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ABSTRACT

Over the past decades, the increase in occurrence of fires has caused degradation of the forest ecosystem and caused
impacts to the environment.

The aim of this study was to reveal the peculiarities of Scots pine health condition dynamics in the first 2 years
after August fire and to estimate the rate of tree colonisation by stem insects in Central Polissya.

Scots pine health condition for the first 2 years after summer ground fire in August 2016 and the rate of
tree colonisation by stem insects was studied in Zhytomyr region, Western Ukraine. Stem scorch height was
measured for every fire-damaged tree, and the index of fire damage severity was calculated. Vital trees health
condition worsened more intensively in the sample plot with the lowest relative stocking density and the high-
est stem scorch by fire. Generally, the forest health condition has worsened in post-fire period in fire damaged
stands. However, 23.1% of trees recovered health condition from category ‘drying-up’ to ‘severely weakened’.
In fire-damaged stands, the number of species of stem insects has increased from 8 to 11 during the first 2 years
of fire damage. Bark beetles were represented by Tomicus piniperda (Linnaeus, 1758), Tomicus minor (Hartig,
1834), Ips acuminatus (Gyllenhal, 1827) and Ips sexdentatus (Boerner, 1767). Jewel beetles included Anthaxia
quadripunctata (Linnaeus, 1758), Phaenops cyaneus (Fabricius, 1775), Melanophila acuminata (DeGeer, 1774)
and Chalcophora mariana (Linnaeus, 1758). Longhorn beetles included Monochamus galloprovincialis (Olivier,
1795), Pogonocherus fasciculatus (Degeer, 1775) and Acanthocinus aedilis (Linnaeus, 1758). Tree colonisation by
stem insects in the year of fire damage was comparable with control stand, because insect swarming completed
before this disturbance. Maximal occurrence of stem insects in 2017 in fire-damaged stand increased up to 66.7%
(for I. sexdentatus). The percentage of trees colonised by any insect species at fire-damaged and healthy pine
stands differed significantly. The occurrence of stem insects depended mainly on the ratio of trees with different
health condition. Our results demonstrate data of tree damage from fire and tree health index as a strong predictor
of post-fire mortality of Scots pine and bark beetle occurrence.
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INTRODUCTION

Stem insects (bark beetle and wood borers) colonise
the trees after fire damage (Menges and Deyrup 2001;
Lieutier et al. 2016). Bark beetles can cause mortality in
fire-damaged trees that are not immediately killed by fire
(McCullough et al. 1998; McHugh et al. 2003). Success
of their attacks depends on fire severity (Demakov 2007;
Santolamazza-Carbone et al. 2011), which is usually
evaluated by stem scorch height and tree health condition
(Lombardero and Ayres 2011; Meshkova and Zinchenko
2013). Scots pine (Pinus sylvestris Linnaeus 1753) trees
are considered as moderately fire resistant and able to
survive several low-intensity fires, which is related to tis-
sue insulation from heat (Fernandes et al. 2008).

Research of slash pine (Pinus elliottii var. densa)
in south-central Florida show that post-fire survival
was most affected by season of burn, char height, area
burned, insect attacks and stand composition (Menges
and Deyrup 2001).

The interaction between fire and biotic agents of
damage and mortality is still poorly studied.

Intensive Scots pine mortality was registered in Re-
public Mari El (territory in the middle course of the Vol-
ga river) 25 years after fire, and the health condition
was recovered only 15 years after fire (Demakov 2007).
In the Left-bank Forest Steppe of Ukraine, Scots pine
mortality made up 8.2% in the next year after fire, 7.3%
in the 2nd year and 1.7% in the 3rd year after fire, and
the health condition returned to initial status at the 4th
year (Meshkova and Zinchenko 2016). Such differences
may be explained by quick loss of phloem humidity in
the Left-bank Forest Steppe of Ukraine (Meshkova and
Zinchenko 2013).

Healthy and slightly weakened trees can decline
because of maturation feeding of some stem insects,
particularly Tomicus piniperda (Linnaeus, 1758), Tomi-
cus minor (Hartig, 1834) and Monochamus galloprovin-
cialis (Olivier, 1795) (Meshkova and Nazarenko 2009;
Meshkova et al. 2017), and because of their ability to
vector the pathogens (Davydenko et al. 2014, 2017),
particularly pinewood nematode, Bursaphelenchus xy-
lophilus (Steiner & Buhrer, 1934) (Nickle 1970; Haran
et al. 2018).

Amongst many stem insect species, only about 10
of them may be harmful to forest stands depending on
region. Mediterranean pines are attacked by both in-

sects specific for region, Tomicus destruens (Wollaston,
1865), and common European species (T piniperda, T.
minor, Ips acuminatus (Gyllenhal, 1827), Ips sexden-
tatus (Boerner, 1767), etc.) (Faccoli et al. 2012; Lopez
and Goldarazena 2012) The last 2 species were the most
abundant also in the Left-bank Forest Steppe of Ukraine
(Meshkova and Zinchenko 2013).

Species composition of stem insects depends on
the date of fire and insect phenology (Demakov 2007,
Meshkova et al. 2015, 2017a, b). In different natural
zones in Ukraine, the dates of seasonal development
were determined for the most common stem insects
in relation with seasonal temperature (Meshkova et
al. 2015). It was shown that after spring fire, the Scots
pine can be colonised by many stem insects in the same
year, and after fire in June, the trees can be colonised by
the second generation of multivoltine insects, but after
fire in August, stem insect attack would start only in
the April of the next year and will be successful only
if phloem humidity will be enough for larvae develop-
ment (Meshkova and Nazarenko 2009; Meshkova and
Zinchenko 2013).

The health condition of Scots pine forest after fire
and the spread of stem insects after ground fire were
not yet studied in Central Polissya. However, it is im-
portant for the estimation of the chance of forest health
improvement and the limitation imposed on the dura-
tion of burned wood use.

The aim of this study was to reveal the peculiarities
of Scots pine health condition dynamics in the first 2
years after August fire and to estimate the rate of tree
colonisation by stem insects in Central Polissya.

MATERIAL AND METHODS

Research was carried out in 2016—2017 in the Scots pine
stands of Kornynske forestry in the State Enterprise
‘Popilnyanske Forest Economy’ in the south-eastern
part of Zhytomyr region. The climate of the territory
is a moderate continental with warm, wet summers and
mild winters. The average annual air temperature is
6.8°C, and the annual precipitation is 552 mm.

In August 2016, a ground fire has happened in Ko-
rnynske forestry. Five sample plots (SP) were estab-
lished in fire-damaged pine stands, and control plot was
1 km from them. All sample plots and control plot are

Folia Forestalia Polonica, Series A - Forestry, 2018, Vol. 60 (3), 143-153



Health condition and colonization of stem insects in Scots pine after ground fire in Central Polissya

Table 1. Characteristics of pure Scots pine stands in sample plots (SP) and in control plot (CP)

Sample plots (SP) Latitude, Longitude, Age Height Diameter ?tzlcal:iir‘iz Stock
and control plot (CP) North East (years) (m) (cm) density (m3/ha)
SP 1 50°04 29°31° 78 22.4 31.0 0.72 336
SP2 50°03’ 29°32° 85 23.2 28.6 0.50 242
SP3 50°05’ 29°33° 73 22.4 26.8 0.72 336
SP 4 50°02° 29°31° 85 233 28.8 0.76 333
SP5 50°03° 29°33’ 70 20.4 31.0 0.72 316
Cp 50°02’ 29°34 70 20.4 26.8 0.74 276

Note: Sample plot (SP) — damaged by fire; control plot (CP) — without fire damage.

located in pine forest at fresh relative poor site condi-
tions (A,) with only Scots pine trees of 70—88 years old.
The average stem diameter is 26.8—31 c¢m, and the aver-
age height of a tree is 20.4—23.4 m. The relative stocking
density is 0.5-0.76 (Tab. 1).

Two weeks after fire (in August 2016), 100 trees in
each sample plot and in control plot were labelled. Stem
scorch height was measured for every fire-damaged tree
and was categorised as more than 3 m (factor 3), within
0.5-3 m (factor 0.5) and below 0.5 m (factor 0.1). To
calculate the index of fire damage severity, number of
trees of each category of stem scorch height was multi-
plied by respective factor; results of multiplication were
summed up and divided by the sum of the trees.

In every sample plot and control plot, the catego-
ry of tree health condition was assessed for each tree
2 weeks after fire in August 2016 and in August 2017.
Category of health condition was evaluated on a range
of visual characteristics (crown density and colour,
the presence and proportion of dead branches in the
crown, etc.) according to ‘Sanitary rules in the forests
of Ukraine’ (Meshkova and Zinchenko 2016). Each tree
was classified into 1 of 6 categories of health condition
(Ist — healthy; 2nd — weakened; 3rd — severely weak-
ened; 4th — drying-up; 5th — recently died; 6th — died
over year ago). Indices of health condition for forest
stand were calculated as mean weighted from trees
number of each category of health condition for all trees
(I,_¢ of the 1st—6th categories) and for vital trees (I, 4 of
the 1st—4th categories).

Species composition of stem insects was identified
by shape and structure of galleries as well as by insects
caught in the galleries, on the stem surface or during
maturation feeding.

A total of 30 trees of the 3rd—5th categories of
health condition were felled and barked in the stands
near sample plots and near control plot in August 2016
and August 2017. Proportion of felled trees by catego-
ries of health condition corresponded to those in re-
spective stands. During bark removing, the presence
of particular stem insect species and their galleries was
determined. Occurrence of each species was evaluated
as the part of trees with its presence from total number
of analysed trees in respective tree sample. As every
tree was colonised by several insect species, the part of
trees colonised with any insect species was evaluated to
know their occurrence in the stands with and without
fire damage in 2016 and 2017.

Statistical analyses included correlation analysis,
y-test for comparison trees distribution by health con-
dition and t-test for comparison of insects’ occurrence
using Statistica® 7.0 (StatSoft, Inc., Tulsa, OK, USA).

REsuLTs

Health condition of pine stands
after ground fire

Tree distribution by fire damage severity shows that fire
was not intensive (Fig. ).

Stem scorch height of more than 3 m was regis-
tered averagely in 2.8% trees, within 0.5-3 m in 5.6%
trees and below 0.5 m in 91.6% trees. The percentage
of trees with stem scorch height below 0.5 m was from
88% (SP 2) to 94% (SP 4). The percentage of trees with
stem scorch height of more than 3 m was from 1% (SP
1 and SP 5) to 7% (SP 2). Stem scorch height distribu-
tion is almost the same in all sample plots, except for
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Figure 1. Distribution of Scots pine trees by fire damage
severity (stem scorch height) in sample plots (SP) after
ground fire

SP 2 (%0.05 = 6.0; %ot = 0.1-3.6 for sample plots SP 1,
SP 3, SP 4 and SP 5; %, = 6.1-37.2 for SP 2 with other
sample plots).

Index of fire damage severity was 0.2 points for all
sample plots and 0.3 for SP 2 (Tab. 2). In 2016, both
health condition indices (1,4 for all trees and I,_, for vi-
tal trees) were higher in all sample plots compared with
control plot (without fire damage).

Health condition index for all trees (I,.4) was 2.51
in control stand and 3.21-3.43 in fire-damaged stands
(see Tab. 2).

This index takes into account the trees of the 6th cat-
egory of health condition, which died more than a year
before fire, and the trees of the 5th category of health

condition, which died in the year of fire. The percentage
of the 6th category trees was 1% in the control plot and
0—5% in sample plots in fire-damaged stands and did not
depend on the fire damage intensity. The percentage of
the 5th category trees was 3.5-5.3 times greater in fire-
damaged stands (14—21%) than in control one (4%).

The health condition index for vital trees (I,_4) was
2.37 in control stand and 2.71-2.98 in fire-damaged
stands (see Tab. 2).

The trees of the 4th category of health condition
dominated in all fire-damaged stands (25-39%) and
made up only 18% of all trees in the control plot.

The percentage of ‘health’ and ‘weakened’ trees
was the highest in the control plot (22% and 34%, re-
spectively) and made up only 10-17% and 14-22%, re-
spectively, in fire-damaged stands (see Tab. 2).

The health condition balance of trees for all fire-
damaged stands (SP 1-SP 5) significantly differed from
control stands (%5 = 11.1; e = 45.6-102.5).

The ration between health condition of trees at SP 2
(with the highest stem scorch height index) significantly
differed from that at SP 4 (3% = 14.8).

Health condition index meanings for all trees (I, ¢)
were the same for SP 2 and SP 4, although the ratio
of tree health condition was significantly different for
these sites. It is connected with rather high percentage
(39%) of drying-up trees (the 4th category of health con-
dition) in SP 2 and rather high percentage (5%) of long-
time dead trees (the 6th category of health condition).

The ration between health condition of vital
trees significantly differed in fire-damaged stands
and control stands without fire damage (%25 = 7.8;

Table 2. Health condition of Scots pine stands in 2016 in the sample plots after ground fire

Sample Trees distribution by health condition (%)
plots (sp) |  Index of 3nd Sth 6th
d 1 fire damage Ist 2nd r 4th t . t Ly Lis
and contro severity healthy | — weakened | ~ severely | drying-up | ~ recently | — died over
plot (CP) Y weakened £up died year ago
SP 1 0.2 12 14 18 33 21 2 2.94 3.43
SP2 0.3 13 15 19 39 14 0 2.98 3.26
SP3 0.2 10 22 21 28 16 3 2.83 3.27
SP 4 0.2 17 14 22 25 17 5 2.71 3.26
SP5 0.2 12 18 25 29 14 2 2.85 3.21
Cp 0 22 34 21 18 4 1 2,37 2,51

Note: Sample plot (SP) — damaged by fire; Control plot (CP) — without fire damage; I,_, — health condition index for vital trees (of the 1st—4th categories
of health condition); I,_4 — health condition index for all trees (of the 1st—6th categories of health condition).
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Figure 2. Distribution of Scots pine trees by categories of health condition in fire damaged plot (SP 2) and control plots (C) in
2016 (year of fire) and 2017 (year after fire): 2016C — control plots in 2016; 2016SP2 — sample plot 2 in 2016; 2017C — control

plots in 2017; 2017SP2 — sample plot 2 in 2017

Yot = 15.7-41.8). Amongst the fire-damaged stands,
SP 4 had the best health condition with the lowest I,
(2.71). Vital trees distribution by health condition in
SP 4 significantly differed from other sample plots
(et = 7.9-9.3).

The percentage of ‘drying-up trees’ (the 4th cate-
gory of health condition) has a positive correlation with
the index of fire damage severity (ry s = 0.75; r = 0.84).

In 2017, trees distribution by health condition
changed in both fire-damaged and control plots (Fig. 2).

So in SP 2 with the highest fire damage in 2016,
the percentage of healthy trees decreased from 13% to
8%, the percentage of ‘weakened’ and ‘severely weak-
ened’ trees increased from 15% to 20% and from 19%
to 28%, respectively, and the percentage of ‘drying-up’
trees decreased almost twice (from 39% to 20%). About
half of such trees (23.1% from all trees of the 4th cat-
egory of health condition in 2016) have improved their
health condition to the 3rd category (‘severely weak-
ened trees’), whilst other ones died and made up the
cohort of trees of the 5th category of health condition
(‘recently died’). All trees that have died in 2016 made
up the cohort of trees of the 6th category of health con-
dition in 2017.

In the control plot, the percentage of ‘healthy’ and
‘weakened’ trees (of the 1st and 2nd categories of health
condition) almost did not change. The percentage of ‘se-
verely weakened’ trees (the 3rd category of health con-
dition) increased from 21% to 31%, because some trees

recovered from those trees that in 2016 were character-
ized by the 4th category of sanitation in 2016 (see Fig. 2).

The results of 2 test show that Scots pine trees dis-
tribution by categories of health condition in all ana-
lysed groups (fire-damaged and control plots in 2017,
fire-damaged plots in 2016 and 2017, and control plots
in 2016 and 2017) significantly differs (%%, s = 11.1;
Yract = 22.1-65). Similar result was obtained when com-
paring only vital trees (%% o5 = 7.8; Xfact = 8.5—41.8).

Health condition indices both for all pine trees and
for vital pine trees in 2016 and 2017 were higher in fire-
damaged stands (Fig. 3).

4
O ha
Ohe

w

Health condition index
N

' Sample plot
2017

' Sample plot Control plot

2016

Control plot

Figure 3. Indices of health condition (I,_, — for vital trees;
I,.¢ — for all trees) in fire-damaged (SP 2) and control (C)
stands in 2016 (year of fire) and 2017 (year after fire)

Health condition index for all pine trees (I, ¢) has
increased in fire-damage stand (SP 2) from 3.26 in
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2016 to 3.46 in 2017, that is, this stand was considered
as drying one. However, some trees recovered in 2017
(see Fig. 2), and health condition index for vital trees
decreased (2.98 and 2.79 in 2016 and 2017, respectively).
It shows the possibility to stand to improve its health
status. Health condition of control stand was almost the
same in 2016 and 2017 (I,_, was 2.37 and 2.33, and [,_¢
was 2.51 and 2.54 in 2016 and 2017, respectively).

Stem insects in pine stands after ground fire

In fire-damaged stands, 8 and 11 species of stem insects
were found in 2016 and 2017, respectively (Fig. 4).

Family Curculionidae (subfamily Scolytinae) was
represented by 4 species: Tomicus piniperda (Linnaeus,
1758), T. minor (Hartig, 1834), I. acuminatus (Gyllen-
hal, 1827) and I. sexdentatus (Boerner, 1767).

Four species were from Family Buprestidae: 4n-
thaxia quadripunctata (Linnaeus, 1758), Phaenops
cyaneus (Fabricius, 1775), Melanophila acuminata
(DeGeer, 1774) and Chalcophora mariana (Linnaeus,
1758).

Three species were from Family Cerambycidae:
M. galloprovincialis (Olivier, 1795), Pogonocherus fas-
ciculatus (Degeer, 1775) and Acanthocinus aedilis (Lin-
naeus, 1758).

Amongst these species, T. piniperda and I. sexden-
tatus colonise the lower part of stem with thick bark; 7.
minor, 1. acuminatus and P. fasciculatus colonise the

upper part of stem with thin bark; and the rest of the spe-
cies are able to colonise different parts of stem, which
is characteristic for different regions (Demakov 2007;
Lieutier et al. 2016; Meshkova and Zinchenko 2013).

Because the fire happened in August, most of stem
insects have already completed their reproduction, and
tree colonisation in 2016 was moderate (23.3-30%; see
Fig. 4).

Analysis of Figure 4 shows that the occurrence of
all stem insects in 2016 did not differ significantly in
fire-damaged and control stands (t, o5 = 2; tg,e < 0.3).

The occurrence of stem insects in control stands
did not exceed 26.7% in 2016.

In 2017, the occurrence of 3 stem insects (M. gal-
loprovincialis, Ph. cyaneus and A. quadripunctata) in
control stands did not change (26.7%, 23.3% and 13.3%,
respectively), the occurrence of 3 species (I. acumi-
natus, T. piniperda and T. minor) increased 1.1 times
(up to 30%; tp = 0.3) and the occurrence of 2 species
(I. sexdentatus and A. aedilis) increased by a factor of
1.2 (up to 33.3%; tg = 0.6).

In 2017, 3 species were found in fire-damaged
stands (M. acuminata, Buprestis mariana and P. fas-
ciculatus), which were absent in fire-damaged stands
in 2016 and in both years in control stands). However,
the occurrence of these species in 2017 was rather low
(13.3%).
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Figure 4. Occurrence of stem insects in fire-damaged and control stands in 2016 (year of fire) and 2017 (year after fire) (bars

mean standard error)
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Table 3. Occurrence of stem insects in Scots pine trees of different health condition in fire-damaged and control stands in 2016

(year of fire) and 2017 (year after fire)

Occurrence of stem insects in the trees of different health condition +SE (%)
Stand (year) All trees Ist 2nd 3rd 4th 5th
—healthy | —weakened | — severely weakened | — drying-up | — recently died

26.7+8.07a 0.0 20.0 £ 12.65 14.3 £13.23¢ 80.0 = 17.89d 100.0

Control stand, 2016 (n = 30) (n=17) (n=10) (n=7) (n=>5) n=1)
. 46.7+9.11a 0.0 50.0 + 25.00 16.7+15.21e 58.3 +14.23¢ 100.0
Fire damaged stand, 2016 (n = 30) (n=4) (n=4) (n=6) (n=12) (n=4)
30.0£8.37a 0.0 0.0 40.0 = 15.49f 100.0g 100.0

Control stand, 2017 (n = 30) (n=4) (=11 (n=10) (n=4) (=1
. 60.0 + 8.94b 0.0 16.7+15.21 60.0 + 15.4%9h 88.9+10.48h 100.0
Fire damaged stand, 2017 (n = 30) (n=2) (n=6) (n=10) (n="9) (n=13)

Notes: the number of analyzed trees (n) is between brackets; values with different letters are significantly different at a significance level of a = 0.05.

In fire-damaged stands in 2017, the occurrence of 4
bark beetles and 2 longhorn beetles has increased sig-
nificantly. The occurrence of /. sexdentatus increased
by a factor of 2.5 (from 26.7% to 66.7%; tg, = 3.4). The
occurrence of I. acuminatus increased by a factor of 2.4
(from 26.7% to 63.3%; tg = 3.1). The occurrence of
T. piniperda increased by a factor of 2.4 (from 26.7% to
63.3%; tge = 3.1). The occurrence of 7. minor increased
by a factor of 2.4 (from 26.7% to 63.3%; tg = 3.1). The
occurrence of A. aedilis and M. galloprovincialis in-
creased by a factor of 1.9 (from 26.7 to 53.3%; t;, . = 2.2)
and 2 (from 30% to 56.7%; t;,=2.2), respectively.

Every colonised tree was attacked by different
species of stem insects. The percentage of trees colo-
nised by any insect species (stem insects occurrence)
was 26.7% and 46.7% in undamaged (control) and fire-
damaged stands (Tab. 3), but the difference was not sig-
nificant (ty s = 2; tp = 1.6). Stem insect occurrence in
fire-damaged stands in 2017 was twice more than that
in control stand (60% and 30% in fire-damaged and
control stands, respectively) and differed significantly
(to.0s = 2; tree = 2.4). The differences in the occurrence
of stem insects in both 2016 and 2017 in control stand
(to.0s = 2; tre = 0.3) and fire-damaged stands were not
significant (ty o5 = 2; tpe = 1.0).

Analysis of colonisation of the trees of different
health condition by stem insects shows that healthy
trees (the 1st category of health condition) were not at-
tacked at all (see Tab. 3). All recently died trees (the 5th
category of health condition) were colonised.

In 2016, weakened stands (the 2nd category of
health condition) were colonised more often in fire-

damaged stands than control stands, but no significant
statistical difference was observed (ty o5 = 2.2; tpe = 1.1).
In 2017, such trees in control stands were not colonised
at all. The trees of the 3rd category of health condition
(‘severely weakened’) and the 4th category of health
condition (‘drying-up’) were colonised in both fire-
damaged and control stands in 2016 and 2017. The oc-
currence of stem insects in the trees of the 4th category
of health condition was higher than that in the trees of
the 3rd category of health condition, but the difference
was significant only for the control stand both in 2016
(to.05s = 2.2; tree = 3.0) and in 2017 (ty o5 = 2.2; tee = 3.9)
(see Tab. 3).

The colonisation of pine trees of the 2nd category
of health condition was 1.4% and 5.8% in the 1st and
2nd years after fire. The colonisation of pine trees of
the 3rd category of health condition was 2.7% and
20.7% in the Ist and 2nd years after fire. The coloni-
sation of pine trees of the 4th category of health con-
dition exceeded 50.0% in the 1% year after fire and it
approached 100% in the next years except for several
recovered trees.

DiscussiON

The health condition and bark beetles (Ips spp. and
Dendroctonus spp.) attacks after fire in Ponderosa
pine (Pinus ponderosa Dougl. ex Laws.) was studied
in the southern part of the United States (McHugh and
Kolb 2003; Breece 2008) in more details. McHugh
and Kolb (2003) suggested evaluating crown damage
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by adding percent crown volume scorched and per-
cent crown volume consumed by fire. Breece (2008)
measured the extent of fire damage on each tree as
bole char severity, char height and direction, percent
of the bole circumference charred, percent of crown
scorched by fire and percent of crown consumed by
fire using the same procedures described in McHugh
and Kolb (2003). Breece (2008) used the bole char se-
verity rating system created by Ryan (1983): 0 = no
char, 1 = light char on edges of bark plates, 2 = bark
uniformly black with the exception of inner depths of
prominent fissures and bark characteristic discernable
and 3 = bark deeply charred and bark characteristics
not discernable.

However, Scots pine crown and bark structure dif-
fer from Ponderosa pine, and both climate characteris-
tics and stem insects species are another in the region of
our research. In our research, Scots pine crown damage
by fire was almost absent, and stem char severity was
almost similar in the whole scorch surface. Therefore,
stem scorch height was the main parameter for fire se-
verity estimation (see ‘Material and methods’).

It is known (Lynch et al. 2006; Demakov 2007; Jen-
kins et al. 2008; Meshkova and Zinchenko 2013, 2016)
that survival of trees following fire depends on initial
tree health, degree of injury, weather conditions and
possibilities of stem insects to colonise trees. Tree mor-
tality resulting from crown fire happens soon after fire,
and tree mortality after ground fire and injury of the
lower part of stem may be registered only in the next
growing season. It may be explained by different tissue
insulation from heat (Fernandes et al., 2008). Crown fire
damages shoots and twigs with thin bark, resulting in
the death of living tissues, and ground fire damages the
part of stem with coarse bark.

We can also assume that it is connected with rela-
tively low relative stocking density in this sample plot
(see Tab. 1).

Thus, forest stand had close values of age, diameter
and height in SP 2 and SP 4, but relative stocking den-
sity was 0.5 and 0.76 in SP 2 and SP 4, respectively, and
stem scorch height was 0.3 and 0.2, respectively.

Forest health condition index for all trees (I,_4) was
similar (3.26) for SP 2 and SP 4, because it reflected
health condition of both vital and dead trees. At the
same time, health condition index for vital trees (I;_4)
was 2.98 and 2.71 for SP 2 and SP 4, respectively. It

means that condition of vital trees worsened more in-
tensively in the sample plot with lower relative stocking
density and higher stem scorch by fire.

The higher values of the both health condition indi-
ces (I,¢ for all trees and I,_, for vital trees) in the year of
fire damage (2016), the greater percentage of trees of the
5th category of health condition in all sample plots and
the lower values of these indices in the control plot (I, 4
= 2.51; I, = 2.37) suggest that tree mortality in fire-
damaged stand resulted from fire damage. The percent-
age of ‘drying’ trees (4th category of health condition)
positively correlates with index of fire damage severity
(to.05s = 0.75; 14, = 0.84).

Forest health condition index for all trees (I,4) al-
most did not change in the control stand and worsened
in the fire-damaged stands. However, some trees in fire-
damaged stands recovered in 2017 (see Fig. 2) and the
lower health condition index for vital trees (2.98 and
2.79 in 2016 and 2017, respectively) show the possibility
of improvement in the stand health status.

The similar situation was described after low sever-
ity fire damage in the Left-bank Forest Steppe of the
Ukraine (Meshkova and Zinchenko 2013, 2016).

In our research in Central Polissya, the list of stem
insects in pine stands after ground fire included the spe-
cies with wide distribution, which are common for pine
stands in different European regions (Demakov 2007;
Meshkova and Nazarenko 2009; Lombardero and Ay-
res 2011; Faccoli et al. 2012; Meshkova and Zinchenko
2013).

According to the research (Meshkova 2017c), colo-
nisation of 21-60% of trees by stem insects corresponds
to a moderate level of their spread. Colonisation of less
than 20% of trees corresponds to the low level of spread
and that of more than 60% of trees corresponds to the
high level of spread. Our research demonstrates that
tree colonisation by stem insects was moderate in the
year of the fire, because their swarming completed be-
fore this disturbance, and was comparable with the con-
trol stand (see Fig. 4).

In 2017 in control stands, the occurrence of 2 spe-
cies (I. sexdentatus and A. aedilis) increased 1.2 times
but did not exceed 33.3% (see Fig. 4).

Different stem insects often colonise the trees al-
most simultaneously; sometimes some of them attach
the butt and others attack the top or middle part of stem.
Therefore, tree colonisation by any stem insect was
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evaluated for all felled model trees, taking into account
the category of health condition of each tree. It was
found that in 2016, the insect occurrence in fire-dam-
aged and control stands was insignificantly different,
and in the next year after fire, it increased up to 60% and
30% in fire-damaged and control stands, respectively,
and became significantly greater in the fire-damaged
stand. Differences between stem insect occurrences in
the trees of the same category of health condition were
insignificant. It means that occurrence of pest insects
in fire-damaged and control stands depends mainly on
tree distribution by health condition.

In the Left-bank Forest Steppe of the Ukraine,
Scots pine colonisation by stem insects in the year
of damage depended on the cause of damage and on
initial tree distribution by health condition (Meshkova
and Zinchenko 2013). In this study, colonisation of
pine trees by stem insects increased the next year after
fire and decreased on the 3rd year after damage. Stem
pests did not colonise the trees of the 1st category of
health condition.

In Mari El in the year after fire damage, stem in-
sects colonised up to 27% of lateral stem surface and
only 16% and 12% of it in the 2nd and 3rd years, respec-
tively, but in different stands, this value depended on
fire severity and number of trees susceptible to coloni-
sation (Demakov 2007).

Dependence of stem insects on the amount of suit-
able substrate, population growth with the increase in
the number of severely weakened and drying trees, is
well known. For example, T. minor in Mari El success-
fully colonised healthy trees if its abundance exceeded
6 families per 1 dm? of bark surface (Demakov 2007).
Outbreak collapse after several years because of bee-
tle competition after attaining certain density was also
supported in France (Pineau et al. 2017). These authors
evaluated the critical threshold of I. sexdentatus attacks
to establish on trees, which was 142 attacks/l1 m? of bark
surface (53—177 attacks/m?).

Therefore, according to Meshkova (2017c), the
background level of stem insect occurrence in fire-
damaged stands (in the year of fire, 2016) was low for
A. quadripunctata (13.3%) and moderate for other stem
insects (from 23.3% for Ph. cyaneus to 30% for M. gal-
loprovincialis). In 2017, the level of stem insect occur-
rence in fire-damaged stands was low (13.3%) for M.
acuminata, B. mariana and P. fasciculatus; moderate

for jewel beetles (23.3% and 26.7% for A. quadripunc-
tata and Ph. cyaneus, respectively) and for longhorn
beetles (53.3% and 56.7% for A. aedilis and M. gallopro-
vincialis, respectively); and high for bark beetles (63.3%
for T. piniperda, T. minor and I. acuminatus and 66.7%
for I. sexdentatus; see Fig. 4).

In the control stand without fire damage, stem in-
sect occurrence in both 2016 and 2017 was moderate for
all the 8 revealed species (23.3-26.7% and 23.3-33.3%,
respectively).

Research of these insects seasonal development
shows that their first attacks of pines start soon after
tree vegetation begins (the 2nd half of March) and these
attacks are almost uninterrupted in summer months
(Meshkova et al. 2015, 2017a,b).

Therefore, the most effective way to reduce the risk
of trees mortality that results from colonisation of stem
insects is to immediately remove all felled dead and dy-
ing trees, which can be the substrate for these insects
reproduction before these insects population grows
large enough to attack healthy, less injured by fire or
recovering trees.

CoNCcLUSIONS

Vital Scots pine trees condition (I, ;) worsened more
intensively in the sample plot with the lowest relative
stocking density and the highest stem scorch by fire.
In 2017, forest health condition almost did not change
in control stand and worsened in fire-damaged stands.
However, 23.1% of trees have recovered their health
condition from category ‘drying-up’ to ‘severely weak-
ened’. In fire-damaged stands, 8 species of stem insects
were found in 2016 and 11 species in 2017. They were
T. piniperda, T. minor, I. acuminatus, I. sexdentatus
(Curculionidae: Scolytinae), 4. quadripunctata, Ph.
cyaneus, M. acuminata, C. mariana (Buprestidae),
M. galloprovincialis, P. fasciculatus and A. aedilis
(Cerambycidae).

Tree colonisation by stem insects in the year of fire
damage was comparable with control stand, because
insect swarming completed before this disturbance. In
2017, I. sexdentatus was the most spread stem insect in
fire-damaged stands (66.7% of trees). The occurrence of
stem insects depended mainly on the ratio of trees with
different health condition.
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