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ABSTRACT

During an outbreak in the second half of the 1990s, the infestation pattern of Ips duplicatus C.R. Sahlb. on standing
trees in the Silesian Upland (southern Poland), was seen to be different from the pattern observed in the north-eastern
spruce range. The “southern” type can be characterised by (i) the abundance of 1. duplicatus galleries in lower parts
of stems (including the basal parts of stems), and (ii) co-occurrence and high spatial competition with Ips typogra-
phus L. The “southern” type of infestation seems to be temporal in nature, related to the high abundance of 1. dupli-
catus during the progradation and culmination phase of its outbreak.
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INTRODUCTION

One of the most important factors in Norway spruce
Picea abies (L.) H. Karst. mortality is the infestation
by bark beetles, among which the spruce bark beetle
Ips typographus L. is the most frequent and aggres-
sive species (Wermelinger 2004). This insect is a lead-
ing species in the complex of bark beetles which feed
on spruce, and in most cases can be considered as the
main or even exclusive agent of mortality. However, in
specific conditions other species of bark beetles, usu-
ally known as “accompanying” species, can increase
in frequency and become the main agents of tree death
(Grodzki 1997b).

In Poland, the continuous distribution of Nor-
way spruce is divided into two ranges: north-eastern
and southern, separated by wide belt initially termed
“spruceless” (Szafer 1921), but recently recognised as
an area with a scattered distribution of this tree spe-
cies (Boratynski 1998). Ips duplicatus C.R. Sahlb. is
a bark beetle species distributed between the northern
zone of Europe, Siberia, and Sakhalin, which feeds on
spruces; mainly P. abies, but also on some other Picea
and Pinus species (Pfeffer and Knizek 1995). In Po-
land 1. duplicatus, considered as a dangerous pest of
spruce (Schnaider and Sierpinski 1955), was regarded
as common in the north-eastern range of P. abies, and
sporadically observed in the southern range; the differ-
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ing abundance of this species in the north-eastern and
southern parts of Poland was even considered as an
argument proving the existence of two ranges of Nor-
way spruce (Karpinski 1932). In the northern range of
spruce 1. duplicatus colonises mainly or exclusively the
upper parts of the tree stems, the lower (thicker) parts of
which is usually infested by 1. typographus (Karpinski
1935). The co-occurrence of both species is regulated
by competition mechanisms and preferences in the size
of breeding material (Schlyter and Anderbrant 1993), as
well as by the semiochemical mechanisms which relate
to the negative response of both species to each other’s
pheromones (Schlyter et al. 1992).

In the second half of the 1990s a local outbreak of
L. duplicatus affected the stands in the Silesian Upland
in southern Poland (Grodzki 1997a), and in the adjacent
area of the northern Czech Republic (Mrkva 1994). It
was the first case of such an outbreak in this part of the
Norway spruce distribution range. During the outbreak
period (1991-1995), a volume of almost 1.5 million m?
of spruce timber had to be removed from stands in the
Silesia Upland due to bark beetle infestation (Grodz-
ki 1997a). The conditions in southern Poland and the
northern Czech Republic were favourable for the rapid
proliferation of I. duplicatus: in the “northern” spruce
range one generation (or exceptionally two) per year are
usually produced (Schnaider and Sierpinski 1955), how-
ever in the “southern” range the species may produce up
to three generations in a single growing season (Holusa
et al. 2003).

In recognition of the importance of the pest and the
damage caused, research was undertaken concerning
possible methods of control (Grodzki 1997a). The re-
sults of the field investigations revealed that the infesta-
tion patterns in Silesian Upland differed from those ob-
served in the northern range of spruce. The aim of this
paper is to describe these two types of infestation, and
to discuss the possible causes of the differences found.

MATERIAL AND METHODS

The main study area was located in the southern range
of the Norway spruce distribution — in the Silesian
Upland, Forest District Strzelce Opolskie, in stands
recently affected by the I duplicatus outbreak. For
comparison, results of experiments with standing trap

trees performed in the north-eastern spruce range in
Puszcza Romincka and Puszcza Knyszynska, were
also included.

1. Standing trees killed by bark beetles

The analyses of standing trees infested by
bark beetles were performed in the Forest Dis-
trict Strzelce Opolskie, Silesian Upland (southern
spruce range) in 1996 and 2001, on the following
dates and locations:

— 24-25.06.1996: Forest Range Szymiszow,
compartment (comp.) 65g, 61 year-old Norway
spruce, 10 infested standing trees analysed after
felling, performing analysis in four 0.5m sec-
tions: basal, middle (midway between stem base
and crown base), upper (below the crown), and
crown (middle of the crown).

— 7.06.2001: Forest Range Zimna Wodka, comp.
11Ac, 95 year-old Norway spruce, 3 infested
standing trees, analysed after felling, full stem
analysis in 1m sections.

In both cases the bark was removed from the
entire surface of each section and the number of
gallery systems (in practice: mating chambers) of
individual bark beetle species was estimated per
1dm? (decimetre squared) . In the first case the fre-
quency of 1. duplicatus and I. typographus was cal-
culated in individual sections.

2. Standing trap trees

The dissections of trees were made in:
Southern spruce range:

— 28.08.1999: Silesian Upland, Strzelce Opolskie,
Szymiszow, comp. 65g, 20 standing trap trees,
girdled in late autumn 1998, 4-sections analysis.

North-eastern spruce range:

— 15.06.2001: Puszcza Knyszynska, Forest Dis-
trict Krynki, 5 various compartments, 20 stand-
ing trap trees girdled in the summer 2000,
4-sections analysis.

— 2.08.2001: Puszcza Romincka, Forest District
Goldap, 5 various compartments, 20 standing
trap trees girdled in the summer 2000, 4-sec-
tions analysis.

On all trees the presence of 1. duplicatus galleries in
individual sections was recorded, in order to calculate
its frequency on the specific parts of the stems.

All trees were measured (DBH and height/length).
The co-occurrence of two Ips species was characterised
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using linear regression and Aggrell’s index (4g), calcu-
lated following the formula:

A — Nuh
£5N
where:
N, —number of sections in which the species a and b
occur,

N — number of all infested sections.

For statistical analyses of the occurrence of /. du-
plicatus on tree stems, a linear regression was applied,
and nonparametric methods (median and Mann-Whit-
ney test) were used to test for differences in the DBH of
trees between study locations.

REsuLTs

Standing trees killed by bark beetles

The mean DBH of trees analysed in 1996 was 25.9 cm
and ranged between 19-37 cm. The data collected
showed that galleries of I. duplicatus occurred in all ana-
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Fig. 1. Frequency of two Ips species (A) and infestation
density of 1. duplicatus (B) on attacked standing trees on
Silesian Upland in 1996 (m.ch. — mating chambers)

lysed sections of spruce trees, including the lowest parts
of stems (Fig. 1A). Its frequency, which was relatively
high (above 60%) in the basal parts of stems, increased
to 100% in the section located just below the crown, then
slightly decreased in the crown zone to just above 90%.
The frequency of 1. typographus on the same trees was
much lower, reaching a little over 20% in the middle of
the stem. When looking at the intensity of . duplicatus
attacks, the lowest infestation density was found in the
basal parts of stems (2.19 per 1 dm?) but increased with
the tree height, reaching the value of 4.05 in the highest
(middle of the crown) stem section (Fig. 1B); however
the infestation density was not correlated with the sec-
tion diameter (r = 0.24; p = 0.18; n = 32).

A similar but not identical pattern was found on the
trees analysed in 2001, for which DBH ranged between
24-27 cm. There were no I. duplicatus galleries on the
first lower three meters of stems (i.e. the species was
absent in the parts of stems corresponding with the ba-
sal section), but from the fourth meter, where the spe-
cies appeared at a density of 0.15 mating chamber/dm?,
the infestation density increased with the tree height up
to a value of 1.53 at 24 meters (Fig. 2). The density of
infestation by 1. duplicatus was negatively correlated
with section diameter (r = —0.5426, n = 63, p < 0.01), in
accordance with the preferences of this species to thin-
ner breeding material. Infestation by 1. typographus
was detected between one and seventeen meters of stem
height, with the density decreasing slightly at greater
height. 1. duplicatus co-occurred with I. typographus in
a 14 meter long zone of the tree stems, and the infesta-
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Fig. 2. Infestation density of two Ips species on attacked
standing trees in 1-m stem sections, Strzelce Op. 2001 (m.ch.
— mating chambers)
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tion density by the two species was slightly negatively
correlated (r =—0.3006, p = 0.017), which is suggestive
of spatial competition. The requirements in the qual-
ity (size) of breeding material seemed to be similar in
both species, as indicated by the Aggrell’s index value
Ag =0.50 (0.41-0.58).

Standing trap trees

The experiments employing standing (girdled) trap
trees, performed in Silesian Upland in 1999, revealed
a similar infestation pattern in . duplicatus (Fig. 3A),
to that found on standing infested trees in 2001. This
species was absent in the basal sections of trees and fre-
quent in the middle and upper sections (67%), as well as
in the crown zone (56%). The frequency of I. typogra-
phus was the highest (67%) in the basal and middle part
of stem, and much lower in the upper (33%) and crown
(11%) sections. The density of infestation by 1. duplica-
tus was the highest in the upper part of stem (below the
crown) and much lower in both middle of the stem and
middle of the crown (Fig. 3B). No correlation was found
between the density of infestation by 1. duplicatus and
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Fig. 3. Frequency of two Ips species (a) and infestation
density of 1. duplicatus (b) on standing trap trees on Silesian
Upland in 1999 (m.ch. — mating chambers)

section diameter (r = —0.29; p > 0.05), nor between the
density of infestation by I. duplicatus and 1. typogra-
phus (r = 0.33; p > 0.05). The co-occurrence of both
species in the middle of the stem indicates spatial com-
petition without any separation.

Comparison of the data collected in the three sites
indicates differences in the infestation pattern between
two parts of Poland, resulting from the much higher 1.
duplicatus frequency in the middle parts of stems in the
“southern range” (Fig. 4).
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Fig. 4. Frequency of I. duplicatus in individual stem parts on
standing trap trees in three study sites located in the north-
eastern (Krynki, Gotdap), and southern (Strzelce Op.) range
of spruce

No significant differences were found between in-
dividual locations in the DBH of trap trees analysed
in individual study sites (only the trees infested by
L duplicatus were included in this analysis) (Fig. 5)
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Fig. 5. DBH (diameter at breast height) of standing trap trees
in individual study sites located in the north-eastern (Krynki,
Gotdap) and southern (Strzelce Op.) range of spruce
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(median test, x> = 7.713962, df = 2, p = 0.0211), nor
between the north-eastern (pooled data) and southern
Poland (Mann—Whitney test, U = 54.5, Z = —0.100223,
p > 0.05).

DiscussioN

According to the data from the literature it is known
that I duplicatus infests the upper parts of stems and
crown zone of Norway spruce trees, a species which
also comes under attack from I typographus. This
model of infestation is common in the north-eastern
range of the Norway spruce in Poland, where the spe-
cies is regarded as abundant, and its occurrence was
considered as a property that distinguished the two
separated ranges of Norway spruce (Karpinski 1932).
Even if the opinion about the existence of a “spruce-
less belt” in central Poland is a subject of discussion
(Boratynski 1998; Latatlowa and Van der Knaap 2006),
the differences in the frequency and abundance of
L duplicatus remained genuine until its outbreak in
southern Poland and the northern Czech Republic. As
shown in the present paper, the infestation pattern in
this “new” area is not the same as that known from the
“old” area in north-eastern Poland (Karpinski 1935),
or in Scandinavia (Schlyter and Anderbrant 1993).
One can describe two types of Norway spruce infes-
tation by I duplicatus: “typical” (or “north-eastern”)
and “new” (or “southern”). The “southern” type can be
characterized by (i) the abundance of /. duplicatus gal-
leries in lower parts of stems (including the basal), and
(il) co-occurrence and high spatial competition with
L typographus.

(1) The differences in infestation of lower/basal
parts of stems between the localities in the north-east-
ern and southern parts of Poland did not result from
the DBH of attacked trees, as this parameter did not
significantly differ between localities. 1. duplicatus
usually prefers thinner breeding material (Karpinski
1932, 1935; Mrkva 1994): in 2002 in the Forest District
Hajnowka (Puszcza Biatowieska, north-eastern spruce
range), the galleries of this species on standing spruces
were found above 25m from ground level (W. Grodzki,
unpubl.). However, this parameter is probably not a fac-
tor limiting the infestation ability of /. duplicatus when
its population level is high.

(i) According to Gutowski and Kubisz (1995),
L duplicatus and I. typographus have completely dif-
ferent requirements regarding which parts of the stems
they can infest, as expressed by Aggrell’s index 4g = 0.
This finding results most probably from the fact that the
authors analysed only lying (windblown) trees, which
are not usually infested by I duplicatus (Sierpinski
1958). Contrarily, the results presented in this pa-
per (Ag = 0.5) demonstrate the co-occurrence and/or
competition of these two species on the same parts of
stems, without the niche separation effect of the mech-
anisms described by Schlyter and Anderbrant (1993)
which were observed in Scandinavia. The reason for
the high competition potential between I. duplicatus
and 7. typographus in the Silesian Upland was probably
the very high population level of the first species, as
conditions favourable for rapid population growth (cf.
Holusa et al. 2003) occurred at the time of its outbreak
culmination. A similar mechanism was described in
Pityogenes chalcographus (L.) after an I. typographus
outbreak in the Western Sudetes (Grodzki 1997b). Such
a conclusion can be supported by the results reported
by Holusa et al. (2006): in the north-eastern Czech
Republic (Moravia) in 2005 (i.e. in the retrogradation
phase), I. duplicatus galleries were found only in the
upper (crown) zone of infested trees, as in a “typical”
infestation pattern.

The above described “southern” type of infesta-
tion seems to be of a temporal nature, related to the
high abundance of the bark beetle during the progra-
dation and culmination phase of its outbreak, and not
resulting from special traits or features of 1. duplicatus
populations living in the two spruce ranges in Poland.
Thus, the nature of the infestation could be used in the
diagnostics of threat to forest caused by 1. duplicatus,
through the recognition of the progressive phase of its
outbreak and/or high population level. This conclusion
can be confirmed by the comparison of results obtained
in 1996 (progradation), and 1999/2001 (beginning of
retrogradation). Looking from a wider perspective, the
temporal nature of the “southern” infestation type can
be considered as an additional contribution that sup-
ports the opinion about continuous spruce distribution
in Poland, without the “spruceless” belt (Boratynski
1998), as no differences between 1. duplicatus popula-
tions from north-eastern and southern Poland have been
detected by genetic studies (Lakatos et al. 2007).
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