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Abstract
The highly fragmented floodplain forest remnants of the river Po (Italy) are protected at the European level, but surprisingly little
is known about their ecology and in particular their invertebrate fauna. The present work investigates 11 selected beetle families
sampled in the reserve of Isola Boscone (Lombardy Region, Mantua Province), which is situated inside the embankments of the
Po. Twelve window traps were attached to dead trees, either in open and sun-exposed situations (n = 6) or in the understorey of
small forest patches (n = 6), and were active from 16 June to 3 November 2009. The following 11 beetle families were studied:
Histeridae, Lucanidae, Scarabaeidae, Lissomidae, Elateridae, Buprestidae, Cleridae, Aderidae, Tenebrionidae, Cerambycidae, Anthribidae. A total of 495 individuals belonging to 53 species were collected, including five species of particular faunistic interest.
The species Aegosoma scabricorne (Scopoli) and Dissoleucas niveirostris (F.) were associated with the forest habitat, while
Chlorophorus varius (Muller), Dorcus parallelipipedus (L.) and Nalassus dryadophilus (Mulsant) were associated with the open
habitat. Analyses of the abundance data revealed that the traps from the two habitat types differed in their community composition
and that more species were caught in the open habitat. However, individual-based rarefaction curves showed that species richness
did not differ when the number of species was plotted in relation to the number of individuals caught. This finding shows that
richness estimates need to be interpreted with caution. The study also highlights that monitoring of beetles in floodplain forest
remnants is complicated by recurrent floods.
Key words: Coleoptera, floodplain forest, Italy, species richness, Po River, saproxylics, window traps.

Introduction
Floodplain forests are highly dynamic ecosystems
which depend on particular flood regimes for their continued existence. They are considered to be one of
Europe's most threatened natural ecosystems (Arizpe et
al., 2008), as approximately 90% of their original area
has disappeared and remaining fragments are often in
critical condition (Hughes, 2003); they have been called
“linear oases” since they harbour scarce resources and
conditions found nowhere else in the surrounding landscape (Arizpe et al., 2008). Fluvial systems in the Mediterranean region have been greatly altered by human
activity and these alterations have directly or indirectly
affected the natural riverside vegetation by reducing its
biodiversity and, in some cases, making it disappear
from large stretches of rivers (Prada and Arizpe, 2008).
The construction of embankments separated many of
the remaining forests from the direct effects of fluvial
processes, which are of fundamental importance for the
ecology of these forests. Research in Slovakia and in
France has shown that flood regimes structure snail assemblages (Čejak et al., 2007) and the composition of
woody plants (Deiller et al., 2001).
In Italy, the river Po was dyked from Cremona to the
delta already at the end of the 12th century. Over the following centuries engineering works continued and most

forests were isolated from the river channel by embankments (Hughes, 2003). As a result, the riparian forests in the Po Valley are highly fragmented today
(Ruffo, 2002). In the Mantua province the SaliciPopuletum nigrae is the dominant association along the
river Po. This forest type, which is of high ecological
importance, is protected by the Habitats Directive (Code
91E0). In Italy the importance of floodplain forests is
widely recognized and their bird communities are relatively well documented and include many protected
species (Montanari, 1991; Longhi et al., 2010). However, surprisingly little is known about the invertebrate
fauna of riparian forest patches along the largest Italian
river, the Po. In particular, invertebrate communities of
forests exposed to flood regimes have received limited
attention (Rastelli et al., 2003; Fabbri and Corazza,
2009; Camerini, 2009).
Each flood event destroys a patch of floodplain forest
but facilitates regeneration of new forest. These dynamics have been well documented for the period 18892005 for the nature reserve Isola Boscone (Cuizzi,
2010), where the present study was carried out. Specifically, the total density of softwood forests (SaliciPopuletum) varies with flooding conditions and only
parts of the reserve are forested at any point in time
(Schnitzler, 1997; Hughes, 2003; Cuizzi, 2010). Therefore, dead trees are present in the reserve in various eco-

logical conditions and the extremes are: trees entirely
surrounded by closed canopy forest and single trees in
open areas, fully exposed to the sun.
The amount of dead wood present in a forest is highly
important for species richness of saproxylic Coleoptera
(Müller and Bussler, 2008; Brin et al., 2009). More specifically, numerous saproxylic beetle species are attracted to sun-exposed dead wood (Lindhe et al., 2005;
Vodka et al., 2009; Pradella et al., 2010) and many species of Cerambycidae and Buprestidae prefer sunexposed wood (Vodka et al., 2009), while other beetle
species favour shady conditions (Hammond et al., 2004;
Brunet and Isacsson, 2009; Vodka et al., 2009). For the
floodplain remnants in northern Italy it is not known
which beetle species live there and what are their preferred habitats, and if open forest habitats or closed canopy situations have higher species richness.
The aims of this study were:
- to characterize the fauna of selected beetle families
of the reserve Isola Boscone;
- to determine whether abundances of beetle species
vary between open and closed habitats;
- to investigate whether the composition of the species
collected varies with the sun-exposure of the dead
tree used to position the window trap;
- to compare the species richness of open and closed
habitats.
Materials and methods
Study area
The study was carried out in the nature reserve Isola
Boscone, which is located in the Lombardy region,
Mantua province (UTM 32T 676445 E, 4989857 N, 14
m a.s.l). It covers an area of 131.5 ha, with a maximum
length of approximately 2,500 m and a maximum width
of approximately 550 m. The presence of a forest on
Isola Boscone, which is situated inside the embankments of the river Po, has been confirmed from the year
1953 onwards (Cuizzi, 2010). Currently, the vegetation
is dominated by “softwood” floodplain forest, the prevailing tree species being poplar (Populus spp.), willow
(Salix spp.) and mulberry (Morus spp.). High discharge
volumes of the river in autumn and spring often cause
floods, which regularly inundate the entire reserve.
These dynamics have a great impact on forest structure
creating a patchwork of closed forest and large open areas (Hughes, 2003; Cuizzi, 2010).
Beetle sampling and determination
Window traps directly attached to trunks of dead trees
are considered to be the most effective trapping method
for saproxylic beetle assemblages (Økland, 1996; Hyvärinen et al., 2006), have been shown to be effective in
riparian forests in Italy (Audisio et al., 2008), are efficient in catching rare beetles in forests (Martikeinen and
Kouki, 2003), and show less variability than other sampling methods (Hammond et al., 2004). In the year 2009
the beetle fauna of the reserve was monitored with a total of 12 window flight traps. These consisted of two
intersecting Plexiglas panels (60 × 40 cm) positioned
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above a plastic funnel (diameter, 41 cm) connected to a
500 ml flask containing 70% ethanol as an attractant
and preservative (see Atkinson et al., 1988; Audisio et
al., 2008). An upside-down funnel served as a cover for
the traps. The traps were attached to large dead trees at a
height of about 2.5 m. This set-up is efficient in collecting beetle species in alluvial forests (Audisio et al.,
2008) and it is known that ethanol is an attractant to a
number of beetle families (Salpingidae, Scolytidae)
(Roling and Kearby, 1975; Montgomery and Wargo,
1983) and increases the percentage of saproxylic beetles
collected (Bouget et al., 2009). A total of 12 large dead
trees (Salix spp. and Populus spp.) were selected in two
different habitat types; six traps were attached to sunexposed and isolated trunks (open habitat traps). In an
area of 380 m2 surrounding the trap, on average only a
single small live tree was present. Six further traps were
hung from trunks located in the understorey of small
forests (forest traps). In these sites on average 42 trees
were present in the area of 380 m2 surrounding the trap
and canopy closure was higher than 75%. The traps set
in the two habitat types were spatially interspersed and
the forest traps were separated as widely as possible,
utilizing five separate forest patches. Average diameters
of the tree trunks used for trapping were 45 cm for the
open habitat traps and 48 cm for the forest traps, respectively. The traps were active from 16 June to 3 November 2009. It had been planned to initiate the study earlier, but a flood of the river Po, which inundated the entire reserve, made it impossible to place the traps before
this date. Samples were collected every two weeks.
In trunk sections which had been submerged we were
unable to find larvae of saproxylic beetles 10 days after
they had re-emerged from the water in early June 2009.
In contrast, when we searched above the maximum water level, beetle larvae were found in the dead wood.
The following beetle families were chosen for this
study, as at least part of the species belonging to these,
are saproxylic in the sense of Speight (1989). The species were identified by the specialists indicated in brackets: Anthribidae, Cerambycidae, Cleridae, Lucanidae
(Paolo Cornacchia); Buprestidae (Gianfranco Curletti);
Tenebrionidae (Piero Leo); Aderidae (Gianluca Nardi);
Histeridae (Fabio Penati); Scarabaeidae (Emanuele Piattella); Lissomidae, Elateridae (Giuseppe Platia).
The nomenclature of the beetle families follows:
Mazur, (2004) (Histeridae); Bartolozzi and SprecherUebersax, (2006) (Lucanidae); Löbl and Smetana,
(2006) (Scarabaeidae); Mertlik and Platia, (2008) (Lissomidae); Sànchez-Ruiz, (1996) (Elateridae); Schaefer,
(1949) (Buprestidae); Löbl et al., (2007) (Cleridae),
Nardi (2008) (Aderidae), Löbl and Smetana, (2008)
(Tenebrionidae); Löbl and Smetana, (2010) (Cerambycidae); Alonso-Zarazaga, (2004) (Anthribidae).
Statistical analyses
For the analyses, temporal data were pooled for single
traps. The package indicspecies for R (version 2.10.1,
http://www.r-project.org/) was used to study the association of the beetle species caught in both habitat types,
employing the function multipatt (De Cáceres and Legendre, 2009). The community compositions of the two

habitats was analysed by two-dimensional Nonmetric
Multidimensional Scaling (NMDS) of the abundance
data employing the function metaMDS, which is incorporated in the statistical package Vegan (Oksanen et al.,
2010). Here, Bray-Curtis similarity was used to calculate pairwise distances among samples. In the resulting
plot the groups were connected to the cluster centroids
by a line using the function ‘ordispider’ present in the
same package. To test for differences in species composition between the two habitats, a non-parametric multivariate ANOVA was performed using the method described by Anderson (2001) and implemented in Vegan’s adonis function.
Sample-based and individual-based rarefaction curves
were calculated using the programme EstimateS 8.20
(http://viceroy.eeb.uconn.edu/EstimateS). Total species
richness was estimated with the same programme, employing the methods ACE and Jackknife 1, which are
considered accurate and not sensitive to statistical problems (Hortal et al., 2006). Completeness of the survey
data was calculated in relation to these richness estimators.
All statistical tests were carried out using the software
package R (version 2.10.1, http://www.r-project.org/), if
not stated otherwise.

coxon rank sum test, p < 0.01), while for the number of
species the difference was not significant (Wilcoxon
rank sum test, p = 0.13). Sample based rarefaction
curves (figure 2) indicate that species richness was significantly higher (non-overlapping confidence limits)
for the open habitats, when single traps were considered. However, the individual-based rarefaction curves
(figure 3) show that species richness was not lower in
the forest habitats if richness is plotted in relation to the
number of individuals caught. The estimates for total
species richness of both habitats investigated (table 2)
show that the traps in the open habitat should at least
reach between 63 and 81 species (table 2), while the six
traps together collected 43 species. Thus, their total
catch can be estimated to represent between 52% and
67% of all species which it would have been possible to
sample. For the traps exposed in the forest it was estimated that rarefaction curves should at least reach 46 to
59 species (table 2), while the six traps employed collected 31 species. These represent between 51% and
65% of all species which it would have been possible to
catch. Thus, the six window traps exposed in the respective habitats caught at most 51-67% of the estimated total species richness.
Discussion

Results
A total of 495 individuals belonging to 53 species were
collected (table 1). The open habitat traps collected a total of 355 individuals, while the forest traps caught 140.
Five of the species collected are of faunistic interest,
as they are considered rare or are new to the regional
fauna: Cyclobacanius medvidovici (Reitter) (Histeridae),
Anidorus sanguinolentus (von Kiesenwetter) (Aderidae), Diaclina fagi (Panzer) (Tenebrionidae), Platydema
violaceum (F.) (Tenebrionidae) and Eusphyrus vasconicus (Hoffmann et Tempere) (Anthribidae). Only two
species, Synaptus filiformis (F.) (Elateridae) and Chlorophorus varius (Muller) (Cerambycidae), were caught in
relatively high numbers (≥ 50 specimens).
Five species were found to be significantly associated
with one of the two habitats investigated (table 1). Aegosoma scabricorne (Scopoli) (Cerambycidae) and Dissoleucas niveirostris (F.) (Anthribidae) were significantly associated with forest habitat, while Chlorophorus varius (Muller) (Cerambycidae), Dorcus parallelipipedus (L.) (Lucanidae) and Nalassus dryadophilus
(Mulsant) (Tenebrionidae) were significantly associated
with open habitat. For one species, Drasterius bimaculatus (Rossi) (Elateridae), the test returned a marginally
significant result (p = 0.053), and this species was exclusively found in the open habitat. NMDS (figure 1)
showed that the communities collected in the two habitats were distinct and the nonparametric multivariate
ANOVA based on 999 permutations showed that the
communities from the two habitats were significantly
different (F1, 10 = 4.108, P = 0.004).
The numbers of species and specimens collected were
higher in the open habitat (table 1) but only the difference in the number of specimens was significant (Wil-

This study is the first to investigate the fauna of many
beetle families from floodplain forests directly exposed
to flood regimes of the river Po, which are ecologically
important and protected. In the present study the fauna
trapped at sun-exposed dead trees differed from that in
the understorey of small forest patches. Such differences
in community composition and preferences of single
species have also been found by other authors (Kaila et
al., 1997; Lindhe et al., 2005; Sverdrup-Thygeson and
Birkemoe, 2009; Vodka et al., 2009). Sun exposure
should therefore be considered an important environmental factor for saproxylic beetles.
The few entomological studies carried out in comparable forests along the river Po employed different
methods, took place during different periods of the year,
and investigated exclusively Cerambycidae and Buprestidae (Rastelli et al., 2003) or Cerambycidae (Fabbri et
al., 2005). Therefore, it is currently only possible to
state that the Cerambycidae species reported for other
riparian forests of the river Po are similar to those observed in the present study.
Recurring floods can make it difficult to apply standard
sampling methods over many months in fluvial ecosystems, as in the case of this study. These difficulties are
well illustrated by the fact that prior to this investigation,
Isola Boscone had been completely inundated six times
in the years 2008 and 2009 (D. Cuizzi, personal communication) and the April-May flood of the year 2009 is
among the 10 most important maximal discharges of the
last 100 years (W2A, 2011). Each flood uproots a number of standing dead trees, completely saturates with water the lower parts of all standing dead trees and moves a
number of lying tree-trunks. It seems that each flood
eliminates a part of the saproxylic fauna present in the
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Table 1. List of beetles collected with 12 window traps at Isola Boscone from June 16 to November 3, 2009 (O: open
habitat trap, F: forest trap, numbers indicate trap numbers). Species marked with asterisk were significantly associated
with one of the habitats (* < 0.05, ** < 0.01). Figures in brackets are standard deviations.
O1

O2

O3

O4

O5

O6

F1

F2

2

2

F3

F4

F5

F6

2

25

Histeridae
Acritus minutus (Herbst)
Carcinops pumilio (Erichson)
Cyclobacanius medvidovici (Reitter)
Haeterius ferrugineus (Olivier)
Platylomalus complanatus (Panzer)

5

5

1
1

1
1

1

Lucanidae
Dorcus parallelipipedus (L.)*

1

2

3

3

1

1

1

2
1

3

1

1

1
4
9

20
1

8
2

9
1

Scarabaeidae
Anomala vitis (F.)
Cetonia aurata pisana Heer
Oxythyrea funesta (Poda)
Pleurophorus caesus (Creutzer)
Tropinota squalida squalida (Scopoli)
Valgus hemipterus (L.)

1
1

Lissomidae
Drapetes mordelloides (Host)

1

Elateridae
Adrastus limbatus (F.)
Adrastus rachifer (Fourcroy)
Agriotes litigiosus (Rossi)
Ampedus sanguinolentus (Schrank)
Drasterius bimaculatus (Rossi)
Melanotus dichrous (Erichson)
Synaptus filiformis (F.)

1
1
1
2
2
12

80

4

1
1

4

1

1
1
2
13

2
7

2
5

7
4

6

1
4

1
2

1
2

Buprestidae
Acmaeoderella flavofasciata (Piller et Mitterpacher)
Melanophila picta decastigma (F.)

1
1

Cleridae
Trichodes apiarius (L.)

1

8

1

Aderidae
Aderus populneus (Creutzer in Panzer)
Anidorus sanguinolentus (von Kiesenwetter)

1

1

1

Tenebrionidae
Alphitobius diaperinus (Panzer)
Corticeus bicolor (Olivier)
Diaclina fagi (Panzer)
Diaperis boleti (L.)
Hymenalia rufipes (F.)
Lagria hirta (L.)
Latheticus oryzae Waterhouse
Nalassus dryadophilus (Mulsant)**
Palorus depressus (F.)
Platydema violaceum (F.)
Prionychus melanarius (Germar)
Tribolium castaneum (Herbst)

1
1
1
1

2

1

1

1

1
1

1
6
1

1

2

3

1
9
1

2
1
1

2

1
2

5

Cerambycidae
Aegosoma scabricorne (Scopoli)*
Agapanthia villosoviridescens (De Geer)
Chlorophorus pilosus glabromaculatus (Goeze)
Chlorophorus varius (Muller)*
Grammoptera ruficornis (F.)
Leiopus nebulosus (L.)
Neoclytus acuminatus (F.)
Stenopterus rufus L.
Stictoleptura cordigera (Fuessly)
Xylotrechus stebbingi Gahan

2

3

3

1

3

2

7

3

9

1
1

2

2

18

21

7
1
5

1
1

3
1
2

2

3

1

2

1

2

2

2

Anthribidae
Choragus sheppardi Kirby
Eusphyrus vasconicus (Hoffmann et Tempere)
Dissoleucas niveirostris (F.)*
Phaenotherion fasciculatum Reitter
Platystomos albinus (L.)
Ulorhinus bilineatus (Germar)

Number of specimens
Number of species
Average number of specimens
Average number of species

202

1
1
1

1
1

1

2

1

1
2
2

1

2

1
1
1

1

35
13

94
45
12
11
59.2
14.2

81
61
20
17
(24)
(3.5)

39
12

18
10

25
13
30
12
14
8
14
6
23.3
(11.5)
10.2
(3.3)

42
9

Table 2. Total species richness, estimated employing
the methods ACE Mean (Abundance-based Coverage
Estimator of species richness) and Jackknife 1 (Firstorder Jackknife richness estimator), for the traps “Forest” (n = 6) and “Open” (n = 6).
Species richness
estimator
ACE Mean
Jackknife 1

Number of species

Figure 1. Two-dimensional Nonmetric Multidimensional Scaling (NMDS) of the abundance data (O: open
habitat trap, F: forest trap, numbers indicate trap numbers). Groups are connected to the cluster centroids by
a line using the function ‘ordispider’ (statistical package Vegan).
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Figure 2. Sample-based rarefaction curves for forest
and open habitat traps.
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Figure 3. Individual based rarefaction curves for forest
and open habitat traps.

Traps “Forest”

Traps “Open”

58.7
46.0

81.3
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reserve and this is likely to be one important reason for
the relatively low number of beetle species (53) collected during the study. This number is low even if one
considers that only some families were studied, that the
traps were only exposed from 16 June 2009 and that
many species that emerge early in the season could not
be sampled. A further probable cause for the low species richness observed is the fact that the reserve is
small and relatively isolated, as small and isolated islands of habitats host relatively low species richness
(Hunter, 2002). Forests similar to Isola Boscone are present along the river Po, but they are all restricted in size
and are generally separated from each other by some
kilometres of habitats not suitable for saproxylics.
It was estimated that at least 33-49% of the beetle species of the selected families, which are collectable with
window traps, were not caught. This means that at least
20 Coleoptera species, belonging to the families investigated, were not collected. Additionally, beetle diversity
is often high early in the season (e.g. Ulyshen and Hanula, 2007) and as this part of the season could not be
investigated due to a flood. It is clear that the coleopteran fauna of the reserve is still not well known and
that more research is needed to understand the distribution, composition and ecology of the beetle fauna of the
floodplain remnants along the river Po.
Species of faunistic interest and common species
E. vasconicus (Anthribidae) has only recently been reported from Italy (Trýzna and Valentine, 2011) and is
currently known from three nature reserves in the Lombardy region (Cornacchia and Colonnelli, 2012). The
species almost certainly originates from America and is
likely to have arrived in Europe with imported wood. E.
vasconicus was described by Hoffmann and Tempère
(1954) from specimens collected in the PyrénéesAtlantiques department (France) on branches of Quercus pedunculata (Ehr.). The specimens of C. medvidovici (Histeridae) collected represent the third and westernmost record of this species for Italy. Vienna (1980)
reported that this taxon lives in rotten wood of several
hardwood species (mostly oaks), in the debris of tree
hollows. D. fagi (Tenebrionidae), a species that mainly
lives in dead wood colonised by fungi, has only recently
been reported from Italy (Scupola, 2000) and is currently expanding (Aliquò et al., 2006; P. Leo, personal
observation). P. violaceum (Tenebrionidae), a rare species that mainly lives in humid forests, has been found
under bark and inside polypore mushrooms living on
deciduous trees (Aliquò et al., 2006). A single female of
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A. sanguinolentus (Aderidae) was collected, which is
the first record of this species for Lombardy. This beetle
was previously known for Italy from the following regions: Liguria, Piedmont, Emilia-Romagna, Tuscany,
Latium, Sicily and Sardinia (Luigioni, 1929; Porta,
1929; Vitale, 1934; Zangheri, 1969; Lundberg et al.,
1987; Contarini, 1992; Nardi, 1997; Poggi 2001) and is
considered uncommon, generally collected by beating
trees (Caillol, 1914; Gompel and Barrau, 2002). Little is
known about the biology of this species. Perris (1864 as
Xylophilus sanguinolentus) found the pupa of A. sanguinolentus in a silky cocoon under the bark of a pine,
while Poggi (2001) collected adults on the mycelium of
an unidentified Polyporacea within a stump of Pinus
radiata D. Don in Sardinia.
The two species that were caught in relatively high
numbers are both considered common. S. filiformis is a
common species in Italy and in Europe. Its larvae live in
the soil, mainly in wetlands (e.g. river banks, swamps)
(Platia, 1994). C. varius is widely distributed in Europe
and its larvae develop in branches of many broadleaved
trees (Müller, 1949-1953).
Species trapped mainly in the shady forest environment
The fact that A. scabricorne (Cerambycidae) is significantly associated with the forest habitat has so far
not been reported in the literature. What is known is that
adults hide in galleries or under bark during the daytime
and are active during the night (Pesarini and Sabbadini,
1995). The larvae develop in old, non-resinous trees
(e.g. Quercus, Juglans, Fagus, Ulmus, Populus, Acer,
Prunus, Alnus, Salix) (Sama, 1988). Contarini (1984)
reported that A. scabricorne is a good disperser and
quickly colonises suitable habitats, even those heavily
influenced by man. The second species with a preference for the forest environment was D. niveirostris (Anthribidae); its association with forest habitats had also
not been reported before. Recently, it has been found
that window traps exposed at ground level at Bosco
Fontana (Mantua Province) caught significantly more
D. niveirostris when compared to catches from the canopy (P. Cornacchia, unpublished data). This observation
coincides well with the preference for the forest observed at Isola Boscone. It is known that adults of D.
niveirostris can be found amongst mosses, under bark or
on branches of trees (Riti and Osella, 1997).
Species trapped mainly in the open habitat
So far no study has statistically compared habitat preferences of C. varius (Cerambycidae). However, it is
known that adults can often be found on flowers of
Apiaceae (Pesarini and Sabbadini, 1995) and Asteraceae, and on Verbascum spp. (Müller, 1949-1953).
This behaviour coincides well with the observed preference for the open habitat presented here. C. varius has
also been reported by Rastelli et al. (2003) for a riparian
forest along the river Po in the province of Turin. The
behaviour of adults of D. parallelipipedus (Lucanidae)
is not well known and a significant preference for open
habitats is here reported for the first time. Adults of D.
parallelipipedus are believed to be active mainly during
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the night and to fly only reluctantly (Franciscolo, 1997).
However, the total catch of 11 adults in the window
traps and the fact that also Brunet and Isacsson (2009)
trapped many specimens of this beetle with small window traps, show a certain propensity for flying by this
beetle, particularly in open areas. N. dryadophilus
(Tenebrionidae) was associated with the open habitat
and this observation coincides well with the fact that in
the Po Valley it has commonly been observed in rows of
deciduous trees (Populus, Ulmus, Platanus, etc.), but
the species is also common in remnants of lowland forests and is generally found under the bark of trees (P.
Leo, personal observation). The specimens of D. bimaculatus (Elateridae) were exclusively found in the
open habitat and the association with this habitat was
almost significant. This preference for open habitats has
so far not been reported and generally it has been found
that D. bimaculatus lives in a large number of terrestrial
habitats, where the adults live on the ground, while the
larvae are rhizophagous (G. Platia, personal observation).
Influence of sun exposure on species composition
The two-dimensional ordination (figure 1) showed
that the communities collected in the open habitats differed from those caught within the closed forest sections. This result was expected, as numerous saproxylic
beetle species are attracted to sun-exposed dead wood
(e.g. Lindhe and Lindelöw, 2002; Hammond et al.,
2004; Lindhe et al., 2005; Brunet and Isacsson, 2009;
Vodka et al., 2009), and open, sun-exposed stands generally show higher species richness (Ranius and Jansson, 2000; Brunet and Isacsson, 2009; Vodka et al.,
2009). Adult beetles of many species of the families
Cerambycidae and Buprestidae prefer sun-exposed oak
wood for breeding (Vodka et al., 2009), while a number
of saproxylic beetle species prefer shady conditions
(Hammond et al., 2004; Brunet and Isacsson, 2009;
Vodka et al., 2009).
The sample based rarefaction curves (figure 2) indicated that species richness was higher in the open habitats. However, as the activity of beetles generally increases with increased temperatures (Ranius and Jansson, 2000), the observed difference might be related
more to catchability (or density) than to higher species
richness. This view is supported by the individual-based
rarefaction curves (figure 3), which showed that species
richness was not lower in the forest habitats when richness was plotted in relation to the number of individuals
caught. This finding underlines that catches of window
traps are not a direct representation of the local communities, but are the result of the activity patterns of the
single species in this particular environment (Nageleisen
and Bouget, 2009). This limits the comparability of
trapping results between different habitats (Lindhe et
al., 2005). Species richness counts can be validly compared only when accumulation curves have reached a
clear asymptote (Gotelli and Colwell, 2001). As the
rarefaction curves in both habitats are clearly a long
way from reaching an asymptote (figures 2 and 3), the
comparison of richness estimates has to be done with
caution. However, the failure to reach an asymptote is

not uncommon (Hammond et al., 2004; Audisio et al.,
2008) and the curves might not level off even at 1,000
individuals. The different results obtained with the two
versions of rarefaction curves are a good example that
the interpretation of richness estimates is fraught with
problems (Gotelli and Colwell, 2001; Magurran, 2004).
The beetle fauna collected in the two different habitats
showed clear differences when considering single species and when analysing the community composition
and this finding is important for future studies. This
shows that sun exposure is an important factor in floodplain forests. If the aim of a study is to compile a faunistic list, the traps should be positioned in a variety of
habitats. If, however, the aim of the study is to provide
data for comparisons (with other habitats or with future
data), the traps should be exposed in homogeneous and
well defined situations, in order to reduce the variability
of the results. Monitoring of beetle communities is difficult and in floodplain remnants is further complicated
by recurrent floods. This episodic and important ecological factor needs to be considered when planning
sampling designs.
Conclusions
Numerous studies have highlighted the link between the
distribution of saproxylic species and characteristics of
dead wood (Lindhe et al., 2005; Brunet and Isacsson,
2009; Vodka et al., 2009). Similarly, in this study we
showed that sun exposure is important for the distribution of single species and for community composition.
These insights are important for the management of nature reserves and indicate that only maintaining a "mosaic" of different dead wood types and different levels of
sun exposure (e.g. open and closed forests) will ensure
the survival of a large number of saproxylic species
(Vodka et al., 2009; Pradella et al., 2010). The management of riparian forests exposed to the effects of fluvial
processes differs from that of most other forests, as lying
trunks are episodically moved or carried away during
floods. Standing trees are probably the main source of
dead wood allowing for permanent populations of
saproxylic species to survive in riparian forests, and
should thus be given particular attention by managers.
Acknowledgements
The study was financially supported by the municipality
of “Carbonara di Po”. We thank D. Cuizzi for the information provided and D. Whitmore for correcting the
English language. The comments of three anonymous
referees lead to significant improvements of this paper.
References
ALIQUÒ V., RASTELLI M., RASTELLI S., SOLDATI F., 2006.- Coleotteri Tenebrionidi d’Italia – Darkling beetles of Italy.Piccole Faune, Associazione Naturalistica Piemontese, CDROM.

ALONSO-ZARAZAGA M. A., 2004.- Fauna Europaea: Anthribidae. In: Fauna Europaea: Coleoptera 1, Beetles
(ALONSO-ZARAZAGA M. A., Ed.), Fauna Europaea version
2.3, [online] URL: http://www.faunaeur.org [accessed January 2011 as version 2.3 of December 23, 2010].
ANDERSON M. J., 2001.- A new method for non-parametric
multivariate ANOVA.- Austral Ecology, 26: 32-46.
ARIZPE D., MENDES A., RABAÇA J. E., 2008.- Sustainable riparian zones - A management guide.- Grafiques Vimar, Picania (Valencia), Spain.
ATKINSON T. H, FOLTZ J. L., CONNOR M. D., 1988.- Flight patterns of phloem- and wood-boring Coleoptera (Scolytidae,
Platypodidae, Curculionidae, Buprestidae, Cerambycidae) in
a North Florida slash pine plantation.- Environmental Entomology, 17 (2): 259-265.
AUDISIO P., CORNACCHIA P., FATTORINI L., FRANCESCHI S.,
GATTI E., HARDERSEN S., LESEIGNEUR L., NARDI G., PENATI
F., PLATIA G., 2008.- Selected beetle families in natural forests and Norway spruce stands at Vincheto di Celarda Nature Reserve and the effects of conservation actions (Coleoptera), pp. 195-217. In: Research on the natural heritage
of the reserves Vincheto di Celarda and Val Tovanella (Belluno province, Italy). Conservation of two protected areas in
the context of a LIFE Project (HARDERSEN S., MASON F.,
VIOLA F., CAMPEDEL D., LASEN C., CASSOL M., Eds).- Quaderni Conservazione Habitat, 5. Arti Grafiche Fiorini, Verona, Italy.
BARTOLOZZI L., SPRECHER-UEBERSAX E., 2006.- Lucanidae,
pp. 63-77. In: Catalogue of Palaearctic Coleoptera. Vol. 3.
Scarabaeoidea, Scirtoidea, Dascilloidea, Buprestoidea, Byrrhoidea (LÖBL I., SMETANA A., Eds).- Apollo Books, Stenstrup, Denmark.
BOUGET C., BRUSTEL H., BRIN A., VALLADARES L., 2009.Evaluation of window flight traps for effectiveness at monitoring dead wood-associated beetles: the effect of ethanol
lure under contrasting environmental conditions.- Agricultural and Forest Entomology, 11 (2): 143-152.
BRIN A., BOUGET C., BRUSTEL H., JACTEL H., 2011.- Diameter
of downed woody debris does matter for saproxylic beetle
assemblages in temperate oak and pine forests.- Journal of
Insect Conservation, 15: 653-669.
BRUNET J., ISACSSON G., 2009.- Influence of snag characteristics on saproxylic beetle assemblages in a south Swedish
beech forest.- Journal of Insect Conservation, 13: 515-528.
CAILLOL H., 1914.- Catalogue des Coléoptères de Provence.
D'après des Documents recueillis et groupés. 3me Partie.Mémoires de la Société Linnéenne de Provence, 3: 1-596.
CAMERINI G., 2009.- Factors affecting Lymantria dispar mortality in a willow wood in northern Italy.- Bulletin of Insectology, 62 (1): 21-25.
ČEJKA T, HORSÁK M., NÉMETHOVÁ D., 2008.- The composition and richness of Danubian floodplain forest land snail
faunas in relation to forest type and flood frequency.- Journal of Molluscan Studies, 74: 37-45.
CONTARINI E., 1984.- Ricerche ecologiche e zoosociologiche
sui Cerambycidae del “Boscone” della Mesola (Delta Padano) (6° contributo alla conoscenza della Coleotterofauna xilofaga).- Lavori della Società Veneziana di Scienze Naturali,
9: 15-31.
CONTARINI E., 1992.- Eco-profili d’ambiente della coleotterofauna di Romagna: 4 - Arenile, duna, retroduna della costa
adriatica.- Bollettino del Museo civico di Storia Naturale di
Verona, 41: 131-182.
CORNACCHIA P., COLONNELLI E., 2012.- Distribuzione in Italia
di Eusphyrus vasconicus (Coleoptera Anthribidae).- Bollettino della Società Entomologica Italiana, 144: 12-18.
CUIZZI D., 2010.- Costruire la rete ecologica provinciale lungo il
Po.- Quaderni della Riserva Naturale Isola Boscone, 1: 1-48.

205

DE CÁCERES M., LEGENDRE P., 2009.- Associations between
species and groups of sites: indices and statistical inference.Ecology, 90: 3566-3574.
DEILLER A. F., WALTER J. M. N., TREMOLIERES M., 2001.- Effects of flood interruption on species richness, diversity and
floristic composition of woody regeneration in the upper
Rhine alluvial hardwood forest.- Regulated Rivers-Research
& Management, 17: 393-405.
FABBRI R., CORAZZA C., 2009.- Coleotteri Cerambicidi delle
golene ferraresi del fiume Po (Coleoptera Cerambycidae).Quaderni della Stazione di Ecologia del Civico Museo di
Storia Naturale di Ferrara, 19: 107-112.
FABBRI R., SPETTOLI R., CAPOVILLA R., 2005.- Relazione finale dell’indagine sugli insetti del Parco Regionale del
Delta del Po - Stazione di Campotto di Argenta (Ferrara).
Report del Progetto LIFE 02NAT/IT/8526.
FRANCISCOLO M. E., 1997.- Coleoptera Lucanidae. Fauna d’Italia
35.- Calderini, Bologna, Italy.
GOMPEL N., BARRAU E., 2002.- Les Aderidae de la Faune de
France (Coleoptera).- Annales de la Société Entomologique
de France, 38 (3): 211-238.
GOTELLI N. J., COLWELL R. K., 2001.- Quantifying biodiversity: procedures and pitfalls in the measurement and comparison of species richness.- Ecology Letters, 4: 379-391.
HAMMOND H. E., LANGOR D. W., SPENCE J. R., 2004.Saproxylic beetles (Coleoptera) using Populus in boreal aspen stands of western Canada: spatiotemporal variation and
conservation of assemblages.- Canadian Journal of Forest
Research, 34: 1-19.
HOFFMANN A., TEMPÈRE G., 1954.- Une espèce française nouvelle du genre Tropideres Schönh. type d’un sous-genre
nouveau (Col. Anthribidae).- Bulletin de la Société Entomologique de France, 59: 66-67.
HORTAL J., BORGES P. A., GASPAR C., 2006.- Evaluating the
performance of species richness estimators: sensitivity to
sample grain size.- Journal of Animal Ecology, 75: 274-287.
HUGHES F. M. R., 2003.- The flooded forest: Guidance for policy makers and river managers in Europe on the restoration
of floodplain forests.- FLOBAR2, Department of Geography, University of Cambridge, UK.
HUNTER M. D., 2002.- Landscape structure, habitat fragmentation, and the ecology of insects.- Agricultural and Forest
Entomology, 4: 159-166.
HYVÄRINEN E., KOUKI J., MARTIKAINEN P., 2006.- A comparison of three trapping methods used to survey forest-dwelling
Coleoptera.- European Journal of Entomology, 103: 397407.
KAILA L., MARTIKAINEN P., PUNTTILA P. 1997.- Dead trees left
in clear-cuts benefit saproxylic Coleoptera adapted to natural disturbances in boreal forest.- Biodiversity and Conservation, 6: 1-18.
LINDHE A., LINDELÖW A., 2002.- Cut high stumps of spruce,
birch, aspen and oak as breeding substrates for saproxylic
beetles.- Forest Ecology and Management, 203 (1-3): 120.
LINDHE A., LINDELÖW A., ÅSENBLAD N., 2005.- Saproxylic
beetles in standing dead wood density in relation to substrate
sun-exposure and diameter.- Biodiversity and Conservation,
14: 3033-3053.
LÖBL I., SMETANA A., (Eds), 2006.- Catalogue of Palaearctic
Coleoptera, Volume 3. Scarabaeoidea, Scirtoidea, Dascilloidea, Buprestoidea, Byrrhoidea.- Apollo Books, Stenstrup,
Denmark.
LÖBL I., SMETANA A., (Eds), 2008.- Catalogue of Palaearctic
Coleoptera. Volume 5. Tenebrionoidea.- Apollo Books,
Stenstrup, Denmark.
LÖBL I., SMETANA A., (Eds), 2010.- Catalogue of Palaearctic
Coleoptera. Vol. 6. Chrysomeloidea.- Apollo Books, Stenstrup, Denmark.

206

LÖBL I., ROLČÍK J., KOLIBÁČ J., GERSTMEIER R., 2007.- Cleridae, pp. 367-384. In: Catalogue of Palaearctic Coleoptera.
Vol. 4. Elateroidea, Derontoidea, Bostrichoidea, Lymexyloidea, Cleroidea, Cucujoidea (LÖBL I., SMETANA A., Eds).Apollo Books, Stenstrup, Denmark.
LONGHI D., GRATTINI N., PERI A., SIMONAZZI M. 2010.- Studio
della comunità ornitica della Riserva Naturale Isola Boscone.- Relazione tecnico scientifica anno 2009-10.
LUIGIONI P., 1929.- I Coleotteri d’Italia. Catalogo sinonimicotopografico-bibliografico.- Memorie della Pontificia Accademia delle Scienze, I Nuovi Lincei (2), 13: 1-1159.
LUNDBERG S., PALM T., TROTTESTAM O. 1987.- Skalbaggsstudier på Siciliens nordkust. II. Gräsmark, flodmynningar,
havsstrand m m.- Entomologisk Tidskrift, 108: 123-129.
MAGURRAN A. E., 2004.- Measuring biological diversity.Blackwell Publishing, Malden, Oxford, Carlton, UK.
MARTIKAINEN P., KOUKI J., 2003.- Sampling the rarest: threatened beetles in boreal forest biodiversity inventories.- Biodiversity and Conservation, 12: 1815-1813.
MAZUR S., 2004.- Histeridae, pp. 68-102. In: Catalogue of
Palaearctic Coleoptera, Volume 2. Hydrophiloidea, Staphylinoidea (LÖBL I., SMETANA A., Eds).- Apollo Books, Stenstrup, Denmark.
MERTLIK J., PLATIA G., 2008.- Catalogue of the family Cebrionidae, Elateridae, Lissomidae, Melasidae and Throscidae
(Coleoptera) from Turkey.- Elateridarium, 2: 1-40.
MONTANARI P., 1991.- Censimento dell’avifauna nidificante in
un saliceto ripariale.- Avocetta, 15: 55-58.
MONTGOMERY M. E., WARGO P. M., 1983.- Ethanol and other
host-derived volatiles as attractants to beetles that bore into
hardwoods.- Journal of Chemical Ecology, 9 (2): 181-190.
MÜLLER G., 1949-1953.- I Coleotteri della Venezia Giulia. II.
In: Coleoptera Phytophaga.- Centro Sperimentale Agrario e
Forestale, La Editoriale Libraria, Trieste, Italy.
MÜLLER J., BUSSLER H., 2008.- Key factors and critical thresholds at stand scale for saproxylic beetles in a beech dominated
forest, southern Germany.- Revue d’Ecologie, 63: 73-82.
NAGELEISEN L. M., BOUGET C., 2009.- Forest insect studies:
methods and techniques. Key considerations for standardisation. An overview of the reflections of the “Entomological Forest Inventories” working group (Inv.Ent.For.).- Les Dossiers
Forestiers no. 19, Office National des Forêts, Paris, France.
NARDI G., 1997.- Coleoptera Anthicidae, Aderidae, pp. 201204. In: Gli insetti di Roma (ZAPPAROLI M., Ed.).- Comune
di Roma, Dipartimento X Risorsa Suolo e Tutela Ambiente,
Quaderni dell’Ambiente 6, Italy.
NARDI G., 2008.- Aderidae, pp. 455-458. In: Catalogue of
Palaearctic Coleoptera, Volume 5. Tenebrionoidea (LÖBL I.,
SMETANA A., Eds).- Apollo Books, Stenstrup, Denmark.
ØKLAND B., 1996.- A comparison of three methods of trapping
saproxylic beetles.- European Journal of Entomology, 93:
195-209.
OKSANEN J., BLANCHET F. G., KINDT R., LEGENDRE P.,
O’HARA R. B., SIMPSON G. L., SOLYMOS P., STEVENS M. H.
H., WAGNER H., 2010.- Vegan: community ecology package.
R package version 1.17-2. [online] URL: http://r-forge.rproject.org/projects/vegan (accessed March 2010).
PERRIS E., 1864.- Notes diverses I-VIII.- Annales de la Société
entomologique de France, 4: 304-310.
PESARINI C., SABBADINI A., 1995.- Insetti della Fauna Europea. Coleotteri Cerambicidi.- Natura, 85 (1-2): 1-132.
PLATIA G., 1994.- Coleoptera, Elateridae. Fauna d’Italia 33.Calderini, Bologna, Italy.
POGGI R. 2001.- Segnalazioni faunistiche italiane 402 - Anidorus
sanguinolentus (Kiesenwetter, 1861) (Coleoptera Aderidae).Bollettino della Società entomologica italiana, 133 (3): 270.
PORTA A., 1929.- Fauna Coleopterorum Italica. IV. Heteromera-Phytophaga.- Stabilimento Tipografico Piacentino,
Piacenza, Italy.

PRADA M. A., ARIZPE D., 2008.- Riparian tree and shrub propagation handbook - An aid to riverine restoration in the
Mediterranean region.- Grafiques Vimar, Picania (Valencia),
Spain.
PRADELLA C., OBRIST M. K., DUELLI P., CONEDERA M., MORETTI M., 2010.- Coleotteri (Cerambycidae, Buprestidae,
Lucanidae, Cetoniidae) del legno morto nei castagneti della
Svizzera sudalpina - Sintesi dei risultati di tre studi.- Bollettino della Società ticinese di Scienze naturali, 98: 35-44.
RANIUS T., JANSSON N., 2000.- The influence of forest regrowth, original canopy cover and tree size on saproxylic
beetles associated with old oaks.- Biological Conservation,
95: 85-94.
RASTELLI M., CURLETTI G., BARBERO E., 2003.- Note sulla
coleotterofauna xilofaga di un bosco di pianura rinaturalizzato: il Gerbasso, Carmagnola (TO) (Coleoptera: Buprestidae, Cerambycidae, Scolytidae).- Giornale Italiano di Entomologia, 10: 217-236.
RITI M., OSELLA G., 1997.- Ricerca sulla fauna della riserva
naturale guidata “Sorgenti del Pescara” e zone limitrofe. III.
Coleoptera Curculionoidea: ecologia e biodiversità.- Bollettino del Museo Regionale di Scienze Naturali di Torino, 14
(2): 421-489.
ROLING M. P., KEARBY W. H., 1975.- Seasonal flight and vertical distribution of Scolytidae attracted to ethanol in an oakhickory forest in Missouri.- Canadian Entomologist, 107:
1315-1320.
RUFFO S., 2002.- Woodlands of the Po Plain - A fragmented
labyrinth.- Italian Habitats 3. Ministero dell’Ambiente,
Museo Friulano di Storia Naturale.
SAMA G., 1988.- Coleoptera Cerambycidae. Catalogo topografico e sinonimico.- Fauna d'Italia 26. Edizioni Calderini, Bologna, Italy.
SÁNCHEZ-RUIZ A., 1996.- Catálogo bibliográfico de las especies de la familia Elateridae (Coleoptera) de la Península
Ibérica e Islas Baleares.- Documentos Fauna Ibérica 2
(RAMOS M. A., Ed.). Museo Nacional de Ciencias Naturales,
Consejo Superior de Investigaciones Cientificas, Madrid,
Spain.
SCHAEFER L., 1949.- Les Buprestides de France.- Supplément
aux Miscellanea Entomologica. Le Moult, Paris, France.
SCHNITZLER A., 1997.- River dynamics as a forest process:
interactions between fluvial systems and alluvial forests in
large European river plains.- Botanical Review, 63: 40-64.
SCUPOLA A., 2000.- Diaclina fagi (Panzer, 1799) nuova per la
fauna italiana (Coleoptera Tenebrionidae).- Bollettino del
Museo civico di Storia Naturale di Verona, 24: 219-222.
SPEIGHT M. C. D., 1989.- Saproxylic invertebrates and their
conservation.- Nature and environment series 42, Council of
Europe, Strasbourg, France.

SVERDRUP-THYGESON A., BIRKEMOE T. 2009.- What window
traps can tell us: effect of placement, forest openness and
beetle reproduction in retention trees.- Journal of Insect
Conservation, 13: 183-191.
TRÝZNA M., VALENTINE B. D., 2011.- Anthribidae subfamily
Anthribinae, pp. 90-104. In: Catalogue of Palaearctic Coleoptera. Volume 7. Curculionoidea 1 (LÖBL I., SMETANA A.,
Eds).- Apollo Books, Stenstrup, Denmark.
ULYSHEN M. D., HANULA J. L., 2007.- A comparison of the
beetle (Coleoptera) fauna captured at two heights above the
ground in a North American temperate deciduous forest.The American Midland Naturalist, 158: 260-278.
VIENNA P., 1980.- Coleoptera Histeridae. Fauna d’Italia 16.Calderini, Bologna, Italy.
VITALE F., 1934.- Coleotteri nuovi o non ancora citati di Sicilia.- Bollettino della Società Entomologica Italiana, 66: 6164.
VODKA S., KONVICKA M., CIZEK L., 2009.- Habitat preferences
of oak-feeding xylophagous beetles in a temperate woodland: implications for forest history and management.- Journal of Insect Conservation, 13: 553-562.
W2A, 2011.- Analysis of extraordinary flood events in the river
Po.- Water2Adapt - Resilience enhancement and water demand
management for climate change adaptation. [online] URL:
http://www.feem-project.net/water2adapt/files/W2A_Floodevents_eng.pdf [accessed August 9, 2011].
ZANGHERI P., 1969.- Repertorio sistematico e topografico della flora e fauna vivente e fossile della Romagna.- Memorie
fuori serie Tomo 3. Verona, Museo Civico di Storia Naturale, Italy.

Authors’ addresses: Sönke HARDERSEN (corresponding
author: s.hardersen@gmail.com), Ilaria TONI, Paolo CORNACCHIA, Gianluca NARDI, Centro Nazionale per lo Studio e la
Conservazione della Biodiversità Forestale “Bosco Fontana”
di Verona, strada Mantova 29, IT-46045 Marmirolo, Italy;
Gianfranco CURLETTI, Museo Civico di Storia Naturale - Entomologia, Parco Cascina Vigna, via S. Francesco di Sales
188, IT-10022 Carmagnola, Italy; Piero LEO, via P. Tola 21,
IT-09128 Cagliari, Italy; Fabio PENATI, via dei Sedini 47/a,
IT-23017 Morbegno, Italy; Emanuele PIATTELLA, Dipartimento di Biologia e Biotecnologie “Charles Darwin”, Università
degli Studi di Roma “Sapienza”, piazzale Valerio Massimo 6,
IT-00162 Roma, Italy; Giuseppe PLATIA, via Molino Vecchio
21/a, IT-47043 Gatteo, Italy.
Received December 2, 2011. Accepted June 25, 2012.

207

