real thickness up to 10 cm. All findings were unearthed from the loess loam with smallest 
inclusions of charcoal. The tool collection from this layer includes the large number of flint flakes and small chips, as 
well as burins on retouched truncation, but the piece of acicular micropoint on retouched truncation represents a special 
interest, resembling a needle-shaped microtip from the Ciutuleşti site. The osteological material from the fourth layer is 
poor and represented by some isolated teeth, talus, and a shed antler of reindeer. 

The lowermost fifth and sixth cultural layers are deposited at the base of loess-like loams over fossil soils 
underlain by alluvial deposits. The traces of prehistoric man presence are very scant and mostly represented by 
mammoth bones, charcoal and few flint-stone artifacts. Beside mammoth skeletal remains, the fifth layer has yielded an 
acetabulum of wolf, a piece of antler of reindeer and a distal part of antler that belongs to red deer. 

The lower fossiliferous level underlying cultural strata has yielded several postcranial bones of wild horse. The 
state of preservation of material from this level is different: bones are partially damaged, but mostly complete and are 
not crushed as the osteological material from the cultural layers; radius and ulna are articulated. The fossiliferous 
stratum under flagstone yielded a fragment of scapula of bison, three deeply worn lower incisors of a wild horse. 

The fossils from Paleolithic layers are badly damaged and have a poor state of preservation, therefore in many 
cases the biometrical description of specimens is impossible. Here we present a description of the best represented 
species from Raşcov 8, the wild horse and the reindeer. 
 

SYSTEMATIC DESCRIPTION 
 

Wild horse – Equus caballus ssp. 
 

Table 2. Measurements of horse (Equus caballus ssp.) remains from Raşcov-8.  
DAP, anteroposterior diameter; DLM, lateromedial diameter. 

Tabel 2. Măsurătorile fosilelor de cal ((Equus caballus ssp.) de la Râşcov-8.  
DAP, diametrul anteroposterior; DLM, diametrul lateromedial. 

 

Measurements layer II layer III 
Scapula 

Maximal length 330.+  
Maximal breadth 170.0  
Narrowest DAP 75.0  
Distal DAP 97.8  
DAP of articulation 61.3  
DLM of articulation 52.0  

Tibia 
Distal DLM 80.0  
Distal DAP 50.0  

Radius 
Distal DLM  76.5 
Distal DAP  44.0 

Phalanx II 
Medial length  49.4 
Maximal length  51.8 
Proximal DLM  62.7 
Proximal DAP  36.4 
DLM of diaphysis  52.4 
Distal DLM  56.5 
Distal DAP  29.2 

Third lower molar (M3) 
Crown length  33.0, 35.3 
Crown breadth  15.5, 16.5 

Second lower premolar (P2) 
Crown length  35.4 
Crown breadth  17.0 
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Description. The wild horse from Raşcov-8 is characterized by rather large cheek teeth (Table 2), as Upper 
Pleistocene E. latipes from Eastern Europe and larger than in modern E. przewalskii (Fig. 2A). One can note that the 
second lower premolar from Raşcov-8 corresponds to the smaller specimens from Brânzeni-1 and is quite close to the 
dimensions of P2 of E. cf. transilvanicus from Romania. 

 
Figure 2. Measurements of remains of horse Equus caballus ssp. from Raşcov-8 compared to the Upper Pleistocene and modern wild 
horses of Eurasia. A - the lower second premolar (P2); B - the second phalanx of anterior limb. Data on E. latipes, E. uralensis and E. 

przewalskii are adapted from KUZMINA (1977);  data on E. cf. transilvanicus are adapted from SAMSON (1975); data on E. latipes 
from Brânzeni-1 are adapted from DAVID (1974). 

Figura 2. Măsurătorile fosilelor de cal Equus caballus ssp. De la Râşcov-8 comparate cu cele ale cailor din Pleistocenul superior şi cu 
ale cailor moderni sălbatici din Eurasia. A - al doilea premolar inferior (P2); B - a doua falangă a membrului anterior. Datele privind 

E. latipes, E. uralensis and E. przewalskii au fost prelucrate după KUZMINA (1977); datele despre E. cf. transilvanicus au fost 
prelucrate după SAMSON (1975); datele despre E. latipes de la Brânzeni-1 au fost prelucrate după DAVID (1974). 
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The horse from Raşcov-8 is distinguished from the oriental Upper Pleistocene and Holocene horses by peculiar 
proportions of the second phalanx, which is rather long and slender. The second phalanx from Raşcov-8 is significantly 
longer than in Late Pleistocene E. latipes from Eastern Europe (including the sample from Brânzeni-1, Moldova) and E. 
uralensis from the Ural Area. The second phalanx from Raşcov 8 is also longer than in modern E. przewalskii (Fig. 2B). 
The maximal length of the second anterior phalanx from Raşcov-8 (51.7 mm) falls within the range of length variation 
of Equus cf. transilvanicus from Romania (50.5-55.0 mm, four specimens; data from SAMSON, 1975). The lateromedial 
diameter of the specimen from Raşcov-8 (52.4 mm) just slightly exceeds the breadth of diaphysis of Equus cf. 
transilvanicus (46.0-52.0 mm; ibidem). 

Comments. The large number of species of Upper Pleistocene horses in Northern Eurasia (GROMOVA, 1949; 
SAMSON, 1975; KUZMINA, 1997) creates a certain taxonomical and systematical confusion. Possibly, the majority of 
Upper Pleistocene Eurasian species could be regarded as subspecies of Equus caballus. Since this important and 
complicate question is beyond the scope of this study, we report the equine form from Raşcov-8 as E. caballus ssp. The 
remarkable length of the second phalanx approaches the horse from Raşcov-8 to “E. cf. transilvanicus” from Romania. 
Obviously, the scanty material does not give firm evidences for definite conclusions on morphological affinity and 
systematical position of the Paleolithic horse from Raşcov-8. It is noteworthy that E. latipes from Brânzeni-1 is 
characterized by somewhat longer and slender second phalanxes if compared to E. latipes from Russia (nonetheless, the 
measurements of the sample from Brânzeni-1 and Russia broadly overlap; Fig. 2B), and possibly this character shows a 
transitional condition between Russian and Romanian Upper Pleistocene horses. 
 

Reindeer – Rangifer tarandus constantini FLEROV 
 

Description. A part of the fossils of reindeer from Raşcov-8 are described in an earlier communication (CROITOR, 
2010a). Here we propose a detailed morphological description of the shed antler discovered in the fourth layer (Fig. 3).  

 

 
Figure 3. The left shed antler of reindeer Rangifer tarandus constantini from the layer IV of the Upper Paleolithic site Raşcov-8. 

Figura 3. Corn stâng de ren Rangifer tarandus constantini din nivelul IV al sitului paleolitic superior Râşcov-8. 
 

The specimen represents a proximal part of a left shed antler with the missing distal part of antler beam, the 
completely destroyed basal tine and the broken distal part of second tine. The antler surface is smooth. The outline of 
antler base is circular (43.2×39.3 mm). The antler burr is destroyed. The basal tine is situated very close to the burr. The 
second tine is situated at 117.4 mm from the antler base. The distance between the basal tine and the second tine is 
comparatively small as in all Eurasian reindeer (GEIST, 1998). This tine is compressed from the side; therefore the shape 
of its cross-section is oval. The diameters amount to 34.4×24.1 mm at tine’s base and 32.6×22.0 mm at 14 cm from the 
base where the tine is broken. The angle of second ramification is almost right. The beam is almost cylinder-shaped and 
just slightly compressed from the sides. Its diameters above the second tine amount to 38.4×33.8 mm. The antler could 
belong to a female or to a young male. From the eco-morphological point of view, it represents the “cylindricornis” or 
tundra type of reindeer. 

Measurements of postcranial bones from Raşcov-8 (Table 3, Fig. 4) fall within the range of variation of the 
reindeer from Cosăuţi and exceed the variation range of the reindeer from Brânzeni-1, as one can note in the case of 
distal epiphysis of metatarsus (Fig. 4C). Since the sexual dimorphism in size of postcranial skeleton in fossil reindeer is 
clearly visible, we could reveal the sexual appurtenance of the reindeer individuals: the layer II contains remains of a 
juvenile female and a mature male; the layer III contains remains of a juvenile male, a mature male, and a mature 
female; the remains of three mature females, one of which is senile, were unearthed from the layer IIIa; and the remains 
discovered in the layer IV belong to a mature male  (the shed antler is not considered). 
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Figure 4. Measurements of remains of reindeer from Raşcov-8 compared to the samples of Upper Pleistocene reindeer  

from Cosăuţi and Brânzeni-1 (data adapted from CROITOR, 2010b).  
A - the distal epiphysis of humerus; B - the talus; C - the distal epiphysis of metatarsus. 

Figura 4. Măsurătorile fosilelor de ren de la Râşcov-8 comparate cu fosilele de ren din Pleistocenul superior  
de la Cosăuţi şi Brânzeni-1 (date prelucrate după CROITOR, 2010b).  

A - epifiza distală a humerusului; B - talusul; C - epifiza distală a metatarsului. 
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Table 3. Measurements of reindeer (Rangifer tarandus constantini) remains from Raşcov-8. 
Tabel 3. Măsurătorile fosilelor de ren (Rangifer tarandus constantini) de la Râşcov-8. 

 

Measurements layer II layer III layer IIIa layer IV 
Humerus 

Distal DLM 48.7 47.7, 47.0 44.2  
Distal DAP 53.6 51.0, 53.4 42.0  
D of trochlea humeri 36.8 33.3, 35.6 32.2  

Radius 
Proximal DLM 42.9 47.6   
Proximal DAP 25.0 26.4   
Distal DLM 46.5 40.0   
Distal DAP 33.1 26.9   

Metacarpus 
Distal DLM  42.5   

Tibia 
Distal DLM 39.2 38.7, 38.2   
Distal DAP 30.8 32.5, 33.1   

Talus 
Maximal length 45.5 46.4, 49.0  47.7 
Distal DLM 28.0 28.8, 31.3  30.0 
Distal DAP 28.5 24.2, 26.2  25.2 

Metatarsus 
Distal DLM 44.4 38.5 40.3, 40.0  
Distal DAP 23.7 22.2 23.7, 21.0  

 
Comments. The new osteological material confirmed the conclusion that the reindeer from Raşcov-8 is similar 

to the tundra-steppe form Rangifer tarandus constantini reported at Cosăuţi (CROITOR, 2010a). This subspecies is 
characterized by very large cheek teeth and lower incisors, relatively narrow facial part of skull, slender antlers missing 
large palmations, and short limbs with robust epiphyses (FLEROV, 1934; ERMOLOVA, 1978). R. tarandus constantini 
was an open landscape gregarious grazer superficially resembling modern tundra reindeer. The subspecies evolved in 
the conditions of a dry and continental climate of Eastern Siberia and during the last Glaciation extended its area of 
distribution to Western Europe (CROITOR, 2010b). The remains of R. tarandus constantini from Raşcov-8 represent the 
earliest record of this subspecies on the territory of Moldova. R. tarandus constantini arrived on the territory of modern 
Moldova about 19,000–20,000 years ago and replaced R. tarandus cf. guettardi characterized by comparatively smaller 
cheek teeth (CROITOR, 2010a). 
 

REMARKS ON HUNTING STRATEGY 
 

Apparently, the Raşcov-8 settlement had a seasonal character. The skull fragments of juvenile and female 
individuals of reindeer with antler basal part attached found in the layers III and IIIa suggest that the animals were 
hunted during winter or spring seasons. Since the reindeer from Cosăuţi and Raşcov-8 was a gregarious tundra-steppe 
form, their annual biological cycle included also the seasonal migrations. One can assume that the herds of reindeer 
migrated to the North during the summer season and remained in the Middle Dniester Area only for the winter season. 
Therefore, the shed antler from the layer IV, apparently, belongs to a young male, since adult males shed their antlers 
soon after mating season (FLEROV, 1952; SOKOLOV, 1959).  

The sex and age of reindeer individuals from Raşcov-8 suggest that ancient hunters were rather unselective: 
the sample contains both sexes of various individual ages. Possibly, a slight selection focused upon large adult males 
may be suggested, since males in the sample from Raşcov-8 are more frequent than in natural populations. The 
male/female ratio of reindeer from Raşcov-8 is similar to that found in Duruitoarea Veche (CROITOR, 2010b). 
Nonetheless, the presence of a senile female and juveniles define still a rather opportunistic character of hunting on 
reindeer. 

The demographic situation in larger mammals from Raşcov-8 is different. Three of six recorded individuals of 
horse are senile, and one individual is juvenile. Apparently, the attention of hunters was focused upon weak and 
defenseless individuals. The senile individuals are most vulnerable in this sense, because juveniles are protected by their 
mothers. The remains of a juvenile mammoth are also very suggestive of strong prey selection in favour of the most 
vulnerable individuals of larger mammals. As a conclusion, one can say that the prey selection is stronger with respect 
to larger mammals, while smaller prey is hunted more or less opportunistically. A similar pattern of prey selection is 
reported for pack hunting predators, such as the African wild dog Lycaon pictus (PALMQUIST et al., 1996). Such a 
specific prey selection may suggest that inhabitants of Raşcov-8 settlement were exposed to rather limited human 
resources that constrained them to hunt upon vulnerable juvenile and senile individuals in larger prey species. 
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READING ABOUT SPECIES CONCEPT IN BIOLOGY 
 
 

MURARIU Dumitru 
 
Abstract. Species concept interested many scientists most of them considering species as a real biological entity characterized by a 
common ancestor and represented by a lineage that maintains its integrity with respect to other lineages through both time and 
space.Terms of reproductive isolation are most important inthe most popular biological definition of species. Because of its historical 
dimension when talking about species, phylogeny, systematics and palaeontology must be implied. In this article there are mentioned 
more than 10 outlooks, starting with the popular one and antiquity to phylogenetic outlook and even “nihilism” about species term. 
 
Keywords: fixism, variation, evolution, phylogeny, populations, reproductive isolation, morphology, genetics. 
 
Rezumat. Citind despre conceptul de specie în biologie. De la numirile populare ale speciilor şi trecând prin filosofia antică 
de metempsihoză, în articol sunt trecute în revistă concepţiile corespunzătoare istoriei omenirii, mai întâi cu sens empiric şi mai ales 
în Evul Mediu, cu evidenţierea continuităţii reproductive în sânul speciilor şi implicit – izolarea lor de altele. Cea mai populară 
definiţie a speciei ţine seama de izolarea reproductivă. Sunt apoi menţionate concepţiile: lineană, morfologică (sau tipologică), de 
specie biologică, stadiul de considerare ca entitate izolată reproductiv, conceptele evolutive şi filogenetice. 
 
Cuvinte cheie: fixism, variaţie, evoluţie, filogenie, populaţii, izolare reproductivă, morfologie, genetică. 

 
INTRODUCTION 

 
Species is considered the fundamental taxonomic unit; under this character, the term of species represents one 

of the most important concepts which actions in the biological science. 
Taking into consideration this idea, the definition of this term is very important, because the way in which the 

term of species is perceived influences and determines the specialist’s entire reporting manner to the biological science 
and its current theories. 

EMIL RACOVIŢĂ (1912) considered species as the fundamental biological unit. A serious research in the natural 
history cannot exist without the specific identification of the studied creatures. Species is an isolated colony of 
consanguinity. Isolation criterion has a decisive importance. 

Species have a history; only this history gives us a clear idea on the species and by what kind of relationships 
they are phylogenetically bound with the neighbouring or close species. 

Species are historical phenomena, and the term of species is a morphologic (of form and structure), 
geographic (of space) and historic (of time) entity.  
 

DISCUSSIONS 
 

Considering the above ideas we can say the biologists know the scientific name of a species (often of Latin or 
Greek origin) was introduced by Carolus Linnaeus (Linné) in 1735 (first edition of Systema Naturae). Since those times 
all scientists have been using the binominal nomenclature – name of species including two parts: - genus name or 
generic name; - specific name, which in botany is called the specific epithet. 

After Darwin’s theory on the evolution of species through natural selection, species are not just similar, they 
may actually be related. On the one side, all species should be descended from a common ancestor and on the other 
side, species are not homogeneous, fixed, permanent things. According to the last opinion, individuals of a species are 
all different, and over time species change. This suggests that species do not have any clear boundaries but are rather 
momentary statistical effects of constantly changing gene-frequencies. Accepting the rise of a new species from a 
parental line is usually named speciation, but there is never a clear line demarcating the ancestral species from the 
descendant species.  
 

Popular outlook 
The term of “species” originates in the empirical popular knowledge; among all world nations we can observe 

the dividing of the living world into different categories and “kinds” which coincide more or less with the biological 
species, scientifically defined and identified. BĂNĂRESCU (1973) remarked that the different human populations define 
precisely some “kinds”, reaching even the quasi-identity with the biological species, according to the traditional interest 
in subsistence which some biological groups present. Thus, some Papuan tribes cited by MAYR (1963) recognize very 
well the bird species, almost every biological species being also named by them; this is due to that those tribes 
traditionally hunt birds, both for feeding, i.e. subsistence, and for the decoration feathers (cultural and even ritual role). 
But, BĂNĂRESCU (op. cit.) remarked, the same tribes confound invertebrate species, being of lower interest for them. 
Similarly, the nations to which fishing is an important part of their traditional economy (as it happens for the Romanian 
people, too) most of the fish species distinguish very well, especially those with a special alimentary importance. 
Romanian fishermen named almost all fish species with separated names, often they have names even for the different 
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developing stages of some fish species intensively caught (catfish, carp, pike perch, pike); even names for the recently 
introduced species spontaneously appeared: Topmouthgudgeon (Pseudorasbora parva), Pumpkinseed sunfish (Lepomis 
gibbosus), Grass carp (Ctenopharyngodon idella); the only important exceptions are the gobies, group in which several 
species are confounded, as well as the different species of the pipefish, which are not differentiated by fishermen. In 
exchange, Romanian people did not give specific names to amphibians and reptiles, the lack of the economic and 
cooking interest being obvious. The salamander defines all urodeles; from anurans only the Great bittern, toads and 
treefrogs distinguish from the generic name of “frogs”; tortoises are not differentiated; among lizards only the European 
green lizard occur, and the term of “snake” leads to huge confusions, excepting Anguis, different other species being 
included in this name, from Eryx to vipers. 
 

In Antiquity 
The first systematization was made in the ancient Greece. If Plato introduced the term “eidos” (ειδοσ) or “id” 

for the abstract type of a species (and generally for a classification category, not only biological), Aristotle already used 
the term of genus, respectively species in natural sciences, including for the living world. As a reply to the primitive 
transformism, of mystic or magic kind (including metempsychosis), expressed by Anaximander or Empedocles, 
Aristotle asserted the immutability of species, the “id” being the essence and, at the same time, the typology of the 
animal and vegetal species; the same argumentation applies to natural elements, chemical substances, etc. 
 

In the Middle Age 
In Byzantium, the Orthodox Christian writers and philosophers (often familiarized with the “laic” culture of 

time and also being what we may call “science men” – that time, the epistemological discontinuation between science 
and religion not being present, appearing much later in West) also rise the species problem in the living world, within 
creation theology. St. Basil the Great, and later St. Maximus the Confessor, minutely told about what St. Maximus had 
named divine reasons of creation – every species (not only the biological one) has its own reason which gives it its own 
identity (including its specific features but not only them) and the unchanged perpetuation along time. Divine reasons of 
the created species are immutable but, considering that God support everything which means life, the way in which the 
reason of the species expresses is updated for each individual, in its own way, under the God’s protection. Thus, not 
only the perpetuation and species identity is explained, but also the intraspecific variation and the way the last one is 
compatible with the species unchanged perpetuation – potentially, up to infinity. More than that, we can read even the 
empiric term, but correct and “very” modern, of the reproductive continuity within a species, and implicitly, of the 
isolation from other species. 

 
In Linné outlook 
This concept, filtered through the western theology, can be found in Linné, who described the species 

constancy along time by the identity of some features which are inherited by generations and which give the objective 
character of each species, defining them distinctly from one another. 

 
Typological or morphological outlook 
The scientists of the 18th – 19th centuries adopted and developed mainly the idea of the morphological typology 

of a species, from Linné, the single criterion for its recognition, thus being closer, in concept, to Aristotle and his “id” 
than to the Fathers of Byzantium (for whom there is enough room for intraspecific variability, and typology is not the 
only determinant of the specific identity); with this outlook they include themselves in the current of enlightenment, as 
it was expressed that time in philosophy and science. 

This typological or morphological outlook on species minimizes intraspecific variability and tries to define 
precisely the morphologic type from which the species should deviate just a little. But, this “little” is the problem, 
because it cannot be established how much. BĂNĂRESCU (1973) remarked that under this outlook on species, some 
“twin” species, slightly morphologically different, are not recognized, but the species description basing on 
morphological and chromatic variations, as well as an infinite number of variations and „aberrations” multiplies. In the 
middle of the period dominated by this outlook the evolutionist theory appeared, being favoured by the confusion of the 
difference between species and intraspecific theory; although he entitled his work “On the Origin of Species”, Darwin 
had not a clear definition for a species and admitted: “I was struck how entirely vague and arbitrary is the distinction 
between species and varieties” (DARWIN, 1859). Although later he intuited the reproductive isolation, Darwin did not 
develop this idea, the data on the material (genetic) basis of the intraspecific variability and interspecific isolation being 
absent, returning to the typological/morphological criteria. In exchange, in the environment dominated by the 
typological outlook on species, where the species definition was already insufficient, the evolutionist thesis led to an 
explosion of “species” and “varieties”. After Al. Iftime (in verbis), the huge development of “varieties” and “species” 
thus described is well illustrated by the synonym list of some species as Lacerta viridis: L. (Seps) varius LAUR., L. 
punctata DAUDIN, L. chloronota RAFINESQUE, L. cyanolaema GLUCKSEL (representing individuals with a blue throat in 
“nuptial cloths”), L. viridissima FITZ, L. bilineata DAUDIN, L. sericea DAUDIN, L. bistriata SCHINZ,  L. smaragdina 
MEISSN., L. elegans ANDRZ, and the incredible number of varieties: versicolor, punctata, mentocoerulea, variolata, 
cinereo-nigrescens, maculate, istriensis, nigra, holomelas, fusca, concolor, radiate, quadriradiata (see the enumeration 
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in SCHREIBER, 1912). Towards the beginning of the 20th century, the reaction to these exaggerations already appeared, 
in the sense of classifying those numerous types described as subspecies, forms or variations of the same species, as 
Schreiber already did for L. viridis, and many others for other groups (especially mammals), without a rigorous support 
ones again, but appealing the “common sense”. If SCHREIBER (1912) was right regarding L. viridis, and correctly 
intuited the separation of the species L. media (syn. L. trilineata), Bedriaga or Boulenger, one before and one after 
Schreiber, considered that trilineata was a subspecies of viridis – illustrating the endless dilemma of “splitting” (the 
separation tendency of the species) versus “lumping” (the tendency of merging them) and the limits of the typological 
outlook: taxa are often described but their real ratio remains disputed. 

 
Species relativization 
Also, from the application of the evolutionist outlook, but exaggerating in another sense, currents which 

relativize the species develop. A good example is RACOVIŢĂ (1929), who wanted to remove the term “species” 
(primarily considered creationist) with that of “origin”, a kind of evolutional line in which, unfortunately, the limit 
between forms is not so clear, considering that after the theory accepted by Racoviţă, „origins” come one from another 
and it is not recommended to distinguish the species… Exaggerating, Racoviţă asserted that “so called Asellus 
aquaticus”, known for more than 150 years, is not a “species” but “idle chatter”. Regarding this kind of exaggerations, 
BĂNĂRESCU (1973), resuming MAYR (1957, 1963) commented: “Linné the fixist, underlining the specific characters 
and the precise delimitation of the species, came closer to the present biological opinion on the species than those 
transformists who denied both their relative constant and their categorical delimitation in their wish of proving the 
species evolution”. 

 
Biological outlook 
The necessity of defining the species developed more and more obvious after the appearance of genetics as a 

discipline and of the attempts “to reconcile” the genetic data with the evolutionist theory. DOBZHANSKY (1937) directed 
attention to the reproductive isolation, and MAYR (1942) created the definition, basing on this ideas: a species is “a 
complex of natural populations in which breeding takes place in a real or potential moment and which are 
reproductively isolated by other similar complexes of populations”. This was named Biological Species Concept (BSC) 
and responds to Linné’s intuition on the objectivity on species, as well as the necessity of verifying experimentally the 
conspecificity of some populations or taxa. 

 
Reproductive isolation 
Taking into consideration the importance of the reproductive isolation in the biological concept on species, we 

have to understand what the reproductive isolation means. Classical example is the horse and the donkey, from which 
result sterile hybrids (mule, respectively hinny). This is only a single case among many other reproductive isolation 
types. Reproductive isolation can be:  

Prezygotic: mechanisms prevent the zygote appearance. Here, the selectivity of the adult is included, which 
always prefers the reproduction with conspecific individuals, on ethologic or biochemical criteria, avoiding that one 
with heterospecific individuals as much as possible, but also the morphologic mechanisms (of morpho-physiological 
compatibility) hindering the mating between two species, as it is the case of the distinct genitalia in numerous insects; 
and, also, the biochemical mechanisms, which hinders the fecundation possibility of the ovule by a spermatozoid 
originating in another species, thus hindering the development of the hybrid zygote. [Isolation of “habitat” or the 
“seasonal” one, cited by BĂNĂRESCU (1973), are relative – a good example is Rana ridibunda and R. esculenta; 
BĂNĂRESCU (1973) considered them isolated by the different period of reproduction, and R. esculenta is just the hybrid 
between R. ridibunda and R. lessonae!] 

Postzygotic: mechanisms which action after the zygote has formed. The total inviability of the zygote is very 
spread, which manifest either immediately or in a certain moment in its development, up to the adult state; or the 
hybrids can develop but their viability is reduced (only a part of the hybrid zygotes develop, much less than in an 
intraspecific fertilization), and if they develop they have a reduce fitness (manifested by vigour, competitiveness, etc.), 
inferior to the parental species. Another possibility is the development of the hybrid, but to be sterile, either totally 
(hybrids of both sexes are sterile) or partial (only the hybrids of one sex, generally the males are sterile). Sterility can 
appear in F1 or in F2 (in the last case F1 hybrids are fertile, but in the next generation sterility is present – so-called 
“hybrid breakdown” or „hybrid loss/destruction”). It can happen that the hybrid is fertile only with one of the parental 
species, but also with both of them. 

 
Introgression phenomenon 
As it can be seen, there are situations when fertile hybrids exist for parental species. In this case, yet, the 

reproductive isolation appears, manifested by the reduce fitness of the hybrids, which led to their reduced success in 
avoiding the predators, surviving in nature and having descendants. There is the tendency for the hybrids to be absorbed 
by one or another parental species by subsequent breeding with the parental species, slowly losing the largest part of the 
genetic material from the other species (introgression process) because the hybrid genotype is less competitive, less 
viable, and it is removed by combination and selection. Under these circumstances, between two species a hybridization 
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area appears, named tension area; the tension appear because the hybrid area is supported by two elements with a 
contradictory action: dispersion of the parental species specimens in the areas where they can meet and hybridize; and 
the reduce fitness of the hybrids. Hybrid area was also named “hybrid sink” (hybrid leakage or loss) because in the 
hybrid area specimens of the parental species always immigrate, but which, genetically speaking, they “lose 
themselves”, their genetic material “being wasted” by hybridization in unviable hybrid combinations or with a reduced 
viability. Yet, in a lesser degree, everything is not lost in the hybridization area, a very small quantity of genetic 
material permitting the so-called horizontal gene transfer, by introgression, by the specific “barrier”. But, the species 
preserve their homogeneity and the barrier of the reproductive isolation functions even under these circumstances. 
Therefore, hybrid areas can appear between species as Bombina bombina and B. variegata or Triturus montandoni and 
T. vulgaris; but, the species preserve their homogeneity by the mechanisms of the above-mentioned types; in time, the 
populations in which hybridization appear “go” towards one of the parental populations and, by the introgression 
phenomenon, they practically can lose all “alien” genetic material.  

Also, there is another very interesting isolation type, i.e. in which the hybrid copies and produces into the 
gametes only the genetic material of one of the parental species (and there is no recombination between them). 
Interestingly, under these circumstances, the zygotes formed during the mating of the two hybrids are mostly unviable – 
in exchange, the hybrid can reproduce with the parental species, thus producing either the parental species whose 
genetic material is expressed by the hybrid in gametes, or hybrids again, when mating with the other parental species. 
Thus, it results a dynamic equilibrium between parental species and hybrids, the last ones being always present, but 
limited in number, and the parental species keeping inevitably their homogeneity – the so-called hybrid genetic 
hybridization. Such kind of system appears between the species of Marsh frogs – Rana (Pelophylax) ridibunda and R. 
(P.) lessonae which have as a hybrid of this particular type the form named R. (P.) esculenta – kl meaning hybrid 
“klepton” (“thief”) because  it „parasitizes” one of the parental species, but being totally dependent on it (if the parental 
species, whose genome is not expressed by the hybrid, disappeared the hybrids also would disappear immediately, 
because the hybrid phenotype cannot appear in its absence).  

These situations underline the complexity of the reproductive isolation mechanisms but support the biological 
outlook on species because the isolation mechanisms are finally present and efficient. 

 
Apomictic species: limits for the biological outlook? 
Biological outlook on species was criticized for its limits on the apomictic or partenogenetic species, which 

reproduces as clone lines and obviously are reproductively isolated from other species or populations, but inside them 
the breeding does not take place. It is true that the species exclusively apomictic are a few: even in the plants hold as an 
example, like Common dandelion (Taraxacum officinale) there are mictic (sexed) populations and apomictic 
populations, and the fecundation of the apomictic specimens by the mictic ones appear occasionally. Among reptiles, 
there is also the situation in which a species, normally sexed, can reproduce partenogenetically in need; examples are 
numerous, among the known ones being Crotalus horridus, Python molurus and Varanus komodoensis (Al. Iftime, in 
verbis). In this case, the clone lines identify themselves as belonging to a species by their genetic classification within 
the variability limits of the bisexual „parental” species. Anyway, forcing as little bit MAYR’S definition (1963), we can 
assert that the partenogenetic clone lines are potentially able to breed with conspecific sexed individuals. Even in the 
case of the totally apomictic species, we can notice a reproductive link (as much as it can exist in this system) among 
their members, because generations come one from another and manifest a total genetic identitypractically. 

Regarding bacteria and viruses, it is considered that the stem cells which can make easier the genetic 
recombination or the genetic material transfer by different processes of so-called parasexuality (non-sexual forms, i.e. 
non-meiotic, of transfer of the genetic material) are closer (or even conspecific). 

It can be asserted that the great problem for the biological outlook on species is not created by the clone lines 
but it is not easy to establish practically if two populations are conspecific or not. Theoretically, one can assert that if in 
the breeding of some individuals of two populations the fitness of the hybrids is lower than in parental populations (i.e. 
including total non-viability) populations are not conspecific, while if the fitness of the hybrids is higher (hybrid vigour) 
or equal with that of the parental populations, they are conspecific. But practically it is very difficult to test, this 
implying hybridization experiments and fitness evaluation. From this point of view, the biological outlook on species 
does not exclude the common aspects with the typological one – as the species is identified basing on the criteria of the 
reproductive isolation, for the identification, constant morphologic features are used as being specific for the described 
biological species. 

 
Presumed „ring-species” 
We remind that BĂNĂRESCU (1973) tried to complete the species definition given by MAYR (1963) with the 

idea that “the breeding within species takes place really or potentially at least between the neighbouring populations, the 
extreme ones may be reproductively isolated” – referring to the presumed “species in open ring”, as those of Larus, 
which might intergrade in circle around the Arctic Ocean, being reproductively separated only in the North Atlantic. 
But this completion is not necessary; MAYR (op. cit), proponent of the idea of “ring-species”, already recognized: “The 
study of geographic variation of sterility factors indicates the feasibility of speciation by distance in completely 
continuous series of populations, but I believe that not a single case has been proved unequivocally” (our 
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underlining) – i.e. actually the hypothesis of the “ring-species” is not proved. Mayr already admitted the error in some 
cases; others were invalidated later. 

 
Evolutionary species concept 
Another approach appeared due to someone’s wish of including also the fossil forms in species definition 

(because in fossils is extremely difficult, if not impossible, to evaluate correctly the reproductive isolation) and to give 
to the species definition a diachronic character. Therefore, the evolutionary species concept (ESC) appeared basing on 
the definition proposed by SIMPSON (1951): “a species is a population unitary line linked by ancestor-descendent 
relationships, which keeps its identity in front of other such lines and has its own evolutional history”. Unfortunately, it 
can be observed immediately that the definition is less specific than that of MAYR’S (1963), reaching the subjectivism 
of the typological outlook, because there is not an objective criterion, empirically verifiable, according to which the 
“preserving of identity” and “its own evolutional history” to be evaluated. An insular subspecies, for instance, 
“preserves its identity” naturally, potentially to the infinite although it is not reproductively isolated if it comes 
experimentally in contact with another subspecies. Geographical isolation becomes as much important as the 
reproductive one. For example, a sad example according to these criteria, Brown bear from Hokkaido and Kurile (Ursus 
arctos yesoensis) could be classified as a distinct species from the Brown bear from Siberia because it keeps its identity 
(by geographic isolation), and has its own evolutional history ... as any other population, if the theory of the biological 
evolution is accepted! Much worse, the feral sheep from the Soay Island also could be considered a valid species, 
exactly after the same criteria, in addition, a rustic breed readapted to the free life, hence a clear identity and preserved 
for hundred or thousand generations. And, indeed, such situations already appear, recently being proposed the 
separation of the Sumatran tiger as a distinct species (Panthera sumatrae) from P. tigris! Fortunately, this proposal was 
not taken into consideration, but it is alarming that this “evolutional outlook” is spreading, especially in conjunction 
with the distribution of the cladistic outlooks which introduced the idea of “apomorphic” (derived) and “plesiomorphic” 
(ancestral) features, in a failed effort of objectification of taxonomy. Which are ancestral and which are derived, and 
why it is not so clear in practice as in theory, leaving space to subjectivism, as well as to artefacts induced by the efforts 
of mathematical modelling. The result of this application is, once again, the flourishing of a high number of described 
taxa, subspecies raised at the species rank, etc., returning to the situation from the typological outlook period – and, in 
addition, the cladism leads to the chronic instability of taxonomy, and to the proliferation of a large number of 
flagrantly contradictory classifications. 

 
Phylogenetic outlook 
Following the idea of distinguishing the species after some definite features, within the evolutional outlook 

(i.e. to see what “the keeping of identity” means), an objectification attempt led to the so-called phylogenetic outlook, 
initiated by CRACAFT (1989): “a phylogenetic species is an irreducible (basal) group of organisms, which can be 
diagnosed differently from other similar groups, inside of it appearing a parental succession of ancestor-descendent 
relationships”. Unfortunately, the result was nothing else but a higher extremism, if the only criterion for the “identity” 
identification is the possibility if diagnosing. Any subspecies or clinal form which can be diagnosed, even any domestic 
breed, stem, cultivation, etc. can be considered a species, and some authors wondered where we go if the definition 
would extend till the diagnosing by genetic differences of the order of the substitution of a basal pair – which is 
theoretically possible (HARRISON, 1998; MALLET, 2001)! Fortunately, at least for the time being, practical common 
sense prevented the application of the phylogenetic outlook in the effective description of new species. 

 
“Nihilism” about species 
After the obvious failure of the evolutional and phylogenetic outlooks, now some voices raised again which 

support the abandonment of the species term (MALLET, 2001), asserting that the population, not the species, represents 
the objective classification level, objective unit in biology. But the metapopulational dynamics, migration, mosaic 
distribution etc. make the recognition and the delimitation of the populations actually impossible at the level of 
imposing it as an objective unit. To abolish the term of species, by the virtue of the inconsistent critics directed to the 
biological outlook means to transform the living world into an amorphous mass in which any utilizable classification, 
empirically and experimentally, cannot be recognized, hence scientifically; practically, it means to cancel the scientific 
testability criterion of all theories in biology (including the evolutional theory, defined by ... the species origin) and thus 
biology is not a science anymore. 

 
Returning to the biological outlook 
If there are some critics to the biological outlook, this was made in order to try the perception improving on the 

species as an objective reality, not to abolish it; but the failure of these attempts does not mean the abolition of the 
species term but the returning to the biological outlook on species, finally the only one which can assure the objectivity 
of the scientific approach in biology. 
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CONCLUSIONS 
 

1. Aristotle and other pre-Darwinian scientists used the words genus and species to mean generic and specific  
categories; they took the species to be distinct and unchanging, with an “essence”, like the chemical elements. 

2. Linnaeus and his successors classified organisms according to differences in the form of reproductive 
apparatus but without claim about the relationship between similar species. 

3. Lamarck suggested that an organism could pass on an acquired trait to its offspring. By those times, most 
scientists understood that species could change form over time, and that the history of the planet provided enough time 
for major changes.  

4. With the acceptance of Darwin’s natural selection idea, it was also accepted and argued that it was 
populations that evolved, not individuals. 

5. For sexually reproducing organisms, the term of “species” means a group of individuals that could 
potentially interbreed and produce fertile offspring of both sexes. 

6. The modern evolutionary synthesis (1937-1947) appeared to unify ideas from different biological 
specialties: genetics, cytology, systematics, botany, morphology, ecology and palaeontology. This neo-Darwinian 
synthesis reconcilliated Mendelian genetics with gradual evolution by means of natural selection and explained changes 
in local populations as a broad scale changes or macroevolution. 

7. Up to actual knowledge, the term “species” is not useful when studying bacterial evolution. Microbiologists 
see genes as moving freely between even distantly related bacteria, with the entire bacterial domain being a single gene 
pool.  

8. Most of the above outlooks on species concept coincide. Differences between them are more a matter of 
emphasis than of outright contradiction. Therefore we can say no species concept yet proposed is entirely objective, or 
can be applied in all cases without resorting to judgment. Given the complexity of life, some have argued that such an 
objective definition is in all likelihood impossible, and scientists should settle for the most practical definition. 

 
REFERENCES 

 
BĂNĂRESCU P. 1973. Principiile și metodele zoologiei sistematice. Edit. Academiei Române. Bucureşti. 219 pp. 
CRACRATFT J. 1989. Speciation and its ontology: the empirical consequences of alternative species concepts for 

understanding patterns and processes of differentiation. In: Otte D. and Endler J. A. (Eds.). Speciation and its 
Consequences. Sinauer Associates. Sunderland. Mass: 28-59. 

DARWIN CH. 1859. On the Origin of Species by Means of Natural Selection, or the Preservation of Favoured Races in 
the Struggle for Life. John Murray. London. ix + 502 + 32 ad. pp. 

DOBZHANSKY T. 1937. Genetics and the origin of species. Columbia University Press. New York. 364 pp. 
HARRISON R. G. 1998. Linking evolutionary pattern and process. The relevance of species concepts for the study of 

speciation. In: Howard D. J. and Berlocher S. H. (Eds.). Endless Forms. Species and Speciation. Oxford 
University Press. New York: 19-31. 

MALLET J. 2001. “Species, concepts of”, preprint of article. In: “Encyclopedia of Biodiversity”. Edit. Simon A. Levin 
Academic Press. New York. 5: 427-440. 

MAYR E. 1942. Systematics and the origin of species. Columbia University Press. New York. 337 pp.   
MAYR E. 1957. Species concept and definitions. In: Mayr E. (Ed.), The Species Problem. American Association of 

Scientific Publications. 50: 1-22. 
MAYR E. 1963. Animal Species and Evolution. Harvard University Press. Cambridge. Mass. 797 pp.           
RACOVIŢĂ E. 1912. Cirolanides (1-ère série). (Biospeologica, XXVII). Archives de Zoologie expér. Et générale. Paris. 

5-ème série. 10: 203-329.  
RACOVIŢĂ E. 1929. Evoluţia şi problemele ei. Biblioteca eugenică și biopolitică a „Astrei”. Cluj. 183 pp. 
SCHREIBER E. 1912. Herpetologia europaea. Eine systematische Bearbeitung der Amphibien und Reptilien 

welchebisher in Europa aufgefunden sind. Verlag von Gustav Fischer. Jena. v-x + 960 pp. 
SIMPSON G. G. 1951. The species concept. Evolution. 5: 285-298. 
 
 

Murariu Dumitru  
„Grigore Antipa” National Museum of Natural History 

Şos. Kiselelff, No. 1, 011341, 1 Sector 
Bucharest, Romania 

E-mail: dmurariu@antipa.ro 
Received: March 30, 2011 

Accepted: July 4, 2011 
 
 
 



Muzeul Olteniei Craiova. Oltenia. Studii şi comunicări. Ştiinţele Naturii.  Tom. 27, No. 1/2011             ISSN 1454-6914 

 

245 
 

PROFESSOR CONSTANTIN ENACHE: 
80 YEARS OF LIFE, 60 YEARS AS A GEOLOGIST 

 
 

POPESCU Aurelian  
 
Abstract. The paper presents aspects of the life and activity of Dr. Geologist Constantin Enache, unchallenged leader of the 
geologists from Oltenia between the second half of the 20th century and the dawn of the 21st century. This contribution is meant to be 
homage and celebration of Constantin Enache, as a geologist, researcher, professor and outstanding person.  
 
Keywords: Constantin Enache, Oltenia, geologist, researcher. 
 
Rezumat. Profesorul Constantin Enache: 80 de ani de viaţă, 60 de ani de geologie. Lucrarea este un omagiu adus 
geologului, cercetătorului, profesorului şi omului Constantin Enache. Sunt prezentate aspecte din viaţa şi activitatea sa ca mentor al 
geologilor din Oltenia, între a doua jumătate a secolului al XX-lea şi începutul secolului al XXI-lea. 
 
Cuvinte cheie: Constantin Enache, Oltenia, geologie, cercetător. 

 
It is rather difficult to comprehend a man’s life and activity in just a few pages, especially when he is a 

personality as complex as Dr. Geologist Constantin Enache, the leader and mentor of virtually all geologists in Oltenia. 
These lines convey and represent a disciple’s homage and gratitude, a recollection for those who have known him 
during his enduring activity. 

I met Mr. Constantin Enache in 1989, when I was a young geologist working at the Institute of Geological 
Prospections and Explorations (IPEG) Oltenia in Craiova. I was impressed, from the very first moment, by his 
competence and his way of approaching geological issues. I had bought when first issued, Dewatering of Deposits, and 
The Mollusc Fauna of the Lignite Deposits in Oltenia, genuine “bibles” for all of us, the field geologists working in 
survey and exploration of lignite. 

Then, there was a few years break, until 1993, when I became a curator at the Museum of Oltenia. There we 
reunited for what was to be a long and fruitful collaboration. We roamed together some pretty thousand miles, in search 
for outcrops, which he had studied years ago and whose location he remembered infallibly. Together we harvested 
thousands of shells of Pliocene molluscs, but also of ammonites, corals and fossil plants.   

All the fossil samples gathered by the two of us are now part of the patrimony of the Museum of Oltenia, thus 
enriching the collection with valuable items which have been thoroughly determined from the scientific point of view, 
by Mr. Constantin Enache himself. Despite his respectable age, which for many other retired men means walking and 
playing chess in the park, he used to march for whole miles in the valleys, hills and mountains, in search of points of 
interest (from the geological and paleontological perspective). I have vivid memories of our trips to Drănic (Fig. 1), 
Podari, Bucovăţ, and Bâlta on the Jiu Valley, at Buiceşti, Sviniţa, and Batoţi, in Mehedinţi, Scoruşu, Scoarţa and 
Aninoasa in Gorj and many, many more. 

In winter, or during the days which were inappropriate for field trips, he used to be present at the museum, a lot 
of time where he shared with me from his long experience. On such an occasion I have found out that, while a student at 
the “Saint Peter and Paul” High School in Ploiesti, he was strongly impressed by the teacher Lipcan, who used to teach 
the Geography of Romania, mainly based on geology. The drawings of geological units, which the teacher drew in 
colours on the blackboard, left a mark in his memory and influenced him in a decisive way with respect of his choice of 
career.   

Many times he has been telling me about his years at the Bucharest University (1950-1955), about his 
professors, for example Dan Giuşcă, Virgil Ianovici, Gheorghe Murgeanu, Miltiade Filipescu, Emilia Saulea, Mircea 
Socolescu, Nicolae Grigoraş, Nicolae Oncescu, Victor Papiu, who gained a special place in his memory and whom he 
holds in high respect. With Professor Simon Pauliuc, back then a young teaching assistant, he had a close friendship, 
and later on the Professor became his thesis adviser.   

He nostalgically told me about his first employment, at the “Mining Enterprise Filipeştii de Pădure”, where he 
filled the position of chief geologist, which was available. There he enjoyed the appreciation of the engineer Satinger, 
chief of the investment office, who, after noticing his passion and keen interest in research, gave him as a present the 
yearbooks and reports of the Geological Committee; in his turn, he donated these books, in 2010, to the Office of 
Natural Sciences of the Museum of Oltenia.  

Distinguished by the results of his work, he was promoted at the Mining Trust Muntenia, as chief geologist. 
In 1959 he left for Craiova, after joining a team of professionals, which was about to found a mining company 

and eventually he moved here. Therefore, despite the fact that he was born in 1931 in a railway station, at Scăioşi, 
Prahova County, where his father was head of the station, he considers himself as an “Oltenian”.   

The data issued from the field works undertaken at the coal mines from Muntenia and Oltenia are illustrated by 
his written contributions in such publications as “Nature” and “Mines, Petrol and Gases”, the latter being 
acknowledged as an outstanding scientific publication. 
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At this stage also, Constantin Enache lays down, together with experts from the Calculation Centre of the 
University of Craiova, the first applications of the computer in various aspects of geology. For that time, it was a 
revolutionary approach, proposed and courageously advanced and supported by the young researcher.   

Most of his activity unfolded at “The Institute of Research and Mining Prospection for Lignite” (ICITPML), 
where he held a position ever since its establishment in 1967.  

Many times he has spoken to me about his peers at the Institute, about their groundbreaking activity in the field 
of deposit dewatering, about the successes and the odds they encountered there (Fig. 2).  

A few years ago, while I was working on my doctoral thesis, Mr. Constantin Enache brought me a copy of his 
own PhD. thesis, defended in 1976 and entitled The Geology and Hydrogeology of the Region between the Jiu and the 
Motru, with focus on the Coal Deposit where the new data as well as the new methods proposed by the author in 
researching lignite deposits are equally capitalized upon. By this opportunity I found out that, due to the outstanding 
results in his field of work, in 1974 he had been co-opted in the Managing Council of the Geological Direction in the 
Ministry of Mines and Geology. This Direction was led by Prof. Dan Rădulescu and later, in 1978, by the academician 
Al. Codarcea, a member in the Republic’s Commission for Geological Reserves.  

His deep knowledge of the problems regarding the dewatering of deposits has recommended Constantin 
Enache for the task of drawing up, in 1971, Romania’s report for the session of the directors of the national scientific 
institutes of mines, organized by the Coal Committee for Europe on the topic The drainage of aquifer formations from 
the mines of Oltenia. He also drew up Romania’s report (after being nominated the leader of the Romanian delegation) 
at the experts’ 4th session in current mining exploitation, The Economic Commission for Europe of UNO, the Coal 
Committee, Geneva, 1982, on the topic: Dewatering methods and means in the coal quarries, particularly at great 
depth or in case of difficult deposit conditions.  

His scientific achievements are ‘crowned’ by Deposit Dewatering, a book published in 1985 at “Scrisul 
Românesc”, a publishing house in Craiova. This study has become a must for professionals in the field.  

Another side of the activity carried out by Constantin Enache with ICITPML is represented by his constant 
preoccupation with scientific novelty, both in research and in the more practical aspects. Thus, in 1979 he patented the 
invention “Dewatering device” for submersible pumps, as well as 3 other innovations in the field of dewatering 
technologies.  

He has spoken to me repeatedly about the experience exchanges with specialists from similar institutes in the 
USSR (Moscow, Leningrad, Tula, and Belgorod), Poland, Czechoslovakia, Hungary, Federal Germany (Köln) (Fig. 3). 

During our talks, memories about his travels to China (1984 -1987) were constantly recurring. In the Bailong 
area (Fig. 4), the Chinese authorities had the intention of opening a pit coal mine, but the deposit was in difficult 
hydrogeological conditions.  

Despite the fact that he had not previously worked in such geological conditions, Constantin Enache took 
responsibility for the success of the on-going workings and joined the team which contributed to the opening of the 
mine. The contact with Chinese specialists and especially with Chinese culture made a big difference to him, and he 
took care to “eternalize” the defining aspects of this intercultural encounter in such tokens as: photographs, slides, 
drawings and poems.  

Fascinated by the way he was narrating his trips to China, and knowing that he had also visited other countries, 
either as a tourist (Greece, Italy) or motivated by his work interests and responsibilities (Switzerland, Germany, Russia, 
Poland, etc.), I suggested to dr. Enache to make public conferences on some aspects of his journeys around the world. 
The result was a series of slide projections accompanied by music, highly appreciated by the attending public. A large 
part of the public has become faithful, and we sometimes had even to repeat the presentations.  

A different side of Mr. Enache’s activity is the didactic one. Ever since his permanent settlement in Craiova he 
has been giving lectures, on the problems of pit coal deposits, first, at The People’s University. Between 1985 and 1988, 
considering his status of an acknowledged specialist, both in the country and abroad, he was invited to give lectures at 
the Centre for the Professional Improvement of Higher Educated Employees in the Ministry of Mines. 

Starting with the year 1987 he has been nominated in doctoral commissions at several prestigious institutions: 
the Faculties of Geology in Bucharest and Cluj-Napoca, the Institute of Geography and the Institute of Speleology 
based at the Academy.   

After retiring, in 1990, he detained a position of lecturer at the private Cadastre College in Craiova and at the 
Faculty of Geography in the private Ecological University.  

From 1994 until 2005 he has functioned as an associate professor with the Faculty of Geography in the 
University of Craiova (Fig. 5). During this period he was invited to teach the Palaeontology course at the Faculty of 
Biology. Every time I met him at the Faculty of Geography, either during breaks, or outside class time, I found him 
leaning over some maps, with one or two students, explaining something.  

He has guided with method and inspiration, generations of students who admired and loved him. Even today, 
several years after ceasing teaching, he continues to help with advice and guiding the young geographers who come to 
him. 

In the mid-nineties, I established a scientific chapter affiliated to the Natural Sciences Branch of the Museum 
of Oltenia. I called it “Museum’s Friends”, and Mr. Enache was unanimously elected as honorary president. Within this 
chapter, a few enthusiastic young people were active, to whom Mr. Enache used to explain various aspects of geology 
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and palaeontology, in a facile way and sometimes even in the field. It will remain unforgettable to me the field missions 
in the area of Bahna, from Brădeşti, Leu, Bâlta, where, together with Mr. Enache, several members of the chapter were 
present.  

Sometimes, in the field or at the museum, he wrote poetry. To my amazement, he had written hundreds of 
poems in his life! Some of them, truly sensitive ones, have been included in thematic volumes and “launched” in the 
virtual space of the Internet.  

Visual art, namely painting, has represented another creative dimension of his personality, and it has remained 
an enduring passion in the course of his life. He has painted especially landscapes, either in the country, or from abroad, 
in the countries where he travelled; the landscapes in China, are particularly impressive through grandeur and colours. 
Even though the general public has not had many occasions of getting acquainted with Mr. Enache’s body of work (he 
only had one exhibition, open after 1990), the visitors who have seen and analysed his pictures think that these artworks 
can easily be exhibited in any museum in Romania.  

Now in his eighties, an age that would allow him to consecrate his time to well-deserved resting and to his two 
grandsons (Fig. 6), Mr. Enache continues to do what he has always done: to have the same restlessness and scientific 
curiosity he had in his youth, to help the younger, but also the older with any problem, to be creative on a multitude of 
levels and to be the leader and mentor of geologists from Oltenia. 

Geologist Dr. Constantin Enache - a whole army within a person! 
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Plate I. Selected images from the life and activity of Constantin Enache. 
Planşa I. Imagini alese din viaţa şi activitatea lui Constantin Enache. 

 

 
 

Figure 1. On the fosiliferous site Drănic. 
Figura 1. La situl fosilifer Drănic. 

 
 

Figure 2. With colleagues in the mine Horăşti (standing). 
Figura 2. Împreună cu colegii în mina Horăşti (în picioare). 

 

 

Figure 3. Scientific session in Köln (the first one from the left). 
Figura 3. Sesiune ştiinţifică la Köln (primul din stânga).

 
 

Figure 4. In the Bailong quarry (the third from the right). 
Figura 4. În cariera Bailong (al treilea din dreapta).         

 

 
 

Figure 5. At the University of Craiova. 
Figura 5. La Universitatea din Craiova. 

  
 

Figure 6. With his little nephew David,  
at the Museum of Oltenia. 

Figura 6. Cu nepoţelul David, la Muzeul Olteniei. 
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