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INTRODUCTION 

The recent studies on sweet chestnut stands in Bulgarian part of Belasitsa Mountain indicate a 

decline of the population. Among the causes the following deserve special attention: long 

standing chronical stress (being especially extremal since 1996), long term tendency of drought 

in the area, intensive water in-take in the mountain resulting in xerophitization, and acid rains 

in this region. These processes lead to a disturbance of age structure of the stands, a tendency 

of chestnut replacement with beech and hornbeam. For the time being, there is a little 

information of the effect of these processes on the other component of the ecosystem and on 

animals, in particular.  

The present study was conducted with the scope of the project № BG 0031 – EEA FM "State 

and prospects of the Castanea sativa population in Belasitsa mountain: climate change 

adaptation, maintenance of biodiversity and sustainable ecosystem management".  

The project objectives were to contribute to the improvement of the state and management of 

sweet chestnut forests in the Bulgarian part of Belasitsa mountain and to maintain the critical 
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elements of biodiversity associated with them, to improve the level of competence and 

efficiency of the local administration in managing the targeted chestnut dominated ecosystems; 

to develop scenarios of the sweet chestnut dominated ecosystems in various management 

approaches while taking into consideration possible climate change.   

Protecting or managing ecosystems and associated biological diversity requires development of 

ways to monitor ecosystem health. Long-term environmental changes and forest management  

activities can alter the physical, chemical, or biological processes of ecosystems. Such 

alterations, in turn, can cause changes in the animal assemblages. Monitoring the 

characteristics of these assemblages can complement other physical and chemical assessment 

methods and, thus, can provide a more complete evaluation of forest health. Measuring 

changes in animal assemblages can provide an index of ecosystem quality and trends that affect 

beneficial uses of forest resources, detect problems that other methods might miss or 

underestimate, and provide a systematic process for measuring progress of forest management 

programs.   

Some animal groups are particularly suitable for assessment of the status and trends of 

terrestrial ecosystems. Beetles, spiders, moths, and avian assemblages are especially promising 

as indicators of environmental changes because data are easy to collect and  they have specific 

and differing  environmental requirements. Major components of this kind of investigation  are 

the collection of data for species composition, structure and diversity of assemblages  from a 

variety of habitats and measurement of associated environmental variables. Two assessment 

approaches are widely used in order to analyze such data — assemblage metrics and 

multivariate statistical analyses.  

Use of biological metrics to describe quality of terrestrial ecosystems is increasing. A metric is 

an enumeration representing an assemblage characteristic or combination of characteristics 

that reflects environmental change. A metric score can be used as a single numeric index. 

Having in mind the availability of a great number of such indices the application of a 

multimetric approach has been advocated because several metrics each measuring a different 

aspect of the assemblage peculiarities, and providing different levels of numerical resolution 

are believed to provide a more robust assessment of ecological integrity – a valuable approach 
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when searching for patterns in biological data.  In this study, the multimetric approach will be 

employed and evaluated.  

Multivariate analyses allow identifying and interpreting patterns in animal assemblage 

structure as they relate to environmental conditions. These multivariate analyses summarize 

patterns of association within a species-by-sample data matrix. Multivariate analyses are 

effective for identifying similarities among sites with respect to various environmental (physical, 

chemical, biological) characteristics and for depicting relations between assemblage patterns 

and environmental gradients. Hypotheses also can be formulated from these exploratory 

analyses about relations between animal assemblages and environmental variables. 

Up to now various components of the relationship between terrestrial habitat characteristics 

and animal assemblages have been studied, but most have been examined at large scales or 

compared among obviously different habitats (Popov, Krusteva, 1999; Popov et al., 2000; 

Popov, 2000; 2007; Minkova, Popov, 2002; Boev et al., 2007). No studies have examined 

relations between animal assemblages and measured environmental variables within relatively 

homogeneous parts of a forested landscape in Bulgaria.   

In this context invertebrate groups included in this study can be considered as a promising 

small-scale indicators for environmental changes because of their great abundance, diversity 

and functional importance, their sensitivity to perturbation, and the ease with which they can 

be sampled. In contrast, birds being either too mobile or generalized can be considered less 

effective as indicator taxa, especially at a smaller spatial scale, as in present study. 

Purposes of this report are to characterize animal (spiders, beetles, moths, birds) assemblages 

in broad-leaved forests dominated by Castanea sativa in Bulgarian part of Belasitsa Mountain 

by using various metrics that previously have been identified as useful for evaluating 

environmental changes in terrestrial ecosystems; to  describe relations between animal 

assemblage characteristics (diversity, species composition, and structure) and measured 

environmental variables at a landscape scale and to evaluate their usefulness as indicators of 

environmental changes. 

The understanding of the role of the leading factors governing the properties of the animal 

assemblages may allow assessing and projecting into the future the human impact on the 
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sweet chestnut ecosystem in Belasitsa Mt. The results of this study will contribute to the 

development of a forest management plan in Belasitsa Mt. The quantitative baseline 

information on animal assemblages and patterns of their spatial differentiation in the area will 

be helpful for the developing of sampling protocols that ensure reliability of ecological 

monitoring on the effect of sustainable forest management. 

 

MATERIALS AND METHODS 

STUDY AREA AND SAMPLING SITES 

 
 

Fig. 1. Study area and sampling sites 

 

The study area is located on the slopes of Belasitsa Mountain above town of Petrich (Fig. 1). 

This study area was selected as a representative section of the sweet chestnut dominated 

forests of Belasitsa Mt.   

A random sampling design was used. A map of the study area was used to randomly select 

survey positions using ArcGIS. In order to characterize animal communities 17 sites were 
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sampled (s3, s4, s6, s7, s8, s9, s10, s11, s12, s13, s19, s20, s21, s22, s23, s24, s25), (Fig. 1). In the 

field, survey sites were located using a GPS receiver. An overview of all survey locations and 

habitat distribution is presented in the other parts of the project report. Animal (spiders, 

beetles, butterflies, birds) data were collected and processed using procedures described in the 

respective reports.  

 

A variety of environmental variables consisting of habitat characteristics was evaluated for each 

sampling site (Table 1): v1. Tree diameter at breast height (TDBH); v2.SD of diameter at breast 

height (SD- TDBH); v3.Tree height (TH); v4. SD of tree height (SD-TH); v5.Crown base Height 

(CBH); v6. SD of crown base Height (SD-CBH); v7.Crown radius (CR); v8. SD of crown radius (SD-

CR); v9.altitude above sea level [m] (ALT); v10.slope [degree](SL); v11.exposure (EX); 

v12.Exposure Azimuth (EXA); v13.Exposure standardized (EX-St); v14.Rooting logs [m3] (RL); 

v15.Number of trees (NT); v16.Castanea sativa [%] (Cast); v17.Fagus silvatica [%] (Fag); 

v18.Quercus petrea [%](Que); v19.Other species [%](OSPP); v20.Total number of species 

(TNSPP) (variebles v1 – v20: Zlatanov et al. 2011); v21. Effective (uncorrected) leaf area index 

after Miller (1967), (LAIeMiller); v22. Effective (uncorrected) LAI after Lang (1987), (LAIeLang);  

v23. Effective (uncorrected) LAI after Norman & Campbell (1989), (LAIeNC); v24. Leaf angle 

after Norman & Campbell (1989),(leafangleNC1); v25. Gaps in vertical projection after Norman 

& Campbell (1989),(FmvNC); v26. Effective (uncorrected) LAI after Thimonier et al. 

(2010),(LAIeELAD); v27. Leaf angle after Thimonier et al. (2010),(leafangleTh1);v28. Gaps in 

vertical projection after Thimonier et al. (2010),(FmvELAD); v29. Clumping-corrected (after 

Chen & Cihlar, 1995) LAI after Miller (1967),(LAIcMiller); v30. Clumping-corrected (after Chen & 

Cihlar, 1995) LAI after Lang (1987),(LAIcLang); v31. Clumping-corrected (after Chen & Cihlar, 

1995) LAI after Norman & Campbell (1989),(LAIcNC); v32. Leaf angle 2 after Norman & 

Campbell (1989),(leafangleNC2); v33. Gaps in vertical projection 2 after Norman & Campbell 

(1989),(FmvNC);  v34. Large gaps in vertical projection after Chen & Cihlar (1995) and Norman 

& Campbell (1989),( FrvNC); v35. Clumping-corrected (after Chen & Cihlar, 1995) LAI after 

Thimonier et al. (2010),(LAIc ELAD); v36. Leaf angle after Thimonier et al. (2010),(leaf angleTh2); 

v37. Gaps in vertical projection after Thimonier et al. (2010),(FmvELAD); v38. Large gaps in 
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vertical projection after Chen & Cihlar (1995) and Thimonier et al. (2010),(FrvELAD); v39. Large 

gaps after Chen & Cihlar (1995) within the viewing angle (Frgaps) (variebles v21 – v39: Schleppi 

et al. 2011).     

 

Table 1.  Raw values of 39 environmental variables (v1-v39) at each sampling site (s3-s25) 

 
var Abbreviation s3 s4 s6 s7 s8 s9 s10 s11 s12 

v1 TDBH 39.111 61.650 64.342 28.031 32.754 23.675 37.853 35.261 47.057 

v2 SD-TDBH 38.731 51.555 65.669 24.376 27.855 8.547 21.575 22.003 36.902 

v3 TH 16.936 18.100 17.092 15.591 14.436 10.188 9.578 14.739 18.849 

v4 SD-TH 3.308 4.434 4.484 4.703 3.176 2.480 10.608 3.736 5.807 

v5 CBH 9.087 9.412 8.645 10.869 7.292 3.987 4.796 6.613 10.229 

v6 SD-CBH 2.940 3.679 2.073 4.459 2.318 1.438 5.379 3.004 5.078 

v7 CR 2.100 2.550 2.526 2.446 1.590 1.638 0.875 1.870 2.071 

v8 SD-CR 1.338 1.709 1.542 1.357 0.994 0.716 1.016 1.030 1.378 

v9 ALT 782.000 706.000 720.000 494.000 853.000 685.000 652.000 548.000 497.000 

v10 SL 23.000 40.000 22.000 41.000 28.000 33.000 15.000 20.000 35.000 

v11 EX 32.000 212.000 1.000 2.000 32.000 3.000 2.000 212.000 112.000 

v12 EXA 135.000 67.000 0.000 90.000 135.000 180.000 90.000 67.000 22.000 

v13 EX-St 0.625 0.247 0.125 0.375 0.625 0.875 0.375 0.247 0.003 

v14 RL 5.000 2.500 2.000 0.400 0.400 0.300 0.500 8.000 4.000 

v15 NT 45.000 40.000 38.000 65.000 61.000 40.000 32.000 46.000 34.000 

v16 Cast 82.222 55.000 42.105 66.154 26.230 30.000 96.875 89.130 82.353 

v17 Fag 2.222 20.000 42.105 0.000 32.787 0.000 0.000 0.000 0.000 

v18 Que 0.000 0.000 0.000 1.538 13.115 67.500 0.000 0.000 0.000 

v19 TSPP 15.556 25.000 15.789 32.308 27.869 2.500 3.125 10.870 17.647 

v20 TNSPP 5.000 3.000 5.000 3.000 7.000 3.000 2.000 5.000 5.000 

v21 LAIeMiller 4.230 5.340 3.600 4.000 3.730 2.690 5.530 3.600 3.260 

v22 LAIeLang 4.280 5.290 3.650 4.090 3.730 2.710 5.550 3.640 3.240 

v23 LAIeNC 3.660 4.840 3.090 4.010 3.310 2.390 4.990 3.400 2.660 

v24 leafangleNC1 49.000 49.000 27.000 64.000 42.000 48.000 47.000 59.000 39.000 

v25 FmvNC 0.117 0.056 0.076 0.203 0.107 0.234 0.045 0.211 0.151 

v26 LAIeELAD 4.290 5.140 3.130 4.230 3.430 2.540 5.260 3.600 2.920 

v27 leafangleTh1 59.000 50.000 26.000 66.000 40.000 46.000 45.000 56.000 37.000 

v28 FmvELAD 0.137 0.051 0.071 0.211 0.091 0.202 0.034 0.163 0.118 

v29 LAIcMiller 4.440 5.750 3.830 4.110 4.020 3.220 5.870 3.890 3.930 

v30 LAIcLang 4.480 5.720 3.870 4.200 4.020 3.260 5.870 3.930 3.890 

v31 LAIcNC 3.860 5.290 3.330 4.180 3.610 3.100 5.330 3.690 3.400 

v32 leafangleNC2 50.000 51.000 30.000 65.000 43.000 55.000 47.000 59.000 38.000 

v33 FmvNC 0.117 0.056 0.076 0.203 0.107 0.234 0.045 0.211 0.151 

v34 FrvNC 0.018 0.008 0.010 0.007 0.024 0.067 0.010 0.062 0.090 

v35 LAIc ELAD 4.480 5.610 3.370 4.360 3.710 3.150 5.580 3.870 3.520 

v36 leafangleTh2 58.000 52.000 29.000 67.000 41.000 52.000 45.000 55.000 37.000 

v37 FmvELAD 0.137 0.051 0.071 0.211 0.091 0.202 0.034 0.163 0.118 

v38 FrvELAD 0.029 0.008 0.010 0.000 0.018 0.052 0.007 0.046 0.057 

v39 Frgaps 0.011 0.008 0.014 0.006 0.017 0.073 0.004 0.021 0.069 
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Table 1. cont. 
 
var Abbreviation s13 s19 s20 s21 s22 s23 s24 s25 

v1 TDBH 44.884 42.905 37.278 26.279 41.857 43.119 24.138 32.074 

v2 SD-TDBH 37.520 31.082 28.289 17.603 31.830 22.856 14.148 20.826 

v3 TH 13.560 18.800 18.733 16.631 20.114 18.990 15.067 14.793 

v4 SD-TH 7.508 4.801 4.295 3.735 3.957 5.841 4.297 5.578 

v5 CBH 5.753 9.948 9.564 9.925 9.814 12.012 9.393 6.387 

v6 SD-CBH 5.380 2.971 4.784 2.861 2.846 4.538 2.742 4.208 

v7 CR 1.337 3.202 1.840 1.669 2.310 1.869 2.080 1.630 

v8 SD-CR 1.326 2.009 1.289 1.002 1.215 1.018 1.035 1.178 

v9 ALT 403.000 574.000 740.000 897.000 785.000 622.000 573.000 490.000 

v10 SL 25.000 30.000 29.000 35.000 15.000 37.000 43.000 40.000 

v11 EX 12.000 14.000 2.000 12.000 32.000 12.000 4.000 112.000 

v12 EXA 45.000 315.000 90.000 45.000 135.000 45.000 270.000 22.000 

v13 EX-St 0.125 0.375 0.375 0.125 0.625 0.125 0.625 0.003 

v14 RL 4.000 0.700 1.500 2.000 10.000 3.000 10.000 4.500 

v15 NT 35.000 42.000 72.000 68.000 42.000 42.000 94.000 50.000 

v16 Cast 97.143 69.048 54.167 13.235 76.190 26.190 11.702 88.000 

v17 Fag 0.000 26.190 20.833 33.824 9.524 33.333 29.787 0.000 

v18 Que 0.000 0.000 15.278 0.000 4.762 7.143 13.830 0.000 

v19 TSPP 2.857 4.762 9.722 52.941 9.524 33.333 44.681 12.000 

v20 TNSPP 2.000 4.000 6.000 5.000 5.000 6.000 7.000 4.000 

v21 LAIeMiller 3.010 4.700 3.990 4.380 4.240 4.290 5.140 5.350 

v22 LAIeLang 2.980 4.670 3.980 4.340 4.270 4.220 5.170 5.370 

v23 LAIeNC 2.100 4.220 3.740 3.970 4.050 3.840 4.630 4.680 

v24 leafangleNC1 62.000 49.000 53.000 50.000 56.000 43.000 55.000 41.000 

v25 FmvNC 0.407 0.080 0.135 0.099 0.128 0.077 0.091 0.040 

v26 LAIeELAD 2.830 4.470 3.880 4.200 4.160 3.920 5.130 5.000 

v27 leafangleTh1 43.000 47.000 51.000 49.000 52.000 41.000 56.000 45.000 

v28 FmvELAD 0.152 0.063 0.110 0.083 0.099 0.067 0.076 0.040 

v29 LAIcMiller 3.450 5.180 4.170 4.560 4.500 4.500 5.510 5.620 

v30 LAIcLang 3.410 5.150 4.160 4.510 4.530 4.430 5.520 5.630 

v31 LAIcNC 2.610 4.740 3.890 4.140 4.280 4.070 4.910 4.930 

v32 leafangleNC2 62.000 50.000 53.000 50.000 55.000 44.000 53.000 40.000 

v33 FmvNC 0.407 0.080 0.135 0.099 0.128 0.077 0.091 0.040 

v34 FrvNC 0.206 0.023 0.024 0.013 0.030 0.008 0.030 0.009 

v35 LAIc ELAD 3.270 4.950 4.050 4.380 4.420 4.160 5.470 5.260 

v36 leafangleTh2 43.000 48.000 51.000 49.000 52.000 43.000 55.000 45.000 

v37 FmvELAD 0.152 0.063 0.110 0.083 0.099 0.067 0.076 0.040 

v38 FrvELAD 0.058 0.016 0.015 0.011 0.018 0.006 0.021 0.007 

v39 Frgaps 0.107 0.013 0.008 0.007 0.009 0.009 0.009 0.007 

 

 

STATISTICAL ANALYSES 

Analyses of species data were based on pooled seasonal samples for each site. Data were 

analyzed using the Plymouth Routines in Multivariate Ecological Research (PRIMER) version 6.1, 

software package (Clarke & Gorley, 2006)  
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Assemblages metrics 

Survey completeness and total expected richness per animal group were assessed using some 

nonparametric estimators available in Primer 6 software. These data will be helpful for 

comparison with similar studies in other areas. The following estimators have been calculated: 

Chao 1 - Chao's estimator based on number of rare species; Chao 2 - Chao's estimator using just 

presence-absence data; Jacknife 1 - Jacknife estimator based on species that only occur in one 

sample; Jacknife 2 - Second order jacknife estimator; Bootstrap - Bootstrap estimator based on 

proportion of sites containing each species.  

Site animal assemblage data were summarized based on 11 metrics. They can be separated into 

three categories: 1) metrics, describing species richness, 2) metrics related to heterogeneity 

(number of species and evenness), and 3) indices describing the evenness itself.  Three indices 

belong to the first category: Rarefaction, ES(100)- number of species standardized to 100 

(spiders, beetles, butterflies) or 50 (birds)  collected specimens; Species richness (Margalef), 

and  Fisher’s alpha. The heterogeneity measures belonging to the second category were:  Hill’s 

indices N1 and N2, Shannon-Wiener’s  diversity index,  Brillouin’s indice,  Berger-Parker’s indice 

(Ninfinity). Three indices were used to evaluate the evenness (equitability) -   Pielou’s index, J’ and 

two indices based on Hill’s indices, N0, N1, and N2:  N10, N21. The calculations were done with 

the software Primer 6 on raw data (number of collected specimens) per sample. Correlations 

between the diversity indices and the habitat variables were tested using Spearman’s rank 

correlation coefficient. 

 

Multivariate  analyses   

Prior quantitative analyses normal probability plots and univariate statistics for all 

environmental variables and species data were used to evaluate frequency distributions and 

skewness. Abundance species data were standardized to sample totals (%). Log transformations 

of the environmental variables and the standardized data for invertebrates [log(percentage+1)] 

were performed prior to multivariate analyses to enhance normality. Having in mind that 

environmental variables were on different scales with arbitrary origins, prior quantitative 
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analyses they were normalized - the values for each variable had their mean substracted and 

were divided by their standard deviation. It then makes it possible to derive meaningful 

distances between samples, using Euclidean distance. 

Multivariate analyses of animal assemblages and environmental data consisted of cluster and 

ordination analyses. 

 

Cluster analyses 

Cluster analyses were performed on presence/absence and abundance [log(percentage+1)] 

animal data. Initially, the overall spatial variability of the structure of animal assemblages was 

assessed among sampling sites using the Ward method, with clustering by Euclidean distance.  

When appropriate Analysis of Similarities (ANOSIM) Global R statistic was used to test for 

differences among the group designations. ANOSIM calculates a global R statistic from the 

fraction of the difference between average rank similarity within groups and average rank 

similarity between groups over a function of the number of samples. The resulting R-value 

ranges between 0 and 1, with high values indicating a large degree of discrimination among 

groups. Low R values can be significant if sample sizes are large. The significance of R is 

calculated by referring the observed value of R to the spread of values generated by the 

random rearrangements. If the observed value is unlikely to come from the null distribution, 

the null hypothesis can be rejected (Clarke & Warwick , 2001). To determine which species 

contributed most to the similarity within each assemblage, similarity percentage analyses 

(SIMPER) were performed. 

In order to determine the best match between the multivariate among-sample patterns of the 

species data and the environmental variables BEST routine of Primer 6 software package was 

used. This analysis allows to select environmental variables "best explaining" community 

pattern, by maximizing a rank correlation (Spearman rank correlation) between their respective 

resemblance matrices.  The parameters used were BVSTEP, the log-transformed and 

normalized environmental variables, the resemblance biological data based on the several  

similarity and distance measures for qualitative or quantitative data (see below). The 

permutation feature of BEST was used to test the null hypothesis „there is no agreement in the 
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multivariate pattern of the two data sets” using 999 permutations and a significance level of 

0.005.  

The following measures of similarities/distances were used in BEST analyses (the nomenclature 

follows Legendre & Legendre (1998)): S1. simple matching coefficient, S2. coefficient of Rogers 

& Tanimoto , S3, S4, S5, S6 - measures of Sokal & Sneath, S7. coefficient of community or 

Jaccard’s coefficient, S8. Sørensen’s , S9. variant of Jaccard’s coefficient, S10. similarity measure 

proposed by Sokal & Sneath , S11. measure  proposed by Russell & Rao, S13. a binary version of 

Kulczynski’s coefficient,  S14. Ochiai measure of similarity, S26. Faith’s coefficient, S15. Gower’s 

general coefficient of similarity,  S18. Kulczynski’s coefficient, S19. Gower’s coefficient (a 

quantitative variant of  Gower’s general coefficient S15), S21. chi2 similarity, D1. Euclidean 

distance. D2. average distance, D3. chord distance, D4. geodesic metric, a transformation of the 

previous measure, which measures the length of the arc at the surface of the hypersphere of 

unit radius, D6. Minkowski’s metric, D7. Manhattan, D8. Czekanowski’s  mean character 

difference (modified to exclude double-zeros), D9. The complement of Whittaker’s index of 

association, D10. Canberra metric, D11. coefficient of divergence, D15. the chi- square  metric , 

D16. chi-square  distance, D13. nonmetric coefficient (a distance corresponding to Sørensen’s 

coefficient S8).   

The application of the above measures in Q-analyses largely depends of the manner they deal 

with double absences (zeros). In general it is preferable to abstain from drawing any ecological 

conclusion from the absence of a species at two sites. In numerical terms, this means to skip 

double zeros altogether when computing similarity or distance coefficients using species 

presence/absence or abundance data, i. e. to use the so called asymmetrical coefficients which 

treat zeros in a different way than other values. In contrast, the so called symmetrical 

coefficients treat double zeros in the same way as any other pair of values, when computing a 

similarity/distance. As a result their application leads to high values of similarity for the many 

pairs of samples holding only a few species, which most often do not reflect the situation 

adequately. Thus, when analyzing species data the use of asymmetrical coefficients, in which 

double absences are not counted as indications of resemblance, is preferable (Lenendre and 

Legendre, 1998). In this  context the asymmetrical measures S7–S26, D3, D4, D9-D16 are well 
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adapted to species data in contrast to Euclidean distance (D1)  and some related indices (D2, D5 

to D8, D12) which process the double-zeros in the same way as any other value of the 

descriptors.   

 

Ordination analyses.  

All taxonomic groups with the exception of butterflies have been subjected to this type of 

analysis. Butterflies are excluded because the number of assemblages was too small (only 8) 

and the number of species was enormous - more than 300. This ratio is in contradiction with 

the statistical requirements for the format of raw data matrix for this type of analysis. 

Ordination аnalyses were made based on two methods, Redundancy Analysis (RDA) and 

Principal Component Analysis (PCA). Initially, DCA was used to determine whether the species 

data generally followed a unimodal or linear pattern. For all data types relatively short 

gradients were obtained (spiders: 2.300, 1.724, 1.132, and 1.078; beetles: 2.256,  1.583,  1.045,  

0.829; birds: 1.174, 1.006, 0.756, 0.725; for the first, second, third and fourth component axis, 

respectively) approving the application of Principal Component Analysis (PCA) and Redundancy 

Analysis (RDA) for further analyses. Each of these exploratory tools provided both graphical and 

correlative statistics to evaluate the data.  

PCA was also used to summarize subsets of environmental data by identifying groups of 

variables that were highly correlated and to evaluate relations among assemblages.  

RDA was used to evaluate the degree to which environmental variables were associated with 

species and abundances.  This analysis provided a summary of the most important relations 

among measured environmental variables and animal taxa collected for all sites.  Because the 

original list of environmental variables was too large to be interpreted by RDA, a Monte Carlo 

forward selection process was used, which identifies a minimum number of environmental 

variables to help explain the taxa composition. Monte Carlo permutation tests are used to 

judge the statistical significance of selected variables (Ter Braak and Smilauer, 1998). This 

process chooses variables that explain significant (p < 0.05) and independent directions of total 

variation in the distribution of the species, in a manner that is analogous to the selection 

process found in step-wise multiple regression. Only variables determined to be significant at 
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the 0.05 probability level were included in the final RDA. Inflation factors for the environmental 

variables were less than 20, which indicates that the selected variables were not highly 

correlated.  The statistical significance of the relation between the species and the whole set of 

environmental variables also was determined using the global permutation test. Two test 

statistics were used: one based on the first canonical eigenvalue and one based on the sum of 

all canonical eigenvalues. The resulting tests determined the significance of the first ordination 

axis and that of all canonical axes together (entire model), respectively. Both tests were carried 

out by a Monte Carlo test of 999 permutations. All other parameters in RDA were set at the 

default settings (Ter Braak and Smilauer, 1998). This procedure helped to reduce the 

redundancy in the environmental variables and select subsets of ecologically relevant variables. 

The respective RDA ordination plots depict the main patterns of variation in assemblage 

structure as accounted for by the environmental variables. The software program CANOCO (Ter 

Braak  and Smilauer, 1998) was used for PCA and RDA. 

 

RESULTS 

ENVIRONMENTAL VARIABLES 

To get a general orientation in the environmental spatial heterogeneity a cluster analysis 

(Euclidian distances, Ward clustering method) was used based on log-transformed and 

normalized environmental data.  
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Fig. 2.  Cluster analysis of Euclidean distances among 17 sampling sites based on log-

transformed and normalized environmental data.  

 

 

Based on the dendrogram three groups of sampling sites can be distinguished: Group 1: sites s9 

– s13; Group 3: plots s10 – s 19; Group 2: the remaining plots occupying an intermediate 

position between the extremes, presented by the above groups. 

 

Analysis of variance (ANOVA) shows significant differences among the above groups 

for some environmental variables (Table 2). Most of these variables  describe the status, 

structure and architecture of the forest canopy. 
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Table 2. Results of ANOVA based on the grouping obtained by cluster analysis (Euclidean 

distances among sites on the baisis of 39 environmental variables measured at each site).  Only 

significant effects at p < .05000 are shown   

 SS df MS SS df MS F p 

v15_NT 5.9014 2 2.9507 10.099 14 0.7213 4.09059 0.039903 

v19_TSPP 6.2793 2 3.1396 9.721 14 0.6943 4.52176 0.030553 

v20_TNSPP 7.6314 2 3.8157 8.369 14 0.5978 6.38339 0.010708 

v21_LAIeMiller 12.6990 2 6.3495 3.301 14 0.2358 26.92911 0.000016 

v22_LAIeLang 12.8045 2 6.4022 3.196 14 0.2283 28.04884 0.000013 

v23_LAIeNC 13.1871 2 6.5935 2.813 14 0.2009 32.81593 0.000005 

v25_FmvNC 9.4962 2 4.7481 6.504 14 0.4646 10.22077 0.001834 

v26_LAIeELAD 11.9339 2 5.9669 4.066 14 0.2904 20.54452 0.000068 

v28_FmvELAD 7.9650 2 3.9825 8.035 14 0.5739 6.93903 0.008055 

v29_LAIcMiller 11.9490 2 5.9745 4.051 14 0.2894 20.64769 0.000067 

v30_LAIcLang 12.1411 2 6.0705 3.859 14 0.2756 22.02356 0.000047 

v31_LAIcNC 12.1444 2 6.0722 3.856 14 0.2754 22.04873 0.000047 

v33_FmvNC 9.4962 2 4.7481 6.504 14 0.4646 10.22077 0.001834 

v34_FrvNC 10.6525 2 5.3262 5.348 14 0.3820 13.94436 0.000466 

v37_FmvELAD 7.9650 2 3.9825 8.035 14 0.5739 6.93903 0.008055 

v38_FrvELAD 11.5937 2 5.7968 4.406 14 0.3147 18.41807 0.000120 

v39_Frgaps 14.7887 2 7.3944 1.211 14 0.0865 85.46277 0.000000 

 

Box and whisker plots (median, 25th, 75th and maximum and minimum values) were 

constructed to note the differences between the three groups of sampling sites  for some of the 

variables showing significant differences among these groups.  
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Categ. Box & Whisker Plot: v39_Frgaps
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Fig. 3.  Box and whisker plots illustrating the results of ANOVA for two canopy characteristics. 
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The results of ANOVA suggest that the main differences among sites concern the canopy 

structure (see Fig. 3), stand density and the number of tree species. Canopy structure is an 

important characteristic of forest ecosystems. It drives the below-canopy microclimate, 

determines and controls canopy water interception, radiation extinction, light availability below 

canopies, water and carbon gas exchange and is, therefore, a key component of 

biogeochemical cycles in ecosystems. Any change in canopy structure (by natural factors or 

management practice) is accompanied by modification in stand productivity. Thus, it can be 

expected that spatial variability in canopy structure identified by this analysis will affect various 

aspects of animal data.  

In order to reveal the characteristics of the above groups in a detail a PCA was performed. The 

samples are plotted along the first three principal components in Fig. 4. 
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Fig. 4.  Principal components analysis (PCA) ordination plots of 17 animal sampling sites based 

on environmental variables. A. Ordination based on PC1 and PC2. B. Ordination based on PC2 

and PC3.  

 

The pattern that emerges is very similar to that of cluster analysis. The first four eigenvectors 

extracted from the correlation matrix have values greater than one and account for 74.59 % of 

the variance of log-transformed and normalized environmental data. The first axis (PC1 

(eigenvalue 12.99) accounting for 32.46% of the total variance of environmental data 
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represents a linear combination of variables describing the canopy coverage (Table 3) – positive 

loadings for v35_LAIc_ELAD, v26_LAIeELAD, v29_LAIcMiller, v30_LAIcLang, v31_LAIcNC, 

v21_LAIeMiller, v22_LAIeLang, v23_LAIeNC, and negative ones for v25_FmvNC, v33_FmvNC, 

v39_Frgaps, v38_FrvELAD, v34_FrvNC, v28_FmvELAD, v37_FmvELAD. This axis can be 

interpreted as a canopy gradient from closed canopy (high values of LA indices, low values of 

indices representing the gaps in vertical projection - plots  s4, s24, s25, s10, s19) to more open 

stands (low values of LA indices, high values of indices representing gaps in vertical projection  - 

plots s13, s9, s, 11, s12).  

 

PC axis 2 (eigenvalue  7.2) which accounts for an additional 17.955% of the variance 

incorporates some stand characteristics, related to the leaf angle indices  (Table 3) and  

segregates stands with the great values of  DBH,  low leaf angle indices, high participation of F. 

sylvatica and C. sativa (s6, s12, Table 4) from stands with low values of DBF, high leaf angle 

values,  great exposure values and participation of Quercus petrea (s7, s24, s9, Table 4), i. e. this 

axis separates the old-/mature-growth shaded and more mesophilous stands with participation 

of  beech (F. sylvatica ) and sweet chestnut (C. sativa ) from more open and xerophilous forests 

with a great participation of oak (Q. petrea). 

 

The third axis (eigenvalue  5.8, explained variance 14.469%)  mirrors a gradient from sampling 

plots s6, s8, s21, s20, s6 (Table 4), situated at a higher altitude, characterized by a considerable 

participation of beech, greater number of tree species, greater number of trees (Table 3) 

towards sites (s13, s25, s10, Table 4), located at slightly lower altitudes,  dominated by sweet 

chestnut, and characterized by low number of trees and tree species (Table 3).  

 

The fourth axis (eigenvalue 3.9) takes into consideration an additional 9.7 % of variance of the 

normalized environmental data.  It describes some peculiarities of the forest related to the 

crown base height, crown radius and tree height (Table 3). 
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Table 3. Results of PCA: Principal component loadings for environmental variables  

 

Environmental 
variable 

Axis 1 Axis 2 Axis 3 Axis 4 

v25_FmvNC -0.90 0.16 0.21 0.24 

v33_FmvNC -0.90 0.16 0.21 0.24 

v39_Frgaps -0.86 -0.18 0.20 -0.01 

v38_FrvELAD -0.82 -0.05 0.13 0.09 

v34_FrvNC -0.80 -0.14 0.34 0.15 

v28_FmvELAD -0.79 0.41 -0.05 0.28 

v37_FmvELAD -0.79 0.41 -0.05 0.28 

v32_leafangleNC2 -0.27 0.76 0.38 0.32 

v18_Que -0.23 0.53 -0.50 -0.29 

v16_Cast -0.17 -0.33 0.71 0.20 

v24_leafangleNC1 -0.17 0.74 0.44 0.38 

v13_EX-St -0.10 0.67 -0.24 -0.21 

v12_EXA 0.06 0.80 0.18 0.07 

v36_leafangleTh2 0.09 0.88 0.24 0.33 

v14_RL 0.09 -0.04 0.07 0.44 

v11_EX 0.10 -0.15 0.20 0.41 

v1_TDBH 0.12 -0.83 0.11 0.27 

v27_leafangleTh1 0.13 0.84 0.30 0.38 

v6_SD-CBH 0.14 -0.20 0.67 0.23 

v10_SL 0.14 0.20 -0.25 0.25 

v2_SD-TDBH 0.14 -0.74 0.04 0.44 

v4_SD-TH 0.18 -0.40 0.72 -0.18 

v7_CR 0.23 -0.10 -0.37 0.68 

v20_TNSPP 0.25 0.05 -0.77 0.21 

v15_NT 0.28 0.62 -0.44 0.17 

v8_SD-CR 0.30 -0.47 0.17 0.58 

v9_ALT 0.31 0.12 -0.61 -0.26 

v3_TH 0.31 -0.28 -0.36 0.77 

v5_CBH 0.45 -0.10 -0.37 0.70 

v19_TSPP 0.46 0.11 -0.52 0.36 

v17_Fag 0.49 -0.11 -0.68 0.09 

v35_LAIc_ELAD 0.88 0.26 0.37 0.01 

v26_LAIeELAD 0.90 0.27 0.31 0.04 

v30_LAIcLang 0.92 0.09 0.33 -0.08 

v29_LAIcMiller 0.92 0.07 0.33 -0.07 

v31_LAIcNC 0.92 0.23 0.24 -0.06 

v21_LAIeMiller 0.95 0.10 0.27 -0.05 

v22_LAIeLang 0.95 0.12 0.27 -0.05 

v23_LAIeNC 0.95 0.24 0.16 -0.02 
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A summary of the interpretation of the ordination axes and the site scores are presented in 
Table 4. 
 
 
Table 4. Results of PCA: Principal components scores of 17 animal sampling sites and 

interpretation of the Principal Components based on factor loadings of the environmental 

variables, presented in Table 3.  

 

Axes PC1 PC2 PC3 PC4 

Interpretation Canopy shadow Forest age Castanea/Fagus High/low 
trees 

s03 0.30 0.97 -0.07 1.43 

s04 4.72 -1.01 1.25 1.78 

s06 -0.18 -6.63 -3.67 -1.18 

s07 -0.72 3.45 1.04 2.38 

s08 -0.55 0.41 -3.50 -1.76 

s09 -7.41 3.40 -1.71 -3.48 

s10 3.41 -0.34 5.05 -4.97 

s11 -2.91 1.20 1.21 1.39 

s12 -3.07 -4.04 0.22 1.60 

s13 -7.93 -1.79 3.98 1.02 

s19 2.70 -0.60 0.72 1.32 

s20 0.10 1.09 -1.23 0.61 

s21 1.79 1.31 -2.25 -0.33 

s22 0.77 0.76 -0.19 1.27 

s23 1.78 -1.16 -1.65 0.03 

s24 3.43 4.04 -1.42 0.06 

s25 3.78 -1.05 2.21 -1.17 

 
 

 

SPIDERS 

Assemblage metrics 

Sampling. The species accumulation curves per site (Fig. 5) do not flatten off indicating that only 

part of the real species richness at each site was recorded. This result proved the application of 

asymmetrical measures of similarity in Q-mode analyses (see above).  
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spiders - rarefactions per site
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Fig. 5. Rarefaction curves by site for spider assemblages 

 

The estimations for the total species richness in the study area (all plots) are as follows:  

Observed number of species: 112 

Chao1 = 155 SD=19  

Chao2 = 181 SD=28 

Jacknife1=156  

Jacknife2=184  

Bootstrap= 131 

 

These data indicate that between 61 and 85 % of the real number of spider species occurring in 

the area were recorded during this study.  
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The statistically significant Spearman non-parametric correlation coefficients (values larger than 

0.6) between the diversity measures (Table 5) and the environmental variables are shown on 

Table 6. Among the indices, representing species richness, only the standardized number of 

species per 100 individuals, ES(100), shows a statistically significant negative correlation with 

the height crown base.  

This dependence indicates that the tall forests have lower species richness.  

Indices representing the heterogeneity of spider assemblages, i. e. taking into account both the 

number of species and evenness, seem to be much more related to environmental variables. 

From the data of Table 6 it can be inferred that the heterogeneity of spider assemblage is 

negatively correlated with tall forests, the proportion of other tree species in the forest and 

positively with large canopy gaps.  

These data indicate that most likely the heterogeneity of the spiders assemblages is positively 

affected by intensity of light and probably with structural diversity of the ground vegetation 

layer. 

Table 5. Diversity indices of spider assemblages per site 

Site s3 s4 s6 s7 s8 s9 s10 s11 s12 s13 

N 177 76 167 87 142 203 114 138 153 176 

S 30 25 28 22 30 38 24 21 19 31 
ES(100) 23.75 25 22.52 22 25.77 29.41 22.49 19.49 17.08 25.96 
Fisher 10.36 12.99 9.62 9.48 11.62 13.79 9.28 6.9 5.72 10.91 
d (Margalef) 5.6 5.54 5.28 4.7 5.85 6.96 4.86 4.06 3.58 5.8 

N1 17.65 13.43 15.15 10.43 14.46 20.86 11.09 15.32 10.63 21.24 
Brillouin 2.63 2.22 2.49 2.04 2.4 2.77 2.14 2.5 2.18 2.8 
H’(loge) 2.87 2.6 2.72 2.34 2.67 3.04 2.41 2.73 2.36 3.06 
Ninf 6.56 4 5.76 3.22 4.18 5.8 3.26 6.57 3.92 8.8 
N2 13.52 8.4 10.62 6.3 8.79 13.37 6.72 12.9 7.52 17.25 

J’ 0.84 0.81 0.82 0.76 0.79 0.84 0.76 0.9 0.8 0.89 
N10 0.59 0.54 0.54 0.47 0.48 0.55 0.46 0.73 0.56 0.69 
N21 0.77 0.63 0.7 0.6 0.61 0.64 0.61 0.84 0.71 0.81 

 

Table 5. cont. 
 

Site s19 s20 s21 s22 s23 s24 s25 

N 238 265 194 228 135 138 155 

S 26 32 27 33 22 25 27 
ES(100) 21.39 22.38 20.14 23.65 18.93 21.95 23.05 
Fisher 7.44 9.52 8.52 10.6 7.46 8.93 9.45 
d (Margalef) 4.57 5.56 4.94 5.89 4.28 4.87 5.16 

N1 15.04 14.8 10.15 14.57 10.4 11.6 15.09 
Brillouin 2.53 2.52 2.13 2.47 2.13 2.21 2.47 
H’(loge) 2.71 2.69 2.32 2.68 2.34 2.45 2.71 
Ninf 4.67 4.91 3.59 4.15 4.09 2.88 4.19 
N2 10.44 9.81 6.27 8.96 7.42 6.4 9.96 

J’ 0.83 0.78 0.7 0.77 0.76 0.76 0.82 
N10 0.58 0.46 0.38 0.44 0.47 0.46 0.56 
N21 0.69 0.66 0.62 0.61 0.71 0.55 0.66 
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Table 6. Spearman non parametric correlation coefficients between the diversity measures of 

spider assemblages and the environmental variables 

 
Crown 
base_H 

Other 
spp 

LaIe_NC Lalc_NC 
FRV-
elad5 

Fr_gaps 

ES(100) -0.64 -0.44 -0.16 -0.18 0.19 0.22 
Fisher -0.45 -0.28 -0.17 -0.20 0.09 0.14 

d -0.47 -0.35 -0.23 -0.25 0.25 0.21 

N1 -0.67 -0.70 -0.45 -0.47 0.54 0.62 
Brillouin -0.52 -0.73 -0.46 -0.47 0.63 0.65 
H’(loge) -0.67 -0.70 -0.45 -0.47 0.54 0.62 

Ninf -0.47 -0.60 -0.61 -0.63 0.49 0.66 
N2 -0.54 -0.69 -0.53 -0.55 0.54 0.69 

J’ -0.48 -0.54 -0.47 -0.47 0.58 0.71 
N10 -0.29 -0.36 -0.46 -0.45 0.49 0.66 
N21 -0.05 -0.29 -0.56 -0.55 0.39 0.56 

 

 

Multivariate statistical analyses 

Assemblage composition  
Initially the differences in the composition of spider assemblages (presence/ absence) were 

assessed by Jaccard coefficient, a widely used asymmetrical metric (Fig. 6) 
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Fig. 6. Similarity among spider assemblages on the basis of presence/ absence data  
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Five groups of assemblages can be distinguished: group 1 – s7 - s6; group 2 – s13 – s22; group 3 

– s25 – s11; group 4 – s21 – s24; Group 5 - s9. 

ANOVA of environmental variables reveals significant differences among the above groups 

(except group 5 ) for two variables (Table 7).  

 

Table 7. Results of ANOVA of environmental variables based on spider assemblage groups 

identified by cluster analysis of presence/ absence data. Only variables showing significant 

difference among groups are shown.  

Variable SS df MS SS df MS F p 

v16_Cast 7.319 3 2.4398 8.075 12 0.6729 3.625891 0.045238 

v17_Fag 9.328 3 3.1092 5.419 12 0.4516 6.885330 0.005973 

 

 

Categ. Box & Whisker Plot: v16_Cast
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Fig. 7. Box and whisker plots illustrating the results of ANOVA for v16_Cast. 
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It can be supposed that the composition of spider assemblages depends mainly of the 

dominant tree species.  In particular, assemblage groups 4 and 5 represent the species 

composition of spider assemblages, characteristic for stands with low quantity of chestnut, 

assemblage groups 2 and 3 are characteristic for chestnut dominated forests, while assemblage 

group 1 occupies an intermediate position in this respect (Fig. 7).  

The BEST analysis of the multivariate among-sample patterns of the spider presence/absence 

data and the environmental variables reveals a moderate but statistically significant correlation 

(Spearman correlation coefficient of 0.528 with a significance level of 3.2%) between among-

sample species similarity matrix based on S11 Russel & Rao indice (an asymmetrical binary 

coefficient) and the matrix based on environmental variables and Euclidean distance (Fig. 8).  
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Fig. 8. BEST: Histogram of the null hypothesis distribution of the test statistic using spider 

presence/absence data and showing real ρ as a vertical line at 0.671. 999 permutations, α = 

0.003. 
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The cluster analysis (complete linkage) of  the among-assemblage similarity matrix based on 

Russel & Rao indice shows the existence of at least three groups of spider assemblages on the 

basis of species composition (presence/absence data), (s9-s13; s23-s25; s7-s21), (Fig. 9).  
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Fig. 9. Cluster analysis of spider presence/absence data based on S11 Russel & Rao resemblance 

matrix, showing the greatest correlation with the resemblance matrix among samples based on 

Euclidean distance of log-transformed and normalized environmental variables 

 

The results of BEST analysis indicate that this matrix mirrors the effect of the following 

environmental variables: v6. SD of crown base height; v12. Exposure azimuth; v18.Quercus 

petrea; v29. Clumping-corrected LAI; v38. Large gaps in vertical projection; v39. Large gaps 

within the viewing angle.  
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It can be said that these are the variables that influence, albeit weakly, the spatial variability of 

the composition of spider assemblages. Apparently they are related to the degree of 

illumination and, probably, to the temperature on the forest bottom layer.  

 

Assemblage structure  

The spider assemblage structure (quantitative assemblage data) was spatially heterogeneous 

across the study area and featured distinct species assemblages. Cluster analysis revealed at 

least three major groups when the Euclidean distance of 4.5 (Fig. 10). First, they were divided 

into two groups. One group (s4 - s19) is relatively homogeneous and consists of assemblages 

from shady sites. The remaining assemblages were divided into two groups separating the more 

open sites s9 and s13 from the remaining.   

 

 

 

 

 

 

Fig. 10. Cluster analysis of 

similarities in structure of 

spider assemblages 

among 17 sampling sites 

using the Ward method 

and Euclidean distances 

based on log-transformed 

percentage species data. 

The assemblage groups 

defined on the baisis of 

this dendrogram are: 

group 1-s4-s19, group 2-

s9-s13, group 3 – s8-s25.  
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Spider assemblage structure differs significantly between the above three groups (ANOSIM 

Global R=0.218, Significance level of sample statistic: 2.1%). The species most contributing to 

the differences among the three assemble groups are presented on Tables 8 - 10.  

 

 

Table 8. Results of similarity percentage analyses (SIMPER): Spider species primarily responsible 

for the observed difference between assemblage groups 1 and 2  

 

Taxon Contribution Cumulative % Mean abund. in 
group 1 

Mean abund. in 
group 2 

Eur_bre 3.046 4.666 1.13 0.235 

Zor_nem 2.95 9.186 0.05 0.92 

Bra_lan 2.862 13.57 0 0.845 

Par_lug 2.343 17.16 0.0286 0.72 

Wal_sim 2.303 20.69 0.901 0.255 

Dra-vil 2.063 23.85 0.426 1.02 

Zel_bal 2.027 26.95 0 0.6 

Cal_sch 1.868 29.82 0 0.555 

Par_alc 1.777 32.54 0 0.525 

Lio_rut 1.71 35.16 0.509 0 

Zel_ere 1.556 37.54 0.0557 0.515 

Ten_flo 1.554 39.92 0.597 0.46 

Mic_via 1.542 42.28 0.52 0.085 

His_tor 1.538 44.64 0.361 0.575 

Har_sam 1.475 46.9 1.06 0.63 

thy_par 1.391 49.03 0.0743 0.435 

Hog_rad 1.363 51.12 0 0.405 

Har_sae 1.282 53.08 1.36 0.985 

Hah_nav 1.238 54.98 0.369 0 

Eur_fal 1.238 56.88 0.236 0.32 

Agr_cup 1.149 58.64 0.596 0.62 

Teg_reg 1.071 60.28 0.291 0.565 

Coz_bla 1.05 61.89 0.21 0.44 

Tap_sil 1.044 63.49 0.309 0 

Har_men 1.027 65.06 0.309 0 
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Table 9. Results of similarity percentage analyses (SIMPER): Spider species primarily responsible 

for the observed difference between assemblage groups 1 and 3 

Taxon Contribution Cumulative % Mean abund. 1 Mean abund. 3 

Dra-vil 2.308 4.902 0.426 1.01 

Agr_cup 1.918 8.975 0.596 0.569 

His_tor 1.808 12.82 0.361 0.599 

Wal_sim 1.729 16.49 0.901 0.72 

Coz_bla 1.703 20.11 0.21 0.575 

Teg_reg 1.573 23.45 0.291 0.654 

Bra_lan 1.518 26.67 0 0.409 

Eur_bre 1.5 29.86 1.13 0.746 

Zor_nem 1.377 32.78 0.05 0.404 

Hah_nav 1.357 35.67 0.369 0.0737 

Eur_fal 1.269 38.36 0.236 0.276 

Par_alc 1.26 41.04 0 0.336 

Tap_sil 1.226 43.64 0.309 0.274 

Mic_via 1.152 46.09 0.52 0.296 

Lio_rut 1.152 48.54 0.509 0.635 

Har_men 1.114 50.91 0.309 0.0413 

Lio_rup 1.04 53.11 0.463 0.66 

 

 

Table 10. Results of similarity percentage analyses (SIMPER):  Spider species primarily 

responsible for the observed difference between assemblage groups 2 and 3 

 
Taxon Contribution Cumulative % Mean abund. 2 Mean abund. 3 

Par_lug 2.282 4.203 0.72 0.0288 

Lio_rut 2.097 8.065 0 0.635 

Zel_bal 1.883 11.53 0.6 0.0288 

Cal_sch 1.822 14.89 0.555 0 

Wal_sim 1.767 18.14 0.255 0.72 

Zor_nem 1.716 21.3 0.92 0.404 

His_tor 1.697 24.43 0.575 0.599 

Eur_bre 1.687 27.53 0.235 0.746 

Bra_lan 1.662 30.59 0.845 0.409 

Zel_ere 1.603 33.54 0.515 0.03 

Ten_flo 1.528 36.36 0.46 0.557 

Agr_cup 1.394 38.92 0.62 0.569 

thy_par 1.382 41.47 0.435 0.0175 

Hog_rad 1.33 43.92 0.405 0 

Har_sam 1.318 46.35 0.63 0.965 

Eur_fal 1.168 48.5 0.32 0.276 

Dra-vil 1.092 50.51 1.02 1.01 

Coz_bla 1.054 52.45 0.44 0.575 

 

Results of ANOVA of environmental variables based of the above grouping are shown on Table 

11.  
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Table 11. Environmental variables showing statistically significant differences (at p < 0.05) 

among sites grouped on the basis of the structure of spider assemblages (ANOVA)  

 SS df MS SS df MS F p 

v5_CBH 9.2225 2 4.6113 6.777 14 0.4841 9.52527 0.002447 

v17_Fag 6.4755 2 3.2377 9.525 14 0.6803 4.75909 0.026489 

v19_TSPP 8.3302 2 4.1651 7.670 14 0.5478 7.60268 0.005816 

v21_LAIeMiller 7.2093 2 3.6047 8.791 14 0.6279 5.74074 0.015112 

v22_LAIeLang 7.3249 2 3.6624 8.675 14 0.6197 5.91047 0.013775 

v23_LAIeNC 8.7848 2 4.3924 7.215 14 0.5154 8.52286 0.003792 

v25_FmvNC 9.5613 2 4.7807 6.439 14 0.4599 10.39482 0.001709 

v26_LAIeELAD 6.6990 2 3.3495 9.301 14 0.6644 5.04177 0.022431 

v29_LAIcMiller 5.8408 2 2.9204 10.159 14 0.7257 4.02447 0.041609 

v30_LAIcLang 5.9454 2 2.9727 10.055 14 0.7182 4.13923 0.038699 

v31_LAIcNC 7.1138 2 3.5569 8.886 14 0.6347 5.60387 0.016299 

v33_FmvNC 9.5613 2 4.7807 6.439 14 0.4599 10.39482 0.001709 

v34_FrvNC 9.6287 2 4.8143 6.371 14 0.4551 10.57877 0.001588 

v38_FrvELAD 8.7665 2 4.3832 7.234 14 0.5167 8.48350 0.003860 

v39_Frgaps 11.7018 2 5.8509 4.298 14 0.3070 19.05717 0.000101 

 

The results of ANOVA suggest that the structure of spider assemblages in the study area differs 

according to the gradient of light conditions of the forest floor.   

 

To check the consistency of this clustering, respectively, to check how it reflects the real spatial 

structuring of the species data, they were subjected to Principal Component Analysis (Table 12, 

Fig. 11). The ordination plot (Fig. 11A) of the factor scores of the spider assemblages in the 

coordinate system of the first two Principal Components shows a grouping of samples, which 

corresponds to that of the cluster analysis. It can be observed that in practice the sample 

groups delineated in the dendrogram correspond to the arrangement of samples along the first 

principal component. Based on these results it can be assumed that at least one main gradient 

determines the structure of spiders assemblages in the study area. The arrangement of 

sampling plots based on assemblage data along the first principal component is similar to that 

of their arrangement on the basis of the environmental data, i.e. opposed dry, sunny and low-

forest trees sites 9 and 13 (having a negative scores on PC1) against shady sites, such as s4, s6, 

s19, s21, s24, s23 (having positive scores on PC1). The second principal component separated 
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the habitats dominated by chestnut (negative scores on the second principal component) 

compared those with the participation of other tree species. 
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Fig. 11.  Principal components ordination diagrams (A. assemblages from 17 sampling sites (s3-

s25); B. Species) of quantitative composition of spider assemblages  

 

Table 12.  Summary of PCA of quantitative spider data 

 PC1 PC2 PC3 PC4 

Eigenvalues 0.243 0.155 0.107 0.085 
Cumulative percentage variance of species data                 24.3 39.7 50.4 58.9 
 

 

Reactions of the most abundant species to the first two gradients, identified by PCA, are 

presented in Fig. 11B. Based on the response to the main gradient, represented by the first 

ordinations axis, two groups of spider species can be distinguished. The first well-defined group 

consists of species preferring shadow sites. The second group combines the more xerophylous 

species preferring relatively open habitats. The first group comprises such species as Aph_sem, 

Mic_via, Eur_bre, Har_men, and the second one - Zor_mem, Aty_pic, Dra_vil, Sal_zeb, Par_lug 

and others. Regarding the second gradient the following two species groups can be distinguished. 

One group  consists of species, positively correlated with chestnut forests - Ten_flo, Coz_bla, 

His_tor, Bra_den, Meg_sol, Teg_reg. The second group embraces species negatively associated 

with this kind of forest  - Agr_cup, Wal_fur, Phi_ruf, Hap_sil, Cet_lat. The majority of species 

show a preference for different combinations of conditions presented by these two gradients. 

Species preferring shaded chestnut forests are Har_sam, Wal_sim, Tap_lon, Lio_rut, while 
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species that prefer lighter chestnut forests are Bra_lan, Par_alc, Ero_fur, Nuc_umb, Thi_par. 

Species, apparently related to the more xerophilous and light forests with the participation of Q. 

petrea are Cal_sch, Wal_obt, Phr_fes, Tri_aff, Alo_alb, Wal_ant, Zel_bal, Tra_ped, Eva_juc, 

Zel_obl, Zel_bal, Par_hor. Species preferring more shady and cool forests with the participation 

of beech are Eur_bre, Har_sae, Har_men, Cen_lak, Aba_sal and others. 

In order to identify the real environmental factors behind the gradients detected by PCA a BEST 

analysis was performed. It allows to select only those environmental variables that have the 

strongest influence on the correlations between similarity/distance matrices of species data and 

the matrix of similarity (Euclidean distance) between sample sites based on the environmental 

variables. The highest degree of correlation (Spearman correlation coefficient of 0.633) was 

found between the similarity matrice based on D8. Czekanowski’s mean character difference 

(modified to exclude double-zeros), (Fig.  12) and the matrice of Euclidean distances of 

environmental data.  

 

 

Fig. 12. A dendrogram 

presenting the D8. 

Czekanowski’s  mean 

character difference 

(modified to exclude 

double-zeros) 

resemblance matrix 

among spider 

assemblages showing 

the greatest correlation 

with the resemblance 

matrix among sites, based on environmental variables 

 

BEST permutation analysis (999 random sample permutations) and the respective null 

hypothesis test histogram (Fig. 13)  both showed clearly that the null hypothesis „there is no 

agreement in the multivariate pattern of the two data sets” should be rejected (P<0.004).  
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Fig. 13.  BEST: Histogram of the null hypothesis distribution of the test statistic using spider data 

(log-transformed percentages) and showing real ρ as a vertical line at 0.647. 999 permutations, 

Significance level of sample statistic: 0.4% 

 

ρ was optimized for nine variables: v5_CBH,v8_SD-CR, v9_ALT, v11_EX, v16_Cast, v23_LAIeNC, 

v25_FmvNC, v28_FmvELAD.  It is clear that these are variables that largely describe the 

conditions classified by the matrix based on Euclidean distance (Fig. 10) and the two principal 

components derived from PCA of species data (Fig. 11).  

In order to check the consistency of the above results a RDA with forward selection of 

environmental variables based on a Monte Carlo permutation test was performed (for details 

see Table 13). Three variables were significant contributors to the model (in descending order) 

v5. CBH, v16. Cast, and v18. Quercus petrea. When this combination of variables is entered into 

the RDA model the cumulative percentage variance of spider data for the first and second axis 

is 19.7% and 12.8%, respectively.  
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Table 13.  Summary of RDA of quantitative spider data 

 Axis 1 Axis 2 Axis 3 Axis 4 

Eigenvalues 0.197 0.128 0.051 0.123 
Spp_env correlations  0.921 0.930 0.922 0.000 
Cumulative percentage variance:     
of species data                 19.7 32.6 37.7 50.0 
of species-environment relation 52.4 86.4 100.0 0.0 
Sum of all canonical     eigenvalues =0.377          
 v5_CBH    -0.8523   -0.0606 -0.3445 0.0000 
v16_Cast 0.3573   -0.8331 -0.2001 0.0000 
v18_Que   0.2671 0.7664 -0.4487 0.0000 

 

                   

The relationships among the assemblages, species, and the selected environmental variables 
within the coordinate system of the forest two principal components are shown on Fig. 14. 
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A. B.  

Fig. 14.  RDA ordination biplots of spider assemblages (A) and species (B) in relation to selected 

environmental variables, significant (p<0.05) with one or both axes. In species/environmental 

biplot only the most abundant species are shown. 

 

In this analysis, the first principal component presents the major difference between spider 

assemblages from sampling plots in tall shady forests (sites with negative scores on this 

component, s21, s23) and sites, situated in the lighter woods with low trees, mainly at a lower 

altitude (s13, s10, s9). The second principal component separates the plots in shady chestnut 

woods from those involving oak. It is clear from the analysis that chestnut forests themselves 

are the second most important factor determining the spatial heterogeneity of spider 

assemblages. Species with negative loadings on both components (e.g. Har_sam, Wal_sim, 
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Lio_rut, Ten_flo) show a strong commitment to the old shady chestnut forests. Species 

associated with chestnut forest showed positive loadings on the first component and negative 

ones on the second component - Scy_tho, His_tor, Teg_reg, Coz_bla and others. Species 

preferring shady tall woods featuring beech are Pse_obs, Agr_cup, Aba_sal, Cen_lak, Xys_luc 

and others, have negative loadings on the first component and positive ones on the second. 

Species preferring low-growth, light forests with the participation of Q. petrea are those having 

positive loadings on the first two components (Fig. 14B), such as Zor_nem, Dra_vil, Zel_bal, 

Eva_juc and others. These analyses show that the main gradient, which determines the 

structure of spider assemblages is the nature of the forest, described by v5.Crowm base Height, 

the percentage of Castanea sativa (v16) and at a lesser extend v18. percentage of Q. petrea. 

 

 

BEETLES 

Sampling. Species accumulations curves for sampling sites (Fig. 15) do not flatten off indicating 

that a greater sampling effort is necessary to accurately reflect the actual diversity in the study 

area.  
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Fig.  15. Cumulative number of species as a function of number of collected individuals (beetles) 
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Species richness estimates for the total area predict somewhere between 168 and 221 total 

(terrestrial) beetle species:  

Observed number of species: 143  

Chao1 = 191 SD=17.78 

Chao2 = 192 SD=17.04 

Jacknife1= 198  

Jacknife2= 221  

Bootstrap= 168 

These data indicate that between 65 and 85 % of the real number of terrestrial beetle species 

occurring in the area were recorded during this study.  

 

Assemblage  metrics  

Diversity indices of beetle assemblages are shown on Table 14. The equitability indices show 

the strongest commitment to the environmental variables (Table 15). It is manifested to the 

greatest extent in terms of relative contribution of the beech – the higher it is, the less is the 

equitability. Similar negative correlation is apparent in relation to the height of trees and 

altitude.  

It could be said that beetle assemblages from tall forests with a significant participation of 

beech and located at a relatively high altitude have lower equitability, and, respectively, more 

pronounced dominance.  

Table 14. Diversity indices of beetle assemblages per site 

Measure s3 s4 s6 s7 s8 s9 s10 s11 s12 s13 

N 676 316 538 147 518 174 289 311 352 325 

S 38 27 46 18 37 24 25 36 37 33 

ES(100) 16.93 18.72 20.86 15.38 18.90 18.78 18.32 23.37 20.25 20.74 

Fisher 8.71 7.06 12.04 5.38 9.12 7.55 6.57 10.53 10.43 9.18 

D (Margalef) 5.68 4.52 7.16 3.41 5.76 4.46 4.24 6.10 6.14 5.53 

N1 12.59 11.87 13.95 10.08 14.16 11.13 14.12 17.71 14.40 14.98 

Brillouin 2.45 2.34 2.51 2.13 2.54 2.22 2.51 2.70 2.52 2.55 

H'(loge) 2.53 2.47 2.64 2.31 2.65 2.41 2.65 2.87 2.67 2.71 

Ninf 5.50 4.45 3.82 5.44 5.03 3.87 5.45 7.40 5.59 5.70 

N2 9.29 8.03 8.51 8.09 10.31 7.28 10.93 13.05 10.35 10.89 

J' 0.70 0.75 0.69 0.80 0.73 0.76 0.82 0.80 0.74 0.77 

N10 0.33 0.44 0.30 0.56 0.38 0.46 0.56 0.49 0.39 0.45 

N21 0.74 0.68 0.61 0.80 0.73 0.65 0.77 0.74 0.72 0.73 
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Table 14. cont. 
 

Measure s19 s20 s21 s22 s23 s24 s25 

N 136 517 412 661 400 162 441 

S 28 44 30 44 25 31 30 

ES(100) 24.03 20.94 16.61 19.77 15.28 24.91 17.66 

Fisher 10.69 11.49 7.44 10.61 5.91 11.38 7.28 

D (Margalef) 5.50 6.88 4.82 6.62 4.01 5.90 4.76 

N1 11.55 15.00 9.75 14.26 8.51 14.67 12.18 

Brillouin 2.19 2.58 2.17 2.56 2.04 2.43 2.39 

H'(loge) 2.45 2.71 2.28 2.66 2.14 2.69 2.50 

Ninf 2.67 5.88 3.19 6.06 2.44 4.63 4.01 

N2 5.84 10.26 6.28 10.00 4.87 9.34 8.48 

J' 0.73 0.72 0.67 0.70 0.67 0.78 0.73 

N10 0.41 0.34 0.32 0.32 0.34 0.47 0.41 

N21 0.51 0.68 0.64 0.70 0.57 0.64 0.70 

 

 

The heterogeneity indices are less correlated with environmental variables (Table 15). 

However, some variables describing the state of the forest canopy show strong positive 

correlation with this type of diversity indicators. Among them particularly stand out the indices 

describing canopy large gaps in vertical projection (v34_FrvNC v38_FrvELAD). 

These relations show that the more well lit the forest floor is because of the large canopy gaps, 

the higher is the diversity of beetle assemblages. Most probably this pattern is related to the 

increased structural complexity of the lowermost vegetation layer.  

 

Table 15. Spearman non parametric correlation coefficients between the diversity measures of 

beetle assemblages and the environmental variables 

 v3_TH v9_ALT v10_SL v16_Cast v17_Fag v20_TNSPP v25_FmvNC 

ES(100) 0.02 -0.14 -0.24 0.08 0.07 0.22 0.21 
Fisher 0.25 0.15 -0.34 -0.07 0.30 0.44 0.19 
D 
(Margalef) 

0.31 0.26 -0.43 0.02 0.26 0.53 0.20 

N1 -0.14 -0.15 -0.43 0.40 -0.25 0.23 0.35 
Brillouin -0.11 0.07 -0.66 0.46 -0.22 0.19 0.35 
H’(loge) -0.16 -0.17 -0.44 0.43 -0.27 0.19 0.34 
Ninf -0.10 -0.10 -0.47 0.58 -0.54 -0.01 0.55 
N2 -0.37 -0.16 -0.55 0.58 -0.44 0.02 0.32 

J’ -0.62 -0.59 0.06 0.43 -0.70 -0.49 0.26 
N10 -0.61 -0.65 0.23 0.33 -0.65 -0.50 0.18 
N21 -0.46 -0.21 -0.30 0.63 -0.70 -0.32 0.35 
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Table 15. – cont. 
 v32_leafangleNC2 v33_FmvNC v34_FrvNC v37_FmvELAD v38_FrvELAD 

ES(100) 0.13 0.21 0.63 0.06 0.54 
Fisher -0.03 0.19 0.57 0.10 0.51 
D 
(Margalef) 

-0.14 0.20 0.53 0.15 0.49 

N1 0.18 0.35 0.66 0.23 0.57 
Brillouin 0.11 0.35 0.61 0.24 0.53 
H’(loge) 0.19 0.34 0.66 0.22 0.57 
Ninf 0.45 0.55 0.50 0.50 0.46 
N2 0.12 0.32 0.53 0.24 0.46 

J’ 0.47 0.26 0.21 0.22 0.17 
N10 0.47 0.18 0.06 0.14 0.02 
N21 0.30 0.35 0.07 0.41 0.11 

 

Multivariate statistical analyses 

Assemblage composition 

Initial analysis based on Jaccard coefficient does not reveal any well-pronounced spatial 

differentiation of beetle assemblages based on species composition (Fig. 16).   
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Fig. 16. Similarity among the beetle assemblages based on species composition (presence / 

absence data). 

 

Nevertheless, the BEST analysis of the multivariate among-assemblage patterns of the beetle 

presence/absence data and the environmental variables reveals a moderate but statistically 

significant correlation (Spearman correlation coefficient of 0.589 with a  significance level of 

2.8%) for an underlying S11 Russell & Rao’s similarity matrix (Figs. 17, 18). The result is similar 

to this for spiders, but some of the variables contributing to this correlation are different: 

v1_TDBH, v8_SD-CR, v9_ALT, v14_RL, v16_Cast, v19_TSPP, v28_FmvELAD.  

The results indicate that the composition of the beetle assemblages in the study area is 

determined by the altitude and the related appearance of the forest (trees with higher crown 

bases with a relatively great participation of beech), relative participation of sweet chestnut in 

the forest, and canopy gaps. It can be assumed that the temperature and light conditions at the 

forest ground surface affect mostly the species composition of beetle assemblages. 
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Fig. 17. BEST: Histogram of the null hypothesis distribution of the test statistic using beetle 

presence/absence data and showing real ρ as a vertical line at 0.589. 999 permutations, α = 

0.001. 
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Fig. 18. Cluster analysis of beetle presence/absence data: a dendrogram presenting the S11 

Russell & Rao’s similarity matrix among beetle assemblages showing the greatest correlation 

with the resemblance matrix among sites, based on environmental variables 
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Assemblage structure  

In order to infer the factors determining the structure of the beetle assemblages a cluster 

analysis based on Euclidean distances and Ward method was performed (Fig. 19). It divided 

beetle assemblages into three groups when the Euclidean distance of 3.6 was selected.  
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Fig. 19. Cluster analysis of similarities in structure of beetle assemblages (log(percent+1) among 

17 sampling sites using the Ward method and Euclidean distances. Groups: Group 1- s9; group 

2 – s7 – s10; group 3 – s22 – s24. 

 

The first group consisted of one site, s9.  This assemblage obviously has a very different 

structure compared to the other beetle assemblages in the study area. The other two groups 

comprised similar number of assemblages. The second group consists of 9 assemblages (s7 – 

s10) and the third group embraces 7 assemblages (s22 – s24). A one-way ANOSIM for the factor 

“cluster group” with levels corresponding to the second and third group reveals highly 

significant differences (R = 0.73, P% = 0.003). The species most contributing to the differences 

among the three assemblage groups are presented on Tables 16 - 18.  

 

Table 16. Results of similarity percentage analyses (SIMPER):  Beetle species primarily 

responsible for the observed difference between assemblage groups 1 and 2 

Taxon Contribution Cumulative % Mean abund. in 
group 1 

Mean abund. in 
group 2 

Ano_ste 4.13 6.969 0 1.05 

Sci_wat 3.962 13.65 0 1.01 

Cid_par 3.432 19.44 0.897 0.0214 

Nic_int 3.205 24.85 0 0.816 

Car_con 2.854 29.67 1.43 0.701 

Pro_tes 2.54 33.96 0.648 0 

Dor_par 2.429 38.05 0.748 0.129 

Cet_aur 2.405 42.11 0.648 0.0354 

Pro_obe 2.217 45.85 0.79 0.228 

Tap_bal 2.092 49.38 0 0.538 

Car_int 2.047 52.84 0 0.525 

Car_mon 1.993 56.2 0 0.509 

Hap_tra 1.924 59.45 0.518 0.025 

Mel_cra 1.705 62.33 0.435 0 

Mol_ruf 1.62 65.06 0.701 1.11 

Ont_coe 1.185 67.06 0 0.301 

 

 

Table 17. Results of similarity percentage analyses (SIMPER):  Beetle species primarily 

responsible for the observed difference between assemblage groups 1 and 3. 

Taxon Contribution Cumulative % Mean abund. 1 Mean abund. 3 

Car_con 4.418 7.002 1.43 0.341 
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Sci_wat 4.151 13.58 0 1.04 

Nic_int 3.347 18.88 0 0.835 

Cid_par 3.163 23.9 0.897 0.11 

Mol_ruf 2.967 28.6 0.701 1.43 

Car_int 2.83 33.08 0 0.711 

Tap_bal 2.71 37.38 0 0.663 

Pro_tes 2.534 41.39 0.648 0.0164 

Cet_aur 2.418 45.22 0.648 0.0449 

Ano_ste 2.375 48.99 0 0.599 

Mya_cha 2.062 52.26 1.35 0.822 

Pro_obe 1.966 55.37 0.79 0.3 

Hap_tra 1.964 58.48 0.518 0.0299 

Mel_cra 1.744 61.25 0.435 0 

Nic_ves 1.487 63.6 0 0.377 

Car_cor 1.212 65.53 0.865 0.597 

 

Table 18. Results of similarity percentage analyses (SIMPER):  Beetle species primarily 

responsible for the observed difference between assemblage groups 2 and 3 

Taxon Contribution Cumulative % Mean abund. 2 Mean abund. 3 

Dor_par 2.073 5.326 0.129 0.653 

Ano_ste 1.985 10.43 1.05 0.599 

Car_mon 1.836 15.14 0.509 0.0371 

Car_con 1.814 19.8 0.701 0.341 

Mya_cha 1.66 24.07 1.23 0.822 

Car_cor 1.525 27.99 0.968 0.597 

Tap_bal 1.462 31.74 0.538 0.663 

Mol_ruf 1.341 35.19 1.11 1.43 

Nic_int 1.318 38.57 0.816 0.835 

Nic_ves 1.063 41.3 0.232 0.377 

Car_int 1.051 44 0.525 0.711 

Col_imu 1 46.57 0.294 0.0387 

 

The results of ANOVA (Table 19) on environmental variables based on the groups obtained by 

the cluster analysis (second and third group, Fig. 19) reveal that most probably the dominant 

tree species and especially of chestnut are among the factors affecting the structure of beetle 

assemblages. The second group comprises beetle assemblages from stands dominated by 

sweet chestnut (Fig. 20).  

 

Table 19. Environmental variables showing statistically significant differences (at p < 0.05) 

among sites grouped on the basis of the structure of beetle assemblages (ANOVA) 

 SS df MS SS df MS F p 

v15_NT 4.4189 1 4.4189 11.230 14 0.8022 5.50860 0.034155 

v16_Cast 6.4830 1 6.4830 8.911 14 0.6365 10.18561 0.006530 

v17_Fag 7.9533 1 7.9533 6.793 14 0.4852 16.39101 0.001197 

v18_Que 5.2598 1 5.2598 5.056 14 0.3611 14.56559 0.001888 
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v20_TNSPP 5.6649 1 5.6649 9.415 14 0.6725 8.42390 0.011587 

 

Categ. Box & Whisker Plot: v16_Cast
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Fig. 20.  Box and whisker plots for v16_Cast illustrating the results of ANOVA of environmental 

variables on the basis of grouping of beetle assemblages  

 

The Principal Component Analysis reveals the same pattern (Fig. 21, Table 20). The first axis 

describes the dramatic difference of the beetle assemblage from sampling site s9 compared to 

others. Here are  particularly well presented or are found only here such species as Cid_par, 

Pro_obe, Cet_aur, Pro_tes, Cer_sco, Pri_cor, Pro_ten, Mel_cra, Hap_tra, Oed_ruf, Ama_aen, 

Cal_fus, Ont_del. The other sampling plots represent shady forests and are characterized by 

such species as Car_int, Tap_bal, Nic_ves, Nic_int, Sci_wat.  

The second axis shows the existence of two distinct groups of beetle assemblages. Those 

located at higher altitude and / or shady forests are characterized by such species as Dor_par, 

Hal_sed, Pla_res, Mol_ruf, Lyc_pul, Bra_ruf. The second group comprised some sites that are 
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located at the lower altitude and / or are lighter. They are characterized by such species as 

Car_mon, Car_cor, Mya_cha, Ano_ste, Col_imu and others. 
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Fig. 21.  Principal components ordination diagrams (A. Assemblages  from 17 sampling sites (s3-

s25); B. Species) of quantitative composition of beetle assemblages  

 

 

Table 20. Summary of PCA of quantitative [log(percent+1)] beetle data  

 PC1 PC2 PC3 PC4 

Eigenvalues 0.238  0.199  0.132  0.124 
Cumulative percentage variance of species data                 23.8   43.6   56.8   69.3 
 

 

The results of BEST analysis show that the greatest correlation (0.696 with a significance level of 

2.9%) of the matrix of Euclidean distances between sampling sites based on environment 

variables is with the species similarity matrix, based on D8. Czekanowski’s mean character 

difference (modified to exclude double-zeros), (Figs. 22, 23). The variables contributing most to 

this correlation were v5_CBH, v8_SD-CR, v14_RL, v16_Cast, v28_FmvELAD.  
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Fig. 22. BEST: Histogram of the null hypothesis distribution of the test statistic using beetle 

quantitative data and showing real ρ as a vertical line at 0.628. 999 permutations, α = 0.001. 

 

 
Fig. 23. Cluster analysis of 

beetle quantitative data: a 

dendrogram presenting 

the D8. Czekanowski’s 

mean character difference 

(modified to exclude 

double-zeros) matrix 

among beetle assemblages 
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environmental variables. 

It appears that the parameters of the environment associated with illumination of the ground 

layer, the diversity and structure of vegetation, depending on the predominance of chestnut 

are among the most important ones for the spatial variability of beetle assemblages.  

RDA reveals similar pattern (Fig. 24, Table 21). Five environmental variables were identified in 

the forward selection process as significant (p<0.05) in the ordination of species data. The 

eigenvalues of the first two RDA axes illustrate the strength of the relation between taxa and 

environmental variables (Table 21). Both axes accounted for about the same amount of 

variance with eigenvalues of 0.185 and 0.163, respectively. The Monte Carlo test of variables 

along all canonical axes was significant (p=0.005) and indicates that the model (ordination 

diagram) represents a good fit of the beetle assemblages and environmental data. The analysis 

also shows that the v17_Fag and v9_ALT are not associated predominantly with either axis, 

which indicates that their influence is complex. 
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Fig. 24.  RDA ordination biplots of beetle assemblages (A) and species (B) in relation to selected 

environmental variables, significant (p<0.05) with one or both axes. In species/environmental 

biplot only the most abundant species are shown. 
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Table 21.  Summary of RDA of quantitative beetle data 

 Axis 1 Axis 2 Axis 3 Axis 4 

Eigenvalues 0.185 0.163 0.091 0.061 
Spp_env correlations  0.893 0.935 0.828 0.758 
Cumulative percentage variance:     
of species data                 18.5 34.8 43.8 49.9 
of species-environment relation 34.4 64.8 81.6 93.0 
Sum of all canonical     eigenvalues =0.537          
v6_SD-CB -0.3467 -0.4126 0.3803 -0.0350 
 v9_ALT   -0.3256 0.4528 -0.5707 -0.2451 
 v14_RL   -0.3107 -0.1928 0.5042 -0.1463 
 v17_Fag  -0.5043 0.6421 -0.1640 0.2742 
 v18_Que  0.3363 0.7920 0.1129 -0.2613 

 

 

BUTTERFLIES 

Sampling. Three methods (1. 2x8W black and actinic light trap; 2. 1x8W black trap; 3. 160 W 

MVL and black lamps, sugaring) were used to collect moths. Their application depended on the 

site accessibility: method 1- s9, s12, s25; method 2 – s3, s11, s13; method 3 – s6 and s10.  The 

significance of the effect of sampling method (factor with three levels, corresponding to each 

sampling method employed) on butterfly assemblage composition and structure was tested by 

means of one-way ANOSIM. The results suggest that there is no significant effect of collecting 

methods on the composition (Global R: 0.088; Significance level of sample statistic: 35.4%) and 

structure (Global R: -0.102; Significance level of sample statistic: 62.9%) of moth assemblages. 

Species accumulations curves for sampling sites (Fig. 25) do not flatten off indicating that a 

greater sampling effort is necessary to accurately reflect the actual diversity in the study area. 

 

 

 

 

 

 

 

 

Fig. 25. Rarefaction curves by 

site for butterfly assemblages 
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Species richness estimates for the total area predict somewhere between 358 and 452 total 

butterfly species:  

Observed number of species: 312  

Chao1 =   387.3 SD= 20.7 

Chao2 =  408.5  SD= 23.9 

Jacknife1=  410.0  

Jacknife2=  452.2  

Bootstrap=  358.2 

These data indicate that between 69 and 87 % of the real number of butterfly species occurring 

in the area were recorded during this study.  

 

Assemblage  metrics  

The diversity indices of butterfly assemblages are presented in Table 22. The results of 

correlation analysis (Table 23) show that only two factors, both presenting the leaf angle, have 

a major influence on some indices, related mainly to species richness. The higher values of the 

leaf angle index, the lower values of species diversity (Fisher, D, N1, Brillouin, H’).  The other 

indices and particularly those describing evenness / dominance are not affected by any of the 

measured factors. 

 

Table 22. Diversity indices of butterfly assemblages per site 

Sample s3 s6 s9 s10 s11 s12 s13 s25 

  N 345.00 989.00 474.00 711.00 171.00 356.00 271.00 620.00 

  S 96.00 163.00 108.00 146.00 57.00 103.00 66.00 118.00 

ES(100) 44.77 42.14 41.57 50.33 43.63 47.33 33.21 40.61 

Fisher 44.08 55.56 43.68 55.67 29.94 48.60 27.79 43.21 

D(Margalef) 16.26 23.49 17.37 22.08 10.89 17.36 11.60 18.20 

   N1 42.31 44.39 38.86 61.40 36.54 49.08 17.87 34.32 

Brillouin 3.40 3.57 3.37 3.84 3.18 3.53 2.60 3.29 

H'(loge) 3.75 3.79 3.66 4.12 3.60 3.89 2.88 3.54 

 Ninf 7.84 8.11 8.03 11.85 8.55 10.17 3.01 4.96 

   N2 21.93 19.47 19.36 30.77 24.03 27.31 7.06 13.40 

    J' 0.82 0.74 0.78 0.83 0.89 0.84 0.69 0.74 

   N10 0.44 0.27 0.36 0.42 0.64 0.48 0.27 0.29 

   N21 0.52 0.44 0.50 0.50 0.66 0.56 0.40 0.39 
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Table 23. Spearman non-parametric correlation coefficients between the diversity measures of 

butterfly assemblages and the environmental variables. Marked correlations are significant at p 

<.05000 

 v24_leafangleNC1 v32_leafangleNC2 

ES(100) -0.285714 -0.357143 

Fisher -0.714286 -0.738095 

D(Margalef) -0.809524 -0.761905 

N1 -0.595238 -0.619048 

Brillouin -0.714286 -0.738095 

H’(loge) -0.595238 -0.619048 

Ninf -0.404762 -0.380952 

N2 -0.261905 -0.309524 

J’ 0.000000 -0.023953 

N10 0.155691 0.107786 

N21 0.155691 0.119763 

 

 

Having in mind that these variables have high loadings on the second PCAxis (Table 3)  which 

separates the old-/mature-growth shaded and more mesophilous stands with participation of  

beech (F. sylvatica ) and sweet chestnut (C. sativa ) from more open and xerophilous forests 

with a great participation of oak (Q. petrea) it can be supposed that species richness of butterfly 

assemblages depends of this gradient. 

 

Multivariate analyses 

Assemblage composition.  
Initial analysis based on Jaccard coefficient indicates that the differences in composition of 

butterfly assemblages are poorly pronounced (Fig. 26).  
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Fig. 26.  Similarity (Jaccard index) among butterfly assemblages based on presence / absence 

data. 

 

Nevertheless, the BEST analysis of the multivariate among-sample patterns of the butterfly 

presence/absence data and the environmental variables reveals a well pronounced correlation 

(Spearman correlation coefficient of 0.904 with a  significance level of 0.1%), between among-

sample species similarity matrix based on  S26 and the matrix based on environmental variables 

and  Euclidean distance (Fig. 27). This matrix mirrors the effect of the following environmental 

variables: v9_ALT, v14_RL, v15_NT, v18_Que, v32_leafangleNC2, v38_FrvELAD.  
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Fig. 27. Similarity among butterfly assemblages based on S26 (Faith) index. 

 

These results indicate that the spatial variability in species composition of the butterfly  

assemblages is largely influenced by the environmental factors related to temperature. 

 

Assemblage structure 

The preliminary cluster analysis based on Euclidean distance (Fig. 28) reveals two poorly 

defined groups: group 1- s10-s25; group 2 – s3-s9. Nevertheless the ANOSIM analysis suggests a 

highly significant difference between these two groups. Similar results were obtained based on 

some other similarity/distance measures, such as correlation coefficient, Bray-Curtis, cosine, 

Morisita, chord distance, and Manhattan.   
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Fig. 28.  Cluster analysis of the spatial variability in the structure of butterfly assemblages based 

on the Euclidean distances.  

 

The results of ANOVA of environmental data (Table 24, Fig. 29) reveal that most probably the 

two clusters of butterfly assemblages reflect the effect of altitude and the related differences in 

the structure of the stand, and the participation of sweet chestnut. The first group combines 

butterfly assemblages from the chestnut dominated forests at lower altitude, while the second 

group comprises three assemblages at higher altitude and lower participation of chestnut. 
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Table 24. Analysis of Variance of environmental data based on the two groups defined by 

cluster analysis of butterfly assemblages.  Marked effects are significant at p < .05000 

 SS df MS SS df MS F p 

v6_SD-CBH 8.197 1 8.197 3.530 6 0.588 13.93259 0.009706 

v9_ALT 4.710 1 4.710 2.669 6 0.445 10.58707 0.017384 

v16_Cast 1.786 1 1.786 1.207 6 0.201 8.88053 0.024636 
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Fig. 29.  Box and whisker plots for v9_ALT and v16_Cast illustrating the results of ANOVA of 

environmental variables on the basis of grouping of butterfly assemblages 

 

The differences in assemblage structure result from the greater relative abundance in the 

second group of such species as Zan_Lun, Mil_Min,  Par_Tri, while the greater relative 

abundance in the first group have such species as Eil_Lur, Ort_Cer, Cam_Mar, Cyc_Line, 

Pse_Apf, Ort_Got (Table 25).  

  

Table 25. Results of similarity percentage analyses (SIMPER):  Butterfly species primarily 

responsible for the observed difference between assemblage groups 1 and 2 

Taxon Contribution Cumulative % Mean abund. 1 Mean abund. 2 

Zan_Lun 2.3 3.7 0.2 1.1 

Mil_Min 1.5 6.0 0.1 0.8 

Par_Tri 1.2 8.1 0.3 0.8 

Eil_Lur 1.2 10.0 0.9 0.5 

Ort_Cer 1.2 12.0 0.9 0.4 

Cam_Mar 1.2 13.9 0.7 0.4 

Cyc_Line 1.1 15.7 0.6 0.1 

Pse_Apf 1.1 17.5 0.5 0.1 

Ort_Got 1.0 19.1 0.7 0.3 

Chl_v-a 1.0 20.7 0.3 0.6 
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The BEST analysis shows that the greatest correlation (0.913 with a significance level of 0.1%) of 

the matrix of Euclidean distances between sampling sites based on environment variables is 

with the  species similarity matrix, based on S18 Kulczynski (quant), (Figs. 30, 31). The variables 

contributing most to this correlation were v6_SD-CBH, v9_ALT, v11_EX, v15_NT, v18_Que. As 

above, it appears that the parameters of the environment associated with overall temperatures 

as presented by the altitude, exposition, dominance of oak are among the most important ones 

for the spatial variability of butterfly assemblages.  

 

 

 

 

 

 

 

 

 

 

Fig. 30. A dendrogram 

presenting the S18. 

Kulczinski’s  resemblance 

matrix among butterfly 

assemblages showing the 

greatest correlation with 

the resemblance matrix 

among sites, based on 

environmental variables. 
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Fig. 31.  BEST: Histogram of the null hypothesis distribution of the test statistic using 

Lepidoptera  quantitative data and showing real ρ as a vertical line at 0.913. 999 permutations, 

α = 0.001. 

 

 

BIRDS 

(18 sampling plots with R>20m) 

 

Sampling. The cumulative curves (Fig. 32) indicate that the species richness is more or less well 

established, at least at some of the sites.   
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birds-rarefaction curves per site (data for R>20m)
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Fig.  32. Cumulative number of species as a function of number of recorded individuals (birds) 

 

The estimations for the total area species richness are as follows:  

 

Observed number of species: 46 

Chao1 = 52, SD= 5.92  

Chao2 = 58, SD= 9.73 

Jacknife1= 56  

Jacknife2= 62  

Bootstrap= 51 

These data indicate that between 74 and 90 % of the real number of bird species occurring in 

the area were recorded during this study.  
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Assemblage metrics  

The diversity measures of bird assemblages (Table 26) show a well-pronounced relation to the 

dominant tree species (Table 27). The relative participation of chestnut affects positively 

species richness and heterogeneity. In contrast forest with the participation of F. sylvaticus and 

Quercus petrea tend to have avian assemblages of low diversity. The equitability indices do not 

show correlation with any environmental variable.   

 

Table 26. Diversity indices of bird assemblages per site 

Measure s3 s4 s6 s7 s8 s9 s10 s11 s12 s13 

N 136 119 123 94 118 109 92 115 123 130 

S 25 23 24 19 23 22 26 24 27 27 

ES(50) 18.52 17.99 19.45 16.28 18.30 17.37 21.45 18.86 19.82 19.48 

Fisher 8.99 8.49 8.90 7.18 8.53 8.31 12.07 9.23 10.69 10.36 

D (Margalef) 4.89 4.60 4.78 3.96 4.61 4.48 5.53 4.85 5.40 5.34 

N1 18.07 16.35 18.72 14.97 16.79 15.14 20.72 17.56 19.16 18.45 

Brillouin 2.63 2.52 2.64 2.42 2.54 2.43 2.65 2.57 2.65 2.62 

H'(loge) 2.89 2.79 2.93 2.71 2.82 2.72 3.03 2.87 2.95 2.91 

Ninf 8.00 5.95 8.20 8.55 6.94 6.81 10.22 7.67 7.24 8.13 

N2 15.11 12.84 15.65 13.07 13.44 11.80 17.63 14.21 15.39 14.42 

J' 0.90 0.89 0.92 0.92 0.90 0.88 0.93 0.90 0.90 0.88 

N10 0.72 0.71 0.78 0.79 0.73 0.69 0.80 0.73 0.71 0.68 

N21 0.84 0.79 0.84 0.87 0.80 0.78 0.85 0.81 0.80 0.78 

 

 

Table 26. cont. 

Measure s19 s20 s21 s22 s23 s24 s25 

N 90 89 71 100 98 84 107 

S 23 19 21 21 17 18 23 

ES(50) 18.88 15.76 17.75 16.47 14.18 15.51 18.84 

Fisher 9.98 7.40 10.07 8.11 5.94 7.03 9.00 

D (Margalef) 4.89 4.01 4.69 4.34 3.49 3.84 4.71 

N1 16.88 13.16 13.50 14.64 12.17 13.39 18.18 

Brillouin 2.49 2.29 2.24 2.40 2.25 2.30 2.59 

H'(loge) 2.83 2.58 2.60 2.68 2.50 2.59 2.90 

Ninf 8.18 5.24 4.44 7.69 6.53 7.00 10.70 

N2 13.73 10.33 9.68 12.08 10.13 11.34 15.88 

J' 0.90 0.88 0.85 0.88 0.88 0.90 0.92 

N10 0.73 0.69 0.64 0.70 0.72 0.74 0.79 

N21 0.81 0.79 0.72 0.83 0.83 0.85 0.87 
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Table 27. Spearman non parametric correlation coefficients between the diversity measures of 

bird assemblages and the environmental variables 

 

v15_NT v16_Cast v17_Fag v18_Que 

ES(50) -0.7 0.7 -0.4 -0.8 

Fisher -0.5 0.6 -0.3 -0.8 

D (Margalef) -0.6 0.7 -0.4 -0.8 

N1 -0.7 0.7 -0.5 -0.7 

Brillouin -0.7 0.7 -0.6 -0.6 

H’(loge) -0.7 0.7 -0.6 -0.7 

Ninf -0.3 0.6 -0.4 -0.4 

N2 -0.5 0.7 -0.5 -0.6 

J’ -0.1 0.3 -0.3 -0.3 

N10 0.0 0.2 -0.1 -0.2 

N21 0.1 0.2 -0.1 -0.1 

 

 

 

Multivariate analyses 

 

Species composition  

The BEST analysis shows that there are not statistically significant correlations between both 

types of matrices. Species composition of the bird assemblages within the study area is not 

particularly related to any of the measured environmental variables.  

 

Assemblage structure 

A cluster analysis based on log-transformed percentage data and Euclidean distances among 

assemblages by using Ward method reveals three groups of bird assemblages at level of 6.4 

(Fig. 33).   group 1: s9 – s23; group 2: s13 – s11; group 3: s12 – s6.  
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Fig. 33. Cluster analysis of similarities in structure of avian assemblages among 18 sampling 

sites using the Ward method and Euclidean distances. Group 1: s9 – s23; group 2: s13 – s11; 

group 3: s12 – s6. 

 

The One-Way Analysis of Similarities give a value of R=0.44 (Significance level of sample 

statistic: 0.01%) and suggest a real difference among the groups revealed by the cluster 

analysis. The species most contributing to the differences among the three assemble groups are 

presented on Tables 28 - 30. 
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Table 28.  Results of similarity percentage analysis (SIMPER):  Bird species primarily responsible 

for the observed difference between assemblage groups 1 and 2 

Taxon Contribution Cumulative % Mean abund. 1 Mean abund. 2 

Tro_tro 1.416 6.064 1.17 1.85 

Pic_vir 1.194 11.18 0.625 1.39 

Aeg_cau 1.147 16.09 1.11 1.67 

But_but 1.063 20.64 0.116 0.694 

 

Table 29. Results of similarity percentage analysis (SIMPER): Bird species primarily responsible 

for the observed difference between assemblage groups 1 and 3 

Taxon Contribution Cumulative % Mean abund. 1 Mean abund. 3 

Aeg_cau 1.566 5.753 0.161 1.11 

Dry_mar 1.556 11.47 1.35 0.489 

Tro_tro 1.279 16.17 1.14 1.17 

Pic_vir 1.218 20.64 1.35 0.625 

Gar_gla 1.193 25.02 1.58 0.926 

Syl_atr 1.109 29.1 0.923 0.24 

Phy_col 1.063 33 0.853 0.298 

Car_spi 1.018 36.74 0.664 0 

Cer_bra 1.016 40.48 1.69 2.29 

 

Table 30.  Results of similarity percentage analysis (SIMPER): Bird species primarily responsible 

for the observed difference between assemblage groups 2 and 3  

Taxon Contribution Cumulative % Mean abund. 3 Mean abund. 2 

Aeg_cau 2.213 8.536 0.161 1.67 

Dry_mar 1.53 14.44 1.35 0.511 

Tro_tro 1.273 19.35 1.14 1.85 

 

ANOVA of log-transformed and normalized environmental variables on the basis of these 

groups shows that they most probably reflect the influence of  v20_TNSPP, v17_Fag, v9_ALT,  

v15_NT (Table 31), i. e. the effect of some stand peculiarities caused by beech participation, 

related to the altitude.  

 
Table 31. Significant effects (p < .05) of environmental variables on the bird assemblage 

clustering (Fig. 33), revealed by ANOVA of environ. data (log-transformed and normalized) 

 SS df MS SS df MS F p 

v17_Fag 7.980 2 3.9900 8.020 14 0.5729 6.965160 0.007950 

v20_TNSPP 7.915 2 3.9573 8.085 14 0.5775 6.852001 0.008416 

v9_ALT 7.168 2 3.5842 8.832 14 0.6308 5.681637 0.015612 

v15_NT 6.615 2 3.3073 9.385 14 0.6704 4.933484 0.023895 



 61 

PCA (Fig. 34, Table 32) reveals similar pattern and indicates that most probably there is only 

one gradient affecting the structure of bird assemblages. Having in mind that the sampling plots 

s20 and s21 are among the highest ones (Table 1) and s13 among the lowest it can be supposed 

that the first PC axis may represent a gradient of altitude above sea level. The species loadings 

indicates that this is connected mainly to changes in relative abundance of Fringilla coelebs and 

Phyloscopus sibilatrix (Fig. 342B). 
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Fig. 34. Principal components ordination diagrams (A. assemblages from 18 sampling sites (s3-

s25); B. Species) of quantitative composition of avian assemblages  

 

Table 32. Summary of PCA of quantitative [log(percent+1)] bird data  

 PC1 PC2 PC3 PC4 

Eigenvalues 0.226 0.175 0.142 0.121 
Cumulative percentage variance of species data                 22.6 40.1 54.2 66.3 
 

 

BEST analysis of quantitative data reveals the importance of 7 variables (v4_SD-TH, v9_ALT, 

v13_EX-St, v19_TSPP, v20_TNSPP, v34_FrvNC, v39_Frgaps) for determination of spatial 

differences of bird assemblage structure (Spearman Rank correlation of 0.630 with a 

significance level of sample statistic of 0.9, Fig. 35) as presented by the similarity matrix based 

on D15 Chi squared metric (Fig. 36). Evidently, altitude, exposure, canopy and tree diversity are 

among the factors affecting spatial differentiation of bird assemblages in the study area.  
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Fig. 35. BEST: Histogram of the null hypothesis distribution of the test statistic using bird 

quantitative data and showing real ρ as a vertical line at 0.630. 999 permutations, α = 0.001. 
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Fig. 36. Cluster analysis of bird quantitative data: a dendrogram presenting the D15 Chi squared 

metric similarity matrix among bird assemblages showing the greatest correlation with the 

resemblance matrix among sites, based on environmental variables. 

 

 

Constrained ordination. The results of RDA confirm the above interpretations (Fig. 37, Table 

33). Altitude and the stand density as expressed by number of trees are the only statistically 

significant variables accounting for the variance in avian data.  
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Fig. 37. RDA ordination biplots of avian assemblages (A) and species (B)  in relation to selected 

environmental variables,  significant (p<0.05) with one or both axes. In species/environmental 

biplot only the most abundant species are shown 

 

Table 33. Summary of RDA of quantitative bird data  

 Axis 1 Axis 2 Axis 3 Axis 4 

Eigenvalues 0.174 0.078 0.153 0.140 
Spp_env correlations  0.914 0.750 0.000 0.000 
Cumulative percentage variance:     
of species data                 17.4 25.1 40.4 0.054.4 
of species-environment relation 69.1 100.0 0.0  
Sum of all canonical     eigenvalues = 0.251     
Correlations of env. variables and species axes:     
v9_ALT   -0.8195 -0.3326   
v15_NT   -0.5736   0.5838   

 

The above analysis indicates that the structure of the avian assemblages in the study area is 

affected predominantly by the altitude and stand density. Their effect is however rather weak, 

accounting for only 25% of the variance (Table 33). Secondary factors are exposure, canopy, 

and tree diversity.  
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Appendix 1: Abbreviations of species names 
 
Spiders 
Atypus piceus Aty_pic 
Abacoproeces saltuum  Aba_sal 
Agroeca cuprea Agr_cup 
Alopecosa accentuata Alo_acc 
Alopecosa albofasciata Alo_alb 
Amaurobius strandi Ama_str 
Aphantaulux seminigra Aph_sem 
Apostenus fuscus Apo_fus 
Ballus shaleibeyus Bal_sha 
Barusia sp Bar-spi 
Brachithele langourovi Bra_lan 
Brachythele denieri Bra_den 
Callilepis schuszteri Cal_sch 
Centromerus acutidentatus Cen_acu 
Centromerus lakatnikensis Cen_lak 
Cercidia prominens Cer_pro 
Cetonana laticeps Cet_lat 
Cheiracantium elegans Che_ele 
Cozyptila blackwalli Coz_bla 
Diplocephalus picinus Dip_pic 
Diplostyla concolor Dip_con 
Dipoena braccata Dip_bra 
Dipoena melanogaster Dip_mel 
Dipoena nigroreticulata Dip-nig 
Drassyllus villicus Dra-vil 
Dysdera longirostris Dys_lon 
Echemus angustifrons Ech_ang 
Enoplognata quadripunctata Eno-qua 
Enoplognatha latimana Eno_lat 
Episinus angulatus Epi_ang 
Episinus maculipes Epi_mac 
Ero furcata Ero_fur 
Euophrys frontalis Eur_fro 
Eurocoelotes brevispinus Eur_bre 
Eurocoelotes falciger Eur_fal 
Evarcha jucunda Eva_juc 
Gonatium nemorivagum Gon_nem 
Hahnia nava Hah_nav 
Haplodrassus silvestris Hap_sil 
Harpactea mentor Har_men 
Harpactea saeva Har_sae 
Harpactea samuili Har_sam 
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Histopona torpida His_tor 
Hogna radiata Hog_rad 
Labula thoracica Lab_tho 
Lepthyphantes  minutus Lep_min 
Lepthyphantes leprosus Lep_lep 
Lepthyphantes magnesiae Lep_mag 
Linyphia hortensis Lin_hor 
Liocranum rupicola Lio_rup 
Liocranum rutilans Lio_rut 
Macaroeris flavicomis Mac_fla 
Malthonica ferruginea Mal_fer 
Malthonica silvestris Mal_sil 
Mansuphantes mansuetus Man_man 
Mansuphantes pr. fragilis Man_fra 
Marpisa muscosa Mar_mus 
Megalepthyphantes collinus Meg_col 
Micrargus herbigradus Mic_her 
Microneta viaria Mic_via 
Nigma puella Nig_pue 
Nuctenea umbratica Nuc_umb 
Pardosa alacris Par_alc 
Pardosa hortensis Par_hor 
Pardosa lugubris Par_lug 
Philodromus pinetorum Phi_pin 
Philodromus praedatus Phi_pra 
Philodromus rufus Phi_ruf 
Pholcomma gibbum Pho_gib 
Phrurulithus festivus Phr_fes 
Pisaura mirabilis Pis_mir 
Poecilochroa conspicua Poe_con 
Pseudeuophrys erratica Pse_err 
Pseudeuophrys obsoleta Pse_obs 
Salticus zebraneus Sal_zeb 
Sardinidion blackwalli Sar_bla 
Scotophaeus blackwalli Sco_bla 
Scotophaeus scutulatus Sco_scu 
Scutpelecopsis krausi Scu_kra 
Scytodes thoracica Scy_tho 
Segestria senoculata Seg_sen 
Steatoda bipunctata Ste_bip 
Tapinocyba pallens Tap_pal 
Tapinocyba silvestris Tap_sil 
Tapinopa longidens Tap_lon 
Tegenaria parietina Teg_par 
Tegenaria regispyrrhi Teg_reg 
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Tenuiphantes floriana Ten_flo 
Tenuiphantes tenebricola Ten_ten 
Textrix denticulata Tex_den 
Theridion melanurum The_mel 
Thyreosthenius parasiticus thy_par 
Trachizelotes pedestris Tra_ped 
Trichoncus affinis Tri_aff 
Trichoncus hackmani Tri_hac 
Walckenaeria alticeps Wal_alt 
Walckenaeria antica Wal_ant 
Walckenaeria furcilata Wal_fur 
Walckenaeria mitrata Wal_mit 
Walckenaeria obtusa ? Wal_obt 
Walckenaeria simplex Wal_sim 
Xysticus cristatus Xys_cri 
Xysticus lanio Xys_lan 
Xysticus luctator Xys_luc 
Xysticus sp. Xys_luc 
Xysticus tenebrosus Xys_luc 
Zangherella relicta Zan_rel 
Zelotes balcanicus Zel_bal 
Zelotes erebeus Zel_ere 
Zelotes oblongus Zel_obl 
Zelotes subterraneus Zel_sub 
Zora nemoralis Zor_nem 
 
 
Beetles 

Abax carinatus   Aba_car 

Agaricophagus balcanicus   Aga_bal 

Agriotes pilosellus   Agr_pil 

Alosterna tabacicolor   Alo_tab 

Amara aenea  Ama_aen 

Ampedus sp. Amp_spe 

Anisotoma humeralis  Ani_hum 

Anoplotrupes stercorosus  Ano_ste 

Arpidiphorus lareyniei  Arp_lar 

Arpidiphorus orbiculatus  Arp_orb 

Athous sp.1 Ath_edn 

Athous sp.2 Ath_dve 

Athous sp.3 Ath_tri 

Attelabus nitens  Att_nit 

Benibotarus taygetanus  Ben_tay 

Brachygonus ruficeps  Bra_ruf 
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Bryaxis comita  Bry_com 

Bryaxis roumaniae  Bry_rou 

Calathus fuscipes fuscipes  Cal_fus 

Calosoma inquisitor  Cal_inq 

Carabus convexus dilatatus  Car_con 

Carabus coriaceus cerisyi  Car_cor 

Carabus intricatus intricatus  Car_int 

Carabus montivagus montivagus  Car_mon 

Cardiophorus cf. gramineus  Car_gra 

Cardiophorus nigerrimus  Car_nig 

Catops fuliginosus  Cat_ful 

Catops kirbyi  Cat_kir 

Cerambyx cerdo  Cer_cer 

Cerambyx scopolii  Cer_sco 

Cetonia aurata aurata  Cet_aur 

Cidnopus ? ruzenae  Cid_ruz 

Cidnopus parvulus  Cid_par 

Claviger handmanni  Cla_han 

Colenis immunda  Col_imu 

Colydium filiforme  Col_fil 

Cychrus semigranosus balcanicus  Cyc_sem 

Dacne bipustulata  Dac_bip 

Dendrophilus punctatus championi  Den_pun 

Dendroxena quadrimaculata  Den_qua 

Diaclina testudinea  Dia_tes 

Diaperis boleti  Dia_bol 

Dima macedonica  Dim_mac 

Diplocoelus fagi  Dip_fag 

Dissoleucas niveirostris  Dis_niv 

Dorcus paralllellipipedus  Dor_par 

Dryocoetes villosus  Dry_vil 

Elater ferrugineus  Ela_fer 

Enoplopus dentipes  Eno_den 

Geotrupes spiniger  Geo_spi 

Gnaptor spinimanus  Gna_spi 

Gnorimus nobilis nobilis  Gno_nob 

Halyzia sedecimguttata  Hal_sed 

Haplidia transversa transversa  Hap_tra 

Harpalus atratus  Har_atr 

Harpalus distinguendus   Har_dis 

Harpalus honestus   Har_hon 

Harpalus rubripes   Har_rub 
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Harpalus serripes serripes  Har_ser 

Harpalus tardus  Har_tar 

Harpalus tenebrosus  Har_ten 

Helops coeruleus  Hel_coe 

Hemicrepidius hirtus  Hem_hir 

Hypoganus inunctus  Hyp_inu 

Hypulus bifasciatus  Hyp_bif 

Lacon punctatus  Lac_pun 

Laemostenus venustus  Lae_ven 

Lagria atripes  Lag_art 

Lagria hirta  Lag_hir 

Leptinotarsa decemlineata  Lep_dec 

Lucanus cervus  Luc_cer 

Lycoperdina pulvinata  Lyc_pul 

Lymexylon navale  Lym_nav 

Margarinotus merdarius  Mar_mer 

Margarinotus neglectus  Mar_neg 

Melanotus crassicollis  Mel_cra 

Melanotus villosus  Mel_vil 

Mniophila muscorum muscorum  Mni_mus 

Molops rufipes belasicensis  Mol_ruf 

Morimus asper funereus  Mor_asp 

Myas chalybaeus) Mya_cha 

Mycetina cruciata  Myc_cru 

Mycetochara humeralis  Myc_hum 

Mycetophagus quadriguttatus  Myc_qug 

Mycetophagus quadripustulatus  Myc_qup 

Nargus badius rotundus  Nar_bad 

Nargus wilkini  Nar_wil 

Neatus picipes  Nea_pic 

Nicrophorus humator  Nic_hum 

Nicrophorus interruptus  Nic_int 

Nicrophorus vespilloides  Nic_ves 

Nicrophorus vestigator  Nic_vet 

Notiophilus rufipes  Not_ruf 

Nosodendron fasciculare  Nos_fas 

Nosodomodes tuberculatus  Nos_tub 

Ochodaeus chrysomeloides  Och_chr 

Oedemera rufofemorata rufofemorata  Oed_ruf 

Onthophagus coenobita  Ont_coe 

Onthophagus dellacasai  Ont_del 

Onthophagus ovatus  Ont_ova 
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Onthophagus verticicornis  Ont_ver 

Osmoderma eremita  Osm_ere 

Pedilophorus rhodopensis  Ped_rho 

Phaeochrotes pudens  Pha_pud 

Philothermus semistriatus  Phi_sem 

Platycerus caraboides  Pla_car 

Platyderus rufus   Pla_ruf 

Platyrhinus resinosus  Pla_res 

Platystomos albinus  Pla_alb 

Prionus coriarius  Pri_cor 

Probaticus obesus  Pro_obe 

Probaticus tenebricosus  Pro_ten 

Procraerus tibilais  Pro_tib 

Prosternon tesselatum  Pro_tes 

Prostomis mandibularis  Pro_man 

Pselaphogenius bulgaricus  Pse_bul 

Pseudocistela ceramboides ceramboides  Pse_cer 

Pterostichus vecors  Pte_vec 

Pycnomerus sulcicollis  Pyc_sul 

Pycnomerus terebrans  Pyc_ter 

Rutpela maculata  Rup_mac 

Saphanus piceus ganglbaueri  Sap_pic 

Sciodrepoides watsoni watsoni  Sci_wat 

Scolytus carpini  Sco_car 

Silpha obscura orientalis  Sil_obs 

Silpha olivieri  Sil_oli 

Sisyphus schaefferi  Sis_sch 

Soronia grisea  Sor_gri 

Stenagostus villosus  Ste_vil 

Stenurella septempunctata  Ste_sep 

Sternodea baudii  Ste_bau 

Symbiotes gibberosus  Sym_gib 

Tapinopterus balcanicus belasicensis  Tap_bal 

Tenebrio opacus  Ten_opa 

Trechus quadristriatus  Tre_qua 

Trimium carpathicum  Tri_car 

Trinodes hirtus  Tri_hir 

Triphyllus bicolor  Tri_bic 

Uloma culinaris  Ulo_cul 

Xyleborinus saxesenii  Xyl_sax 

Xyleborus dispar  Xyl_dis 

Xyleborus dryographus  Xyl_dry 
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Xylosteus spinolae  Xyl_spi 
 
 
Butterflies 
Abraxas sylvata Abr_Syl 
Abrostola agnorista Abr_Agn 
Abrostola tripartita Abr_Tri 
Abrostola triplasia Abr_Tri 
Acasis appensata Aca_App 
Acronicta psi Acr_psi 
Acronicta rumicis Acr_Rum 
Aedia funesta Aed_Fun 

Aedia leucomelas Aed_Leu 
Aegle vespertalis Aeg_Ves 
Agrius convolvuli Agr_Con 
Agrochola circellaris Agr_Cir 
Agrochola litura Agr_Lit 
Agrochola lychnidis Agr_Lyc 
Agrochola macilenta Agr_Mac 
Agrotis exclamationis Agr_Exc 
Agrotis ipsilon Agr_Ips 
Agrotis puta Agr_Put 
Agrotis segetum Agr_Seg 
Alcis repandata Alc_Rep 

Allophyes oxyacanthae All_Oxy 
Alsophila aescularia Also_Aes 
Amphipyra berbera Amp_Ber 
Amphipyra livida Amp_Liv 
Amphipyra micans Amp_Mic 
Amphipyra pyramidea Amp_Pyr 
Amphipyra tetra Amp_Tet 
Amphipyra tragopogonis Amp_Tra 
Anthracia eriopoda Ant_Eri 
Apamea scolopacina Apa_Sco 
Aplocera plagiata Apl_Pla 
Apoda limacodes Apo_Lim 

Aporophyla nigra Apo_Nig 
Arctia villica Arc_Vil 
Arctornis l-nigrum Arc_l-n 
Ascotis selenaria Asc_Sel 
Asphalia ruficollis Asp_Ruf 
Asthena albilata Ast_Alb 
Atypha pulmonaris Aty_Pul 
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Autographa gamma Aut_Gam 
Axylia putris Axy_Put 
Biston betularia Bis_Bet 
Blepharita satura Ble_Sat 
Brachionycha nubeculosa Bra_Nub 
Cabera exanthemata Cab_Exa 
Cabera pussaria Cab_Pus 
Callimorpha dominula Cal_Dom 
Calliteara pudibunda Cal_Pud 
Callocucullia celsiae Cal_Cel 
Callopistria juventina Cal_Juv 
Calophasia lunula Cal_Lun 

Campaea margaritata Cam_Mar 
Camptogramma bilineata Cam_Bil 
Caradrina aspersa Car_Asp 
Caradrina clavipalpis Car_Cla 
Caradrina flavirena Car_Fla 
Caradrina kadenii Car_Kad 
Caradrina morpheus Car_Mor 
Caradrina suscianja Car_Sus 
Caradrina wullschlegeli Car_Wul 
Catocala elocata Cat_Elo 
Catocala eutychea Cat_Eut 
Catocala hymenaea Cat_Hym 

Catocala nupta Cat_Nup 
Catocala nymphagoga Cat_Nym 
Catocala sponsa Cat_Spo 
 Celastrina argiolus Cel_Arg 
Cerastis rubricosa Cer_Rub 
Charanyca trigrammica Cha_Trig 
Chloantha hyperici Chl_Hyp 

Chloroclysta citerata Chl_Cit 
Chloroclystis v-ata Chl_v-a 
Chrysodeixis chalcytes Chr_Cha 
Cidaria fulvata Cid_Ful 
Cilix asiatica Cil_Asi 

Cleorodes lichenaria Cle_Lic 
Coentephria ablutaria Coe_Abl 
Colocasia coryli Col_Cor 
Colotois pennaria Col_Pen 
Comibaena bajularia Com_Baj 
Conisania luteago Con_Lut 
Conistra erythrocephala Con_Ery 
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Conistra ligula Con_Lig 
Conistra rubiginea Con_Rub 
Conistra vaccinii Con_Vac 
Cosmia affinis Cos_Af 
Cosmia trapezina Cos_Tra 
Cosmorrhoe ocellata Cos_Oce 
Craniophora ligustri Cra_Lig 
Crocallis elinguaria Cro_Eli 
Crocallis tuscearia Cro_Tus 
Cryphia algae Cry_Alg 
Cryphia amasina Cry_Ama 
Cryphia ochsi Cry_Och 

Cryphia raptricula Cry_Rap 
Cryphia tephrocharis Cry_Tep 
Cyclophora linearia Cyc_Line 
Cyclophora puppillaria Cyc_Pup 
Cyclophora quercimontaria Cyc_Que 
Cymatophoroma diluta Cym_Dil 
Deilephila elpenor Dei_Elp 
Diachrysia chrysitis Dia_Chr 
Diaphora luctuosa Dia_Luc 
Dichonia aeruginea Dic_Aer 
Dilina tiliae Dil_Til 
Diloba caeruleocephala Dil_Cae 

Divaena haywardi Div_Hay 
Drepana cultraria Dre_Cul 
Drepana faicataria Dre_Fai 
Drymonia melagona Dry_Mel 
Drymonia ruficornis Dry_Ruf 
Dryobota labecula Dry_Lab 
Dryobotodes carbonis Dry_Car 

Dryobotodes tenebrosa Dry_Ten 
Dycicla oo Dyc_ooo 
Dypterygia scabriuscula Dyp_Sca 
Dysauxes ancilla Dys_Anc 
Dysauxes famula Dys_Fam 

Dysgonia algira Dys_Alg 
Dystroma truncata Dys_Tru 
Ectropis bistortata Ect_Bis 
Ectropis crepuscularia Ect_Cre 
Ectropis extersaria Ect_Ext 
Egira anatolica Egi_Ana 
Egira sp. Egi_spe 
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Eilema caniola Eil_Can 
Eilema complana Eil_Com 
Eilema lurideola Eil_Lur 
Eilema morosina Eil_Mor 
Eilema pseudocomplana Eil_Pse 
Eilema pygmaeola Eil_Pyg 
Eilema sororcula Eil_Sor 
Elaphria venustula Ela_Ven 
Electrophaes rubidata Ele_Rub 
Emmelia trabealis Emm_Tra 
Ennomos quercinaria Enn_Que 
Epicnoptera silaceata Epi_Sil 

Epilecta linogrisea Epi_Lin 
Epirrhoe alternata Epi_Alt 
Epirrhoe galiata Epi_Gal 
Epirrita dilutata Epi_Dil 
Episema tersa Epi_Ter 
Eugnorisma depuncta Eug_Dep 
Eupithecia denotata Eup_Den 
Eupithecia gemellata Eup_Gem 
Eupithecia haworthiata Eupi_Haw 
Eupithecia icterata Eup_Icte 
Eupithecia laquaearia Eup_Laq 
Eupithecia semigraphata Eup_Sem 

Eupithecia silenicolata Eup_Sil 
Eupithecia subfuscata Eup_Sub 
Eupithecia venosata Eup_Ven 
Euplagia quadripunctaria Eup_Qua 
Euplexia lucipara Eup_Luc 
Euproctis chrysorrhoea Eup_Chr 
Eupsilia transversa Eup_Tra 

Gymnosceles rufifasciata Gym_Ruf 
Habrosyne pyrithoides Hab_Pyr 
Hadena albimacula Had_Alb 
Hadena capsincola Had_Cap 
Hadena confusa Had_Con 

Harpiya milhauseri Har_Mil 
Helicoverpa armigera Hel_Arm 
Hemistola chrysoprasaria Hem_Chr 
Hemithaea aestimaria Hem_Aes 
Herminia tersipennalis Her_Ter 
Hoplodrina ambigua Hop_Amb 
Hoplodrina octogenaria Hop_Oct 
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Horisme  tersata Hor_Ter 
Horisme corticata Hor_Cor 
Hydrelia flameollaria Hyd_Fla 
Hylaea fasciaria Hyl_Fas 
Hyloicus pinastri Hyl_Pin 
Hypena proboscidalis Hyp_Pro 
Hypena rostralis Hyp_Rost 
Hypomecis roboraria Hyp_Rob 
Idaea aversata Ida_Ave 
Idaea biselata Ida_Bis 
Idaea camparia Ida_Cam 
Idaea degeneraria Ida_Deg 

Idaea deversaria Ida_Dev 
Idaea dilutaria Ida_Dil 
Idaea filicata Ida_Fil 
Idaea rubraria Ida_Rub 
Idaea rusticata Ida_Rus 
Idaea straminata Ida_Str 
Idaea subsericeata Ida_Sub 
Idaea sylvestraria Ida_Syl 
Idaea trigeminata Ida_Trig 
Idia calvaria Idia_varia 
Issoria lathonia Iss_Lat 
Lacanobia oleracea Lac_Ole 

Laothoe populi Lao_Pop 
Lithosia quadra Lit_Qua 
Lomaspilus marginata Lom_Mar 
Lybithea celtis Lyb_Cel 
 Lycaena tityrus Lyc_Tit 
Lycia hirtaria Lyc_Hir 
Lygephila craccae Lyg_Cra 

Lygephila procax Lyg_Pro 
Lygris pyraliata Lyg_Pyr 
Lymantria dispar Lym_Dis 
Lymantria monacha Lym_Mon 
Macaria alternata Mac_Alt 

Macaria liturata Mac_Lit 
Macaria notata Mac_Not 
Macroglossum stellatarum Mac_Ste 
Malacosoma neustrium Mal_Neu 
Marumba quercus Mar_Que 
Meganephria bimaculosa Meg_Bim 
Meganola albula Meg_Alb 
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Meganola strigula Meg_Str 
 Melitaea athalia Mel_Ath 
Mesapamea secalis Mes_Sec 
Mesapamea sp. Mes_spe 
Methorasa latreillei Met_Lat 
Miltochrysta miniata Mil_Min 
Minoa muricata Min_Mur 
Minucia lunaris Min_Lun 
Moma alpium Mom_Alp 
Mormo maura Mor_Mau 
Mythimna albipuncta Myt_Alb 
Mythimna l-album Myt_l-a 

Mythimna scirpi Myt_Sci 
Mythimna sicula Myt_Sic 
Mythimna vitellina Myt_Vit 
 Neptis sappho Nep_Sap 
Noctua comes Noc_Com 
Noctua fimbriata Noc_Fimb 
Noctua interjecta Noc_Int 
Noctua janthe Noc_Jan 
Noctua janthina Noc_Jan 
Noctua orbona Noc_Orb 
Noctua pronuba Noc_Pro 
Noctua tertia Noc_Ter 

Noctua tirrenica Noc_Tir 
Nomophila noctuella Nom_Noc 
Notodonta dromedarius Not_Dro 
Nycteola revayana Nyc_Rev 
Nymphalis anthiopa Nym_Ant 
 Nymphalis polychloros Nym_Pol 
 Ochlodes sylvanu Och_Syl 

Ochropleura plecta Och_Ple 
Odice suava Odi_Sua 
Odonestis pruni Odo_Pru 
Oligia latruncula Oli_Lat 
Oligia strigilis Oli_Str 

Oligia versicolor Oli_Ver 
Opistograptis luteolata Opi_Lut 
Orectis proboscidata Ore_Pro 
Orgyia antiqua Org_Ant 
Orthosia cerasi Ort_Cer 
Orthosia cruda Ort_Cru 
Orthosia gothica Ort_Got 
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Orthosia incerta Ort_Inc 
Orthosia miniosa Ort_Min 
Orthosia munda Ort_Mu 
Orthosia populeti Ort_Pop 
Ourapteryx sambucaria Our_Sam 
Paracolax tristalis Par_Tri 
 Pararge aegeria Par_Aeg 
 Pararge roxelana Par_Rox 
Parascotia fuliginaria Par_Ful 
Pechipogo plumigeralis Pec_Plu 
Pennithera firmata Pen_Fir 
Peribatodes correptaria Per_Cor 

Peribatodes rhomboidaria Per_Rho 
Peribatodes umbraria Per_Umb 
Peridroma saucia Per_Sau 
Perisoma hydrata Per_Hyd 
Perizoma bifaciata Per_Bif 
Phaiogramma etruscaria Pha_Etr 
Phigaliohybernia marginaria Phi_Mar 
Phlogophora meticulosa Phl_Met 
Phragmatobia fuliginosa Phr_Ful 
Phyllodesma tremulifolia Phy_Tre 
 Pieris brassicae Pie_Bra 
Plagodis dolabraria Pla_Dol 

 Polygonia c-album Pol_c-a 
Polyphaenis sericata Pol_Ser 
Polyploca ridens Pol_Rid 
Polypogon strigilata Pol_Str 
Prodotes stolida Pro_Sto 
Proxenus hospes Pro_Hos 
Pseudaletia unipuncta Pse_Uni 

Pseudodeltote pygarga Pse_Pyg 
Pseudoips prasinana Pse_Pra 
Pseudoxestia apfelbecki Pse_Apf 
Puengeleria capreolaria Pue_Cap 
Rhodometra sacraria Rho_Sac 

Rhodostrophia discopunctata Rho_Dis 
Rhodostrophia vibicaria Rho_Vib 
Rivula sericealis Riv_Ser 
Rusina tristis Rus_Tri 
Sapodoptera exigua Sap_Exi 
Schrankia taenialis Sch_Tae 
Scopula imitaria Sco_Imi 
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Scopula marginepunctata Sco_Mar 
Scopula nigropunctata Sco_Nig 
Selenia dentaria Sel_Den 
Selenia lunularia Sel_Lun 
Serraca punctinalis Ser_Pun 
Sesamia nonagrioides Ses_Non 
Sideridis rivularis Sid_Riv 
Spilosoma lubricipeda Spi_Lub 
Spilosoma luteum Spi_Lut 
Spodoptera exigua Spo_Exi 
Spudaea pontica Spu_Pon 
Stauropos fagi Sta_Fag 

 Syntomis phegea Syn_Phe 
Tephronia sepiaria Tep_Sep 
Tethea ocularis Tet_Ocu 
Tethidea smaragdaria Tet_Sma 
Thaumetopoea solitaria Tha_Sol 
Thera variata The_Var 
Thyatira batis Thy_Bat 
Trachea atriplicis Tra_Atr 
Tymandra commae Tym_Com 
Tyta luctuosa Tyt_Luc 
Valeria oleagina Val_Ole 
Watsonalla binaria Wat_Bin 

Xanthia aurago Xan_Aur 
Xanthia citrago Xan_Cit 
Xanthorrhoe fluctuata Xan_Flu 
Xestia baja Xes_Baj 
Xestia c-nigrum Xes_c-n 
Xestia cohaesa Xes_Coh 
Xestia stigmatica Xes_Sti 

Xestia xanthographa Xes_Xan 
Zanclognatha lunalis Zan_Lun 
Zanclognatha zelleralis Zan_Zel 
Zekelita antiqualis Zek_Ant 
 
 
Birds 
Aegithalos caudatus  Aeg_cau 
Bombycilla garrulus Bom_gar 
Buteo buteo But_but 
Carduelis carduelis Car_car 
Carduelis chloris Car_chl 
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Carduelis spinus  Car_spi 
Certhia brachydactyla  Cer_bra 
Coccothraustes coccothraustes Coc_coc 
Columba palumbus Col_pal 
Corvus corax Cor_cor 
Cuculus canorus  Cuc_can 
Dendrocopos leucotos Den_leu 
Dendrocopos major  Den_maj 
Dendrocopos medius  Den_med 
Dendrocopos minor  Den_min 
Dendrocopos sp. Den_sp 
Dryocopus martius  Dry_mar 
Emberiza cirlus Emb_cir 
Erithacus rubecula  Eri_rub 
Ficedula semitorquata Fic_sem 
Fringilla coelebs  Fri_coe 
Fringilla montifringilla  Fri_mon 
Garrulus glandarius  Gar_gla 
Luscinia megarhynchos Lus_meg 
Muscicapa striata Mus_str 
Oriolus oriolus Ori_ori 
Parus ater Par_ate 
Parus caeruleus  Par_cae 
Parus major  Par_maj 
Parus palustris  Par_pal 
Parus sp. Par_sp 
Phylloscopus collybitus Phy_col 
Phylloscopus sibilatrix Phy_sib 
Picidae g. sp. Picidae 
Picus canus Pic_can 
Picus viridis  Pic_vir 
Prunella modularis Pru_mod 
Pyrrhula pyrrhula Pyr_pyr 
Regulus sp. Reg_sp 
Sitta europaea  Sir_eur 
Sylvia atricapilla  Syl_atr 
Troglodytes troglodytes  Tro_tro 
Turdus iliacus Tur_ili 
Turdus merula Tur_mer 
Turdus philomelos Tur_phi 
Turdus pilaris  Tur_pil 
Turdus viscivorus  Tur_vis 
 


