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INTRODUCTION 

Lepidoptera, together with birds and vascular plants, represents the most 

frequently monitored taxonomic groups. Several ecological characteristics make 

Lepidoptera promising biodiversity indicators: easy to survey, intensely studied, 

worldwide distribution, and more important they represent the dominant fraction of 

biodiversity and they are sensitive to many environmental changes, natural or atrophic. 

Consequently the Macrolepidoptera communities were used as indicators of 

environmental health in the area of Copșa Mică. 

The area of Copșa Mică was regarded, as the most extensively polluted area in 

Romania and even in Europe. This area was subject of high pollutants concentrations, 

mainly sulphur compounds in synergistic action with heavy metals (eg. Cu, Pb, Cd, Zn, 

Mn), pollution effects were felt within a radius of 180 750 hectares, being affected all the 

ecosystem components. 

This paper aims to emphasize on one hand the impact of pollution on 

Lepidoptera communities from this area, and to discover and analyse the percentages of 

the melanic forms from certain Lepidoptera species. 

The industrial melanism was studied in the period 1987-1988, in Copșa Mică by 

Rákosy & Rákosy (1997), the results obtained showed a higher percentage of melanic 

Biston betularia forms (carbonaria), in the intensely polluted area these forms reached 

100 %. Knowing this data in 2012, the study was repeated, being highlighted some 

changes in percentages of this species melanic forms. 

The aim of our research was to investigate the diversity, similarities and 

ecological particularities of the Copşa Mică Macrolepidoptera communities from forest 

sites, aiming to reflect the effects of air pollution in these communities. In order to 

achieve our aim the following goals were established:   

 Identification and establishment of the taxonomic composition and abundance 

encountered in the analysed area; 
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 Emphasize rare and endangered species in the area of Copşa Mică; 

 Analysis of the Macrolepidoptera communities diversity and structure from the area 

of Copșa Mică; 

 The analysis of the larval trophic spectrum of Macrolepidoptera species from the 

area of Copșa Mică; 

 Identifying and analysing the species with melanic forms and their proportion, to 

reflect the intensity of pollution from different localities. 

Anthropic activities (including pollution) led to a reduction in the habitat of many 

Lepidoptera species, to the restructuring of faunal complexes found in forest habitats. 

 These consequently have increased the vulnerability of Macrolepidoptera species, 

modifying the species composition, structure and abundance. 
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THE RESEARCHES HISTORY CONCERNING THE LEPIDOPTERA AS 

ATMOSFERIC POLLUTION BIOINDICATORS 

Environmental degradation has been emphasized using bio-indicator species or 

communities. Commonly the indicators are species or assemblies which have 

parameters (biochemical, physiological, ethological or ecological) that describe very 

precise the state of the environment, indicating their natural or anthropogenic changes.  

Butterflies, together with birds and vascular plants, represent the most frequently 

monitored taxonomic groups (de Heer et al., 2005; Thomas, 2005; Settele et al., 2008). 

Several ecological characteristics make butterflies promising biodiversity indicators: 

due to short life cycles they are more sensitive than other groups to changes in their 

habitats (Thomas 1994, Van Swaay & Warren 1999, Thomas et al. 2004); due to 

breeding even in small habitat patches they are likely to reflect changes occurring at a 

fine scale (Van Swaay et al. 2006); they may be expected to be representative for a wide 

range of terrestrial habitats (Van Swaay et al. 2006), and more important to be adequate 

indicators for many groups of terrestrial insects (Thomas & Clarke 2004; Thomas, 

2005), which themselves constitute the predominant fraction of biodiversity. 

Consequently, monitoring the change in abundance and assessing the distribution of 

butterflies have been suggested as a potential tool for assessing large-scale biodiversity 
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trends (Grosser, 1989; Măciucă, 2003; Thomas, 2005; van Swaay & van Strien, 2005; van 

Swaay et al., 2006; van Swaay, 2007; Fleishman & Murphy, 2009). 

Butterflies are unusual among insects because they can be studied nearly worldwide 

(Thomas, 2005).  

Assumptions have been made in the literature that the presence of all or selected 

species in a butterfly assemblies is indicative of general environmental attributes, such 

as conservation value (Mas & Dietsch, 2004), environmental health (Nel, 1992), and 

environmental quality (Gordon & Cobblah, 2000; Brown & Freitas, 2002; Mouquet et al., 

2005). 

Many researchers have examined whether species richness or the occurrence of a 

subset of a butterfly assemblies typically identified a priori on the basis of taxonomy, 

ecological similarity, or rarities correlated with species richness of an entire assemblies 

of butterflies (Beccaloni & Gaston, 1995; Swengel & Swengel, 1997; Swengel & Swengel, 

1999; Horner-Devine et al., 2003, Schulze et al., 2004).  

In addition, nestedness analyses have generated positive associations between the 

occurrence of a subset of a butterfly assemblies and an assemblies as a whole (Franzen 

& Ranius, 2004), numerous other investigations have focused on whether the presence 

or abundance of some or all species in a given assemblies is correlated with species 

richness or abundance of other taxonomic groups (Williams & Gaston, 1998; Ricketts et 

al., 1999; Maes et al., 2005). 

Lepidoptera are generally used as indicators of those natural and anthropic factors 

that affects them. 

The natural pressures are: climatic conditions, interspecific relations, from these last 

pressures most common are parasitism, competition, predators and natural succession. 

The anthropic pressured are numerous, but among the main anthropogenic 

pressures include: pollution, transportation, forestation and deforestation, agriculture 

intensification, drainage, pasture management, urbanization, overgrazing, tourism, 

vegetation burning, and oversampling (Rákosy & Stan, 1997; Kovács & Rákosy, 2001; 

Szekely, 1995).   
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Lepidoptera species have been used with great success as pollution indicators; 

among these species some have melanic forms (Ford, 1937, 1940, 1953, 1955; 

Kettlewell, 1955a, 1955b, 1956, 1957, 1958, 1961a, 1961b, 1973; Clarke şi Shepparde, 

1966; Lees, 1968, 1974, 1981; Berry, 1990; etc.). Melanism is a development of dark-

colored pigment (melanin) in the epidermal scales.    

 

GENERAL CARACTERIZATION OF THE COPȘA MICĂ AREA 

 

The study was conducted in the area of Copșa Mică (46° 6′ N, 24° 13′ E), south-

eastern part of the Transylvanian Plain, more exactly in the Târnava and Blaj highlands 

(northern part of Sibiu county and eastern part of Alba county). 

A faunistic study was compiled in 2011, period in which there were analysed a wide 

range of habitats, being selected and studied twelve sampling points (fig. 01). 

In addition to this sampling points, in 2010 were analysed the Daniel Czekelius, 

Eckbert Schneider, Victor Weindel entomological collections, stored at the Natural 

History Museum from Sibiu. The same method was used at the Mediaș Municipal 

Museum, in which we investigated the Szucs Oliveriu Lepidoptera collection. 

Unfortunately this collection has no labels, the origin of the specimens being ambiguous.  

Form these collections and from other scientific papers: Czekelius (1897, 1917, 

1935), Burnaz (1993), Ciochia & Barbu, 1980, Popescu-Gorj (1964), Rákosy (1996), 

Rákosy & Weber (1986), Schneider (1970, 1984),  Skolka (1993), Stănescu (1995), 

König (1986), Vicol (1982), are included species from localities: Șeica Mare (Cb 01), 

Agârbiciu (Cb 02), Axente Sever (Cb 03), Moșna (Cb 04), Târnăvioara (Cb 05), Bazna (Cb 

06), Valea Lungă (Cb 07) şi Micăsasa (Cb 08). The day-flying Lepidoptera were collected 

with an entomological net and the nocturnal Lepidoptera with a portable light trap. 

Additionally, 11 points were quantitative investigated; the suitable habitats 

discovered by the fauna study were the forests. These habitats are rich in species with 

melanic forms and have high species abundance.   

We investigated eleven sites, situated at different distances from the pollution 

source, all of them situated in forest habitats (fig. 02). We surveyed nocturnal 

Macrolepidoptera species between 1 May and 30 September 2012.  
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Moths were collected using a light trap consisting of 8W UV-tubes fixed to the top 

of black buckets covered by white funnels and powered by a 12 V accumulator 

(McGregor et al., 1987; Huemer, 2002; Axmacher & Fiedler, 2004; Hilt et al., 2006; Fayle 

et al., 2007; Hawes et al., 2009; Ramamurthy et al., 2010), once a month in each plot. In 

every site we have located two such traps. We did not survey on nights with full moon or 

with low temperature or in the nights with rain. They were placed at minim 200 m from 

the forest edge, and 200 m from one another. 
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FAUNISTIC CHARATERIZATION OF THE MACROLEPIDOPTERA FROM 
THE AREA OF COPȘA MICĂ  

 

Species abundance of the Macrolepidoptera from Copșa Mică area 

The analysis of the authors and references data, we can now state that in this area 

is a high taxonomic abundance, given the fact the current pollution level.  

A total of 546 species were identified, belonging to 9 superfamilies, 9 families, 

and 49 subfamilies. 

Species abundance in the researched habitats 

The analysed data from the quantitative sites indicate a taxonomic diversity 

dependent on two variables, pollution level and vegetation type. 

In these sites we encounter 319 species, the estimated value, using Chao2 index, 

being 374 species (s.d. +/- 16 species).  

0

20

40

60

80

100

120

140

160

180

200

C 01 C 02 C 03 C 04 C 05 C 06 C 07 C 08 C 09 C 10 C 11

128 

151 

100 

81 

187 

158 

108 

83 

103 105 

140 

N
u

m
ăr

 s
p

e
ci

i 

Situri 
 

Fig. 03 – Species abundance in the quantitative sites  
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Fig. 04 – Estimated species abundance in the quantitative sites (Chao-1 index) 

 

We’ve encountered strong dissimilarity in species abundance between different 

sites (fig. 03). The sites nearest to the pollution source have fewer Macrolepidoptera 

species (fig. 04). Copșa Mică site situated in a sessile oak forest had only 99 species 

compared to the furthest site that had 139 species (C11, Curciu site). A similar situation 

was encountered in the common beech forests (C4, S = 80 and C5, S = 143). 

Analysis of the Red list species from Copșa Mică area 

From a total of 546 species, 174 species (26, 9 %) are included in Romanian Red 

List. Here we find the critically endangered species Euthrix potatoria (Linnaeus, 1758), 

identified in six forest sites (C 11; C 06; C 09; C 04; C 05; C 08), also in this area is present 

the oak forest specialist species Cyclophora quercimontaria (Bastelberger, 1897) (C 02; C 

05), another critically endangered species is Ourapteryx sambucaria (Linnaeus, 1758) 

identified in the Pinus nigra plantation near Moșna locality (C 10). 

Unfortunately the critically endangered species Orgyia recens (Hübner, 1819) 

was not found during this study, even dough this species was sampled by Daniel 

Czékelius in Mediaș late 19th century (25.07.1892).  

Also in this area were encountered 8 endangered species (EN), 33 vulnerable 

species and 126 near threatened species (NT).        
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The Red list species are very important for insect conservation, in many cases 

when a habitat is rich in red list species, means that it is an undisturbed habitat. The 

highest number of Red list species has been recorded from a common beech forest 

(C05), this site is located not on the Târnava Mare valley, but on a south tributary valley. 

This valley was presumably protected from the Târnava Mare valley air flow; therefore 

the pollutants could not affect this site, or they reached this site in a smaller proportion. 

Another site with high diversity and rich in Red list species is C06, this site is situated in 

the Târnava Mare valley though the North-East exposure had protected this forest from 

the main pollutants. 

 

Species of Macrolepidoptera protected by law in the Copșa Mică area 

 Regarding legislation protecting the Lepidoptera species, part of the species are 

included in The Habitats Directive annexes, law nr. 49/2011. 

Annexe 3A – Animal and plant species whose conservation requires the 

designation of special areas of conservation and special avifaunistic conservation areas, 

in this annex are included the species: Eriogaster catax (Linnaeus, 1758), Euphydryas 

maturna (Linnaeus, 1758), Lycaena dispar (Haworth, 1802) encountered in the area of 

Copșa Mică. 

Annexe 4A – Animal and plant species of community interest in need of strict 

protection, from this annex we discovered: Eriogaster catax (Linnaeus, 1758), 

Euphydryas maturna (Linnaeus, 1758), Lycaena dispar (Haworth, 1802), Maculinea arion 

(Linnaeus, 1758), Maculinea teleius (Bergstrasser, 1779), Parnassius mnemosyne 

transsylvanica (Schmidt, 1930) and Proserpinus proserpina (Pallas, 1772). 

  Annexe 4A – Animal and plant species of national interest in need of strict 

protection, in this annex are included the taxa: Argynnis laodice (Pallas, 1771), Colias 

chrysotheme (Esper, 1781), Cupido osiris (Meigen, 1829), Cupido (Everes) alcetas 

(Hoffmannsegg, 1804), Heteropterus morpheus (Pallas, 1771), Neptis sappho (Pallas, 

1771), Plebeius sephirus (Frivaldszky, 1835) și Pyrgus sidae (Esper, 1784). 

In total in the area of Copșa Mică we have encountered 15 protected species. 
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ECOLOGICAL ANALISYS OF THE FOREST MACROLEPIDOPTERA 

COMMUNITIES FROM THE COPȘA MICĂ AREA 

Analysis and dynamics of dominant taxa between researched habitats 

The separate analysis of similar habitats types such as the oak forests, beech 

forests or those from the conifers plantations provides us information about the 

differences between the specie structure from unpolluted sites and polluted sites. 

The species structure from the oak forests for instance is extremely diverse, even 

though it has some common features. 

In these forests the highest Dzuba values have the Cyclophora sp. (fig. 05), 

consumers of Fagaceae species, Cyclophora punctaria prefers only the Quercus species 

and Cyclophora linearia prefers a wide range of Fagaceae species.  

We also notice that the Cyclophora species have a definite dominance in those 

sites that are affected by human activities (such as pollution or logging). 
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Fig. 05 – The percentages of the species with the highest Dzuba index values 

for the oak forests  

 

The same trend is found in the beech forests and in the conifers plantations. 

Community composition similarity of Macrolepidoptera  

from Copșa Mică area 

The Jaccard index, is a statistic used for comparing the similarity and diversity of 

the forest Macrolepidoptera communities. 
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Fig. 06 – Dendrogram illustrating the similarities between the Macrolepidoptera 

communities from Copșa Mică area  

   

Cluster analysis based on Jaccard similarity index revealed significant 

compositional differences in moth communities sampled (Fig. 06). Jaccard index 

recorded high similarity between a sessile oak forest (C06) and a hornbeam forest 

(C07), two very close sites (J=0, 56). The most different Macrolepidoptera communities 

are those from a hornbeam forest (C07) and a sessile oak forest (C04) (J=0, 28).   

The C 03, C4, C 09 sites influenced by different human activities form different 

group even though this group contains oak forests (C 03 and C 04) and beech forests (C 

04). 

High similarity is recorded between C 01 and C 02 sites, these sites have a similar 

geographic position, vegetation, soil and landscape. 

The C 11 sites species composition is very different from other oak forest sites. 

The permANOVA performed (5000 permutations) confirms this theory, similarly 

showing that are significant differences between forest sites (p=0.0053, F=2.39, Df=11). 

Thus, our results suggest that the local differences in moth communities are mediated by 

differences in host-plant resources and geographical position than on levels of 

atmospheric pollution. No significant differences between oak forest sites (permANOVA, 
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5000 permutations, p=0.4, F=1.05, Df=6) and also no significant differences between the 

forests in the vicinity of Mediaș locality (permANOVA, 5000 permutations, p=0.1628, 

F=1.494, Df=5). 

 

Fig. 07 – NMDS similarity (based on the Bray-Curtis similarity index) for all sampling 

points (Stress=0.04) 

 

NMDS similarity cluster shows a higher degree of resemblance between the 

conifers plantations and between the deciduous forests, these types of forests forming 

two different groups (fig. 07).  

In the deciduous forests group there is a great similarity between the C 01 and C 

02 sites, these two sites having resembling numeric density, the same situation is 

encountered between the intensely polluted C 03 and C 04 sites.   

Significant similarities in the numeric density are recorded between the 

unpolluted C 05 and C11 sites, although these two sites have two different vegetation 

types.    

At the opposite pole are the habitats from the coniferous plantations which have 

low density numeric, although their species composition is rather different. 
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Diversity and equitability of Macrolepidoptera communities  

from Copșa Mică area 

 
Fig. 08 – Shannon-Wiener index diversity measures for all sampling sites 

 
 Regarding the Shannon-Wiener (H`) diversity index the highest diversity is 

present in the C 11 oak forest site, this site has the highest compositional stability, the 

site with the minimum structural stability is C 03 oak forest site, existing pollution from 

this site causing this decrease (fig. 08). C 02, C 05 and C 06 sites also have high diversity 

level, these sites are unpolluted or they have a small pollution rate. 

The diversity rate from C 03 and C04 sites is largely due to degradation and loss 

of vegetation diversity, that Macrolepidoptera being dependent on this vegetation, the 

competition for available resources is also low in these habitats, some species taking 

advantage of the remaining resources, such as the species of Cyclophora sp. from the oak 

forests. In contrast in other types of habitats such as the spruce plantation that provides 

resources for those species that are capable of adapting to this condition, such as Idaea 

aversata species. 

In consequence the spruce plantation (C 08) has a low diversity rate. 

According to Simpson’s diversity index, each site contained normal diversity level 

in the range of 0.921 – 0.976. In addition Shannon–Wiener index had shown similar 

results, ranging from 3.280 – 4.255. 

Increase or decrease diversity is the result of interactions among many both 

abiotic and biotic factors, both natural and anthropogenic. 
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The larval trophic spectrum of Macrolepidoptera species 

 from Copșa Mică area 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 09 – Larval trophic spectrum of the Macrolepidoptera species identified  
in the forest habitats from the area of Copșa Mică 

 

The analysis of the larval trophic source from the forest habitats reveals the 

dominance of the herbaceous plants consumers (32,9 %) and of the deciduous trees 

consumers (28,6 %). Followed by the bushes consumers 13,7 % (Crataegus monogyna, 

Clematis vitalba, Sambucus nigra, Prunus spinosa, Berberis vulgaris, etc.), and of Fagaceae 

consumers (6,8 %). 

5 % prefers the Poaceae and other mono-cotyledonous plants as main trophic 

source, followed by the subterranean vegetal organs consumers, coniferous trees 

consumers (3,1 %) and of Quercus sp. trees consumers (1,9 %) (fig. 09). 

Regarding the larval trophic source from the investigated sampling points, the 

species consume preponderantly herbaceous plants and deciduous trees, in many sites 

the proportion of this two categories being approximately equal. 

 The oak forest sites have a similar larval trophic spectrum, even though there are 

some minor differences.  

A 

13.7% 

D 
28.6% 

X 
1.9% 

R 
3.1% 

Q 
1.9% 

P 

32.9% 

DQ 

6.8% 

G 
5.0% 

DC 

2.5% 

L 
1.2% 

M 

0.6% 
F 

0.6% 

T 
0.6% 

E 

0.6% LEGEND 

- P = consumers of herbaceous 
plants;  

- G = consumers of Poaceae and 
other mono-cotyledonous plants;  

- D = consumers of deciduous trees;  

- Dq = consumers of oak trees; 

- DC = consumers of coniferous trees; 

- A = consumers of bushes;  

- R = consumers of subterranean 
vegetal organs;  

- X = sapro-lignicol species;  

- Q = consumers of Quercus sp. trees;  

- E = Ericaceae consumers;  

- L = lichens consumers,  

- M = moss consumers;  

- T = Typhaceae consumers. 
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ANALYSIS OF THE BISTON BETULARIA (Linnaeus, 1758) MELANIC 

FORMS ENCOUNTERED IN ZONA COPȘA MICĂ AREA 

 

Knowing the high level of air pollution from Copşa Mică, through synergistic 

action of heavy metals and sulphur compounds, this area has the right conditions for the 

occurrence of melanic forms of the Biston betularia (Linnaeus, 1758) species. 

Rákosy & Rákosy (1997) have cited that the melanic forms (carbonaria form) 

percentage decreases with the distance increase from the main pollutant source.  

The analysis of the pollution levels reveals the existence of three pollution levels: 

light, medium and highly polluted sites. In 1989 in the light polluted sites the dominant 

form was the insularia (48, 8%) followed by the carbonaria form (39%), in 2012 the 

insularia form is also dominant, the carbonaria form percentage declines.   

In the medium polluted sites in 1989 the carbonaria form is dominant (56 %), 

being followed by the insularia form, in 2012 the carbonaria is just half (25 %), the 

insularia form being dominant. We can observe that in 2012 the Biston betularia forms 

from the medium polluted sited have similar proportions to those from the unpolluted 

sites, and correlation with the reduction in pollution can be made.    

The intensely polluted sites near Copșa Mică locality, in 1989 were dominated by 

the carbonaria form (96 %), the insularia form percentage is very low (4 %) and the 

typical form is absent. 

In 2012 the melanic carbonaria form decreases with 36 %, here being present 

individuals with the typical form. We can conclude that the pollution level had decreased 

even though the remaining pollution is very high. 
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Fig. 10 – The percentages of Biston betularia melanic forms 

in 1989 from Copșa Mică area  
 

 
Fig. 11 – The percentages of Biston betularia melanic forms 

in 2012 from Copșa Mică area  
 

The percentages from all three pollution levels from the 1988-1989 reveals a 

strong dominance of the melanic forms (carbonaria and insularia), reaching 88, 8 %, 

indicating the pollution level from this area (Rákosy & Rákosy, 1997) (fig. 10). 
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In 2012 the insularia form is dominant this form percentage has increased, the 

carbonaria has also increased slightly, the increase in insularia is the result of pollutants 

decrease and regeneration of the investigated forest habitats (fig. 11) 

In the same year have been encountered melanic forms in other 

Macrolepidoptera species: Agrotis exclamationis (Linnaeus, 1758) (12,4 %), Lymantria 

monacha (Linnaeus, 1758)(6,3 %), Oligia strigilis (Linnaeus, 1758), Calliteara pudibunda 

(Linnaeus, 1758)(9,2 %) and Ectropis crepuscularia (Denis & Schiffermüller, 1775)(10,2 

%). 

The decline of the melanic forms is due to the change in bark coloration, on which 

the melanic forms rest, this consequently had led to an increased in bird predation 

(Cook et al., 2012). 

The changes in bark coloration are effect of the decommissioning of the principal 

atmospheric pollutants source, Carbosim and Sometra.  

 

CONCLUSIONS 

 In the area of Copșa Mică we identified 546 species, belonging to 9 superfamilies, 

9 families, and 49 subfamilies; day-flying Macrolepidoptera numbered 99 species and 

447 nocturnal species.  We can state that this area is characterized by high taxonomic 

abundance, given the fact the current pollution level.  

 The analysed data from the quantitative sites indicate a taxonomic diversity 

dependent on two variables, pollution level and vegetation type. In these sites we 

encountered 319 species, the estimated value, using Chao2 index, being 374 species 

(s.d. +/- 16 species). 

 174 species (26, 9 %) are included in Romanian Red List. Here we find the 

critically endangered species Euthrix potatoria (Linnaeus, 1758), Cyclophora 

quercimontaria (Bastelberger, 1897) (C 02; C 05), Ourapteryx sambucaria (Linnaeus, 

1758), and Orgyia recens (Hübner, 1819) species that wasn’t found during this study, 

even though this species was sampled by Daniel Czékelius in 19th century from Mediaș 

(25.07.1892). Moreover, were encountered 8 endangered species (EN), 33 vulnerable 

species and 126 near threatened species (NT).        

 In polluted sites the Red list diversity is smaller than in unpolluted sites. 
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 Cyclophora species have a definite dominance in those sites that are affected by 

human activities (such as pollution or logging), in these sites the composition is 

heterogeneous. 

 Jaccard index recorded medium similarity (J=0, 56). between a sessile oak forest 

(C06) and a hornbeam forest (C07), two very close sites 

 In the C11 unpolluted site species composition was very different from other oak 

forest sites. 

 PermANOVA analysis (5000 permutations) showed significant differences 

between forest sites (p=0.0053, F=2.39, Df=11). However, no significant differences 

were recorded within oak forest sites (permANOVA, 5000 permutations, p=0.4, F=1.05, 

Df=6) and also within forests in the vicinity of Mediaș (permANOVA, 5000 

permutations, p=0.1628, F=1.494, Df=5).  

 NMDS similarity analysis showed a higher degree of resemblance between the 

conifers plantations and between the deciduous forests, these types of forests forming 

two different groups. In the deciduous forests group, there is a great similarity 

between the C 01 and C 02 sites, in terms of numeric density, the same situation being 

encountered between the intensely polluted C 03 and C 04 sites. Significant similarities 

in the numeric density are recorded between the unpolluted C 05 and C11 sites, 

although these two sites have two different vegetation types.    

 Regarding Shannon-Wiener (H`) diversity index, the highest value was recorded 

in the C 11 oak forest site; this site has the highest compositional stability. In contrast, 

the site with the minimum structural stability is C 03, where, the existing pollution 

caused a decrease of diversity. C 02, C 05 and C 06 sites also have high diversity levels, 

these sites are unpolluted or they have a small pollution rate. 

 The analysis of the larval trophic source from the forest habitats reveals the 

dominance of the herbaceous plants and of the deciduous trees consumers. However, 

bushes and Fagaceae consumers were highly represented. Other consumers types have 

were low percentages. 
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 The melanic forms (carbonaria form) percentage decreases with increase of 

distance from the main pollutant source. 

 The percentages from all three pollution levels from the 1988-1989 reveals a 

strong dominance of the melanic forms (carbonaria and insularia), reaching 88, 8 %, 

indicating the pollution level from this area. In 2012, the insularia form is dominant (it 

has an increased percentage). Moreover, the carbonaria has slightly increased. The 

increase of insularia is the result of pollutants decrease and regeneration of the 

investigated forest habitats. The decline of the melanic forms is due to the change in 

bark coloration, on which the melanic forms rest; this consequently had led to an 

increased bird predation. The changes in bark coloration are effect of the 

decommissioning of the principal atmospheric pollutants source, Carbosim and 

Sometra.  

 

SELECTED REFERENCES 

 

Axmacher, J.C., Fiedler, K., 2004. Manual versus automatic moth sampling at equal light sources 
– a comparison of catches from Mt. Kilimanjaro. Journal of the Lepidopterists' Society 58 
(4): 196 - 202. 

Beccaloni, G.W., Gaston, K.J., 1995. Predicting the species richness of Neotropical forest 
butterflies: Ithomiinae (Lepidoptera: Nymphalidae) as indicators. Biological Conservation 
71: 77–86. 

Berry, R.J., 1990. Industrial melanism and peppered moths (Bistort betularia (L.)). Biol. J. Linn. 
Soc. 39: 301-322. 

Brown, K.S., Jr., Freitas, A.V.L., 2002. Butterfly communities of urban forest fragments in 
Campinas, Sao Paulo, Brazil: structure, instability, environmental correlates, and 
conservation. Journal of Insect Conservation 6: 217–231. 

Burnaz, S., 1993. Catalogul colecţiei de lepidoptere a Muzeului judeţean Deva. Sargetia. Acta 
Mus. Dev., Ser. Sci. Nat. Deva 14-15: 157–302 . 

Ciochia, V., Barbu, A., 1980, Catalogul colecţiei de lepidoptere „Nicolae Delvig” a Muzeului 
Judeţean Braşov, Cumidava, Braşov 12(4): 7-99. 

Clarke, C.A., Sheppard, P.M., 1966. A local survey of the distributionof industrial melanic forms 
in the moth Biston betularia and estimates of the selective values of these in an industrial 
environment, Proceedings of the Royal Society of London B, 165: 424 - 439. 

Czekelius, D., 1897. Kritisches Verzeichnis der Schmetterlinge Siebenbürgens. Verh. Mitt. 
Siebenb. Ver. Naturwiss. Hermannstadt 47: 1-78. 



 Törok Sergiu-Cornel                                                                                  PhD Thesis 

 

 

 
 26 

Czekelius, D., 1917. Beiträge zur Schmmetterlingsfauna Siebenbürgens. Verh. Mitt. Siebenb. Ver. 
Naturwiss. Hermannstadt 67: 1-57. 

Czekelius, D., 1935. Beitrage zur Schmetterlingsfauna Siebenbürgens, Verh. Mitt. Siebebb. Ver. 
Naturw. Hermannstadt 83-84:60-69. 

Fayle, T.M., Sharp, R.E., Majerus, M.E.N., 2007. The effect of moth trap type on size and 
composition in British Lepidoptera. British Journal of Entomology and Natural History 20: 
221-232. 

Fleishman, E., Murphy, D.D., 2009. A realistic assessment of the Indicator potential of 
butterflies and other charismatic taxonomic groups. Conserv. Biol. 23: 1109-1116. 

Ford, E.B., 1937. Problems of heredity in the Lepidoptera, Biological Reviews, 12: 461–503. 

Ford, E.B., 1940. Polymorphism and taxonomy. In Huxley J. The new systematics. Oxford. 

Ford, E.B., 1945, Polymorphism. Biol. Rev., 20: 73. 

Ford, E.B., 1953. The genetics of polymorphism in the lepidoptera. Advances in Genetics 5: 43-
87. 

Ford, E.B., 1955. Moths. New Naturalist 30 HarperCollins, London. 

Franzen, M., Ranius, T., 2004. Occurrence patterns of butterflies (Rhopalocera) in semi-natural 
pastures in southeastern Sweden. Journal for Nature Conservation 12: 121–135. 

Gordon, I., Cobblah, M., 2000. Insects of the Muni-Pomadze Ramsar site. Biodiversity and 
Conservation 9: 479–486. 

Hawes, J., Da Silva Motta, C., Overal, W.L., Barlow,  J., Gardner, T.A., Peres, C.A., 2009. Diversity 
and composition of Amazonian moths in primary, secondary and plantation forests. 
Journal of Tropical Ecology, 25(03): 281-300. 

Hilt, N., Brehm, G., Fiedler, K., 2006. Diversity and ensemble composition of geometrid moths 
along a successional gradient in the Ecuadorian Andes. Journal of Tropical Ecology 22(02): 
155-166. 

Horner-Devine, M.C., Daily, G.C., Ehrlich, P.R., Boggs, C.L., 2003. Countryside biogeography of 
tropical butterflies. Conservation Biology 17: 168–177. 

Huemer, P., 2002. Biomonitoring der Schmetterlingsfauna in Waldstandorten Südtirols und 

Kettlewell, H.B.D., 1955a. Selection experiments on industrial melanism in the Lepidoptera. 
Heredity 9: 323-342. 

Kettlewell, H.B.D., 1955b. Recognition of appropriate backgrounds by pale and black phases of 
Lepidoptera. Nature 175: 943-944. 

Kettlewell, H.B.D., 1956. Further selection experiments on industrial melanism in the 
Lepidoptera. Heredity 10: 287–301. 

Kettlewell, H.B.D., 1958. A survey of the frequencies of Biston betularia (L.) (Lep.) and its 
melanic forms in Great Britain. Heredity 12: 51-72. 

Kettlewell, H.B.D., 1961a. Geographical melanism in the Lepidoptera of Shetland. Heredity 16: 
393–402. 



 Törok Sergiu-Cornel                                                                                  PhD Thesis 

 

 

 
 27 

Kettlewell, H.B.D., 1961b: Selection experiments on melanism in Amathes glareosa Esp. 
(Lepidoptera). Heredity 16: 415-434. 

Kettlewell, H.B.D., 1973. The evolution of melanismn: the study of a recurring necessity. Oxford, 
UK: Clarendon Press, 448 pp. 

König, F., 1986. Morphological, biological and ecological data on Philotes bavius hungarica 
Diószeghy, 1913 (Lepidoptera, Lycaenidae). 4thNation. Conf. Entomol. Cluj-Napoca pp. 
175–182.  

Lees, D.B., 1968. Genetic control of the melanic form insularia of the peppered moth Biston 
betularia L. Nature 220: 1249-1250.  

Lees, D.R., 1974, Genetic control of the melanic forms of the moth Phigalia pilosaria (pedaria), 
Heredity (1974) 33: 145–150. 

Lees, D.R., 1981. Industrial melanism: genetic adaptation of animals to air pollution. p. 129-176 
in J. A. Bishop and L. M. Cook, eds. Genetic Consequences of Man Made Change. Academic 
Press, London, London. 

Maes, D.D., Bauwens, L. De Bruyn, A. Anselin, G. Vermeersch, W., Van Landuyt, G. De Knijf, 
Gilbert, M., 2005. Species richness coincidence: conservation strategies based on 
predictive modelling. Biodiversity and Conservation 14: 1345–1364. 

Mas, A.H., Dietsch, T.V., 2004. Linking shade coffee certification to biodiversity conservation: 
butterflies and birds in Chiapas, Mexico. Ecological Applications 14: 642–654. 

Măciucă, Anca, 2003. Aspecte privind utilizarea bioindicatorilor în supravegherea 
ecosistemelor. Bucovina Forestieră 9 (1): 53-58. 

McGregor, P.G., Watts, P.J., Esson, M.J., 1987. Light trap records from southern North Island hill 
country. New Zealand entomologist 10: 104-121. 

Mouquet, N., Belrose, V., Thomas, J.A.,  Elmes, G.W., Clarke, R.T., Hochberg, M.E., 2005. 
Conserving community modules: a case study of the endangered lycaenid butterfly 
Maculinea alcon. Ecology 86: 3160–3173. 

Nel, J., 1992. On the ecological plasticity and the biology of some Lepidoptera (Rhopalocera) of 
the southwest Mediterranean area of France. Linneana Belgica 13: 287–338. 

Popescu-Gorj, A., 1964. Catalogue de la collection de lépidoptères „Prof. A. Ostrogovich” du 
Museum d’Histoire Naturelle „Grigore Antipa”, Bucarest., Ed. Muzeului „Grigore Antipa”, 
Bucharest, 320 pp. 

Rákosy, L., 1996. Die Noctuiden Rumäniens. Staphia 46, Linz, 648 pp. 

Rákosy, L., Kovacs, Z., 2001. Rezervaţia naturală “Dealul cu fluturi” de la Viişoara. Ed. Soc. Lepid. 
Română, 138 pp. 

Rákosy, L., Stan, Gh., 1997. Semnificaţia faunei de insecte din ecosisteme naturale şi necesitatea 
conservării lor (in: Rákosy -Entomofauna Parcurilor Naţionale Retezat şi Valea Cernei) Cluj-
Napoca 1997: 7-15. 

Rákosy, L., Weber, W., 1986. Bioökologisches Studium der Tagfalter (Rhopalocera und Grypocera) 
von Sighişoara und Umgebung (Siebenbürgen, Rumänien). Atalanta, Würtzburg 16: 315-
392. 



 Törok Sergiu-Cornel                                                                                  PhD Thesis 

 

 

 
 28 

Ramamurthy, V.V., Akhtar, M.S., Patankar, N.V., Menon, P., Kumar, R., Singh, S. K., Ayri, S., 
Parveen, S., Mittal, V., 2010. Efficiency of different light sources in light traps in monitoring 
insect diversity. Munis Entomology & Zoology 5 (1): 109-114. 

Ricketts, T.H., Daily, G.C., Ehrlich, P.R., 2002. Does butterfly diversity predict moth diversity? 
Testing a popular indicator taxon at local scales. Biological Conservation 103: 361–370. 

Schneider, E., 1970. Câteva elemente sudice şi estice în entomofauna colinelor stepice din 
împrejurimile Sibiului, Studii şi Comunicări, Ştiinţe Naturale Muzeul Brukenthal Sibiu 15: 
279 – 286. 

Schneider, E., 1984. Die Groß-Schmetterlinge der Sammlung Dr. V. Weindel. Ein Bietrag zur 
Faunistic der Lepidopteren Sudsiebenbürgens und angrenzender Gebiete. Studii şi 
Comunicări, Ştiinţe Naturale Muzeul Brukenthal Sibiu 26: 289-316. 

Schulze, C.H., Waltert, M., Kessler, P.J.A., Pitopang, R., Shahabuddin, Veddeler, D., Muhlenberg, M., 
Gradstein, S.R., Leuschner, C., Steffan-Dewenter, I., Tscharntke, T., 2004. Biodiversity 
indicator groups of tropical land-use systems: comparing plants, birds, and insects. 
Ecological Applications 14: 1321–1333. 

Skolka, M., 1993. Contribuţii la cunoaşterea lepidopterelor diurne (Rhopalocera & Grypocera) 
din zona oraşului Blaj (Transilvania,   România). Bul. inf. Soc. lepid. rom. 4 (4): 223-233. 

Stănescu, M., 1995. The catalogue of "Ludovic Beregszászy" lepidopteran collection (Insecta: 
Lepidoptera). Travaux du Museum d’Histoire Naturelle "Grigore Antipa" 35: 221-346. 

Swengel, A.B., Swengel, S.R., 1997. Co-occurrence of prairie and barrens butterflies: 
applications to ecosystem conservation. Journal of Insect Conservation 1:131–144. 

Swengel, A.B., Swengel, S.R., 1999. Correlations in abundance of grassland songbirds and 
prairie butterflies. Biological Conservation 90: 1–11. 

Székely,  L., 1995. Acţiunea schimbărilor condiţiilor de mediu asupra lepidopterofaunei din 
România. Bul. inf. Soc. lepid.rom., Cluj-Napoca 6(1-2): 27-32. 

Thomas, C.D., 1994. Extinction, colonization, and metapopulations: Environmental tracking by 
rare species. Conservation Biology 8: 373-378. 

Thomas, J.A., 2005. Monitoring change in the abundance and distribution of insects using 
butterflies and other indicator groups. Philosophical Transactions of the Royal Society B 
360: 339–357. 

Thomas, J.A., Clarke, R.T., 2004. Extinction rates and butterflies – Response. Science 305: 1563-
1564. 

Thomas, J.A., Telfer, M.G., Roy, D.B., Preston, C.D., Greenwood, J.J.D., Asher, J., Fox, R., Clarke, R.T., 
Lawton, J.H., 2004. Comparative losses of British butterflies, birds, and plants and the 
global extinction crisis. Science 303: 1879-1881. 

Van Swaay, C.A.M., 2007. Workshop Development of the methodology for a European Butterfly 
Indicator. Report VS2007.006, De Vlinderstichting, Wageningen. 

Van Swaay, C.A.M., Van Strien, A.J., 2005. Using butterfly monitoring data to develop a 
European grassland butterfly indicator. In: Kühn, E., Feldmann, R., Thomas, J.A., Settele, J. 
(eds.) Studies on the Ecology and Conservation of Butterflies in Europe. Vol. 1, General 
Concepts and Case studies. Pensoft, Sofia-Moscow. 



 Törok Sergiu-Cornel                                                                                  PhD Thesis 

 

 

 
 29 

Vicol, V., 1982. Date noi privind raspandirea speciei Colias chrysotheme in fauna Romaniei, 
Studii şi Comunicări filiala Reghin 2: 245-248.  

Williams, P.H., Gaston, K.J., 1998. Biodiversity indicators: graphical techniques, smoothing and 
searching for what makes relationships work. Ecography 21: 551–556. 

 


