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Abstract

Orsovsky, T., ZacH, P, Kurran, J., Jurikova-MaruLova, Z. 2013. Spatial occurrence and
abundance of five phloeophagous beetle species (Coleoptera) in Scots pine trees (Pinus sylvestris)
growing on sandy soils. Folia oecol., 40: 84 —90.

Spatial occurrence and abundance of Ips sexdentatus, Phaenops cyanea, Pissodes piniphilus,
Tomicus minor and Ips acuminatus (Coleoptera: Curculionidae, Buprestidae) were examined in
mature Scots pine trees (Pinus sylvestris) growing on poor sandy soils in Zahorska nizina lowland
in western Slovakia, Central Europe. In the study area, the five given phloeophagous species are
secondary pests of Scots pine spatially separated in pine trunks. Early in March 2006, each of
them was recorded in 10 different Scots pine trees, in the lower, middle and upper parts (sections)
of the trunks, each section being 4.0 m long. The study was made to clarify in more detail (1) as to
whether and to which extent studied species occur in the middle trunks and (2) how their abundance
(density) is differing among particular trunk sections of infested trees. All studied species were
recorded in the middle trunk sections. However, the four of them, /. sexdentatus, P. piniphilus, T.
minor and I. acuminatus, were less frequent here than in the other sections (lower or upper) they
were preferring. Abundance of each species per 1,000 cm? significantly differed among the trunk
sections (p < 0.001, Kruskal-Wallis aNova). Particular species avoided extreme situations, that is,
species inhabiting the lower trunks (/. sexdentatus and P. cyanea) were not recorded in the upper
trunks and those colonizing the upper trunks (P. piniphilus, T. minor, I. acuminatus) were not
documented to be developing in the lower trunks. In each species, variability in abundance was
greatest in most densely colonized (preferred) parts of the trunks. The results give the evidence
that high number of individuals of studied species are developing in dying mature pine trees in a
mixed oak-pine forest in Central Europe.
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The main features of distribution of phloeophag-
pus beetles within a tree are known for a long time in

Scots pine (Pinus sylvestris L.) is the most widely distri-
buted conifer species in the world (NikoLov and HELMI-
SAARI, 1992), with an extensive natural range stretching
from Spain to Norway and from Scotland to Siberia
(Mason, 2000). Among numerous other organisms it
hosts many insects, often beetles (Coleoptera), many of
which occupy subcortical niche in dying or dead trees
(HussLER and MULLER-KROEHLING, 2007).
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the case of Scots pine, however, they have been studied
only extensively (SAuvarp in LieuTIER et al., 2004).
Resource (niche) partitioning in phloeophagous beetle
species developing in Scots pine has been documented
by qualitative (e.g. ScHEDL in FREUDE et al., 1981; Ku-
DELA, 1970; Biry, 1989) and quantitative data mostly
available for few pest species, often bark beetles (e.g.
Bakkg, 1968; Ranpuska, 1983; SAARENMAA, 1983;



Bounor et al., 1988; ScHROEDER and EibmanN, 1993;
AmMEzAGA and RoDRIGUEZ, 1998), or for assemblages
of phloeophagous beetles from different taxonomical
groups (OLsovsky, 2008; Forr, 2007, 2010).

This study explores spatial occurrence and abun-
dance of Ips sexdentatus, Ips acuminatus, Tomicus
minor (Curculionidae, Scolytinae), Pissodes piniphi-
lus (Curculionidae, Pissodinae) and Phaenops cyanea
(Buprestidae) in mature Scots pine trees maintaining the
stability of poor sandy soils in western Slovakia in Cen-
tral Europe. The five given phloeophagous species are
common, widely distributed pests of Scots pine (APEL
et al., 1999; Dasoz, 2000; SowiNskA, 2006; BORKOWSKI,
2007; CoLomBARI et al., 2012) which are known to be
spatially separated in pine trunks (e.g. BAKKE, 1968;
Orsovsky, 2008). We clarify in more detail (1) as to
whether and to which extent the five studied species are
also occurring in the middle trunks of Scots pine trees
and (2) how abundance of these species differs among
the lower, middle and upper parts of the trunks infested.
We expected that studied species primarily will occupy,
depending on their specific habitat requirements, the
subcortical niche in the lower (/. sexdentatus, P. cya-
nea) or upper trunks of infested trees (P. piniphilus, T.
minor, I. acuminatus) and, possibly, the niche in the mi-
ddle trunks too.

Material and methods
Study area

Acording to the evidence by the National Forest Centre,
Scots pine forests maintaining the stability of sandy soils
in Zahorska nizina lowland in western Slovakia cover
the area of approximately 50,000 ha. Study was carried
out within this large forest area, in a mixed oakpine
stand (Pineto-Quercetum, 30 ha, 227 to 238 m a.s.l.,
south-east aspect, pine trees approximately 145 years
old, 48°36'14" N, 17°19'19" E). Scots pine domina-
tes (90%) the sessile oak (Quercus petraea) and other
tree species. The herb-layer mostly consists of Calluna
vulgaris, Carex ericetorum, Corynephorus canescens,
Thymus serpyllum, Euphorbia cyparissias and Festuca
ovina. The biotope is classified as Ls6.1 ,,Acidophilous
pine and oak-pine forest (StanovA and VALACHOVIC,
2002). The area is characterized by poor dry sandy soils,
although moist sites are also present locally (Banacky
and SaBor, 1973). It is climatically warm, with average
temperatures in the range from 9 to 10 °C and rainfall
between 450 and 700 mm (evidence by the Slovak Hyd-
rometeorological Institute).

Host trees

A total of 10 mature, tall, straight-trunked Scots pine
trees with few side branches were examined separately

for the occurrence of each of the folowing five beetle
species, all phloeophages: 1. sexdentatus, P. cyanea, P.
piniphilus, T. minor and 1. acuminatus. The trees were
infested by beetles over the growing season 2005 and
felled in February 2006. To document occurrence of
beetle species in the trunks of infested trees, each trunk
was divided into the three distinct, spatially separated
sections with the following diameters and distance from
the tree base or cut area, respectively: lower section
(diameter: 0.30—0.42 m, distance: 0.0 m), middle sec-
tion (0.22—0.30 m, 8.0 m) and upper section (0.12—0.17
m, 16.0 m), each section being 4.0 m long. Thickness
of the bark was measured at the beginning, in the centre
and at the end of each section. Average thickness of the
bark was calculated for each section as the mean of the
three measurements.

To obtain beetles the bark was carefully and com-
pletely peeled away from each trunk section early in
March 2006. The bark and beetles were sampled, tho-
se beetles present in the bark were separated from the
breeding substrates in the laboratory. Then, larvae and/
or beetle adults (depending on species) were counted
and identified. As the scolytid 7. minor does not over-
winter in the breeding substrates, number of individuals
of the beetle was detected indirectly, by counting emer-
gence holes on the bark, this being combined with a
thorough examination of the beetle galleries under the
bark.

Data analysis

Frequency of occurrence of a beetle species in a given
trunk section was calculated as the ratio between the
observed number of occurrences and the number of all
possible occurrences of this species in particular sec-
tion (n = 10). For comparative purposes, the number
of beetles collected from each trunk section was rela-
ted to the area of 1,000 cm?. It was compared among
the trunk sections by the nonparametric Kruskal-Wallis
ANOVA test (ZAR, 2010). Significant differences in beetle
densities among particular trunk sections were detected
by multiply comparisons in K-W anova. Data analysis
was performed in the program Statistica (STATSOFT INC.,
2005). Presence of studied species related to the trunk
diameter and thickness of the bark was shown in the
form of scatterplot made in the program R.

Results

The occurrence of 1. sexdentatus, P. cyanea, P. pini-
philus, T. minor and I. acuminatus in particular trunk
sections of Scots pine trees, characterized by particular
trunk diameters and bark thickness, is shown in Fig. 1.
All species were recorded in the middle section of the
trunks examined. Except for P. cyanea, they were less
frequent in this section compared to the other sections
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(lower or upper) they were preferring. The bark beetle
1. sexdentatus was most frequent in the lower, while the
jewel beetle P. cyanea was found most frequently in the
lower and middle section. The weevil P. piniphilus and
the two scolytid species, 7. minor and I. acuminatus,
occurred most frequently in the upper section. No of the
five studied species was recorded in each trunk section
(Figs 1, 2).

A total of 666 adults of I. sexdentatus were ob-
tained from the middle trunk sections (n = 10), against
a total of 4,289 adults collected from the lower sections
(n=10). The number of adult beetles varied between 0
and 170 in the middle and between 220 and 660 in the
lower section. Number of adults per 1,000 cm? signifi-
cantly differed among the sections (H =24.1188,
p <0.001, K-W anova) (Fig. 3).

The middle trunk sections (n = 10) yielded a total
of 819 larvae of P. cyanea, and a total of 3,156 larvae
were obtained from the lower sections (n = 10). The
number of larvae varied from 29 to 188 in the middle
and from 151 to 490 in the lower section. Number of
larvae per 1,000 cm? was significantly different among

(2,N=30)

A total of 482 larvae of P. piniphilus were record-
ed in the middle trunk sections (n = 10), and a total of
1,194 individuals were documented in the upper sec-
tions (n = 10). Number of larvae varied from 0 to 113
in the middle and from 38 to 214 in the upper section.
Number of larvae per 1,000 cm?significantly differed
among the sections (H =23.7771, p < 0.001,
K—W anova) (Fig. 3).

Based on the counts of emergence holes, the middle
trunk sections (n = 10) produced a total of 3,711 adults of
T. minor at least, while the upper sections (n = 10) supp-
orted at least 12,737 adults. The number of emergence
holes varied from 0 to 1,130 in the middle and between
603 and 2,135 in the upper section. There was a signi-
ficant difference in the number of emergence holes per
1,000 cm? among the sections (H =23.9517,
p <0.001, K-W anowva) (Fig. 3).

In the case of I. acuminatus, the middle trunk sec-
tions (n = 10) yielded a total of 2,882 adults, and as
many as 16,148 adults were obtained from the upper
sections (n = 10). The number of adults varied from 0
to 785 in the middle and from 980 to 2,669 in the upper
section. Number of adults per 1,000 cm? significantly

(2, N = 30)

(2,N =30)

the se(':tions (H ;30 = 25.8969,p < 0.001, K-W aN0-  {iffered among the sections (H on =30 = 24.0209,
va) (Fig. 3). p <0.001, K-W anova) (Fig. 3).
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Fig. 1. The occurrence of Ips sexdentatus (Is), Phaenops cyanea (Pc), Pissodes piniphilus (Pp), Tomicus minor (Tm) and
Ips acuminatus (1a) in mature Scots pine trees related to trunk diameter and bark thickness. Three distinct groups (from left
to right) represent the upper, middle and lower section of the 10 tree trunks examined separately for the presence of each
species. Species data is overlapping, especially in the middle and upper trunk sections. Zahorska nizina lowland, western
Slovakia, March 2006.
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Discussion ten characterised by poorer sandy soils (Mason, 2000).

Despite this, mature pine trees die frequently on dry
Scots pine tolerates a wide range of growing conditions, sandy soils in the study area (OrLsovsky, 2008) where
occupying sites unfavourable to other tree species, of-  the five studied beetle species affect the health of Scots
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Fig. 2. Frequency of occurrence of Ips sexdentatus (Is), Phaenops cyanea (Pc), Pissodes piniphilus (Pp), Tomicus minor (Tm)
and Ips acuminatus (1) in three trunk sections of the 10 mature Scots pine trees examined separately for the presence of each
species. Zahorska nizina lowland, western Slovakia, March 2006.
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Fig. 3. Variation in abundance (ind./1000 cm?) of Ips sexdentatus (Is), Phaenops cyanea (Pc), Pissodes piniphilus (Pp), Tomi-
cus minor (Tm) and Ips acuminatus (I1a) in three distinct trunk sections of the 10 mature Scots pine trees examined separately
for the presence of each species. Different letters indicate significant differences at o = 0.05 (multiply comparisons in K-W
ANOVA). Box and whisker plots — box: median, 1% and 3" quantile, whiskers: non-outlier range (minimum and maximum).
Zahorska nizina lowland, western Slovakia, March 2006.
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pine secondarily, together with other phloeophagous
(e.g. Tomicus piniperda, Pityogenes quadridens, Pi-
tyogenes chalcographus) and phyllophagopus beetles
(Horecova and Kurran, 2010), moths (KuLran and Ho-
LECOVA, 2010), sawflies (KuLFaN et al., 2011) and other
insects. They all are frequently (Fig. 2) and abundantly
(Fig. 3) developing in the trunks of infested trees, in-
creasing in number after warm and dry weather and/
or after wind and snow disturbances, forest fires and
anthropogenic impacts (e.g. tree felling) modifying the
canopy cover. In the study area they greatly increase
their abundance locally, as documented, for example,
in the case of . sexdentatus in France (Dajoz, 2000),
P. cyanea in Germany (APEL et al., 1999), Tomicus spp.
in Poland (Borkowski, 2007) and /. acuminatus in Swi-
tzerland (CoLomBARI et al., 2012).

Knowledge of spatial occurrence of the given five
beetle species in the trunks of mature Scots pine trees
presented here is in agreement with that in the litera-
ture (e.g. BAKKE, 1968; Ranpuska, 1983; Forir, 2007).
All studied species were documented to occupy the
subcortical niche in the middle trunks of infested trees.
However, I. sexdentatus, P. piniphilus, T. minor, I. acu-
minatus, were less frequent here compared to their pre-
ferred locations in the lower or upper trunks (Fig. 2).
All species were always (in each tree) less abundant in
the middle part of the trunk than in their preferred (low-
er or upper) location (Fig. 3). Thus, the middle trunks,
if 20-30 cm thick, may be considered as being less fa-
vourable but not unimportant for the development of
studied beetle species. As expected, they all avoided ex-
treme situations. That is, the species 1. sexdentatus and
P. cyanea, developing in the lower and middle trunks,
were not found in the upper trunks and the species P,
piniphilus, 1. acuminatus and T. minor, inhabiting the
upper and middle trunks, were not recorded in the lower
trunks (Figs 1-3). This gives a sound evidence of par-
titioning of the food and habitat resource (e.g. BAKKE,
1968; AMEZAGA and RopriGUEZ, 1998) and, possibly, of
the competitive interactions among co-occurring species.
According to Sowmiska (2006) and our knowledge, too,
the bark beetle /. sexdentatus and the jewel beetle P,
cyanea may co-occur in the lower and middle trunks.
Two scolytid species, 7. minor and I. acuminatus, often,
consume much of the phloem in the upper trunks, the
weevil P. piniphilus being their frequent but much less
abundant associate here (Figs. 2, 3).

Number of individuals of studied species develop-
ing within a particular trunk section was varying to
some extent. In each species, great variation in abund-
ance primarily was associated with the most densely
colonized trunk sections (Fig. 3). Greatest variation
in abundance was documented in the case of 7. minor
and 1. acuminatus (Fig. 3). Numerous emergence holes
produced by the adults of 7 minor document success-
ful development of the beetle in standing trees over the
growing season 2005. Compared to other species in the
study, the scolytid 7. minor has a more complex biol-
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ogy (KupeLa, 1970). According to LANGSTROM (1983)
it overwinters in the litter. This explains its absence in
the breeding substrates examined. In the study area, T.
minor is among the most important insect pests of Scots
pine, together with 1. acuminatus. Although a large part
of the adults of I. acuminatus, irrespective of genera-
tion, may leave the breeding substrates before hiberna-
tion (Colombari at al., 2012), many adults of the beetle
still may be found overwintering in the trunks as shown
in the results.

Thickness of the bark correlates with the trunk
diameter and is varying greatly for certain trunk dia-
meters in the case of Scots pine, especially in the lower
and middle trunks (Fig. 1). Species data in Fig. 1 shows
some overlap due to similar sizes of trunk sections and/
or precision of measurement of bark thickness. Data
from spatially separated trunk sections (Fig. 1) does not
cover the whole gradient of the bark thickness with the
presence of a certain beetle species. Therefore it is di-
fficult to realistically judge here how abundance of any
studied species depends on thickness of the bark. Ne-
vertheless, thickness of the bark is known to be a good
segregating variable explaining differences in within-
tree distribution of phloeophagous beetle species in
Scots pine (SAARENMAA, 1983; AMEZAGA and RopriGu-
Ez, 1998; Foit, 2010). In addition, microclimate, too,
especially surface temperature of the bark during the
colonization of a tree by phloeophagous beetles, may
be influencing spatial occurrence of studied species
in host trees. For example, the jewel beetle P. cyanea
prefers sunny situations and/or sunny habitats (APEL
et al., 1999); the trees colonized by it have higher sur-
face temperature than those not inhabited (SowINska,
2006). Frequent occurrence and high abundance of this
buprestid in the colonized parts of the trunks (Figs 2,
3) indicate the influence of infrared (solar) radiation in
a fragmented forest, the canopy of which was strong-
ly modified (reduced) by tree felling. The scolytid T.
minor occupies the lower surfaces in the top of pine
trees and does not settle on the upper surfaces favoured
by I. acuminatus; such distribution pattern, similarly, is
explained by thermal preferences in these two co-occu-
rring species (BAKKE, 1968; Daioz, 2000).
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Priestorovy vyskyt a po¢etnost’ piatich druhov floeofagnych chrobakov
(Coleoptera) na borovici lesnej (Pinus sylvestris) rastiicej na pieso¢natych
podach

Suhrn

Praca hodnoti vyskyt a pocetnost’ piatich druhov floeofagnych chrobédkov, Ips sexdentatus, Phaenops cyanea,
Pissodes piniphilus, Tomicus minor a Ips acuminatus (Coleoptera: Curculionidae, Buprestidae), na borovici lesnej
(Pinus sylvestris) rasticej na pieso¢natych podach Zahorskej niziny na zapadnom Slovensku. Studované druhy sa
tu uplatituju ako sekundarne Skodce borovice urychl'ujuce odumieranie dospelych stromov a ich porastov. Kvan-
titativne udaje boli ziskavané pre kazdy druh chrobaka osobitne na subore 10 kmeiiov dospelych borovic spile-
nych vo februdri a analyzovanych zaciatkom marca 2006. Priestorovy vyskyt jednotlivych druhov bol hodnoteny
v spodnej, strednej a hornej &asti kmeia, v sekciach charakterizovanych hribkou kmefia a dizkou 4m. Cielom
vyskumu bolo objasnit’, ¢i a do akej miery sa uvedené druhy vyskytuju, vzhl'adom na ich priestorovl separaciu,
aj v strednej Casti kmenov borovic a ako sa odliSuje ich pocetnost’ medzi jednotlivymi ¢astami (sekciami) kmena.
Vsetky studované druhy boli zaznamenané v strednej Casti kmena s hriabkou od 20 do 30 cm. S vynimkou krasona
P cyanea tu vSak boli menej ¢asté ako v druhovo S$pecificky uprednostiiovanej dolnej alebo hornej Casti kmena.
Detekované boli Statisticky signifikantné rozdiely v hustote kolonizacie porovnavanych sekcii borovicovych kme-
fov Studovanymi druhmi (p < 0,001, Kruskal-Wallis ANOVA). Druhy uprednostiiujuce spodnu ¢ast’ kmena (I. sex-
dentatus, P. cyanea) neboli zistené v hornej Casti kmena a druhy uprednostitujuce hornt ¢ast’ kmena (P. piniphilus,
T. minor, I. acuminatus) neboli zaznamenané v spodnej Casti kmena. Vysoka variabilita pocetnosti Studovanych
bilita pocetnosti bola zistena u druhov 1. acuminatus a T. minor v hornej Casti borovicovych kmenov. Podla pre-
zentovanych vysledkov v odumierajucich dospelych boroviciach prebieha vyvin mnohych jedincov studovanych
druhov chrobédkov. S vynimkou druhu 7. minor tieto zimuji v mieste vyvinu v hostiteI'skych stromoch.
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