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Abstract

The object of this study was to establish the similarity and interaction of egg parasi-
toids of three generations (2009, 2010 and 2011) of Thaumetopoea pityocampa and T. soli-
taria inhabiting a common habitat in Dupkata protected area, near Ivaylovgrad (Eastern Rho-
dope Mountains, Southern Bulgaria). On T. pityocampa five egg parasitoids were established, 
and on T. solitaria – three. With them, the similarity in the parasitoid complex is manifested 
in their two common parasitoids: Ooensyrtus pityocampae and Anastatus bifasciatus. The 
first one parasitized single eggs of T. solitaria, i.е. the reducing effect of pistachio proces-
sionary moth number is only 0.3%. The modification Ivlev’s electivity index showed that 
A. bifasciatus evinced certain preferences to T. pityocampa in the selection of host eggs for 
parasitization 

There was no substantial interdependence between the numbers of egg parasitoids of 
both hosts. The number of O. pityocampae, as a parasitoid on T. solitaria, is too low to exert 
any influence on the number of the other host - T. pityocampa. Out of the parasitized eggs 
of the two hosts, with A. bifasciatus 99.6% male individuals emerged, i.e. the number of  
A. bifasciatus with both T. pityocampa and T. solitaria depends on the presence of the other 
alternative hosts for this parasitoid in the habitat under consideration.
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INTRODUCTION

According to the modern taxonomic classifications the genus Thaumetopoea 
includes three species which occur on the territory of Bulgaria: T. processionea 
(Linnaeus, 1758) (oak processionary moth, originally described as Phalaena proces-
sionea), T. pityocampa (Denis et Schiffermüller, 1775) (pine processionary moth, 
reported as Bombix pityocampa) and T. solitaria (Freyer, 1838) (pistachio proces-
sionary moth firstly referred to genus Gastropacha Ochsenheimer, 1810).

There is a great diversity in the species composition of the egg parasitoids and 
their impact on the three processionary moths’ number. For the conditions of Bul-
garia, seven parasitoids on T. pityocampa have been reported and the parasitization 
in some habitats can reach 43.7% (Mirchev, 2005), whereas the reported parasitoids 
with T. processionea eggs are only two with regulating effect of up to 0.9% (Mirchev 
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et al., 2003). The third species of processionary moth, T. solitaria, holds an interme-
diate position, with 3 egg parasitoids and parasitization of up to 9.5-21.5% (Mirchev 
et al., 2006; 2014). No common habitats have been reported for T. pityocampa and 
T. processionea in Bulgaria. 

The aim of this paper is to study the similarity and interdependence of the 
egg parasitoids of T. pityocampa and T. solitaria inhabiting a common habitat on the 
basis of three-year data.

MATERIALS AND METHODS

The sample material for analysis – eggs of T. pityocampa and T. solitaria, was 
collected in the protected area Dupkata, near Ivaylovgrad, Eastern Rhodopes. The 
surface of the protected area is 6.5 ha. The terrain is chalky, occupied by diverse 
xerophyte vegetation, including a large number of Balkan endemics. Sixty years ago, 
a Pinus nigra Arn. plantation was created on this territory and the open spaces and 
the outskirts of the plantation are occupied by Pistacia terebinthus (L.), the nutrient 
plants for T. solitaria.

The analysed material was collected from three generations of both species – 
in 2009, 2010 and 2011. The three generations were dated by the year of egg-laying. 
The date of collection, number of collected egg-batches and total number of eggs in 
them is presented in Table 1.

After the collection, the еgg-batches and clusters were transported to the Ento-
mology Laboratory at Forest Research Institute where the scales were removed and 
the eggs were examined for presence of parasitoids emergence openings. Each one 
was put singly into a test tube with a cotton stopper and stored at room temperature 
of 20-22°C for parasitoid emergence. The final analysis was made after the end of 
the emergence of the parasitoids.

Table 1. Data collected samples of eggs of T. pityocampa and T. solitaria

Generation 2009 2010 2011
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Date of collection 27.03.2010 17.11.2010 27.03.2012
Number of egg batches 22 31 32
Total number of eggs 5 651 7 754 8 944
Mean per batch 256.8 250.1 279.5
Caterpillars hatched  (%) 75.5 60.0 65.6
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Date of collection 27.03.2010 13.04.2011 27.03.2012
Number of egg clusters 33 34 39
Total number of eggs 4 076 4 228 4 833
Mean per cluster 123.5 124.3 123.9
Caterpillars hatched  ( %) 74. 9 92.0 65.8
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The obtained data were statistically processed. The selectivity of the parasitoid 
Anastatus bifasciatus towards one of the two hosts, T. pityocampa and T. solitaria, 
was studied by а modification Ivlev’s electivity index (Ivlev, 1961; Jacobs, 1974).

RESULTS

A total of 35 486 eggs of T. pityocampa and T. solitaria have been observed 
in the course of the three-year studies (Table 1). The average egg productivity of 
female moths, regarded as a biological indicator, showed substantial differences be-
tween the two species as with the pine processionary moth it was two times higher. 
The morphological differences of the eggs were also significant. They were similar 
in shape: reversed truncated octagonal pyramid with a wider upper part which with 
Т. solitaria measured 0.75 mm on the average, whereas with T. pityocampa it was 
with 25% wider. 

The survival rate at the egg stage is expressed by the percentage of the suc-
cessfully hatched caterpillars. The rate was similar for both species within the scope 
of 65-75% in 2009 and 2011 generations (Table 1). There were significant differ-
ences in the 2010 generation of Т. solitaria where 92% of hatched caterpillars were 
registered at this stage of its ontogenetic development. The high survival rate of eggs 
was as a result of the impact of a number of ecological environment factors both 
biological and abiotic. 

The unhatched eggs were considered as caused by two groups of factors: 1) 
died caterpillars, undeveloped eggs with dried-up yolk, totally empty eggs without 
any remains and 2) impact of egg parasitoids and predators. The first group of causes 
was not a subject of this publication. The second group is represented by the percent 
of parasitized eggs of T. pityocampa and T. solitaria in three-year generations. The 
percent of parasitized eggs of T. pityocampa were considerably higher (Fig. 1). In 
the 2010 generation the relative share of T. pityocampa parasitized eggs was almost 
7 times higher as compared to T. solitaria.

It was observed that there are substantial differences in the species composi-
tion of the egg parasitoids with the two processionary moth species (Table 2). With 
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Fig. 1. Percentage of parasitized eggs of T. pityocampa and T. solitaria
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T. pityocampa – five parasitoid species were established, and with Т. solitaria – three 
once. The common egg parasitoids for the two hosts were Ooensyrtus pityocampae 
and Anastatus bifasciatus.

Out of the parasitoids hatched after the sample collection with Т. solitaria only 
two individuals of O. pityocampae were found, i.e. out of the total of 668 parasitized 
eggs their reduction effect was just 0.3%.

With other common parasitoid – A. bifasciatus, out of 1126 individuals 
emerged in the laboratory from both hosts, only 5 were female, hatched from the last 
two generations of T. pityocampa. This defines the share of the female individuals as 
the modest 0.4%.

Despite the significant differences in the phenology of both species of proces-
sionary moths, the pistachio processionary moth hibernates at the egg stage, where-
as the pine processionary moth hatched in autumn and a considerable period of 4 
months is observed (Table 3) when the exchange of parasitoids is possible. With 
the pine processionary moth and after the hatching of the caterpillars, part of the 
parasitoids hibernates in the host’s eggs and emerges in the spring of the following 
calendar year.

With the only common mass parasitoid for both species of processionary moth 
– A. bifasciatus, an attempt was made to determine its preference for one of two 
hosts. For this purpose, the modification Ivlev’s electivity index was used (Table 4). 

Table 2. Egg parasitoids of T. pityocampa and T. solitaria 

Generation 2009 2010 2011
Egg parasitoids                                          Host T.p.* T.s.** T.p. T.s. T.p. T.s.
Ooensyrtus pityocampae (Mercet 1921)          n
(Hymenoptera: Encyrtidae)                              %

370
34.3

1
0.3

696
35.1

1
0.8

760
38.4

0
0.0

Ooensyrtus sp.                                                 n
(Hymenoptera: Encyrtidae)                             %

0 27 0 14 0 7
0.0 7.5 0.0 11.2 0.0 3.8

Baryscapus servadeii (Domenichini 1965)     n
(Hymenoptera: Eulophidae)                           %

495 0 959 0 910 0
46.0 0.0 48.4 0.0 45.9 0.0

Baryscapus transversalis Graham 1991           n
(Hymenoptera: Eulophidae)                            %

96 0 147 0 90 0
8.9 0.0 7.4 0.0 4.5 0.0

Anastatus bifasciatus (Geoffroy 1785)            n
(Hymenoptera: Eupelmidae)                          %

114 332 179 110 215 176
10.6 92.2 9.0 88.0 10.8 96.2

Pediobius bruchicida  (Rondani 1872)            n
(Hymenoptera: Eulophidae)                            %

2 0 1 0 7 0
0.2 0.0 0.1 0.0 0.4 0.0

Total                                       n
                                                                        %

1 077 360 1 982 125 1 982 183
100.0 100.0 100.0 100.0 100.0 100.0

T.p.* - T. pityocampa ; T.s ** - T. solitaria 
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The range of the index is from -1 to +1, and with values approaching -1 the parasitoid 
avoids the victim and at the other end of the scale (+1) it has a statistically proven 
preference for the particular host. In our study it was observed that the values of the 
index were positive with both hosts. The data obtained did not show an explicit pref-
erence for one of the hosts. The differentiation in the last generation was the most 
distinctly manifested, the index with T. pityocampa being close to +1. But it should 
be noted that in the first generation its value was higher than with Т. solitaria. These 
data can serve as the basis for the tentative conclusion that in selecting a host egg for 
parasitization A. bifasciatus shows certain preferences for T. pityocampa.

DISCUSSION

The two representatives of genus Thaumetopoea: T. pityocampa and T. soli-
taria inhabit a common habitat although there is a substantial difference in their bi-
ology. The caterpillars of T. pityocampa are hatched in autumn, whereas T. solitaria 
hibernates at the egg stage. There is enough time during the warm part of the year 
(estimated at about 4 months) when the exchange of egg parasitoids is possible. The 
common habitat and the sufficiently long period when the two species are at the same 
stage of their ontogenetic development (egg stage) are the premise for looking for a 
similarity and interdependence between the egg parasitoids of these two species.

The results show that there is a small degree of similarity but there is almost 
no interdependence.

The similarity in the parasitoids on these two processionary moths is mani-
fested by the common parasitoid A. bifasciatus. This parasitoid was numerous with 

Table 3. Phenology of egg stage of T. pityocampa and T. solitaria and their egg parasitoids

Species VI VII VIII IX X XI XII I II III IV
T. pityocampa +++ +++ +++ +++ ++
T. solitaria ++ +++ +++ +++ +++ +++ +++ +++ +++

        - The pattern of emergence of the egg parasitoids; +++ egg stage of T. pityocampa and 
T. solitaria

Table 4. Anastatus bifasciatus selectivity in the choice of host

Generation Ivlev’s electivity index
T. pityocampa T. solitaria

2010 + 0.326 + 0.537
2011 + 0.270 + 0.224
2012 + 0.710 + 0.147
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both hosts, whereas O. pityocampa parasitized only on T. solitaria was single and 
it can even be accepted that it had an accidental character. The polyphage A. bifas-
ciatus has been reported as a parasitoid on 30 species from the orders: Hemiptera, 
Orthoptera and Lepidoptera, including Thaumetopoea pityocampa, T. processionea and  
T. wilkinsoni (Noyes, 2013). A. bifasciatus was established for the first time on T. 
solitaria in samples from this site (Mirchev et al., 2014). 

The obtained results gave reason to conclude that the parasitoids of one of the 
hosts exert almost no influence on the number of the parasitoids of the other host. As 
it has been pointed out, O. pityocampae was found only on T. solitaria and had an 
accidental character. Its isolated items could have quite little impact on the parasiti-
zation of the eggs of T. pityocampa.  

A. bifasciatus was observed as the most abundant egg parasitoid on T. soli-
taria and the third most abundant on T. pityocampa. With both host species, out of 
all parasitized eggs, in 99.6% of the cases male individuals emerged. As a clearly 
manifested polyphage, A. bifasciatus has no synchronization of the appearance of 
the imago of the species with the appearance of the pine processionary moth eggs 
(Mirchev, 2005). Its number and the degree of parasitization of T. pityocampa in 
a particular habitat respectively, are determined by the ecological facts providing 
conditions for the presence of alternative hosts. It can be presumed that the rich flora 
characteristics of the studied area provides such opportunities for the development 
of alternative hosts and they can be considered as a decisive factor for the relatively 
high numbers of A. bifasciatus on T. pityocampa and T. solitaria in the three genera-
tions examined in the region of the Eastern Rhodopes.
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