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Abstract. Forest vegetation layers might be significant drivers for moth community characteristics. The 
overstory plays a significant role for understory vegetation, thus potentially affecting the moth communities 
as well. Herein, the relation between canopy-layer traits and macromoth assemblages was investigated to 
examine which factors are important for Lepidoptera abundance, species richness and diversity. Sessile oak-
hornbeam forests were selected for sampling sites. Moth species were investigated from March 2011 until 
November 2012. Portable light traps were used and a total of 31,735 individuals were identified among to 442 
macromoth species. Canopy-layer and site traits were analysed by principal component analysis (PCA); 
followed by a linear regression analysis between the principal components (PCs) and Lepidoptera 
communities. We found a moderately negative effect for two of the PCs on Lepidoptera assemblages. PC1 
(weighted toward tree species richness) had an impact on species number and abundance of moths, while 
PC2 (weighted toward canopy cover) influenced mainly diversities of the Lepidoptera assemblages. Based on 
our results the low ratio of mixed-tree species does not have significant influence on moth species richness 
and abundance; further, high canopy cover negatively influences macromoth diversity. 
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Introduction 
 
Forests are one of the most important terrestrial 
ecosystems in Europe; they cover approximately 
45% of the continent surface (FAO 2010). The 
largest parts of these habitats are composed of 
native tree species where species composition is 
determined by environmental conditions, natural 
processes and human impacts (Rietbergen 2001, 
Wielgolaski 2005, Thomas & Packham 2007). 
Forest canopy-layer plays a considerable role for 
vegetation composition. In forests where thinning 
occurs the changing micro-environmental 
conditions (e.g. light regime, humidity and 
climate) are relevant variables for plant abundance 
(Elemans 2004, Bartemucci et al. 2006), species 
composition (Jelaska et al. 2006), species diversity 
(Barbier et al. 2008) and growth of seedlings 
(Farque et al. 2001). Through these variables, 
canopy layer per se plays a decisive role for 
herbivore communities, the largest mass of which 
consists of insects. Most of the insect herbivores 
respond rapidly to changes in their habitat (Wood 
& Storer 2003). Therefore forest vegetation 
structure is important for development and 
survival of many insect species (Summerville & 
Crist 2003). 

Lepidoptera species are important 
components of forested ecosystems (Summerville 

et al. 2013), as their caterpillars are herbivores but 
also serve as prey for several other animal groups. 
Much ecological research for Lepidoptera has 
focused on butterflies (Fuentes-Montemayor et al. 
2012), but moth species play a more significant 
role in European forests (Scoble 1992, Schmitt 
2003). In Hungary, oak forests have a high species 
richness of insect herbivores including many 
Lepidoptera species (Csóka 1998, Csóka & 
Szabóky 2005). 

In a recent survey the relationship between 
canopy-layer and macromoth communities in 
sessile oak-hornbeam forests was investigated. 
The goal of our study was to evaluate the 
importance of canopy-layer and site traits for 
Lepidoptera abundance, species richness and 
diversity. We expected to find relevant highlights 
for the maintenance of forest diversity, focused on 
Lepidoptera communities. 
 
 
Materials and Methods 
 
Study sites 
The survey was performed in the Sopron Mountains in 
the Lower Austroalpides. The area is approximately 
18500 hectares in Austria (2/3 part) and Hungary (1/3 
part) (Szmorad 2011). Study sites were selected in the 
Hungarian side of the study area, which is 90% forest. 
(Dövényi 2010) (Henceforward Sopron Mountains refers 
only to the Hungarian part of the study area). 
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Table 1. The most important characteristics of the investigated forest stands (QP – Quercus petraea; QR – Quercus 
robur; CP – Carpinus betulus; TP – Tilia platyphyllos; BP – Betula pendula; CA – Cerasus avium; CS – Castanea sativa; PN 
– Pinus nigra; PS – Pinus sylvestris; PA – Picea abies; AA – Abies alba; LD – Larix decidua). 

 

Site code Age Range (ha) Position Elevation (m) Proportion of tree species (%) Canopy cover (%) 
1 109 6.2 East 400 QP (70), PN (0.1) 70.1 
2 106 6.8 West 500 QP (95), PS (4.5), PA (0.5) 95.5 

3 82 6.6 East 400 
QP (80), CB (10), PA (0.01), 

TP (0.01) 
90.02 

4 66 5.4 Varied 400 QP (90), QR (0.02), CB (0.01) 90.03 
5 45 5.1 East 400 QP (70), CB (10), QR (10) 90 
6 51 3.8 West 500 QP (80), QR (0.01), LD (0.01) 80.02 

7 11 4.2 West 500 
QP (95), CB (4.5), PS (0.1), 

BP (0.01), TP (0,01) 
99.62 

8 15 2.1 Varied 400 QP (85), CB (0.01), CA (0.01) 85.02 

9 16 4.2 North 400 
QP (85), CB (0.01), CA (0.01), 

QR (0.01), CS (0.01), AA (0.01),  
LD (0.01), PS (0.01) 

85.07 

 
 

We focused on nine sessile oak-hornbeam forest 
stands, which is one of the most common forest types in 
the study area. Sampling sites were dominated by 
Quercus petraea agg. In the tree layer further deciduous 
and coniferous species were also present. Study sites were 
selected in different stand ages (young: 11–16 years; 
middle: 45–66 years; old: 82–109 years). The shrub layers 
were comprised of young tree species (e.g. Quercus 
petraea, Carpinus betulus, Tilia cordata, Acer campestre and 
Castanea sativa) and some mesic shrub species (e.g. Cornus 
sanguinea and Corylus avellana). The herb layer varies 
according to ecological conditions (Bölöni et al. 2008, 
Szmorad 2011). The most important characteristics of the 
study sites are shown in Table 1.  
 
Moth sampling 
Lepidoptera species were collected using portable light 
traps installed with UV light sources (using 3 W LED, 
peak wavelength 400–410 nm, operated by a 4.5 V 
battery), which is a widely used method for moth 
monitoring (Summerville & Crist 2003). Traps were 
activated before sunset and switched off after sunrise. 
Samplings were conducted 15 times per year in 2011 and 
2012 from the end of March until early November. Two 
traps were used in each forest stand, positioned on the 
ground at least 50 m apart from each other to prevent the 
light from interfering between them (Merckx et al. 2009). 
Summarized 60 samples were collected from each site. 
Traps were taken onto the same plot and sampling ceased 
during heavy rain. The attraction radius of the 3W Led 
light source is not documented. The often-used 15 W UV 
tube is known to attract a low proportion of moths 
beyond 20 m (Truxa & Fiedler 2012); therefore we assume 
less than 20 m attraction radius for the 3 W UV light 
source. 

Attracted moths were euthanized using ethyl acetate 
as a killing agent inside the traps. The collected 
Lepidoptera specimens were kept frozen until 
identification. Most of the individuals were identified by 
macro-morphological features. Eupithecia spp., Mesapamea 
spp. and damaged specimens were dissected to examine 

genitalia for species identification. 
 
Tree sampling 
Tree species were screened once per site in 2011 using 
Király’s (2009) nomenclature. We used 400 m2 quadrats 
(20x20 m) in each forest stand for sampling, which were 
assigned around the light traps. Presence and absence 
data of all living woody stems that composed the 
overstory were recorded. We estimated the proportion of 
canopy cover of each tree species and the average height 
of trees in each sampling plot. 
 
Data analysis 
We calculated community and ecological characteristics 
of macromoth communities such as species richness (S), 
abundance (N), and Shannon (H’) and Simpson (D) 
diversity indices. Shannon diversity is calculated using 
the degree of evenness of species abundances, whereas 
the Simpson index is heavily weighted towards the most 
abundant species in the sample (Peet 1974). We analysed 
community characteristics of only-on-tree-feeding 
(henceforward tree-feeding) Lepidoptera as well. 
Comparison analyses were performed using one-way 
ANOVA and box-plot figures. 

Canopy layer and forest stand features were 
quantified as tree canopy cover (Ct), tree species richness 
(St), canopy cover of native trees (Cnat), species richness of 
native trees (Snat), canopy cover of sessile oak (CQP), 
average height of trees (Ha), extent of forest stands (T) 
and forest stand age. 

To evaluate the relative impact of canopy layer and 
forest stand features on Lepidoptera communities, simple 
linear regression analysis was performed. The straight 
line was fitted by the equation y=ax+b. We used the 
ordinary least squared algorithm (OLS) to estimate slope 
(a) and intercept (b) regression parameters. In the applied 
linear regression model the coefficient of determination 
was simply Pearson’s coefficient (r) squared, used to 
assess strength and direction of correlation (Hammer 
2012). We followed Zou et al. (2003) to interpret threshold 
limits of correlation strength. 
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To avoid distortions of investigated environmental 
parameters, canopy-layer and site traits were condensed 
by principal component analysis (PCA). During this 
transformation, we obtained new variables (principal 
components; PCs) that are linear combinations of the 
original variables generated in a way that they are least 
correlated with each other (Davis 1986, Harper 1999). We 
used the PCs for linear regression analysis. 

Statistical analysis was executed using Past Package 
2.17 (Hammer et al. 2001). 
 
 
Results 
 
A total of 31,735 Lepidoptera individuals were 
collected, belonging to 442 species. This included 
148 species and 19,264 individuals of tree-feeding 
moths. Most tree-feeding Lepidoptera were 
polyphagous or oligophagous on oak. The most 
numerous species occur on broadleaf trees; these 
moths are typical inhabitants of the investigated 
forests (Fig. 1.). 

There was no significant difference in variance 
of each sampling site’s moth community, neither 
in total Lepidoptera (F=1.525; p=0.143) nor in tree-
feeding Lepidoptera assemblages (F=0.997; 
p=0.432). 

The highest species richness and abundance of 
total Lepidoptera were detected at Site 5, while 
lower values were recorded in young forests (Site 
7–9). Tree-feeding Lepidoptera species richness 
and abundance ranked differently from total moth 
communities at each site. Site 1 and Site 8 were 
most numerous in tree-feeding moth species; 
however abundance was highest at Site 3 (Table 2). 

 

Figure 1. Mean abundance (±SE) of the most 
numerous moth species in the samples. 

 
 

Diversity indices also showed different 
results. Total detected Lepidoptera and tree-
feeding moth communities showed greater 
differences in Shannon diversity than in Simpson 
diversity. However, box plots did not show a clear 
difference between diversities of total and tree-
feeding Lepidoptera assemblages (Fig. 2). 

 
Effect of canopy and site traits on moths 
To analyse the influence of environmental factors 
on Macrolepidoptera communities, eight variables 
were chosen to describe the canopy layer  

 
 

Table 2. Observed values by site for Lepidoptera assemblages and forest stand characteristics 
with the mean numbers (±SE) of each trait (N – Number of Lepidoptera individuals; SL – Species richness of 
Lepidoptera; NtL – Number of tree-feeding Lepidoptera individuals; StL – Species richness of tree-feeding 
Lepidoptera; Ct – Total canopy cover; St – Species richness of trees; Cnat – Canopy cover of native trees; Snat – 
Species number of native trees; CQP – Canopy cover of Quercus petraea; Ht – Average height of trees; T – Extension 
of forest stands (ha); Age – Age of forest stands) 

 

 N SL NtL StL Ct St Cnat Snat CQP Ht T (ha) Age 
Site 1 4014 266 2354 93 70.1 2 70 1 70 25 6.2 109 
Site 2 3745 226 2899 89 95.5 3 95 1 95 25 6.8 106 
Site 3 4432 239 3143 89 90 4 90 3 80 25 6.6 82 
Site 4 4215 226 2478 94 90 3 90 3 90 20 5.4 66 
Site 5 4451 268 2110 91 90 3 90 3 70 15 5.1 45 
Site 6 3985 254 2269 90 80 3 80 2 80 20 3.8 51 
Site 7 1215 168 724 70 99.5 5 99.6 4 95 4 4.2 11 
Site 8 3453 245 2039 93 85 3 85 3 85 7 2,1 15 
Site 9 2225 192 1248 77 85.1 8 85 5 85 6 4.2 16 
Mean 3526.10 231.51 2140.44 87.33 87.24 3.78 87.18 2.78 83.33 16.33 5.29 55.67 
±SE 818.96 25.38 542.40 6.15 6.40 1.26 6.38 0.96 7.41 7.41 0.96 31.19 
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Figure 2. Box-plots to compare Shannon and Simpson diversity indices of total and tree-feeding Lepidoptera 
communities. 

 
 
and sampling site traits (Table 2). PCA created two 
components (eigenvalue>1), which explained 
81.76% of the variance (Table 3). PC1 contained 
mainly tree species richness factors, while PC2 
was weighted toward canopy cover factors. Site 
traits (range and age) have no direct presence in 
PCs (Table 4). 

Analysis of linear correlation between moth 
assemblages and principal components was 
conducted both for total Lepidoptera and tree-
feeding Lepidoptera communities. The model 
supported a moderately negative relationship 
between moth abundance, species richness and 
PC1 for both overall moth community as well as 
tree feeding assemblages.  Higher tree species 
richness was associated with less abundance and 
species number of total Lepidoptera assemblages. 
However canopy-cover factors also had a 
moderate function in PC1. 

Calculated diversity indices also show 

correlation with principal components, but 
relations were significant only with PC2. The 
strength and direction of correlations were 
moderately negative except between total 
Lepidoptera assemblages and Shannon diversity 
index which showed a strongly negative relation. 
 
 
Discussion 
 
Forests in the Sopron Mountains are significant in 
the maintenance of  biodiversi ty .  A high 
proportion of these forests are composed of 
Quercus spp., which provide food source for more 
than 300 Lepidoptera species in Hungary (Csóka 
& Szabóky 2005). Furthermore, the vicinity of the 
Lower Austroalpides supports a relative high 
n u m b e r  o f  s u b a l p i ne  a n d  b o r e a l  f a u n a 
components in moth assemblages (e.g. Odesia 
atrata, Gnophos obfuscate, Odontosia carmelita).   

 
 

Table 3. Eigenvalues and variances of PCs. Principal Components were chosen with the criteria Eigenvalue>1 for 
further analysis. In addition, the right part of the table shows the coefficients from PCA of eight ecological traits (Ct – 
Canopy cover of tree species; St – Species richness of trees; Cnat – Canopy cover of native tree species; Snat – Species 
number of native tree species; CQP – Canopy cover of Quercus petraea; Ht – Average height of trees; T – Extension of 
forest stands; Age – Age of forest stands.). 

 

PC Eigenvalue Variance  PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 
1 4.330 54.132 Ct (%) 0.290 0.512 -0.097 -0.316 -0.038 -0.187 0.155 -0.696 
2 2.211 27.632 St 0.353 -0.065 0.668 0.332 -0.178 -0.528 0.067 0.021 
3 0.861 10.765 Cnat (%) 0.294 0.507 -0.099 -0.329 -0.014 -0.157 0.057 0.715 
4 0.448 5.597 Snat 0.422 -0.134 0.389 -0.194 0.556 0.510 0.214 -0.008 
5 0.0908 1.134 CQP (%) 0.260 0.418 -0.228 0.776 0.150 0.254 -0.129 -0.009 
6 0.054 0.676 Ht -0.434 0.225 0.131 0.024 0.740 -0.408 -0.171 -0.014 
7 0.005 0.064 T (ha) -0.289 0.409 0.534 -0.119 -0.277 0.391 -0.468 -0.034 
8 <0.001 <0.001 Age -0.433 0.257 0.167 0.168 -0.103 0.135 0.811 0.060 
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Table 4. Results of linear regression analysis between PCs and moth assemblages’ parameters shows 
Person’s coefficients (r) and regression parameters (Slope, Intercept); significant level: p<0.05 (N – 
Number of Lepidoptera individuals; S – Species richness of Lepidoptera; H’ – Shannon diversity of 
Lepidoptera; D – Simpson diversity of Lepidoptera). 

 

Total Lepidoptera assemblages 
    p r Slope±SE Intercept±SE 

PC1 0.017 -0.761 -402.430±129.640 3526.100±254.360 
N 

PC2 n.s. 0.010 7.483±279.710 3526.100±392.100 
PC1 0.014 -0.775 -12.433±3.843 231.560±7.522 

S 
PC2 n.s. -0.330 -7.412±8.013 231.560±11.233 
PC1 n.s. 0.332 0.051±0.055 3.968±0.107 

H’ 
PC2 0.006 -0.822 -0.176±0.046 3.968±0.065 
PC1 n.s. 0.362 0.007±0.007 0.944±0.014 

D 
PC2 0.017 -0.764 -0.021±0.007 0.944±0.010 

Tree-feeding Lepidoptera assemblages 
    p r Slope±SE Intercept±SE 

PC1 0.019 -0.753 -273.370±90.393 2140.400±177.350 
N 

PC2 n.s. 0.318 161.900±182.140 2140.400±255.330 
PC1 0.025 -0.733 -2.898±1.018 87.333±1.996 

S 
PC2 n.s. -0.122 -5.536±2.077 87.333±13.213 
PC1 n.s. 0.323 0.047±0.052 2.994±0.102 

H’ 
PC2 0.041 -0.688 -0.140±0.056 2.994±0.078 
PC1 n.s. 0.374 0.011±0.011 0.889±0.021 

D 
PC2 0.032 -0.710 -0.030±0.011 0.889±0.016 

 
 

Despite the numerous papers on the Lepidoptera 
fauna of the Sopron region (e.g. Mészáros & 
Szabóky 1981, Leskó & Ambrus 1998, Sáfián et al. 
2006, Sáfián & Szegedi 2008, Sáfián et al. 2009), 
quantitative comparison studies have been 
published only in the last few years (Horváth 
2013, Horváth et al. 2013, Horváth & Lakatos 
2014). The influence of understory vegetation on 
Lepidoptera communities in the Sopron 
Mountain’s oak forests were first surveyed by 
Horváth et al. (2013). Their result did not explain 
the relation between herb layer and macromoth 
assemblages. Further investigation was required, 
which is partly presented in this paper. 

 
Tree species richness  
and Lepidoptera communities 
The relation between heterogeneous tree species 
composition and rich Lepidoptera communities is 
highlighted by many authors (e.g. Haddad et al. 
2001, Summerville & Crist 2002, Beck & Chey 
2007). Our results were not consistent with 
previous studies showing a positive correlation 
between tree species richness factors (PC 1) and 
species richness, abundance of Lepidoptera.  
Various tree species differ strongly in their 
herbivore insect assemblages (Csóka 1997). Some 
tree species are suitable food source for specialist 
Lepidoptera caterpillars in the Sopron Mountains, 
but most of these Lepidoptera were not detected 

during our investigation. Forests which consist of 
different age native tree species in diverse and 
equal proportion can support the diversity of 
insect herbivores, including species richness and 
abundance of Lepidoptera (Axmacher et al. 2009, 
Horváth 2013). The mixture of tree species was 
uneven in the study sites, with the proportion of 
Quercus spp. ranging from 70%‒95% (mean cover 
± SE: 84.45 ± 6.17%). Further, tree species were 
presented mainly by Carpinus betulus (mean cover 
± SE: 4.10 ± 4.07%), with the balance consisting of 
coniferous and other trees (mean cover <1%). 
Hornbeam is consumed by several moth species; 
most of them are polyphagous and also consume 
oaks (Patočka & Kulfan 2009). Conifers in 
Hungary usually support a poor Lepidoptera 
fauna compared to broadleaf trees. The tree 
species mixture in the study sites clearly did not 
influence positively the Lepidoptera species 
richness (because of the low mixture rate and 
cover). Although the calculated PC scores (PC1) 
were correlated with abundance and species 
richness of Lepidoptera, there was not any 
ecological cause identified for a positive relation. 
Species richness and abundance of moths in the 
sampled forests were more influenced by other 
environmental factor; negative statistical 
correlation between datasets was belike random. 
Finally we established that low cover of mixture 
trees was not favourable for moth species richness 
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and abundance at the study sites. 
 

Canopy cover and moth diversity indices 
Shannon and Simpson diversities of Lepidoptera 
were negatively correlated with PC2. This implies 
that high cover of canopy-layer has a negative 
influence on macromoth diversity. Understory is 
strongly affected by overstory (Barbier et al. 2008); 
further, the understory effects Lepidoptera 
communities; so the effect of overstory on moth 
communities is indirect. Light regime is a relevant 
factor for plant seedling and growth under the 
canopy (Farque et al. 2001, Tinya et al. 2009a, b) 
causing a variability of microhabitats as well 
(Chávez & Macdonald 2012). We suggest that 
higher cover of overstory layer can cause a 
decreasing Lepidoptera diversity indirectly by 
reducing diversity of understory vegetation and 
thus reducing the number of microhabitats. 
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