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Introduction

Saproxylic organisms account for a considerable part 
of forest biodiversity and they depend on decaying wood of 
moribund or dead trees (standing or fallen), or upon the pres-
ence of other saproxylics during some part of their life-cycle 
(Speight 1989, Alexander 2008). Many saproxylic species 
depend upon woody material in other ways than as a nutrition 
source; for example, predators and parasitoids of saproxylo-
phagous insects and other animals that use wood as breeding 
site, as well as fungi, mosses and lichens on the surface of 
dead wood. Beetles and birds are two important components 
of forest ecosystems and play a key role in nutrient cycling 
and ecosystem functioning. Beetles constitute one of the 
most species rich taxon contributing to saproxylic biodiver-
sity while hole- nesting birds are the most abundant and best-
known group of vertebrates that use tree cavities as nesting 
site (Brunet and Isacsson 2010, Fuller et al. 2012). 

Hole-nesting birds, also named “cavity nesters”, rep-
resent a guild of species (e.g., woodpeckers, nuthatches, 
tits, treecreepers and others) highly dependent on old trees 
or dead wood for nesting, roosting, breeding and feeding. 

Consequently, their abundance, richness and diversity de-
pend from the availability of space and food resources linked 
to mature forest habitats (Nilsson 1984, Remm et al. 2006). 
Species in this guild can be divided in (i) excavator species 
(e.g., woodpeckers), which excavate cavities secondarily 
used by a large number of insects, reptiles, birds and mam-
mals (primary cavity nesters), and (ii) non-excavators (e.g., 
tits, nuthatches, treecreepers), using to nest tree holes, natural 
or excavated by the first group of species (secondary cavity 
nesters; Martin and Li 1992, Blanc and Walters 2008). Due to 
their ecological specialization, many of these birds are con-
sidered of high ecological interest and conservation concern, 
being highly sensitive to coppice management, forest frag-
mentation, isolation, degradation and removal of deadwood 
(Matthysen et al. 1995, Bellamy et al. 1996, Brazaitis and 
Angelstam 2004, Zangari et al. 2013).

Considering the forests of north and central Europe, the 
proportion of cavity nesting species is respectively 30% and 
35% of the local bird fauna (Siitonen 2001, Pakkala et al. 
2002, Wesolowski 2007). Woodpeckers are the most impor-
tant group of primary cavity nesters and they can be con-
sidered key-stone species because through their excavating 
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activities they are able to modify the habitat tree in favor of 
many other organisms (Johnsson et al. 1990, Remm et al. 
2006, Aitken and Martin 2007). Woodpeckers represent the 
commonest top predators in a community of invertebrates 
based on energy and nutrients from decaying wood and re-
fer to it as the saproxylic food web according to Stokland 
(2012), i.e. focusing on the feeding interactions between in-
vertebrates and vertebrates (Virkkala 2006). 

European beech (Fagus sylvatica) is the dominant tree 
species in temperate forests of Central Europe and plays a 
fundamental role for biodiversity. For instance, 70% of 
Central European saproxylic beetles may occur in beech-
dominated forests which are increasingly regarded as habitats 
of conservation concern (Christensen et al. 2005, Müller et 
al. 2012). However most of the present-day beech forests in 
Europe have been strongly influenced by humans (Peterken 
1996, Rose 1992). 

Anthropogenic disturbances are the main threats to sap-
roxylic biodiversity, particularly the intensive forestry prac-
tices, which strongly decrease the volume of deadwood and 
its associate diversity (Djupström et al. 2008, Jonsell et al. 
1998, Siitonen et al. 2000, Paillet et al. 2010). Deadwood 
volume represents a measure of substrate and resource avail-
ability for saproxylic organisms. According to Grove (2002), 
several studies have demonstrated a significant positive cor-
relation between the local quantity of deadwood and sap-
roxylic beetle richness. However, several other factors are 
known to influence diversity of saproxylic organisms at dif-
ferent spatial scales: the quality of deadwood in local stands 
(Ranius 2002, Ranius and Jansson 2000, Schiegg 2000), the 
temporal and spatial continuity of suitable habitats (Berglund 
and Jonsson 2005, Bouget and Duelli 2004, Pasinelli 2007, 
Ranius et al. 2008), and the composition of the surrounding 
landscape (Økland et al. 1996). Indeed, the survival ability 
of saproxylic species not only depends on quantity, but also 
on the quality of deadwood. Generally, for species with nar-
row ecological niches (specialists) and/or species with lim-
ited dispersal ability, the extinction threshold will be more 
critical (Henle et al. 2004, Ewers and Didham 2006, Müller 
and Bütler 2010). However, deadwood volume alone has 
beenhistorically used as a simple standard indicator of bio-
diversity of forest dwelling species and is still being widely 
used to assess the effects of forest management or conser-
vation policy (Rondeux and Sanchez 2010). The volume of 
standing and lying deadwood for different forest types is one 
of the criteria followed by the Pan-European Indicators for 
Sustainable Forest Management (MCPFE 2003). The amount 
of deadwood has therefore become a target in sustainable for-
est management. Unfortunately, this indicator and the subse-
quent management guidelines based upon it mainly rely on 
research conducted in boreal forests because of the scarcity of 
similar studies on temperate ecosystems. The question of the 
relevance of deadwood volume as a global indicator of for-
est saproxylic biodiversity is still controversial (e.g., Grove 
2002). Indeed, several studies have emphasized the role of 
deadwood quality (i.e. decay stage, diameter, typology) rather 
than quantity for the maintenance of saproxylic diversity. In 
particular, deadwood diversity was considered as a better in-

dicator of animal diversity than volume per se (Drapeau et 
al. 2009, Similä et al. 2003, Jonsson et al. 2005, Jacobs et al. 
2007, Brin et al. 2009, Lassauce et al. 2011, Gossner et al. 
2013, Lachat et al. 2013). 

In the present paper, the hole-nesting birds and the bee-
tle communities were investigated in three deciduous forests 
dominated by beech. Hole nesting birds are the most sensi-
tive group of birds in relation to changes in forest structure 
and composition in Europe (Angelstam and Mikusiński 1994) 
because they feed mainly on insects, in particular saproxylic 
beetles as they represent up to 65% of European forest bee-
tles (Alinvi et al. 2007). As the saproxylic beetles are one of 
the major components of forest communities and are assumed 
to be one of the most important food resources for birds we 
expected to find a positive correlation between hole nesting 
birds and saproxylic beetles in terms of species diversity and 
abundance. 

We analyzed how species richness and abundance are 
affected by dead wood descriptors in relation to the typol-
ogy and decay class of dead wood. In particular we expected 
that a greater heterogeneity of dead wood typology explains a 
higher diversity and abundance of saproxylic beetles, while a 
greater amount of standing and fallen dead trees affects posi-
tively diversity and abundance of hole nesting birds, being 
essential for nesting and foraging respectively.

Materials and methods

Study area

The study was carried out in three relict beech stands of 
central Italy: Allumiere (WGS84 N 42° 09’ E 11° 54’), Oriolo 
Romano (WGS84 N 42° 09’ E 12° 09’) and Monte Venere 
(WGS84 N 42° 21’ E 12°11’). The three study areas are Sites of 
Community Importance (SCI) for the EU Habitats Directive, 
namely: “Boschi Mesofili di Allumiere” (SCI IT 6030003) 
(60 ha), altitudinal range (580-623 m a.s.l.); “Faggeta Monte 
Raschio e Oriolo” (SCI IT 6010034) (60 ha), altitudinal range 
(462-480 m a.s.l.); “Monte Fogliano e Monte Venere” (SCI 
IT 6010023) (170 ha), altitudinal range (625-840 m a.s.l.). 
They are examples of secondary old-growth stands protected 
as SCI since 1994 and then left to develop under almost natu-
ral conditions. An old-growth forest is an ecosystem whose 
structural features are affected by the presence of old trees 
and it is characterized by a high degree of naturality (Frelich 
and Reich 2003, Spies 2004). These stands, especially when 
growing in the most fertile hilly sites have experienced a 
surprisingly fast structural diversification (Piovesan et al. 
2010). In fact, they are characterized by the coexistence of 
mesophilic species, e.g., beech, turkey oak (Quercus cerris), 
sessile oak (Quercus petraea), european hornbeam (Carpinus 
betulus), hop hornbeam (Ostrya carpinifolia), Montpellier 
maple (Acer monspessulanum), sycamore (Acer pseudopla-
tanus), holly (Ilex aquifolium), chestnut (Castanea sativa), 
butcher's broom (Ruscus aculeatus) and Mediterranean ever-
green species e.g., holm oak (Quercus ilex), tree heath (Erica 
arborea), and spanish broom (Spartium junceum).
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Low-elevation beech forests (400-800 m a.s.l.) are typi-
cally located on fertile (e.g., volcanic) soils, in foggy ar-
eas near lakes, that are Vico and Bracciano respectively for 
Monte Venere and Oriolo Romano, while Allumiere is locat-
ed at short distance from the Tyrrhenian coast (about 20 km) 
(Piovesan et al. 2010).

Bird sampling

Data on hole nesting birds have been collected from 
April to July of 2011 using Standard Point Count Method 
(Thompson et al. 1998, Sutherland 2006), which allows an 
overall estimate of their abundance. During each survey, we 
recorded all the selected species seen or heard. The point 
count method was employed because it seems the most suit-
able method for forest birds in dense and homogeneous forest 
(Blondel et al. 1970, Bibby et al. 2000, Gibbons and Gregory 
2006). We surveyed ten sampling points in each study area 
for a total of 30 sampling points, covering an area of 0.78 
ha for each forest. The exact location of the sampling points 
and the distance among them were recorded by means of a 
Global Positioning System (GPS) receiver (Garmin 60CSX). 
Each sampling point had 50 m of radius and its center was far 
from the nearest one at least 350 m to minimize pseudorepli-
cation in the count (Bibby et al. 2000). The survey started one 
hour after sunrise until noon and lasted eight minutes for each 
sampling site. Replicates were made every 15 days for a total 
of eight sessions per sampling point, reaching the number of 
288 replicates on the whole. All fieldwork was carried out by 
a single observer (L. Redolfi De Zan), discarding windy and 
rainy days since in these circumstances the bird detectability 
strongly decrease (Sutherland 2006). The observer waited for 
two minutes after arrival at the census point, allowing birds to 
return to their normal activities, before beginning the counts. 
From session to session, the order of bird surveys was per-
formed in rotation. 

We collected data on ten hole-nesting birds: great tit 
(Parus major), blue tit (Cyanistes caeruleus), marsh tit 
(Poecile palustris), coal tit (Periparus ater), great spotted 
woodpecker (Dendrocopos major), lesser spotted woodpeck-
er (Dendrocopos minor), green woodpecker (Picus viridis), 
nuthatch (Sitta europaea), treecreeper (Certhia brachydac-
tyla), and hoopoe (Upupa epops).

For each species, at each sampling point we reported 
the maximum number of individuals recorded among eight 
sessions. Then, these values per point have been summed to 
obtain the maximum number of individuals for each forest 
stand.

Beetle trapping

To assess richness and abundance in saproxylic beetle 
communities, 30 selected traps, 10 for each study area, were 
placed in old growth trees during 2011. We used two differ-
ent types of window flight traps: transparent cross windows 
flight trap and black cross windows flight trap analogous 
to the multidirectional PolytrapTM (EIP, Toulouse, France; 

Brustel 2004, Bouget et al. 2008). The two trap models will 
be mentioned as transparent and black traps in this paper. In 
both the models the barrier is formed by two crossing plas-
tic plates, transparent (thus invisible to the insect) or black 
(with the function to imitate a cavity). On hitting the barrier, 
most beetles drop down and fall into a plastic bottles filled 
to about one fifth their volumes with a mixture of red wine 
(Cabernet Sauvígnon) and apple vinegar (4:1) with a pinch of 
salt, in order to either attract or preserve beetles. Traps were 
hung on a branch, at the height of 2-3 m above the ground. 
Transparent traps was usually placed in front of a cavity en-
trance. Beetles are the best-known group of invertebrates that 
live in decaying woody material of different kind, such as 
inner bark, or wood moderately or substantially decomposed 
by fungi (Stokland et al. 2012). Each type of trap was placed 
in both living and dead trees. Traps have been checked every 
15 days, from May to July.

Beetles were stored in 70% ethanol and separated from 
other insects in the laboratory. The taxonomic identification 
of all the specimens, have involved a collaboration with en-
tomologists at international level (see Acknowledgements). 
Based on the ecological information provided by specialists 
and/or found in literature, we have selected the saproxylic 
species (target group). 

Dead wood characteristics

Dead wood characteristics were recorded into ten plots 
of 24 m of radius for each study area. The center of each plot 
was also the center of each sampling point for bird counts and 
coincided with the a trap site. To classify dead wood, we re-
corded the decaying class and typology of all the wood debris 
with mean diameter ≥5 cm (stem diameter measured at each 
end by a caliper), found in four sectors 10 m × 10 m located 
within each circular plot (Fig. 1). Decay status of wood was 
recorded using a score of four classes based upon the degree 
of penetration of a knife blade (Opinel n° 8). Decay classes 
of class I (recently dead tree without evidence of decay and 
intact bark), class II (solid wood, with less than 10% of the 
structure changed due to decomposition, where a knife blade 
penetrates less than 1 cm; intact bark), class III (decomposed 
wood with 10% to 25% of the structure changed, where a 
knife blade penetrates up to 1 cm, and soft wood in surface 
with some bark slippage), class IV (decomposed wood with 
more than 26% of the structure changed, where a knife blade 
penetrates more than 1 cm, and soft wood to the touch also 
in depth, bark missing). The typology of dead wood was de-
scribed using 5 classes: (1) fallen large branch on the ground 
(diameter ≥10 cm, height <1.30 m), (2) fallen small branch on 
the ground (5≤ diameter <10 cm, height <1.30m), (3) stump 
(height <1.30m), (4) standing dead tree, (5) dead tree on the 
ground (Hunter 1990, Rondeux and Sanchez 2010). 

The volume of dead wood (m3) was the sum of the vol-
umes of each dead wood debris, calculated with the volume 
formula of a cylinder. The volumes of standing dead trees or 
stumps were calculated in the same way (Wenger 1984).
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Statistical analyses

For each species of hole nesting birds recorded at each 
sampling point, we analyzed data in terms of abundance, re-
porting the maximum number of individuals recorded among 
the eight sampling sessions. Then, these values per sampling 
point have been summed to obtain the maximum number of 
individuals for each study area. We grouped the beetle spe-
cies data for each forest and calculated the number of species 
and individuals per trap and on the whole, for each study area.

Data obtained from hole nesting-bird sampling and beetle 
sampling were standardized using Hellinger transformation 
separately (Rao 1995, Legendre and Gallagher 2001). 

To relate the two community data (beetles and birds) in a 
symmetric way i.e., neither set takes the response or predictor 
role, we used co-inertia analysis (CoIA). CoIA is a general 
and fl exible way to couple two or more data sets, which are 
ordered along the axes of co-inertia analysis to maximize co-
variance. The RV coeffi cient is a multivariate generalization 
of the Pearson correlation coeffi cient. This coeffi cient ranges 
between 0 and 1: the closer the coeffi cient to 1, the stronger 
the correlations between the datasets. The strength of co-iner-
tia analysis is that it can deal with large numbers of variables 
in each set and that it includes, by way of preprocessing the 
weight of rows and columns with the condition that the row 
weights must be equal in the two separate ordinations (Braak 
and Schaffers 2004, Borcard et al. 2011). The method fi nds a 
common space onto which the objects and variables of these 
data sets can be projected and compared. We preferred to use 
co-inertia analysis compared to canonical correlation analysis 
(CCorA), because co-inertia analysis imposes no constraint 
regarding the number of variables in the two sets, so that it 
can be used to compare ecological communities. The ordina-
tion method used by CoIA can be correspondence analysis 
or principal component analysis (PCA in our analysis). We 
performed a permutation test (999 in our analysis) to assess 
the signifi cance of the co-structure of the data tables.

To correlate in predictive way the dead wood attributes 
with birds and beetles assemblages, we used partial redun-
dancy analysis (RDA) with site (study areas variable) as co-

variable. The volume of deadwood was calculated for each 
combination of wood typology (fallen large branch, fallen 
small branch, standing dead tree, dead tree on the ground) 
and decay stage (I, II, III, IV), thus providing 20 independent 
volume descriptors. 

Partial RDA is a method combining regression and princi-
pal component analysis (PCA). Species are arranged to maxi-
mize the explanatory power of environmental variables. It is a 
direct extension of regression analysis to model multivariate 
response data (Legendre and Gallagher 2001). Partial RDA 
was performed to determine which of 20 volume descriptors 
can explain the abundance of hole nesting birds and beetles 
caught by black and transparent traps. Interception traps are 
more effi cient compared to extraction methods but do not 
give accurate information about the micro-habitat (Bouget et 
al. 2008). We hypothesized that transparent and black traps 
can catch long distance fl ying beetles that did not originate 
only from the tree on which the traps are placed, but they 
can coming also from dead wood represented by large and 
small branches on the ground, stumps, standing dead tree or 
dead tree of each study area. To evaluate collinearity among 
explanatory variables we used the stability measure (VIF or 
variance infl ation factor), the VIF values were normally be-
low 5.0 and which are considered low values and no serious 
collinearity (Graham 2003).

The models were constructed by forward selection, i.e. 
the most signifi cant explanatory variable is selected accord-
ing to the signifi cance of the F-statistics associated with all 
variables is tested using permutation tests (999 in our analy-
sis). In case of equality, the variable that has the lowest value 
of the Akaike Information Criterion (AIC) is selected for in-
clusion in the model, according to search for parsimony, and 
strong linear dependencies (correlations) with the explana-
tory variables in the partial RDA model. CoIA and partial 
RDA analysis were performed only for species and families 
with at least 30 individuals (44 species) according to Gaston 
(1994), occurrence of rare species can hardly be associated 
with a specifi c trap.

Partial RDA analysis was performed using the function 
ordistep of the vegan package; CoIA was performed using 

Figure 1. Sampling methods. Dead 
wood (DW) characteristics (decaying 
class and typology) were recorded into 
four sectors within each of ten plots of 
24 m of radius for each study area. The 
center of each plot was also the center of 
each sampling point for bird counts and 
coincided with a trap site. Trap sketch 
from Bouget et al. (2008).
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ade4 package. All analyses were performed using R version 
2.15.3 (R-Development Core Team, 2010). Alpha set was as-
sumed to 0.05.  Significant differences were considered at p 
values ≤ 0.05.

Results

We recorded 258 individuals belonging to ten species of 
hole-nesting birds occurring in the three study areas during 
the breeding season. The more abundant species are nuthatch, 
blue tit and great tit, followed by treecreeper, green wood-
pecker and marsh tit (Table 1).

In the same areas and season, we trapped a total of 8,838 
individuals of saproxylic beetles belonging to 225 species 
and 44 families. The three most abundant families (in terms 
of number of individuals) were bark beetles (Curculionidae 
Scolytinae), minute scavenger beetles (Latridiidae) and 
horned powder-post beetles (Bostrichidae), representing 
50% of the individuals from the whole sampling. In order 
of importance the most abundant species are: Xyleborinus 
saxesenii (Scolytinae), Scobicia chevrieri (Bostrichidae) and 
Enicmus rugosus (Latridiidae). These specie represent 30% 
of the entire saproxylic sample, with 1,295, 807 and 566 indi-
viduals respectively. The richest families (in terms of number 
of species) were Tenebrionidae (29 species), Cerambycidae 
(15), Cisidae (14) and Nitidulidae (10) (Table A.1 and Table 
A.2 in Appendix).

The Co-inertia analysis performed to correlate beetles 
and hole-nesting birds communities, showed a significant re-
lationship (RV coefficient = 0.43, p= 0.005, after 999 permu-

tations). The first eigenvalue, representing 32.50% of the total 
variation and the first five canonical axes represented 86% of 
the co-inertia. The graphical results of co-inertia analysis are 
shown in Figs. 2-3. 

Our results showed a strong relationship between diver-
sity and abundance beetles and hole nesting birds. Figure 3 
shows the 30 sites from the two data sets projected (birds and 
beetles) in the co-inertia space and linked by arrows (tail of 
each arrow = hole-nesting birds, head = beetles). The shorter 
the arrows, the better is the concordance between the two pro-
jections. In our results most sites have about the same lengths, 
showing that they contribute fairly equally to the total co-in-
ertia; only a few sites, have long arrows. Most of the ten spe-
cies (coal tit, lesser spotted woodpecker, blue tit, great spotted 

Table 1. Maximum number of individuals recorded from each 
study area. The species are listed in decreasing order of to-
tal abundance (Σ). Study areas: AL = Allumiere, MV = Monte 
Venere, OR = Oriolo, TOT = total number of individuals for spe-
cies.

Species AL MV OR TOT 
Nuthatch (Sitta europaea) 22 18 17 57
Blue tit (Cyanistes caeruleus 21 14 17 52
Great tit (Parus major) 17 13 12 42
Treecreeper (Certhia brachydactyla) 14 12 12 38
Green woodpecker (Picus viridis) 8 8 9 25
Marsh tit (Poecile palustris) 5 3 3 11
Great spotted woodpecker 
(Dendrocopos  major)

4 10 4 18

Lesser spotted woodpecker 
(Dendrocopos minor)

1 0 4 5

Coal tit (Periparus ater) 4 3 1 8
Hoopoe (Upupa epops) 1 0 1 2
Σ ind. per study area 97 81 80 258

 39

 741 

Figure 2. Co-Inertia analysis of saproxylic beetles and hole-nesting bird variables (normed site 742 

scores). The figure shows the position of the site on the Co-Inertia axes using saproxylic beetles 743 

(origins of the arrows) and hole -nesting birds (arrowheads) Co-Inertia weights. The shorter the 744 

arrows, the better the concordance between the two projections (birds and beetles). Alphanumerical 745 

codes represent the sampling sites in each study area. 746 

747 

Figure 2. Co-inertia analysis of sap-
roxylic beetles and hole-nesting bird 
variables (normed site scores). The 
figure shows the position of the site 
on the co-inertia axes using saproxylic 
beetles (origins of the arrows) and hole 
-nesting birds (arrowheads) co-inertia 
weights. The shorter the arrows, the 
better the concordance between the 
two projections (birds and beetles). 
Alphanumerical codes represent the 
sampling sites in each study area.
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woodpecker and treecreeper) of hole nesting-birds contrib-
uted to the dispersion of the sites in the co-inertia plane (long 
arrows), whereas 12 of the 44 beetles species contributed to 
dispersion.

The analysis of partial RDA performed between beetles 
and dead wood descriptors, showed that all axes together ex-
plained 66% of the variation in species caught by the traps 
(transparent and black altogether) (first axis: eigenvalue = 
0.05, F = 4.54, p = 0.01; second axis: eigenvalue = 0.04, F 
= 3.37, p = 0.03). According to the forward selection, the ex-

planatory variables are: the volume of dead wood represented 
by the volume of large branches on the ground belonging to 
the first decay class (F = 2.26, p = 0.01), standing dead tree 
belonging to the first decay class (F = 2.18, p = 0.01) and 
the volume of stumps belonging to the third decay class (F = 
1.77, p = 0.04) (Table 2).

The analysis of partial RDA performed between hole 
nesting birds and dead wood descriptors, showed that all axes 
together explained 68% of the variation in species (first axis 
eigenvalue = 0.04, F = 14.36, p = 0.001; second axis eigen-

Figure 3. Co-Inertia analysis of saproxylic beetles and hole-nesting bird variables. The figure shows the contribution of the two groups 
of variables to the canonical space. Vectors pointing to the same directio ennis sp3; Biphyllus frater sp4; Diplocoelus fagi sp5; Scobicia 
chevrieri sp6; Trechus quadristriatus sp7; Phymatodes testaceus sp8; Cerylon histeroides sp9; Cis comptus sp10; Arthrolips obscura 
sp11; Cryptophagus scanicus sp12; Rhyncolus punctatulus sp13; Melanotus villosus sp14; Symbiotes gibberosus sp15; Symbiotes latus 
sp16; Triplax russica sp17; Eucnemis capucina sp18; Paromalus flavicornis sp19; Plegaderus caesus sp20; Laemophloeus monilis 
sp21; Enicmus brevicornis sp22; Enicmus rugosus sp23; Enicmus testaceus sp24; Dorcus parallelepipedus sp25; Tomoxia bucephala 
sp26; Litargus connexus sp27; Triphyllus bicolor sp28; Cryptarcha strigata sp29; Cryptarcha undata sp30; Epuraea fuscicollis sp31; 
Epuraea unicolor sp32; Platypus cylindrus sp33; Scaphisoma italicum sp34; Xyleborinus saxesenii sp35; Xyleborus dispar sp36; 
Xyleborus dryographus sp37; Xyleborus monographus sp38; Xylosandrus germanus sp39; Odontosphindus grandis sp40; Enoplopus 
dentipes sp41; Uloma culinaris sp42; Corticus celtis sp43; Synchita undata sp44. 

Table 2. Results of step-wise selection of environmental variables based on their p-value and AIC criterion and values of partitioned 
variance. The table shows the environmental variables at plot scale (20 dead wood descriptors) in relation to the beetles abundance in 
the two trap types (TCWFT: transparent cross window flight trap; BCWFT: black cross window flight trap). The algorithm of forward 
selection evaluates variables according to two criteria: if their inclusion into the model leads to significant increase of explained vari-
ance, and if the AIC of the new model is lower than AIC of the more simple model.

Trap Environmental variables Df AIC F N.Perm Pr(>F)
TCWFT-BCWFT Volume large branch first class decay 1 -28.630 2.262 999 0.012*

Volume standing dead tree first class decay 1 -28.215 2.188 999 0.015*
Volume stump third class decay 1 -28.122 1.771 999 0.043*

Final Model
Partitioning of variance Inertia   Proportion
Conditioned 0.027 0.073
Constrained 0.252 0.662
Unconstrained 0.054 0.250
Df = degrees of freedom; AIC = Akaike criterion information; F = F statistics; N. perm = Number of permutations; Pr (>F) = signifi-
cance, * = p ≤ 0.05, ** = p ≤ 0.01.



Bird and beetle assemblages in beech forests 241

value = 0.03, F = 11.85, p = 0.001; third axis eigenvalue = 
0.02, F = 8.03, p = 0.001; fourth axis eigenvalue = 0.01, F 
= 5.10, p = 0.003; fifth axis eigenvalue = 0.01, F = 4.38, p 
= 0.004; sixth axis eigenvalue = 0.008, F = 2.73, p = 0.04). 
According to the forward selection, the explanatory variables 
are: the volume of dead wood represented by dead tree on the 
ground of the second class decay (F = 2.40, p = 0.005) and 
standing dead tree belonging to the fourth decay class (F = 
3.41, p = 0.04) (Table 3).

Discussion

The twelve beetle species that dominate the community 
are mainly xylomycetophagus, i.e. animal species that feed 
on a mixture of woody material and fungal mycelia, excluded 
the phytosaprophagus Arthrolips obscura (Corylophidae). 
The xylomycetophagus are represented by wood-boring 
beetles that colonized a trunk some years after the trees died 
encountered a situation where the wood was increasingly 
interwoven with fungal mycelia. This was the case of such 
as Diplocoelus fagi (Byphillidae), Phymatodes testaceus 
(Cerambycidae), Cis comptus (Ciidae), Enicmus brevicornis 
(Latridiidae) and Scaphisoma italicum (Scaphidiidae). Also 
species related to cavities, wood fungi or subcortical habitats 
such as some Scolitinae (Xylosandrus germanus, Xyleborus 
monographus), some Tenebrionidae (Enoplopus dentipes, 
Uloma culinaris) and Zopheridae (Corticus celtis). Under the 
loose bark there are high concentrations of detritivore larvae, 
and here is possible to find predators such as Plegaderus cae-
sus (Histeridae). 

The saproxylic communities represent a complex food 
web with several trophic levels above the primary producers 
(the trees). The whole set of species exploiting energy and 
nutrients from decaying wood, is referred as the “saproxylic 
food web” (Stokland 2012). In the Palearctic region, hole-
nesting birds and in particular woodpeckers inhabit deciduous 
and mixed deciduous/coniferous forests from early autumn to 
late spring, they feed mainly on wood-living insect larvae in 
thin dead tree branches, mostly in living trees (Cramp 1985, 
Olsson 2001). However, some of the bird species associated 
with snags, logs and live hollow trees do not depend on dead 

wood only as a source of nourishment. Instead, they use cavi-
ties and other dead-wood microhabitats for various purposes 
such as nesting, roosting and denning (e.g., Pasinelli 2007, 
Zangari et al. 2013). These bird species could be considered 
as obligate saproxylic organisms because the availability 
of dead wood is essential for their life cycle (Siitonen and 
Jonsson 2012). In our study we tested the volume of dead 
wood combined with the decay class to find the typology of 
dead wood that most influence the abundance and richness of 
hole-nesting birds and saproxylic beetles caught by transpar-
ent and black traps.

Explanatory variables for saproxylic beetles are: stand-
ing dead trees and large branches belonging to the first decay 
class, and stumps belonging to the third decay class. The vari-
ables for hole-nesting birds: standing dead trees belonging to 
the fourth decay class and dead trees on the ground of the 
second class decay. The importance for saproxylic beetles of 
standing dead trees and large branches on the ground belong-
ing to first class decay is probably related to high abundance 
of wood-boring beetles that colonized exposed areas of hard 
dead wood such as bark beetles and the horned powder-post 
beetles captured by traps. Regarding the importance of large 
branches on the ground, previous studies showed that they 
harbour the same number of invertebrate species found in 
corresponding volumes of small branches (Schiegg 2001, 
Jonsell 2007). However, when the species richness is more or 
less similar on small and large pieces of dead wood, the spe-
cies assemblages may consist of different species in each di-
ameter class. Indeed, the species richness in our samples can 
be explained by the coexistence of different dead wood typol-
ogy and decay classes. A further contribution to environmen-
tal heterogeneity in the study areas is given by the presence of 
stumps belonging to the third class decay, as well as the varia-
tion in physical structure and chemical composition of bark, 
sapwood and heartwood, which represent different substrata 
and host different species assemblages. The development 
of subcortical space, where live many species captured by 
traps such as Trechus quadristriatus, Rhyncolus punctatulus, 
Epurea unicolor, Enoplopus dentipes and Uloma culinaris, is 
closely connected to the decay succession of trees. 

Table 3. Results of step-wise selection of environmental variables based on their p-value and AIC criterion and values of partitioned 
variance. The table shows the environmental variables at plot scale (20 dead wood descriptors) in relation to the hole-nesting birds 
abundance. The algorithm of forward selection evaluates variables according to two criteria: if their inclusion into the model leads to 
significant increase of explained variance, and if the AIC of the new model is lower than AIC of the more simple model.

Environmental variables Df AIC F N.Perm Pr(>F)

Hole-nesting birds Volume dead tree on the ground second class decay 1 -46.520 2.404 999 0.005**

Volume standing dead tree fourth class decay 1 -45.960 3.410 999 0.044*

Final Model

Partitioning of variance Inertia   Proportion

Conditioned 0.014 0.067

Constrained 0.149 0.682

Unconstrained 0.054 0.250

Df = degrees of freedom; AIC = Akaike criterion information; F = F statistics; N. perm = Number of permutations; Pr (>F) = 
significance, * = p ≤ 0.05, ** = p ≤ 0.01.
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The concept of nest webs (Martin and Eadie 1999, Martin 
et al. 2004) provided a theoretical framework to describe not 
only the relations between excavators (woodpeckers etc.) and 
the quality of standing deadwood but also the complex inter-
actions between saproxylic species on the whole.

Saproxylic invertebrate species feeding on the decaying 
heartwood speed up cavity development in both living and 
decaying trees, e.g., the rare and threatened Osmoderma er-
emita (Chiari et al. 2012), affecting the richness and abun-
dance of hole-nesting birds. Our results show the importance 
of standing dead trees belonging to the fourth class decay 
and dead trees on the ground of second class decay for hole-
nesting birds. Cavities in living trees are more durable, have 
more solid walls, and provide better thermoregulation than 
cavities in snags (Wiebe 2001, Paclík and Weidinger 2007). 
Heartwood decay facilitates digging activity of woodpeckers 
and provides nest sites for secondary cavity nesters (tits, nut-
hatches, treecreepers and hoopoes). The latter category can 
also nest in fissured trees such standing dead trees of fourth 
class decay (Johnsson et al. 1990, Daily et al. 1993, Newton 
1998, Mikusiňski et al. 2001, Martin et al. 2004, Wesolowski 
and Rowiński 2004, 2012). Branches and dead trees on the 
ground are critical habitats for saproxylic insects. For this 
reason we suggest that a great amount of dead wood on the 
ground has a key role in the foraging activity of many hole-
nesting bird species (Murphy and Lehnhausen 1998, Nappi et 
al. 2003, Bobiec et al. 2005, Nappi 2009).

An important outcome of this study is that deadwood 
diversity variables combined with the class of wood decay 
provided more informative predictive models than deadwood 
volume alone. This is consistent with two previous studies 
about the importance of deadwood quality for saproxylic 
species (McGeoch et al. 2007, Similä et al. 2003). Our re-
sults show the importance of standing dead trees, dead trees 
on the ground, stumps and large branches from the first to 
the fourth class decay, as essential resources for both bee-
tles (mainly wood-boring and xylomycetophagous species) 
and hole-nesting birds. This information should be used by 
management authorities when biodiversity conservation can 
be in conflict with measures for public safety (= risk for fall-
ing parts of trees) and the parts of trees cut for reducing the 
risk should be left on the ground (Carpaneto et al. 2010). 
Saproxylic communities depend on a wide spectrum of en-
vironmental parameters and the ability of different species to 
exploit deadwood is often related to a certain type or stage of 
decay (Jonsell et al. 1998, Schuck et al. 2004, Siitonen 2001, 
Stokland et al. 2004). 

A study of Müller and Bütler (2010) made a literature re-
view on thresholds in deadwood amount from 36 study cases, 
showing that the majority of saproxylic species in European 
lowland beech-oak forests can be maintained with 30-50 m3/
ha of dead wood. In our study, the amount of dead wood for 
each study area is: 162 m3/ha for Monte Venere, 72 m3/ha 
for Allumiere and 22 m3/ha for Oriolo Romano and this may 
explain the high diversity and abundance of saproxylic bee-
tles. Only Oriolo Romano is under the aforesaid threshold. 
Nevertheless, according to our results, the sole amount of 
dead wood cannot ensure the conservation of forest biodiver-

sity. Quantity and quality of deadwood must be considered 
together.

Conclusions 

In terms of forest management and planning, the signifi-
cant positive correlations between environmental variables 
and the two animal groups investigated (beetles and birds) 
showed that any forest practice enhancing the increase of 
deadwood at local scale would benefit biodiversity of ver-
tebrates and invertebrates. In our analysis, dead wood of the 
first class decay represented by large branches on the ground 
or standing dead trees and stumps belonging to the third class 
decay affect positively the richness and abundance of xylo-
phagous beetles that attack fresh dead wood, while standing 
dead trees belonging to the fourth class decay and dead trees 
on the ground of second class decay affect hole nesting-birds. 
In accordance with our results, several studies have shown 
that unremoved dead wood on the ground (e.g., Johansson et 
al. 2007) or artificially created dead wood microhabitats (e.g., 
Lindhe and Lindelöw 2004), are used for beetle development 
and consequently important for hole-nesting bird foraging 
activity, because the number of trees required for foraging is 
considerably larger than the number of nest trees (Drapeau 
et al. 2009). 

Our analysis of the environmental variables brought to 
the following recommendations: 1) to leave large branches 
and trunks on the ground because these have a high ‘‘attrac-
tive power’’ on beetles and consequently for hole-nesting bird 
foraging activity; 2) to leave standing dead trees because they 
harbor different species of saproxylic beetles and represent a 
resource for both foraging and nesting activity of birds; 3) to 
ensure the continued co-existence of different types of dead 
wood belonging to different decay classes.
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P. Audisio, Italy (Nitidulidae, Rhizophagidae, Monotomidae); 
C. Baviera, Italy (Cerambycidae); J. Borowski, Poland 
(Ptinidae); C. Canepari, Italy (Coccinellidae); E. Colonnelli, 
Italy (Anthribidae, Attelabidae, Curculionidae s.str., 
Dryophthoridae, Rhynchitidae); J. Cooter, United Kingdom 
(Leiodidae); M. Faccoli, Italy (Platypodinae, Scolytinae); M. 
Geisthardt, Germany (Lampyridae, Lycidae); P. M. Giachino, 
Italy (Cholevidae); M. Gigli, Italy (Buprestidae); C. Giusto, 
Italy (Apionidae); J. Jelínek, Czech Republic (Salpingidae); 
B. Klausnitzer, Germany (Scirtidae); G. Liberti, Italy 
(Cantharidae, Melyridae); I. Löbl, Switzerland (Scaphidiinae); 
J. Mertlik, Czech Republic (Eucnemidae, Throscidae); G. 
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Nardi, Italy (Aderidae, Anthicidae, Bostrichidae); V. Novak, 
Czech Republic (Alleculinae); G. Platia, Italy (Elateridae); 
R. Poggi, Italy (Pselaphinae, Scydmaeninae); P. Prudek, 
Czech Republic (Zopheridae, Biphyllidae, Cryptophagidae, 
Bothrideridae, Laemophloeidae, Sphindidae, Silvanidae, 
Erotylidae); G. Ratto, Italy (Histeridae); M. Rezaei, Iran 
(Ciidae); S. Rocchi, Italy (Hydrophilidae); W. H. Rücker, 
Germany (Latridiidae, Merophysidae); E. Ruzzier, Italy 
(Mordellidae); A. Vigna Taglianti, Italy (Carabidae); M. 
Zampetti, Italy (Bruchidae); I. Zappi, Italy (Cleridae); S. 
Zoia, Italy (Chrysomelidae).
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Appendix

Table A.1. Number of individuals captured by interception 
traps (transparent and black traps altogether) from each spe-
cies in the study areas.
Table A.2. Species with at least 30 individuals recorded from 
the two trap types.
The file may be downloaded from www.akademiai.com. 


