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Abstract

Assessment and monitoring of health status in deteriorated forest stands in Gornata Koria and Chuprene
Reserves in Western Balkan Range (Bulgaria) were conducted in 2017. An integrated approach (based
on remote sensing technologies and terrestrial validation) was applied. A series of subsequent terrain ob-
servations were carried out in both protected areas mainly in dead or in poor health status stands. As a
result, sixteen insect species were identified in Gornata Koria and nine pests in Chuprene Reserves. The
predominant number of pests included bark beetles and weevils (Curculionidae), longhorn beetles (Ceram-
bycidae), etc. Attacks caused by the European bark beetle (Ips typographus) formed the main disturbance
in the Norway spruce forests in both reserves. Ten parasitic and ten saprophytic fungi were identified in the
stands of the Norway spruce (Picea abies), silver fir (Abies alba) and European beech (Fagus sylvatica).
Among the parasitic fungi, six species were identified as destructive (Armillaria sp., Heterobasidion an-
nosum, Fomitopsis pinicola, Fomes fomentarius, Ramaria flava and Pholiota squarrosa).
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Introduction

In recent decades, deterioration of forest stands due to long periods of drought and
abnormal climatic phenomena has occurred. The gradual change in the environmen-
tal conditions has altered the ecology of host tree species, the harmful effect of biotic
agents and their vectors that cause the disturbance in forest stands. In most cases this
is a consequence of a combination of adverse climatic conditions with harmful biotic
factors, mainly insect pests and fungal diseases (Foley et al., 2005; Trumbore et al.,
2015).

Biotic factors cause changes in forest structure and function, and influence the
species biodiversity (Edmonds et al., 2011). Examining pest and disease occurrence
and related stress factors, the regional extend of infestations and interactions among
hosts distribution, stress factors and biotic agents could be clarified (Holdenrieder et
al., 2004).

Outbreaks of bark beetles are known to be the proximate cause of tree mortality,
affecting forests already stressed by drought and chronically weakened by pathogens
and other agents. Among the xylophagous pests trophically related to the Norway
spruce (Picea abies (L.) Karst.), the most aggressive is the European bark beetle (Ips ty-
pographus L.). This pest is widespread in Europe, Northern Asia (China, Korea, Japan,
and Russia) and Minor Asia (CABI, 2021). Trees under stress by abiotic (drought,
wind, snow) or biotic (defoliating insects, fungal diseases) factors are predisposed to
the pest attacks. The pest outbreaks after windstorms or droughts are likely to trigger
dieback of host trees on a large scale within the following several years (Angst et al.,
2012).

In the context of climate change, fungal pathogens are playing an increasingly
crucial role in deteriorating the health status of forest vegetation. Pathological pro-
cesses in forest ecosystems are most often the result of a complex impact of abiotic and
biotic factors and should be considered together. The fungal pathogen Heterobasidion
annosum (Fr.) Bref. is a major cause of root and stem rot in the coniferous stands of
the Northern Hemisphere (Hodges, 1969), causing large economic losses in many
countries.

The remote sensing data taken in forest stands provide useful information for de-
tection the deterioration mainly caused by bark beetles and root rot disease outbreaks
(Dimitrov et al., 2018). Data from images are used for monitoring of environmental
variables, such as size of damaged area, tendency to expand the affected areas, pat-
terns of disease outbreaks, etc. Not all of the biotic agents could be detected by remote
sensing images, so terrain verifications have to be conducted in order to establish and
confirm the main traits for the health of protected forest ecosystems.

In 2017, remote sensing technologies for exploring the deteriorated areas in Gor-
nata Koria and Chuprene Reserves were applied (Dimitrov et al., 2018). The aim of
this study was to present the results from the terrestrial validations of captured areas
and to identify the complex of the main biotic stressors responsible for the deteriora-
tion of forest stands in both reserves in the West Balkan Range.
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Material and methods

The studies on the health condition of protected forest stands were carried out as a
part of activities included in the Management plans of Gornata Koria Reserve and
Chuprene Biosphere Reserve. Both reserves were created to preserve the natural
coniferous forests in the Western Balkan Range in Bulgaria (Fig. 1). Gornata Koria
was established in 1968 in Berkovska Mountain, and Chuprene Reserve - in 1973 in
Chiprovska Mountain. In the period 1977-2021, the Chuprene Reserve was included
in the UNESCO list of Biosphere Reserves under the Human and Biosphere Program.
Assessment and monitoring of the health status of the Norway spruce (Picea abies),
silver fir (Abies alba Mill.) and European beech (Fagus sylvatica L.) natural stands in
Gornata Koria and Chuprene Reserves were carried out in 2017.

Field expeditions for terrestrial observations were conducted at two experimen-
tal sites on the territory of Gornata Koria. The first one is spruce-dominated and is
located in the upper part of the reserve (between 1600 and 1650 m a.s.l.), while the
second one is in mixed fir-beech stand at an average altitude in the reserve (between
1350 and 1400 m a.s.l.).

In Chuprene, the observations were carried out in the spruce and beech site lo-
cated at the lower parts of the reserve (between 1400 and 1450 m a.s.l.). The surveys
were made mainly in dead or in poor health stands. Particular attention was paid to
xylophagous and fungal pathogens causing root and stem rot diseases.
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Figure |. Location of Chuprene and Gorna Koriya Reserves in Bulgaria
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Insects are identified by the presence of larvae, pupae and adults or by the type
of damage to the plants used as a food source by these insects. The number of xy-
lophagues was reported on the trunks of felled trees at sites with a size of 40x20
cm. Damages caused by wood-destroying fungi were established by the presence of
fruiting bodies on the roots, stems and branches of trees.

Results
Insect pests

In field studies, 16 insect species were identified in Gornata Koria (Table 1). Most of
them were bark beetles and weevils (Curculionidae) and longhorn beetles (Ceramby-
cidae).

The number of the most dangerous insect pest on the Norway spruce, Ips typogra-
phus, was low — the attacks were concentrated mainly in the middle part of the stems
(Fig. 2A). The average number of families was 0.7/dm?, and the average number in
one family was about 25 specimens. Representatives of the genus Monochamus were
also found as aggressive destructive pests, attacking weakened standing trees or fallen
trees that had been previously infested by bark beetles (Fig. 2B). The bark beetle Pit-
yokteines spinidens and species of genus Pissodes were found on silver fir trees, causing
destructive damages (Fig. 2C).

A part of the xylophagous insects was not considered as damaging pests. The lar-
vae of species developed in the sapwood of dead wood, such as Trypodendron domes-
ticum and Rhagium mordax in beech and Hylecoetus dermestoides in fir stands. Of the
family Cerambycidae (Coleoptera), larvae, pupae and adults of Rhagium bifasciatum
were found in semi-decomposed or decomposed wood (Fig. 2D). In addition to phy-
tophagous insects, larvae of the predatory species with high conservation significance
Cucujus cinnaberinus (Scopoli, 1763) (Coleoptera: Cucujidae) were found under the
bark in spruce and fir trees (Fig. 2E).

In the field studies in the Chuprene Reserve, nine pest species of families of Co-
leoptera, Lepidoptera and Diptera were identified (Table 1). The terrestrial verification
showed that the damages in Norway spruce stands were caused mainly by I. typogra-
phus. The number of this pest was twice as high in Chuprene as compared to its num-
ber in the Gornata Koria — about 1.7 families/dm? and 48 specimens per family. In the
studied part in Chuprene Reserve was detected the oldest outbreak of I. typographus,
with dead or newly infested trees. The pattern of attacks from L. typographus in the
north-western part of the reserve was different where new (migratory) outbreaks had
emerged (4-5 years ago) as a result of the high pest population.

Single spruce trees and biogroups in the upper part of the European beech belt
were also strongly attacked by L. typographus as a result of physiological weakening
due to competition for soil moisture with beech trees, which have a deeper and more
powerful root system.
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Table 1. Species composition and harmfulness of phytophagous insects in the Gornata Koria

(GK) and Chuprene (CH) Reserves.

Order, family, species ‘ Plant host ‘ Reserve ‘ Harmfulness*
Hemiptera

Aradidae

Aradus obtectus Vasarhelyi, 1988 ‘ Picea abies ‘ GK ‘ +
Coleoptera

Curculionidae

Cryphalus piceae (Ratzeburg, 1837) Abies alba GK +
Dryocoetes autographus (Ratzeburg, 1837) Picea abies GK +
Ips typographus (Linnaeus, 1758) Picea abies GK, CH ++
Pissodes sp. Abies alba GK, CH ++
Pityokteines spinidens (Reitter, 1894) Abies alba GK ++
Rhyncolus ater (Linnaeus, 1758) Abies alba GK +
Taphrorychus villifrons (Dufour, 1843) Fagus sylvatica GK +
Trypodendron domesticum (Linnaeus, 1758) Fagus sylvatica GK, CH +
Lymexylidae

Hylecoetus dermestoides (Linnaeus, 1861) ‘ Abies alba ‘ GK ‘ +
Anobiidae

Ptilinus pectinicornis (Linnaeus, 1758) ‘ Fagus sylvatica ‘ GK ‘ +
Cerambycidae

Anastrangalia dubia (Scopoli, 1763) Abies alba. GK -
Monochamus sp. Picea abies GK +
Rhagium bifasciatum Fabricius, 1775 Abies alba, Picea abies GK -
Rhagium inquisitor Linnaeus, 1758 Abies alba GK, CH +
Rhagium mordax (De Geer, 1775) Fagus sylvatica GK -
Lepidoptera

Nepticulidae

Stigmella tityrella (Stainton, 1854) ‘ Fagus sylvatica ‘ CH ‘ +
Gracillariidae

Phyllonorycter maestingella (Muller, 1764) ‘ Fagus sylvatica ‘ CH ‘ +
Erebidae

Calliteara pudibunda (Linnaeus, 1758) ‘ Rubus idaeus ‘ CH ‘ +
Diptera

Cecidomyiidae

Hartigiola annulipes (Hartig, 1839) Fagus sylvatica CH +
Mikiola fagi (Hartig, 1839) Fagus sylvatica CH +

*Harmfulness: — saprotroph; + slight damages; ++ severe damages (destructive pest)
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Figure 2. Insects found in Gornata Koria and Chuprene Reserves: A — larval galleries of
Ips typographus; B — larva of Monochamus sp.; C - larva of Pissodes sp.; D — imago of Rhagium
bifasciatum; E - elytra of Cucujus cinnaberinus.

Calliteara pudibunda was found on the leaves of raspberries (Rubus idaeus L.).
The species is associated trophically with deciduous trees and shrubs.

Pathogens

During the field investigations conducted in both protected areas, ten parasitic and
ten saprophytic fungal species were recorded on Norway spruce, silver fir and Euro-
pean beech stands in Gornata Koria and Chuprene Reserves (Table 2).

In Gornata Koria Reserve, the fungal pathogens on the stems and roots predomi-
nated. In 30% of the Norway spruce trees, rotting of the wood was found, while in
silver fir — this percentage was higher — 60%. The root rot fungus (Heterobasidion
annosum) most likely caused rot in the central part of the stems. In beech, the high-
est percentages (80% of stems) were rotting in the central part, which was due to the
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Table 2. Species composition and harmfulness of fungal pathogens in the Gornata Koria (GK)
and Chuprene (CH) Reserves.

Species Plant host Reserves | Plant part | Harmfulness*
Armillaria spp. Picea abies, Fagus sylvatica GK, CH root, stem ++
Heterobasidion annosum Picea abies GK, CH root, stem ++
Fomitopsis pinicola Picea abies GK, CH stem ++
Fomes fomentarius Fagus sylvatica GK, CH stem ++
Ramaria flava Fagus sylvatica CH stem ++
Pholiota squarrosa Picea abies CH base of stem ++
Stereum rugosum Fagus sylvatica GK stem +
Lentinellus cochleatus Fagus sylvatica GK stem +
?ﬁjﬁgggjzzﬁzmm Abies alba GK branches +
Climacocystis borealis Picea abies CH base of stem +
5:;’;?::3; dr:lzum Picea abies GK stem -
Dacrymyces stillatus Picea abies GK branches -
Hypoxylon fragiforme Fagus sylvatica GK branches -
Tubifera ferruginosa Picea abies GK stem -
Fuligo septica Picea abies GK stem -
Stemonitis spp. Picea abies GK stem -
Lycoperdon pyriforme Fagus sylvatica CH root -
Mycena inclinata Picea abies CH stem -
Gymnopilus spp. Picea abies CH stem -
Xylaria hypoxylon Picea abies, Fagus sylvatica CH stem -

*Harmfulness: — saprophagues; + weak parasite; ++ parasite (destructive pathogen)

development of Fomes fomentarius L. Fr. Fruit bodies from this fungus were found on
most of the studied dead beech trees in the reserve.

Species of parasitic and saprophytic fungi were identified on the roots, stems and
branches of host plants. Among the parasitic fungi, four species were the most de-
structive: Armillaria sp., H. annosum, Fomitopsis pinicola (Sw.) Karst. and F. fomen-
tarius (Fig. 3A-D).

Fungal pathogens on the roots and stems caused different types of rot. For ex-
ample, Armillaria sp. causes white decay on the roots and stems of many conifers
and deciduous species, in which, in some cases, it develops centrally, and in others
it causes peripheral rot. Heterobasidion annosum caused brown root rot of conifer
stems. Saprotrophic fungi were recorded on the dead tissues of trees.

The results of the terrestrial assessments carried out at the experimental sites in
Chuprene Reserve showed that the fungal pathogens causing rot disease on the stems
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Figure 3. Parasitic fungal pathogens established in Gornata Koria and Chuprene
Reserves: A — Armillaria sp.; B — Heterobasidion annosum; C — Fomitopsis pinicola;
D - Fomes fomentarius.

and roots were very common. In 70% of the Norway spruce trees, wood rot was found.
It was situated in the central part of the stems and was caused by the root fungus (H.
annosum). In beech trees, a large percentage (75%), of the stems was rotting in the
central part, which was due to E fomentarius.

In Chuprene Reserve, six species of parasites, one mycorrhizal and five sapro-
phytic fungi were identified (Table 2). The trees infected by the fungal pathogens,
which caused rot disease on the roots and stems, very often were fallen or bro-
ken. There were numerous fruit bodies of F. fomentarius on the stems of old beech
trees. In addition to the recorded destructive pathogens, other pathogens — Pholiota
squarrosa (Vahl) Kumm. and Climacocystis borealis (Fr.) Kotl. & Pouzar, were iden-
tified. The mycorrhizal fungus Ramaria flava (Schaeff.) Quél. developed in the soil
and the saprophytic species grew on dead tissues and organs of the host plants.
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Discussion

The expected climate changes in the European countries (long periods of drought,
higher air temperatures and severe winds) will inevitably affect the phytosanitary
condition of forest stands. The forecasted tendencies are toward decrease in the
amount of precipitations on the territory of Southern Europe, with the most signifi-
cant reduction being expected in the summer seasons. These changes are particu-
larly unfavourable for areas with extremely steep mountainous terrain, such as the
reserves Gornata Koria and Chuprene in the Western Balkan Mountain. In 2017,
studies on the health condition of the Norway spruce, silver fir and European beech
protected forest stands were carried out in both reserves as a part of activities in-
cluded in their Management plans. A similar study had been carried out earlier in
the region of the Central Balkan National Park (Zafirov et al., 2015). However, their
results are not directly applicable to the same tree species in the reserves on the ter-
ritory of the Western Balkan Mountain.

This study presents the utility of the applied approach, through using the capac-
ity of the modern unmanned aerial platforms (Dimitrov et al., 2018) and traditional
terrestrial entomological and phytopathological methods for complex assessment, as
well as results obtained in applying an integrated model for field exploration of the
phytosanitary status of two protected areas in West Balkan Range in Bulgaria - Gor-
nata Koria and Chuprene Reserves.

In recent decades, after long periods of drought and abnormal climatic phenom-
ena, there has been a massive drying of forests, leading to a reduction in forest stands
in some area. Frequently, infection with pathogens weakens the host tree, making it
susceptible to bark beetles (Ferrell, 1996). Field studies in Gornata Koria and Chu-
prene Reserves showed that the European bark beetle (Ips typographus) caused severe
damages in natural Norway spruce forests, including dead trees, both in the protected
areas and in adjacent forest stands.

The bark beetle I. typographus inhabits mainly fresh felled trees. In the presence
of suitable food (trees broken by wind, snow, etc.), the pest could multiply rapidly on
felled wood, after that it attacks weakened and healthy trees. In Bulgaria, I. typogra-
phus is widespread in all areas where spruce stands are distributed. Under normal
conditions, the species exists at low population density and does not cause calamities.
The low number of I. typographus in Gornata Koria Reserve allows trees traps to be
used as effective pest control (Georgiev et al., 2013).

The decreased rainfall could affect the pathogenic fungi to a lesser extent, because
a significant part of them can also develop during drought. This fact explains the
established correlation between drought periods and growth of forest areas affected
by fungal diseases in the studied protected areas in Gornata Koria and Chuprene Re-
serves. It is hypothesised that as water deficit increases for plants, some pathogenic
fungi will become active and will expand their range (Roy et al., 2004; Desprez-Lous-
tau et al., 2006).
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The wood destroying fungi identified in the Gornata Koria and Chuprene Re-
serves on the roots and stems of Norway spruce, silver fir and European beech stands
(Armillaria sp., H. annosum, F. pinicola, P. squarrosa and F. fomentarius) have been
assessed as destructive pathogens, because they damage trees’ non-renewable plant
tissues (Georgiev et al., 2017).

The complex of species of genus Monochamus were found in Norway spruce
trees. There are three species distributed in Bulgaria (Migliaccio et al., 2007), which
do not differ in larval stage: Monochamus sartor (Fabricius, 1787), M. sutor (Lin-
naeus, 1758) and M. galloprovincialis pistor (Germar, 1818). The first two species
are trophically associated mainly with spruce trees, while the third one - with pine
species. The harmfulness of Monochamus spp. is due not so much to the damage that
the larvae cause to the host plants as to the fact that the imago is a proven vector of
the nematode Bursaphelenchus xylophilus (Steiner, Buhrer, 1934) which is a pest on
the pine trees.

In the studied protected areas not only pests have been found but also insects that
have high conservation significance for the biodiversity, such as Cucujus cinnaberinus.
The conservation status of the species has been noted as ‘potentially endangered’ in
the Red List of Endangered Species of the International Union for Conservation of
Nature and Natural Resources (IUCN) (Nieto et al., 2010). The larvae of C. cinnaberi-
nus together with its adults live under the bark of various deciduous and coniferous
trees (Bekchiev et al., 2017). To date, published information on sites in Bulgaria where
C. cinnaberinus had been recorded included Rila, Eastern Balkan Range and Male-
shevska Mountains (Gueorguiev et al., 2008).

Of particular interest for the biodiversity in the region of Western Balkan Moun-
tains are the saproxylic species, such as Rhagium bifasciatum (Cerambycidae, Coleop-
tera), the larvae of which develop in semi-decomposed or decomposed wood.

Conclusions

Assessment and monitoring of health status in deteriorated forest stands in Gornata
Koria and Chuprene Reserves in Western Balkan Range (Bulgaria) were conducted in
2017. An integrated approach (based on the remote sensing technologies and terres-
trial validation) was applied. This method is very useful for assessment and monitor-
ing of the health status of forests in difficult to reach and steep terrains, such as Gorna-
ta Koria and Chuprene Reserves. As a result, insect species, parasitic and saprophytic
fungi were identified in the studied stands of Norway spruce (Picea abies), silver fir
(Abies alba) and European beech (Fagus sylvatica). The predominant number of pests
included bark beetles and weevils (Curculionidae), longhorn beetles (Cerambycidae),
etc. Among the parasitic fungi, the species Armillaria sp., H. annosum, E. pinicola, F.
fomentarius, R. flava, P. squarrosa were identified as destructive.
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