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Abstract

For the determination of forest entomofauna migration, the assessment of its distribution is very important. The
investigation was carried out in 2004-2006 in in the clear-cuts of Norway spruce (Picea abies Karst.) in Dubrava
Experimental and Training Forest Enterprise. The aim of the present work was to estimate the distribution of xylobiont
insects breeding under the bark of spruce branches in the clear-cuts and adjacent spruce stands.

The assessment of underbark xylobiont insects was made using a method of sample branches and eclector traps.
During the research, 1272 spruce branches were examined. A total of 32 insect species in spruce branches were found.
The number of phytophagous and entomophagous species was 19 and 11, respectively. The Coleoptera order dominated
comprising 93.7% of all xylobiont insects in spruce branches. Pityogenes chalcographus was the most abundant species
(75.6% of beetles in total) among the coleopterans. The mean number of phytophages and entomophages was significantly
(p=0.05) 3 times less in the clear-cuts, than in the adjacent stands. Shannon‘s index showed poor species diversity, and
was 0.3 (in the clear-cuts) and 1.34 (in adjacent stands). The difference was statistically significant (t=1.96, p=<0.05).

Sorenson‘s similarity measure of xylobiont insects species was 0.51 in the clear-cuts and adjacent stands.
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Introduction

Dangerous insect pests such as Pityogenes chal-
cographus (L.) and Ips typographus (L.) can breed in
spruce branches. With increasing abundance, bark
beetles are able to make mass outbreaks and attack
even healthy spruces in Lithuania. (Pileckis et al. 1968,
Banenra u ap. 1974). In stable ecosystems, this forest
entomofauna serve as a mechanism providing long-term
ecological stability. In unstable ecosystems, their ac-
tivities are essentially negative and cause ecosystem
degradation (Yanovskii 2005). Human activities, like
logging, modify the dynamics and composition of vir-
gin forest, affecting the equilibrium between the nat-
ural species (Mazur et al. 1996, Spagarino et al. 2001,
Seidl et al. 2007). Ecological and phenological aspects
of coniferous trees’ xylofauna have been examined in
Scandinavia, in America as well as in Russia (Schlyter
1985, Lindhe and Lindeléw 2004, Eriksson et al. 2005,
Jurc et al. 2006, Macxos 2008). The peculiarities of xy-
lobiont insects biology are well known. In Lithuania,
until now, the main efforts have been oriented toward
insects’ biology and ecology, insect-related damage
and forest protection (Pileckis et al. 1968, Pileckis 1976,
Valenta and Gedminas 1999, Zolubas et al. 2009).

Assesing species diversity, the Shannon, Berger-
Parker and Sorenson diversity indexes are widely in
use. According to diversity indexes scientists exam-
ined diversity of xylobiont insects in Mexico, species
of entomofauna occurring in different biotopes in
Poland and species of litter entomofauna in Switzer-
land (Duelli et al. 1999, Skalski and Pospiech 2006,
Noguera et al. 2007) as well as in Lithuania (Lynikiené
and Zolubas 2003, Lynikiené 2006, Gedminas et al.
2007). Non-target insect species diversity in pherom-
one traps for I. typographus has also been examined
(Zolubas 2000). However, the data on species diversi-
ty of xylobiont insects of coniferous trees are just poor
in Lithuania.

According to tree height and diameter, the vol-
ume of Norway spruce branches comprises 14-26% of
the total tree volume (Bamenrta u ap. 1974, RepSys
1994). The branches are a sufficient base for the bark
and wood boring beetles. Coniferous species cover
1,155.1 thousand ha (58.1% of the total area of forest
land) including 21.8% of the spruce stands (Anony-
mous 2005). The area of spruce stands decreased
strongly in the period 1993-1998. Due to damages of
bark beetle, the area of sanitary fellings reached 515.9
thousand ha of spruce stands, remaining the clear-cuts
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with spruce branches (Valenta and Povilonis 2003).
Bark and wood boring insect pests concentrate in
spruce branches in the clear-cuts, threatening the sur-
rounding forest stands. Left branches are attractive
substance for the bark beetles. The chemical compo-
sition of such active compounds and the dependence
of their dissemination intensity from environmental
conditions is already described (Byers et al. 1988,
Fiihrer et al. 1991, Niemeyer and Watzek 1996, Baier
and Bader 1997). Using auditory and taste receptors,
bark beetles can find a timber suitable for them (Mc-
Mullen and Atkins 1962, Hietz et al. 2005).

Pityogenes chalcographus is one of the main in-
sect pest damaging spruce in Lithuania (BanenTa u np.
1974, Valenta 2000, Valenta and Povilonis 2003). About
93.2% of these beetles accommodate under the bark
of spruce by lenticels (Rosner and Fithrer 2002). The
abundance of pests is regulated by natural enemies —
entomophages, which can enter under the spruce bark
through the holes of bark beetles (Xapuronosa 1972).
Entomophages can respond to odors, which are emit-
ted by pests attacking the tree (Byers and Wood 1981).

By now, no studies have been conducted in
Lithuania about the species diversity of xylobiont in-
sects and its distribution in clear-cut and adjacent
spruce stand. The hypothesis was posed that the xy-
lobiont insects distribute not randomly in spruce clear-
cuts and adjacent stands. The aim of this study was
to determine species diversity and distribution of xy-
lobiont insects infesting spruce branches in Norway
spruce clear-cuts and adjacent stands.

Materials and methods

The investigations were conducted at Dubrava
Experimental and Training Forest Enterprise, Kaunas
district, in 2004 — 2006. We selected two clear-cuts of
Norway spruce (Picea abies L. Karst.) that have been
felled because of the bark beetle infestations (outbreak
plots). One of these clear-cuts was fresh (cuttings of
the running year), and the other — old (cuttings were
done one year before). Following the same principles,
we selected another two (fresh and old) clear-cuts that
have been felled in the planned order, not for sanitary
reasons (control plots). Four research plots were es-
tablished in the selected clear-cuts. In order to bait
xylobiont insects including spruce bark beetles, sam-
ple branches were used in each plot. (Gedminas et al.
2007). Sample branches with medium diameter of 2.8
cm and length of 1.75 m were collected from healthy
and living spruces, without removing small twigs and
needles. Small piles of the sample branches were
shaped. Totally five piles (3 sample branches in each
pile) were installed in the centre of each clear-cut

before the swarming of bark beetles (in April). Similar
piles of spruce branches were exposed in surround-
ing spruce stands, at the distance of 5 m, 50 m and
100 m from the edge of each clear-cut. Total number
of piles was 53 in each plot (Fig. 1).
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Figure 1. The design of sample branches in spruce clear-
cuts and adjacent stands

Every year, in July — August before the emergence
of adults, the samples from the branches were collect-
ed. Samples — thick cutoff 40 cm long - were selected
from each sample branch. These samples were placed
into special eclectors. Eclector was the polyethylen bag
(50 1 volume) with small holes for the aeration. The
samples of the branches from the same pile were placed
in the same eclector and were kept under laboratory
conditions for one year. Afterwards, branch samples
were inspected by removing the bark and the emerged
insects were collected at all stages of their developent:
imagines, pupae and larvae. The number of collected
xylobiont insects was recalculated per 1,000 cm? of the
bark surface. During the study, 1,272 of spruce branch-
es were examined.

The data have been analysed using elementary
statistical methods (Songailiené and Zenkauskas 1985,
Cekanavi¢ius and Murauskas 2001). Diversity of xy-
lobiont insect species has been assessed using: Shan-
non (H’) diversity index, measure of evenness (E),
Simpson (D) and Berger-Parker (d) species domination
indexes and Sorenson (Cs) species similarity measure
(Magurran 1988).

Shannon (H’) species diversity index:

H=-Zp Inp, (1)

p,= n,/N,

i

n, — number of individuals of ith species;
N — total number of individuals.
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Measure of evenness (E):
E=H/InS, )
where
H — index of diversity;
S — total number of species.
Simpson’s index (D):
D=3p, ()
where
p=n./N;
n, — number of individuals of ith species;
N — total number of individuals.
Berger-Parker index:
d=N__/N, 4)
where
N_.. — number of individuals of the most abun-
dant species;
N — total number of individuals.
Sorenson index:
C=2j /(a+b), (5)
where
j — the number of species found in both sites;
a — the number of species in site A;
b — the number of species in site B.
Dispersion analysis was conducted in order to
estimate the influence of distance from the edge of
clear-cut on the distribution of xylobiont insects.

Results

The relative abundance of xylobiont insects was
realiably different between spruce branches selected in
the clear-cuts and in adjacent stands (Table 1). Mean
number of individuals (per 1,000 cm? of spruce branch
bark) was 443.3£14.8 in fresh outbreak plot, 420.29+11.69
— in the fresh control plot, 478.86+14.41 — in old out-
break plot and 516.01+26.19 — in the old control plot.
The difference of xylobiont insect abundance was sig-
nificant (p=<0.05) only in fresh and old control plots.

Table 1. Xylobiont insects abundance (number of individu-
als/1,000 cm?) under the bark of spruce branches in clear-
cuts and adjacent stands

Variant Clear-cut Adjacent t* P*
stand
Entomophages Fresh control 6.18+0.31 23.59+2.04 8.39 0.001
Fresh
outbreak 4.34+0.47 15.34+1.16 8.85 0.002
Old control 1.66+0.21 22.3142.62 7.87 0.001
Old outbreak 1.22+0.08 58.82+5.63 10.22 0.001
Phytophages Fresh control 124.7247.94 387.02+16.46 14.35 0.001
Fresh
outbreak 165.31+23.71 423.29+17.09 8.83 0.001
Old control 92.88+28.59 491.81+28.21 9.93 0.001
Old outbreak  175.76+22.20 410.23+16.66 845 0.001

Note: xylobiont insects from other trophic groups (sapro-
phages) are not included in the Table, because abundance was
only 2.17+1.28 in spruce stand near the fresh outbreak and
1.2240.11 in spruce stand near the fresh control.

Note: *significance of differences (£>1.96, when p<0.05)

In total, 32 insect species belonging to Coleop-
tera, Diptera, Hemiptera, Hymenoptera and Raphidiopt-
era orders were detected (Table 2). Beetles dominated
in all research plots and comprised 93.7% of the col-
lected insects in total. Pityogenes chalcographus was
markedly abundant (75.6% of individuals) among the
beetles collected in spruce branches.

Table 2. Percentage of collected individuals in spruce branches

Fresh clear-cut Old clear-cut

Taxonomic group

Control Outbreak Control Outbreak

Coleoptera
Buprestidae 1.21 0.26 0.35 0.28
Cerambycidae 0.76 1.76 0.77 1.81
Cleridae 0.85 1.18 0.58 252
Cucujidae - - 0.77 1.19
Curculionidae’ 1.11 0.45 - 18

Scolytinae 87.15 92.87 92.38 79.66
Elateridae 0.30 0.25 - -
Nitidulidae - 0.22 - -
Salpingidae 0.35 0.44 - 1.44
Trogositidae 0.23 0.21 - 1.04
Diptera
Diptera spp. 0.28 0.40 - -
Dolichopodidae - - - 0.59
Hemiptera
Anthocoridae 0.83 - - -
Hymenoptera
Braconidae 1.35 1.04 4.30 5.70
Pteromalidae 5.58 0.66 0.48 1.07
Raphidioptera
Raphidiidae - 0.26 0.38 0.40

without Scolytinae

A total of 25 species of spruce xylobiont insects
have been identified in fresh outbreak and 22 — in the
fresh control plot. The number of species in old out-
break and control plot was 19 and 14, respectively. A
small number insect from the families Cerambycidae and
Curculionidae caused the low species richness in old
spruce clear-cuts (Fig. 2).

Generally, only 10 species were the same in all
research plots: 3 species of them were enthomophag-
es (Thanasimus formicarius, Coeloides sp., Rhopali-
cus sp.), 6 ones — phytophages (4Anthaxia quadripunc-
tata, Dryocoetes autographus, Hylastes cunicularius,
P chalcographus, Pogonocherus fasciculatus, Poly-
graphus polygraphus) and one — oligophagy (Cryp-
turgus cinereus). According to species richness, Sco-
lytinae subfamily was most abundant (9 species in
total). Some of entomophages such as Medetera sp.
and Pityophagus ferrugineus occurred in the spruce
branches selected only from outbreak clear-cuts. Par-
asitoids Coeloides sp. and Rhopalicus sp. (Hymenop-
tera) were the most abundant species (respectively
3.4% and 3.03% of the xylobiont insects collected in
spruce branches). The number of individuals of the last
species was 4 times larger in old outbreak plot than
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Figure 2. Percentage of xylobiont insect species

in the rest of plots. The abundance of entomophages
is higher in old outbreak, comparing with other plots:
4.5 times in Nemosoma elongatum and 2.7 times in
Cryptolestes sp. and Rhinosimus sp. Some species of
Cerambycidae family — Callidium aeneum, Molorchus
minor, Pogonocherus fasciculatus — were present un-
der the bark of spruce branches, but not commonly.

Phytophagous species dominated in the fresh, as
well as in old spruce clear-cuts (Fig. 3). The number
of phytophagous species was 16 in fresh outbreak,
while in old outbreak — only 9: 13 and 8 species of
phytophages occured in fresh and old control clear-
cut, respectively.

According to the number of individuals, in all
plots phytophages constituted 93.6% and ento-
mophages — only 5.8% of the collected xylobiont in-
sects in total. Insects belonging to other trophic groups
were saprophages (Fig. 4).

The distance from the clear-cut had the influence
on the distribution of phytophagous species: in fresh
outbreak (F=20.27, p=0.0001), as well as in fresh
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Figure 4. Percentage of xylobiont insect individuals by
trophic groups in spruce branches

(F=3.97, p=0.0275), and in old (F=4.15, p=0.0281) con-
trol clear-cuts (Table 3). The distribution of ento-
mophagous species was not effected by the distance
from the clear-cut.

The mean number of phytophages and ento-
mophages was significantly (7=8.7, p=<0.05) 3 times less
in the centre of the clear-cuts than in adjacent spruce
stands. The abundance of phytophages and ento-
mophages was highest in spruce branches, located in
the spruce stands at the distance of 100 m from the
edge of the fresh, old outbreak and old control clear-
cuts (Fig. 5, 6).

Table 3. Dispersional analysis (with 0.95 probability) of
phytophages species distribution, according to the distance
from the edge of the clear-cut

Sum of squares df  Mean square F* p-level*
Fresh control
Effect 16.62 2 8.31 3.97 0.0275
Error 75.25 36 2.09 - -
Fresh outbreak
Effect 92.37 2 46.18 20.27 0.0001
Error 82 36 2.27 - -
Old control
Effect 7.38 2 3.69 4.15 0.0281
Error 21.33 24 0.88 -
Old outbreak
Effect 1.5 2 0.75 0.47 0.6284
Error 38 24 1.58 -

* Was used one-way ANOVA, when significance level p<0.05

Pityogenes chalcographus prevailed in all research
plots (Table 4).
The differences of species diversity were signif-
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Figure 5. The distribution of phytophages at different dis-
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Figure 6. The distribution of entomophages at different dis-
tance from the clear-cuts

icant (#=1.96, p<0.05) in all research plots. In signifi-
cant differences were noted only in the fresh control
between centre-5m., and 50-100m. Results showed poor
overall species diversity in all research plots. The mean
values of Shannon index H’ was 0.3 (in the clear-cuts)
and 1.34 (in the adjacent spruce stands). According
to the Shannon species diversity index, the maximum
diversity was 1.61 in the clear-cuts and — 2.49 in the
adjacent spruce stands (H__ =In(S), where § — total
number of species). The difference of species diversi-
ty was significant in the clear-cuts and adjacent stands
(Table 5).

The highest species diversity was found in spruce
branches collected from the fresh outbreak at the dis-
tance of 100 m from the clear-cut. Therefore, the high-
est diversity in old outbreak and the control was at
the distance of 5 m and 50 m from the edge of the clear-
cuts. Species distribution was uneven (£ was aproxi-
mately 0.3) in all research plots (E is constrained be-

Table 4. The number of Ips typographus and Pityogenes
chalcographus individuals (% of all xylobiont insects) in
spruce branches

Fresh Old
Outbreak  Control  Outbreak Control
Centre Ips typographus 0 0 0 0
Pityogenes
chalcographus 94 .67 83.92 94.75 82.18
5m. Ips typographus 0.26 0.67 0 0
Pityogenes
chalcographus 92.72 89.8 81.19 9146
50 m. Ips typographus 0.41 0 0 0
Pityogenes
chalcographus 92.55 90.8 84.3 87.54
100 m. Ips typographus 05 0.22 0 0
Pityogenes
chalcographus 88.98 89.24 82.34 89.97

Table 5. The index of Shannon species diversity H and even-
ness E of species distribution at different distances from the
clear-cuts (t=1.96, p=<0.05)

Distance from

Fresh outbreak Fresh control Old outbreak Old control

clear-cut
Nr. H E H E H E H E
Centre 4 0.49' 0.20 0.85% 0.37 0.3° 0.19 0.65° 047
5m 1 0.62' 0.22 0.872 0.35 1.34 0.54 0.52° 0.25
50m 2 0.56" 0.21 0.63* 0.25 1.27° 049 0.75° 0.34
100m 3 0.73" 025 064 0.24 0.99° 038 0.70° 032
Note:
1 = . = . = . = . — .
- H _=0.02; H =0.01; H, =0.001; H, =0.05; H ,=0.01;
H,,=0.001
*- H,,=0.001; H,,=0.001; H,,=n.s.; H,,=0.01; H, ,=n.s;
H,,=0.01

*- H ,=0.01; # =0.001; H, =0.001; H, =0.001; H# ,=0.001;
H,,=0.001
°- H, ,=0.001; H ,=0.001; H,,=0.01; H,,=0.01; H ,=0.01;
H, ,=0.05
n.s.- not significant

tween 0 and 1.0, where 1.0 representing a situation in
which all species are equally abundant). According to
the Sorenson species similarity measure, species of
xylobiont insects occurring in the centre of the clear-
cut was medium similar (C, =0.51) to the species in
adjacent spruce stand. '

Discussion

In earlier investigations, 15 species of xylobiont
insects breeding under the bark of spruce branches were
found in Lithuania (Banenrta u ap. 1974), while 22 xylo-
biont insects species were indentified by Gedminas et
al. (2007). During our study in total 32 species were col-
lected. Fresh spruce branches, due to their resin, are
first attacked by bark beetles and afterwards, by other
insects. The susceptibility and defense mechanisms of
host trees are crucial for a successful attack by bark
beetles (Wermelinger 2004). Experimental studies in the
Pacific Northwest and southeast U.S.A. and in Norway
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revealed, that tree resistance to attack may be closely
related to the amount of current and stored photosyn-
thate that is available for defense (Christiansen 1987).
Ips typographus and Pityogenes chalcographus have
specific body structure: hard cuticula and shards, strong
mandibulae. These characteristics help the beetle to
overcome tree self protection mechanisms (Duelli et al.
1986, Zuber and Benz 1992, Lietuvos fauna 1995, Franc-
eschi et al. 2005). Simpson‘s and Berger-Parker‘s spe-
cies dominance indexes in our study show, that Pityo-
genes chalcographus was the main dominant in spruce
branches (D=0.65; d=0.79). Risk of attack seems to be
mainly related to the exposition, age, and nutrient and
water supply of the trees. In this case, bark beatles can
be like natural indicators of forest ecosystems condi-
tions (Wermelinger 2004). As biological indicator Ips ty-
pographus can show changes in the microclimates con-
ditions, especially in light and temperature (Slobody-
an, Slobodyan 2001). Grodzki (1997) recommends to
monitor Pityogenes chalcographus as an indicator spe-
cies in the forests, however, it is still under discussion.
Interspecific competition mechanism has influence on
colonizing trees. For example, Ips typographus males
avoided colonizing areas with higher densities of attack,
where intraspecific competition would be more intense,
and chose sites relatively free of competitors (Byers
1993). Species richness of beetles was constrained from
21 to 14 species in old outbreak and from 17 to 11 spe-
cies — in old control plot. The dynamics of outbreaks
largely depends on insect abundance (Wermelinger
2004). The decrease in species population density is
strongly connected with forest fellings and afterwads
— with changes in environmental and microclimate con-
ditions: light activity, humidity and temperature (Deans
et al. 2005, Bouget and Duelli 2004, Gandhi et al. 2007).

Predatory beetles are important natural enemies
of cambium feeding beetles and knowledge about their
ecology is important for biological control and sus-
tainable forest management (Johansson et al. 2007). In
Lithuania 13 entomophagous species were known from
spruce branches (Bamenrta u ap. 1974). In our study,
11 species were identified. The most abundant of en-
tomophages were Rhopalicus sp. and Coeloides sp.
comprising 25.4% and 16.2% of all collected ento-
mophages. These entomophagous genera regulate the
abundance of bark beetles population (XaputoHoBa
1972). Our results showed that the distance from the
clear-cut had no effect on the distribution of ento-
mophagous species (p>0.05). However, it would be the
reason that the attractive reaction of entomophages
to the pheromones of bark beetles helps them to find
the places where the pests occur. According to our re-
sults, the highest abundance of phytophages and en-
tomophages occurred in spruce stands at the distance

of 100 m from the fresh and old outbreak and old con-
trol clear-cuts. Mills (1985), Bakke and Kvamme (1981)
supossed, that the Thanasimus formicarius (9.8% of
found entomophages in total), a predator is able to kill
bark beetles at different stages of their developement,
is baited by the bark beetles pheromones (ipsenol,
ipsdienol, cis-verbenol). Medetera sp. (1.6% of all
found entomophages) reacts positively to 1. fy-
pographus or P. chalcographus pheromones (Hulcr et
al. 2006). The importance of Raphidioptera is not very
significant for the regulation of bark beetle population
density, and is not common under the bark of spruce
branches (Xapurtornosa 1972). Our results confirmed
this fact and showed a low abundance of Raphidiopt-
era insects (1.8% of all entomophages). We also ass-
esed significantly higher abundance of entomophag-
es in spruce stands (58.82+5.63 individuals/1000 cm?)
than in the centre of the clear-cuts (1.22+0.08 individ-
uals/1000 cm?). Weslien and Schroeder (1999) indicate
that predators of the spruce bark beetle may be more
sensitive to certain forestry operations than their prey
and suggest complex relationships with their prey and
the environment

The results obtained in European Norway spruce
stands are relatively poor in case of insect biodiver-
sity. Our results showed low overall species diversity
of spruce underbark entomofauna (Shannon index from
1.34 in spruce stands to 0.3 in the clear-cuts), Magur-
ran (1988) supposes, that high domination of one or
few species leads to low overall diversity. The Simp-
son and Berger-Parker indices of species domination
in this study were D=0.65; d=0.79 respectively.

The hypotesis that the distribution of the xylobi-
ont insects is not random in the clear-cut and adja-
cent stands could, however, be validated by the fol-
lowing suggestions. First — species diversity was sim-
ilar in the clear-cuts and in the the adjacent spruce
stands (C =0.51). Second — the dispersion analysis
revealed the dependance of the distribution of phy-
tophage species from the distance from the clear-cut.
Third — the difference of the number of phytophages
and entomophages was significant in spruce clear-cuts
and adjacent stands. Fourth — the differences between
Shannon species diversity were significant in case of
different distances from the clear-cut

In order to get more detailed data, the assessment
of xylobiont insect diversity in the clear-cuts and ad-
jacent stands should be continued.

Final statements

1. Under the bark of spruce branches 32 species
of insects, belonging to the following orders: Coleop-
tera, Diptera, Hemiptera, Hymenoptera and Raphi-
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dioptera were determined. The number of phytophagous
species was 19, and 11 species were entomophages.

2. Coleoptera composed 93.7% of all collected
insects and dominated under the bark of spruce
branches. Pityogenes chalcographus was the most
abundant species (75.6% of all collected beetles).

3. The mean number of phytophagous and ento-
mophagous insects was 3 times lower in the clear-cuts,
than in the adjacent stands.

4. The Shannon index showed poor species diver-
sity, as it was 0.3 (in the clear-cut) and 1.34 (in adja-
cent stands). The difference was realiable (¢=1.96,
p=0.05).

5. The Sorenson similarity measure of xylobiont
insect species reached 0.51 in the clear-cuts and ad-
jacent stands, and it indicates medium similarity.

6. In order to conserve biodiversity of xylobiont
insects we recommend leaving spruce branches in the
clear-cut.
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HACEKOMBIE KOJIOHU3UPYIIIUE BETBU OBBIKHOBEHHOM EJIN (PICEA ABIES
KARST.) B BBIPYBKAX W BBJIM3U CTOALIUX APEBOCTOAX

P. 3ensiyckac, A. 'exmunac

Peztome

HccnenoBanust npoBoguiucs B 2004-2006 rr. B JlyGpaBoc SKCIepHMEHTaIBbHO-y4eOHOM JIECHUYECTBE, B CILIOIIHBIX
BEIpYOKax e oObIkHOBeHHOU (Picea abies Karst.). Llems paboTHI - yCTaHOBHTH pacipelelieHne HaCEKOMBIX-KCHIOOHOHTOB
€JIOBBIX BETBEU Ha BBIPYOKaxX M B COCETHHX K BBIPYOKaM APEBOCTOSX.

VYunT HaCEKOMBIX-KCHIIOOMOHTOB HMPOU3BOAMIICS IO METOy MOJCTBHBIX BETBEH IIPU HCIIONB30BAaHUU IKIIEKTOPOB. J[iis
ombITa OBUTM HMCIOJIB30BaHBI €JIOBBIE CBEXO BHIpYOJeHHbIe 1272 BeTBH IepeBbeB. B €OBBIX BETBSIX BBIIBICHHBI 32 BHIA
HACeKOMBIX, U3 HUX 19 BUmoB Oblnm Qurodaru, a 11 — sHTOMOdaru. JJOMHHEPOBAIN IPEJCTABUTEIH OTPSAA JKYyKOB
(Coleoptera), onn coctaBman 93,7% Bcelt HalineHHON eHTOMOGayHBI. [JTaBHBIM JTOMHHAHT CPEIH JKYKOB — KOPOE — KOPOes
rpasep (Pityogenes chalcographus L.) (75,6%). Yucno nuanuBunoB ¢uroparos u suTOMO(aros B BEIpyOKax B CpeHEM ObLIO
OKOJIO 3-X pa3 MeHbIIIe, YeM B COCEAHUX K BBIpyOkam japeBoctosix (p=0.05). Mnaekc BugoBoBa pasnoobpasus (mo Llenony)
H’ 6511 0.3 (B BEIpyOKax) u 1.34 (B coceHUX K BEIpyOKam apeBocTosix) (#=1.96, p<0.05). Munekc cxonacTBa 6HONEHO30B (110
CopeHcony) Mexy BRIPyOKaMH M COCETHHMH K BBIpyOKam npeBocTosmu Obut B cpenrem C =0.51.

KiroueBble ci10Ba: BhIpyOKa, APEBOCTOM, €IOBBIC BETBH, HACEKOMbIC-KCHIOOMOHTBI, TPOYHUYECKUE TPyIIIIBI
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