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Attractiveness of Picea pungens to the bark beetle species
Ips amitinus (Eichh.) and Pityogenes chalcographus (L.)
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ABSTRACT: Only two cambioxylophagous species (Ips amitinus and Pityogenes chalcographus) were found on sec-
tions of Picea pungens and Picea abies that belong to economically important pests of Norway spruce. Representatives
of the Isarthron sp. (Cerambycidae) were developed on the examined sections of both P. abies and P. pungens. The
monitoring of attractiveness of the spruce species P. pungens and P. abies to cambioxylophages revealed that P. pungens
was more intensively attacked by I. amitinus while P. chalcographus was more abundant on P. abies. Both bark beetle
species preferred shaded parts of tree trunks, although their development was more successful on the sun-exposed
side. On P. pungens, abundance of P. chalcographus decreased and abundance of I. amitinus increased with increasing

trunk volume. Blue spruce was more attractive to Isarthron sp. compared to Norway spruce.
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Blue spruce (Picea pungens Engelm.) is a spe-
cies native to the Rocky Mountains, USA, (PAVEK,
DIANE 1993) and due to its ability to withstand a
high level of sulphur dioxide air pollution load,
even in combination with climatic stresses (MA-
TERNA 1978; KUBELKA et al. 1992), it is highly rep-
resented in stands of substitute species in montane
air-polluted areas of the Czech Republic. In the
Krusné hory Mts. it has been planted on an area
of 8,860 ha (SLoDICAK et al. 2008), often in condi-
tions that do not correspond to its ecological re-
quirements (REMES et al. 2002). The root system of
blue spruce ensures sufficient stability even at wa-
terlogged sites, it is not uprooted by snow or wind
(Vipakovic 1991; PAVEK, DIANE 1993; MusIL et
al. 2003); its tops tend to break off due to ice (Sixa
1976; POoDRAZSKY 1997) and extremely wet snow
(SLODIGAK et al. 2002; SPULAK 2007), hard needles
make it less attractive to browsers and its dense
branches and low crown prevent the game from
bark stripping (Vipakovic 1991; PAVEK, DIANE
1993; MusiL et al. 2003).

Although no outbreaks of phytophagous insects
were observed, the crown fauna of butterfly cat-

erpillars (KULFAN et al. 2010) and Symphyta lar-
vae (Hymenoptera) (KuLa et al. in print) on blue
spruce is relatively rich and corresponds to Norway
spruce. As regards fungal pathogens, Gemmamyces
piceae (Borthw.) destroys blue spruce buds on large
areas in the Kru$né hory Mts. (Souxkup, PESKOVA
2009).

Partial information on subcortical and wood-de-
stroying blue spruce pests is available from Scan-
dinavia [Pityogenes chalcographus (L.), Dryocoetes
autographus (Ratz.), Dendroctonus micans (Kug.),
Isarthron fuscum (Fabr.), Rhagium inquisitor (L.)]
(JUUTINEN 1953; EIDMANN 1987) and from central
Europe [P chalcographus, Pityophthorus pityogra-
phus (Ratz.), D. autographus, Hylurgops palliatus
(GylL), Hylastes cunicularius (Er.) and Cryphalus ab-
ietis (Ratz.), D. micans, Ips amitinus (Eichh.), Hyle-
coetes dermestoides (Ratz.), Xyloterus lineatus (Oliv.),
Prionus coriaceus (L.), Molorchus minor (L.), Pogo-
nochaerus fasciculatus (Deg.), Calidium aeneum
(Deg.), Melanthaxia quadripunctata (L.), Urocerus
gigas (L.), Camponotus herculeanus (L.), Pissodes
harcyniae (Herbst.)] (DOMINIK 1966; ANDRS 2001;
KRrS$1AK et al. 2010; KuLa et al. 2011, 2012).
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Pityogenes chalcographus (six-toothed spruce
bark beetle). Ecology and bionomics of P. chalcogra-
phus were described by RATZEBURG (1839), STARK
(1930), KArRPINSKI (1933), GALOUX (1948), KLAUSERT
(1954), Prerrer (1955), SCHWERDTFEGER (1957),
POSTNER (1974), NoVAK (1976), ZUMR and SOLDAN
(1981), Woobp and BriGHT (1987, 1992) and BRIGIT
and SKIDMORE (1997, 2002). P chalcographus ap-
pears in all areas with the presence of Picea abies (L.)
Karsten and other spruce species. It is reported as a
forest pest (EsCHERICH 1923; BYERS et al. 1988), in-
habiting windbreaks, felling debris or branches and
occasionally invading young spruce stands. It is able
to detect weakened trees (i.e. due to a drought spell).
L typographus and P. chalcographus do not affect each
other by their pheromones in the selection of trees to
attack (HEDGREN 2004). P. chalcographus is attracted
to host species by a mix of monoterpenes (CHARARAS
1962; KANGAS 1968; VITE, PITMANN 1969; BYERS et
al. 1988), transformed in the bowels into an aggrega-
tion pheromone with synergic effect (FRANCKE 1977;
BYERS et al. 1988, 1990), often allowing a massive at-
tack on a tree. With increasing stem diameter, the oc-
currence of six-toothed spruce bark beetle decreases.
BYERs (1993) concluded that interspecies competi-
tion between 1. typographus and P. chalcographus is
regulated by pheromones affecting their dispersion
on the trunk.

Ips amitinus (small spruce bark beetle). The
bark beetle Ips amitinus belongs to a group of
secondary insect pests of Picea abies (PFEFFER,
SKUHRAVY 1995; GropzKI 1997, 2004; MAZUR
et al. 2006). It is widespread throughout Europe
(PavLOVSKIy 1955; PFEFFER 1955; JURC, Bojovié
2004; VooLMA et al. 2004) and it has been re-
ported from P. abies, Abies alba (Mill.), Larix de-
cidua (Mill.), Pinus sylvestris (L.), Pinus cembra
(L.) (HELLRIGL 1985; STAUFFER, ZUBER 1998), Pi-
nus mugo (Turra) (EPPO/CABI1997; KNiZEK, TRYZ-
NA 2002; DomINIK 2003) and Picea pungens (En-
gel.) in Central Europe (KuLa et al. 2009, 2011).

I. amitinus prefers the middle part of the crown
with relatively small trunk dimensions for its repro-
duction (ZUMR 1984; GRODZKI 1997; JAKUS 1998;
KuLa, ZABEcKI 2001; PLASIL, CUDLIN 2005). Gal-
leries of I amitinus are often found on younger
trees (GRoODzKI 2009) and in the upper part of
weakened trees (JURC, Bojovi¢ 2004).

Competition exists between P chalcographus,
L amitinus and I duplicatus as they all prefer thin
and smooth-barked parts of trunks. 1. amitinus fre-
quently appeared together with . typographus in all
areas and both species reproduce at the same time
(Jurc, Bojovi¢ 2004; OKLAND, SKARPAAS 2008).
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The objective of the contribution was to deter-
mine the level of P pungens attractiveness to the
bark beetles 1. amitinus and P. chalcographus that
are both known to occur on P. abies and were re-
ported from standing trees as well as felling debris
of P. pungens (KuLa et al. 2009, 2011, 2012).

The following questions were formulated: (i) Is
there a difference in tree species (P. abies, P. pun-
gens) selection between the bark beetles I. amitinus
and P. chalcographus? (ii) Do site conditions affect
the place of attack and the level of development
success? (iii) Is the attractiveness affected by the
size (volume) of the trunk section?

MATERIAL AND METHODS

The experiment was set up at three locali-
ties: Snéznik (Décin Forest District, Tisd locality,
Décinska vrchovina Upland, 2 sites, 50°46'51,24"N,
13°03'57,91"E, 622 m a.s.l, flat terrain); Bolebor
(Jirkov municipal forests, eastern Kru$né hory Mts.,
1site, 50°32'58,32"N, 13°23'02,13"E, 790 m a.s.l., S-E
exposure) and Dlouhd louka (Litvinov Forest Dis-
trict, eastern Kru$né hory Mts., 1 site, 50°38'55.85"N,
3°37'46.66"E, 870 m a.s.l., flat terrain).

In spring (8"-9™ April 2011), 1.5 m long sections
of blue spruce (PP; volume 0.34-30.16 dm?) and Nor-
way spruce (PA; volume 1.21-26 dm?) trunks were
obtained from felled and delimbed trees aged 25 to
30 years; 80 sections of each species were set up at
each site. The sections were placed on logs to prevent
contact with soil and vegetation, and were leaned
against a wooden support from two sides (forming
a roof). Sections of both species alternated and the
opposite sections were of similar volume. Sections
were numbered, marked by signal colour according
to species, their middle diameter was measured and
the volume of each section was calculated (dm?).

Attractiveness of each tree species (intensity of
bark beetle invasion) was determined from the
numbers of entrance and exit holes. Three con-
trol spots of 0.5 dm? were chosen on both the sun-
exposed and the shaded side of each section, at
30 cm from top, in the middle and at 30 cm from
the bottom of the section (i.e. 6 spots per section).
Entrance holes were checked in June 2011 and exit
holes in November 2011. Once the number of exit
holes was counted, the section was debarked, phlo-
em quality was described and the galleries were
examined to determine the intensity of attack and
stage of bark beetle (2. chalcographus and 1. ami-
tinus) development. The total number of analysed
sections was 621 (309 PP, 312 PA).
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The intensity of subcortical pest attack was as-
sessed according to the method by KurLa and Za-
BECKI (1996): scattered attack (sporadic occur-
rence of feeding marks on the examined section);
increased attack (feeding marks take up 1/3-2/3 of
the section surface); heavy attack (feeding marks
occur on more than 2/3 of the section surface).
We took records of the following stages of devel-
opment: entrance holes, nuptial chambers, mother
galleries, larvae, dead larvae, pupae, imagoes and
exit holes. Mortality of the larvae was derived from
the degree of development of their galleries.

Occurrence of the significantly represented bark
beetles (P chalcographus, 1. amitinus) on sections
was tested according to tree species and position of
the section in the experiment (a0 = 0.05) (MELOUN
et al. 2005). Data showed normal distribution, there-
fore, non-parametric statistics ANOVA (Kruskal-
Wallis test) was used (StatSoft 2010).

RESULTS

Only two cambioxylophagous species (P chal-
cographus and I. amitinus) and representatives of
the Isarthron sp. (Cerambycidae) were found on the
examined sections of both P. abies and P. pungens.

The occurrence of P chalcographus was high on
both Norway spruce (99.4%) and blue spruce (94.0%)
sections. There was a difference in the intensity of the
attack as only a small share of the Norway spruce sec-
tions suffered scattered and increased attack (10.4 and
19.8%, respectively) and heavy attack was found on
69.1% of the sections, while in blue spruce, the attack
was mainly of scattered intensity (46.1-27.3-20.55%).

1. amitinus showed the twice higher frequency of
occurrence on blue spruce sections (88.0%) com-
pared to Norway spruce ones (39.3%). In Norway
spruce Sections, the scattered attack intensity pre-
vailed (34.3-3.7—1.3%), in blue spruce the increased
and heavy intensity of attack was observed (45.8—
21.0-21.2%). A difference in the attractiveness of
blue spruce and Norway spruce was also found out
in longhorn beetles in the frequency of occurrence
(21.2 x 5.6%) as well as in the intensity of the attack
(18.3-2.6—0.3% x 5.3—-0.3—-0%).

The decision to mark out three positions of the
control spots for the monitoring of entrance and
exit holes contributed to the objectivity of the occur-
rence assessment as the statistical analysis (ANOVA)
confirmed that on sections of both tree species, P. chal-
cographus preferred the upper part of the section
and towards the bottom of the section its abun-
dance decreased [F (5, 3720) = 69.095; P = 0.0000].
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On blue spruce, a statistically significant difference
in the number of entrance and exit holes was found
only between the upper and the bottom position of
the control spots while on Norway spruce, the same
trend was observed and a significant difference was
found between the upper and the middle position as
well as between the upper and the bottom position.
At the same time it was proved that P. chalcographus
development was successful on Norway spruce along
the whole length of the section (Fig. 1).

Numbers of entrance holes indicated that P chal-
cographus preferred to attack the shaded parts of the
sections [F (3, 3722) = 138.37; P = 0.0000] (Fig. 2a);
however, by the exit holes, development was more
successful on the sun-exposed sections [F (3, 3722) =
108.04; P = 0.0000] (Fig. 2b).

Norway spruce sections placed on the shaded side
of the roof were more frequently attacked by P. chal-
cographus according to the entrance holes [F (3, 3722)
= 113.81; P = 0.0000] (Fig. 3a), but with lower effec-
tiveness of development completion. Developmen-
tal success was higher on the sections placed on the
sun-exposed side of the roof [F (3, 3722) =91.174, P =
0.0000] (Fig. 3b). On blue spruce with lower attrac-
tiveness, such relations were not proved in P chal-
cographus.

Monitoring of the bark beetle galleries on the
part of sections (156) was important to determine
the success of development of the generation from
the number of entrance holes through stages of
die-off to exit holes. P chalcographus showed a
high rate of larval-stage mortality on 77.5% of the
blue spruce sections, successful development was
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Fig. 1. Differences in the occupation of the section profile
(U - upper, M — middle, B — bottom) between Picea pun-
gens (PP) and Picea abies (PA) by Pityogenes chalcographus
(2011) according to exit holes (EH)
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Fig. 2. Effect of the exposition of sections to the sun (SES — sun-exposed side, SHS — shaded side) in Picea pungens (PP)
and Picea abies (PA) on the attack of P. chalcographus (2011) according to (a) entrance holes and (b) exit holes

observed only on 15.0% of the sections. On Norway
spruce, the situation was similar (77.4 and 23.9%).

Abundance of P chalcographus entrance holes
was higher on the shaded side of Norway spruce sec-
tions (2.39-4.43 holes dm~2) compared to the sun-
exposed side (1.52-3.36 holes dm~2). Abundance of
its exit holes (16—24 holes dm~2) on Norway spruce
sections according to their volume (0.47-29.4 dm?)
revealed that the statistically most suitable for
P chalcographus development are stems of the
3" and 4% volume class (5-10 dm?) [F (13, 3712) =
22.928; P = 0.0000] (Fig. 6); in blue spruce sections
with the volume of 0.2—-39.4 dm?3, the abundance
of exit holes was lower (6.5 to 13 holes:dm~2) and
without any statistical relation (Fig. 4).

However, the density of exit holes in the moni-
tored localities always varied with the dominant
position of P chalcographus on the sun-exposed
side of Norway spruce.
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Norway spruce sections showed lower attractive-
ness to I amitinus compared to blue spruce [Kruskal-
Wallis test: H (1, # = 3726) = 750.1475, P = 0.000)]
and no relation was proved in the occupation of the
section. According to its entrance holes, I. amitinus
preferred the sun-exposed sides of the sections in
blue spruce (Kruskal-Wallis test: H (1, n= 1854) =
17.95401 P = 0.0000) and unshaded rows of sections
in the roofs; however, this relation was not statistical-
ly significant (Kruskal-Wallis test: PP P = 0.07, PA P =
0.06). The analysis of 1. amitinus exit holes confirmed
a positive statistical relation to the sun-exposed sides
of the sections [F (3, 3722) = 210.35; P = 0.0000]
as well as to the rows of sections within the roofs
[F(3,3722) = 195.23; P = 0.0000] (Figs 5 and 6).

1. amitinus developed on blue spruce and on
Norway spruce in a different way. Although the
mortality of imagoes at the stage of emerging
nuptial chamber was equal on both tree species
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Fig. 3. Influence of the position of section rows (SER — sun-exposed, SHR — shaded) in Picea pungens (PP) and Picea abies
(PA) on the occupation by P. chalcographus (2011) according to (a) entrance holes and (b) exit holes
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Fig. 4. Attractiveness and developmental success of P. chal-
cographus on sections of Picea pungens (PP) and Picea abies
(PA) of different volume (1: < 2.49; 2: 2.5-4.99; 3: 5-7.49;
4:7.5-9.99; 5: 10-14.99; 6: 15-19.99; > 20 dm?) according
to exit holes (2011)

(6.5 x 7.9%), the share of the sections with dead
larvae was different (63.6 x 29.5%); a similar situ-
ation was in the sections where 1. amitinus com-
pleted its development (17.5 x 1.9%).

The frequency of I. amitinus occurrence was found
to depend on the volume of sections only in blue
spruce. Entrance holes were observed on all sections,
but with higher abundance in the 57" volume class
(> 10 dm?) [F (6, 1847) = 7.5720; P = 0.0000] (Fig. 7a).
The number of exit holes gradually increased and
culminated at the section volume of 10-15 dm?
(5.1 holes-dm™) [F (6, 1847) = 9.9428; P = 0.0000]
(Fig. 7b). The density of exit holes was higher on the
sun-exposed side (1.70-6.06 holes-dm=2) compared
to the shaded side (1.56—4.24 holes.dm™2).

Blue spruce was more attractive to Isarthron sp.
compared to Norway spruce (21.20 x 5.60%).
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Fig. 5. Effect of the exposition of sections to the sun (SES
— sun-exposed side, SHS — shaded side) in Picea pungens
(PP) and Picea abies (PA) on the development of I. amitinus
according to exit holes (2011)
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DISCUSSION

Only two cambioxylophagous species (. ami-
tinus and P. chalcographus) were found on sec-
tions of P pungens and P. abies that belong to
economically important pests of Norway spruce.
Of the 39 species of Norway spruce bark beetle
fauna (PFEFFER 1955), 14 were observed on blue
spruce (JUUTINEN 1953; EIDMANN 1987; KrRSIAK
et al. 2009; Kura et al. 2009, 2010, 2011, 2012;
Por et al. 2010). Phloem quality in the sections
from spring felling limited the attacks of a wid-
er spectrum of cambioxylophagous species, thus
eliminating a stronger effect of interspecies com-
petition. The composition of bark beetle synusia
on Norway spruce as well as on blue spruce is af-
fected by the time of the year when felling debris
appears on the site (Kura, Kajrosz 2006, 2007;
KuLra et al. 2011). After Roundup application for
the purpose of chemical thinning, the quality of
blue spruce phloem changed significantly (par-
tially fermented), attracting a wider spectrum of
cambioxylophages (10 species) with dominant
H. palliatus and significant occurrence of I. ami-
tinus and P. chalcographus (Pop et al. 2010).

The frequency of P. chalcographus occurrence on
both spruce species confirmed that this beetle pre-
fers stems with thin outer bark, where I. typographus
cannot develop (RATZEBURG 1839; SCHWERDT-
FEGER 1957; POSTNER 1974; ZUMR, SOLDAN 1981;
BENZ, ZUBER 1993); however, I. amitinus can be
considered as a competing species. Blue spruce was
less attractive to P. chalcographus, probably due to
its high content of resin in the phloem and its slow
wilting. Interestingly, it prefers to attack the shad-
ed parts of the sections, despite the fact that lower
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Fig. 6. Influence of the position of section rows (SER — sun-
exposed, SHR — shaded) in Picea pungens (PP) and Picea
abies (PA) on the occupation by 1. amitinus according to
exit holes (2011)
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mortality during development was found on the
sun-exposed sides of sections, mainly in the case of
Norway spruce. KurLa and Kajrosz (2006) report-
ed that P. chalcographus was attracted to Norway
spruce sections cut in spring and the intensity of
the attack was linked to the extent of section shad-
ing. At the same time, material from summer tend-
ing felling was found to be unattractive (Kura, Kaj-
Fosz 2007). Felling debris produced in the autumn
months enables the development of one generation
during the following vegetation season, however,
with marked differentiation of the attack intensity
and the rate of development in relation to insola-
tion (Kura, Kajrosz 2007).

P, chalcographus attacks are not so aggressive as
this species is associated with blue-stain fungi or
with Ceratocystiopsis minuta (KIr1T1s et al. 2000),
which do not cause the tree to die like Ceratocys-
tis polonica (Siemaszko) C. Moreau found in as-
sociation with I typographus (HORNTVEDT et al.
1983; KROKENE, SOLHEIM 1996). According to
HEDGREN (2004), only P. chalcographus is able to
break through the protective potential of healthy
spruces by its mass attack; however, conditions in
the studied area of the Krusné hory Mts. are not
suitable for such attack due to the long-lasting
low share of Norway spruce. Branches and stems
of blue spruce attract P chalcographus as an ac-
companying species after the tree is attacked by D.
micans (KuLa et al. 2012), which is reported to be
a predisposition factor for the attack of 1. typogra-
phus and overcoming of spruce resistance (CouL-
SON, WITTER 1984).

ZUMR (1984) reported that 1. amitinus is the most
abundant bark beetle in mountain spruce forests. Ac-
cording to HoLu$A et al. (2012) it is common from
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the lowest locations to the highest ones in the Car-
pathians in Central Europe. I. amitinus accepts a vari-
ety of food supply such as dying or weakened standing
trees and felled trees (KNiZEK 2001; MIHALCIUC et al.
2001; Kus, Kus 2004; GRoDzKI et al. 2006; KuLA et
al. 2007; OKLAND, SKARPAAS 2008; WITRYLAK 2008;
GroDzKI 2009). Only sporadic information is avail-
able regarding the basic ecological characteristics of
L amitinus (ZUMR 1982; ZUBER 1992; COELN et al.
1996). The sun-exposed sections of both tree species
were more favourable for development of this species;
in addition, larvae developing on blue spruce showed
higher vitality and number of galleries indicating that
the completed development was higher.

The analysis of attacked sections revealed that
the phloem found in stems of 25—30 years old blue
spruces is sufficiently thick and attractive to I ami-
tinus development, while Norway spruces of the
same age had the thinner phloem and thus lower at-
tractiveness. Due to the fact that I. amitinus devel-
ops also in the upper parts of tree stems with thin
outer bark and on thick branches (KurLA, ZABECKI
2010), the phloem thickness was not a limiting fac-
tor. The intensity of the attack was simultaneously
affected by the volume of sections: the scale of the
attack as well as developmental success increased
up to the section volume of 10—15 dm?3. In sections
of larger volume, the coarse flaky outer bark re-
strained the attack.

With regard to light conditions on the studied lo-
calities, P chalcographus and I amitinus exhibited
similar requirements for their development like on
felling debris (KuLa et al. 2011). On the sun-exposed
side, both bark beetle species developed with lower
mortality; nevertheless, a higher share of entrance
holes was found on the shaded sides of the sections.
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CONCLUSIONS

P. pungens is more attractive to I amitinus than
P. abies, while in P. chalcographus, higher abundan-
ce was found on P abies. Both P chalcographus
and L amitinus preferred to attack the shaded side
of the stem sections, although their development
was more successful on the sun-exposed side. On
P. pungens, P. chalcographus abundance decreased
and abundance of 1. amitinus increased with the
volume of the sections. Larvae of Isarthron sp. ap-
peared on P. pungens together with the monitored
bark beetle species.

References

BENZ G., ZUBER M. (1993): Die wichtigsten Forstinsekten der
Schweiz und des angrenzenden Auslandes. Ziirich, Verlag der
Fachvereine Ziirich: 118.

BrIGHT D.E., SKIDMORE R.E. (1997): A catalog of Scolytidae
and Platypodidae (Coleoptera), Supplement 1 (1990-1994).
Ottawa, NRC Research Press: 368.

BrIGHT D.E., SKIDMORE R.E. (2002): A Catalogue of Scolytidae
and Platypodidae (Coleoptera), Supplement 2 (1995-1999).
Ottawa, NRC Research Press: 523.

BYERS J.A. (1993): Avoidance of competition by spruce bark
beetles, Ips typographus and Pityogenes chalcographus. Ex-
perientia, 49: 272-275.

BYERS J.A., BIRGESSON G., LOFQVIST J., APPELGREN M., BERG-
STROM G. (1990): Isolation of pheromone synergists of a bark
beetle, Pityogenes chalcographus, from complex insect-plant
odours by fractionation and subtractive-combination bioas-
say. Journal of Chemical Ecology, 16: 861-876.

BYERSJ.A., BIRGESSON G., LOFQVIST J., BERGSTROM G. (1988):
Synergistic pheromones and monoterpenes enable aggrega-
tion and host recognition by a bark beetle. Naturwissenschaf-
ten, 75: 153-155.

COELN M., YANZHANG M., FUHRER E. (1996): Entwicklung von
Fichtenborkenkéfern in Abhéngigkeit von thermischen Bed-
ingungen verschiedener montaner Waldstufen (Coleoptera:
Scolytidae). Entomologia Generalis, 21: 37—54.

CouLsoN R.N., WITTER J.A. (1984): Forest Entomology. New
York, John Wiley and Sons: 669.

DoMINIK J. (1966): Obserwacje nad uszkadzaniem przez owady
niektoérych gatunkéw drzew obcego pochodzenia, rosnacych
w lasach doswiadczalnych sgw w Rogowie. [Observations on
insect pests of introduced tree species in the forests of Rogow
forest district.] Folia Forestalia Polonica, 12: 175-184.

DoMmiINIK J. (2003): Research on damage of exotic coniferous
species caused by indigenous insects — supplementary
results. Sylwan, 10: 25-28.

EipMANN H.H. (1987): Der Befall von Scolytiden und

Cerambyciden an Stammabschnitten fremdldandischer

J. FOR. SCL, 59, 2013 (12): 493-502

Koniferen in Schweden. Journal of Applied Entomology,
103: 278-283.

EPPO/CABI (1997): Qurantine Pests for Europe. In: SMITH
.M., McNAMARA D.G., ScorT P.R.,, HOLDERNESS M.,
BURGER B. (eds): Data Sheets on Quarantine Pests for the
European Union and for the European and Mediterranean
Plant Protection Organization. Wallingford, CAB Inter-
national & European and Mediterranean Plant Protection
Organization (EPPO): 1425.

EscHErICH K. (1923): Die Forstinsekten Mitteleuropas.
Berlin, Paul Parey: 663.

FRANCKE W. (1977): 2-Ethyl-1,6-dioxaspirol[4,4]nonane,
principal aggregation pheromone of Pityogenes chalcogra-
phus L. Naturwissenschaften, 64: 590-591.

GALOUX A. (1948): Etudes statistiques sur une population de
Pityogenes chalcographus L. Parasitova, 4: 43-78.

GropzKI W. (1997): Changes in the occurrence of bark beetles
on Norway spruce in a forest decline area in the Sudety Moun-
tains in Poland. In: GREGOIRE J.C., LIEBHOLD A.M., STEPHEN
EM., DAy K.R,, SALOM S.M. (eds): Integrating Cultural Tactics
into the Management of Bark Beetle and Reforestation Pests.
Portland, USDA, Forest Service: 105-111.

Gropzkl W. (2004): Zagrozenie gérskich drzewostanéw
$wierkowych w zachodniej czesci Beskidow ze strony
szkodnikéw owadzich. [Threat to norway spruce stands
of insect pests in the western part of Beskidy mountains.]
Lesne prace badawcze, 2: 35-47.

Gropzk1 W. (2009): Entomofauna of dying young spruces
Picea abies (L.) Karst. in the area after forest decline in the
Izerskie Mountains. Folia Forestalia Polonica, 51: 161-170.

GroDpzK1 W., LocH J., ARMATYS P. (2006): Wystepowanie
kornika drukarza Ips typographus L. w uszkodzonych
przez wiatr drzewostanach swierkowych masywu Kudfonia
w Gorczanskim Parku Narodowym. [Occurrence of Ips
typographus L. in wind-damaged Norway spruce stands
of Kudtonn massif in the Gorce National Park.] Ochrona
Beskidéw Zachodnich, 1: 125-137.

HEDGREN P.O. (2004): The bark beetle Pityogenes chalcogra-
phus (L.) (Scolytidae) in living trees: reproductive success,
tree mortality and interaction with Ips typographus. Journal
of Applied Entomology, 128: 161-166.

HerrriGL K. (1985): Uber Borkenkifer (Col., Scolytidae) in
Zweigen der Zirbe (Pinus cembra) in Sudtirol. Anzeiger
fir Schéddlingskunde Pflanzenschutz, Umweltschutz, 58:
108-110.

Hovusa J.,, LukASovaA K., GRopzk1 W., KuLa E., MATOUSEK
P. (2012): Is Ips amitinus (Coleoptera: Curculionidae) abun-
dant in wide range of altitudes? Acta Zoologica Bulgarica,
64:219-228.

HORNTVEDT R., CHRISTIANSEN E., SOLHEIM H., WANG
S. (1983): Artificial inoculation with Ips typographus-
associated blue-stain fungi can kill healthy Norway spruce
trees. Meddelelser fra Norsk institutt for skogforskning,
38: 1-20.

499



CHARARAS C. (1962): Encyclopédie Entomologique A, Band
38. Paris, P. Lechevalier: 248.

Jaku$ R. (1998): Patch level variation on bark beetle attack (Col.,
Scolytidae) on snapped and uprooted trees in Norway spruce
primeval natural forest in endemic conditions: effects of host
and insolation. Journal of Applied Entomology, 122:409-421.

Jurc M., Bojovic€ S. (2004): Bark beetle outbreaks during the
last decade with special regard to the eight-toothed bark
beetle (Ips amitinus Eichh.) outbreak in the Alpine region
of Slovenia. In: Cséka, G., HIRkA A., KoLTAY A. (eds):
Proceedings of the IUFRO (WP7.03.10). Biotic damage in
forests. 12.—16. September 2004, Métrafiired. Budapest,
Hungarian Forest Research Institute, Agroinform Publish-
ing House in Budapest: 85-95.

JUUTINEN P. (1953): Ukkoniluri (Dendroctonus micans Kug.)
(Col., Scolytidae) okakuusessa (Picea pungens Engelm.)
(Summary: Dendroctonus micans on Picea pungens).
[Dendroctonus micans on Picea pungens.] Ebenda, 19: 35.

KaNGAs E. (1968): The orientation mechanisms of bark
beetle in relation to their breeding material. Anzeiger fur
Schadlingskunde, 41: 177-180.

KARPINSKI J.J. (1933): Fauna kornikéw puscy Bialowieskiej
na tle wystepujacych w paszezy typév drzewostanow.
[Cambiophagous fauna kmene of Bialowieza forest types of
stands.] Rozprawy i Sprawozdania, Zaktad Doswiadczalny
Laséw Panstwowych, 1: 1-68.

KirisiTs T., GRUBELNIK R., FUHRER E. (2000): The ecological
role of blue-stain fungi for phloem-feeding bark beetles.
FBVA Berichte, 111: 117-137.

KLAUSER O. (1954): Ein Beitrag zur Kenntnis des Kupfer-
stechers (Pityogenes chalcographus L.). In: WELLENSTEIN
G. (ed.): Die grofie Borkenkiferkalamitdt in Stidwest-
deutschland 1944-1951. Ringingen, Forstschutzstelle
Stdwest: 285-299.

KN{ZEK M. (2001): Progradation of “small spruce bark beetle
species” Journal of Forest Science, 47: 113-114.

KniZEK M., TRYZNA M. (2002). Kirovci na borovici vejmu-
tovce v Ndrodnim parku Ceské Svycarsko. [Bark beetles
on Pinus strobus in the National Park Czech Switzerland.]
Zpravodaj ochrany lesa, 8: 54—55.

KrROKENE P.,, SOLHEIM H. (1996): Fungal associates of five
bark beetle species colonizing Norway spruce. Canadian
Journal of Forest Research, 26: 2115-2122.

KrS$1AK B., ZAcH P, KULFAN J., DVORACKOVA K. (2009). Is
blue spruce (Picea pungens Engelm.) attractive for xylo-
philous beetles (Coleoptera)? Entomofauna Carpathica,
21:18-21.

KuBELKA L., KARASEK A., RYBAR V., BADALIK V., SLODICAK
M. (1992): Obnova lesa v imisemi poskozené oblasti
severovychodniho Kru$nohoii. [Regeneration of Forest and
the Air-Polluted Area of the NE Ore Mts.] Praha, Agrospoj:
133.

KuLA E., Kajrosz R. (2006): Osidlovani smrkového tézebniho

odpadu z jarni profezavky kambiofdgy ve vyssich polohach

500

Beskyd. [Colonization of spruce logging debris from spring
cleaning by cambioxylophagous insect at higher locations
of the Beskyds.] Beskydy, 19: 171-176.

Kura E., Kajrosz R. (2007): Colonization of spruce logging
debris from summer and autumn cleaning by cambioxylo-
phagous insect at higher locations of the Beskyds. Beskydy,
20:193-198.

Kura E., Kajrosz R., PoLivka J. (2009): Cambioxylophagous
fauna of blue spruce (Picea pungens Engelmann) in the
Krusné hory Mts. (Czech Republic). Beskydy, 2: 149-156.

KuLra E., Kajrosz R., PoLivka J. (2010): Smrk pichlavy a
karovci. [Picea pungens Engelm. and cambioxylophages.]
Lesnickd préce, 89: 13-15.

KuLa E., Kajrosz R., PoLivkaJ. (2011): Cambioxylophagous
fauna developing on logging residues of blue spruce (Picea
pungens Engelmann). Journal of Forest Science, 57: 24—-33.

Kura E., Kajrosz R., PoLivka J. (2012): Dendroctonus
micans (Kug.) a kambioxylofagni fauna smrku pichlavého
(Picea pungens Engelm.) ve stiedni Evropé (Krus$né hory,
Ceska republika). [Dendroctonus micans (Kug.) and cambi-
oxylophagous fauna of blue spruce (Picea pungens Engelm.)
in the Central Europe (Ore Mts., Czech Republic).] Zpravy
lesnického vyzkumu, 57: 378—386.

KuLra E., Kajrosz R., ZaBeck1 W. (2007): Cambioxylopha-
gous fauna of young spruce stands damaged by snow in the
Beskids. Journal of Forest Science, 53: 413—-423.

KuLra E., ZaBeckr W. (2001): Attractiveness of spruce for
cambioxylophages as related to stand age. Journal of Forest
Science, 47: 88-96.

KuLa E., ZaBeck1 W. (2010): Merocoenoses of cambioxylo-
phagous insect fauna of Norway spruce (Picea abies [L.]
Karst.) with focus on bark beetles (Coleoptera: Scolytidae)
and types of tree damage in different gradation conditions.
Journal of Forest Science, 56: 474—484.

KuLra E., ZAaBEcKI W. (1996): Synuzie kambioxylofagi na
smrcich poduarovné. [Synusia of cambioxylophages on
subdominant trees of Norway spruce.] Beskydy, 8: 213-220.

KuLranN].,, KuLA E.,, ZacH P, DvoRACKOVA K., PATOCKA]T.,
KrS$1aK B. (2010): Caterpillar assemblages on introduced
blue spruce: differences from native Norway spruce. Allge-
meine Forst- und Jagdzeitung, 181: 188—-194

Kus$ J., Ku$ D. (2004): Entomofauna rozkladajacego sie
drewna $wierka, buka i brzozy na terenie Karkonoskiego
Parku Narodowego. [Entomofauna of decomposing wood
of spruce, beech and birche in the area of the Karkonosze
National Park.] Opera Corcontica, 41: 269-280.

MATERNA J. (1978): Préace a vysledky vyzkumu v krusnohorské
kourové oblasti. [Work and research results in the smoke
area of Ore Mts.] In: Sbornik referatd a diskusnich prispévka
z konference o zaji$téni tikold statnich lestit v Krusnych horach
v podminkach piisobeni primyslovych exhalaci. Fldje u
Litvinova, 25-27. October 1978. Praha, MLVH CR, 40-54.

MAzUR A., LABEDZKI A., Raj A. (2006): Observations of
phenology and frequencing of bark beetle (Ips typographus

J. FOR. SCL, 59, 2013 (12): 493-502



L.) and its accompanying species in the uppermost sub-
alpine spruce forest zone environment in the Karkonoski
National Park. In: KoLk A. (ed.): Insect Outbreaks in Man-
aged and Unmanaged Forests. Warszawa, Forest Research
Institute: 29-45.

MELOUN M., MILITKY J., HILL M. (2005): Po¢itacovd analyza
vicerozmérnych dat. [Computer Analysis of Multidimen-
sional Data.] Praha, Academia: 450.

MiHALcIUuC V., DaNcI A., Lupu D., OLeNIcI N. (2001):
Situation of the main bark and wood boring insects which
damaged conifer stands in the last 10 years in Romania.
Anale Institutul de Cercetari si Amenjari Silvice, 1: 48—53.

MusiL 1., HAMERNIK J., LEUGNEROVA E. (2003): Lesnicka
dendrologie L. Jehli¢naté dreviny. [Forestry Dendrology I
Softwood.] Praha, Ceské zemédélské uviverzita v Praze: 177.

NovAK V. (1976): Atlas of Insects Harmful to Forest Trees.
Amsterdam, Elsevier: 125.

OKLAND B., SKARPAAS O. (2008): Oppdragsrapport fra Skog
og landskap. [Draft pest risk assessment report on the small
spruce bark beetle, Ips amitinus.] As, Norwegian Forest
and Landscape Institute: 20.

PAVEK D.S. (1993): Picea pungens. In: Fire Effects Information
System. Available at http://www.fs.fed.us/database/feis/
(accessed June 14, 2010).

Paviovskyy E.N. (1955): Vrediteli lesa spravochnik. [Forest
Pests - Guide.] Moskva, Izd-vo Akademii Nauk SSSR: 1097.

PEEFFER A. (1955): Fauna CSR, Kirovci — Scolytoidea [Fauna
of the Czech Republic, Bark beetles — Scolytoidea.] Praha,
CAV: 344.

PFEFFER A., SKUHRAVY V. (1995): Der Buchdrucker (Ips
typographus L.) (Col. Scolytidae) und seine Problematik
in der Tschechischen Republik. Anzeiger der Schadlings-
kunde, Pflanzenschutz, Umweltschutz, 68: 151-152.

PFEFFER A. (1995): Zentral- und westpaldarktische Borken-
und Kernkéfer (Coleoptera: Scolytidae, Platypodidae). Ba-
sel, Pro Entomologia, c/o Naturhistorisches Museum: 310.

PrASIL P, CuDLIN P. (2005): Population dynamics of eight-
toothed spruce bark beetle (Ips typographus [L.]) in the area
of National Nature Reserve Pradéd in 1998—-2001. Journal
of Forest Science, 51: 359—-370.

PODRAZSKY V. (1997): Smrk pichlavy v imisnich oblastech
[Blue spruce in the air pollution areas.] Lesnicka préce,
76:422-424.

Por M., KuLaA E., MANAS P, Kajrosz R. (2010): Chemical
thinning in blue spruce (Picea pungens Engelm.) stands and
its effects on cambioxylophagous fauna. Journal of Forest
Science, 56: 225-235.

POSTNER M. (1974): Scolytidae (= Ipidae), Borkenkéfer. In:
ScHWENKE W. (ed.): Die Forstschadlinge Europas. Ham-
burg, Berlin, Parey, 334—482.

RATZEBURG J.T.C. (1839): Die Forst-Insekten. Erster Theil,
Die Kifer. Berlin, Nicolai: 247.

REMES J., ULBRICHOVA L., PODRAZSKY V. (2002): Ekologické

ndroky a funkéni vyznam smrku pichlavého. [Ecological

J. FOR. SCL, 59, 2013 (12): 493-502

requirements and functional significance of spruce.] Les-
nickd préce, 81: 306-307.

SCHWERDTFEGER F. (1957): Waldkrankheiten. Zweite Au-
flage. Hamburg, Berlin, Verlag Paul Parey: 509.

SLODICAK M., BALCAR V., NOVAK J., SRAMEK V. et al. (2008):
Lesnické hospodareni v Krusnych horéach. [Forest Manage-
ment in the Ore Mountains.] Hradec Kralové, Lesy Ceské
republiky: 479.

SLODICAK M., NoVAK J., KECALEK D. (2002): Péstebni za-
sahy v ndhradnich porostech smrku pichlavého (Vysledky
experimentu Fldje II za obdobi 1996-2001). [Growing
interventions in substitute stands of blue spruce (Ex-
perimental results Flaje II for the period 1996-2001).] In:
SLODICAK M., NoVAK J. (eds): Vysledky lesnického vyz-
kumu v Kru$nych horach v roce 2001. Sbornik z celostatni
konference. Teplice, 14. March 2002. Jilovisté-Strnady,
VULHM: 170.

Souxkupr F., PESKOVA V. (2009): Gemmamyces piceae
(Borthw.) Casagr. kloubnatka smrkova [Gemmamyces
piceae (Borthw.) Casagr. ] Lesnicka prace, 88 (ptiloha): 1-4.

STARK V.N. (1930): Ob entomofaune tipov lesa. [Entomocoe-
nosis of forest types.] Zas¢ita Rastenij, 6: 339—343.

StatSoft (2007): STATISTICA (software system for data
analysis). Version 8.0. StatSoft Inc., Tulsa. Available at www.
statsoft.cz

STAUFFER C., ZUBER M. (1998): Ips amitinus var. montana
(Coleoptera, Scolytidae) is synonymous to Ips amitinus: a
morphological, behavioural and genetic re-examination.
Biochemical Systematics and Ecology, 26: 171-183.

Sika A. (1976): Riist smrku pichlavého v lesnich porostech.
[The growing of Picea pungens in the forest stands.] Zpravy
lesnického vyzkumu, 22: 8-12.

SpuLAK O. (2007): Impact of extremely snowy winter to
Picea pungens (Engelm.) forest stand on the summit part
of the Jizerské hory Mts. (Czech Republic). In: SAN1GA M.,
JaALOVIAR P, KUcBEL S. (eds): Management of Forests in
Changing Environmental Conditions. Zvolen, Technicka
univerita vo Zvolene: 113-118.

Vipakovic M. (1991): Conifers. Morphology and Variation.
Zagreb, Graficki Zavod Hrvatske: 754.

VoormA K., MANDELSHTAM M.]., SHCHERBAKOV A.N,, YAKO-
VLEV E.B.,, OunaP H,, SUDA I, POPOVICHEV B.G., SHARAPA
TV, GALASJEVA T.V,, KHAIRETDINOV R.R., LIPATKIN V.A.,
MozoLEVSKAYA E.G. (2004): Distribution and spread of bark
beetles (Coleoptera: Scolytidae) around the Gulf of Finland:
a comparative study with notes on rare species of Estonia,
Finland and North-Western Russia. Entomologica Fennica,
15:198-210.

WITRYLAK M. (2008): Studies of the biology, ecology, phe-
nology, and economic importace of Ips amitinus (Eichh.)
(Col., Scolytidae) in experimental forests of Krynica
(Beskid Sadecki, Southern Poland). Acta Scientiarum
Polonorum Silvarum Colendarum Ratio et Industria
Lignaria, 7: 75-92.

501



Woob S.L., BRIGHT D.E. Jr. (1987): A catalog of Scolytidae
and Platypodidae (Coleoptera), Part 1: Bibliography.
Brigham, Brigham Young University: 685.

Woob S.L., BRIGHT D.E. Jr. (1992): A catalogue of Scolytidae
and Platypodidae (Coleoptera), Part 2: Taxonomic Index.
Brigham, Brigham Young University: 1553.

ZUBER M. (1992): Untersuchung zur Okologie und zur Ras-
sendifferezierung von Ips amitinus und Ips amitinus var.
montana (Col., Scolytidae). [Ph.D. Thesis.] Zirich, ETH
Zirich: 112.

ZUMR V., SOLDAN T. (1981): Reproductive cycle of Ips ty-
pographus, 1. amitinus and Pityogenes chalcographus (Co-

leoptera, Scolytidae). Acta Entomologica Bohemoslovaca,
78: 280-289.

ZUMR V. (1982): The data for the prognosis of spring swarm-
ing of main species of bark beetles (Coleoptera, Scolytidae)
on spruce (Picea excelsea L.). Zeitschrift fiir Angewandte
Entomologie, 93: 305-320.

ZUMR V. (1984): Spatial distribution of bark beetles (Coleop-
tera, Scolytidae) in Norway spruce (Picea excelsa Link)
and their indifference in relation to forest belts. Lesnictvi,
30: 509-523.

Received for publication October 9, 2013
Accepted after corrections November 13, 2013

Corresponding author:

Prof. Ing. EMANUEL KuLA, CSc., Mendel University in Brno, Faculty of Forestry and Wood Technology,
Department of Forest Management, Zemédélska 3, 613 00 Brno, Czech Republic

e-mail: kula@mendelu.cz

502

J. FOR. SCL, 59, 2013 (12): 493-502



