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The natural distribution of the double-spined spruce bark beetle, Ips duplicatus, includes the Palearctic stretching from Scan-
dinavia across NE and Central Europe to NE Asia. The first outbreak of I. duplicatus in Central Europe probably occurred in
the early 1990s in North Moravia and Silesia, where the beetle still infests spruces at elevations < 600 m a.s.l. This species,
which prefers elevations < 600 m a.s.l., has not been previously found within large mountain ranges. The present study, how-
ever, deals with I. duplicatus occurrence at ca. 600 m a.s.l. in two large mountain ranges — the Moravskoslezské Beskydy Mts.
and the Hruby Jesenik Mts. In both the regions, the beetle was detected in the terminal parts of closed valleys, approximately
20 km south of the infested sites at 400 m a.s.l. The new infestations at 600 m a.s.l. probably result from the increased abun-
dance of the beetle in the lowlands of the closed valleys. The only defence currently known is to identify and harvest (destroy)
the infested trees before offspring mature and overwinter in the litter. Occurrence of I. duplicatus within large mountain ranges
constitutes a new risk for spruce stands in the mountains, at least in the Abieto-Fagetum forest vegetation (altitudinal) zone.
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INTRODUCTION

The double-spined spruce bark beetle, Ips dupli-
catus (Sahlberg, 1836) (Coleoptera: Curculionidae,
Scolytinae), is naturally distributed over the Palearctic
stretching from Scandinavia across some parts of NE
and Central Europe to NE Asia (Wood, Bright,
1992; Pfeffer, 1995). Until the 20™ century, the
southernmost occurrence of /. duplicatus in Europe
was in the Bialowieza Primeval Forest in today’s
northern Poland. In the first half of the 20t century,
however, I. duplicatus began to spread southwards into
artificially established spruce stands both in lowlands
and uplands (P feffer, Knizek, 1995). The first
record of 1. duplicatus in Central Europe came from
southern Poland (Tredl, 1907; Karpinski, 1925,
1926). In the Czech Republic it was firstly recorded
in the eastern parts (Wanka, 1927), its first occur-
rence in Slovakia was reported almost simultane-
ously (Roubal, 1941). In northern Austria the first
observations of I. duplicatus fall within the 1980s
(Holzschuh, 1989).

By the end of the 1990s, I. duplicatus became
widespread both in Slovakia (Turc¢ani etal., 2001)
and the Czech Republic (Holus§a etal.,2010). Since

2005, the beetle’ main occurrence shifted from the
east south- and westwards into the central part of
Bohemia (HolusSa etal.,2010). The southern border
of its central European distribution is likely to be in
southern Slovakia (Zubrik et al., 2006).

Pfeffer, Knizek (1995) stated that the first
serious outbreak of /. duplicatus probably occurred
in North Moravia and Silesia in the early 1990s. At
that time, several hundreds of thousands of cubic
metres of wood were harvested because of the beetle
infestation. The volume of infested wood continued to
increase because of the continuing effects of drought
and Armillaria infestation (Knizek, 1998; Holus$a,
Liska, 2002). A similar /. duplicatus outbreak was
recorded simultaneously in southern Poland (Grodzki,
1999).

Today, pheromone monitoring regularly detects
I duplicatus in highlands with elevations under 600
m a.s.l. (Holus$a etal., 2006), and flying beetles
are detected only exceptionally at higher elevations
of the exterior ranges of the Western Carpathians
(Holusga, 2004).

Currently no occurrence of 1. duplicatus-infested
trees is known in the interior parts of high mountain
ranges, i.e., mountains exceeding 1,000 m a.s.l. (e.g.
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Kula, Zabecki,2001,2002a,b). The present study
focused on the determination of the current distribu-
tion of 1. duplicatus in the eastern part of the Czech
Republic in order to ascertain whether the beetle still
occurs only at the foot of the mountains or whether the
spruces in the interior parts of the Moravskoslezské
Beskydy Mts. and the Hruby Jesenik Mts. are also
endangered.

MATERIAL AND METHODS

Characteristics of the study areas

Infested trees were studied at two localities in the
Czech Republic (indicated by stars in Fig. 1):

(1) Celadna, Umuéeny (49°27'24.712"N,
18°20'50.947"E; 660 m a.s.l.). Celadna is located in
the Moravskoslezské Beskydy Mts. (Outer Western
Carpathians) and has an area of 623 km? and elevations
between 508—1,323 m a.s.l. This locality supports the
Abies-Fagus, Picea-Fagus, and Fagus-Picea forest
vegetation (altitudinal) zones (for definitions, see
Viewegh et al, 2003), with a dominance of the
Abies-Fagus forest vegetation zone (Holus$a, 2004).
Spruce dominates the woody plants and represents ca.
80 % of the tree community mainly on non-original
stands. Seven spruce (Picea abies L. (Karst.)) trees
(38 m tall) were examined at this locality on August
15,2012.

(2) Adolfovice, at the foot of Bezovy Mt.
(50°11'47.425"N, 17°9'22.939"E; 691 m a.s.l.). The
locality is in the Hruby Jesenik Mts. (Sudeten sub-
province) and has an area of 530 km? and elevations
between ca. 400—-1,492 m a.s.l. The Picea-Fagus forest
vegetation zone is dominant (covering 37 % of the
area), and at higher elevations Fagus-Picea and Picea
zones are abundant, covering 22 and 12 % of the area.
The Abies-Fagus zone occupies 27 % of the lower
boundaries of the area. Spruce stands of uniform age
currently dominate the locality (occupying ca. 80%
of the area), and a few stands have a substantial num-
ber of broadleaf trees, mainly beech (Culek 1996).
Fifteen spruce trees (32 m tall) were examined at this
locality on July 29, 2012.

Detection of 1. duplicatus

In mature forest spruce stands at each study locality,
spruce trees 25-35 cm in diameter (at chest height),
older than 100 years, and with beetle infestation were
cut down just above soil level. For assessment of bark
beetle abundance, the entire trunk of each tree was
debarked, and the extent of beetle infestation was as-
sessed for each of the 1 m long sections. The width of
each section (along the radial tree axis) was equal to
half of the section’s circumference. Beetles were con-

sidered abundant if there were more than 10 entrance
holes per 0.1 m?, and beetles were considered sparse
if there were fewer than 9 entrance holes per 0.1 m?.
Stages of bark beetles were recorded, and bark beetles
were identified to species based on adult morphology.

RESULTS AND DISCUSSION

1. duplicatus was detected at both localities. At
Celadna, all seven trees were infested with the bark
beetles Ips typographus (L. 1758) and Pityogenes
chalcographus (L. 1758). Two trees were abundantly
infested (> 10 entrance holes per 0.1 m?) with 1. dupli-
catus. Abundant infestation of the trunks from Celadna
extended from the height of 12.5+0.7 mto 24.5+ 0.7 m;
the stems had developed galleries that contained
L2-L3 larvae and maternal beetles. At Adolfovice, all
15 trees were infested with 1. duplicatus, I. typographus,
and P. chalcographus, but infestations of the latter
two species were sparse. Abundant infestation of the
trunks with 7. duplicatus extended from the height of
8.8+0.7mto27.9 £2.3 m; stems had developed gal-
leries that contained L2-L3 larvae and maternal beetles.

Both localities were similarly situated, in the closed
part the valley, ca. 600 m a.s.l., and were ca. 20 km
south of the already infested sites at 400 m a.s.l. in
the respective valleys (Fig. 1). The developmental
stages of I. duplicatus detected were the same along
the trunks at both localities.

Before the present study, /. duplicatus has never
been detected within large mountain ranges. Recently,
infested trees have been detected in flat to rolling high-
lands at elevations up to ca. 600 m a.s.l. (Turcéani,
2000; Holus§a etal., 2010; personal observations).
Although infested trees have occasionally been found
in the Moravskoslezské Beskydy Mts. at 800 m a.s.1.
(Holusa, 2003), these were growing on slopes ad-
jacent to a lowland area. Contrarily, the infested trees
under the present study were situated in closed valleys
of extensive mountain ranges with elevations exceed-
ing 1,000 m a.s.l.

The occurrence of I. duplicatus within extensive
mountain ranges is probably a consequence of its in-
creased abundance in the lowlands (Holusa et al.,
2010) and pressures of a growing population along the
longitudinal axes of the interior valleys. Both Celadna
and Adolfovice are in forest districts where only ca.
100 overwintering beetles per pheromone trap were
captured as recentlyas 2011 (Knizek, Modlinger,
2012). This, however, is the consequence of their
location within mountainous areas where densities of
I duplicatus have historically been low. In both areas,
the first bark beetle infestations occurred in 2011.
A longer-term local bark beetle outbreak exists on the
southern slope of Smrk Mt. in the Moravskoslezské
Beskydy Mts.; this outbreak including 1. typographus
and Ips amitinus (Eichhoff, 1872), is at 1,200 m a.s.1.
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Fig. 1. Locations of Adolfovice (left) and Celadna (right) (grey area — forest stands) in relation to pheromone monitoring of Ips duplicatus in the
Czech Republic during 2011 (below, captures of the overwintering generation according to Knizek, Modlinger (2012))

and has been detected by trap trees (Lukasova,
Holusa, 2011). The now infested standing trees
were studied only in 2010, when infestation with
1. duplicatus was not found (personal observation).

Both Celadna and Adolfovice have elevations that
only slightly exceed 600 m a.s.l., and detection of /. du-
plicatus at these localities is in accord with the beetle’s
preference for elevations < 600 m a.s.l. (Grodzki,
2002, 2003; Vakula etal., 2011).

The rate at which 1. duplicatus is multiplying and
spreading in Central Europe indicates that this spe-
cies has reacted positively to the moderate climate
in Central Europe (HolusSa et al., 2010). Although
1. duplicatus is adapted to northern and possibly to
mountain conditions, in response to higher tempera-
tures it is capable of producing multiple generations
per year. According to most authors, while this species
annually produces one generation in the taiga and
in northern Poland (Saalas, 1923; Karpinski,
1933;Pfeffer, 1955;Schnaider, Sierpinski,
1955), it produces up to three generations in Central
Europe per year (Schnaider, Sierpinski,
1955;Grodzki,1997; Holusa etal., 2003, 2000).
Although I. duplicatus occurs at higher altitudes just
sporadically (Grodzki,2002,2003; HoluS§a etal.,

2010; Vakula etal.,2011), itresembles /. typogra-
phus here in producing only one generation per year
(Holuga etal., 2006). At elevations like Celadna and
Adolfovice (600 m a.s.l.), I. typographus can produce
1-2 generations per year (Holus$a et al., 2006). In
the present study, the mature beetles detected were
probably re-emerging maternal beetles (rather than
anew generation of adults), which matches the general
pattern observed at lower and medium elevations in
Central Europe in 2012 (personal observation).

CONCLUSION

Although it has an extensive range, I. duplicatus
is usually captured in pheromone traps at lower and
medium elevations. In addition, the number of beetles
captured in pheromone traps correlates with the number
in infested trees (Holus$a et al., 2010).

Control of 1. duplicatus is complicated by several
factors. First, I. duplicatus normally attacks scattered
trees within a stand, and the invasion is concentrated
in the tree crowns. Second, beetle development is
often either completed or considerably advanced be-
fore change in needle colour is evident; i.e., infested
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trees are recognized only late. Third, /. duplicatus
only rarely invades trees lying on the ground, and
therefore classical traps cannot be used for its control
(Grodzki,1997;Knizek, 1998,2010; Holus$a
et al., 2006). The only defence is to identify and har-
vest (destroy) infested trees before offspring mature
and overwinter in the litter.

The occurrence of the double-spined bark beetle,
1. duplicatus, in the interior of mountain ranges con-
stitutes a new threat for spruce stands in the moun-
tains, at least in the Abies—Fagus zone. On the basis
of these findings, the recommendation is to monitore
1. duplicatus with pheromone traps within mountain
ranges and at elevations up to ca. 600 m a.s.l. If /. du-
plicatus is captured at these locations, we recommend
that trees infested with bark beetles be debarked and
studied in detail to confirm /. duplicatus occurrence.
If the species of 1. duplicatus is confirmed, forest-
ers must carefully examine other trees in the area to
determine the extent of the infestation and to guide
management decisions.

Acknowledgements

The authors would like to thank Dr. Bruce Jaffee
(USA) for linguistic and editorial improvements.

REFERENCES

Culek M (ed.) (1996): Biogeographical segmentation of the
Czech Republic. Ist Ed., Enigma, Prague. (in Czech)

Grodzki W (1997): Possibilities of the control of the double-
spined bark beetle Ips duplicatus C. R. Sahlb. in the Southern
Poland. Sylwan, 11, 25-36. (in Polish)

Grodzki W (1999): Occurrence of double spined bark beetle /ps
duplicatus (Sahlberg) (Coleoptera: Scolytidae) in Poland.
Zpravodaj ochrany lesa, 5, 13—15. (in Czech)

Grodzki W (2002): An attempt to establish the extent and
prevalence of the bark beetle Ips duplicatus C.R. Sahlb.
(Coleoptera: Scolytidae) in mountain spruce stands in the
Western Carpathians. Sylwan, 146, 45-52. (in Polish)

Grodzki W (2003): Distribution range of the double spined
bark beetle Ips duplicatus C.R. Sahlb. (Col.: Scolytidae) in
the mountain areas of southern Poland. Sylwan, 8, 29-36.
(in Polish)

Holusa J (2003): Population status of the double-spined spruce
bark beetle in Silesia during 2003. Zpravodaj ochrany lesa,
IX December 2003, 24-28. (in Czech)

Holusa J (2004): Health condition of Norway spruce Picea
abies (L.) Karst stands in the Beskid Mts. Dendrobiology,
51, 11-17.

Holusa J, Liska J (2002): The hypothesis of spruce forest decline
in Silesia (Czech Republic). Zpravy lesnického vyzkumu,
47, 9-15. (in Czech)

100

Holusa J, Zahradnik P, Knizek M, Drapela K (2003): Seasonal
flight activity of the double-spined spruce bark-beetle Ips
duplicatus (Coleoptera, Curculionidae, Scolytinae) in Silesia
(Czech Republic). Biologia, Bratislava, 58, 935-941.

Holusa J, Voigtova P, Kula E, Kfistek S (2006): Occurrence
of double spined bark beetle /ps duplicatus Sahlberg, 1836
(Coleoptera: Scolytidae) on forest district Bruntal State For-
est of the Czech Republic, state enterprise, in 2004-2005.
Zpravodaj ochrany lesa, 13, 1-46. (in Czech)

Holusa J, Lubojacky L, Knizek M (2010): Distribution of
double-spined spruce bark beetle Ips duplicatus in the Czech
Republic: spreading in 1997-2009. Phytoparasitica, 38,
435-443.

Holzschuh C (1989): Could Ips duplicatus Sahlberg have been
carried into Austria by wood imports? Forstschutz-Aktuell,
1, 2—4. (in German)

Karpinski JJ (1925): List of bark beetles in the surroundings of
the town of Czestochowa. Polskie Pismo Entomologiczne,
4, 215-218. (in Polish)

Karpinski JJ (1926): List of bark beetles in the surroundings
of the town of Kielce. Polskie Pismo Entomologiczne, 5,
81-83. (in Polish)

Karpinski JJ (1933): Bark beetles of the Forest of Bialowieza
from the point of view of the existing habitats types of for-
est. Rozprawy i Sprawozdania, Serie A, 1, 1-68., (in Polish)

Knizek M (1998): Occurrence of double spined bark beetle Ips
duplicatus (Sahlberg) in the Czech Republic and control
possibilities. In: Biotic pest agents in foretss of the Czech
Republics - Book of abstracts. VULHM, Prague, 45-50.
(in Czech)

Knizek M (2010): Monitoring of double spined bark beetle in
the Czech Republic in 2009. Lesnicka prace, 89, 46-47.
(in Czech)

Knizek M, Modlinger R (2012): Occurrence of forest pests in
2011 and their expected status in 2012. Zpravodaj ochrany
lesa, 19, 1-75. (in Czech)

Kula E, Zabecki W (2001): Attractiveness of spruce for cam-
bioxylophages as related to stand age. Journal of Forest
Science, 47, 88-96.

Kula E, Zabecki W (2002a): Structure of cambioxylophagous
fauna in spruce of the Knehyne Nature Reserve and com-
mercial spruce stands in the Beskids. Casopis Slezského
zemského muzea, Serie A, Védy ptirodni, 51, 155-164.
(in Czech)

Kula E, Zabecki W (2002b): Synusia of spruce cambioxy-
lophages depending on the degree of bast mortification.
Beskydy, 15, 113—-118. (in Czech)

Lukasova K, Holusa J (2011): Gregarina typographi (Eugre-
garinorida: Gregarinidae) in the bark beetle Ips typogra-
phus (Coleoptera: Curculionidae): changes in infection
level in the breeding system. Acta Protozoologica, 50,
311-318.

Pfeffer A (1955): Fauna of Czechoslovakia. Bark-beetles —
Scolytidae. 1st Ed. Nakladatelstvi CSAV, Prague. (in Czech)

SCIENTIA AGRICULTURAE BOHEMICA, 44, 2013 (2): 97-101



Pfeffer A (1995): Central and Western Palearctic bark beetles
and pin-hole borers) (Coleoptera: Scolytidae, Platypididae).
Pro Entomologia, c/o Naturhistorisches, Basel. (in German)

Pfeffer A, Knizek M (1995): Expansion of double spined bark
beetle Ips duplicatus (Sahlb.) from northern taiga. Zpravodaj
ochrany lesa, 2, 8—11. (in Czech)

Roubal J (1941): Checklist of Coleoptera of Slovakia and eastern
Carpathians. 1st Ed. Orbis, Prague. (in Slovak)

Saalas U (1923): The spruce bark beetles in Finland. Annales
Academiae Scientiarum Fennicae, Series Agricola, 22, 1-746.

Schnaider Z, Sierpinski Z (1955): On biology of double spined
bark beetle Ips duplicatus (Sahlb). Roczniki Nauk Lesnych,
13, 437-447. (in Polish)

Tredl R (1907): Food plants and dissemination areas of European
bark beetles. Entomologische Blitter, 3, 2—4, 18-22, 37-42,
53-56, 69-72, 87. (in German)

Turc¢ani M (2000): Double-spined spruce bark beetle (Ips
duplicatus) — experience in Slovakia after three years of
monitoring, and perspectives for future development. Les,
1, 18-19. (in Slovak)

Tur¢ani M, Csdka G, Grodzki W, Zahradnik P (2001): Recent

invasions of exotic forest insects in eastern Central Europe.

In: Alfaro RI, Day K, Salom S, Nair KSS, Evans H, Lieb-
hold A, Lieutier F, Wagner M, Futai K, Suzuki K (eds):
Protection of world forests from insect pests: advances in
research. Proc. 215 TUFRO World Congress, Kuala Lumpur,
Malaysia, 99-106.

Vakula J, Gubka A, Zabrik M, Kunca A (2011): New methods of
protecting forests from double-spined spruce bark beetle and
other invasive species. 1st Ed. Zvolen, Slovakia. (in Slovak)

Viewegh J, Kusbach A, Mikeska M (2003): Czech forest eco-
system classification. Journal of Forest Science, 49, 85-93.

Wanka T (1927): Fourth contribution of Coleopterenfauna
from Austria Silesia. Wiener Entomologische Zeitung, 46,
1. (in German)

Wood SL, Bright DE (1992): A catalog of Scolytidae and Platy-
podidae (Coleoptera), Part 2: Taxonomic Index, Vol. A, B.
Great Basin Naturalist Memoirs, 13, 1-354.

Zubrik M, Kunca A, Turc¢ani M, Vakula J, Leontovy¢ R (2006):
Invasive and quarantine pests in forests in Slovakia. OEPP/
EPPO Bulletin, 36, 402-408.

Received for publication on November 28, 2012

Accepted for publication on April 4, 2013

Corresponding Author:

Mgr. Jiti Trom b ik, Czech University of Life Sciences Prague, Faculty of Forestry and Wood Sciences, Kamycka 129,
165 21 Prague 6-Suchdol, Czech Republic, phone: +420 733 106 619, e-mail: jiri.trombik@gmail.com

SCIENTIA AGRICULTURAE BOHEMICA, 44, 2013 (2): 97-101

101



