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Abstract. Saproxylic organisms play a key role in a variety of forest ecosystem functions, which result in an increase in overall forest
productivity and biodiversity. At present, dead wood is frequently removed from exploited forests. Estimating the effect of current
forest management on biodiversity, and what gain in biodiversity would result from implementing restoration programs, requires the
use of standardized sampling protocols. These protocols need to be suitable for use in different sampling areas and cost effective. In
this paper, we developed, tested, and optimized a method for sampling saproxylic insects during a single visit to a sample site (i.e., the
“grab-and-go” method). In the spring of 2011, we collected samples of downed decaying small and medium diameter wood debris in
two Italian beech forests: Sega di Ala (Alps) and Vallombrosa (Apennines). We used ex situ emergence traps in the laboratory to col-
lect the beetles emerging from the wood sampled. At both sites, the minimum number of wood samples that resulted in a satisfactory
description of the saproxylic beetle assemblage was 20. Wood moisture, mean diameter, and geographical location were significantly
associated with the beetle assemblages. We discuss the implications of using the “grab-and-go” method in large-scale forest monitoring
programs. In this context, we recommend collecting at each site twenty 50 cm-long samples of wood lying on top of the litter, with a
diameter of 12 + 2 cm, cortex cover < 50%, and at Hunter’s stage of decay class 2.

INTRODUCTION wood are inhabited by fewer red-listed species than forests
in which dead wood has accumulated over a long period of
time (Nilsson & Baranowski, 1997). Furthermore, many
rare saproxylics are affected both by substrate continu-
ity and current substrate availability (Brunet & Isacsson,
2009a). Saproxylic communities take a very long time to
re-establish, even after forests cease to be exploited. The
presence of both dead wood and saproxylic species is
therefore considered indicative of high quality mature for-
est habitats (Alexander, 2004; Lassauce et al., 2011).

A decrease in dead wood is one of the biggest chang-
es that occur in intensively managed forests (Ranius &
Fahrig, 2006). Studies and management practices for
conserving saproxylic species are still mainly focused on
the coarse woody material (see Davies et al., 2008 for a
review). However, although frequently overlooked, small
diameter wood debris also plays an important role as a
substrate for saproxylic insects (Schiegg, 2001; Jonsell

Dead wood is an important resource for forest biodiver-
sity (Stokland et al., 2012). “Species of invertebrate that
are dependent, during some part of their life cycle, upon
the dead or dying wood of moribund or dead trees [...], or
upon wood-inhabiting fungi, or upon the presence of other
saproxylics” are defined as saproxylic (Speight, 1989), and
are an extremely species rich and functionally important
component of forest ecosystems (Grove, 2002; Stokland
et al., 2012). By accelerating the natural process of wood
decay, they play a key role in carbon capture, soil enrich-
ment, and nutrient cycling, thus increasing overall forest
productivity and biodiversity (Cavalli & Mason, 2003;
Stokland et al., 2012). However, because of the century-
long intensive use of European forests, only a few patches
of forest remain today that have been continuously present
long enough to support fully developed saproxylic com-
munities (Grove, 2002). The regional extinction of species .
with limited dispersal capabilities is typical in intensive- et al., 2007; Jonsell, 2008; Brin et al., 2011; Lassauce et

ly managed forests with fragmented habitats (Kappes & al., 2012). For estimating the loss in blpdlver51ty ca}lsefl
Topp, 2004) by current forest management, and the increase in biodi-

versity achieved by implementing restoration programs,
standardized sampling protocols are required. They need
to be suitable for sampling in many different habitats, and
be cost effective. The “classical” methods of evaluating
invertebrate biodiversity in forests involve periodical vis-
its to traps set in the field (see for example Cerretti et al.,

If wood ceases to be extracted and forests are allowed
to develop naturally, dead wood accumulates over time.
However, many of the species that are locally extinct, es-
pecially those associated with stable microhabitats, typi-
cally have limited dispersal capabilities (Fayt et al., 2006;
Buse, 2012). Forests with a recent accumulation of dead
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2003; Hammond et al., 2004; Brunet & Isacsson, 2009b;
Sobek et al., 2009; Hardersen et al., 2012). However, these
methods do not indicate the substrate in which the larvae
developed, but only their presence. In situ eclector traps
(e.g. Schiegg, 2001; Kappes & Topp, 2004; Gibb et al.,
2006) sample individual pieces of wood, but still require
numerous visits to field sites. When resources are limited
these methods cannot be used for large-scale monitoring
of forests. For example, the Italian National Forest Inven-
tory involves detailed measurements of wood and soil at
thousands of randomly selected localities in forests in Italy
(C.R.A. et al.,, 2008). The localities are often in areas that
are not easily accessible. In addition, the standard protocol
for the Inventory requires only a single visit to each site.
Using “classical” methods to collect saproxylic insects is
not possible in this context. However, saproxylic insects
can be reared from dead wood in the laboratory (e.g. Ham-
mond et al., 2004; Gedminas et al., 2007) and this requires
only a single visit per sampling site.

Our study aimed to develop, test and optimize a simple
and effective method of sampling saproxylic insects by
rearing them from pieces of wood in the laboratory (i.e.,
the “grab-and-go” method). Despite Coleoptera being the
most species-rich and well studied group of saproxylic in-
sects (Bouget et al., 2008), to our knowledge no study on
the saproxylic beetle coenosis associated with small diam-
eter wood debris has been carried out in Italy. Furthermore,
the saproxylic fauna of beech wood (Fagus sylvatica) has
been rarely studied in detail in Italy (but see Cecchi & Bar-
tolozzi, 1997; Cerretti et al., 2003), whereas it is relatively
well known in Central and Northern Europe (e.g. Derksen,
1941; Schiegg, 2001; Hovemeyer & Schauermann, 2003;
Kappes & Topp, 2004; Bussler et al., 2005). We there-
fore focused on Coleoptera emerging from downed small
and medium diameter decaying beech wood (11 £ 4 cm:
DeWalt et al., 2003; Brin et al., 2011): this selection of
wood was intended to maximize saproxylic species rich-
ness (Kappes & Topp, 2004), being at the same time easily
transportable. The specific aims of this research were:

To design, build and optimize the performance of ex
situ emergence traps used to collect emerging beetles from
downed small and medium diameter decaying beech wood.

To determine the minimum number of samples of wood
necessary for a satisfactory description of the saproxylic
beetle assemblage at a given site.

To investigate the association of the beetle assemblages
with the physical characteristics of the wood.

The results of this study provide a guide for the future
application of the “grab-and-go” method in the framework
of large-scale monitoring of forests.

MATERIAL AND METHODS

Sampling sites and collection and measurements of dead
wood

Samples of wood were collected in two beech forests with
different structural and geographical features, and spaced ~300
km apart, so that the recommendations resulting from this study
would be suitable for a broad range of localities. Between the end

of April and the beginning of May 2011, we collected 100 sam-
ples of wood debris (diameter 11 + 4 cm, length 50 cm) lying on
the forest floor, in structurally homogeneous areas in two Italian
beech forests. The sites sampled were characterized by analyz-
ing the structure of the two forests within the sampling areas. (1)
Sega di Ala, Trento Province, Trentino-Alto Adige Region, NE
Alps, henceforth referred to as TN (UTM WGS84: 32T 655709
5065142; 1400 m a.s.l.). Mixed young-mature beech forest with
Fagus sylvatica (70%), other broadleaved trees (20%), and coni-
fers (10%). NW exposure, canopy cover ~80%. Density of wood
debris suitable for this study: 3 pieces/ha. 50 samples collected on
April 27. (2) Vallombrosa, Florence Province, Tuscany Region,
NW Apennines, referred to as FI throughout this paper (UTM
WGS84: 32T 706765 4844223; 1270 m a.s.l.). Mature beech for-
est (100% Fagus sylvatica). NW exposure, canopy cover ~80%.
Wood debris suitable for this study: 5 pieces/ha. 50 samples col-
lected on May 2.

Since saproxylic beetles tend to prefer the early and medium
stages of wood decay (Alexander, 2002; Jonsson et al., 2005; Las-
sauce et al., 2012), and since the collected wood had to be trans-
ported intact to the rearing facility, we concentrated on collecting
wood in decay class 2 and 3 (Hunter, 1990), and avoided class 1
(freshly fallen wood). Specifically, class 2 wood has loose bark
and little sapwood degradation; class 3 wood has either traces of
or no bark, and the initial stages of sapwood degradation (<1 cm
when tested with a knife). We cut a 50 cm-long sample from each
suitable piece of wood. The following variables for each sample
of wood debris were recorded: (a) Maximum and minimum diam-
eter, (b) Nodosity [(max diam—min diam)/mean diam], (¢) Decay
class according to Hunter (1990) (class 2: less than 10% changed
due to decay; class 3: decay percentage between 10 and 25%); (d)
Cortex cover (class 1: >50%; class 2: 10-20%; class 3: <10%);
(e) Fungal hyphae (1 = present, 0 = absent); (f) Lichens (1 = pre-
sent, 0 = absent); (g) Moisture content, determined as (weight
at collection—dry weight)/(weight at collection). The dry weight
was determined at the end of the rearing period, according to the
standards set by UNI ISO 3130: 1985.

Rearing protocol

Since the sampling sites were visited only once, we collected
the entomological samples using ex situ emergence traps. Each
sample of wood was inserted in an emergence trap made of a
non-toxic black PE pipe (1.5 cm thick, 60 cm long, with an in-
ternal diameter of 26 cm) (Fig. 1), certified for drinking water.
Each pipe was closed at both ends by a dark 0.4 mm mesh screen.
A white 250 ml container, half filled with a saturated solution
of water and NaCl, was inserted into a hole in the underside of
the pipe just behind the mesh screen. One drop of detergent was
added to the solution in the container to diminish the surface ten-
sion. The opposite end of each pipe was shaded with a cardboard
disk, to prevent light entering the pipe at that end. Upon emer-
gence, saproxylic arthropods were attracted by the light coming
through the white collecting container, eventually falling into the
solution. Containers were collected once a week, from May 11 to
September 28. During the course of this study, all the emergence
traps were stored in a single room under a natural photoperiod,
in a rearing facility in Verona (N Italy) (Fig. 1). At the end of
the sampling season, all traps were carefully searched for dead
individuals that had not fallen into the collecting containers. All
Coleoptera collected were sorted to family level. Ptinidae were
identified by G. Nardi, while those belonging to other families
were sent to other specialists for species identification (see Ac-
knowledgements). The collected material is preserved in 70%
Ethanol, and stored at CNBFVR, Marmirolo (Mantua, Italy).
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Fig. 1. Left: Ex situ emergence trap. The front screen has been removed to show interior. Right: Storage of the emergence traps used

in this study.

Analyses

The minimum number of species living in the sections of wood
collected in the two forests was determined using the species
richness estimator ACE, computed using EstimateS 8.2.0. (Col-
well, 2006). We used the same program to generate the rarefac-
tion curves for species richness and the Shannon biodiversity in-
dex as functions of the number of sections of wood sampled. The
curves were calculated separately for the two forests, each based
on 1000 permutations.

To describe the association of species richness and diversity
(dependent variables) with moisture content and mean diameter
of wood samples (explanatory variables), and compare these
trends between the two forests, we plotted these variables on
scatterplots and then fitted the data with LOESS interpolations
(99% fitted points). These graphs were generated separately for
the two forests.

To assess the variation in species richness and Shannon index
(dependent variables) as a function of the class of wood decay
and cortex cover, we fitted to the data General Linear Models
including intercept, wood or cortex cover class, site, and the in-
teraction between class and site. Prior to running the analyses, we
inspected the normal probability plots in order to identify sub-
stantive departures from normality, and tested the assumption of
homogeneity of variances using Levene’s tests. When these tests
returned a P-value below 0.05 (for the model including the effect
of site, decay class, and their interaction on species richness), we
used Mann-Whitney U tests to assess the effect of site first, and
then the effect of class separately in the two forests. Analyses
were performed using PASW Statistics 18.0.0.

The multivariate ordination technique NMDS in Packet Ve-
gan 2.0-0 (Oksanen et al., 2010) in R 2.13.2 was used to analyze
the association between the parameters describing the samples
of wood listed in Data Collection [(a)—(g)] and the structure of
the saproxylic beetle coenosis. This analysis was based on a dis-
similarity matrix computed using the zero-adjusted Bray-Curtis
coefficent (Clarke et al., 2006). A 3-dimensional configuration
was calculated both for the whole data set and for a selection
of samples of wood of decay class 2, cortex cover <50% (class
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2 and 3), and mean diameter = 12 + 2 cm. These features were
chosen based on their association with beetle diversity (Shannon
index) and species richness (see Results). NMDS analyses were
conducted on (1) the data set including FI and TN, with sampling
site treated as a variable, and (2) the data sets of the two sam-
pling sites, separately. A non-parametric MANOVA (Anderson,
2001) implemented in Vegan (Oksanen et al., 2010) was used to
assess whether beetle communities collected at the two sites were
significantly different. This test uses zero-adjusted Bray-Curtis
similarities (Clarke et al., 2006) and 999 permutations of the data
matrix to determine significance.

RESULTS

We collected a total of 827 beetles, belonging to 54 spe-
cies and to 21 families, from 100 samples of wood. The
most common species were Ptilinus pectinicornis (Lin-
naeus, 1758) (Ptinidae) and Coxelus pictus (Sturm, 1807)
(Zopheridae) (Table 1). Species richness, and estimated
total species richness (ACE), were higher in FI (38/58 spe-
cies) than in TN (27/30 species) (Table 1). The maximum
number of beetles that emerged in one week was 120 for
FI and 90 for TN (both in May). From June onwards, the
number of beetles emerging declined markedly. After the
middle of August, no more than one individual per week
was collected: therefore, in this last period, Shannon in-
dex of 0 was recorded for each sampling occasion. Thirty
three specimens (less than 4% of the total) were found
dead inside the emergence traps at the end of the experi-
ment. In the rarefaction curves (1000 permutations), the
mean Shannon index increased steeply up to 15 samples
of wood, and stabilized at around 20 samples, a trend com-
mon to both forests. The rarefaction curve of species rich-
ness was steeper for FI than for TN (Fig. 2).

For the samples from TN, the trends in Fig. 3 indicate a
decrease in beetle diversity with increase in wood mois-
ture, while moisture did not seem to be associated with



TasLE 1. Specimens sampled, abundance, species richness, and minimum number of species estimated using the abundance-based richness estimator (ACE)
(TN — Sega di Ala, NE Italian Alps; FI — Vallombrosa, NW Appennines). Species nomenclature follows Lobl & Smetana (2004, 2006, 2007, 2008, 2011, 2011,
2012), omitting subgenera. Trophic guilds are reported as XYL — xylophagous, MY C — mycetophagous, PRED — predator, SAP SL — saproxylic sensu lato (Audi-
sio et al., 2014). The conservation status is based on both the European and the Italian [IUCN Red Lists of saproxylic beetles (Nieto & Alexander, 2010; Audisio et
al., 2014) (EU — Europe, IT — Italy, LC — Least Concern, NT — Near Threatened, EN — Endangered, DD — Data Deficient). Accidental captures — i.e., species that
are not saproxylic sensu Speight (1989), are marked with an asterisk (*) in the trophic guild column.

No. specimens collected

Species Guild Conservation status ™ o]

Anthribidae

Phaenotherion f. fasciculatum Reitter, 1891 XYL LCIT 0 2

Platystomos albinus (Linnaeus, 1758) XYL LCIT 2 0
Cantharidae

Malthodes sp. 0 1
Cerambycidae

Anaglyptus mysticus (Linnaeus, 1758) XYL LCEU, LCIT 3 0

Leiopus n. nebulosus (Linnaeus, 1758) XYL LCIT 5 0

Rhagium bifasciatum Fabricius, 1775 XYL LCIT 1 0

Rutpela m. maculata (Poda von Neuhaus, 1761) XYL LCIT 2 1

Stictoleptura s. scutellata (Fabricius, 1781) XYL NTIT 0 2
Ciidae

Cis bidentatus (A.G. Olivier, 1790) MYC LCIT 2 0

Cis boleti (Scopoli, 1763) MYC LCIT 3 0

Cis micans (Fabricius, 1792) MYC LCIT 2 0

Orthocis alni (Gyllenhal, 1813) MYC LCIT 0 12
Cleridae

Opilo mollis (Linnaeus, 1758) PRED LCIT 5 0

Tillus elongatus (Linnaeus, 1758) PRED NTIT 0 19
Corylophidae

?Sericoderus lateralis (Gyllenhal, 1827) PRED 1 0
Cryptophagidae

Cryptophagidae gen. sp. 0 1
Curculionidae

Acalles lemur cisalpinus Stueben, 2003 XYL LCIT 0 1

Echinodera hypocrita (Boheman, 1837) XYL LCIT 2 0

Onyxacalles luigionii (A. & F. Solari, 1907) XYL LCIT 1 5

Orchestes fagi (Linnaeus, 1758) * 1 0
Dasytidae

Dasytes caeruleus (DeGeer, 1774) PRED LCIT 2 39
Elateridae

Denticollis rubens Piller & Mitterpacher, 1783 PRED LC EU,NTIT 2 1
Eucnemidae

Hylis cariniceps (Reitter, 1902) XYL LCEU,NTIT 0 7

Microrhagus pygmaeus (Fabricius, 1792) XYL DD EU, NTIT 6 0
Latridiidae

Dienerella vincenti Johnson, 2007 MYC DDIT 0 2

Stephostethus alternans (Mannerheim, 1844) MYC LCIT 1 0
Leiodidae

Leiodinae gen. sp. MYC 0 1
Melandryidae

Conopalpus testaceus (A.G. Olivier, 1790) MYC NTIT 0 7

Orchesia undulata Kraatz, 1853 MYC LCIT 7 3
Monotomidae

Rhizophagus bipustulatus (Fabricius, 1792) MYC LCIT 0 10

Rhizophagus dispar (Paykull, 1800) MYC LCIT 0 7
Ptiliidae

Ptenidium sp. n. Sdrensson 0 3
Ptinidae

Grynobius planus (Fabricius, 1787) XYL LCIT 43 0

Hemicoelus costatus (Aragona, 1980) XYL LCIT 40 25

Ptilinus pectinicornis (Linnaeus, 1758) XYL LCIT 95 105

Ptinomorphus imperialis (Linnaeus, 1767) XYL LCIT 2 0

Stegobium paniceum (Linnaeus, 1758) * 0 1
Scraptiidae

Anaspis ruficollis (Fabricius, 1792) XYL ENIT 5 3
Scydmaenidae

Cephennium simile Reitter, 1882 PRED 0

Cephennium tarsale Holdhaus, 1905 PRED 0
Staphylinidae

Acrulia inflata (Gyllenhal, 1813) PRED NTIT 0 19

Bibloporus bicolor devillei Jeannel, 1950 PRED NTIT 0 11

Bolitochara obliqua Erichson, 1837 SAP SL LCIT 0 6

Bryaxis puncticollis (Denny, 1825) PRED LCIT 1 0

Dasycerus sulcatus Brongniart, 1800 MYC LCIT 0 1

Dropephylla sp. 0 1

Euplectus sp. 0 1

Leptusa apennina Holdhaus, 1924 SAP SL 0 3

Leptusa fumida (Erichson, 1839) SAP SL LCIT 4 79

Leptusa pulchella (Mannerheim, 1830) SAP SL LCIT 3 32

Leptusa ruficollis (Erichson, 1839) SAP SL LCIT 0 41

Plectophloeus fischeri (Aubé, 1833) PRED LCIT 0 1
Zopheridae

Colydium elongatum (Fabricius, 1787) PRED LCIT 0 1

Coxelus pictus (Sturm, 1807) XYL LCIT 74 56
Abundance (Total) 315 512
Species richness (Total) 27 38
Min. estimated species richness (ACE) 30 58
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Fig. 2. Rarefaction curves for species richness (top panel) and
Shannon index (bottom panel) as a function of the number of
samples of wood collected in the two beech forests (TN — Sega di
Ala, NE Italian Alps; FI — Vallombrosa, NW Appennines).

species richness. As for the samples from FI, on the other
hand, species richness remained constant between 0 and
40% moisture, above which it decreased. Furthermore,
Shannon index increased to a greater extent over the range
in moisture of 0-40% than of 40-60%. Species richness
and diversity at both sites were positively associated with
the mean diameter of the samples of wood. However, for
diameters under 10 cm, the Shannon index values for sam-
ples from TN were frequently close to 0 (Fig. 3).

When considering the whole sample, the NMDS (stress
= 0.145) indicated four factors significantly associated
with the structuring of the saproxylic beetle cenosis: mean
diameter (P < 0.01), moisture (P < 0.01), sampling site
(P < 0.01) and decay class (P < 0.01) (Fig. 4). The non-
parametric MANOVA indicated that the beetle communi-
ties in TN and FI differed significantly (F , = 8.173, P <
0.001). When the samples collected in the two forests were
analyzed separately, maximum diameter and decay class
were significantly associated with the beetle coenosis in FI
(P < 0.05). In TN, the significant factors were minimum
and mean diameter, and weight (P < 0.05).

The boxplots of species richness and diversity (Shannon
index) expressed as a function of cortex cover and decay
class are presented in Fig. 5. Both species richness and di-
versity differed significantly at the two sites (P < 0.01),
with FI being consistently richer and more diverse than
TN. Both richness and diversity did not differ significantly
in decay class 2 and 3 (P > 0.05 in all cases). However,
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Fig. 3. Scatterplots of saproxylic species richness and diversity
(Shannon index) as a function of moisture and mean diameter of
samples of wood. Grey dots — FI, black dots — TN. Trend lines
were obtained using LOESS interpolation (99% fitted points).

the variance in species richness recorded for decay class 3
was lower than for class 2 (Levene’s test: P = 0.018), and
the Shannon index was 0 more frequently for class 3 than
class 2. In TN, the Shannon index was significantly associ-
ated with cortex cover. In particular, a lower diversity was
recorded for the samples with >50% cortex cover (class 1)
than for classes 2 and 3 (LSD post-hoc tests: class 1-class
2, P < 0.05; class 1-class 3, P < 0.05; class 2-class 3, P >
0.05).

Based on the above analysis of the association of the fea-
tures of the wood with beetle diversity and species rich-
ness, we further analyzed a sub-sample of wood with a
decay class = 2, cortex cover class = 2 and 3 and mean di-
ameter = 12 + 2 cm. The NMDS of this sub-sample (stress
=0.142) separated the two forests more markedly (Fig. 4),
and the non-parametric MANOVA also indicated a signifi-
cant difference (F 137 = 4.356,P = 0.002). The relative vari-
ance explained was 10.53%, as opposed to 7.70% when
all samples were included in the analysis. In addition, for
these sub-samples moisture was a significant factor (P =
0.05) (Fig. 4). When the samples collected in the two for-
ests were analyzed separately, the only parameter signifi-
cantly associated with the saproxylic beetle coenosis was
nodosity in TN (P = 0.02).

DISCUSSION

Our method focused on a rather narrow selection of
dead wood, excluding a wide range of microhabitats that
saproxylic beetles colonize (Alexander 2002; Bussler et
al., 2005, Stokland et al., 2012). Most substrates which are
known to sustain rich communities of saproxylic beetles
(Alexander, 2002; Bussler et al., 2005) were not sampled.
The species richness recorded in the wood sampled was
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nonetheless remarkable. From one hundred samples of
small and medium diameter dead wood collected in two
beech forests (one in the Apennines and one in the Alps),
827 saproxylic beetles emerged, belonging to 54 species
and 21 families. Statistical inference allowed us to estimate
the presence of at least 58 saproxylic beetle species in FI
(Appennines), and at least 30 in TN (Alps). The higher spe-
cies richness in FI might be related to the greater maturity
of that forest and the larger quantity of dead wood pre-
sent. In addition, FI is located south of TN and at a lower
altitude, and has a warmer climate than TN. Similarly, in
Sweden, the saproxylic beetle fauna is richer in lowland
than in upland beech forests (Brunet & Isacsson, 2010). In
northern and central Europe, small and medium diameter
wood debris is an important substrate for saproxylic insects
(Schiegg, 2001; Kappes & Topp, 2004; Jonsell et al., 2007;
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Fig. 5. Boxplots of species richness and diversity of saproxylic
beetles (Shannon index) in TN and FI as a function of cortex cov-
er class (1 >50%; 2 = 10-50%; 3 < 10%) (panels on the left) and
decay class (class 2: less than 10% changed due to decay; class 3:
decay percentage between 10 and 25% — Hunter, 1990) (panels on
the right). Shannon index is plotted on a logarithmic scale.

Jonsell, 2008). In beech woods, medium size dead wood
yields the highest number of species per sample, compared
with that with diameters of 6—7 cm and 40-60 cm (Kappes
& Topp, 2004). In addition, branches with a diameter of
5-20 cm sustain species that are not present in wood with
a larger diameter (Harz & Topp, 1999; Schiegg 2001; Kap-
pes & Topp, 2004). Combined with previous findings (see
also Brin et al., 2011), our results suggest that removing
small and medium diameter wood debris from forests (a
common practice in Italy, where it is mainly used as fire-
wood) has a negative effect on forest biodiversity.

Previous studies indicate that excessively humid sub-
strates are not suitable for some xylophagous larvae
(Hanks et al., 1999; Ueda & Shibata, 2007; Ols et al.,
2013). Interestingly, our results indicated a decrease in
beetle diversity with increasing wood moisture only in TN,
while diversity actually increased with wood moisture in
FI. However, this trend was accompanied by a decrease in
species richness beyond 40% moisture content, supporting
the idea that moist wood sustains a few abundant species
at this latter site. The importance of humidity in structur-
ing the beetle coenosis was also highlighted by our NMDS
analysis (Fig. 4).

Wood debris size and saproxylic assemblage diversity
are usually positively associated (Ranius & Jansson, 2000;
Dahlberg & Stokland, 2004; Jonsell et al., 2007; Lassauce
et al., 2012) and, despite the narrow range of wood diam-
eters sampled (11 £ 4 cm), in our study we detected an
increase in species richness and diversity with increasing
wood diameter. Decay class and presence of bark are both
correlated with the length of time the wood has been dead
and decaying (Hunter, 1990). Different decay stages sus-
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tain different saproxylic assemblages (Grove, 2002), and
saproxylic beetles generally favor the early and medium
stages (Alexander, 2002; Jonsson et al., 2005; Lassauce et
al., 2011, 2012). However, Kappes & Topp (2004) reported
that the stage of decay does not influence overall species
richness. For our wood samples, there were no signifi-
cant differences in diversity and species richness between
Hunter’s (1990) class 2 and class 3. However, in class 2
the Shannon index was 0 less often than in class 3. As for
presence of bark, our analysis indicated that, at least in TN,
saproxylic beetles favored decaying wood with residual
cortex cover <50%. Overall, these results indicate that the
highest saproxylic beetle diversity and species richness oc-
curs in late class 2 wood, which has little or no residual
cortex.

The features of the wood associated with the structure of
saproxylic beetle assemblages differed in the two forests.
Specifically, maximum diameter and decay class were sig-
nificant in FI, whereas minimum and mean diameter and
weight were significant in TN. When analyzed together,
the beetle assemblages in the two forests were significantly
different. This was expected, as the sites selected had dif-
ferent structural and geographical features (see Materials
and Methods), which are known to influence species com-
position (Minelli et al., 2002; Brunet & Isacsson, 2010).
Since this study aimed to develop, test and optimize a
method for sampling and comparing saproxylic beetle as-
semblages, it was important to minimize the intra-site vari-
ability of the wood collected. To achieve this goal, and to
provide a high level of diversity in the wood sampled, we
selected a subsample of class 2 wood, with a diameter of
12 + 2 cm and cortex cover <50%. When this data set was
analyzed, the assemblages in to the two forests overlapped
less than when the whole data set was analyzed.

The ex situ emergence traps used in this study proved
efficient and effective in collecting saproxylic beetles.
Less than 4% of the total sample failed to enter the col-
lecting containers and were found dead inside the traps at
the end of the sampling season. Nearly all the individuals
collected could be classified as saproxylic sensu Speight
(1989), with only two exceptions: one “Beech Leaf-Min-
ing Weevil” Orchestes fagi (Curculionidae) collected in
TN, and one “Bread Beetle” Stegobium paniceum (Ptini-
dae) collected in FI. The most abundant species collected
colonize either weakened trees and recently fallen and de-
caying wood (Ptilinus pectinicornis), or markedly decayed
wood (Coxelus pictus). Several of the species collected are
listed in the Italian IUCN Red List of Saproxylic Beetles
(Audisio et al., 2014), including eight classified as likely
to become endangered in the near future (NT), one at high
risk of extinction (EN), and one for which not enough data
are available to make an assessment of its risk of extinction
(DD). FI appeared to be the site of greatest conservation in-
terest, with nine species included in categories with higher
conservation ranks than Least Concern compared to three
in TN. Furthermore, one species of Ptiliidae new to science
is currently being described by M. Sérensson based on ma-
terial collected in FI (Table 1).
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Use of the “grab-and-go” method in large-scale forest
monitoring programs

Beech forests are often considered to be low biodiver-
sity habitats compared with other forest types (Carpaneto,
2006; Lassauce et al., 2012), and beech dead wood sup-
ports a lower number of species than that of oak (Kappes
& Topp 2004). Nevertheless, the dead wood we collected
in this study sustained well-structured saproxylic beetle as-
semblages at both sites. This observation has both practical
and theoretical implications. On one hand, downed small
and medium diameter dead wood should be given greater
consideration when planning conservation measures for
saproxylic organisms. On the other hand, given the ease of
sampling, the validity of the fraction of wood debris used
in this study needs to be tested as an indicator of sustain-
able forest management (Simild et al., 2006; Maleque et
al., 2009).

The relative ease of finding and transporting small diam-
eter wood samples makes our “grab-and-go” method suita-
ble for large-scale forest monitoring programs. This meth-
od requires only a single visit to each site, and can therefore
be used to sample areas that cannot be reached easily. A
further advantage is that the fieldwork can be carried out
by technicians without specific entomological training. In
our study, the rarefaction curves of species richness did not
reach an asymptote at either site, as expected in inverte-
brate assemblages (Gotelli & Colwell, 2001). However, in
both cases these curves became less steep around fifteen
samples of wood. Furthermore, the rarefaction curves of
Shannon index indicate that twenty samples of wood pro-
vided a satisfactory description of the saproxylic beetle
diversity at both sites considered in this study. Based on
these results, at least twenty 50 cm-long samples of wood
should be collected at each site for a good estimate of bio-
diversity. The collection of wood should be carried out im-
mediately after the snow has melted (between the end of
March and the beginning of May in Italy), and saproxylic
beetles should be collected using emergence traps up to the
end of July, when the detectable biodiversity becomes too
low to allow statistical comparisons. To minimize intra-site
variability, and maximize the likelihood of detecting inter-
site differences, collecting should focus on class 2 wood,
with a diameter of 12 + 2 ¢cm, and <50% of cortex cover.
Furthermore, it is advisable to choose downed wood lying
on top of the litter, rather than embedded in it. This will
ensure that the moisture content of the collected wood is
comparatively low: an important aspect, as high water con-
tent has a negative effect on species richness (Hanks et al.,
1999; Ueda & Shibata, 2007; Ols et al., 2013).

Emergence traps are among the most reliable tools for
sampling the saproxylic fauna because they mainly col-
lect saproxylic species, avoiding accidental captures of
non-saproxylic ones (Jkland, 1996; Wikars et al., 2005;
Alinvi et al., 2007; Jonsell, 2008). Possible drawbacks of
using the “grab-and-go” method in large-scale monitoring
programs include the need for large rearing facilities, and
dependence on taxonomists for the identification of nu-
merous specimens. The latter is common to all sampling



methods for invertebrates, and cannot be avoided easily, as
the use of parataxonomy (e.g. morphospecies) has resul-
ted in severe flaws in ecological and conservation studies
(Krell, 2004). However, since the “grab-and-go” method
yields smaller samples than other standard methods (pers.
obs.), its use in large-scale forest monitoring programs
should keep sample size manageable, and therefore reduce
the costs of sorting and taxonomic expertise dramatically.
A further study has been ongoing to compare the results
obtained using the “grab-and-go” method presented here
with those obtained using window and Malaise traps at
several sites. The future use of the “grab-and-go” method
at a large scale could also help in evaluating the effective-
ness of specific management policies based on the conser-
vation value of the communities sampled at multiple sites
(Tropek et al., 2013). However, it is likely that the con-
servation value of individual sites will be underestimated
if site assessments are exclusively based on this method,
because the most species-rich substrates will not be sam-
pled. In this framework, the “grab-and-go” method should
serve as a first screening. More detailed analyses should
then be performed with specific techniques for the study of
endangered saproxylics at selected sites.
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