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Abstract: 	 During the period 2010-2012, egg parasitoids of pistachio processionary moth (Thaumetopoea solitaria) 
were studied in Bulgaria. A total of 215 egg clusters containing 26 453 eggs were collected on Pistacia 
terebinthus in 4 sample plots at 3 sites in the Eastern Rhodopes. Directly after collection, egg clusters with 
part of branches, about 5 cm long, were individually separated in test tubes, closed with cotton stoppers 
and stored under laboratory conditions at 20-22ºС. As a result, three egg parasitoids were recorded for the 
first time in T. solitaria: Anastatus bifasciatus (Hymenoptea: Eupelmidae), Ooencyrtus pityocampae and 
Ooencyrtus sp., closely related to O. masii and O. ascalaphi (Hymenoptea: Encyrtidae). The new records 
enlarge the host ranges of polyphagous species O. pityocampae and A. bifasciatus. The main part of the 
parasitoids emerged after hibernation. Their survival was about 80%. The impact of egg parasitoids on the 
host was calculated to be 2.9-21.5%.
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Introduction 
Pistachio processionary moth, Thaumetopoea solitar-
ia (Freyer, 1838) (Lepidoptera: Thaumetopoeidae) 
is much less studied than other processionary moth 
species. An objective reason for this is the fact that 
most of the other representatives of this genus are 
economically important pests, while pistachio pro-
cessionary moth rarely causes heavy damages due to 
its trophic specialization on Pistacia spp. and rela-
tively small size of the ranges in most of the coun-
tries where this species is distributed. 

The most important studies on T. solitaria 
were conducted by Agenjo (1941), Serafimowsky 
(1957), Davatchi (1958) and Halperin (1983, 1990). 
The Bulgarian entomological literature provides 
data on the localities of the species and some 
aspects of its biology (Buresch 1915, 1918/19; 
Tschorbadjiew 1938). However, there is insufficient 
knowledge about the biological factors that limit T. 

solitaria. Studies on the biology and natural enemies 
of T. solitaria were conducted in Israel but only 
parasitoids of the family Tachinidae were recorded 
(Halperin 1983, 1990). Larval and pupal tachinid 
parasitoids of this host were also reported for Bulgaria 
(Hubenov 1985). Omid et al. (2006) studied natural 
regulators of population density of T. solitaria but 
egg parasitoids have not been detected. Information 
about egg parasitoids of the species is also lacking in 
the monographic study by Serafimowsky (1957).

The present article reports the first records of 
egg parasitoids in pistachio processionary moth. 
Surveys of egg parasitoids in this species are impor-
tant since they still are an unexplored area of knowl-
edge. Moreover, T. solitaria coexists in some habi-
tats with pine processionary moth, Thaumetopoea 
pityocampa (Denis & Schiffermüller, 1775), and the 
obtained results could be a basis for future analyses 
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of the species composition of both parasitoid com-
plexes and their impact on the hosts.

Material and Methods 
The studies were conducted during the period 2010-
2012. Biological material (egg clusters of T. solitar-
ia with parts of branches about 5 cm in length) was 
collected from four sample plots at three sites from 
the Eastern Rhodopes, Bulgaria (Table 1). They 
were situated in the main area of distribution of T. 
solitaria in the country (Mirchev et al. 2004), where 
another representative of the family, T. pityocampa, 
also occurred. Both species were found in the pro-
tected area Dupkata near the town of Ivaylovgrad on 
karst habitat occupied by 50-year-old plantation of 
black pine, Pinus nigra Arn., and glades with tur-
pentine tree (Pistacia terebinthus L.). Over the years 
of study, both processionary moth species had high 
population density.

A total of 215 egg clusters containing 26 453 
eggs were collected and examined during the en-
tire study period. Directly after collection, the cut-
tings with egg clusters were individually separated 
in test tubes and closed with cotton stoppers. They 
were transported to the Entomological Laboratory of 
the Forest Research Institute, Sofia, and were kept 
at room temperature (20-22ºC). The samples were 
examined daily to detect the emergence of egg para-
sitoids. The emerged individuals were removed from 
the test tubes. In order to determine the dead para-
sitoid specimens in eggs without emergence holes, 
as well as the parasitoids which had emerged before 
sample collection at the end of the observation pe-
riod, the scales of the egg clusters were removed and 
all eggs were cut and analyzed in detail under a ster-
eomicroscope (40 x magnification). 

The emerged parasitoids were identified and de-
posited in the authors’ collections. The species of the 
genus Ooencyrtus were confirmed or identified by Dr. 
John Noyes of the Natural History Museum, London, 
and Dr. Serguei V. Triapitsyn of the University of 
California. Specimens of Ooencyrtus sp. are depos-
ited in the collections of both research centres.

Results 
Three parasitoid species were recorded for the first 
time in eggs of T. solitaria: Anastatus bifascia-
tus (Geoffroy, 1785) (Hymenoptea: Eupelmidae), 
Ooencyrtus pityocampae (Mercet, 1921) and 
Ooencyrtus sp. (Hymenoptea: Encyrtidae) (Table 2).

A. bifasciatus was found in all the sample plots 
in three studied localities of T. solitaria (Ivaylovgrad, 

Belopolyane and Madzharovo) (Fig. 1). It was the 
most numerous species with the highest percentage 
(78.9-100.0) in the host parasitoid complex. The 
samples were collected in spring, i.e. development 
of the parasitoids in T. solitaria eggs had gone main-
ly under natural conditions. In this respect, the data 
on the parasitoid survival may be considered as rep-
resentative. On average, about 15% of the specimens 
of A. bifasciatus completed their development but 
died as an imago in the host eggs. This percentage 
varied from 0 (Ivaylovgrad dam, 27 March 2010) to 
19.1 (Dupkata, 13 April 2011). Dead specimens were 
also found in the sample Likanen, collected after the 
parasitoid emergence on 12 July 2010 (Table 2). 

Ooencyrtus sp.  was also found in all studied 
habitats of T. solitaria (Fig. 1). It occupied the sec-
ond place in the host egg parasitoid complex, with 
about 10%, but in one sample (Likanen, 27 March 
2012) its percentage reached 21.1% (Table 2). 
According to Dr. S. Triapitsyn and Dr. J. Noyes (per-
sonal communications), the species is closely related 
to Ooencyrtus masii (Mercet, 1921) and Ooencyrtus 
ascalaphi Hoffer, 1970. 

Single specimens of Ooencyrtus pityocampae 
were found in two samples from the Dupkata site 
(Table 2). As mentioned above, T. pityocampa oc-
curred in high numbers in this habitat.

The impact of the egg parasitoids on T. soli-
taria varied between 2.9 and 21.5% in different 
samples and localities. This impact included mortal-
ity caused by parasitoids that emerged before sam-
ple collection, parasitoids reared during laboratory 
observations and dead parasitoid specimens in host 
eggs (Table 2). 

The parasitoids emerged mainly after the hiber-
nation. The results from the analyses showed that the 
percentage of the emerged specimens before sample 
collection was about 15%, however in two samples 

Fig. 1. Studied localities of T. solitaria in Bulgaria
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from Madzharovo (12 April 2011 and 27 March 
2012) these values were lower or higher – 8.4% and 
28.3%, respectively. It should be noted, however, 
that the second sample was taken half a month ear-
lier than the first one.

The survival of parasitoids, calculated on the 
basis of samples with successfully developed and 
emerged imagoes (eggs with exit holes) averaged 
about 80%. The percentage of dead parasitoid lar-
vae, pupae and imagoes in host eggs varied between 
10.6 and 27.9%. The data show that there is no cor-
relation between the parasitoid survival and the time 
of sampling. In samples collected on the same date 
(27 March 2010), the mortality at Dupkata (22.0%) 
was more than twice as much as that at Ivaylovgrad 
dam (10.6%) (Table 2).

Discussion 
In addition to the tachinid parasitoids in the larvae 
and pupae of T. solitaria (Kugler 1966, Halperin 
1983, 1990, Hubenov 1985), another pupal parasi-
toid, Conomorium patulum (Walker) (Hymenoptera: 
Pteromalidae), was recently found in this host in Iran 
(Ghahari et al. 2010). During the study of two of the 
most dangerous insect pests on Pistacia atlantica in 
Iran, Ocneria terebinthina Stgr. and T. solitaria, the 
parasitoid Ooencyrtus masii was reared from eggs 
of O. terebinthina (Omid et al. 2006, Fallahzadeh, 
Japoshvili 2010). Thus, this publication is the first 
report of egg parasitoids in T. solitaria.

Concerning the natural regulating factors of T. 
solitaria, Halperin (1983, 1990) provided informa-
tion about a fungal disease caused by Beauveria bas-
siana (Balsamo-Crivelli) Vuillemin (Hypocreales: 
Cordycipitaceae). This fungus was found during 
laboratory rearings of pistachio processionary moth 
larvae in Israel. In Bulgaria the same pathogen was 
established in early stage larvae of the host at one 
site of this study, Dupkata (Mirchev et al. 2012a). 

The polyphagous A. bifasciatus is known as a 
parasitoid in 30 hosts, belonging to 23 genera from 3 
orders: Hemiptera (11 species), Orthoptera (2), and 

Lepidoptera (17) (Noyes 2012). According to the au-
thor, the host range of the parasitoid includes three 
Thaumetopoea species: T. pityocampa, T. proces-
sionea and  T. wilkinsoni. In this study, T. solitaria 
has been recorded as a new host of A. bifasciatus. In 
Dupkata locality, where both T. pityocampa and T. 
solitaria occur, A. bifasciatus has been regularly es-
tablished in the egg parasitoid complex of pine pro-
cessionary moth with relative abundance of about 
10% (Mirchev et al. 2012b). At the same time, it is 
a dominant species with about 90% relative abun-
dance in T. solitaria parasitoid complex. 

During this study, 1109 parasitoid specimens 
have been reared from eggs of T. solitaria. Among 
them, only 2 specimens belong to O. pityocampae, 
which indicates that pistachio processionary moth 
is an occasional host for this parasitoid. In Dupkata 
locality, where this parasitoid has been recorded, 
the number of T. pityocampa is high, and O. pityo-
campae is one of the most numerous parasitoids of 
pine processionary moth, following Baryscapus ser-
vadeii with relative abundance of 35% (Mirchev et 
al. 2012b). The main reason for the negligible pres-
ence of O. pityocampae in the parasitoid complex of 
T. solitaria is most probably the low suitability of the 
host eggs to ensure the parasitoid development. The 
eggs of T. solitaria remain for a long time in natu-
ral conditions, and may be parasitized. The female 
moths of T.  solitaria lay eggs in late September - 
early October (Halperin 1983), and the hatching of 
the caterpillars in the areas of this study occurs in 
March-April. According to Mirchev (2005), the per-
centage of O.  pityocampae specimens that emerge 
from T. pityocampa eggs before the winter diapause 
usually varies between 26 and 56 in Bulgaria. We 
should mention that in Dupkata locality, this per-
centage reached 65 in mid-November (Mirchev et 
al. 2012b). 

O. pityocampae is a broadly polyphagous spe-
cies. It is related to 27 species of 20 genera and 7 fami-
lies of the orders Hemiptera and Lepidoptera, includ-
ing 5 processionary moth species: Thaumetopoea pit-
yocampa, T.  bonjeani, T.  pinivora, T.  wilkinsoni 

Table 1. Main characteristics of studied areas

Sample plot Locality Geographical coordinates Altitude, m 

Dupkata Ivaylovgrad town 41°31’41.7” N; 26°06’57.1” E 320

Ivaylovgrad Dam Ivaylovgrad town 41°35’03.2” N; 26°06’33.7” E 140

Likanen Belopolyane village 41°26’51.4” N; 26°08’38.2” E 200

Madzharovo Madzharovo town 41°38’50.1” N; 25°52’54.3” E 200
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and Traumatocampa ispartaensis Doğanlar & Avci 
(Noyes 2012). In this study we report T. solitaria as 
a new host for O. pityocampae.

T.  solitaria is significantly less vulnerable to 
the impact of parasitoids compared to T. pityocam-
pa. This conclusion is based on comparison of the 
data from the three years of study, which show the 
regulating effect of the egg parasitoids on the popu-
lation density of these two processionary moth spe-
cies in Dupkata locality. In 2010, the impact of the 
parasitoids on the number of T. solitaria at the egg 
stage was 11.3% versus 20.1% for T.  pityocampa 
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