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Abstract Introduced plants are often identified as the
major conservation concern worldwide, however, they also
may offer conservation benefits, among others, provide
habitat and/or food resources to protected animals. Here
we aimed to assess the ability of the great Capricorn bee-
tle Cerambyx cerdo, a highly specialised species associ-
ated with mature oaks, to use non-native red oak Quercus
rubra as a host plant. To test which factors influenced oak
colonisation, we surveyed native and non-native oaks in
‘Nowosolska Dolina Odry’, a site within the ‘Natura 2000’
network (Western Poland). The beetle was detected in 34
native oaks (10.9% of examined trees), demonstrating clear
preferences for trees in a more open environment. Com-
parison of observed numbers of occupied oaks and val-
ues expected from their random colonisation showed that
C. cerdo avoided non-native red oaks. Logistic regression
revealed that variables with the greatest predictive impor-
tance for C. cerdo occurrence were canopy extent around
the tree and trunk diameter, followed by an autocovariate
(distance-weighted number of occupied trees in the neigh-
bourhood of the target tree). Oak species was a poor predic-
tor of tree occupancy, however, it added considerably to the
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predictive capability of the models when combined with
the remaining variables. We argue that physicochemical
properties of the wood and/or phloem and structure of the
cortex may also influence colonisation of trees. Our results
do not provide arguments for the introduction of non-native
oaks to benefit C. cerdo. Instead, we recommend maintain-
ing semi-open conditions around host trees and high den-
sity of old oaks in the landscape.

Keywords Non-native plants - Saproxylic organisms -
Habitats Directive - Habitat preferences, Cerambycidae -
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Introduction

Introduced, non-indigenous plants are often identified
as one of the major conservation concerns worldwide
(Vitousek et al. 1996). Their effect on the native biota may
be related to a number of phenomena, such as altering
vegetation communities and disturbance regimes, desta-
bilisation of existing trophic interconnections and nutri-
ent cycling in the ecosystem (Levine et al. 2003). There is
increasing evidence that alien plants significantly affect ani-
mal communities, contributing to decreased fitness, abun-
dance and diversity of the resident species in invaded sites
(Moron et al. 2009; Vila et al. 2011; Lenda et al. 2013).

In some cases, however, introduced plants may also offer
benefits to some species (Davis et al. 2011; Gleditsch and
Carlo 2011; Schlaepfer et al. 2011). These include, among
others, providing habitat or food resources to animals of
conservation interest. For example, pollinators may use
alien plants as an additional source of food due to their
increased availability in disturbed habitats (Williams et al.
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2011). In some cases, introduced plants may be even more
attractive to resident herbivores than native plants (Parker
and Hay 2005; Mokotjomela et al. 2013; Bartomeus et al.
2016). On the other hand, a larger number of studies have
revealed the opposite effect, i.e., the exotic plant species are
less attractive to native herbivores in comparison with their
original host plants (e.g., Sugiura 2010; Harvey et al. 2012;
Morandin and Kremen 2013; Litt et al. 2014; Kirichenko
and Kenis 2016) or their consumption results in reduced fit-
ness (Tallamy et al. 2010). These contradictory results indi-
cate that the usage of non-indigenous plants as novel food
by animals may be influenced by variation in life history
traits and/or coevolution with related plant species. When
herbivores do not share an evolutionary history with a rela-
tive of introduced plant characterised by similar properties,
they may not be able to use the novel plant as food (Har-
vey et al. 2012). The possibility to use exotic plants also
depends on the diet breadth of herbivores and it might be
expected that generalists are more likely than specialists
to include novel hosts in their diets (Bertheau et al. 2010).
From this perspective, it could be hypothesised that species
of conservation interest which typically show a high degree
of specialisation (Mckinney 1997), may include a narrower
range of novel hosts in their diet than species with wider
preferences. Therefore, herbivores of conservation interest
may not benefit from introduced plants as much as their less
specialised relatives. Indeed, results showing that vulner-
able and highly-specialised herbivores can switch to intro-
duced plants are almost impossible to find in the literature,
contrary to the numerous examples showing exploitation of
the novel food resources (especially, edible plant materi-
als, like fruits or nectar) by generalists (e.g., Gleditsch and
Carlo 2011, 2014; Bartomeus et al. 2016).

In this work, we aimed to assess the ability of the great
Capricorn beetle, a vulnerable and highly specialised spe-
cies strictly associated with mature oaks, to use a non-
native host plant. For this purpose, we surveyed the occur-
rence of Cerambyx cerdo in the area where both native and
introduced oak species grow in close proximity. To date,
reports on the feeding of the great Capricorn beetle on oaks
other than native European oaks (especially pedunculate
oak Quercus robur in areas outside the Mediterranean) are
rare, despite the fact that introduced species of oaks are rel-
atively common. This applies in particular to the northern
red oak Quercus rubra, a tree of Northern-American ori-
gin, which has become fairly widespread in Europe since its
introduction in the late seventeenth century as an ornamen-
tal tree and in silviculture (Woziwoda et al. 2014b; Miltner
and Kupka 2016). It is difficult to judge whether a paucity
of data on the occurrence of C. cerdo on the red oak results
from the real avoidance of the non-indigenous oak or is due
to researcher’s bias towards native oaks. We hope that our
results could shed light on this issue and allow for a better
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understanding of habitat requirements of the great Capri-
corn beetle.

Methods
Studied species

The great Capricorn beetle C. cerdo is one the largest of the
European beetle species (body length 28-55 mm). It occurs
in warmer regions of the Western Palearctic, from Algeria
to southern Sweden and from Spain to Caucasus. The spe-
cies is strongly associated with oaks, however, some other
trees (chestnut Castanea sativa, elm Ulmus spp., common
walnut Juglans regia) are also anecdotally mentioned in
the literature as occasional hosts (Slama 1998). It is often
claimed that in Central Europe the species clearly prefers
Q. robur, howeyver, it could feed on some other oak species,
including sessile oak Quercus petraea, red oak Q. rubra
and scarlet oak Quercus coccinea (Neumann and Malchau
2010 and references cited therein). In the Mediterranean,
the main hosts are holm oak Quercus ilex L. and cork oak
Quercus suber L. (Torres-Vila et al. 2016). The beetle
develops only on living trees as the larvae need fresh wood
to feed on. Their feeding results in the creation of galleries
in the trees, later used as habitats by other species, so that
their activity greatly enhances biodiversity in tree ecosys-
tems. As a result the species can be regarded as an ecosys-
tem engineer (Buse et al. 2008a). Therefore, C. cerdo could
serve as an umbrella species for protection of old-growth
oaks and their associated fauna of saproxylic organisms
(i.e., organisms dependent on wood decay, Speight 1989),
which means that efforts to improve habitat conditions for
C. cerdo have a positive effect on an entire assemblage of
threatened insects (Buse et al. 2008b). C. cerdo is consid-
ered a threatened species in most of its entire European
range and has long been protected under the Bern Conven-
tion, catalogued in Annexes II and IV of the EU Habitats
Directive and classified as a near-threatened species by the
European Red List of Saproxylic Beetles (Nieto and Alex-
ander 2010).

Trees investigated in this study, pedunculate oak Q.
robur and sessile oak Q. petraea, are species of oaks native
to most of Europe. The northern red oak Q. rubra is a tree
introduced to Europe from the eastern part of the USA
and Canada (Woziwoda et al. 2014b; Miltner and Kupka
2016). Its ecological spectrum covers deciduous and mixed
forests. In Central Europe, due to low habitat demands it
easily spreads in human-modified habitats, such as fallow
lands, along roadsides and railroads (RiepSas and Straigyté
2008; Woziwoda et al. 2014b). Quercus rubra contributes
to the reduction of the biodiversity of the forest understo-
rey, mainly due to very slow decomposition of fallen leaves
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which impede the growth of other plants and changes in
light conditions as a result of more closed canopy stands
(Chmura 2013; Woziwoda et al. 2014a).

Area under study

The study covered the southern part of the special area of
conservation (SAC) ‘Nowosolska Dolina Odry’ (SAC code
PLHO080014, Fig. 1) within the European ‘Natura 2000
network. This area is located in the central part of the Odra
(Oder) river valley in western Poland. This part of the val-
ley is a large basin located at an altitude of approx. 90 m
above the sea level. The flow of the Odra river through the
valley is tortuous, and there are numerous oxbow lakes as
remnants of its past riverbeds. At present, a significant part
of the bottom of the valley is used as arable land because
of the fertile alluvial soils. In the vicinity of the Oder there
are numerous watercourses and ponds, wet meadows, rem-
nants of alluvial forests (habitat 91EOQ: alluvial forests with
willow, poplar, alder and ash—Salicetum albo-fragilis,

Populetum albae, Alnenion glutinoso-incanae; habitat
91FQ: alluvial forest with oak, elm and ash—Ficario-Ulme-
tum) and relic clusters of old oaks within fields and mead-
ows. The largest oak group in the study area grows in a
2 km long avenue called ‘Trakt Pruski’ (‘Prussian Route’).
Oaks in this avenue (both pedunculate oak Q. robur and red
oak Q. rubra) were planted at the turn of eighteenth and
nineteenth century. The Eastern half of the route gradu-
ally ceased to be used in the last 70 years, so much of it
has overgrown due to the natural succession of the vegeta-
tion of scrub or forest. In addition, a number of old oaks
also occur along the Odra, where they were planted to
strengthen flood embankments.

Field methods

Field works was performed in the first half of July in 2016.
For the study, we surveyed oaks growing on transects along
selected roads and pathways, including the described above
‘Trakt Pruski’ avenue and pathways on river embankments.

Studied oaks

® native oak with C. cerdo

© native oak without C. cerdo

X non-native red oak

Land cover

[ area covered by tree canopies

area without tree canopies

[ ] surface waters (Odra river)

POLAND
PLH080014

owosolska Dolina Odry

Fig. 1 Map of the study area showing the location of and species identity of surveyed oaks, their occupancy by C. cerdo and distribution of tree

canopies around them
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Also, the largest clusters of pasture oaks outside avenues
were included. Transects for the study were selected to
provide trees with possibly diverse characteristics, includ-
ing trunk girth, sun exposure and oak species (two native
oak species, Q. robur and Q. petraea vs. alien red oak Q.
rubra). Based on results of previous studies on the species’
preferences (Buse et al. 2007; Albert et al. 2012), young
oaks (DBH <20 cm) were assumed as not suitable for the
beetle development and omitted during the inventory. For
each surveyed tree, we recorded in the field its coordinates
with a precise GPS receiver (Pathfinder Pro XT, Trimble,
Sunnyvale, CA, USA) and described in terms of tree spe-
cies, DBH (‘diameter at breast height’, i.e., trunk girth
measured at 1.3 metres above ground), tree health using a
5 point scale (Pacyniak 1992) and the presence/absence of
C. cerdo (Table 1). Trees were considered occupied if the
signs of larval feeding were recorded. In particular, because
the galleries gnawed by larvae in the hard oak wood can
survive for a very long time, we paid special attention to
the signs of the recent activity of the larvae, i.e. fresh bores
with bright wood shavings and exit holes of adult beetles
(Stachowiak 2013).

Statistical analysis

In the study, we aimed to assess the ability of the great
Capricorn beetle to use non-native red oaks as a host tree
for larval development. For this purpose, we used two
approaches, i.e., comparison of available and used amount
of the habitat and multiple regression modelling of the
effects of tree variables on the beetle occurrence.

First, we wanted to find out whether the great Capricorn
beetle inhabits oak trees at random (due to their availability)
or exhibits preferences for certain oak species. Therefore,
the occurrence of C. cerdo with respect to oak species was
compared with a random sample model. Occurrences of C.
cerdo were randomly drawn from the overall pool of poten-
tial host trees (=habitat availability) and the resulting fre-
quencies per oak species were compared with the observed

ones (=actual habitat usage). Since the species avoids thin
young trees and colonisation in central Europe appears
exclusively on oaks larger than 60 cm in DBH (Buse
et al. 2007; Albert et al. 2012), we performed the analy-
sis exclusively for thicker trees (DBH>60 cm). Expected
frequencies and standard deviations were generated from
10,000 random samples using R statistical software ver.
3.3.2 (R Core Team 2016). The frequency distribution of
these random samples was in all cases approximately nor-
mally distributed. Hence we used the common Z-trans-
formation [Z=(x—pu)/o] to infer the probability levels for
the observed values from the standard normal distribution.
Z-scores above 2 or below —2 indicate significant (p <0.05)
deviations of the observed value x from expectation y.
Next, a multiple regression was conducted to predict
the probability of C. cerdo occurrence in oaks in relation
to tree variables. Since we expected our C. cerdo occur-
rence data to be spatially autocorrelated (tested with the
Moran’s [ statistics in ‘SAM’ ver. 4.0, Rangel et al. 2010,
Supplementary material 1), we used a regression approach
designed specifically for analysis of autocorrelated data. In
this analysis, we used generalised linear models (GLMs)
with binomial distribution and logit link function (logis-
tic regression) and incorporated spatial autocorrelation by
the inclusion of an autologistic term (‘autocovariate’). An
autocovariate describes the response (in our data, presence/
absence of the species) at a given site (in our data, tree) as
a function of the responses at neighbouring sites (trees).
Because the probability of C. cerdo presence in a certain
tree may depend on the occupation of surrounding trees, the
autocovariate term was calculated as the distance-weighted
number of occupied trees in the vicinity of the target tree.
We used the ‘spdep’ ver. 0.6-8 R package (Bivand and
Piras 2015) to calculate autocovariates at several assumed
neighbourhood sizes (all sizes from 50 to 1000 m at 50-m
intervals, sizes from 1,000 to 2,000 at 500 m intervals)
using two types of distance-weighting scheme: by inverse
distance or by the square of the inverse distance. Then val-
ues derived from all 44 combinations of neighbourhood

Table 1 Explanatory variables used in this study to explain presence/absence of C. cerdo in studied trees

Variable Description

DBH Diameter of tree trunk measured at breast height (130 cm); average from two perpendicular measurements of the trunk.
Continuous, in cm

HEALTH Tree health status measured in 5 point scale (Pacyniak 1992): 1—trunk and crown healthy; 2—decay and hollows possible,
up to 25% of crown damaged or loss; 3—25-50% damaged or loss; 4—50-75% damaged or loss; 5—above 75% damaged
(loss) or a dead tree. Trees with health status 1 by definition are not hollow; trees with poor health could contain cavities

OAK.NATIVE Three oak species coded as binary variable: 1 (native Q. robur, Q. petraea) or 0 (alien, Q. rubra)

CANOPY Canopy cover around tree trunks, estimated for an assumed radius from aerial imagery. Proportion, from O to 1

AUTCOVARIATE Autocovariate of dependent variable, calculated as the distance-weighted number of occupied trees in the neighbourhood of

the target tree

See “Methods” section for details on computation of CANOPY and AUTCOV
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sizes and weighting schemes were submitted as explana-
tory variables to C. cerdo occurrence regression models.
The model’s Akaike information criterion (AIC) was used
to identify the combination of neighbourhood size and the
weighting scheme that resulted in the best fit with the pres-
ence of the studied species. For model selection, R package
‘MuMIn’ ver. 1.15.6 was used (Barton 2015). An analo-
gous approach was employed to find the most appropriate
radius for canopy analysis, i.e., canopy coverage was recog-
nised using the semi-automatic classification plugin (Con-
gedo 2016) in QGIS ver. 2.18.0 (QGIS Development Team
2016) based on current aerial imagery (geoportal.gov.pl)
for 11 increasing radii (10 values from 10 to 100 m at 10-m
intervals and 200 m) and subjected as explanatory variables
to GLMs with the species presence/absence as the depend-
ent variable. Again, model selection based on AIC served
to choose canopy estimate at the most relevant radius. It
should be mentioned here that AIC pointed to 30 m as the
most appropriate radius for CANOPY and neighbourhood
of 250 m and inverse distance weighting scheme as best
settings for AUTOCOVARIATE calculations (for detailed
results, see Supplementary material 2 and 3).

So derived CANOPY and AUTOCOVARIATE vari-
ables along with DBH and OAK.NATIVE (Table 1) were
used to build the final GLM model explaining the pres-
ence/absence of C. cerdo in relation to tree characteristics.
In order to develop an optimal set of explanatory variables
responsible for the occurrence of C. cerdo, a comparison of
all possible GLMs was performed to find the most parsimo-
nious model. The selection of final variables in the GLM
model was based on AIC, which tries to balance model fit
and parsimony and penalises candidate models for includ-
ing variables that do not add explanatory power to the
result. We used AIC weights (w;) to generate weighted
model-averaged parameter estimates. Model selection and
model averaging were carried out in “MuMIn” ver. 1.15.6
R package (Barton 2015). Visualisation of regression mod-
els was done using ‘visreg’ ver. 2.3-0 R package (Breheny
and Burchett 2016).

In multiple regression, collinearity between predictor
variables may confound their individual effects. Therefore,
prior to regression analysis, we calculated Pearson corre-
lation coefficients for pairwise combinations of independ-
ent variables (Supplementary material 4). For all exam-
ined variables pairs, Pearson’s correlation coefficients
ranged between —0.37 and 0.36, i.e., below the level that
could result in collinearity. Correlation between HEALTH
and DBH was relatively high (0.364, p<0.0001) and we
were not sure about the nature of the relationship between
HEALTH and the dependent variable (presence/absence
of C. cerdo)—it seemed likely that the poor state of health
was not the cause but the consequence of the C. cerdo
occurrence. Therefore, the HEALTH variable was omitted

while all other independent variables were included in the
regression models.

Differences between native and non-native oak species
in tree characteristics were tested with the Mann—Whitney
U-test. The statistical analyses, unless otherwise specified,
were performed with R ver. 3.3.2 (R Core Team 2016).

Results

In total, 311 oak trees were examined, including 90 alien
red oaks Q. rubra and 221 native oaks (28.9 and 71.1%
of all examined oaks, respectively). Among native oaks,
there were 214 pedunculate oaks Q. robur and seven sessile
oaks Q. petraea (68.8 and 2.3% of all oaks, respectively).
Since the number of observations of Q. petraea accounted
for a very small fraction of all cases, in regression analysis
we treated all native oaks (Q. robur+ Q. petraea) as one
category.

The presence of C. cerdo was confirmed in 34 oaks
(10.9% of all examined oaks), in most cases growing in
open habitats, however, the distribution of the beetle was
not random with respect to oak species. All observations of
the beetle were from native oaks (one observation in Q. pet-
raea and 33 in Q. robur) and the smallest DBH of an occu-
pied tree was 60 cm. We failed to confirm the presence of
the species in any of the surveyed red oaks. Comparison of
observed numbers of occupied thick oaks (DBH>60 cm,
N=250) and values expected from the random sample
model (random colonisation of oaks, depending only on
their availability) showed that C. cerdo occurred on non-
native red oaks less often than by chance (Z=-3.25,
p=0.001, Table 2).

The influence of oak species on the occurrence of C.
cerdo proved to be much less important after taking into
account the effect of other explanatory variables in logistic
regression analysis. First of all, oaks inhabited by C. cerdo
were significantly thicker than unoccupied oaks (medians
100 and 82 cm, respectively, p(U)=0.0001) but there was
also a significant difference in DBH between introduced
red oaks and native oaks, with red oaks usually smaller

Table 2 Differences between observed and expected occupancies of
C. cerdo in thick oaks (DBH > 60 cm) belonging to different species

Oak species Total Trees Expected num- Z p
number of with C. ber of occupied
trees cerdo trees (SD)
Q. petraea 5 1 0.68 (0.77) 0.41 0.68
Q. robur 191 33 25.99 (2.32) 3.02 0.003
Q. rubra 54 0 7.32 (2.25) -3.25 0.001
Total 250 34

Significant values are shown in bold
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than native oaks (medians 65.5 and 88.0 cm, respectively,
p(U)=0.0001, Fig. 2). Next, although CANOPY showed
no differences between native and non-native oaks (medi-
ans 0.81 and 0.83, p(U)=0.9), non-native oaks were usu-
ally more distant in relation to sources of colonisation
than native oaks (AUTOCOVARIATE medians 0.021 and
0.023, p(U)=0.02).

Analysis of logistic regression revealed that all exam-
ined explanatory variables influenced the probability of
C. cerdo occurrence, however, their importance relative
to predictive reliability showed considerable differences
(Table 4). The variables with the greatest predictive impor-
tance were CANOPY and DBH (for both variables, rela-
tive importance was equal to 1.00), followed by AUTOCO-
VARIATE (relative importance 0.98). It means that thick
trees growing in a more open environment and not too
far from other occupied trees were colonised by C. cerdo
more often than thin trees surrounded by dense vegeta-
tion and distant from to colonised trees (Fig. 3). Compared
with these three variables, the effect of oak species (OAK.
NATIVE relative importance equal to 0.86) turned out to
be statistically insignificant when average parameter esti-
mates were calculated using Akaike weights (Table 4). On
the other hand, although the OAK.NATIVE variable alone
was a poor predictor tree occupancy, it added consider-
ably to the predictive capability of the models when it was

combined with CANOPY, DBH and AUTOCOVARIATE,
as indicated by the large difference in AIC weights between
the highest ranked model and subsequent model (0.836 and
0.139, respectively, Table 3).

Discussion

Our results did not demonstrate that the vulnerable great
Capricorn beetle could benefit from the introduction of the
non-native red oak. Despite surveying a relatively large
number of the introduced oaks sharing common ground
with native oaks, we have not confirmed the beetle pres-
ence in the introduced red oaks. In this respect, our results
agree with the claims of other researchers that in the Cen-
tral Europe the species is mainly associated with the native
pedunculate oak Q. robur (Slama 1998; Neumann and Mal-
chau 2010; Stachowiak 2013). Thus, the data presented
here do not provide arguments for the introduction of inva-
sive red oak into European ecosystems. There are also other
reasons against spreading of this non-native tree in Europe.
The introduction of red oak can dramatically change the lit-
ter and organic matter decomposition rate, nutrient cycling
and availability, thus threatening ecosystem functioning
and services (Bonifacio et al. 2015). Since Q. rubra is a
highly competitive species both as a mature tree and in the
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Fig. 2 Boxplots showing distribution of variables used to describe
oaks investigated in this study. The band near the middle of the box
is the median, the notch is the 95% confidence interval around the
median, the vertical size of the box is the interquartile range (IQR)
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Fig. 3 Probability that an oak is occupied by C. cerdo in relation
to oak species (non-native red oak vs. native oaks), trunk diam-
eter (DBH, in cm), canopy cover in a 30-m radius around the tree

Table 3 Model selection results for the effect of explanatory vari-
ables (for explanation of variables, see Table 1) on the presence of C.
cerdo in oaks.

Model variables K logLik AIC AAIC ;

1,2,3,4 5 —65.85 141.70 0.000  0.836
1,2,3 4 —68.65 145.29 3.589 0.139
2,3,4 4 —=70.46 148.93 7222 0.023
1,2,4 4 —=73.50 155.00 13292 0.001
2,3 3 —74.58 155.16 13.459 0.001
1,3,4 4 —75.43 158.86 17.154  0.000
2,4 3 —78.93 163.86  22.158 0.000
1,3 3 =79.02 164.04 22.341 0.000
1,2 3 —80.45 166.90 25.193 0.000
1,4 3 —84.10 174.21 32502 0.000
3,4 3 —84.59 175.17 33.468 0.000
2 2 —88.53 181.06 39.359  0.000
3 2 -90.40 184.80  43.093 0.000
1 2 -92.46 188.92 47220  0.000
4 2 —94.88 193.76 52.057 0.000
(Null) 1 —-107.33 216.65 74.950 0.000

The model selection statistics are: K number of parameters, lokLik
logarithm of the model likelihood, AIC Akaike information criterion,
AAIC difference between model and minimum AIC values, and o,
AIC weights

1 AUTOCOVARIATE, 2 CANOPY, 3 DBH, 4 OAK.NATIVE

form of seedlings or small saplings, it significantly reduces
native plant species richness and abundance, contributing
to the reduction of biodiversity in forest communities both
in old-growth and in secondary (post-agricultural) forests
(Chmura 2013; Woziwoda et al. 2014a).

and autocovariate (distance-weighted number of occupied trees in a
250-m neighbourhood). Regression line and 95% confidence bands
for the top model shown in Table 3

On the other hand, our results do not prove that the red
oak is absolutely unsuitable as a host tree for the studied
beetle. Although the colonisation of oak was not random
with respect to oak species, results of logistic regression
indicated that the relative importance of oak species was
small in comparison with the other tree variables, such as
trunk diameter, canopy coverage around trees and their
isolation from other occupied trees. Our results are not
conclusive in this regard due to the peculiarities of the
system under study. While the optimal study design for
testing the impact of tree species on the occurrence of
the beetle should consist of group of trees showing dif-
ferences in one examined trait (i.e., tree species) but uni-
form in term of other variables, in our research we had
to rely on the analysis of an existing system, in which
red oaks were generally smaller than native oaks. There-
fore, our results can be interpreted in either of two ways.
One is that the non-native red oak has some features that
make it unsuitable for the great Capricorn beetle and the
other possible interpretation is that our studied red oaks
were simply too thin to become occupied. To resolve this
dilemma, further studies at additional field sites would
be needed. The main obstacle to the realisation of such
a research, however, may be the availability of sites
occupied by C. cerdo where both native and introduced
oaks of similar sizes are abundant since the introduced
red oaks are usually less durable and younger than native
oaks. Pedunculate oak is known for its longevity and the
large dimensions that it reaches. For example, in Poland
numerous individuals of Q. robur reach DBH of 3 m and
more, while there is not a single red oak thicker than
1.7 m (PMTR Team 2016). Also in our study, the largest
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Table 4 AIC-weighted model-averaged parameter estimates gener-
ated from models of presence of C. cerdo in oak trees (Table 3)

Relative Estimate Adj. SE Zvalue Pr(>IZl)

variable

importance
(Intercept) —18.20 969.65 0.02 0.99
AUTOCO- 0.98 5.06 1.68 3.01 0.003%*%*
VAR
CANOPY  1.00 -3.66 0.89 4.11 0.00004##3*
DBH 1.00 0.05 0.01 3.52 0.0004##*
TREE. 0.86 16.16 1045.58 0.02 0.99
NATIVE

Signif. codes: 0 “*** 0.001 “*** 0.01

red oaks were in very poor health, indicating that achiev-
ing greater age and size is unlikely in this species.

Among the features of different oak species which may
affect their potential use as host trees by C. cerdo, differ-
ences in chemical composition could play the most impor-
tant role. In line with this expectation, oaks investigated in
this study (Q. rubra and Q. robur) show remarkable differ-
ences in phenolic compounds found in the wood (Zarzyriski
2009). Therefore, it might be hypothesised that the red oak
is not occupied by C. cerdo because it could be too differ-
ent in terms of chemical composition from European oaks
to be considered as a suitable host tree. It is well estab-
lished that the fitness of herbivores moving from one host
to another decreases with the taxonomic distance between
hosts, so specialised herbivores usually develop effective
systems for identifying unsuitable host plants and their
avoidance (Bertheau et al. 2010). For example, Pearse and
Hipp (2009) in their study of insects on introduced and
native oaks found that phylogenetic similarity to a native
species predicts the level of insect occupancy on non-native
oaks. However, it is unlikely that such differences explain
the lack of colonisation of the red oak by C. cerdo in our
research. This hypothesis is contradicted by the data on the
molecular phylogeny of oaks (Manos et al. 1999), which
divided the genus into four infrageneric groups: (Cer-
ris- (Lobatae- (Protobalanus+ Quercus sensu stricto))).
According to this classification, Q. rubra belongs to sec-
tion Lobatae, more closely related to section Quercus s.str.
(containing Q. robur and Q. petraea) than to section Cerris
(containing two the most important host trees in the Medi-
terranean, i.e. Q. suber and Q. ilex, Torres-Vila et al. 2016).
It means that in Europe C. cerdo inhabits oaks from dif-
ferent sections, including species that are phylogenetically
more distant than oaks included in our study. In this con-
text, differences between Q. robur/Q. petraea and Q. rubra
should not be an obstacle to colonisation of the red oak.

In contrast, a trait that clearly differs the introduced
red oak from its Central European congeneric species is

@ Springer

the smoothness of the bark, which is composed of smooth
areas separated by shallow furrows of rough fragments in
Q. rubra and deep-fissured in Q. robur and Q. petraea. Pre-
vious results on the habitat preferences of C. cerdo showed
that tree occupancy is affected, among others, by the thick-
ness of fissures in the bark (Buse et al. 2007). It was sug-
gested that the bark depth seems to be very important for
successful egg development in C. cerdo, with female bee-
tles preferentially using deep slits in the bark for oviposi-
tion (Dohring 1955 after; Buse et al. 2007). Similar selec-
tivity for a particular type of bark during oviposition is also
observed in other longhorn beetles (Naves et al. 2006).

In addition to the results on the occurrence of C. cerdo
in various species of oaks, our study provided insight into
habitat preferences of this vulnerable beetle, which may
be important for the conservation of the species. As in
previous studies (Buse et al. 2007; Albert et al. 2012),
tree trunk diameter and the amount of shading around
tree trunks proved to be the most important factors influ-
encing oak colonisation by the beetle. The influence of
the thickness of the trunk may operate in two ways. First,
C. cerdo larvae are very large (70 mm and more—Sta-
chowiak 2013) so they require abundant food supply.
Second, larger trunks may be warmer than smaller trunks
because their large surface absorbs more solar radiation,
which is important for a thermophilous species like C.
cerdo (Buse et al. 2007; Albert et al. 2012). Enhanced
heat intake may be particularly important in the spring
if it allows feeding to start earlier. Close dependence of
C. cerdo on solar radiation is also reflected in a greater
number of exit holes on those parts of trunks that face
south and west (Albert et al. 2012). Preference for sun-
exposed trees is a common phenomenon among many
xylophagous and saproxylic insects, with many examples
in the literature (Ranius and Jansson 2000; Sverdrup-
Thygeson and Ims 2002; Oleksa 2009; Vodka et al. 2009;
Horak et al. 2012; Hordk and Rébl 2013). Additionally,
the intake of solar radiation depends strongly on canopy
cover and understory around the trees. In our study, occu-
pancy of trees was positively affected by habitat openness
and oaks growing in pastures and in the avenue had a sub-
stantially higher incidence of C. cerdo than forests. Such
a preference for more open habitats is typical for C. cerdo
throughout its range (Luce 1997) and it was identified by
previous studies as the main factor affecting the occur-
rence of C. cerdo at the level of trees and stands (Buse
et al. 2007; Albert et al. 2012; Stachowiak 2013). Thus,
the main objective of habitat management for C. cerdo
is to reduce some understory vegetation that contributes
to shading of tree trunks. Semi-open tree landscapes also
harbour a great variety of other saproxylic organisms,
including red-listed and protected taxa—for example,
hermit beetles (Osmoderma eremita species complex)
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listed as priority species in the EU Habitat Directive
(Ranius et al. 2005). Therefore, habitat management for
C. cerdo will also be of great benefit to other taxa.

In our study, the distance-weighted number of occupied
trees in the vicinity of the target tree came out as another
highly significant variable affecting the distribution of C.
cerdo in the studied area. Once again, these results are con-
sistent with findings of previous studies (Buse et al. 2007).
Spatial autocorrelation in tree occupancy reveals that C.
cerdo is a poor disperser and chances of tree colonisation
are highly dependent on nearby sources. A mark-release-
recapture study showed that most adults of C. cerdo were
reluctant to undergo long dispersal flights, with most indi-
viduals remaining in the same tree for most (or all) of their
lifetime (Torres-Vila et al. 2016). This kind of sedentary
behaviour significantly impedes the colonisation of distant
sites, hence assisted colonisation was proposed as a method
for reducing the likelihood that this species will go extinct
(Drag and Cizek 2015).

Conclusions

Our data support the current recommendation that main-
taining semi-open conditions around host trees and high
density of suitable oaks in the landscape is crucial for con-
servation of the great Capricorn beetle. We did not find evi-
dence that the non-native red oak may be used as substitute
host trees for C. cerdo. Taking into account that C. cerdo
is a highly specialised species associated with large old
oaks, this may result from the peculiarities of the studied
red oaks, which generally achieved smaller trunk diameters
than their native relatives. We hypothesised that physico-
chemical properties of the wood and/or phloem and differ-
ent structure of the cortex, features that were not directly
investigated in this study, may play some role in host selec-
tion. Experimental study of the impact of these variables on
the colonisation of trees by C. cerdo opens up interesting
prospects for further research.
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