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The species richness of click beetles in ancient pasture woodland
benefits from a high level of sun exposure

Jakub Horák • Karel Rébl
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Abstract Forests support high concentrations of species

and beetles in particular are often used to evaluate forest

biodiversity. Ancient pasture woodlands are facing a major

decline in Europe mainly due to the abandonment of tra-

ditional management and subsequent succession. We

studied click beetles (Coleoptera: Elateridae) in one of the

largest central-European remnants of pasture woodland in

Lány Game Park (Czech Republic) using flight interception

traps placed at standing veteran trees. The gradient of sun-

exposure, circumference of stem, height and vitality of tree

and tree species were studied in relation to the species

richness of click beetles and their ecological groups. Total

species richness reached nearly one half of the recently

documented fauna in the study area and species accumu-

lations showed us that the majority of species were repre-

sented. Most species preferred solitary trees in sun-exposed

habitats and avoided shaded trees in closed canopies. The

same results were obtained for ecological groups, such as

saproxylic and non-saproxylic species, functional groups

and guilds. Our results showed that the species richness of

one of the most ecologically diverse beetle families, click

beetles, benefits from a high level of sun exposure. Thus,

the long spatial and temporal continuity of sun-exposed

veteran trees could be a good predictor for sustainable

forest management.

Keywords Canopy openness � Coleoptera � Elateridae �
Veteran trees � Forest biodiversity � Saproxylic insect �
Guild � Functional group � Larval development

Introduction

The history of forest management in Europe is well docu-

mented (Rackham 2006). Authors have written about the

ecosystem changes and impacts caused by forestry (Grove

2002; Lindbladh et al. 2007). Human activities have been the

main factors influencing the condition of European forests

after most of the large herbivores died out. The degree of

openness is predicted to be one of the most important factors

in forest management because many forest species are

dependent on sunny and warm conditions, in particular

saproxylic (dead-wood dependent) beetle species (Jonsell

et al. 1998; Alexander 2008; Horák et al. 2012).

Ancient woodland pastures are facing a major decline in

European countries, mainly due to the abandonment of tra-

ditional management and subsequent succession. These

woodland pastures are of great importance for biodiversity

because of their special semi-natural characteristics that

increase landscape variability and connectivity (Hofmeister

et al. 2004; Goldberg et al. 2007; Spitzer et al. 2008; Moga

et al. 2009).

Beetles are among the most intensively studied taxa of

insects (New 2007; Novotny et al. 2010). Saproxylic bee-

tles, in particular, are key natural elements. Thus, this

group of beetles is often used to evaluate forest biodiversity

(Kaila et al. 1994, 1997; Økland 1996; Sverdrup-Thygeson

and Ims 2002; Foit 2010). Modern studies have shown that
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the quantity and quality of dead wood, including tree

species, decay stage, stem diameter and position, sun-

exposure and microhabitat characteristics, contribute

towards explaining the species richness of forest beetles

(Jonsell et al. 1998; McGeoch et al. 2007).

Much of the current research on saproxylic beetles has

been carried out in Fennoscandia, although this region is on

the margin of the ranges of many European saproxylic

beetles (Komonen 2007; Baselga 2008; Vodka et al. 2009;

Nieto and Alexander 2010). Most of studies were focused

on wider groups (Siitonen 1994; Sverdrup-Thygeson and

Ims 2002) or single species (Siitonen and Saaristo 2000;

Ranius and Hedin 2001; Horák et al. 2010).

The click beetles (Elateridae) are one of the most eco-

logically diverse families of beetles (Laibner 2000; Bou-

chard et al. 2009). Forests and woodlands of mixed

successional stages and forest-grassland ecotonal areas

harbour the greatest local diversity of click beetles (John-

son 2002). Adult click beetles are generally active in the

afternoon and evening and most fly well and can be col-

lected in various types of traps. The ecology of click

beetles has been poorly studied (Johnson 2002) and most

studies have focused on pest management (Parker and

Howard 2001; Hicks and Blackshaw 2008) or single spe-

cies requirements (Tolasch et al. 2007; Mertlik 2010).

We studied the response of one of the most ecologically

diverse and abundant families of click beetles (Elateridae)

and the component ecological groups in relation to tree

level habitat parameters in one of the largest central

European pasture woodland areas in the Czech Republic.

We specifically focused on the influence of sun-exposure

on click beetle fauna. Furthermore, we also evaluated the

responses of disparate ecological groups, comprising non-

saproxylic and saproxylic (total and guilds) species and

functional groups.

Materials and methods

Study area

The study area was located in Lány Game Park (50�050N;

13�550E; Fig. 1), which is a part of Křivoklátsko UNESCO

Biosphere Reserve and Landscape Protected Area. The

Lány Game Park is also protected in Natura 2000 and it is a

site for four Natura 2000 saproxylic beetles—the violet

click beetle (Limoniscus violaceus Müller, 1821), the great

Capricorn beetle (Cerambyx cerdo Linnaeus, 1758), the

hermit beetle (Osmoderma eremita Scopoli, 1763) and the

stag beetle (Lucanus cervus Linnaeus, 1758) (AOPK ČR

2010).

The study area was historically established for game

hunting with long temporal continuity of disparate levels of

canopy openness (oldmaps.geolab.cz). The first references

to hunting for nobility are from the early Middle Ages

(Škoudlı́nová 2000). The area is 30 km2 in size and the

recent shape of the park dates back to 1713. The Game

Park managers have recently been keeping red, fallow and

sika deer, mouflon and wild boar (Škoudlı́nová 2000).

Most of the areas of within the Lány Game Park are

pastured beechwood and oakland areas in a mosaic with

pastures and 89 % of the area is forested land (Škoudlı́-

nová 2000; AOPK ČR 2010). The Lány Game Park is

probably the largest remnant of former open canopy

woodlands showing the impact of large herbivores in

central Europe.

Study group

There is a long-standing tradition for studies of the

response of selected taxa to disparate ecological processes

(Niemelä et al. 1993; Oliver and Beattie 1996) and iden-

tifying species or other taxonomic units that reliably indi-

cate changes in the environment and reflect the responses

of other species or the overall biodiversity to such changes

(Bohac 1999; Rainio and Niemelä 2003).

The click beetles (Elateridae) are one of the most eco-

logically and taxonomically diverse and abundant families

of beetles (Hanzák et al. 1973; Laibner 2000; Johnson

2002; Löbl and Smetana 2007; Konstantinov et al. 2009).

The range of functional groups and guilds in this taxon is

very high. There are known negative economic effects of

some click beetles (Hicks and Blackshaw 2008), and some

are efficient predators of potential pests (Johnson 2002).

Some species have been used as tools for biological con-

trol, and some are pollinators (Schatz 2006). They have a

wide diversity of larval feeding habits, including feeding

Fig. 1 Map of location of Lány Game Park in the Czech Republic
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on dead wood, herbivory, fungivory and carnivory (Laibner

2000; Johnson 2002).

Sampling method

Flight interception traps were used as passive tree-trunk

traps on standing high-dimension (i.e., veteran) trees. We

used large traps consisting of three transparent plastic

panes (one part 400 mm 9 500 mm and two parts

200 mm 9 500 mm), a protective top cover (Ø 450 mm)

and a funnel leading down into a container holding a

solution of water and salt with a small amount of detergent

to reduce the surface tension of the liquid. This solution

preserved the insects but did not attract them. Each trap

was fixed to a trunk with small nail and wire on the top and

fastened by wire around the trunk and trap. Each trap was

placed on the trunk of a tree at a height of 2 m facing the

south (Fig. 2). All traps (n = 16; minimum inter-trap dis-

tance = 50 m) were placed in the north-western part of the

Game Park which comprises a mosaic of solitary trees in

pasture, open canopy and dense pasture woodland. The

traps were activated at the middle of May and deactivated

at the end of August 2009, which resulted in eight sampling

efforts that were made fortnightly. Thus, each trap was

working for a period of 106 days (i.e., 1,696 days for our

trapping design).

Study variables

To avoid over-fitting and resulting biases we included no

more than n/3 predictor variables, where n is the total

sample size (Crawley 2002). All study predictor variables

were recorded at the tree level and species richness of click

beetles was the dependent variable and five predictor

variables used. One predictor variable was continuous – the

circumference of the trunk (circumference) measured in

centimetres in 1.3 m height (mean = 344.25; min =

177.00; max = 486.00 cm). One predictor variable was

semi-continuous – tree height (height), rounded up in

meters (mean = 10.6; min = 3.00; max = 18.00 m).

Besides these two predictors, we used three categorical

predictor variables. These were recorded on an ordinal

scale, as in previous studies (Buse et al. 2007; Allen et al.

2010). The first was tree species (tree species) and two

species were used for this study—beech (Fagus sylvatica;

coded as 1; n = 11) and oak (Quercus petraea; coded as 0;

n = 5). The vitality of tree (vitality) was divided into three

categories; dead (2; n = 5), withered (1; n = 8) and living

(0; n = 3). In order to depict the sun-exposure gradient

(sun-exposure) we distinguished the following three cate-

gories related to the light incidence of the trees—sun-

exposed (solitary) trees (2; n = 6), semi-shaded trees

(1; n = 5) and shaded trees (0; n = 5). Most of the study trees

Fig. 2 A trunk-tree flight interception trap used to capture click beetles (Elateridae) in Lány Game Park
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were formerly grown in open canopy or planted as solitary

trees, which was indicated by the higher dimensions of

their stems compared to the surrounding trees (i.e., in the

case of semi-shaded and shaded trees) and the presence of

thick branches and limbs in the lower canopy. Solitary

trees were sampled in the pasture area, shaded trees in the

forest stand (growing under the recent closed forest can-

opy) and semi-shaded trees in groups of trees between the

pasture and the forest. The range of selected trees

approximately reflected the conditions of the study area.

Statistical analyses

For the analysis of total species richness we computed

species accumulations with confidence intervals using

sample-based rarefaction (Mao Tau function with 95 % CI;

Gotelli and Colwell 2001; Colwell 2006) and the Chao

function (Chao 1984). Analyses were computed using

EstimateS 8.2. The number of randomizations was set at

1,000 with strong hash encryption and the randomization of

samples without replacements. We used the classic for-

mulae for Chao for bias correction (Colwell 2006).

Statistical analyses to evaluate the response of click

beetles to the study predictor variables were carried out

using Statistica 7.0 (StatSoft Inc., Tulsa, OK, USA). We

used species richness (i.e., the number of species trapped)

as the dependent variable. Normality was tested with the

Shapiro-Wilks test (Hill and Lewicki 2007).

To reduce the effect of multicolinearity, the covariance

matrix was examined and predictor variables with signifi-

cant Pearson’s correlation coefficients (p \ 0.05) were

removed step by step from the following analyses using

variance inflation factor (VIF C 2) of predictors (Graham

2003; Allen et al. 2010). General linear model (GLM), for

data with a normal distribution, was chosen as an appro-

priate method of statistical analysis (Hill and Lewicki

2007). The study variables were then analysed using gen-

eralized linear model (GLZ) with the backwards model

selection procedure of the predictors (Hill and Lewicki

2007; Horák et al. 2010) as implemented in Statistica. The

first approach used in the GLZ with the Logit link function

was with all effects included, followed by final model

building (p \ 0.01).

An analysis aimed at identifying species composition

and species responses to the classes of predictor variables

derived from the final model was carried out CANOCO for

Windows version 4.5 (ter Braak and Šmilauer 2002).

Redundancy analysis (RDA), a constrained linear ordina-

tion method, was used to resolve the response of click

beetles to the study variables. We used focused scaling on

inter-species correlations and species scores divided by SD.

Square-root transformation of species data and Monte-

Carlo permutation tests with a test of the significance of the

first ordination axis and canonical axes together and with

the number of permutations set at 9,999 in the full model

were also used (Lepš and Šmilauer 2003). The resulting

ordination diagrams were created in CanoDraw 4.14 (ter

Braak and Šmilauer 2002). The projection the centroids of

individual classes (in right-angle direction) on individual

species arrow show the average value of species in indi-

vidual classes. The species with the longest distance from

the zero point [0; 0] (in the positive direction) had the

largest average abundance in particular class. Long dis-

tance in opposite (negative) direction show that the species

had a lower average predicted abundance (Lepš and

Šmilauer 2003). Statistical significance of associations

Fig. 3 Total species

accumulation and estimate of

total species richness of the

trapped click beetles

(Elateridae) in Lány Game Park

pasture woodland. Complete

data for the click beetle species

from all traps are included. The

solid line shows the species

accumulation curve, a sample-

based rarefaction of

assemblages, the two

surrounding dashed lines are

Mao Tau estimates with 95 %

CI and the upper dashed line is

the Chao 1 estimate of the total

number of species

310 J Insect Conserv (2013) 17:307–318

123



between species and categories of variable were tested

using T value biplots with Van Dobben circles as imple-

mented in CANOCO (Lepš and Šmilauer 2003).

We also separated the study species into ecological

groups, which is a method often used in beetle studies

(Johansson et al. 2007; Goßner et al. 2008). The groups

analysed were made up of (1) non-saproxylic and sapr-

oxylic species (Schmidl and Bußler 2004), which reflected

the larval development strategy (i.e., non-saproxylic in soil

and saproxylic in wood; Laibner 2000) (2) guilds (mould

and old dead wood) of saproxylic species (Schmidl and

Bußler 2004) and (3) functional groups separated into

phytophages, predators and scavengers (Laibner 2000).

Descriptive analyses of subgroups were done with the

parametric ANOVA (d.f. = 2) and finally compared using

Fisher’s LSD post hoc comparisons in Statistica (Hill and

Lewicki 2007).

Results

During the study we trapped 33 species of click beetles

(301 individuals; see Table 2), which comprised 49.3 % of

the known fauna in the area from the recent decade (Rébl

2010).

Species accumulation

The species accumulation curve for the entire dataset did

not reach an asymptote, but it approached the Chao 1

estimate of the total number of species (Fig. 3), suggesting

that the majority of the species in the study site were

represented in the analysis and the number of traps was

sufficient.

Species richness of click beetles and response to study

predictor variables

The final approach built with p \ 0.01 was used to create a

multivariate model for the species richness of click beetles

and their response to the study variables. This model

considered sun-exposure as the only responsible predictor

variable of the trapping success of click beetles in the study

area with more than 60 % of adjusted explained variability

(Table 1). All of the other study variables were removed

due to multicolinearity (i.e., circumference with VIF =

2.14) and during the selection procedure (i.e., vitality,

height and tree species).

Table 1 Results of statistical analyses of the study predictor vari-

ables on species richness (circumference was removed due to

multicolinearity)

Predictor variable Estimate Wald statistic p

Intercept 1.06 214.52 \ 0.0001

Height -0.01 3.50 0.06

Sun-exposure 0.15 27.75 \ 0.0001

Tree species -0.08 2.16 0.14

Vitality -0.02 0.29 0.59

R2 (%) adj. R2 (%) F p

Full model

81.15 74.30 11.84 0.0006

Model with sun-exposure after stepwise selection of predictor

variables with p \ 0.01

66.14 63.73 27.35 0.0001

Fig. 4 Species richness of click

beetles (Elateridae) in Lány

Game Park ancient pasture

woodland with respect to the

sun-exposure gradient. Sample-

based rarefaction (Mao Tau

with 95 % CI) of assemblages
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Click beetle species richness and sun-exposure gradient

The trapped click beetle species preferred sun-exposed

(solitary) trees and avoided shaded trees under the closed

canopy. Therefore, we tested the differences between cat-

egories of sun exposure. Sun-exposed trees supported a

greater number of species than either semi-shaded

(p = 0.0004) and shaded (p = 0.0001) trees. No difference

was observed between semi-shaded and shaded trees, as

illustrated in Fig. 4, using sample-based rarefaction.

Species composition of click beetles and gradient

of sun-exposure

The first axis (explained variance = 22.8 %; F = 3.83;

p = 0.0001) in redundancy analysis of the species data

represented a sun-exposure gradient. All canonical axes

together explained 26.9 % of the variance (F = 2.40;

p = 0.0004) and showed that most of the trapped click

beetles preferred sun-exposed trees, whereas a minority

preferred semi-shaded or shaded trees (Fig. 5; Table 2).

Sun-exposure and diversity of ecological groups

The response of saproxylic species to sun-exposure was

significantly positive (F = 4.69; p = 0.0292). Species

diversity was higher on sun-exposed trees than shaded trees

(p = 0.0098). The other categories did not differ. Non-

saproxylic species also responded in a significant way to

the sun-exposure gradient (F = 8.85; p = 0.0038). Sun-

exposed habitats supported a greater number of species

than shaded (p = 0.0033) and even semi-shaded

(p = 0.0033) trees. No difference was observed between

semi-shaded and shaded trees (Fig. 6).

The functional group of phytophagous click beetles

responded in a significant way to the level of sun-exposure

(F = 18.74; p = 0.0002). We trapped a greater number of

species on sun-exposed trees than on semi-shaded

(p = 0.0003) or shaded (p = 0.0001) trees, and no differ-

ence was observed between semi-shaded and shaded trees.

The response of scavengers and predators was not signifi-

cant. The species richness of scavengers was higher on sun-

exposed trees than on shaded trees (p = 0.0404; Fig. 7).

We also evaluated the response of two different sapr-

oxylic guilds. The species inhabiting wood mould in cav-

ities did not respond to the sun-exposure gradient but the

species dependent on old and rotten dead wood responded

in a significant way (F = 7.74; p = 0.0061). We found that

old dead wood species reached a higher richness on sun-

exposed trees than on shaded trees (p = 0.0019), and the

same results were observed for sun-exposed versus semi-

shaded trees (p = 0.0321). We did not observe any

Fig. 5 Upper RDA ordination diagram resulting from the analysis of

species composition and sun-exposure gradient, species indicated by

full name were statistically significantly associated with the closest

category of sun-exposure. The projection the centroids of individual

classes (in right-angle direction) on individual species arrow show the

average value of species in individual classes. The species with the

longest distance from the [0; 0] point of upper figure (in the positive
direction) had the largest mean abundance in particular class. Long

distance in opposite (negative) direction show that the species had a

lower mean predicted abundance. Particular species are denoted by

arrows with abbreviations: Agrypnus murinus (Ag_mur), Ampedus
brunnicornis (Am_bru), Ampedus cinnaberinus (Am_cin), Ampedus
nigroflavus (Am_nig), Ampedus pomorum (Am_pom), Ampedus praeu-
stus (Am_pra), Ampedus rufipennis (Am_ruf), Ampedus sanguinolentus
(Am_sgl), Ampedus sanquineus (Am_sqn), Athous bicolor (At_bic),

Athous haemorrhoidalis (At_hae), Athous vittatus (At_vit), Athous
zebei (At_zeb), Brachygonus megerlei (Br_meg), Calambus bipustul-
atus (Cl_bip), Cardiophorus gramineus (Cr_gra), Cardiophorus ruf-
icollis (Cr_ruf), Dalopius marginatus (Da_mar), Denticollis linearis
(De_lin), Hypoganus inunctus (Hy_inu), Lacon querceus (La_que),

Limonius aeneoniger (Li_aen), Procraerus tibialis (Pc_tib), Proster-
non tesselatum (Ps_tes), Selatosomus aeneus (Se_aen) and Stenagostus
rhombeus (St_rho). Lower Pie symbols plot visualising distribution of

species with different response to the level of sun-exposure. White is for

sun-exposed, grey for semi-shaded and black for shaded habitats
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differences between semi-shaded and shaded trees, similar

to the previous cases (Fig. 8).

Discussion

Křivoklátsko is known for its high level of biodiversity

(Hůla 2009). A relatively high proportion—62.9 % (83

species) of the click beetle fauna known from Bohemia

(Czech Republic) was previously observed there (Jelı́nek

1993; Dušánek and Mertlik 2010; Rébl 2010), although

only 67 species have been observed during the last decade

(Rébl 2010). During our study we trapped 33 species,

which comprised 39.8 % of the known fauna in the area

(Rébl 2010), thus we trapped nearly one half of the recently

known fauna of Křivoklátsko during one season. Most of

Table 2 Check list of the study click beetles (Elateridae) trapped in Lány Game Park pasture woodland

Species Ecological groups Trapped individuals

Saproxylic Functional

group

Guild Red-list Indicator
P

Sun-

exposed

Semi-

shaded

Shaded

Agrypnus murinus N PHT – – – 1 1 – –

Ampedus balteatus SX ? O – C 48 42 6 –

Ampedus brunnicornis SX PRD M VU I 2 1 1 –

Ampedus cinnaberinus SX PRD O EN C 1 1 – –

Ampedus nigroflavus SX PRD O NT C 2 – 2 –

Ampedus pomorum SX PRD O – C 10 5 1 4

Ampedus praeustus SX SPH O VU I 3 2 1 –

Ampedus rufipennis SX PRD O VU C 8 3 4 1

Ampedus sanguinolentus SX PRD O – C 1 1 – –

Ampedus sanquineus SX PRD O NT C 1 – – 1

Athous bicolor N ? – – – 1 – – 1

Athous haemorrhoidalis N SPH – – – 23 15 5 3

Athous subfuscus N SPH – – – 35 13 17 5

Athous vittatus N SPH – – – 11 2 4 5

Athous zebei N SPH – NT – 14 5 1 8

Brachygonus megerlei SX PRD O VU I 2 1 1 –

Calambus bipustulatus SX PRD O NT C 1 1 – –

Cardiophorus erichsoni ? ? ? – – 4 4 – –

Cardiophorus gramineus SX SPH O VU I 1 1 – –

Cardiophorus nigerrimus N SPH – NT – 6 6 – –

Cardiophorus ruficollis N SPH – – – 3 3 – –

Dalopius marginatus N PHT – – – 27 12 12 3

Denticollis linearis SX PRD O – C 1 – – 1

Hypoganus inunctus SX PRD O EN C 2 – – 2

Lacon querceus SX PRD M EN I 2 1 1 –

Limonius aeneoniger N ? – – – 3 3 – –

Limonius minutus N PHT – – – 11 11 – –

Melanotus castanipes SX PRD O – C 24 18 5 1

Melanotus villosus SX PRD O – C 31 21 8 2

Procraerus tibialis SX PRD M – I 12 2 4 6

Prosternon tesselatum N SPH – – – 1 1 – –

Selatosomus aeneus N PHT – – – 1 1 – –

Stenagostus rhombeus SX SPH O EN I 8 3 4 1

The species that are obligate saproxylics are abbreviated as SX, non-saproxylics as N. Functional groups are abbreviated as PRD for predators,

SPH for saprophages (scavengers) and PHT for phytophages (species with question mark were not analysed). Guilds are abbreviated as O for old

dead wood and M for mould. The IUCN Red-list categories are derived from Farkač et al. (2005) and the indicators (C common, I indicators)

from Schmidl and Bußler (2004). The taxa are named with respect to Zicha (2010). Species indicated by bold were statistically significantly

associated with particular category of sun-exposure
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the other (i.e., not trapped) species are not connected with

forest habitats (e.g., stream habitats), occur with low pop-

ulation densities or are highly sedentary (e.g., in cavities;

Laibner 2000; Rébl 2010).

Our results showed that the sun-exposure gradient was

highly important for click beetle species richness and that

the majority of the species with significant responses pre-

ferred solitary trees in fully sun-exposed habitats. These

results support those of other studies, which predicted

(Vera 2000; Sutherland 2002) and evaluated (Lindhe et al.

2005; Franc and Götmark 2008; Horák et al. 2012) the

openness of forests as being one of the main factors sup-

porting a high level of forest biodiversity.

The former natural factors that created the heteroge-

neous mosaic of large areas with sun-exposed living,

withering and dead trees have almost been eliminated.

Forest fires, as the leading factor of forest disturbances, are

nowadays limited to only a few forest reserves and in most

landscapes they are avoided (Lindhe et al. 2005; Linden-

mayer et al. 2008). The same situation is found with forest

pasture in most temperate forest areas (Ranius and Jansson

2000; Vera 2000). Thus, as our study showed, game parks

probably provide one of the last refugees of former mosaics

of forests and woodlands with mixed successional stages

and forest-grassland ecotonal areas.

Closed canopies in commercial forests were cultivated

since they were thought to be highly stable with such

stands being predicted to be more resistant to abiotic and

biotic agents such as windstorms, snow breakages and

insect outbreaks (Křı́stek et al. 2002; Mason 2007;

Fig. 7 Species richness of phytophagous, predator and scavenger

functional groups of click beetles in relation to the gradient of sun-

exposure in Lány Game Park pasture woodland. Significant

differences are abbreviated by 1 for sun-exposed, 2 for semi-shaded

and 3 for shaded trees. Black squares show means, boxes show SE

and whiskers show SD

Fig. 6 Species richness of

saproxylic and non-saproxylic

click beetles in relation to the

gradient of sun-exposure in

Lány Game Park pasture

woodland. Significant

differences are abbreviated by 1
for sun-exposed, 2 for semi-

shaded and 3 for shaded trees.

Black squares show means,

boxes show SE and whiskers
show SD
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Jonasova et al. 2010). However, in the Czech Republic

(78,863 km2 total area; 34 % is forested land), for exam-

ple, more than 14 million m3 of salvage cutting in closed

canopy commercial stands was taken after the windstorms

Kyrill in 2007 and Emma in 2008 (Přı́hoda 2008), thus

approximately 0.5 m3 of salvage cutting per hectare was

lost in only 2 years. In addition, recent studies showed that

open canopies compared to closed canopies support greater

species diversity and do not seem to supported fatal pest

densities (e.g., Martikainen et al. 1996; Wermelinger et al.

2007).

As beetles are ectothermic their activity is dependent on

temperature. Thus, it has been predicted that their trapping

success almost reflects insect activity rather than their

requirements—i.e., greater numbers of individuals occur in

warm, sun-exposed sites than in cooler, less sun-exposed

sites (e.g., Sverdrup-Thygeson and Ims 2002). Our results

show that the species richness (not abundance) of click

beetles, which are thought to be highly adapted to forest

habitats (i.e., saproxylics with larval development in wood

and old dead wood associates), was significantly higher in

the sun than in the shade. This is in agreement with a recent

study on the larval habitats of early arriving saproxylic

beetles (Vodka et al. 2009).

No other habitat parameter significantly influenced the

species richness of click beetles compared to the sun-

exposure gradient—even if tree species is one of the tra-

ditionally studied habitat parameters (Lindhe and Lindelöw

2004; Horák 2011). Our study was undertaken in an area

where oak and beech dominate the tree species composi-

tion with long temporal continuity. Both tree species (oak

and beech) are thought to be key species for the biodi-

versity of temperate forests (Jonsell et al. 1998; Lindbladh

et al. 2007; Vodka et al. 2009) and veteran oaks and bee-

ches in particular support a rich fauna (Schiegg 2001;

Ranius 2002; Müller and Goßner 2007; Buse et al. 2008;

Sverdrup-Thygeson et al. 2010).

It has been shown that tree species with a long temporal

continuity and high level of sun-exposure are key factors

for the occurrence of large diameter (i.e., veteran) trees and

thus of many of their associated species (Lindbladh et al.

2007; Alexander 2008; Sverdrup-Thygeson et al. 2010)

many of which are often dispersal limited (e.g., Ranius and

Hedin 2001). Thus the long spatial and temporal continuity

of sun-exposed veteran trees (Nilsson and Baranowski

1994), as in our study area, could be a good predictor for

sustainable forest management.

We hope that we were able to fill the knowledge gap in

selected taxonomical group research using flying inter-

ception traps. We used click beetles rather than repeating

the experiments of others on wider groups. Our results

showed that diversified family of click beetles seems to be

applicable in similar research activities.

Our results indicate that click beetles, surveyed by flight

interception traps may be a useful bioindicator group and

appropriate sampling methodology (see Niemelä et al.

1993; Rainio and Niemelä 2003 for pitfall traps and ground

beetles). Furthermore, species accumulation rates and

comparisons with other beetle sampling in the same loca-

tion (Rébl 2010) also indicate that mass trapping designs

are not necessary for this type of study (e.g., Martikainen

and Kaila 2004).

In conclusion, solitary (sun-exposed) veteran trees seem

to be an essential part of the maintenance of high species

richness of click beetles. The spatial and temporal mosaic

of open and closed stands created by the pasturing of large

Fig. 8 Species richness of

saproxylic click beetles

dependent on mould and old

dead wood in relation to the

gradient of sun-exposure in

Lány Game Park pasture

woodland. Significant

differences are abbreviated by 1
for sun-exposed, 2 for semi-

shaded and 3 for shaded trees.

Black squares show means,

boxes show SE and whiskers
show SD
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herbivores in woodlands can restore a forest habitat, which

is beneficial to many organisms. Our results show that one

of the most ecologically diverse beetle families, click

beetles, and its species richness, benefits from a high level

of sun exposure. Thus, modern forest management nowa-

days should have a component that focuses on opening

forest stands rather than on generalized conservation

activities through protecting forests by non-interventional

(hands-off) practices that may often lead to canopy closure.

Management which focuses on open stands will promote

those forest taxa that are dependent on the activity of large

herbivores, a natural component present in the past (Vera

2000) that is now missing.
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Moga CI, Hartel T, Öllerer K (2009) Ancient oak wood-pasture as a

habitat for the endangered tree pipit Anthus trivialis. Biologia

64:1011–1015

Müller J, Goßner M (2007) Single host trees in a closed forest canopy

matrix: a highly fragmented landscape? J Appl Entomol 131:

613–620

New TR (2007) Beetles and conservation. J Insect Conserv 11:1–4
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Okresnı́ úřad Kladno
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