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ABSTRACT

At the end of 2013, strong wind destroyed spruce stands on large areas of Koscieliska Valley in Tatra Mts. in
Poland. In 2015-2017, 304 bark samples were collected from 106 spruces; 25 cm X 25 cm large samples were
taken from 2 or 4 sections of infested trees in July/August each year. The infestation density, sex ratio, length of
maternal galleries, number of progeny and impact of natural enemies were recorded. The infestation density in
individual years was 0.79—0.86 mating chambers per dm?, the average length of maternal gallery (55.2-56.6 mm)
did not differ between years, The average number of progeny per female from 3-year pooled data was 18.22, the
highest in 2015 (27.4) then collapsed to 15.5-16.8. The gallery systems with 2 females, in which the reproduc-
tion success was the highest, dominated (62.6%). The frequency of parasitoids or entomopathogens was very low
(2-20% mortality rate in 19 bark samples). Possible reasons of relatively low reproduction success regardless
generally favourable breeding conditions and its collapse after first year, such as high infestation density and low
survival rate of larvae because of climatic conditions (drought), are discussed. Taking into account the described
population features, very intense tree mortality and mechanisms known from the other wind events, further de-
velopment of the outbreak can be expected in this area.
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INTRODUCTION which were processed and removed (active protection

zone) or left in the forest (passive protection zone), ac-
At the end of the 2013, the spruce stands located in cording to legal regulations, was (at least temporarily)
western part of Tatra National Park (mostly in the at disposal as breeding material for bark and wood bor-
Koscieliska Valley) have been severely affected by ing insects. Starting from 2015 — the second growing
strong wind. Large amount of broken or fallen trees, season after the windfall — fast increase in the popula-
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tion level of the spruce bark beetle Ips typographus (L.)
and related infestations of standing trees were observed
(Grodzki and Gasienica Fronek 2017). Such opportu-
nity enabled the survey on the reproduction abilities of
1 typographus population in the mountain environment
offering favourable breeding conditions.

The dynamics of bark beetle populations in Norway
spruce stands is dependent on several environmental
factors that influence their reproduction capacities and
breeding success (Wermelinger 2004). However, the
parameters describing the populations, such as the sex
ratio, fecundity and mortality, vary in subsequent out-
break phases (Anderbrant 1990; Lobinger 1996; Wer-
melinger 2002). However, the data on the bark beetle
reproduction features, collected during the initial (pro-
gressive) outbreak phase, are of great importance for
the assessment of the bark beetle outbreak potential and
resulting mortality of attacked trees.

The aim of this study was to explore some traits
describing the reproduction abilities of spruce bark bee-
tle I typographus in favourable breeding conditions of-
fered by wind-damaged stands. The data collected in
the initial phase of the outbreak might be very useful for
the risk assessment by the prediction of beetle popula-
tions’ dynamics in the next years.

MATERIAL AND METHODS

In 2015, a set of 10 small plots (20 trees each) was es-
tablished in the exposed forest edges around the wind-
damaged area in the Koscieliska Valley (49°15'17"—
49°16'20"N, 19°51'36"-19°52’19"E) in the Tatra Na-
tional Park, at the altitudes between 980 and 1,200 m
a.s.l. (Grodzki and Gasienica Fronek 2017). The num-
bered trees were examined during 3 growing seasons
(2015-2017) in order to determine the spruces recently
infested by bark beetles, which actually developed un-
der the bark. The 25 cm x 25 cm large bark samples
were taken from identified infested trees in July/Au-
gust each year. In the active protection zone of the Na-
tional Park, the trees were felled and then sampled in
four characteristic sections of the trunks: (I) in the tree
base, (II) in the midway between the tree and the crown
base, (IIT) under the crown and (IV) in the middle of the
crown (Grodzki 2007). In the passive protection zone,
where tree felling is not allowed, the samples were tak-

en from the sections I and II on standing trees. Bark

samples were analysed in the laboratory, where the fol-

lowing parameters were registered from each sample:

— bark thickness with resolution to 1 mm,

— the infestation density on the analysed trees (the
number of gallery systems with one to four maternal
galleries),

— the share of females in the population colonising
trees (the number of mating chambers as the num-
ber of males; the number of maternal galleries as the
number of females);

— the length of 10 maternal galleries randomly cho-
sen from the systems with 1-4 females (harem size)
measured in each analysed bark sample;

— the effective reproduction understood as the number
of progeny (eggs and larvae per maternal gallery) in
20162017 separately from the systems with 1-4 fe-
males (harem size);

— the estimated percentage of individuals parasitised
or infected by entomopathogenic fungi.

The statistical data treatment was aimed to test the
significance of differences in analysed traits using the
nonparametric Kruskal-Wallis (K-W) test, Pearson
correlations for gallery length and number of progeny
and the Wilcoxon paired rank test for model validation.
For processing the data, MSExcel and Statistica 9.0
(StatSoft Inc. 2009) were used.

REesuLTs

During 3 growing seasons, 304 bark samples were col-
lected from 106 spruces: 20 in 2015, 36 in 2016 and 50
in 2017. Samples from 4 sections were collected from
5, 15 and 25 trees, respectively. In total, 3108 gallery
systems were analysed: 516 in 2015 (48 sections), 1067
in 2016 (102 sections) and 1525 in 2017 (154 sections).

The average (+ standard deviation) infestation den-
sity (number of mating chambers per 1 dm?) calculated
from all samples collected was 0.86 (£0.31) in 2015,
0.84 (£0.36) in 2016 and 0.79 (£0.46) in 2017. If only the
data from sections I and II (sampled from all trees) were
used, the infestation densities were 0.89 (£0.33), 0.82
(£0.38) and 0.62 (+0.43), respectively.

The share of females in the population colonising
trees was the highest in 2015, reaching 65.7% (£4.9),
then decreasing in the following years: 63.3% (£3.7) in
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2016 and 60.6% (+12.4) in 2017. During 3-year period,
there were almost twice as many females than males
— the average number of females per 1 male was 1.78.

The average length of maternal gallery produced
by one female was 56.6 mm (£15.6) in 2015, 55.2 mm
(#£11.6) in 2016 and 55.9 mm (+13.8) in 2017, with no sig-
nificant differences between individual years (K-W test:
H(2,N=2,562) =1.799, p = 0.41).

The number of females in a gallery system (the so-
called harem size) affected the average length of mater-
nal galleries. In the collected bark samples, the gallery
systems with 2 females dominated (62.6%), those with
1 female were frequent (29.5%), whilst those with 3 fe-
males were relatively rare (7.8%). Owing to very low
sample size in the class of 4 females (6 items), this pa-
rameter was analysed in 3 classes only (1-3 females).
The average maternal gallery length was the highest in
the systems with 1 female and then decreased gradu-
ally with increasing number of females (Fig. 1), with
statistically significant differences between all 3 classes
(K-W test: H(2, N = 2,556) = 31.65 p < 0.001). The ma-
ternal gallery length was not correlated with the colo-
nisation density.
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Figure 1. Average length of maternal gallery depending on
the number of females in a gallery system

The average number of progeny (understood as
the number of eggs and larvae) calculated from 3-year
pooled data was 18.22 (+8.70) and differed between in-
dividual years (Fig. 2), reaching 27.40 (£8.70) in 2015,

15.54 (+7.07) in 2016 and 16.77 (£6.83) in 2017, with sta-
tistically significant differences between all individual
years (K-W test: H(2, N = 2,286) = 520.27, p < 0.001).
The number of progeny slightly differed depending on
the harem size, being the highest (16.38 + 6.71) in the
systems with 2 females, lower (16.24 £+ 7.12) in those
with 1 female and the lowest (15.29 + 7.88) in the sys-
tems with 3 females, with statistically significant dif-
ferences between classes (K-W test: H(2, N = 1,885) =
9.28 p =0.0096).
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Figure 2. Average number of progeny per female
in individual years
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Figure 3. Relationship between the maternal gallery length
and the number of progeny per female
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The number of progeny per 1 female, calculated us-
ing the data from 2016 to 2017 only (n = 1,885, mean =
16.22 £ 7.07) was weakly (r = 0.47, p < 0.05) correlated
with the maternal gallery length (Fig. 3), with almost no
(r =-0.07, p < 0.05) relationship with the colonisation
density.
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Figure 4. Infestation density (A) and number of progeny per
female (B) in relation to bark thickness

The bark thickness in the range between 2 and 7
mm did not affect the infestation density; in the bark
above 7 mm, the density of mating chambers decreased

(Fig. 4A). Similar pattern concerns the reproduction
success; however, the average number of progeny start-
ed to decrease in the bark above 8 mm (Fig. 4B). It is
to be noted that amongst 304 bark samples, those with
thickness of 3 and 4 mm absolutely dominated (102 and
99 samples, 66.1% in total), whilst only 12.8% of the
samples had the thickness above 7-14 mm and 5.3% be-
low 3 mm. The distribution of measured galleries (2,556
in total) is even more biased to the classes of bark thick-
ness of 3 and 4 mm (72.4% in total).

Taking into account the average density of females
(1.45 per dm?) and estimated mean progeny size (18.22
individuals per female), the emergence of about 2,640
new beetles can be expected from each ‘statistical’ me-
tre square of the bark surface, which corresponds do
1-m long section of spruce trunk of about 32 c¢cm in di-
ameter.

Very few parasitised 1. typographus individuals
was noted in 2015 (2 samples, 3—5% in each), none in
2016 and a little more in 2017 (17 samples, 2—20% each).

DiscussioN

The wind event in the KoScieliska Valley that occurred
at the end of 2013 destroyed the spruce stands on large
continuous area and affected the surrounding trees that
survived the disaster. In the previous studies, usually ad-
ditional wind damage occurred in the following years.
Dispersion on new windthrowns, known from the other
case studies, for example, in Gorce Mts. (Grodzki et al.
2006), did not occur in the case of Koscieliska Valley,
as no new broken or fallen trees appeared in the years
after the damage from 2013. Thus, the insect attack was
focused on standing trees, which survived the wind but
entered in deep stress because of another contributing
factor — water deficiency started in 2015 and lasting in
the next years. This factor strongly influenced the popu-
lation dynamics in the next years.

The average gallery length in our study material
recorded in subsequent years 2015-2017 (5.5-5.7 cm)
was lower than that reported from recent bark beetle
outbreak area in the Beskidy Mts. — 6.75 cm (Grodzki
et al. 2014) — as well as previously from Sumava Mts.
in the Czech Republic — 7.8 cm (Matousek et al. 2012)
—and from Bieszczady Mts. in Poland — 7.4 cm (Starzyk
et al. 2000). On the other hand, the infestation densi-
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ties in Koscieliska Valley (0.79—0.86 mating chambers
per dm?) were higher than those reported in the previ-
ous studies in Beskidy Mits. (0.57), Sumava Mts. (0.63)
and Bieszczady Mts. (0.68), which can explain the dif-
ferences found in maternal gallery length. The high
share of females during all 3 years indicates that the
L typographus populations are in progressive outbreak
phase (Lobinger 1996).

On the basis of the collected field data, we were
trying to assess the reproduction abilities of /. typogra-
phus in favourable breeding conditions offered by the
spruce stands damaged by the wind. Surprisingly,
the effective reproduction success in the Koscieliska
Valley (18.2 per female) was lower than that recorded
from the populations at epidemic level in Sumava Mts.
—23.1 (Lukasova et al. 2012) — and Beskidy Mts. —21.3
per female (Grodzki et al. 2014). When applying the
simple regression model describing the relationship
between the gallery length and number of progeny
(see Fig. 3), as well as the other models based on the
length of the maternal gallery proposed by Anderbrant
(1990) and Grodzki et al. (2014), both observed and
expected average values from Koscieliska Valley were
lower than the average number calculated using those
models (Fig. 5).

36
—_— o Mean
34 [ Mean + St. error
T Mean = St. dev.
32
30

Number of progeny per female
N
|
|

i T
18
==

1 6 | — iy s— |
14
12
10 g

8

Observed Expected 1 Expected 2 Expected 3

Fig. 5. Number of progeny per female calculated using three
different models: expected 1, based on the actual correlation;
expected 2, based on the regression model proposed by
Anderbrant (1990); expected 3, based on the regression
model proposed by Grodzki et al. (2014)

The estimation of expected number of progeny
based on the maternal gallery length and resulting re-
gression equation is not exact (Wilcoxon paired test
— observed vs. expected 1: N = 1,891, T = 820,015.0,
Z = 3.134, p = 0.0017); however, both average val-
ues from the Tatra Mts. (observed: 16.22 + 6.95; ex-
pected 1: 16.24 + 3.25) are close to those (expected
3: 17.29 £ 4.35) estimated using the equation from
Beskidy Mts. (Grodzki et al. 2014) and far lower than
the values (expected 2: 27.97 + 6.84) resulting from the
equation proposed by Anderbrant (1990) (Fig. 5). This
confirms the previous finding that the data collected
in the laboratory conditions by Anderbrant (1990) are
overestimated in relation to those collected from the
field in Beskidy (Grodzki et al. 2014), which seem to
be closer to the real figures.

According to various published data, one /. typogra-
phus female can lay 30—80(100) eggs (Starzyk 2013), but
laboratory tests revealed that the oviposition process
and resulting fecundity is strongly dependent on tem-
perature, reaching 23.3-23.6 eggs per female in optimal
temperatures of 25-30°C, but decreasing to 14.5 eggs in
20°C (Wermelinger and Seifert 1999). Lower reproduc-
tion success in the Koscieliska Valley (in comparison
with the field data from the other localities) most prob-
ably results from less favourable thermal conditions
on higher altitudes (cf. Grodzki and Gasienica Fronek
2017) and relatively high infestation density on standing
trees, necessary to overcome their defence mechanisms
(Christiansen et al. 1987). This density, acting as an im-
portant factor that negatively affects the length of ma-
ternal galleries and oviposition (Anderbrant 1990, Wes-
lien 1994, Grodzki et al. 2014), was much higher than
0.5 — the level optimal for 1. typographus reproduction
(Schopf and Kohler 1995). Nevertheless, our data did not
demonstrate such relationship between the infestation
density and the reproduction success, possibly because
of more complex effect of intra-population mechanisms
and environmental factors.

Schlyter and Zhang (1995) pointed out that the har-
ems with more than 2 females reduce female reproduc-
tive success because of larval competition. Similar pat-
tern was demonstrated in the present study, as the num-
ber of progeny was the lowest in case of gallery systems
with 3 females. The high share of the gallery systems
with 2 females indicates high reproduction potential of
beetles attacking standing trees. On the other hand, the
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reproduction success, relatively high in the first year of
the investigations (and also first year of the outbreak),
collapsed in the next years to the level incomparable
with previous studies, which is a phenomenon that is
difficult to explain, especially taking into account the
abundance of stressed trees, which is favourable for /.
typographus reproduction (Grodzki et al. 2014; Grodz-
ki and Gasienica Fronek 2017). Possible reason of this
collapse seems to result from long-lasting drought that
can enhance the development of pre-imaginal stages,
but — at the same time — decrease the quality of cam-
bium, as moderate water stress (limiting growth but
not photosynthesis) increases the production of carbon-
based secondary metabolites (i.e. resin), thus reducing
the suitability for the beetles (Christiansen and Bakke
1996). Lower reproduction success in 2016 and 2017 as
compared with 2015 could also result from reduced sur-
vival rate of larvae hatched from eggs laid in maternal
galleries, whose length did not differ between individ-
ual years. Reduced larvae survival could — in turn — re-
sult from less favourable development conditions in the
breeding material of lower quality. The bark thickness
did not affect the reproduction; however, most of the
analysed gallery systems were established in optimal
conditions concerning this parameter (Griinwald 1986).

Owing to relatively low density of galleries, the ef-
fect of intraspecific competition between larvae, sug-
gested by DeJong and Grijpma (1986), cannot explain
the pattern registered in the case of Koscieliska Valley.
Also the impact of natural enemies, very low in ana-
lysed samples, should be excluded as possible reason of
low reproduction success.

CONCLUSION

— The presented results indicate that reproduction
abilities of 1. typographus in the stands previously
damaged by the wind in KoScieliska Valley were
lower than those in the other areas, although — tak-
ing into account high infestation densities, low im-
pact of natural enemies and the presence of stressed
host trees — the outbreak potential of the bark beetle
should be assessed as high.

— Contrarily to the other cited results, our data were
collected exclusively from standing, living trees
with still functioning (although sometimes reduced)

defence mechanisms. Taking into account the de-
scribed population features, very intense tree mor-
tality (Grodzki and Gasienica Fronek 2017) and
mechanisms known from the other wind events
(Grodzki and Guzik 2009), further development of
the outbreak can be expected in this area.
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