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ABSTRACT

The six toothed bark beetle, Pityogenes chalcographus L. (Coleoptera: Scolytinae) is a widely
distributed pest in Europe, infesting mainly Norway spruce (Picea abies) as well as other
conifer species such as Pinus sp., Abies alba, Larix deciduas, L. sibirica and Pseudotsuga
douglasii. Even though the distribution of this bark beetle coincides that of its main host tree,
P. abies, the occurrence of P. chalcographus has never been recorded in the spruce forest of
Elatia-Drama, Northern Greece, which is the southernmost area of the natural, autochthonous
distribution of P. abies. In this study we installed five pheromone traps baited with chalcogran
dispensers in the forest of Elatia. The total number of bark beetles attracted to these traps
exceeded several thousands of individuals. Norway spruce trees growing in the natural forest of
Elatia demonstrate low vigor, something that can be attributed to the marginal environmental
conditions in concert with the effects of climate change. The combination of these factors
inhibits the regular growth of spruce, rendering trees more susceptible to the attack of P.
chalcographus.

KEYWORDS: Pityogenes chalcographus, Scolytinae, bark beetles, pheromone traps, Norway
spruce, Picea abies, Greece.

Introduction the second half of the pronotum and the
number of spines on the elytral declivity of
males (1-3 spines). Within the genus

The genus Pityogenes belongs to the tribe ]
Pityogenes, P. chalcographus is the most

Ipini, which comprises some of the most i .
damaging forest pests. In Europe, it is repre- abundant species in Europe (Knizek et al.
sented by 13 polygamous species (Pfeffer 2005). Its minute 1.5-2.5 mm size (Figure 1)
1995), which are distinguished from the and th§ distinctive fed-brown color of the
other Ipini genera by the relatively small elytra in contrast with the black pronotum
size (1.5-3.5 mm), the longitudinal ridge on facilitate easy determination (Schwerdtfeger
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FIG. 1. Adult of Pityogenes chalcographus.

1929, Postner 1974, Wood and Bright 1992,
Pfeffer 1995). In addition to color, P.
chalcographus exhibits a very distinctive
sexual dimorphism that is expressed in a
dual form (Figure 2):

e males have three pairs of spines on the
elytral declivity, whereas in females they
are replaced by small knobs (Figure 2 A
and 2 B)

e females have a deep depression in the
center of the frons, that is absent in males.

P. chalcographus is a widely distributed
pest in Eurasia that infests mainly Picea
abies stands (Postner 1974, Pfeffer 1995).
Field observations (Avtzis et al. 2008) and
literature reviews (Schwerdtfeger 1929,
Postner 1974, Pfeffer 1995) report that P.
chalcographus can also develop on several
pine species (Pinus spp.) as well as on the
European larch, Larix decidua. Previous
laboratory feeding experiments suggested

that pine species are actually more preferred
host trees than Norway spruce (Fiihrer and
Miihlenbrock 1983), but a recent laboratory
experiment (Bertheau et al. 2009) revealed
that in terms of larval development, Norway
spruce is the most suitable host of P.
chalcographus.

P. chalcographus is considered as an
important spruce pest within Europe, re-
sponsible for damages of conifer forests
during the last centuries (Ehnstrom et al.
1974, Christiansen et al. 1987, Christiansen
and Bakke 1988, Eidmann 1992, Gothlin et
al. 2000, Schroeder 2001, Bouget and Duelli
2004). Mass outbreaks are often in concert
with Ips typographus (Coleoptera:
Scolytinae) something that facilitates a
successful colonization of the host tree
(Schwerdtfeger 1929).
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FIG. 2. Sexual dimorphism of Pityogenes chalcographus. The knobs on the elytral declivity of
a female (A) are replaced by spines in males (B).



Pityogenes chalcographus is further
associated with blue-stain fungi, mainly
Ophiostoma spp. that help their insect
vectors to overcome the tree’s defence
mechanisms (Kirisits 2004). Another inte-
resting aspect of bark beetles concerns their
chemical ecology (for review see Tillman et
al. 1999, Byers 2004). The use of phero-
mones to efficiently aggregate on host trees
is crucial to the success of most species
associated with boreal conifers. Pheromone
compounds are either derived from host-tree
precursors or synthesized de novo by the
beetles (Schlyter and Birgersson 1999,
Tillman et al. 1999). P. chalcographus pro-
duces a two-component aggregation phero-
mone blend: Francke et al. (1977) isolated a
spiroketal, chalcogran (2-ethyl-1,6-dio-
xaspirol[4,4]nonane) and Byers et al. (1990)
isolated a methyl ester (methyl (E,Z)-2,4-
decadienoate). However, individual compounds
may exhibit either weak or no attraction.
Together with the main components, a
synergist may increase attraction up to
manifold times (Borden 1985). In P.
chalcographus, methyl (E,Z)-2,4-decadie-
noate synergized chalcogran and increased
its attractivity 35 times in a field bioassay,
while methyl decadienoate alone was
unattractive (Byers et al. 1990). Commu-
nication via pheromones exhibits such high
specificity that even slight changes in the
ratio of enantiomeres have been associated
with intraspecific differentiation (Lanier et
al. 1972, Birch et al. 1980, Seybold et al.
1995).

The natural distribution of P. chalco-
graphus coincides with that of its main host
tree, P. abies (Avtzis et al. 2008), and thus,
the six toothed spruce bark beetle can be
found everywhere on spruce stands from
Scandinavia to the Balkans (Knizek et al.
2005). The forest of Elatia (Drama, Greece)
is the southernmost area of the natural,
autochthonous distribution of Norway spruce
in Europe (Arabatzis 1998) covering an area
of 68,000 ha. Although it might be logical to
assume that P. chalcographus has infiltrated
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in that forest as well, only Kailidis (1991)
provides some information about P. chalco-
graphus, without mentioning anything about
geographic distribution, abundance or even
sampling location.

The current investigation aimed to detect
P. chalcographus in the southernmost Euro-
pean spruce distribution for the first time.
For that reason, pheromone-baited traps
were placed in the spruce forest of Elatia. In
addition to the first report of P. chalco-
graphus in Greece, this study provides a
precise morphological and biological
description of this bark beetle species, and
assesses its potential as a pest species in
Greece.

Materials and Methods

Five Theysohne (Witasek, Austria) traps
were baited with Chalcopraxe (Witasek,
Austria) dispensers in order to attract P.
chalcographus individuals. These traps were
installed in the natural forest of Elatia,
Drama, Greece (Table 1) in the beginning of
July 2004 and removed at the end of
September. Traps were set hanging on
branches of Norway spruce trees at a height
of about 1.5-2 m, and lures were changed
once in mid August, whereas beetles caught
were collected every two weeks. The esti-
mation of the total number of individuals
caught in the pheromone traps was achieved
by comparing the total volume of the
individuals in the traps with the volume of a
known number of P. chalcographus indi-
viduals (a cylindrical container with 10,000
individuals).

For the investigations of P. chalco-
graphus with the scanning electron micro-
scope, several (more than 20) air-dried
beetles were mounted on specimen stubs on
carbon discs. The beetles were coated in a
sputter coater with gold-palladium using a
voltage of 2kV and a current intensity of
20mA for 90 sec under a vacuum of 10~ to
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10° mbar (Polaron E 5100, Hatfield, PA,
USA). Electron micrographs were taken with
a JEOL JSM 5200 scanning electron micro-
scope (JEOL, Tokyo, Japan) and a Konica

FT-1 analogue camera using a Fujichrome
100 color slide film; slides were scanned
after exposure and processing.

TABLE 1. Exact location, elevation and distances between the five Theysohn ® traps installed

in the natural Forest of Elatia.

Distances between traps (km)

Longitude Latitude Elevation Trap
™) (E) (m) 1 ) 3 4 5
41°28 025 024° 19 278 1.554 1 -—-
41°28 443 024° 19 490 1.563 2 048 -
41° 30 346 024° 18 992 1.475 3 260 216 -
41°29 584 024° 20 605 1.334 4 205 156 158 -
41° 30 065 024° 18 296 1.551 5 240 2.06 0.67 200 --

Results and Discussion

The identification of individuals caught in
the pheromone traps was based on the
morphological features described above.
Fifteen volumes of 10,000 individuals were
counted giving a rough estimation of totally
150,000 individuals collected from all traps.
This was to our knowledge the first time that
P. chalcographus was trapped systematically
in the spruce forest of Elatia, Drama.

Based on mass outbreak incidences, P.
chalcographus attacks preferably weakened
trees, since low defence of these hosts can be
more easily overcome (Lieutier 2002, Sauvard
2004). The critical density of a bark beetle’s
population for an outbreak is mostly reached
when an exogenous perturbation creates
favorable conditions for population increase
and, on the same time, lowers tree resistance
(Berryman 1972). Mass outbreaks allow bark

beetles to attack also healthy trees, inducing
by this a positive feedback where population
increase triggers increase of available hosts
and in turn allows further population boost
(Sauvard 2004). Fires, storms, snow breaks
and severe drought are some of the agents
that are likely to trigger mass outbreaks of
phloem feeding beetles, with the latter one
being most commonly observed in forest
stands in Southern Europe (Mattson and
Haack 1987, Bryant and Raffa 1995, Clancy
et al. 1995, Paine et al. 1997, Raffa et al.
2008).

Situated at the southernmost area of its
natural distribution, Norway spruce in the
natural forest of Elatia (Drama-Greece)
grows at a marginal environment in regard to
temperature and humidity conditions, facing
on the same time strong competition from
beech and scots pine (Smiris 1985). Poor
environmental conditions in similar cases



have often been considered the essential
prerequisite that triggered an increase in the
bark beetle’s population leading ultimately
to mass outbreak (Thalenhorst 1958, Cha-
raras 1962, Lekander 1972). Picea abies is
generally considered a rather vigorous spe-
cies when compared to other conifer species
with regard to dominance or productivity
indices, especially in the central parts of its
natural distribution (Larsson et al. 1983,
Waring and Pitman 1983, Hard 1985,
Mulock and Christiansen 1986, Sandeness
and Sollheim 2002). However, a marginal
environment such as in FElatia inhibits
Norway spruce from reaching high vigor.
Weakened host trees release volatile
chemicals (monoterpenes), which are
supposed to play an active role in the
primary attraction of bark beetles to a
suitable host (Byers 2004). After bark
beetles have landed on a weakened tree, it is
without any doubt easier to overcome host
resistance since the defense mechanisms of
the host are already encumbered by exo-
genous factors (Vité and Wood 1961, Lorio
and Hodges 1977, Dunn and Lorio 1993,
Lorio et al. 1995, Croisé et al. 2001, Dreyer
et al. 2002).

Climate change and its effects have
become one of the major topics of research
and discussion among experts in the last
decades, something that underlines the
gravity of the situation (Kelloméki et al.
2000, Fiihrer and Csaba 2005, Martinic and
Sporcic 2005, Bokhorst et al. 2007).
Observations worldwide account for an
increase in the mean temperature accompa-
nied by decrease of rain precipitation (Diaz
and Graham 1996, Easterling et al. 1997,
Trenberth et al. 2003, Knutson and Tuleya
2004). As a consequence, trees weakened by
drought and high temperatures become more
susceptible to pests (Kalkstein 1976,
Mattson and Hack 1987, Boyer 1995).
Unfavorable environmental conditions are
expected to cause sooner and in some cases
more severely such effects, and therefore it
can be hypothesized that Norway spruce at
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the southernmost area of its natural distri-
bution is likely to already be facing the
influence of climate change.

The combination of these two factors,
namely the unfavorable environment in
combination with climate change favors the
current observation of the population level of
P. chalcographus at the forest of Elatia
(Drama — Greece). This outcome however
should constitute the basis on which further
experiments will be carried out, in order to
evaluate even more accurately the potential
of P. chalcographus as a possible threat not
only for this marginal relict stand of Norway
spruce, but of the endemic conifer species in
Greece generally. The sheer fact, however,
that P. chalcographus is able to attack beside
Norway spruce, pine trees as well, should be
taken into deep consideration, since Greece
is mostly inhabited by pine species. A mass
population outbreak of P. chalcographus at
the forest of Elatia could potentially trigger a
host shift on native pine species, something
that will put under threat one of the major
components of Greece’s endemic flora.
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To glowogayo évropo Pityogenes chalcographus (Coleoptera:
Scolytinae) 6To vOTI0TOTO GKPO TNG PUOIKNG EEATAMONG
¢ epvOperatng (Picea abies) otnv EALGda
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HHEPIAHYH

To @loloedyo éviopo Pityogenes chalcographus L. omotelel évo omd ta kopla PAOTTIKA
évtopo TG vroowkoyévelag Scolytinae, mwov givatl gvpéwg e&omAmpévo oy Evponn. O kdplog
EevioTg TOL gvTOpoL gival 1 epuBperdrr (Picea abies) evd eniong pmopel vo avartoydel emt-
TUYDG OE OPKETH aKOUN €10 KOVOPOPp®V OTmG To TeEVKO (Pinus sp.), 10 éhato (Abies alba), 1
Aapwca (Larix decidua) xor n wevdotoovyko (Pseudotsuga douglasii). Tlapd 1o yeyovog 0tL 1
QUOIKT €EOMAMOT TOV EVIOUOV CULUTIMTEL pE LT TOV KVpov Eevieth Tov, T0 P. chalco-
graphus dgv &gl KOTOYpOQEl 0VTE Kol TaydeLTEL 6T0 dGc0g epubperdtng oty Edatid Apd-
HOG, TOV OmOTELEL TO VOTIOTEPO GKPO TNG PLGIKNG, ovTdYBovNS eEdmlmang ¢ epvBpeldTng.
Yt mhaiocto g épevvag gykataotddnkay oto ddoog ¢ Elatidc mévie pepopovikég mayidec,
01 omoigg mepieiyay TNV TPoceAKVoTiKn ovoia chalcogran. O cuvolikdc aplBudc Twv PAOLOPA-
YOV EVIOU®MY OV GUYKEVTPMOTKAY LETA TO TEPAG TNG TEPLOGOV TOL 01 Tayide NTOV GTO TEDIO,
aviAfe og apketéc yhadeg atopwy. H epubpeldtm mov avontdesETal 6T0 PLGIKO 0AG0G TG
Elatidg Bpioketor og oplakd meptBaAiov 6Gov apopd Tic cuvinkeg avantuéng g, Yeyovog
OV EMTEIVETOL KO ammd TNV KAMUOTIKY aAloy], 1 omoio YIVETOL 0KOUN TTLO EUPAVIG G TETOL
nepPairovia. H cuvdvaotiky dpdon avtdv tov 600 Tapayoviev UIopEel Vo, KATAGTHGEL TV
gpuOpeldtn Waitepa evdA@t otV TpocsPoin tov P. chalcographus, yeyovdc mov Oa pmo-
povoeg gv duvauel va Béoel o kivduvo Kot To, evonuiKa €i0m mevkov ¢ EAAGdoc, kabmg to
QAO10QAY0 0V TO EVTOHO £XEL TNV dLVATOTNTA OVATTVENG OF Lo TAELO EEVIGTOV.
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