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ENTOMOPHAGA MAIMAIGA – A CLASSICAL BIOLOGICAL 
CONTROL AGENT OF GYPSY MOTH (LYMANTRIA DISPAR) 

CONTROL AND A POWERFUL TOOL IN INTEGRATED 
MANAGEMENT OF THE PEST 

 

The gypsy moth (Lymantria dispar) (Lepidoptera: Erebidae) 

The gypsy moth, Lymantria dispar L. (Lepidoptera: Erebidae) is a Palaearctic species 

originating from Europe, North Africa, Asia and Japan. Two different strains of the species 

are known – European and Asian.  

The gypsy moth is highly polyphagous, feeding on more than 250 deciduous and 

coniferous species of trees and shrubs (Liebhold et al., 1995). In Bulgaria, it is mainly 

associated with poplars (Populus spp.) and oaks (Quercus spp.) in lowland, hilly and low-

mountain areas up to 800 m a.s.l. The gypsy moth periodically causes outbreaks and, in years 

of high population densities, defoliations of thousand ha are regularly observed in oak forests 

(Georgiev et al., 2007). Defoliation of the trees in consecutive years causes physiological 

weakening of trees, rendering them vulnerable to attacks by pathogenic fungi and wood 

boring insects. Weakened trees are also affected by other stress factors and may die after a 

single defoliation in a subsequent year. 
Gypsy moth is univoltine, producing one generation per year, and hibernates in the egg stage 

with a completely developed embryo. The egg masses (Fig. 1) are laid on the tree bark and are covered 

by a dense yellowish coating of scales from the abdomen of the female, resembling a tree fungus. 

Larval hatch coincides with the budding of most broadleaf trees in the spring. Newly hatched larvae 

(Fig. 2) are 2-3 mm long and dark with long hairs. They inititally tend to cluster in different areas on 

the trunk of the host tree, then disperse by climbing the tree, hanging by silk threads, and ‘ballooning’ 

in the wind. 

Old-instar larvae (Fig. 3) are very attractive; they have five pairs of raised blue spots and six 

pairs of raised brick-red spots along their backs, and a sprinkling of setae. Larval hairs contain 

histamines and can cause a rash on the exposed skin of sensitive people. Larvae develop over a period 

of 30-45 days. Male larvae have 5 instars (four molts) before pupation and female larvae develop 

through 6 instars. Larval length reaches 40-50 mm, with female larvae being observably larger than 

males before pupation. 
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Fig. 1. Females and egg masses of Lymantria dispar 

 

 

Fig. 2. Newly hatched Lymantria dispar larvae 
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Fig. 3. Old-instar Lymantria dispar larva 
 

Gypsy moth larvae typically pupate in tree crowns, rarely on trunks. The pupae (Fig. 4) 

are attached by a loose web of silk, but no silk cocoons are formed. Adult moths emerge in 

June-July. They have very pronounced sexual dimorphism.  

 
Fig. 4. Pupa of Lymantria dispar  

Males (Fig. 5) are usually buff colored and fly during daylight hours, except early 

morning, in search of females. The large-bodied white female moths of Asian race can fly, 

unlike the females of European race, which can only crawl. After copulation female moths lay 

eggs on tree trunks and the lower sides of branches, generally in one large clump typically 
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containing 250-1200 eggs, although occasionally less. In winter the eggs can survive to –

40°С. 

 
Fig. 5. A male of Lymantria dispar 

 

Abiotic factors have strong impacts on gypsy moth development and reproduction. The pest 

multiplies in large numbers after drought at lower summer temperatures and low rainfall. Gypsy moth 

outbreaks occur in a multiannual cycle, typically every 9-11 years, and lead to serious defoliation 

events in vast forest areas. Food resources strongly influence population dynamics; egg production 

decreases and the proportion of male offspring increases when food resources decline. 

Damage due to defoliation is most severe in Southeastern Europe because of the 

abundance of oak forests and favourable climatic conditions for the development and survival 

of the pest. In outbreak years, gypsy moth annual defoliation in Hungary, Serbia, Bulgaria and 

Romania has ranged from 200-600 000 ha (McManus, Csóka 2007; Georgiev et al., 2011). 

Gypsy moth invaded North America from France in the late 1860s and established first 

in the vicinity of Boston, Massachusetts (Speare, Colley, 1912). The first attempts to control 

the pest were begun 10 years after introduction and the first serious defoliations were 

observed 20 years after the introduction. Gypsy moth is now widely distributed in the 

northeast regions of USA and southeastern Canada and the range continues to extend, 

currently west to Illinois and Minnesota and south along the Appalachian Mountain ridge. 

Defoliations in USA have included up to 6 million ha of forests and  annual expenses for 

control range from 2-23 million USD. From 1968 to 1985, Pennsylvania incurred 219 million 

USD in losses from gypsy moth defoliation (Gottschalk, 1990). 
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In 2003, L. dispar was found in New Zealand (Barlow et al., 2000). A program was 

carried out to eradicate the pest and to prevent new invasions. 

 

Entomophaga maimaiga (Entomophtorales: Entomophtoraceae) 

Entomophaga maimaiga Humber, Shimazu & Soper (Entomophtorales: 

Entomophtoraceae) is a fungal pathogen that belongs to the species complex of Entomophaga 

aulicae, pathogens of lepidopteran larvae in the temperate zone of Northern Hemisphere. 

There are no morphological differences among species in the complex but, on the basis of 

biochemical analysis covering at least three groups, E. maimaiga was established as a host-

specific pathogen of the gypsy moth (Hajek, 1999). 

In 1984, E. maimaiga was isolated and described as a natural enemy of Lymantria 

dispar japonica Motschulsky in the central region of Honshu Island, Japan, where it causes 

periodic epizootics (Hajek, 1999). Naturally epizootics also occur in populations of L. dispar 

in Northern Japan, Eastern Russia (Primorskiy Region and Sakhalin Island), South Korea, 

Northern China (Jilin and Heilongjiang Provinces), and in populations of the closely related 

Lymantria obfuscata Walker – in Kashmir. 

E. maimaiga is an obligate pathogen producing two types of spores: conidia and 

azygospores (resting spores) formed after host death. Conidia (Fig. 6) are relatively short-

lived and are produced externally (Fig. 7) on larval carcasses. Conidia discharge from the 

conidiophores (specialized fungal hyphae that produce the conidia) and can germinate 

immediately on the cuticle of another larva to transmit infection during the same season. The 

environmentally resistant, thick-walled azygospores (Fig. 8) are produced internally in larval 

carcasses. They germinate during the spring to form ‘germ conidia’ that infect when they 

penetrate through the cuticle into the body of the host. 



 

page 8  D. 4.1.4.    Summary – Best practices 

 
Fig. 6. Conidia of Entomophaga maimaiga 

 

 
Fig. 7. Mycelium and fruiting body of Entomophaga maimaiga 
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Fig. 8. Azygospores of Entomophaga maimaiga 

 

The life cycle of E. maimaiga is well synchronized with the development of its L. dispar 

host. The fungus reproduces in the hemolymph and shortly before infected larvae die, it 

invades other organs and tissues. After death, hyphal bodies form in the hemolymph and 

produce either resting spores inside the body of the host, conidiophores that grow out through 

the integument and actively release conidia, or both types of infective spores. Infections in 

early instars of gypsy moth  predominantly produce conidia, and the relatively short-lived 

conidia are ejected from cadavers to infect new hosts, that die in the tree crowns (Fig. 9).  

Epizootics usually occur near the end of larval development. In this case, tree trunks and 

branches are covered with dead larvae (Fig. 10). After drying and decomposition of the 

infected carcasses, azygospores are dispersed in the forest litter, thus assuring the 

overwintering of the fungus. The resting spores can survive in the soil for more than 10 years. 

E. maimaiga is effective in both high and low density gypsy moth populations but according 

to Elkinton et al. (1991), the efficiency depends only on the amount of rainfall in May and 

June. A series of studies were conducted over a period of years to determine the host 

specificity of E. maimaiga. The data from field and laboratory experiments characterize the 

fungus as a very host specific pathogen of the gypsy moth that is not harmful to non-target 

organisms (Hajek et al., 1995, 1996, 2000). 
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Fig. 9. A dead early-instar larva of Lymantria dispar 

 

 
Fig. 10. A dead late-instar larvae of Lymantria dispar 

The introduction of Entomophaga maimaiga in North America 

The fungus was first introduced into North America (Massachusetts) in 1910-1911 

(Speare, Colley, 1912) but was never reported to have been established (Hajek et al., 1995). 

Another isolate of E. maimaiga from Ishikawa Prefecture in Japan was later released in 1985 
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and 1986 in New York and Virginia (Nielsen et al., 2005). In 1989, the pathogen was 

recovered in the Northeastern US when it caused a panzootic in several states (Andreadis, 

Weseloh, 1990, Smitley et al., 1995). There are different hypotheses about the establishment 

of E. maimaiga in North America but the species was most probably accidentally introduced 

into the US prior to its detection in 1989 (Nielsen et al., 2005; Hajek et al., 2007).  
There are two hypotheses about the establishment of Entomophaga maimaiga in North America:  

• The species had been successfully introduced, but existed at low density and was not 

discovered till 1989;  

• The species was probably accidentally transported at a later date by chance. 

During the last decade, a large scale program was implemented to monitor the spread 

and to redistribute E. maimaiga to coincide with the distribution of L. dispar populations in 

the US (Hajek, 1997). The pathogen currently occurs in gypsy moth populations in 17 states 

in the US (Smitley et al., 1995; Hoover, 2000; Balser, Baumgand, 2001; Hajek et al., 2005) 

and in Ontario, Canada (Howse, Scarr, 2002). 

 

The introduction of Entomophaga maimaiga in Bulgaria 
Bulgaria is the first country in Europe where E. maimaiga was successfully introduced and 

became established (Pilarska et al., 2000, 2006, 2007; Georgiev et al., 2007). The fungus was imported 

from field isolates in USA and introduced in three different Lymantria dispar populations (Table 1): 

• Gabrovnitsa vill., State Forest Enterprise (SFE) Svoge (1996 and 2001);  

• Gorni Domlyan vill., SFE Karlovo (1999); 

• Izbegli vill., SFE Asenovgrad (2001) 

After the first introduction in 1996, the fungus was not recovered, however after a 

second introduction in the region of SFE Karlovo, 6.3% of collected host larvae werefound to 

be infected (Pilarska et al., 2000). During the period 2000-2003, infections caused by E. 

maimaiga were recorded in 6.1-15.9% of host larvae collected in the region of SFE Karlovo 

and in 8.8 and 13.8% of host larvae from the region of SFE Svoge (Pilarska et al., 2006). 
In the third sample plot, Izbegli vill. (SFE Asenovgrad), monitoring activities were suspended 

due to a large fire in the stand. 

In 2005, massive mortality of gypsy moth larvae caused by a fungal pathogen occurred 

in four sites in Bulgaria located 30-70 km from the introduction sites: Elovitsa vill. (SFE 

Govezhda), Skravena vill. (SFЕ Botevgrad), Spahievo (SFЕ Haskovo) and Kremen (SFЕ 

Kirkovo) (Georgiev et al., 2007; Pilarska et al., 2007). 
During the period 2005-2014, 11 introductions of E. maimaiga were realised:  
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•  3 with inoculum collected from epizootics in 2005 (SFЕ Kirkovo, Kremen vill.);  

•  3 with biological material from USA;  

•  5 with inoculum from new epizootics in Bulgaria (Table 1). 

 

Table 1. Introductions of Entomophaga maimaiga in Bulgaria 

Year State Forest (Game) 

Enterprise  

Locality Origin of the inoculum 

1996 SFE Svoge Gabrovnitsa vill. USA 

1999 SFE Karlovo Gorni Domlian vill. USA 

2000 SFE Svoge Gabrovnitsa vill. USA 

2001 SFE Asenovgrad Izbegli vill. USA 

2005 SGE Chekeritsa Stryama vill. BG (Kremen vill.) 

2008 SFE Nova Zagora Sadievo vill. BG (Kremen vill.) 

2009 SFE Sofia Sofia BG (Kremen vill.) 

2009 SFE Gorna 

Oryahovitsa 

Asenovo vill. USA 

2009 SGE Popovo Slavyanovo vill. USA 

2010 SFE Sofia Sofia USA 

2010 SFE Targovishte Dalgach and Ruets vill. BG (Sofia, Slavyanovo vill.) 

2011 SGE Staro Oryahovo Solnik BG (Sofia) 

2013 SFE Kirkovo Dolno Kapinovo vill. BG (Dalgach, Ruets vill.) 

2013-2014 SFE Kirkovo Chakalarovo, Strizhba vill. BG (Dalgach, Ruets, Solnik vill.) 

2014 SFE Kirkovo Tihomir vill. BG (Solnik vill.) 

 

In the period 2008-2012, a research project funded by the National Science Fund of 

Bulgaria for monitoring the occurrence of E. maimaiga in Bulgaria and its impact on L. dispar 

and the rest representatives of the entomofauna in oak forests was initiated. Investigations 

showed that the fungus has spread into most gypsy moth populations in the country (Fig. 11). 
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Fig. 11. Localities of Entomophaga maimaiga introductions, spontaneous epizootics  

and natural distributionin Bulgaria 
 

Impact of Entomophaga maimaiga on Lymantria dispar in Bulgaria 

In Bulgaria, the annual values of the attacks caused by L. dispar vary between 0 and 370 

thousand hectares (Fig. 12). 

Until the first E. maimaiga introduction in Bulgaria, between 492 and 1,028 thousand 

ha of forests were attacked by each gradation of L. dispar. Since 2000, the infestations have 

been reduced to 23-90 thousand ha, which is only 2-18% of the outbreaks values before the 

introduction (Fig. 13). Over the past 20 years, almost no insecticides have been used, unlike 

previous periods when large-scale control with bacterial insecticides was applied. As a result 

of E. maimaiga introduction in Bulgaria, more than 10 million BGN (5 million Euro) were 

saved. 
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Fig. 12. Annual dynamics of Lymantria dispar attacks in the forests of Bulgaria 

 

 
Fig. 13. Attacked forests by different Lymantria dispar gradations in Bulgaria 

 

Impact of Entomophaga maimaiga on non-target insects in oak forests 

The studies on non-target phyllophagous insects conducted in 2009-2011 confirmed the 

host specificity of the fungus. A total of 1499 larvae belonging to 38 insect species from 10 

families of Lepidoptera and two sawfly species (Hymenoptera: Tenthredinidae), all collected 

from the sites where E. maimaiga occurred, were checked on the presence of the fungus. The 

microscopic analyses indicated no evidence of E. maimaiga life stages in any of observed 

larvae (Georgieva et al., 2014). The presence and activity of E. maimaiga has been very 
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important for conservation of biodiversity in oak ecosystems in Bulgaria, which harbour many 

lepidopteran species including species with high conservation value. 

 

Distribution of Entomophaga maimaiga on Balkan Peninsula, South-eastern and 

Central Europe  

E. maimaiga was also introduced from the US into Romania and Russia (Novosibirsk) 

but its establishment there has not been confirmed (Hajek et al., 2005). 

In 2005, an epizootic was found in a population of L. dispar caused by E. maimaiga in 

the region of the town of Dasheti in Georgia, about 1500-1800 km from the sites of epizootics 

that occurred at the same time in Bulgaria (Kereselidze et al., 2011) (Fig. 14). Distribution of 

conidiospores is possible both at short and longer distances, but the possibility of transmission 

of azigospores of the pathogen by soil particles is not excluded. 

 

 
Fig. 14. Distribution of Entomophaga maimaiga in Europe 

 

In 2011, Entomophaga maimaiga was established in two localities in Central Serbia - 

Borački Gaj  (Belgrade region) and Monastery forests in Bogovađa (Valjevo region), where 

severe gypsy moth outbreaks were predicted (based on the egg masses/ha) (Tabaković-Tošić 

et al., 2012). However, no considerable defoliation in the oak forests was observed and in 

some studied plots high mortality of the old-instar larvae was detected. Microscopic 

investigations revealed presence of conidia and resting spores of E. maimaiga in carcasses 

collected in both sites. In the field, the mortality caused by E. maimaiga of older instar gypsy 
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moth larvae in Borački Gaj was 85% and in Monastery forests – 92.4%. Thanks to the fungus, 

the outbreaks were suppressed and the number of the pest was reduced from 5000 and 3200 

egg masses/ha to almost negligible levels, 15 and 0 in Borački Gaj and Bogovađa, 

respectively (Tabaković-Tošić et al., 2012). In 2012, a new epizootic caused by the pathogen 

was observed in the region of Avala hill near Belgrade. In 2013 and 2014 the fungus was 

detected in over than 100 localities situated in 13 regions of Serbia (Fig. 2). Mortality rate in 

the field was very high - between 86.7 (in Kraljevo) and 98.0% (in Kruševac and Leskovac) 

respectively (Tabaković-Tošić, 2014). Thus E. maimaiga acted as a powerful reducer of the 

gypsy moth population density and prevented severe outbreaks of the pest in Serbia. 

In 2011, in order to establish whether E. maimaiga is present in the European part of 

Turkey, a field collection of gypsy moth larvae from Strandzha Mountain (Vize and Çatalca 

districts) was organised (Georgiev et al., 2012). The larvae were collected from seven 

localities with oak forests (Kiyiköy, Kizilagaç, Kömürköy, Sergen, Vize, Yaliköy and 

Celepköy), all close to the Bulgarian border. Despite the low density of the gypsy moth 

larvae, the fungus was found only in two localities – Vize and Yaliköy. 

As one of the epizootics occurred in 2005 in the region of Kremen (Southern Bulgaria) 

near the border with Greece, it was supposed that the fungus was penetrated into the 

neighbouring country. This was the aim of conducted in 2012 collections of gypsy moth 

larvae in oak stands from three sites in Greece (Kidaris, Thermes and Meses Thermes). The 

microscopic analyses of collected and reared in the laboratory larvae showed presence of 

conidia and resting spores of E. maimaiga only in Kidaris located 7 km from the border with 

Bulgaria (Fig. 14). It was established that almost 79% of larval mortality was caused by the 

fungus. Analyses did not indicate the presence of other fungal species or microsporidia 

(Georgieva et al., 2013). 

In 2012, collections of gypsy moth larvae were conducted in three localities in North 

Macedonia - Toplica, Belovodica and Krushevo that are 130-170 km from the nearest known 

E. maimaiga occurrence in Southwestern Bulgaria (Fig. 14). The results of investigation 

confirmed the assumption that the fungus has expended its range throughout North 

Macedonia. It was established in all three localities, causing larval mortality of 12.3%, 16.3% 

and 8.3% consequently (Georgieva et al., 2013). In the same year, mortality of L. dispar was 

observed with typical symptoms of E. maimaiga infection in three localities in southern 

Romania, but the presence of the pathogen in the country was proven in 2013 (Netoiu et al., 

2016). 

In 2013, E. maimaiga was found in 9 localities in Croatia near the border with Serbia 

(Hrašovec et al., 2013), in 5 localities in Bosnia and Herzegovina, near the localities in 
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Croatia (Milotić et al., 2015), in 7 localities in Hungary (Csóka et al., 2014) and 2 localities in 

Slovakia (Chifare, near Austria and Ortov, close to Ukraine) (Zubrik et al., 2014). In the 

following years, there was an expansion of the pathogen's range in the countries in which it 

penetrated (Hrašovec et al., 2013; Netoiu et al., 2016; Zubrik et al., 2016). 

In 2019, an epizootic of E. maimaiga was found in two localities of L. dispar in Eastern 

Austria (Egenburg and Ebergassing) (Hoch et al., 2019). It should be noted that the conditions 

for the development of the pathogen in 2019 in Central Europe were particularly favorable - 

the amount of precipitation in May in the vicinity of Vienna (147 mm) is about twice the 

average for the region (ZAMG, 2019). In the same year, the species was also found in 

Slovakia (near Bratislava), as well as in 5 localities in the Czech Republic (Holuša et al., 

2020). 

 

Control of Lymantria dispar in Europe - current situation 

Currently, pest management organizations in South and Central European countries use 

the bacterial pathogens (Bacillus thuringiensis var. kurstaki and Saccharopolyspora spinosa) 

as well as broad spectrum insecticides such as Dimilin and Mimic to manage damaging gypsy 

moth larval populations; however their use particularly that of chemical pesticides, is 

controversial because they are not highly specific and may affect many other nontarget insect 

species and aquatic organisms, and thus have a negative effect on the forest ecosystems 

biodiversity (Miller, 1990). While Bacillus thuringiensis var. kurstaki has a more narrow 

spectrum, mortality of more than 60% of lepidopteran larvae is reported (Peacock et al., 

1998). 

 

Entomophaga maimaiga - a key factor in an integrated system to control of 

Lymantria dispar 

Integrated Pest Management (IPM) include the careful use of all available methods and 

means of pest control by integrating the most appropriate ones to suppress the development of 

the pest population to economically acceptable levels, in order to minimize health risks to 

people and environmental impacts. 

IPM are generally based on six main components: 

• Determination of acceptable levels of harmfulness; 

• Use of preventive measures; 

• Monitoring of the pest populations; 

• Mechanical control; 
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• Biological control; 

• Responsible use of insecticides. 

IPM take into account the following two key elements: 

o Population dynamics (gradation phases) of the pest; 

o The population density of the pest. 

In Lymantria dispar, the IPM should be differentiated according to the different phases 

of the gradation: 

I. In low numbers (depression) 

In this phase, the occurrence of L. dispar egg masses should be only monitored. 

 

II. In a phase of increasing numbers 

The IPM of L. dispar shoud be based on the following three consecutive actions: 

• Mapping of identified attacked forests by L. dispar; 

• Determining the main characteristics of the pest population (fertility, population 

density, health status); 

• Introduction of inoculum (infected caterpillars of L. dispar with azygospores of 

E. maimaiga) into attacked forests. 

 

III. In high numbers (calamity attacks) 

In this phase, the following steps should be applied: 

• Prioritization of the need to protect the attacked forest stands (assessment of 

economic value, conservation significance, recreational functions, etc.); 

• Introduction of E. maimaiga in selected stands; 

• In case of epizootics - collection of E. maimaiga inoculum for future introductions 

on the stems (Fig. 15) or on the soil at the base of the trees (Fig. 16); 

• Storage of the inoculum in wooden boxes in the soil (Fig. 17); 

• In poor conditions (lack of rainfall in the spring) - using of bioinsecticides (products 

based on Bacillus thuringiensis and Saccharopolyspora spinosa) to protect the most 

productive and valuable tree stands. 
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Fig. 15. Inoculum collection on tree stems 

 

 
Fig. 16. Inoculum on the soil 

 



 

page 20  D. 4.1.4.    Summary – Best practices 

 
Fig. 17. Storage of the inoculum in the soil 

 

Prospects from Lymantria dispar IPM implementation 

• Reducing the attacks of Lymantria dispar and improving the health of the forests in 

Bulgaria due to the rarer occurrence and faster collapse of the pest. 

• Savings of financial resources from reducing the costs of pest control (over BGN 5 

million in individual gradations). 

• Improving the quality of the living environment and the recreational potential of the 

forests in urban areas.  

• Restoration and conservation of biological diversity in forest ecosystems. 
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CONTROL OF PINE PROCESSIONARY MOTH 

(THAUMETOPOEA PITYOCAMPA) – ECONOMICALLY 

IMPORTANT PEST IN PINE FORESTS AND DANGEROUS 

ALLERGEN TO HUMANS AND ANIMALS  

 

Introduction 

According to the Synthesis Report of the International Panel of Climate Change (IPCC, 

2012), the global temperature has increased by 0.85 °C between 1880 and 2012, with an 

acceleration during the last decades. Ecological consequences already observed are 

demographic, distributional and phenological changes, especially in ectothermic species. 

Extended tree mortality, observed in many places worldwide, has been attributed to climate 

change in some regions. Increases in the frequency or intensity of ecosystem disturbances 

such as droughts, windstorms, fires and pest outbreaks have been detected in many parts of 

the world and in some cases are attributed to climate change. Phenological shifts can for 

instance readily alter distributional changes of some insect pests (Chuine, 2010). 

Understanding phenological changes is thus crucial, but also challenging since the collection 

of appropriate data is highly time-consuming unless innovative automated tools are 

developed, and they are likely driven by a combination of both short-therm plastic responses 

and long-term evolutionary responses to environmental variation (Chuine, 2010; Briscoe et 

al., 2012).  

Pine processionary moth, Thaumetopoea pityocampa (Denis & Schiffermüller, 1775) 

(Lepidoptera: Notodontidae), is a forest pest that is an emblematic species whose range 

expansion is acknowledged to be one of the few responses to climate change with 

demonstrated causal relationship. As such, the species was cited in the IPCC report by 

Rosenzweig et al. (2007) as a biological indicator of climate change. Its ongoing range 

expansion across Europe as response to winter warming is now well documented at both 

national and continental scales (Roques, 2015), but the timing of its annual biological cycle is 

more and more unpredictable due to increasing variability within and among regions. 

Typically, this gregarious species achieves one generation per year with a winter larval 

development, pupation processions in late winter to early spring, and highly synchronized 

emergences in summer. Together with such regular phenologies, there are now increasing 

reports of earlier pupation processions across the range of the pine processionary moth (from 

October to January), especially in some expansion areas (Robinet et al., 2015). 
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The caterpillars cause severe damage to pine plantations, especially in warm districts 

and low altitudes. The pest is a serious defoliator of Pinus species in these countries where it 

occurs in high densities. Young pine plantations are the most susceptible, and may be 

completely destroyed if the attack is severe enough. Less severe larval feeding damage can 

pave the way for harmful secondary pests and pathogens. Mature trees may suffer reductions 

in growth but are rarely killed outright by the pest (CABI, 1996). The hosts vary in their 

susceptibility to attack. In order of pest preference, the hosts include the genus Pinus (Pinus 

nigra var. austriaca, Pinus nigra var. laricio, Pinus sylvestris, Pinus pinea, Pinus halepensis, 

Pinus pinaster, Pinus canariensis), followed by Cedrus atlantica and Larix decidua. 

Additionally, social impacts are caused by the urticating hairs of the older larvae which 

become detached from the larvae and contaminate the environment more widely. If they come 

into contact with skin, these setae cause severe rashes in both humans and other mammals due 

to a toxic protein they contain. If airborne setae are inhaled, they may cause breathing 

difficulties, e.g., asthma. If the setae enter the eye, severe corneal inflammation can occur 

(Portero et al., 2013). The larval nest also contains shed hairs that continue to pose a risk to 

those that handle it for months or even years afterwards. 

For first time, T. pityocampa was established in Bulgaria in 1906 on an imago attracted 

by light in the region of Sofia (Drenovsky, 1923). In ten years, data for new species localities 

in the Rhodopes, Pirin and Rila Mnts. were reported (Buresh, 1915; Drenovski, 1923). The 

first massive pest attacks were registered in 1924-1925 in the region of Chepelare, and in 

1927 in Chepino valley and around Klisura, Karlovo and Kalofer towns. Its vertical 

distribution in Bulgaria is up to 1200 m a.s.l. on the north exposure, and 1350 m on the south 

one.  

The pine processionary moth is currently extending its geographical distribution in 

Europe in response to climate warming (Fig. 1). The problem with the pest’s economic, 

environmental and social impact within its existing distribution is common to the countries 

from the Mediterranean region and North Africa. It is present throughout the littoral zone and 

warmer regions, and can be found in the interior of the continent at sites where the climatic 

and site conditions are suitable. T. pityocampa dependence on relatively high temperatures 

has limited its northern spread, and it appears unable to survive lower winter temperatures. A 

part of the northern border of pest distribution area passes through Central Bulgaria. In this 

area, the specific ecological form T. pityocampa bulgarica occurs and it was investigated that 

it is more adaptive to extreme climatic conditions than the typical Mediterranean form T. 

pityocampa (Tsankov et al., 1996). 
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Fig. 1. Distribution of Thaumetopoea pityocampa in Europe 

 

In neocolonized areas that were previously climatically unsuitable to the pine 

processionary moth’s development (Battisti et al. 2005), constrained phenologies are expected 

due to less permissive climatic conditions. In Bulgaria, in the expansion areas, a high larval 

and adult phenological variation is observed (Tsankov et al., 1996, Mirchev et al., 2011; 

2019). The phenomenon is particularly striking with the co-occurrence of early (before 

winter) and regular (after winter) pupation processions. Special attention on these areas is 

required to test whether they correspond to peculiar permissive climates, i.e., whether similar 

responses are caused by similar factors. It is considered to be a separate subspecies 

distinguished by their different phenology but no molecular evidence has been applied yet till 

now. Clarification of the distribution of both subspecies will be a key factor to determine the 

pest’s expansion in the country.  

The pine processionary moth’s biological and ecological characteristics were relatively 

well studied. The results obtained by the annual monitoring of pest’s infested areas show a 

worrying trend - continuous and constant expansion of the species since 1999 (Fig. 2). The 

area of infestation has increased significantly during the last three decades and this increase is 

apparently correlated with an increase in distribution and abundance of its preferred hosts. 

Based on current climatic parameters in the country, the relatively unfavourable conditions for 

the pine processionary moth’s development are in Central North Bulgaria (Mirchev et al., 

2011; 2013). 
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Fig. 2. The range of Thaumetopoea pityocampa in Bulgaria 

 

Investigation of biological characteristics and the impact of ecological factors as 

prerequisites regulating the density of T. pityocampa will be a key issue for the evaluation of 

the future pine processionary moth’s expansion throughout Bulgaria. 

In Central Bulgaria, from 1999 to 2018, the pine processionary moth has advanced 46.3 

km, from the ridge of Kalofer hills to the surroundings of Maglizh town, indicating the range 

of expansion of around 2.6 km per year (Mirchev et al., 2018). In a flight, the average flight 

distance of males is up to 50 km (Mirchev et al., 2013), and for females – it is up to 2-3 km 

(Démolin, 1969b). The extension of species’ range is undoubtedly determined by the 

perimeter of females’ flights, so the rate of natural expansion could be expected to be slow. 

With a females dispersal capacity up to 2-3 km, and the fragmentation of the pine stands in 

this region, are important obstacles for pine processionary moth’s spreading. Robinet et al. 

(2006) emphasized that the spread of the pest depends on such factors as roadside and 

landscape afforestation in the settlements and roads, attracting the moths by passing car lights 

at night.  

The eastward spreading of the pine processionary moth in the investigated area 

coincides with the direction of the prevailing winds in this part of Bulgaria. The inaccessible 

passing of T. pityocampa over the Balkan range is an obstacle for pest’s spreading to the 

north. The role of wind and other factors (mountains, motorways, fragmentation of the pine 

forests) requires further research. 
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Economically and social importance 

The pine processionary moth is a special pest because it causes both defoliation of 

infested Pinus spp. stands and the important consequence in medico-social aspect, which also 

have financial expression. As it was mentioned, it influences directly on human health, as well 

as on animals. Even small pine processionary moth populations can cause severe skin rashes 

and ocular damage from the larval hairs. Unfortunately, the pest is spread over the areas of 

important spa resorts such as Sandanski, where people suffering of asthma problems visit.  

Thaumetopoea pityocampa is a serious defoliator of Pinus species in countries where it 

occurs in high densities. For this reason, some European Mediterranean countries, with the 

leading role of France and Italy, performed a large-scale monitoring programme for 

expanding the range of pest (Battisti at al., 2005, 2006; Robinet et al., 2007). It was reported 

that, due to defoliations by this pest, losses in total biomass were up to 50% in moderately 

defoliated pine trees and up to 64% in completely defoliated trees (Markalas, 1998). The pine 

processionary moth may also cause a tree death indirectly by weakening trees and facilitating 

attacks by other pests, mostly bark beetles. Aesthetic problems may also occur in public 

greenery due to defoliation and larval nests (Rossi et al., 2016). 

Thaumetopoea pityocampa is the most dangerous defoliating pest in coniferous 

ecosystems in Bulgaria. The species attacks forest stands of Pinus sylvestris and P. nigra. The 

attacked stands decrease in growth by height and diameter, become physiologically weak and 

susceptible to attacks by xylophages and diseases. The economic importance of the pest is due 

to the damage in the forests that it causes and the costs of measurement for control.  

Mirchev et al. (2011a) described two periods in pine processionary moth population 

number dynamics – to 1975 and later. From 1950 to 1975 the areas attacked by the pest were 

about 5000 ha per year (Fig. 3). After 1975 the annual attacks started to increase reaching 

mean value of 25 900 ha – the increase is 5 times. The attacks’ levels kept high despite the 

annual control realised on approximately 10 000 ha. The reason for that was the pupae 

diapause which, despite the high efficiency of the treatments, allows the species to restore its 

population density within 3-5 years. 
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Fig. 3. Pine forests infested by pine processionary moth 

 

The main precondition for pine processionary moth expansion is the presence of many 

P. silvestris and P. nigra plantations after the realized between 1960 and 1985 large scale 

afforestations. P. silvestris plantation for the period increased more than twice, and for P. 

nigra it is about 6 times. Main part of them were realized on south, eroded slopes, typical 

habitats for pine processionary moth habitats. For the period 1951-2018, the area of the 

infested by T. pityocampa stands is 1145 377.8 ha or 17 500 ha per year (Mirchev et al., 

2017a).  

The economic significance of this species is confirmed by the amount of treatment 

provided for it. During the period, 1992-2018, of all the planned measures against insect 

pests, against the pine procession, on average over 70% of the control in the coniferous forests 

and over 20% of the control in all forests is planned. In the last decade, however, there has 

been a reduction in treated areas against T. pityocampa. During the period 2003-2018, the 

planned forest protection measures against the pine procession are on average 2770 ha per 

year, which is almost five times less than in the period 1992-2003, when the planned pest 

control is cf. annually over 10 000 ha. 

The results obtained by the annual monitoring of pest’s infested areas show a worrying 

trend - continuous and constant expansion of the species since 1999. The area of infestation 

has increased significantly during the last three decades and this increase is apparently 

correlated with an increase in distribution and abundance of its preferred hosts. If the current 

trend of species’ expansion continuous, pine processionary moth would have come to 

Bulgarian Black Sea coast and in the lower passes of Eastern Balkan Mountains and would 
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penetrate in Northern Bulgaria in the near future. Based on current climatic parameters in the 

country, the relatively unfavourable conditions for the pine processionary moth’s 

development are in Central North Bulgaria (Mirchev et al., 2011a).  

The social impacts are caused by the urticating hairs of the older larvae of the pine 

processionary moth, which become detached from the larvae and contaminate the 

environment. If they come into contact with skin, these setae cause severe rashes in both 

humans and other mammals due to a toxic protein they contain. If airborne setae are inhaled, 

they may cause breathing difficulties, e.g. asthma. If the setae enter the eye, severe corneal 

inflammation can occur. The larval nest also contains shed hairs that continue to pose a risk to 

those that handle it for months or even years afterwards (Portero et al., 2013). Caterpillars of 

T. pityocampa cause a series of complaints in humans dominated by contact dermatitis 

(erucism), and more rarely – conjunctivitis or keratitis, developed through a toxic-

irritantmechanism (Portero et al., 2013; Rodriguez-Mahillo et al., 2012). Toxic reactions are 

caused by the urticogenic hairs covering the caterpillar body. Upon contact with human skin 

the hairs break down and secrete toxic proteins causing irritation. One of the proteins, called 

thaumetopoein, has a histamine-releasing effect (Lamy et al., 1986). 

In recent years, in addition to the toxo-irritant reactions, IgE-mediated allergic reactions 

were also defined. These reactions are caused mostly by direct contact with caterpillars or 

inhalation of their airborne urticogenic hairs. Allergic reactions affect mainly forest workers 

in areas with excessive development of the caterpillars causing allergic rhinitis or asthmatic 

attacks and even anaphylactic shock (Aparicioa et al., 2006; Vega et al., 1997). Therefore, the 

larval form of Thaumetopoea should be considered not only as a source of occupational 

contact allergy, but also as an aeroallergen causing inhalative and ocular allergic symptoms, 

which may affect a wide range of people found in such an environment (Aparicioa, 2004). 

In 2019, in Bulgaria, a pilot study was carried-out to investigate the skin reaction after 

prick tests with allergens from different Thaumetopoea species in a group of people who have 

frequent contacts with the processionary caterpillars (Nikolov et al., 2020). Positive allergy 

skin tests to one or more caterpillar’s allergens were measured in 43% of the participants. A 

simultaneous test with the three allergens from the different Thaumetopoea species showed 

that in 33% of the cases, skin hypersensitivity only to T. pityocampa allergens was present 

and was most common and most pronounced. The findings from a first of its kind pilot study 

unequivocally prove that representatives of the genus Thaumetopoea in Bulgaria cause health 

problems in people who have daily contact with their larvae, most often workers and scientists 

performing activities in the forests. 
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Biology and ecology 

The life cycle of Thaumetopoea pityocampa is normally annual but may extend over 

two years at high altitude or in northern latitudes for part or the whole of the population. The 

life cycle has two phases, the adult, egg and caterpillar being aerial and the pupa hypogeal. 

Development lasts six months under the most favourable conditions, but the fourth and fifth 

instars may be prolonged in the winter. The pupal stage can be prolonged considerably by 

diapause which adjusts, at a given location and within certain limits, to ensure constant adult 

emergence dates each year. Effects of altitude and latitude are discussed by Démolin (1969b), 

explaining the variation in behaviour at different sites. 

Adult emergence dates are earlier at northern latitudes and at higher altitudes. In 

general, the emergence period lasts less than 1 month for vigorous populations and 1.5 

months for weakened populations in regression. In most ecological conditions, the adults fly 

in July (Andtroic, 1957). A few hours after emergence and mating, the females oviposit on the 

nearest pines. They can, however, fly several kilometres, and quickly extend outbreaks over 

large areas. The eggs are laid in cylindrical masses in a helicoid arrangement around pairs of 

needles (Fig. 4). A large proportion of the egg masses are generally laid on the peripheral 

shoots of the crown and contain 70-300 eggs, according to the feeding conditions of the 

caterpillars (Geri, 1980). 

After 30-45 days, the young larvae bore an opening in the chorion that can be 

recognized easily. They aggregate in colonies and spin silken nests, which enlarge until the 

fourth instar when the definitive winter nest is built. In general, this is situated at the branch 

tips in the upper part of the crown. The caterpillars change colour at each moult and at the 

third instar urticating hair patches appear (Démolin, 1963). If the autumn is warm and sunny, 

the caterpillar can reach the fifth instar in early winter. 
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Fig. 4. Egg batches and nests of Thaumetopoea pityocampa 

 

The pupation ‘processions’, which occur in late winter and early spring, are a 

spectacular expression of the social behaviour. The caterpillar at the head of the procession is 

commonly a future female, leading the colony in a file searching for a suitable site to tunnel 

underground and pupate in the soil. The processions occur at temperatures of 10-22°C; at 

lower temperatures the colonies regroup and at higher temperatures they bury themselves 

wherever soil texture allows. Consequently, the cooler the soil, the more extensive is the 

spread of pupation sites at forest edges. At higher temperatures, the procession moves towards 

trunk bases in the shade of trees and may even bury itself close to the base of the original tree. 

A colony was observed to travel 37 m in 2 days in a cold mountainous area of Spain, the first 

35 m being covered during the first day (Robredo, 1963). 
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Pupation takes place at a depth of about 10 cm and the pupae enter diapause, which 

always breaks 1 month before adult emergence. Some pupae or the whole colony may not 

yield adults in the year of pupation, the diapause period extending until the following year or 

longer. 

 

Phenology  

The results of long-term observations showed that in terms of the phenology, three 

categories of pine processionary moth development could be distinguished: i) an early 

developing summer form; ii) a typical Mediterranean winter form, and iii) sites with larvae 

that overwinter both into the soil and in the nests. For the third category, besides the 

phenological differences in the development of both forms, no other distinguishable 

morphological features were established, so it could be taken into consideration that both 

forms inhabit these localities. According to the geographic location, the sites from the three 

categories are characterized by some features (Fig. 5). 

 

 
Fig. 5. Distribution of Thaumetopoea pityocampa phenological forms 

 

Out of all studied sites throughout the pine processionary moth’s distribution in 

Bulgaria, in six of them only early summer populations were detected, which were moved 
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into the soil for overwintering until December. There are a significant difference between the 

altitudes of these sites - from 450 in Fotinovo to 1100 m a.s.l. in Dobrostan (Table 1). The 

lowest - sites Fotinovo, Yakovitsa and Kandilka are situated in the southernmost part of the 

Eastern Rhodopes - 40 km from the Aegean Sea (Fig. 5). The Gumyurdzinski Sneznik – a 

mountain ridge with the highest peak Veikata - 1463 m, greatly impedes the penetration of the 

Mediterranean climate impact on this area. 

 
Table 1. Percentage of the hibernation colonies in the soil of T. pityocampa in different regions of Bulgaria 

№ Site Coordinates Altitude,  
M 

Hibernation 
colonies in the soil, 

(%) 
  N E 

 Site with early developing summer form 

1 Davidkovo 41º40'26" 24º58'05" 985 100 

2 Dobrostan 41º53'45'' 24º55'52'' 1100 100 

3 Fotinovo 41º22'42" 25º19'22" 450 100 

4 Kandilka 41º24'33" 25º35'53" 461 100 

5 Svetulka 41º33'52" 25º06'09" 741 100 

6 Yakovitsa 41º18'37" 25º15'31" 464 100 

Site with typical Mediterranean winter form 

7 Asenovgrad 42º01'03'' 24º53'37'' 230 0.0 

8 Ivaylovgrad 41º31'40'' 26º07’07'' 250 0.0 

9 Klisura 42º42'42'' 24º34'10'' 526 0.0 

10 Maglizh 42º36'08'' 25º30'34'' 370 0.0 

11 Marikostinovo 41º26'24'' 23º10'30'' 130 0.0 

12 Muldava 41º59'16'' 24º56'47'' 290 0.0 

13 Pazardzhik 42º21'00" 24º08'15" 300 0.0 

14 Sandansky 41º34'21'' 23º17'14'' 300 0.0 

15 Staro selo 42º28'49'' 23º06'53'' 830 0.0 

Site with both forms  

16 Kardzhali 41º43'01" 25º21'34" 430 50.0 

17 Krumovgrad 41º28'20" 25º30'34" 535 18.2 

18 Muhovo 42º25'10'' 23º59'57'' 400 0 - 10.0 

19 Pchelarovo 41º46'47'' 25º21'27'' 480 10.0 - 30.0 

20 Pesnopoy 42º20'37'' 24º40'15'' 300 50.0 - 54.5 

21 Sopot 42º39'28'' 24º45'21'' 550 0.0 - 7.7 

 

The rest three sites with summer population occurrence – Svetulka, Davidkovo and 

Dobrostan, are located at higher altitude in the west part of the Rhodopes. The highest site is 

Dobrostan – situated on 1100 m a.s.l. This site is on a distance of 10.5 km to Muldava 
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(located on the foot of the mountain at 290 m a.s.l.), where only a typical Mediterranean 

winter form occurs. 

The typical Mediterranean winter form, inhabiting biotopes in range between 130 to 830 

m a.s.l, occupies the predominant part of the species area in Bulgaria. In nine localities, it was 

observed that the larvae were staying over the winter into the nests and completed their 

development inside.  

In sites Krumovgrad, Kardzhali, Muhovo, Pesnopoy, Pchelarovo and Sopot, both 

phenological forms occurred. The percentage of wintering populations in the soil varied from 

7.7 to 54.5% (Table 1). Of the sites occupied by both phonological forms three of them are 

situated in the Rhodopes and the rest three in Central Bulgaria in the foothills and the Sredna 

Gora Mountain. 

The differences in the two phenological forms were manifested in the whole life cycle 

of their ontogenetic development, from the period of young larvae hatching to the last instar 

development. The hatching of the pine procession moth’s larvae in the Kirkovo region was 

recorded at the beginning of July, unlike the region of Sandanski where the typical 

Mediterranean winter form is distributed and the hatching began at the end of September. 

The results obtained open the question which factors influence the different 

phenological forms of pine processionary moth in Bulgaria, and if they are genetically 

assembled. The monitoring made by pheromone traps to establish the seasonal male activity, 

showed that there are no significant differences between two forms  - the time and duration of 

imago period in males overlaps largely in all monitored areas (unpublished data). 

 The most interesting is the fact that males from the region of Dobrostan, where only the 

early summer form develops, have not reached yet the population in Muldava (with only 

winter population), situated only on 10 km distance. In Bulgaria, it was established, that males 

are able to fly to 50 km from the place where they have emerged (Mirchev et al., 2013).  

The impact of some climate peculiarities on the phenology of the species has not 

explain the fact that the two forms occupy sites close to each other and with similar climatic 

conditions. The usual amplitudes over the years have not leaded to changes in the pine 

processionary moth’s phenology, referring to Dobrostan and especially Kirkovo, where a 

long-term observations on pest’s life cycle have been made in recent years. 

The temperature conditions influence the pine processionary moth’s survivability 

(Mirchev et al., 2011b; 2016). The emergence of the two phenological forms could not be 

considered only as an evolutionary adaptation of the species in Bulgaria that is the northern 

border of its occurrence. The climatic conditions in the country are too different from the 

Mediterranean regions – the winters are more severe, often with extreme low temperatures. 
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The summer population was not found in sites with severe winter conditions like Staro Selo 

and Maglizh, but in the southernmost regions of Bulgaria - Kirkovo. It was established that 

the expansion of the species is to the north and to the east where the typical Mediterranean 

winter form occurs. 

Zankov (1960) reports for some differences in the pupal period. For the sites with 

typical Mediterranean winter form this period is in the spring, while in the areas where two 

phenological forms occur, it happens late in the autumn or in warm winter days, as in the 

region of Velingrad, (Central Rhodopes), where 40% of the larvae pupated at the end of 

October, and the rest part -  until February. 

Significant differences in the fertility of female moths, egg size, egg coating, and egg 

parasitism reported by Santos et al. (2013) for the two phenological forms of pine procession 

moth in Portugal. In Bulgaria, there are no differences in the fertility of females in both forms, 

comparing samples from Kirkovo and Sandanski (Georgieva et al., 2018). 

The summary of the results obtained by the studies on pine processionary moth’s 

phenology, biology and ecology, shows the high degree of species’ adaptability to survive in 

different environment conditions in its various habitats, and to expend its spreading zones. 

Another biological feature of the pest – to remain in a diapause in the pupal stage up to 6 

years (Démolin, 1969a), allows to overcome successfully not only the potential unfavorable 

climatic conditions but also to avoid the control treatment of attacked forest plantations. After 

diapause stage, the pest appears again in these forests. 

It is supposed that the early developing summer form is adapted to overcome the often-

occurring extreme low temperatures in the peripheral zone of its expansion to new territories 

that is also established in the world distribution of species. Over the last decades, vertical and 

horizontal expansion has been recorded, the distribution of the borderline of the species to the 

north as well as the climbing of higher altitudes (Battisti et al., 2005; 2006). 

Population density of T. pityocampa was high in the studied pine stands with over 10 

egg batches on a single tree (observation 12/7/2018). During the collection of biological 

material, larval hatching was recorded in five egg batches (5.4 %). The neonate larvae were 

found feeding on the base of needles, near the batches (Fig. 6). It was suggested that the 

larvae were 3-4-day old, i.e. hatching occurred around 7–10 July 2018. 
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Fig. 6. Neonate T. pityocampa larvae on an egg batch 

 

Under laboratory conditions, the period of T. pityocampa larval hatching lasted a month 

– from the 7th of July to the 8th of August 2018 (Fig. 7). Mass hatching was observed for 13 

days (19–31 July) when the relative share of new-hatched larvae was 80.6 %. In this period, 

daily hatching ranged from 2.2% to 16.1%. This rate was significantly higher (more than 6 

fold) compared to the beginning and end of the hatching period. 
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Fig. 7. Period and dynamics of larvae hatched from egg batches: columns – daily number of egg 

batches with larvae hatched; a dotted line – accumulated percentage of the larval hatching 
process 

 

The analysis of nest content on the 25th September 2018 showed that the pine 

processionary moth larval population was quite homogeneous, with 5th instar larvae 

dominating, something that verified the performance under laboratory conditions. The 

investigation carried on the 9th of October 2018 showed that in two nests the larvae have 

dropped into the soil for pupation, and in the remaining nests all larvae were in 5th instar. 

Thus, the larval development of T. pityocampa summer phenological form took place for 

about three months. 

The region of investigation is located at 40 km from the Aegean Sea, but the influence 

of the sea is obstructed by Gyumyurdzhinski Snezhnik ridge in the Eastern Rhodope 

Mountains. On the southern side on Greek territory, it rises like a wall over Komotini plain. 

The region is characterized with relatively mild winters with average temperatures above 0 

°С, and hot, dry summers. The period with temperatures above 32 °С (critical for the 

development of pine processionary moth eggs and young larvae) lasts only for 10–12 days. In 

the region of Sandansky – the habitat of winter phenological form of pine processionary moth, 

that period lasts on average to 20 days and in some years (2012 to 2015) the number of these 

days varied between 38 and 43. 

A number of research reports data concerning pine processionary moth phenology in 

various regions of its natural range. In Greece, larval hatching was observed from the end of 

September to the end of October (Schmidt, 1989), Kassandra peninsula (Northern Greece) 
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and Kalogria (Northwestern Peloponnese) (Bellin et al. 1990). Schmidt (1990) reported that in 

Kassandra the egg deposition was registered in September. Laboratory studies at temperatures 

of 20–22 °C of egg batches samples collected from Kalogria and Delphi showed that the 

period of hatching lasted 4–8 days. Although this corresponding to winter phenological form, 

the explosive characteristics of hatching corresponds to the results obtained for the summer 

phenological form in Bulgaria. As concerns Slovenia, the emergence and deposition of pine 

processionary moth eggs was observed in the period July – August (Roques et al. 2015). 

The phenology variations of T. pityocampa were explained by the climatic conditions in 

the habitats. In Greece, Kassandra peninsula (Northern Greece) and Kalogria (Northwestern 

Peloponnese), Battisti et al. (2015) reported that the egg hatching in colder sites occurred in 

July and at warmer sites – in October. Similar interpretation was made about the closely 

related species T. wilkinsoni Tams in Turkey – еgg’s hatching occurred in August at colder 

sites and in November at warmer ones (Battisti et al. 2015). These assertions were not 

completely confirmed by the data obtained in Bulgaria. In the coldest habitats – the zones of 

T. pityocampa range expansion to northwest, the winter form phenology of the species was 

observed (Mirchev et al. 2011b, 2016). 

Santos et al. (2011) pointed that the summer form of pine processionary moth should be 

regarded as a separate phenological population. In the case under consideration, the 

allochronic speciation without geographical separation, but with variations in the time of 

reproduction or models of behaviour, according to Santos et al. (2007) refers to a mode of 

sympatric speciation in which the differentiation of populations is primarily due to a 

phenological shift without habitat or host shift. Comparing the summer phenological form of 

T. pityocampa with the winter one, Santos et al. (2013) found presence of phenotype 

differentiation: variations in the fertility of female butterflies, the shape and colour of the 

covering scales of the egg batches, as well as in the species composition and the impact of egg 

parasitoid complex on the number of T. pityocampa population density. 

In comparison with our data on the start of the hatching in the beginning of July, the 

shift forward in time is even more significant in summer form established in Portugal, where 

the deposition of eggs starts from the end of April to the beginning of July. Hatching starts a 

month later, between end of May and the beginning of July (Battisti et al., 2015). The 

duration of the larval development of T. pityocampa summer phenological form, found in this 

study in Bulgaria (approximately 3 months), almost corresponds to the duration of larval 

development in Portugal – about 3.5 months (Pimentel et al., 2006). 

Eggs usually hatch about one month after flights, first and second larval instars are 

suspected to be mostly vulnerable to summer heats and first frosts, while later larvae will be 
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more sensitive to prolonged exposure to the cold in winter. Late summer flights may therefore 

help preventing exposure of the first instar progeny to summer heats, but increase the risk that 

they face first frosts before reaching the more resistant third instar, and reciprocally. It is 

therefore hypothesized that flight phenology is the compromise that best balances these 

constraints depending on local climatic features (Robinet et al., 2015).  

Similarly, the timing of pupation processions may be the result not only of winter 

harshness, but also of the phenology of previous larval instars, enabling unusually early pre-

winter processions in areas where the constraints on early flights are minimal and where 

autumns are warm enough to allow fast development. Ultimately, the timing of processions 

may set the available time for metamorphosis, in turn influencing flight timing and assisting 

the maintenance of early and late phenologies, or overall variation in the most permissive 

areas. 

In Bulgaria, two different phenological forms of pine processionary moyh, based on the 

timing of larval development, occur (Tsankov et al., 1996b). In the region of Sandanski – a 

typical Mediterranean winter form is distributed, and in the region of Kirkovo – an early 

developing summer form. 

Comparative climate analysis for Sandanski and Kirkovo shoed that both studied 

regions are characterized by dry and hot summer, but the weather in Sandanski is relatively 

warmer and drier than in Kirkovo. The highest mean monthly maximum temperatures were 

observed in August as well as the absolute maximum of temperature for both places was 

measured in July, according to meteorological data for the period 1991-2017. For the same 

period, the number of days with maximum air temperature ≥32 °C (critical for PPM eggs and 

larval evolution) was calculated for summer months. The mean monthly number of days 

corresponding to these temperature conditions was 4 in June, 12 in July and 14 in August for 

Kirkovo, and 11 in June, 21 in July and 22 in August for Sandanski. 

In Sandanski, the highest number of consecutive days with maximum air temperature 

≥32 °C was 43 days in 2012 (between 29 June and 10 August), followed by 41 days in 2015 

and 38 days in 1998 and 2013. In this region, the 15-20 consecutive days with such 

temperature occur very often. In the same time in Kirkovo the maximum number of 

consecutive days with maximum air temperature ≥ 32 °C was 21 days in 2016 (between 22 

July and 11 August) and there was only one year (1998) with 20 days. The normal seasonal 

number of consecutive days with such high temperature for Kirkovo is about 10-12 days. 

Bulgaria, phenological and climate data from four localities (Karlovo, Asenovgrad, 

Sandanski and Dzhebel), were observed (Fig. 8). 
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Fig. 8. Climate and phenology in four distinct regions of Bulgaria  

 
For the typical winter phenological pine processionary moth form, in which caterpillars 

develop mainly during the winter months, the egg production is directly dependent on the 

temperature regime. Mild winters facilitated larval feeding in the overwintering phase, so that 

the larvae reached maturity faster, and with substantial energy reserves to be spent on egg 

production (Tiberi et al., 2015; Marcalas, 1989).  

 For T. pityocampa in the region of Kirkovo, the caterpillars develop in a climatic 

environment, avoiding the low winter temperatures that gives it a sufficient number of days 

favourable for its development (Fig. 9, 10). However, these conditions do not automatically 

lead to increase the fecundity compared to the second phenological form. 
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Fig. 9. Phenological monitoring of Thaumetopoea pityocampa in the region of Kirkovo  

 
Fig. 10. Strong attack of Thaumetopoea pityocampa (Kirkovo) 

 

The studies of Huchon, Demolin (1970) and Robinet et al. (2013) proved that air 

temperature is a prerequisite for the pine processionary moth survival in egg stage, as well as 

for forming new phenological forms. The climatic characteristics of the two studied regions 

show that in Kirkovo the summer is with moderately high temperatures and rarely overcome 

the threshold (32 °C) that limits the development of pine processionary moth. The average 
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relative share of aborted eggs in this region is lower than in Sandanski, if only by 3.4 points. 

Although the days with high summer temperatures above this threshold were rarely recorded, 

they occurred in some years and indirectly confirmed the conclusion of Robinet et al. (2013) 

that the temperature threshold is higher than 32 °C. 

The caterpillars from Kirkovo develop in favourable temperature conditions, reach 

maturity more quickly and with higher reserves of energy, but these factors do not increase 

the rate of fecundity. In the same area, the earlier appearance of eggs in the summer did not 

increase the proportion of aborted eggs. 

In September 2017, the pine processionary moth caterpillars in Sandanski were in the 

begging of their hatching, whereas in the region of Kirkovo, they were already in fifth instar 

with almost completed development following the classical life cycle (Mirchev et al., 2017a). 

The detected differences in pine processionary moth phenology in Bulgaria confirm the 

suggestions that two clearly distinguishable phonological forms occur through the country.  

 

Natural enemies 

Generally, a complex of natural enemies regulates populations of Thaumetopoea 

pityocampa.  

In Bulgaria, eight egg parasitoids of pine processionary moth have been recorded (Table 

2): Ooencyrtus pityocampae (Mercet, 1921) (Hymenoptera: Encyrtidae), Baryscapus 

servadeii (Domenichini, 1965), Baryscapus transversalis Graham, 1991, Pediobius 

bruchicida (Rondani, 1872) (Hymenoptera: Eulophidae), Anastatus bifasciatus 

(Fonscolombe, 1832), Eupelmus (Macroneura) vesicularis Retzius, 1783), Eupelmus 

(Macroneura) vladimiri Fusu, 2017 (Hymenoptera: Eupelmidae) and Trichogramma sp. 

(Hymenoptera: Trichogrammatidae) (Mirchev et al., 2011b; Tsankov et al., 1996; Georgiev et 

al., 2020).  

With exception of egg parasitoids, four tachinid pupal parasitoids were also reported 

(Table 2): Phorocera grandis (Rondani, 1859), Compsilura concinnata (Meigen, 1824), 

Exorista (Exorista) fasciata (Fallén, 1820) and Phryxe vulgaris (Fallén, 1810) (Hubenov, 

1983; Georgiev et al., 2021). 

 

Table 2. List of parasitoids established on Thaumetopoea pityocampa in Bulgaria 

Parasitoids Host stage Author 

Hymenoptera   

Ooecyrtus pityocampae (Mercet, 1921) eggs Boyadzhiev et al. (2020) 

Baryscapus servadeii (Domenichini, 1965) eggs Boyadzhiev et al. (2020) 
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Baryscapus transversalis Graham, 1991 eggs Boyadzhiev et al. (2020) 

Pediobius bruchicida (Rondani, 1872) eggs Boyadzhiev et al. (2020) 

Anastatus bifasciatus (Fonscolombe, 1832) eggs Boyadzhiev et al. (2020) 

Eupelmus (Macroneura) vesicularis Retzius, 1783) eggs Boyadzhiev et al. (2020) 

Eupelmus (Macroneura) vladimiri Fusu, 2017 eggs Boyadzhiev et al. (2020) 

Trichogramma sp. eggs Boyadzhiev et al. (2020) 

Diptera   

Phorocera grandis (Rondani, 1859) larvae and pupae Hubenov (1983) 

Compsilura concinnata (Meigen, 1824) larvae and pupae Georgiev et al. (2021) 

Exorista (Exorista) fasciata (Fallén, 1820) larvae and pupae Georgiev et al. (2021) 

Phryxe vulgaris (Fallén, 1810) larvae and pupae Hu-benov (1983);  

Georgiev et al. (2021) 

 

The performance and distribution of the pine processionary moth and its insect enemies 

are highly dependent on climatic conditions. The climatic conditions in a particular biotope 

comprehensively influence the variety of egg parasitoid species as well. Indeed, Masutti 

(1964) reported that O. рityocampae is sensitive to high temperatures and biotopes with 

prolonged periods above 30 °С are not suitable for its survival. In contrast, another 

hymenopteran species, B. servadeii, is more tolerant and develops successfully even at high 

temperatures. The parasitoid complex in newly colonized areas may also depends on the pace 

of the range expansion by T. pityocampa. The egg parasitoid assemblage of T. pityocampa is 

an indicator of two different types of pest expansion in new habitats: i) when T. pityocampa 

penetrates into new regions, relatively remote from the primary habitats where the specific B. 

servadei is absent (Mirchev et al., 2017b); ii) when the pine processionary moth gradually 

enlarges its range in adjacent stands at the rate of 2-3 km per year, the host is followed by B. 

servadei. 

For the region of Kirkovo, the parasitoids had the most significant impact on 

T. pityocampa number in egg stage for the generations in 1994 and 1995. The number of 

parasitized eggs was frequentative higher compared with the aborted eggs from among the 

other three groups. Five primary parasitoids were reared from host eggs, Ooencyrtus 

pityocampae, Baryscapus servadeii – the dominant species, Pediobius bruchicida, Anastatus 

bifasciatus, Trichogramma embryophagum Htg. (Hymenoptera: Trichogrammatidae), and one 

hyperparasitoid, Baryscapus transversalis. 

In Sandanski, the most significant difference is observed at the share of the parasitized 

eggs. In addition to the mentioned above species, another polyphagе, Eupelmus vesicularis 



 

page 45  D. 4.1.4.    Summary – Best practices 

was established as egg parasitoid of the pine processionary moth (Mirchev, 2005). The main 

considerable difference between the two studied regions is the strange fact that 

O. pityocampae is the dominant parasitoid in the region of Sandanski. Masutti (1964) pointed 

that the species from Eulophidae family are more plastic and develop in regions with 

temperatures above 30 °C – conditions that difficult the development of O. pityocampae. 

In 2018 and 2019, egg parasitoids of pine processionary moth (Thaumetopoea 

pityocampa) were studied in Bulgaria. A total of 180 egg batches were collected on 16 August 

2018 in Pinus nigra plantation in the region of Fotinovo vill., Eastern Rhodopes. As a result, 

Eupelmus vladimiri (Hymenoptera: Eupelmidae) was established for first time in trophic 

association with this host (Boyadzhiev et al., 2020). In the beginning of February 2019, 69 

male specimens of E. vladimiri were found emerged from 17 egg batches of T. pityocampa. In 

addition to E. vladimiri, other common species from Eupelmidae, Encyrtidae and Eulophidae 

families were also found. The relative share of E. vladimiri was about 5% in total egg 

parasitoid complex of T. pityocampa (1373 specimens). 

To investigate enemy pressure across the range of the pine processionary moth 

(Thaumeopoea pityocampa, Den. & Schiff) as it spreads northwards in Europe thanks to 

climate change, a survey of 206 egg-batches from historical and newly colonized areas at both 

the westernmost and the easternmost ends of the front was carried out in 2016-2018 

(Georgiev, 2020). Out of them, 97 were collected from nine locations in three regions in 

France, and 109 from four localities in two regions in Bulgaria, both within historical and 

newly colonized ranges of the pest. The average number of eggs per batch collected in 

Bulgaria (226.6) was higher than that collected in France (194.3). However, the hatching 

percentage was higher in French samples, varying from 69.8% to 95.7%, versus 49.8% to 

85.2% in Bulgarian samples. Egg parasitoids were found to be the most important factor 

reducing the hatch rate in both countries. Four primary parasitoids (Ooencyrtus pityocampae, 

Baryscapus servadeii, Anastatus bifasciatus, Trichogramma sp.) and a hyperparasitoid 

(B. transversalis, found only in two regions of the historical range in Bulgaria) were 

identified. Among T. pityocampa parasitoid complexes in France, the most abundant were B. 

servadeii in Ré Island and Orléans (97.3% and 87.4%, respectively), and Trichogramma sp. 

(99.7%) in a newly colonized locality in Fréhel. O. pityocampae prevailed in three of four 

Bulgarian localities (72.1% in Sandanski, 89.7% in Maglizh and 65.7% in Sladak kladenets), 

whereas B. servadeii was the most abundant in Gega (75.4%). In Bulgaria, the predominant 

part of O. pityocampae adults had emerged before collection of egg batches, and in France 

most of the individuals appeared after sample collection. B. servadeii revealed higher average 

survival rate (97.3%) than O. pityocampae (86.2%). The mortality of B. servadeii and O. 
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pityocampae caused by the hyperparasitoid B. transversalis amounted to 4.8-6.2%. The 

impact of predators on the pine processionary moth in the egg stage was negligible in most 

sites, reaching 12.5% in only one site (Maglizh). 

The tachinid species Exorista fasciata is connected with 49 hosts from 11 lepidopteran 

families (Tschorsnig, 2017). No hosts of the parasitoid from Notodontidae (incl. 

Thaumetopoeinae subfamily), were known until the present study. In Bulgaria, E. fasciata 

was reared only from Lymantria dispar (Linnaeus, 1758) (Lepidoptera: Erebidae) (Hubenov, 

1985). 

Compsilura concinnata is highly polyphagous with wide range of hosts (289 

hymenopteran and lepidopteran species, including 8 representatives of Thaumetopoea genus) 

(Tschorsnig 2017). In Bulgaria, it was reared from T. processionea (Linnaeus, 1758) and T. 

solitaria (Freyer, 1838) (Hubenov, 1985). 

Phryxe vulgaris is a generalist on over than 180 hosts from Coleoptera, Hymenoptera 

and Lepidoptera orders. Tschorsnig (2017) suggested that the reporting of the species as a 

parasitoid of pine processionary moth in Ploski vill. in Bulgaria could be the result of a 

misidentification of Phryxe caudata (Rondani, 1859). However, P. caudata has not been 

found and reported in Bulgaria (Hubenov 2008; O’Hara et al. 2020). In this study, parasitism 

of P. vulgaris on T. pityocampa was confirmed in two more localities of the host (town of 

Sandanski and Kandilka vill.). 

While effects of parasitoids on population have been well documented in Bulgaria, there 

is only limited information about a parasitic activity of entomopathogenic fungi (Draganova 

et al., 2013). Entomopathogenic fungi are important natural control agents of insects and have 

been a subject of intense study for more than 120 years. There is estimated > 700 species, but 

a majority of perspective species for a mass production and their use in biocontrol are those 

from the order Hypocreales (Ascomycota) (Lacey et al., 2015). Investigating the effectiveness 

of hypocrealean entomopathogenic fungi has drawn the attention of researchers in different 

countries and several fungal species have already been reported from pine processionary moth 

including Metarhizium anisopliae (Metschn.) Sorokin, Lecanicillium lecanii (Zimm.) Zare et 

W. Gams, Beauveria bassiana (Bals.-Criv.) Vuill., Isaria farinosa (Holmsk.) Fr. or Isaria 

fumosorosea Wize (Paparatti & Fabozzi 1988, Vargas-Osuna et al. 1994, Er et al., 2007, 

Sevim et al., 2010, Tarasco et al., 2015, Akinci et al., 2017). Entomopathogenic fungi are 

omnipresent insect parasites helping in a natural regulation of host populations (Vega et al., 

2012). There has been an extensive research on fungal entomopathogens for their use as 

biocontrol agents in agriculture or forestry (Lacey et al., 2015). Plenty of strains have been 

isolated and tested against insect pests and some of them have been successfully licensed for a 
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commercial use (Ravensberg, 2011). Until now, no entomopathogenic fungi have been 

incorporated into the integrated pest management of T. pityocampa.  

Activity of hypocrealean entomopathogens in populations of T. pityocampa has been 

documented in several European countries and species of Beauveria genus have always been 

listed among the pathogens. Interestingly, this genus was exclusively represented by B. 

bassiana, the species that was not detected in the current study. Vargas-Osuna et al. (1994), 

Sevim et al. (2010) and Draganova et al. (2013) isolated B. bassiana from pine processionary 

moth larvae and Tarasco et al. (2015) isolated it from pupae. It is important to mention that 

the traditional morpho-taxonomic determination of Beauveria species is insufficient. Before 

the comprehensive taxonomic revision of Beauveria genus was performed by a multigene 

phylogenetic analysis (Rehner & Buckley 2005, Rehner et al. 2011), B. bassiana, in a broad 

sense, was a complex of species consisting of morphologically similar but cryptic lineages. 

Soon after the novel molecular approach in Beauveria taxonomy was designed, several new 

Beauveria species have been described (Rehner et al. 2011, Zhang et al. 2012, Chen et al. 

2013, Agrawal et al. 2014, Robène-Soustrade et al. 2015, Imoulan et al. 2016). Because 

majority of records on B. bassiana from PPM were made on the basis of morpho-taxonomic 

principles (Vargas-Osuna et al. 1994, Draganova et al. 2013, Tarasco et al. 2015), the results 

must be judged with caution. And some species, morphologically very similar, might remain 

undetermined. In the study by Sevim et al. (2010), the molecular identification was applied, 

but again only B. bassiana (from two different clades by Rehner & Buckley 2005) was 

identified; together only five isolates were analysed.  

The three fungal species are known from a wide range of substrates, including insects, 

mites and nematodes. P. lilacinum is a ubiquitous saprobic fungus commonly isolated from 

soil, decaying vegetation, nematode eggs, but insects can also be infected (Luangsaard et al., 

2011). B. pseudobassiana and B. varroae are morphologically indistinguishable. While B. 

varroae is primarily known as pathogen of mites, B. pseudobassiana is a globally distributed 

soilborne and broad host-range generalist entomopathogen that occurs in a wide range of 

habitats (Rehner et al., 2011). Recent soil analyses in Slovakia indicated that B. 

pseudobassiana preferred forest habitats over arable soils or meadows (Medo et al., 2016). B. 

varroae is known from ectoparasitic mites of honeybee in France, but it can infect coleopteran 

hosts (Larinus sp.) as well (Rehner et al., 2011). We report this fungus from the lepidopteran 

host for the first time. B. pseudobassiana and B. varroae were identified from 13 pine 

processionary moth cadavers (48.15% of all mycosed samples) and can be thus considered 

common elements of entomopathogenic communities in the pest populations. It is not clear 
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why B. bassiana, the species observed in pine processionary mo in other studies, was not 

detected during this survey. 

Identified species spectrum of biological control agents of T. pityocampa with a focus to 

entomopathogenic fungi in pine forests of the South-east Rhodope Mountains in Bulgaria 

(Barta et al., 2020). Experimental material was collected at two localities in the South-east 

Rhodopes: near Fotinovo and Kandilka villages (Fig. 11). The localities fall into the 

Continental-Mediterranean climatic region, characterized by mild and very humid winter and 

hot and dry summer. Unlike the habitats of pine processionary moth in South-west Bulgaria, 

the south-east Rhodopes are considerably less protected from cold air. Considering a physical-

geographical aspect, the characteristics of the two sites are similar. They are located in the 

Bulgarian part of the South-east Rhodopes, which have a low mountainous and hilly relief. 

The host plant in both localities is Pinus nigra. 

  

 
Fig. 11. Sites where collecting of samples of Thaumetopoea pityocampa larvae and pupae  

 
A total number of collected T. pityocampa samples reached 642 pupae and 88 

caterpillars in Fotinovo, and 178 pupae in Kandilka. Out of the collected samples, 147 ones 

(16.2% of all samples) were showing characteristic symptoms of mycosis. The isolates were 

identified as either Beauveria sp. (Fig. 12) or Purpureocillium sp. by microscopic 

examination.  
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Fig. 12. Development of Beauveria sp. on Thaumetopoea pityocampa pupae  

 

DNA fragments of 494-540 pb of the partial ITS1-5.8S-ITS2 gene region and fragments 

of the partial TEF-1α (874-959 bp) were sequenced. Based on the genomic analysis two 

Beauveria species (B. pseudobassiana S.A. Rehner & R.A. Humber - seven isolates and B. 

varroae S.A. Rehner & R.A. Humber - six isolates) and Purpureocillium lilacinum (Thom) 

Luangsa-ard (14 isolates) were identified. While B. pseudobassiana and P. lilacinum were 

detected in both localities, B. varroae was only observed in Kandilka. All the three 

entomopathogens are reported from T. pityocampa for the first time (Table 3). 

 

Table 3. List of entomopathogenic fungi obtained from Thaumetopoea pityocampa in Bulgaria 
Entomopathogenic fungus Source Locality Author 
Beauveria bassiana pupa Banya (Karlovo) 

 
Draganova et al. (2013) 

Beauveria pseudobassiana pupa Fotinovo, Kandilka Barta et al. (2020) 
Beauveria pseudobassiana larva Fotinovo Barta et al. (2020) 
Beauveria varroae pupa Kandilka Barta et al. (2020) 
Purpureocillium lilacinum pupa Fotinovo, Kandilka Barta et al. (2020) 
Entomophaga aulicae larva Fotinovo Georgieva et al. (unpublished) 
Cordyceps cicadae pupae Kandilka Barta et al. (unpublished) 
Lecanicillium dimorphum 

   
  

pupae Kandilka Barta et al. (unpublished) 
 

Pathogenicity of obtained isolates against the pine processionary moth larvae was not 

determined in Bulgaria, however, several other studies tested B. bassiana, M. anisopliae, I. 

farinosa or L. lecanii strains against larvae and reported optimistic results (Er et al., 2007, 

Akinici et al., 2017, Sönmez et al., 2017, Ozdemir et al., 2019). Because the fungi could be 

considered as perspective candidate for microbial control agents for suppressing T. 
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pityocampa populations, the Bulgarian isolates deserve further attention to determine their 

effectiveness in laboratory and field conditions. 

Additionally, in February 2020, samples of pine processionary moth’s larvae and pupae 

with typical macroscopic symptoms of infection by entomopathogenic fungi were collected in 

the region of Kandilka village. Based on the genomic analysis Beauveria varroe, Cordyceps 

cicadae, Lecanicillium dimorphum and Purpureocillium lilacinum were established (Table 3) 

(Barta et al., unpublished). 

In the period October-November 2020, a huge number of dead larvae were found in the 

nests of Thaumetopoea pityocampa in Pinus nigra plantation near Fotinovo village 

(Georgieva et al., unpublished). The detailed microscope survey of the dead pine 

processionary moth larvae shoed resting spores of the entomopathogenic fungus 

Entomophaga aulicae (Reichardt in Bail) Humber in the cadavers (Fig. 13). It proved to be a 

significant control agent of population size of this economically important insect pest in 

Bulgaria. 

 
Fig. 13. Mortality of Thaumetopoea pityocampa larvae caused by Entomophaga aulicae  

 

Control of Thaumetopoea pityocampa 
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The control of Thaumetopoea pityocampa should be carried out depending on the 

biological characteristics of the species, and especially the presence of the phenological form 

in different areas. 

In the places with the spread of T. pityocampa early form, the control should be carried 

out at the end of August, when the caterpillars of the pest are in first or second larval instar. 

Due to the favourable conditions - the presence of sufficiently high average daily 

temperatures (above 15 ° C), the control can be carried out with products with physiological 

action (diflubenzuron, tebufenozide) and with bacterial insecticides based on Bacillus 

thuringiensis var. kurstaki and Saccharopolyspora spinosa. 

In the places with the spread of the late form of pine processionary moth, the control 

should take place 30-40 days later (late September-early October). Due to the fact that during 

this period the average daily temperatures are usually below 15 ° C, Bacillus thuringiensis 

var. kurstaki and Saccharopolyspora spinosa are not effective, so they should not be used 

against the late form of the pest. Control should be carried out using physiological insecticides 

that are suitable in autumn conditions. 
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CONTROL OF BARK BEETLES (COLEOPTERA: 
CURCULIONIDAE, SCOLYTINAE) IN PINE PLANTATIONS 

IN KARDZHALI REGION 
  

In the last 50 years, about 1.5 million ha of coniferous forest plantations have been 

created in Bulgaria, predominantly in the lower parts of the country, outside the natural areas 

of individual species. Most afforestations were made in the region of Kardzhali with Scots 

pine (Pinus sylvestris L.) and Austrian pine (Pinus nigra Arn.), which are of great economic 

importance. They are highly productive and have valuable wood with wide application. Their 

rapid growth and undemanding soil conditions make them suitable for afforestation in areas 

where other species could not grow. However, increasing the age of crops leads to an increase 

in moisture deficit, deterioration of the physiological state of plants and reduce their 

resistance to abiotic and biotic factors (Mirchev et al., 2016 ). 

The stress on host plants reduces their resistance to attacks by xylophagous insects. It 

has been proven that the calamities of the most aggressive species, Ips acuminatus (Gyllenhal, 

1827) are associated with periodic droughts and physiological weakening of pine forests 

(Lieutier et al., 1988). The contribution of I. acuminatus to the drying of Scots pine is most 

often complemented by the impact of three other species of Scolytinae subfamily: Ips 

sexdentatus (Boerner, 1776), Tomicus minor (Hartig, 1834), Tomicus pinipera (Linnaeus, 

1758), and one spesies of Buprestidae family, Phaenops cyanea (Fabricius, 1775) (Dobbertin 

et al., 2007). 

The drying of coniferous plantations in the region of Kardzhali until 2016 is 

insignificant - less than 160 ha per year (Fig. 1). Since 2017, there has been a peak in bark 

beetle attacks due to wet snow damages in the spring of 2015 in the area. The attacks in 2017 

were strongest from Tomicus piniperda (3047.0 ha), followed by unidentified species (1517.3 

ha) and Ips acuminatus (445.2 ha). In 2018, absolute maximums were reached for 

unidentified species (3217.1 ha) and I. acuminatus (2147.9 ha), after which the attacks 

subsided and fell below 500 ha.  
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Fig. 1. Bark beetle attacks in pine stands during the period 2006-2020 in the region of Kardzali 

 

Control of the main insect pests in coniferous plantations 

Traditional measures to control xylophagous insects are specific and depend on the 

number of pests. 

In case of low numbers, silvicultural activities are carried out, aimed at improving the 

physiological condition of the plantations and their resistance to attacks, as well as preventive 

activities to prevent calamities. 

Among the silvicultural activities, the most appropriate are: i) correct choice of forest 

tree species for the individual habitats; ii) formation of optimal density of plantations by 

means of cultivation fellings; iii) differentiation of the turns of coniferous plantations 

depending on the altitude, the forest vegetation conditions and their health status. 

Sanitary and preventive activities include: i) rapid felling of freshly felled and damaged 

wood by abiotic impacts (wind, windbreaks, icebreakers, fires, etc.) in order to prevent mass 

multiplication of highly aggressive xylophages; ii) sanitary felling in emerging bark beetle 

outbreaks to limit attacks and reduce quality losses of infested timber; iii) use of part of the 

felled wood to reduce the number of xylophagous insects. 

In calamity attacks, sanitary fellings in bark beetles spots and pheromone traps are 

traditionally used. Current practices for the control of bark beetles in coniferous plantations 

have the following disadvantages: 

Sanitary felling is usually carried out after the bark beetles have taken off from the 

infested trees and has practically no effect on the pest numbers; 
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Marking and felling of trees at a distance of one height of the stand around the bark 

beetles spots do not solve, but deepen the drying problems, because the expansion of the bark 

beetles does not become concentric (bark beetles do not inhabit the nearest, but the weakest 

trees), fresh remnants of logging contributes to the growth of attacks, and often significant 

areas with unaffected trees are utilized.  

Catches with pheromone traps are not efficient and economically unjustified for the 

following reasons: i) less attractive action (7-15 times lower) of synthetic aggregation 

pheromones compared to the attractiveness of fresh wood; ii) high price (about BGN 100) and 

significant difficulty in servicing the traps; iii) danger to the non-attacked surrounding 

plantations.   

In case of high numbers of bark beetles, the use of trap trees is most appropriate. This 

method consists in attracting the overwintering individuals of the pest in pre-set freshly cut 

trees and destroying the developed population by peeling the bark before pest pupation or 

shredding the infested wood for pellet production. The main requirement is that the number of 

trap trees should not be less than the number of trees attacked from the previous year. This 

method has already been tested with proven high efficiency against I. typographus in the 

Biosphere Reserve Bistrishko Branishte on Vitosha Mountain (Georgiev et al., 2013). 
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SPREAD OF QUARANTINE PATHOGENS IN THE REGION 
OF REGIONAL FOREST DIRECTORATE KARDZHALI, 

BULGARIA 
 

Quarantine plant pathogens are organisms that not yet present in the European Union 

(EU), or are present but not widely distributed, and deemed by EU legislation as being 

harmful to plant health. Policy is aimed at preventing the introduction and further spread of 

such organisms. Since the import and use of such organisms is in principle prohibited, each 

EU Member State is obliged to supervise compliance with the import ban and, in cases where 

approval is given, to supervise their contained use in a manner that is safe for plant health. 

The main principle underlying this list concerns the protection of plant health. 

Dothistroma needle blight (DNB), caused by fungal pathogens Dothistroma 

septosporum (Dorogin) Morelet and D. pini Hulbary, and brown spot needle blight (BSNB), 

caused by Lecanosticta acicola (Thümen) H. Sydow, have been the most serious and 

damaging needle diseases of pines (Pinus spp.) in Europe in recent years. Brown needle blight 

disease (BNSB), caused by Lecanosticta acicola (Ascomycota: Capnodiales) is on the EPPO 

A2 alert list (OEPP/EPPO, 2015). Synonyms: Cryptosporium acicola Thüm., Dothiostroma 

acicola (Thüm) Schischkina & Tsanava, Septoria acicola (Thüm.) Sacc. Mycosphaerella 

dearnessii Rostrup (teleomorph) (synonyms: Scirrhia acicola (Dearn.) Siggers, Systremma 

acicola (Dearn.) F.A. Wolf & Barbour, Lecanosticta pini Syd.  

Dothistroma needle blight is a needle cast disease of coniferous species, increasing in 

geographic and host range throughout Europe, attacking trees in both plantation and natural 

forests, causing significant economic losses and threatening pine ecosystems and biodiversity 

(Watt et al., 2008). DNB is caused by two morphologically indistinguishable species, 

Dothistroma septosporum (the teleomorph Mycosphaerella pini Rostrup, syn. Scirrhia pini 

Funk and Parker) and Dothistroma pini (teleomorph unknown) (Barnes et al., 2004). D. 

septosporum has a worldwide distribution, whereas D. pini has, so far, only was found in the 

USA and areas of Europe, including Bulgaria, Czech Republic, France, Hungary, Russia, 

Slovenia, Switzerland and Ukraine (Petkov, 1993; Barnes et al., 2008; Ioos et al., 2010; 

Piskur et al., 2013; Queloz et al., 2014). The pathogens cause necrosis on needles, thus 

reducing tree growth and vigour, and in some situations results in widespread tree death. In 

recent years, DNB has grown in severity in parts of Europe from a low priority disease to a 

serious economic problem (Drenkhan et al., 2016).  
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In Bulgaria, symptoms of DNB infection - red bands on needles of 3-year-old Pinus 

radiata seedlings were observed for first time in 1976 (Zlatanov, 1977) in a nursery in 

Sozopol, Burgas District (fig. 1). In 1992, DNB occurrence was formally noticed following 

the investigation of typical symptoms, biology of fruit bodies and needle damages on 20-year-

old P. nigra trees planted in the region of Shumen, Varna District (Petkov, 1993). The fungal 

species D. pini was considered to be the causal agent. In the early 2000s, DNB resulted in 

extensive defoliation and mortality in P. nigra plantations along the Black Sea coast area 

(Rossnev et al., 2008). Damages were observed on 2600 ha, especially on sites where climatic 

conditions were favourable for fungal development (river and lake valleys with frequent fog 

and high levels of temperature, air humidity and precipitations). Since 2016, data for 

increasing of damages caused by Dothistroma sp. mainly on P. nigra and Pinus radiata in 

forest, urban and peri-urban ecosystems (Georgiev at al., 2017). 

 

 
Fig. 1. Distribution of Dothistroma pini in Bulgaria 

 

Infection by these pathogens occurs mainly in the spring and early summer via rain-

splash dispersed conidia and initial symptoms (i.e. chlorotic spots and bands) can appear by 

autumn (EPPO, 2008; Sinclair et al., 1987).  The chlorotic areas develop into necrotic bands 

often encircling the needle and causing death of the distal end  (EPPO, 2008; Sinclair et al., 

1987).  By the following spring erumpent black acervuli develop in the necrotic bands which 
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produce the infectious conidia (fig. 2). Infected needles are shed prematurely and severe 

infection can lead to growth reductions and in extreme cases tree death (EPPO, 2008; Sinclair 

et al., 1987). 

 

 

 

 
Fig. 2. Symptoms of Dothistroma needle blight 

 

In recent years, awareness of DNB and BSNB and their causal agents has been raised, 

especially in Europe.  This has led to increased research efforts and a greater understanding of 

the host range and geographical incidence of the pathogens (Drenkhan et al., 2016).  

However, it has also highlighted the gaps in our knowledge about the presence or absence of 

these pathogens in certain geographic regions.   

In 2017, the pathogen Dothistroma septosporum is confirmed for the first time for 

Bulgaria as the causal agent of needle blight disease on Pinus sylvestris and P. nigra trees 

planted in the region of Panichkovo village, Regional Directorate of Forests (RDG) Kardzhali 

(Mulett et al., 2018).  

The brown spot needle blight disease (BSNB) caused by the fungal pathogen 

Lecanosticta acicola (Thümen) Sydow (teleomorph Mycosphaerella dearnessii Barr.) was 

established for the first time in Bulgaria in August 2017 in a 50-year-old generative plantation 

of Pinus sylvestris L. in the region of Svetulka Village, State Forestry (SF) Ardino, Kardzhali 
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District (Stamenova et al., 2018). The causative agent L. acicola was officially confirmed by 

the Plant Health Laboratory for the French Agency for Food, Environmental and 

Occupational Health & Safety (ANSES). The pathogen is currently listed as a quarantine by 

the European Plant Protection Organisation (EPPO) (Pehl et al., 2015), and is considered an 

invasive species, highly adaptable to new susceptible hosts at favourable environmental 

conditions. This is a quarantine pest included in Appendix 2, Part A, Chapter I of Ordinance 

No 8 of 27.02.2015 on phytosanitary control. Molecular identification were carried out by the 

Plant Health Laboratory, Department of Micology, Nancy, France. It confirms its presence 

using molecular methods (Stamenova et al., 2018). 

BSNB affected needles often have a brown spot with a yellow halo (EPPO, 2008; 

Sinclair et al., 1987).  However, needle symptoms of both diseases overlap and are difficult to 

differentiate visually (EPPO, 2008; Sinclair et al., 1987).  The two DNB pathogens produce 

smooth-walled hyaline conidia but are practically indistinguishable from each other without 

the aid of molecular methods (Barnes, Crous, Wingfield, & Wingfield, 2004).  The BSNB 

pathogen, L. acicola, produces light green to brown-olive conidia with thick, rough to 

verruculose walls and can therefore be distinguished morphologically from the DNB 

pathogens (EPPO, 2008).     

 

  
Fig. 3. Symptoms of Brown spot needle blight 

During the period 2017-2019, samples of needles with symptoms of BSNB were 

collected from the generative plantation and nine locations in the region of SF Ardino at a 
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distance of 25 km from the first outbreak of the disease (fig. 4). Symptomatic needles were 

taken from both P. nigra and P. sylvestris trees at sites at altitudes between 558 and 803 m 

a.s.l.  

 

 
 

Fig. 4. Locations of sites of Lecanosticta acicola 
 

In November 2019, a survey was carried out at seven new locations at a distance of 25 

km along the Arda River in the west direction of the initial site in Svetulka village and 25 km 

– in the north-east direction), to explore the rate of disease spreading from the initial outbreak. 

Samples of symptomatic needles were collected and tested for the presence of L. acicola 

according to Barnes et al. (2004). 

Symptoms of extensive brown spot necrosis on needles was recorded for first time in 

2017 on P. sylvestris trees in the generative plantation close to the Svetulka Village (SF 

Ardino, the Eastern Rhodopes). Based upon the molecular analysis, the fungal pathogen L. 

acicola was identified as a causer agent of brown spot needle blight.  

During the next spring (April 2018), the study on the spread of L. acicola in the 

generative plantation showed severe damages (between 40% and 80%) on infected trees. It 

was established that the disease developed upward and infected the whole crowns. 

Symptomatic needles were confined to the two- and three-year old internodes. The needles 

had necrotic spots with brown tissue and yellow periphery. On the spots, subepidermal 
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pycnidia formed resin-black bodies with irregular shape. Pycnidia breaking through the 

epidermis through longitudinal slits were observed. Conidia were two- to four-celled, curved, 

pale olive-brown and 16-34 × 2-4 µm. The fungus was isolated in pure culture on malt agar, 

firstly a white aerial mycelium appeared which then turned greenish-olive to dark olive, 

forming stromatic and erumpent colonies. The molecular detection of L. acicola on trees of P. 

sylvestris were confirmed in the Svetulka and Padina Villages (table 1). 

 

Table. 1. Identified pathogens on species of Pinus on the territory of SF Ardino 

N Location Host species Identified pathogens 
Degree of 
defoliation 

1 Svetulka (2018) Pinus sylvestris 
Pinus nigra 

Lecanosticta acicola 
Dothistroma septosporum 

40-80% 
20-30% 

2 Padina (2018) Pinus sylvestris Lecanosticta acicola 30-50% 

3 Byal izvor (2018) Pinus nigra Lecanosticta acicola 
Dothistroma septosporum 

30-60% 
30-60% 

4 Srunsko (2018) Pinus nigra Dothistroma septosporum 20-30% 
5 Podvis (2019) Pinus sylvestris Lecanosticta acicola 50-100% 
6 Rovina (2019) Pinus sylvestris Lecanosticta acicola 50-100% 
7 Svetulka (2019) Pinus sylvestris Lecanosticta acicola 50-60% 
8 Varbinski most (2019) Pinus nigra Lecanosticta acicola 30-50% 
9 Chubrika (2019) Pinus nigra Lecanosticta acicola 25-30% 
10 Hromitsa (2019) Pinus nigra Diplodia sapinea 20-25% 

 

Two pathogens with close symptomatic characteristics were molecularly identified on 

the same trees of P. nigra in the region of Byal Izvor: L. acicola causing BSNB and 

Dothistroma septosporum (Dorog.) Morelet causing Dothistroma needle blight (DNB) (Table 

2). From the highest location (803 m a.s.l.) near the Srunsko Village (approximately 20 km 

from the initial outbreak), only D. septosporum was identified on trees of P. nigra. There the 

severity of DNB ranged from 20-30%. 

In 2019, a spread of severe occurrence of BSNB infection, caused by L. acicola on trees 

of both P. sylvestris and P. nigra was established at a distance of 25 km (Podvis Village), in 

west direction from the Svetulka Village. A progressive browning of the needles from the 

lowest branches upwards was observed more severe on trees of P. sylvestris where defoliation 

of two- and three-year-old needles was detected. The degree of defoliation varied between 50-

100% (Table 2). The infections resulted in the death of small branches, in addition to the 

needles, and the most severely affected trees of P. sylvestris were killed by the pathogen. On 

trees of P. nigra, the oldest needles close to the stem were infected by the disease, spreading 

upwards along the branches.  
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In the north-eastern direction from the initial outbreak of L. acicola, the disease was 

also detected but the rate of its pathogenicity was lower (defoliation up to 30%). At a distance 

of 10 km, the symptoms of BSNB was not observed, only damages on shoots caused by the 

pathogen Diplodia sapinea (Fr.) Fuckel were recorded. 

The brown spot needle blight disease caused by the fungal pathogen L. acicola has been 

the most serious and damaging needle diseases of Pinus spp. in recent years. It is the only 

species in the genus known to be a significant pathogen that is spreading rapidly in Europe 

and in the north-eastern parts of North America (van der Nest et al., 2019). In Bulgaria, the 

pathogen was reported for the first time in 2017 in a generative plantation of P. sylvestris in 

the region of SF Ardino, the Eastern Rhodopes (Stamenova et al., 2018). In 1938, a short 

report of brown-spot fungus L. acicola (as Septoria acicola) was published by Kovacevski 

(1938), but based on the description of the conidia, it was most likely that it was a species of 

genus Dothistroma (Mullett et al., 2018).  

This study presents the new results on the spread of L. acicola at a distance of 25 km 

from the initial outbreak of the disease in the region of SF Ardino, Kardzhali District. The 

main component that facilitates spread of conidia is moisture, but other factors may also aid in 

their dispersal (van der Nest et al., 2019). 

During the last years, introduced pathogens have turned into a growing threat for the 

natural pine species, disturbing the biodiversity and ecological dynamics in forest and urban 

ecosystems (Georgiev et al., 2017; Georgieva and Hlebarska, 2018). Dothistroma 

septosporum was confirmed for the first time as the causal agent of Dothistroma needle 

blight disease on trees of Pinus sylvestris and P. nigra planted in the region of Panichkovo 

Village, Kardzhali District (Mullet et al., 2018). In the same location, D. septosporum was 

recorded also on trees of Pinus contorta Douglas (Georgieva, unpublished). In 2018, the new 

pathogen L. acicola was identified to cause severe damages on generative plantation of 

P. sylvestris, situated in the same district in the Eastern Rhodopes (Stamenova et al., 2018). 

The teleomorh of two newly- established invasive pathogens are included in the EPPO 

quarantine lists (EPPO 2005; 2008) and considered highly adaptable to new hosts.  

Lecanosticta acicola is widespread and has been causing serious losses in China, 

Eastern United States, Central and South America. In Europe, L. acicola  has been observed 

for the first time in 1940s (Janoušek et al., 2016). The pathogen was detected as a major cause 

of needle blight on several native European pine species, especially P. sylvestris, P. nigra and 

P. mugo (La Porta, 2000). Currently, L. acicola has been reported in 31 countries and on 53 

pine species and pine hybrids (van der Nest et al., 2019). 
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Measures 

The new established invasive pathogens D. septosporum and L. acicola are included in 

the EPPO quarantine lists (EPPO 2008 and EPPO 2005, respectively), and are considered as 

highly adaptable to new hosts and environmental conditions. The life cycle and symptoms of 

the diseases strongly suggest that these new emerging in Bulgaria pathogens have the 

potential to cause severe damages and are a serious threat to Pinus species throughout the 

country. 

The distribution and population size of BSNB disease vectors is heavily affected by 

local climate. Because the spread of the pathogen facilitated by movement of free-living 

hosts or vectors, the risk of spread of L. acicola, when accounting for heterogeneous 

landscape features, could be estimated. The high pathogenicity of the diseases strongly 

suggests that these newly emerging in Bulgaria pathogens have the potential to cause severe 

damages and are a serious threat to species of Pinus throughout the country. 

In order to prevent further spread of the pathogen L. acicola, phytosanitary measures in 

the infected generative plantation were taken in 2018, aiming to eradicate the disease. All 

infected pine trees were cut down and removed from the site where the pathogen was 

localised. Despite the taken control measures, in November 2019, severe damages by BSNB 

was observed on newly- infected pine stands on the territory of SF Ardino. 

Official measures will be taken: treatment with fungicides in forest nurseries, intensive 

inspections of the infested plants, survey of the surroundings have to take place. Although 

the disease can be effectively controlled using copper fungicides, this chemical is only 

routinely applied in forests in Bulgaria. Other management tactics aimed at making 

conditions less favourable for disease development, such as thinning or pruning, may be 

effective on some, but not all, sites.  

Disease avoidance, by planting non-susceptible species, is the most common form of 

management, along with deployment of hosts with strong disease resistance. Although D. 

septosporum is present almost everywhere Pinus is grown, it is important that an effort is 

maintained to exclude introductions of new haplotypes that could increase virulence or 

enable host resistance to be overcome. A global strategy to exclude new introductions of 

Dothistroma and other damaging forest pathogens, facilitated by collaborative programmes 

and legislation, is needed (Bulman et al., 2016). Fertilizer application and biological control 

using Trichoderma or other antagonistic microorganisms have been attempted but consistent 

reliable control has not yet been demonstrated. 
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ANALYSIS OF THE INFORMATION COLLECTED AND 
DATA ON THE DAMAGES FROM WINDS, WET SNOW, ICE 

AND OTHER ABIOTIC FACTORS IN THE FOREST 
TERRITORIES IN THE COVERAGE OF RFD KARDZHALI 

FOR A TEN-YEARS PERIOD (2008-2017) 
 

 

The current analysis is prepared on the basis of the studies provided by the four experts 

involved in the implementation of Activity 4.1.1. under the project "Common cross-border policies for 

forest protection (FORPRO)" with a signed Subsidy contract with MA № B2.6d.06 / 06.10.2017 

funded by the Cross-border cooperation Programme INTERREG VA "Greece - Bulgaria 2014 - 

2020", and is compared with the available data on abiotic damage in coniferous and broadleaves 

forests on overall areas fall into the territory of the Regional Forest Directorate Kardzhali from the 

web-based system of the Executive Forest Agency (system.iag.bg) and the archive of the Forest 

Protection Station Plovdiv. 

A. Damages from abiotic factors 

Damages to forests caused by abiotic factors are observed annually in the area of the 

Directorate on different size areas. The most frequent and significant are the damages from snow and 

strong winds, as the most vulnerable are the coniferous forests for the 10-year period amounting to 2 

362.89 ha or 412 % more than the affected broadleaves’ forests, amounting to 572, 99 ha.  

During the ten-year study period, forest owners reported abiotic damage to 52,687 ha of 

forests. After reviewing the analyzes of the experts and checking the system, it was found that 50,917 

ha of them were damaged by up to 30 %. 

In the following figures we show the affected forest areas by abiotic factors for the total ten-year 

period, as well as their distribution by years, by types of factors and types of forests. 
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Figure 1 

 

Figure 2 
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Figure 3 

 

 
Figure 4 

The damages in forests from different abiotic factors are as follows: 
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Wind damages  

In the area of the Directorate during the period 2008-2017 it was signaled for breaking and 

felling of stems from strong winds in 1 778 ha of plantations. Affected are mainly coniferous forests 

with an area of 1,312.5 ha or 282 % more than the affected broadleaves’ forests, amounting to 465.5 

ha. The largest areas of wind damages are in the TP “SFE Kirkovo”, the TP “SFE Ardino” and the TP 

“SFE Ivaylovgrad” - amounting to a total of 1,297.2 ha or 73 % of all affected by wind forests for the 

period. Affected are mainly forests of white and black pine on the territory of RFD Kardzhali created 

artificially in 50-70 years of the last century.  

Table 1 

Affected areas by wind in RFD Kardzhali 
for the period 2008 - 2017 in hectares 

 

Enterprise Type of forest Year Total 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

Ardino coniferous      1.2 321.5    322.7 
broadleaves       73.4    73.4 

Zhenda coniferous            61    61 
broadleaves                

 Ivaylovgrad coniferous     223.1   0.2       223.3 
broadleaves                   

Kirkovo coniferous       550.6   5.8 25.1 0 581.5 
broadleaves       14.8   61.1 20.4 0 96.3 

Krumovgrad coniferous 30.6        12   42.6 
broadleaves 7.5       21.6   29.1 

Kardzhali coniferous       47.9     47.9 
broadleaves             

Madzharovo coniferous              
broadleaves                

Momchilgrad coniferous 
 

0.1        3.3   3.4 
broadleaves              

Svilengrad coniferous             
broadleaves   4.9         4.9 

Topolovgrad coniferous   29.9        0.2 30.1 
broadleaves            142     142 

Harmanli coniferous               
broadleaves   18.5        25.5     44 

Haskovo coniferous            
broadleaves 10.6 12.4 21.4      8.2 23.2   75.8 

Totally for RFD: 48.7 65.8 21.4 223.1 0 614.7 464.1 294.5 45.5 0.2 1778 
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Figure 5 

Damages from snow  

Snow damage was reported for the period, incl. snow and snow plows, on a total of 50,108.5 

ha, with a predominance of those with a low degree – 47 419 ha. Damages from snow were inflicted 

mainly in the artificially created plantations of coniferous species (pius silvestris and pinus nigra) - 46 

167 ha or 92% of all damages. Damages from snow fall in broadleaves’ species were on the area of 2 

941.5 ha. 

As can be seen from the chart below for the survey period, the biggest damages were from the 

wet snow fall in March 2015. 

The most affected are the coniferous forests in the southeastern part of the Directorate - TP 

"SFE Kirkovo", TP "SFE Krumovgrad" and TP "SFE Momchilgrad" - amounting to a total of 30,263 

ha or 66% of all affected coniferous forests from snow for the period. Affected are mainly forests of 

white and black pine on the territory of RFD Kardzhali created artificially in 50-70 years of the last 

century.   
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Table 2 

Affected areas of snowfall in RFD Kardzhali 
for the period 2008 - 2017 in hectares 

 

Enterprise Type of forest Year Total 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 
Ardino 
 

coniferous     534.5 2.8 934.1 73.1   4607.2 467.2 18.7 6637.6 
broadleaves     34.5   79.1 16.8   328.6 58.5 50.6 568.1 

Zhenda 
 

coniferous           674.2   2245.7 678 1562.3 5160.2 
broadleaves           63.8   133 10.6 112.2 319.6 

Ivaylovgrad 
 

coniferous 21.7             1354.3 56.8   1432.8 
broadleaves               62.2     62.2 

Kirkovo 
 

coniferous   638.4 1219.7   1542.8     8380.4 1267.6 416.6 13465.5 
broadleaves   4.3     21.7     306.8 27.9 17.1 377.8 

Krumovgrad 
 

coniferous 33.9 264.3 320.1 93.9 269.1 85.8   6977.5 231.8 362.9 8639.3 
broadleaves 10.9     215 126.7 41.4   112.9   7.2 514.1 

Kardzhali 
 

coniferous         125.9 3.4   2272.8     2402.1 
broadleaves         1.3     62.3     63.6 

Madzharovo 
 

coniferous               385.1 6.8   391.9 
broadleaves               2.7     2.7 

Momchilgrad 
 

coniferous 16.4   96.6 34.9 29.7     5612.2 1898.8 469.6 8158.2 
broadleaves           41   424.5 52.2   517.7 

Svilengrad 
 

coniferous         47.7           47.7 
broadleaves       305.8             305.8 

Topolovgrad 
 

coniferous             226.8   182.7 0.48 409.98 
broadleaves                     0 

Harmanli 
 

coniferous             15.8 13.3     29.1 
broadleaves                     0 

Haskovo 
 

coniferous 18.2   109.4         221.4 0.6 43 392.6 
broadleaves     47.1         97.9 0.5 64.4 209.9 

Totally for RFD:  907 2361.9 652.4 3178.1 999.5 242.6 33600.8 4940 3125.08 50108.48 
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Figure 6 

Wild forest fires 

Conditions for wild forest fires are high summer temperatures and droughts. Damages from 

wild forest fire on a total of 663.5 ha were reported for the period. Affected are mainly artificial 

plantations of coniferous species (pinus silvestris and pinus nigra) - 443.4 ha or 67%. The damages in 

broadleaves’ forests are 220.1 ha. 

The most affected forests are in TP "SFE Svilengrad", TP "SFE" Topolovgrad and TP "SFE 

Ardino" - amounting to a total of 585.5 ha or 88% of all affected forests by fires for the period.  

Table 3 

Affected areas by fires in RFD Kardzhali 
for the period 2008 - 2017 in hectares 

Enterprise Type of forest Year Total 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 
Ardino coniferous 2.8 0.7 0.3   3.6     0.4 113.8   121.6 

broadleaves 1.2       0.1       0.8   2.1 
Zhenda coniferous                   0.6 0.6 

broadleaves                       
Ivaylovgrad coniferous                       

broadleaves                       
Kirkovo coniferous                   0.3 0.3 

broadleaves                       
Krumovgrad coniferous                       

broadleaves                       
Kardzhali coniferous           7         7 
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broadleaves                       
Madzharovo coniferous                       

broadleaves                       
Momchilgrad coniferous 0.05 0.1     5.6         0.6 6.35 

broadleaves                       
Svilengrad coniferous   6.2       98.1         104.3 

broadleaves     21.2     184.7         205.9 
Topolovgrad coniferous           1.9     126.7 18 146.6 

broadleaves                       
Harmanli coniferous 53.2                   53.2 

broadleaves   6.4                 6.4 
Haskovo coniferous 3.4                   3.4 

broadleaves 0.5         5.2         5.7 
Totally for RFD: 61.15 13.4 21.5 0 9.3 296.9 0 0.4 241.3 19.5 663.45 

 

 

Figure 7 

Drought drying 

As a result of droughts and high temperatures in some areas of the Directorate during the vegetation 

period of the considered time period, was found drying of young coniferous crops with an area of 

106.7 ha.  

Damages from frosts, torrential rains, hail and ice. 

The established damages are strongly from frosts on broadleaves tree-species in mixed young crops 

with a total area of 8.5 ha. 
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Also as a result of torrential rains have affected 6.5 ha. 

A hail crop on an area of 23.9 ha was slightly affected by hail. 

In 2014, minor damages were found in SFE Krumovgrad from an icebreaker on broadleaves’ forests 

on an area of 113.5 ha. 

 

B. Assessment of the climatic situation for Regional Forest 

Directorate - Kardzhali for the period 2008-2017 
 

The climatic conditions play a decisive role in the productivity and condition of forests, and 

influence the development and spread of diseases and pests in them. Data from the electronic editions 

of the monthly meteorological bulletins of NIMH have been used to monitor the climatic situation 

over the years.  

The basis for assessing the situation are the factors temperature and precipitation (including 
snow). In addition, extreme short-term meteorological phenomena such as strong winds, hail and 
others have an important impact on the health of forests. 

The assessment is made on the basis of a comparison between the measured for the respective 
month and the norms for the respective indicator, calculated for the period 1961–1990. The values for 
the deviations from the climatic norms of temperature and precipitation are taken from 3 stationary 
observation points, located in different parts of the territory of the Regional Forest Directorate 
Kardzhali. 

The data from the electronic editions of the monthly meteorological bulletins of NIMH show 
that at the beginning of the considered period in 2008 the temperatures are above the norm and the 
precipitation is below the norm everywhere. There were strong winds in the months of February - 9 
days of strong wind; 3–6.03 - between 18-24 m / s in the region of Kardzhali and over 20 m / s in the 
region of Haskovo; at 4-5.12. in the region of Kardzhali - wind 20 m / s, and on 23-24.12.2008 - 22-28 
m / s.  

For 2009 the data shows that there were periods of significant deviations from the temperature 
and precipitation norms. Thus, in the months of April, May and almost the whole of June, a drier 
period emerges, coinciding with the initial and active period of the vegetation. The months of August 
and September are also dry and hot, with high temperatures and prolonged drought creating a fire 
situation in the forests. This is a reason to assess that the climatic situation during the year was not 
stable, it is worse than usual, which explains the presence of many forest protection problems during 
the year. 

In 2010 the data from the electronic editions of the monthly meteorological bulletins of NIMH 
show that there were periods of significant deviations from the temperature and precipitation norms. In 
general, except for August, precipitation was close to and above normal. There was no permanent 
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drought and in terms of temperature and humidity conditions, the year was favorable for the growth 
and development of forest-tree vegetation in the area of the directorate. 

In 2010 the data from the electronic editions of the monthly meteorological bulletins of NIMH 
show that there were periods of significant deviations from the temperature and precipitation norms. In 
general, except for August, precipitation was close to and above normal. There was no permanent 
drought and in terms of temperature and humidity conditions, the year was favorable for the growth 
and development of forest-tree vegetation in the area of the directorate. 

During the first Winter months of 2011, the data show that there are alternations of hot and 
cold periods, with precipitation in most areas in the norms, in places and from wet snow. In some 
areas, heavy and heavy rainfall during the Summer, often accompanied by strong winds or hail, caused 
floods and damage. The coming Autumn had higher average temperatures than usual. The 
precipitation was unevenly distributed, as at the end of the first ten days of October wet snow fell and 
caused snowstorms in many plantations on forest enterprises in the Kardzhali region. 

The Spring of 2012 was warmer than usual, with less rainfall in March-April and significant 
after the first ten days of May. The Summer had temperatures above average and rainfall below 
normal for the respective months. In many areas of the directorate, Summer rainfall is extremely 
scarce or non-existent, and these conditions have also adversely affected forest-tree vegetation. A fire 
situation was created in the forests and in August there were many fires. The Autumn months of 
September and October were characterized by higher average temperatures than usual and below 
normal. In general, 2012 was a warmer and drier Spring, a hotter and drier Summer, which lasted in a 
warm and dry Autumn.  

The Spring and early Summer of 2013 were close to normal temperatures and rainfall, but 
August-September and October were warmer than usual and with sparse rainfall. Again in August a 
fire situation was created and there were fires in forest areas in the areas of Svilengrad, Haskovo and 
Topolovgrad.  

The Spring in 2014 started with temperatures close to normal and with heavy rainfall in the 
second half of April, which significantly increased the volume of river runoff. The Summer had 
temperatures around the average for June and July, and above the norm - in August.  

The data shows that the whole of 2014 is characterized by much more precipitation compared 
to previous years. They were often accompanied by strong winds and hail. At the end of October, large 
amounts of wet snow fell, which caused snowstorms in many, mostly coniferous forests in the area of 
the entire directorate. 

The Spring in 2015 started with temperatures close to normal and with a lot of precipitation in 
early March. The maximum amount of rain turning into snow for Bulgaria was measured in the region 
of Momchilgrad - 154 mm. The heavy snowfall in the Rhodopes on March 6-7th caused significant 
damage to the forests. The largest snow cover in Bulgaria - 116 cm was measured in the area of the 
village of Tokachka, on the territory of SFE Momchilgrad, as well as the maximum amount of rain 
turning into snow in 48 hours - 148 mm for the area of Krumovgrad. A disaster situation was declared 
in huge areas within the regions of Kardzhali, Haskovo, Smolyan and Plovdiv.  
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Damage from snowdrifts and snowbreaks was found in 33,600.8 ha of forests in total, which 
can be seen from the indicated figure № 2. - 13 843.3 ha (incl. 13 465.5 ha in coniferous); SFE 
Krumovgrad - 9 153.4 ha (in that case 8 639.3 ha in coniferous); SFE Momchilgrad - 8 675.9 ha (incl. 
8 158.2 ha in coniferous). The Summer began with heavy rainfall, accompanied by hail in some 
places, which caused serious damage. In July and August it was warmer than usual and forest fires 
broke out, while in September and October the rainfall, often torrential and accompanied by wind and 
hail, was above normal and also caused damage in some areas. In the region of Haskovo on September 
11th for 70 minutes a precipitation of 80 l / m2 was measured, accompanied by a hurricane wind of 20 
m / s. The last 8 days from October to November 21 is an extremely dry period, followed by fires in 
the region.  

The winter months at the beginning of 2016 were warmer than usual for the region, and 
February reached absolute records for high temperatures in Bulgaria. The spring of 2016 started with 
higher than normal temperatures, which continued throughout the summer. The drought created 
conditions for the deterioration of the forest-tree vegetation and for the occurrence of forest fires. At 
the beginning of July in the region of Ardino 200 hectares of forest territories were burned, as well as 
over 300 hectares of areas in the regions of Kardzhali and Haskovo at the end of the month. A state of 
emergency has been declared in the Harmanli area since August 22-24. The Autumn months - 
September and October, were characterized by average monthly temperatures around and above the 
norm, and precipitation was significantly below the norm in most areas. A long drought period is 
formed in some areas of the station, which has affected the health of the forests in them.  

The months December 2016 and January 2017 were with average monthly temperatures below 
the norm. December was dry - rainfall was almost everywhere below 50% of the norm, and there are 
large areas with rainfall between 1 and 20% of the norm - the entire Rhodopes and the northern halves 
of Haskovo and Kardzhali regions. In January, snow cover is formed everywhere, and the spring of 
2017 began with temperatures above normal and with more precipitation.  

Temperatures in the Summer were also higher than usual for these months, forming no 
precipitation period, during which forest fires occurred. In July there were fires in the region of 
Ardino, and in August in the regions of Topolovgrad and Haskovo. The unstable weather in the 
Summer and Autumn has presented itself again with short-term intensive precipitation in the regions 
of Kardzhali in August – 249 % of the norm, Krumovgrad in September – 321% of the norm and 
torrential rain on December 3rd, in the Kardzhali region - 144 mm/m2 for 24 hours. 

Information on the deviation of the average seasonal temperature and precipitation from the 
norm in the summer of 2017 is presented through the following figures, prepared by NIMH at BAS. 
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Figure 8 

 

Figure 9 

The autumn months - September and October, were characterized by temperatures mostly 

around and above the norm in most areas. Almost everywhere the rainfall was above the norm, and in 

October and early December it was torrential.  
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C. Analysis of the conducted measures 

C1. Sanitary and forced logging 

The sanitary logging are the only forestry measure, the implementation of which maintains the 

sanitary minimum and good health status of forests in the event of damage by abiotic factors. The 

more important problems that are prevented through them are the mass multiplication of pests in 

coniferous and broadleave forests, the development of fungal diseases, as well as the devaluation and 

loss of timber. 

Table 4 
Planned sanitary loggings in 2009 - 2018 

SFE/SHE Forest types Year Total 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 

Ardino coniferous 1.3   1.9 2.8 0.2 3.5 11.9 3492.0 581.0 342.6 4437.2 
broadleaves     0.4     6.2 19.9 119.7 59.3 50.6 256.1 

Zhenda coniferous               1314.0 656.5 1233.3 3203.8 
broadleaves               95.7 9.7 110.6 216.0 

Ivaylovgrad coniferous               1261.1 56.8   1317.9 
broadleaves               20.3     20.3 

Kirkovo coniferous     607.0     0.8   3471.6 820.1 399.6 5299.1 
broadleaves               85.6 48.3 17.1 151.0 

Krumovgrad coniferous       83.6       5585.4 194.8 361.9 6225.7 
broadleaves       203.9       50.1   7.2 261.2 

Kardzhali coniferous           17.6   1585.9     1603.5 
broadleaves               19.8     19.8 

Madzharovo coniferous               376.6 6.8   383.4 
broadleaves               2.7     2.7 

Momchilgrad coniferous 0.5 3.4 0.2         1151.5 1877.5 469.7 3502.8 
broadleaves     0.1         1.5 52.2   53.8 

Svilengrad coniferous 133.5 6.2       25.7         165.4 
broadleaves 236.4                   236.4 

Topolovgrad coniferous                 52.6 16.2 68.8 
broadleaves                     0.0 

Harmanli coniferous   0.1         15.8 13.3     29.2 
broadleaves                     0.0 

Haskovo coniferous   6.2   109.4       54.2 0.6 43.0 213.4 
broadleaves   0.5 3.0 47.1   2.0   63.7 0.5 64.4 181.2 

Total RFD: 371.7 16.4 612.7 446.8 0.2 55.8 47.6 18764.7 4416.7 3116.2 27848.8 
 

Distribution of the performed sanitary and forced loggings during the period 2008-2017 are 

indicated in the table below: 

Table 5 

Conducted logging in 2008 – 2017 

SFE/SHE Forest types Year Total 
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D. Conclusion and recommendations 

The total plantations affected by abiotic factors for the period amounted to 53116.8 ha.  

Table 6 

Affected areas from abiotic damage, stem pests and drying 

Damages 
Year 

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 
 abiotic coniferous 214.1 947.3 2282.0 86.4 2910.2 1618.8 398.3 32741.2 5055.9 3214.7 
abiotic broadleaves 252.0 34.1 128.0 203.9 239.1 368.3 195.1 1805.0 170.9 251.5 
stem pests 109.4 158.4 40.4 0.1 0.7 148.4 20.1 24.1 5555.2 6383.2 

 drying coniferous 0.0 86.3 207.8 0.1 0.3 3672.0 1118.3 515.4 440.5 7289.8 
 drying broadleaves 10.5 0.0 42.2 25.9 0.1 0.4 326.1 6.9 124.1 60.1 

TOTAL: 586.0 1226.1 2700.4 316.4 3150.4 5807.9 2057.9 35092.5 11346.6 17199.3 
 

Three groups of guidelines can be derived from the analysis in order to maintain the good 
health status of the plantations: 

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

Ardino coniferous 103.9 1.8 325.6 22.5 96.5 3.5   588.1 1163.
3 700.6 3005.8 

broadleaves 111.3   54 35.5   6.2     54.1   261.1 

Zhenda coniferous               366.3   392.07 758.37 
broadleaves               41.6   4.23 45.83 

Ivaylovgrad coniferous   28.6 13.3 5.4       483.4 462.3
1 33.6 1026.61 

broadleaves 403.6 327.9 253 203       4.1     1191.6 

Kirkovo coniferous 59.6 186 589.7     0.8 6.8 1281.4 215.1 300.8 2640.2 
broadleaves 45 35.4 8.7       4.8 20.8 23 4.3 142 

Krumovgrad coniferous 82.9 163.3 164.3 0.6 198.3 63.1   1208.3 1259.
9 1530.7 4671.4 

broadleaves 80.6     30 180 6.4   0.1 8.3 50.5 355.9 

Kardzhali coniferous           17 0.6 571.5     589.1 
broadleaves     0.7 17.5             18.2 

Madzharovo coniferous               132.6 267.5 121.3 521.4 
broadleaves                 2.4   2.4 

Momchilgra
d 

coniferous 8.2 35 54.5 54.5 28.2     1042.8 862.6 178.8 2264.6 
broadleaves 1.1 17.8           1.5     20.4 

Svilengrad coniferous 31.3 65.6         38.6       135.5 
broadleaves 12.1 5.6 4.9   69.8 227.3   7     326.7 

Topolovgra
d 

coniferous                 34.2 59.1 93.3 
broadleaves                       

Harmanli coniferous 606.6 24.6           13.3     644.5 
broadleaves 62.7 51.5                 114.2 

Haskovo coniferous   18.5 46.5           131.9   196.9 
broadleaves 232.3 81.1 125.7 4.12 20.4       26.2   489.82 

Total RFD: 1841.
2 1042.7 1640.

9 373.12 593.2 324.3 50.8 5762.8 4510.
81 3376 19515.83 
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1. Growing plantations to ensure mechanical resistance to wind and 
snow damage  

 Carrying out breeding activities in the forests, in addition to the main silvicultural task, is also 
a basic silvicultural event. The conducted felling increases the group resistance of the plantations 
exposed to strong winds, heavy and wet snow, especially if they are at the beginning of the winter 
season with no fallen leaves for the deciduous species. In the last 15 years, the demand for 
technological wood, which is a result of the cultivation, has increased. This has a positive effect, but 
also carries some risks. The main risks of increased demand are due on the one hand to the late entry 
into the plantations - the second half of the summer, during which they do not have time to react to 
restore the canopy and create mechanical stability of the plantation. The next problem, which is 
economic, is that in most of the plantations the first cultivation fellings are not carried out - clearings 
and early thinnings, which are financially unprofitable for forest owners. This leads to a reduction in 
the coefficient of resistance of the individual piece (tree) in the ratio of height to diameter. 

Based on the inspection of the affected plantations, the climatic features during the different 
years for the surveyed period and the necessary silvicultural measures, the main recommendation is 
the timely implementation of the cultivation measures in order to protect the plantations from damage. 

 
2. Immediate assimilation of damaged wood in order not to be 

damaged by biotic factors  
 

Despite the measures taken, albeit to a lesser extent, damages were caused by abiotic factors in 
extreme weather conditions, such as the heavy wet snow in March 2015. 

The timely usage of the damaged timber from such episodic climatic phenomena and those 
affected by uncultivated stands is an important stage in maintaining the health of the affected and 
adjacent plantations.  

After the analysis of the violations in the structure of the plantations and the conducted 
measures it was established that the non-assimilation of the damaged wood leads to a high risk of 
multiplication of pests, which affect not only the wood from the affected plantations, but also 
surrounding ones, a typical example is again 2015. Naturally, all this leads to a change in the way of 
assigning in extreme situations of silvicultural activities (forced logging and the way of clearing the 
loggings), on the one hand changes are needed in the current regulatory framework and production 
capacity for rapid assimilation and processing of the damaged wood in order to prevent damages by 
biotic factor and loss of financial resources. 

The following figure shows the relationships between snow damage, wind damage, droughts 

and subsequent multiplication of stem pests and plants’ drying. 
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Figure 10 

3. Differentiated approach in the restoration of the affected areas: 
The restoration of the affected plantations is important not only from a forestry point of view 

for the protection of forest areas against erosion (water and wind), torrents and landslides, but also 
from a social point of view – recreation, sweet water use and economic. 

Despite the efforts made to ensure group and individual sustainability of the plantations, as 
well as to assimilate the affected plantations or parts of them of a group nature, the practice shows that 
areas of different sizes are cut down, for which efforts should be made to restore without to follow the 
principle "if it was green it has to stay green". The immediate inventory of the areas freed from 
damaged wood will allow for a quick and successful reaction of the forest owner. 

 It is important to determine the most suitable tree species, depending on a set of conditions - 
habitat, climatic features of the area (including microclimate) in the spirit of increasing climate change 
and indigenous vegetation. 

Coping methods are divided into three groups:  

3.1 Immediate afforestation 

When it is established that the habitat does not have the potential for natural regeneration with 
the desired by the forestry, incl. and economic point of view species and there is a serious danger of 
the accommodation of unwanted vegetation. In the latter case, it will be necessary to invest more 
financial resources in order to achieve the desired results in case of delay of the renewal actions on the 
part of the owner. 

3.2 Observation and rapid response if necessary 
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In case of assessment by the forestry personnel conducting the inventory of the vacated areas 
that there is a sufficiently reliable local reproductive material that can regenerate these areas naturally 
and there is no danger of accommodation of unwanted vegetation, Art. 97 para 1 of the Forest Act 
"The loggings and fires, which cannot be restored naturally within three years from their logging or 
burning in case of fire, shall be afforested by their owner within two years after the expiration of the 
three-year period." This method at work requires continuous monitoring of these areas and, if 
necessary, application of item 3.1. 

3.3 Supporting natural regeneration 

In most of the plantations, especially in the upper forest belt, after the first year of the release 
of the affected areas, processes of natural regeneration are observed. In order to quickly restore these 
areas on the basis of periodic inventories by forest owners and / or hired foresters, measures can be 
taken to support natural regeneration by afforestation or loosening of non-regenerated areas in order to 
saturate the areas with the necessary the number of saplings. 

In the lower forest belt in artificial plantations affected by abiotic factors with a lack of natural 
regeneration process, the activities are reduced to loosening the soil and supporting with seeds or 
saplings of the desired tree species. 

 

The forest monitoring conducted in the network for large-scale monitoring of forest 
ecosystems for the period 2008 - 2017 showed that the larger percentage of forest areas covered with 
forest vegetation in the area of Regional Forest Directorate - Kardzhali are in good condition.  
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MONITORING OF WATER RUNOFF, WATER SUPPLY AND 
MOISTURE IN THE SURFACE SOIL LAYER IN THE ENTIRE 

TERRITORIAL SCOPE OF THE REGIONAL FOREST 
DIRECTORATE - KARDZHALI 

  
Within the activity 4.1.2 on Work package 4 – “Monitoring and analysis of abiotic factors' 

effects”, eight experts of the Lead Beneficiary had to monitor the water runoff, water supply and 
moisture in the surface soil layer overall territory of the Directorate. 

Eight experts for 12 months were designated do complete the task, focused on the 10 
Enterprises responsible for the management of the forests and the rivers passing through their 
territories. 

The observed rivers were: Plazishte river, Varbitsa river and its tributaries, Perperek river and 
its tributaries, Byala river and its tributaries, Olu dere river and its tributaries, Ardinska river and its 
tributaries, Biserska river and its tributaries, Krumovitsa river and its tributaries, Manastirska river and 
its tributaries, Levka river and its tributaries. The total length of the observed rivers is over 501 km, 
and the catchment river area fall under the monitoring is over 3575 km2. In the monitoring were 
excluded the biggest rivers in the area of RFD Kardzhali – Maritsa, Arda and Tundzha as their runoff 
and water supply is above the average for all other smaller rivers. 

 
Figure 1 
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Figure 2 

   

In the region, there are two categories of surface waters which have been identified - "river" 
and "lake". The category "river" includes river water bodies and dams formed by blocking a river, 
which forms an independent water body above the dam. The category "lake" includes natural lakes 
and dams (reservoirs), which are artificially created outside the existing river basin (artificial water 
bodies - AWB) or are located at the beginning of the rivers and above them is not a separate river 
water body.  

 
Figure 3 
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The presented Summary of the monitoring of the water runoff, water supply and moisture in 
the surface soil layer is out of the scope of the regulary monitoring of surface waters in the Eastern-
Aegean River Basin Directorate. 

The geological composition of the riverbeds and the route of each river is very important, as 
there are many bentonite and perlite deposits in the area, which absorb a large part of the moisture and 
water. This is a fact which indirectly is affecting the water quantity and especially the moisture in the 
upper soil layer. 

   Figure 4 
Conclusion of the monitoring: as a result of the surveys and observations made, the levels of 

all rivers and their tributaries falling within the scope of the survey are highly volatile and volatile. 
This new is extremely dependent on the frequency and amount of rainfall. In almost all rivers there is a 
minimum runoff and even drying in a few months - especially in Summer and early Autumn. 

    
Figure 5       Figure 6 
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Prolonged drought due to high summer temperatures leads to a decrease in moisture in the 
surface soil layer. All these facts in combination together lead to a weakening of the physiological 
status of the stand. That is why there is an increase in attacks by fungal pathogens and insect pests in 
the first autumn months, when the trees are much more vulnerable and with weakened self-defense 
reactions due to prolonged drought. 

  
Figure 7           Figure 8 

 

When monitoring the sanitary condition of the forests, it was established that in the spring 
until the end of May they are in good health. But at the end of August and September there is an 
increase in attacks by bark beetles and fungal pathogens on conifers, after a long period of drought. 

All reports of the experts on activity 4.1.2. shown that it is imperative to take measures to 
reduce timber losses. During the Summer months, when the soil dries out and the moisture is 
insufficient, there is a physiological weakening of the trees. This physiological weakening of the trees 
leads to a deterioration of their health, making them more vulnerable to all pests. 

                   
Figure 9            Figure 10 

 

It is recommendable to carrying out sanitary logging due to drying, and the free- open areas 
should be afforested only according to the regulation. 

Due to the fact that the situation with surface waters will worsen - periods without 
precipitation are longer, and summer temperatures rise, which leads to constant warming and climate 
change, it is necessary to recommend measures and the use of other silvicultural methods. 
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Figure 11               Figure 12 

 

The conclusion for afforestation is to recommend all samplings used to be natural tree species, 
more drought-resistant for every spesific area. 
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OWLS ARE IMPORTANT NOT JUST FOR NATURE 
CONSERVATION BUT ALSO FOR THE SOCIETY 

The presence of owls serves as a barometer of ecological health, making them good indicators 

of ecosystem changes (Newton 1979, Sergio et al. 2004). The owls, being close to the top of the food 

chain in most terrestrial ecosystems, are threated by habitat degradation, pollution and climate change. 

Owls also play an important ecological role by controlling the populations of rodents and other small 

mammals, acting as a natural limiting factor to the population growth of many parasitic mammals and 

pests (Kan et al. 2014). Therefore, the existence of owls is very important, not only for nature 

conservation, but also for farmers and the society. 

A prolonged and large-scale decline of their populations has been observed in Europe and 

worldwide, mainly due to the loss, fragmentation and destruction of ecosystems by anthropogenic 

factors. These changes, caused mainly by alterations in agricultural practices, lead to the limitation of 

available nesting and hunting sites, while reproductive success is reduced due to low prey availability. 

Other direct and important threats are the widespread use of chemical fertilizers, pesticides and 

poisons in agriculture, in order to control the populations of harmful insects and rodents, such as rats 

and mice, which are the main food for most nocturnal birds of prey. 

Eighty one percent of the Nocturnal birds of prey that breed in southern Europe have been 

classified as Species of European Conservation Concern and 76% of them have shown recent 

population decline (Burfield 2008). For the effective protection and management of owls it is 

necessary, among other things, to study and understand their ecology, populations and the areas that 

they occupy. Species distribution models (SDMs) based on presence-only occurrence data have been 

widely used during the last decades to model ecological niches, to investigate biogeographic 

distributions as well as for conservation planning (Phillips et al. 2006). The development of 

specialized ecological models has been used to identify suitable nesting and foraging sites and could 

help protect the owls that inhabit mainly human-altered habitats. 

The Dadia-Lefkimi-Soufli Forest National Park is characterized by a high ornithological value 

(Poirazidis et al., 2011), with six species of nocturnal birds of prey breeding here: the Eagle owl (Bubo 

bubo), the Tawny owl (Strix aluco), the Long-eared owl (Asio otus), the Barn owl (Tyto alba), the 

Eurasian scops owl (Otus scops) and the Little owl (Athene noctua). In the National Park, the potential 

distribution of each owl species, has been modeled, using 24 environmental factors, related to 

topography, landscape and nuisance, using the software Maxent (Phillips et al. 2006). These models 

showed good predictive power with high AUC values> 0.8 (Poirazidis et al. 2014). The Eagle owl is 

found in the National Park at a narrower niche, with a preference to areas with abundant rocky 

outcrops at low altitudes. The Tawny owl prefers forests with mature trees on gentle slopes, but at 

higher altitudes, avoiding areas with Eagle owl nesting sites, while it is the most abundant nocturnal 

species within all habitats in the area. The Long-eared owl and the Little owl where distributed mainly 
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in open areas, while the Little owl preferred anthropogenic habitats with settlements and agriculture. 

The richest owl bio-communities appeared in agricultural habitats, as well as in broadleaved and 

mixed forests (Poirazidis et al. 2014). The conservation of mature forests in heterogeneous landscapes 

and the preservation of traditional rural practices are key management measures for the protection of 

nocturnal birds of prey in the area of the National Park.  

Worldwide, there are many examples of successful owl rehabilitation programs. The purpose 

of such programs is to provide suitable nesting and overwintering habitats, but may also include the 

enhancement of rodent populations, which are the mail prey of owls. A widely used conservation tool 

for nocturnal birds of prey is artificial nest boxes, which have been proven one of the most effective 

methods for recovering owl populations. When artificial nests are placed in areas with suitable habitat, 

but few potential nesting sites, the number of nesting pairs may increase significantly. A study of 200 

Barn owl nest boxes over ten years in the east of the Netherlands (de Bruin 1994) showed that with 

increasing box availability, over 90% of broods in the area established and the species population 

increased. 

In the frame of the “FORPRO” Interreg project, 100 wooden nest boxes where constructed 

and installed for five different species of nocturnal birds of prey (20 nests per species for: Little owl, 

Barn owl, Eurasian scops owl, Long-eared owl and Tawny owl). The nest boxes were placed, in 2018, 

in selected sites, in the forest, in agricultural areas and in settlements. The nest boxes were installed on 

trees, old abandoned houses and warehouses (Fig. 1; Table 1). Every nest box was marked with a 

distinct code on a metallic plate, in order to record and monitor them annually in a systematic way. 

Also, two cameras have been installed inside two of the nest boxes (one suitable for Little owls and 

the other suitable for Tawny owls) in order to have live video of the activity of the birds. 

Table 1: Placement of owl nest boxes in the Dadia-Lefkimi-Soufli Forest National Park 

Habitat Location Number of nest 
boxes Total per habitat 

Settlements 

Dadia 9 

40 

Giannouli 3 
Soufli 11 
Kornofolia 4 
Provatonas 3 
Lefkimi 4 
Abandoned-military buildings 
in Lykofi village 6 

Along roads 

Dadia to Giannouli (through 
concrete low – water 
crossing) 

7 

44 

Giannouli – Soufli 5 
Dadia – Maggazi crossway 1 
Provatonas to Lefkimi 2 
Lefkimi to Kitrinopetra ruins 
area 4 

Kitrinopetra ruins area to 
Dadia 10 

Dadia to Kapsalo peak 7 
Dadia to Lefkimi 8 

Agricultural Soufli agricultural field 3 16 
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areas Kornofolia agricultural field 2 
Kornofolia-Maggazi 
agricultural field 1 

Lykofi-Provatonas 
agricultural field  10 
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Figure 1: Placement of owl nest boxes in the Dadia-Lefkimi-Soufli Forest National Park 

In 2019 the Management Body monitored the use of 75 of the artificial nests during one visit 

per nest (for two nests there were two visits), in 27/05, 29/05, 31/05, 12/06 and 31/06. These visits 

where opportunistic and records did not follow a predefined monitoring protocol. Owl breeding 

activity was recorded in seven nests. More specifically pellets were found in three Barn owl nests, egg 

shells and pellets in one Long-eared owl nest, egg shells in one Tawny owl nest and two nestlings in 
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another, and an incubating adult in a Eurasian scops owl nest. In addition, in five nests, we found 

nesting material (branches, leaves etc), feathers and/or droppings, which, however, cannot confirm 

breeding activity. In nine nests we found passerine birds, while in one nest there was a Forest 

dormouse with its young. Fifty nests were empty.  

For the proper monitoring of the utilization of the artificial nests, the Management Body 

compiled a monitoring protocol, including three visits to each nest, which was to be applied from 2020 

on, but its application was postponed due to COVID-19 emergency measures. As a result, in 2020, as 

in 2019, only one single visit was made per nest, at the end of the breeding season, when the COVID-

19 measures were withdrawn. In addition to the monitoring of the nest boxes, the Management Body, 

in 2020, also monitored the owl populations in the National Park using playback calls and the results 

will be available in 2021.  

The Management Body is planning to continue the monitoring of the artificial nests, in a more 

systematic way, in the following years, in order to study their long-term effects on the owl populations 

and assess their contribution to owl conservation and management in the National Park.  
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THIS SUMMARY MATERIAL OF BEST IMPLEMENTED PRACTICES HAS BEEN 
DEVELOPED IN THE SMOOTH COOPERATION BETWEEN EXPERTS OF THE THREE 
PARTNERS INCLUDING EXTERNAL EXPERTS. IT HAS BEEN MADE FOLLOWING THE 
STRICT REQUIREMENTS OF PROGRAMME AND GIVES THE BEST PRACTICES GUIDE 
FOR EVERYONE IN THE CROSS-BORDER REGION. 

TO ACHIEVE THESE REMARCABLE RESULTS WE ARE GRATEFULL TO DIPL. 

ENG. YULIAN KEHAYOV, PROFESSOR MIGLENA ZHIANSKI, AND PROFESSOR KOSTAS 

POIRAZIDIS – THE ALL THREE PRINCIPALS OF THE THREE PROJECT PARTNERS.  

THE KEY EXPERTS WHO COMPLETE THE PROJECT ARE: DIPL. ENG. ANTOANETA 

GARDEVA, DIPL. ENG. KATYA KARPACHEVA, DIPL. ENG. MARUSYA PASHOVA, DIPL. 

ENG. TODOR TODOROV, DIPL. ENG. SVETLAN STAYKOV, DIPL. ENG. YUSEIN 

EFENDIEV, DIPL. ENG. ANTOANETA STOYANOVA, DZHANAN YUSEIN, GEORGI 

MARKOV, PETAR KARTALOV, MESTAN SHABAN, ATANAS KARCHEV, BOYAN 

NIKOLOV AND OTHER STAFF OF THE LEAD BENEFICIARY - RFD KARDZHALI, 

PROFESSOR GEORGI GEORGIEV, PROFESSOR MARGARITA GEORGIEVA, ASSOCIATE 

PROFESSOR PLAMEN MIRCHEV, ANNA BORISOVA AND OTHER STAFF OF THE PROJECT 

BENEFICIARY 2 – FOREST RESEARCH INSTITUTE AT BULGARIAN ACADEMY OF 

SCIENCES, DIPL. ENG. ANNA KONSTANTINIDOU, DIPL. ENG. HARIS PAPALEXANDRIS, 

DIPL. ENG. STAVROS TSIANTIKOUDIS, PhD AND OTHER STAFF OF THE PARTNER 

BENEFICIARY 3 – MANAGEMENT BODY OF THE NATIONAL FOREST PARK “DADIA-

LEFKIMI-SOUFLI”. THIS PROJECT HAS BEEN REALISED THANKS TO MR. ALKIS 

STAVRIDIS, WHO’S ENOURMOUS SUPPORT AND HELP ON TIME LEADS TO 

SUCCESSFUL PROJECT IMPLEMENTATION.  

WE THANK TO EVERYONE WHO SUPPORTED ALL PROJECT ACTIVITIES UNTIL 

THE PROJECT END. 
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