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Abstract: The paper presents the results of the research on the correlation
between changes in microclimate, the intensity of spruce decline and active abundance of
its two economically most significant harmful insects — eight-toothed (Ips typographus) and
six-toothed (Pityogenes chalcographus) spruce bark beetles (Coleoptera: Curculionidae) in
“Golija” Nature Park whose pure and mixed conifer stands are dominated by spruce. The
route method and ocular inspection were applied to study the presence and determine the
intensity of spruce decline — both of individual trees and groups of trees in the management
units of Dajicke planine, Koljesnica, Golija and Brusnicke sume. Population dynamics of
the two species of bark beetles and their active abundance were monitored by the method of
trapping with barrier traps and the use of combined pheromone dispensers - PCIT Ecolure.
Although the decline of individual conifer trees, primarily of spruce, had already been
present in certain areas of these management units for several decades, it reached epidemic
proportions due to extreme adverse climatic conditions in the period between 2011 and
2012 and culminated in 2015. A large number of physiologically-weakened trees raised the
population levels of secondary harmful insect and the number or the active abundance of
the two investigated species of insects reached a peak in 2016. The inability to take
appropriate and timely remedial measures in the areas under stricter protection regimes
greatly contributed to this situation.
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KORELACIJA IZMEPU KLIMATSKIH PROMENA, INTENZITETA SUSENJA
SMRCE I BROJNOSTI POTKORNJAKA U PARKU PRIRODE GOLIJA

lzvod: U radu su prikazani rezultati istrazivanja korelacije izmedu
mikroklimatskih promena, intenziteta suSenja smrce i aktivne abundancije dve njene,
ekonomski najznacajnije, Stetne vrste insekata — osmozubog (Ips typographus) i Sestozubog
(Pityogenes chalcographus) smrcinog potkornjaka (Coleoptera: Curculionidae) u podrucju
Parka prirode Golija, gde u cCetinarskim, Cistim i mesovitim, sastojinama dominira smréa.
U gazdinskim jedinicama Dajicke planine, Koljesnica, Golija i Brusnicke Sume,
marsSrutnim metodom, okularnim pregledom, istraZzeno je prisustvo i odreden intenzitet
suSenja pojedinacnih i grupe stabala, a populaciona dinamika navedene dve vrste
potkornjaka, odnosno njihova aktivna abundancija, pracena je metodom lova pomocu
barijernih klopki, uz koriséenje kombinovanog feromonskog dispenzera — PCIT Ecolure.
lako je suSenje pojedinih stabala cetinarskih vrsta drveca, prvenstveno smrce, u pojedinim
podrucjima navedenih gazdinskih jedinica, prisutno veé nekoliko decenija, ono, posle vrlo
nepovoljnih, ekstremnih klimatskih uslova u periodu 2011-2012. godine, poprima
epidemijski karakter, sa kulminacijom u 2015. Velika kolicina fizioloski oslabelih stabala,
pozitivno je uticala na povecanje populacionih nivoa sekundarnih Stetnih vrsta insekata, pa
Jje u 2016. godini doslo do kulminacije brojnosti, odnosno aktivne abundancije istrazivane
dve vrste potkornjaka. Na ovakvo stanje dosta je uticala i nemogucnost i neblagovremenost
preduzimanja odgovarajucih sanacionih mera u podrucjima pod strozZijim reZimima zastite.

Kljuéne reéi: temperatura vazduha, padavine, suSenje smrce, Ips typographus,
Pityogenes chalcographus

1. INTRODUCTION

The epidemic decline of mainly coniferous indigenous forest tree species,
as a recent phenomenon that most countries of Eastern and Central Europe are
faced with, has reached unprecedented proportions in the Republic of Serbia.
Numerous multidisciplinary research studies of this process have all proved that it
is affected by a range of abiotic and biotic factors, one or several of which can
become the most important ones at a certain time and space.

It has long been known that the stress caused by unfavorable climatic
conditions has a major impact on the health status of forest stands. In some parts of
the world, these impacts have led to sporadic, territorially-limited decline of the
most vulnerable species. Therefore, many environmentalists have considered it to
be normal, natural succession within the forest ecosystem (Auclair, 1993; Ciesla
and Donaubauer, 1994; Swetnam and Betancourt, 1998). However, the situation
has suddenly and dramatically changed in the last decade. Due to global warming
and insufficient or irregular precipitation, a great number of countries have faced
an epidemic decline of primarily coniferous tree species. Globally, the year of 2013
has been the fourth warmest year on record (1880), together with 2003. For
instance, the average global temperature for the period of 1981-2010 was 0.62°C
above the average (13.9°C). Annual precipitation sums were generally at the same
level, but their temporal patterns were substantially changed, with a notable lack of
rain during the growing period.

The interaction between insects and plants accounts for half of all
relationships in nature, but natural conditions, such as extreme temperatures and
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excessive or poor rainfall, can also lead to a rapid increase in the number of some
sensitive species.

When it comes to bark beetles, insects that would be the first to attack the
trees weakened by different stress factors, the studies that have been conducted
worldwide point to a variety of factors that can affect the high rate of their outbreak
and attack. Some authors (Waring and Pitman, 1983; Christiansen and Bakke,
1988; Dutilleul et al., 2000; Qkland and Christiansen, 2001; Wermelinger, 2004;
Schumacher and Bugmann, 2006; Aukema et al., 2008, Tabakovi¢-Tosi¢, 2014;
Tabakovi¢-Tosi¢ and Milosavljevi¢ 2015, 2016) have listed the following factors
as the most important causes of spruce bark beetle attack: prolonged drought and
high daytime temperatures, excess and lack of rainfall, stand age and vitality of
trees, tree aspect, UV radiation, ozone, lack of sanitary fellings and forest law, as
well as elevation, excessive nitrogen, magnesium and phosphorus in the soil.

The large-scale decline of individual or groups of spruce trees, as the most
common coniferous tree species in the growing stock of Serbia (Bankovi¢ et al.,
2009), has been recorded in all areas but its pure or mixed stands under special
protection regime within the national parks of Kopaonik (Tabakovi¢-Tosi¢, 2014;
Tabakovi¢-Tosi¢ and Milosavljevi¢, 2015) and Tara and in the nature parks of
Stara Planina (Tabakovi¢-Tosi¢, 2006) and Golija seem to be most affected. The
epidemic decline of spruce forests in "Golija” Nature Park has been going on for
many years, but it reached massive proportions in the period from 2014 to 2016.

The paper presents the results of the research on the correlation between
the changes in microclimate, an increasingly intensive decline of mostly spruce
trees in "Golija’ Nature Park and the active abundance of two economically-
important harmful insect species — eight-toothed, Ips typographus (Linnaeus, 1758)
and six-toothed, Pityogenes chalcographus (Linnaeus, 1761) (Coleoptera,
Curculionidae, Scolytinae) bark beetles.

2. MAIN CHARACTERISCTICS OF THE STUDY AREA

Golija Mountain belongs to the extensive area of Stari VIah-Raska
Mountain Range or the inner zone of the Dinaric mountain range. It stretches from
east to west, surrounded by the mountains of Jelica (north), Kopaonik, Cemerno,
Radocelo (east), Javor (west), Zlatar, Jadovnik and Pester plateau (south). There
are three clearly distinguishable climate zones in the area: the mountain-valley
zone (700 m a.s.l.) with a humid continental climate modified under the influence
of the surrounding mountains, the transition zone (700-1300 m a.s.l.) with long,
cold winters and short, cool summers, and the mountainous zone (over 1300 m
a.s.l.) with harsh and cold winters and short and cool summers.

Mt. Golija, with a nature park of the same name (75,183 ha) and “Golija-
Studenica” Biosphere Reserve (53,804 ha), is one of forest-richest mountains of
Serbia (total of 89,000 ha; forest cover by municipalities: Ivanjica 49%, Raska
46%, Novi Pazar 48% Kraljevo 49% and Sjenica 20%). According to the Spatial
Plan of the special purpose area of "Golija” Nature Park (2004), broadleaved
species outnumber coniferous species, dominated by beech (accounting for 63.3%
of the volume and 54.0% of the total volume increment), spruce (accounting for
19.5% of the total volume and 23.0% of the total increment), and with much lower
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shares of fir, Austrian pine, sessile oak and Turkey oak (from 1 to 7%). Other tree
species are represented by less than 1%, but they also contribute to the biodiversity
of the forest ecosystems.

The correlation between the intensity of the decline of individual trees and
groups of trees and the active abundance of the two most important species of
spruce bark beetles was studied in the forest stands of the following forest
management units: Daji¢ke planine, Koljesnica, Golija and Brusnicke Sume (SE
Srbijasume’, "Golija Ivanjica’ Forest estate, 'Ivanjica’ Forest Administration).

3. MATERIAL AND METHODS

In the management units Daji¢ke planine, Koljes$nica, Golija and Brusnicke
Sume the route method and ocular inspection were applied to study the presence
and determine the intensity of spruce decline — both of individual trees and groups
of trees. The population dynamics of the eight-toothed, Ips typographus and six-
toothed, Pityogenes chalcographus bark beetles and their active abundance were
monitored by the method of trapping with barrier traps and the use of combined
pheromone dispensers - PCIT Ecolure (Figure 1).
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4. RESULTS AND DISCUSSION

The sporadic and modest decline of individual and small groups of trees of
coniferous tree species, primarily spruce, has been present in the forest complexes
of Mt. Golija for decades. The decline has been monitored within regular annual
activities of SE “Srbijasume’, 'Golija Ivanjica’ Forest Estate and the Department of
Forest Protection of the Institute of Forestry in Belgrade. Since a part of this area
was declared nature park and biosphere reserve and put under special protection
regime, monitoring of the health state of the forest stands has been intensified, with
special emphasis on the process of their decline.

In the FE “Golija Ivanjica', especially in the FA “Golijska reka
(Management units: Dajicke planine, Koljesnica, Golija and Brusnicke Sume), i.e.
in the part of the nature park with conifer stands under the protection regime I,
intensive decline of spruce trees began in 2012 and reached the strongest intensity
in 2015 (sanitary felling of declined trees in 2014 — 12.579 m?, 2015 — 18.502 m?).
In 2016, despite sanitary measures, the decline was not stopped, but according to
the wood volume marked for sanitary felling, (13,000 m?), its intensity was
somewhat lower compared to the previous two years (Graph 1).
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Figure 2. Spruce decline expressed as wood volume marked for sanitary felling in
the period 2014-2016 in the study area of "Golija” Nature Park.

Spruce decline reached a peak value in MU Dajicke planine (with 11,749
m? of volume marked for felling in the period between 2014 and 2016), in 2016 (5,
661 m?) and in MU Koljesnica and MU Golija (with the volume marked for felling
in the period between 2014 and 2016 of 6,994 and 6,532 m? respectively) in 2015
(3,213 and 2,885 m?). The lowest values were found in MU Brusni¢ke Sume (the
total volume marked for sanitary felling amounted to 1,674 m?) (Figure 2).
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Drought-induced changes in trees, such as transpiration reduction and
carbon assimilation, significantly reduce their natural, mostly chemical defense
against attacks of various xylophagous species of insects and thus lower the
threshold limit values.

To confirm the initial hypothesis of the research — a positive correlation
between the changes in the microclimate, the decline of spruce trees and abundance
of bark beetles, we thoroughly analyzed the climate - mean monthly air
temperatures and monthly precipitation for the period 2006-2015. As there is not a
main meteorological station on Mt. Golija, we used data of the main
meteorological station on Zlatibor (Figure 3).
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Figure 3. Monthly values of air temperature and precipitation for Zlatibor
Meteorological Station (a: 4344 ° N; 6: 1943’ E; the altitude of 1028 m) for the
period 2006-2015
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In the ten-year study period, the year of 2012 shows the greatest deviations
- significantly higher mean monthly air temperatures in the growing period when
the insects exert the most intense adverse effects on the coniferous species with
shallow root plate system as in spruce. The onset of spruce forest decline in
“Golija” Nature Park was thus recorded in the year with the climate outside its
optimum values (Figures 2, 3). The year of 2013 also recorded the smallest
amounts of precipitation again in the growing period (April: the ten-year monthly
average of 78 mm, but only 31 mm in 2013; July: the ten-year monthly average of
89 mm, but only 23 mm in 2013) (Figure 3).

A comparison of the results presented in Figures 2 and 3 clearly leads to
the conclusion that there is a positive correlation between the intensified process of
spruce decline and marked deviations of the two main meteorological parameters -
air temperature and precipitation in the growing period in the forest complexes of
“Golija’ Nature Park.

Table 1. The number of beetle adults of one generation caught in one pheromone
trap

Management Trapped adults (N/pherqmone trap)
unit Year _ Ips typographus _ F_’ltyogenes ch_alcographus
minimum | maximum | average | minimum | maximum | average

Dajicke 2014 15 316 110 21 369 130
planine 2015 54 499 184 37 299 112
2016 21 1500 500 100 1150 383

2014 13 137 50 19 106 42

Koljesnica | 2015 19 359 126 21 360 127
2016 303 7874 2625 54 1896 632

2014 31 742 258 15 710 242

Golija 2015 27 1103 377 18 1110 376
2016 38 4196 1398 406 3522 1174

5k 2014 10 73 28 9 37 15
Br:jﬁiz ¢ [2015 3 126 43 15 125 47
2016 25 1085 362 116 1360 453

In all the investigated management units in “Golija” Nature Park, the active
abundance of the two most important species of spruce bark beetles, 1. typographus
and P. chalcographus has had a positive upward trend since 2014, with the
maximum in 2016. The largest increase was recorded in the management units of
Koljesnica and Golija (. typographus 50:2625, 258:1398; P. chalographus
106:1896, 710: 3522) (Table 1). It should be noted that this trend will continue in
2017, unless we take all available measures of suppression aimed at reducing their
abundance to normal, natural numbers.
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Figure 4. The ratio of the average number of bark beetles caught in a trap to the
volume of declined trees marked for felling
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Dajicke planine management unit has a noticeable positive correlation
between the spruce decline and the active abundance of I. typographus and P.
chalcographus, i.e. in the three-year research period this management unit recorded
an increase in the volume of declined trees marked for felling and in the
abundance of the two species of bark beetles, which was not the case with the other
three (Koljesnica, Golija and Brusnicke Sume), where the volume of declined trees
marked for felling decreased, while the number of bark beetles increased
dramatically (Figure 4). However, it is known that bark beetles attack living but
severely physiologically-weakened trees, so it can be assumed that a positive
correlation between these two parameters will be established in these management
units, too.

5. CONCLUSIONS

The three-year study of the correlation between the changes in
microclimate, the epidemic spruce decline and the increasing abundance of the two
most important species of bark beetles, I. typographus and P. chalographus clearly
points to a causal connection between them. Changes in microclimate, increasing
average monthly air temperatures and a significant decrease in precipitation in the
growing period contributed to the physiological weakening of spruce trees and
initiated the process of their decline, thus increasing their susceptibility to the
attack of the two species of bark beetles. The end result of this joint operation is the
continuation of the epidemic decline of spruce stands in “Golija” Nature Park.
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