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Abstract: In 2010, the pine processionary moth Thaumetopoea pityocampa first appeared in the land of Vetren vil-
lage situated on the territory of Osogovo Mt. in South-Western Bulgaria. Studies on egg parasitoids were
carried out in the new habitat of 7_ pityocampa. Egg batches from 2013, 2014 and 2016 host’s generations
were collected in Pinus sylvestris stands. They were transported to the Laboratory of Entomology of For-
est Research Institute in Sofia. The egg-batches were put singly in test tubes covered with cotton stoppers
and kept at room temperature (20-22 °C). Four primary parasitoids (Qoencyrtus pitvocampae, Baryscapus
servadeii, Anastatus bifasciatus and Trichogramma sp.) and the hyperparasitoid Baryscapus transversalis
were identified. The most numerous species was O. pityocampae but its relative proportion gradually de-
creased in studied years from 87.9% (2013) to 70.0% (2014) and 23.5% (2016). In the individual batches, a
wide range of combinations of parasitoid species was observed. All emerged specimens of O. pityocampae
and B. servadeii were female. In A. bifasciatus population, the emerged specimens were male, and in B.
transversalis — of both sexes, at a ratio of 2:1 of female to male individuals. In laboratory conditions, the
longest emergence period was established in O. pityocampae (115-178 days), which ended in July-August.
A significant impact (17.3-23.0%) of the parasitoids on 7. pityocampa numbers was determined.
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. portant are high air temperatures in the egg laying
Introduction period — June-August (HucHON & DEMOLIN 1970,

The pine processionary moth Thaumetopoea pityo-  ROBINET et al. 2013) and the extremely low temper-
campa (Denis & Schiffermiiller, 1775) (Lepidoptera:  atures in winter period (DEMOLIN 1969a, BATTISTI
Notodontidae) is the most dangerous defoliating pest et al. 2015). For biotic factors, the most significant
in the pine forests in Bulgaria. The area attacked by  is the impact of egg parasitoids (MIRCHEV 2005). In
the pest reaches an average of 39,127 ha per year  Bulgaria, six primary parasitoids and one hyperpar-
(MIrCHEV et al. 2000). After 1977, an extension of  asitoid have been reported on 7. pityocampa eggs
the affected forests and an expansion of the species  (MircHEV 2005).

have been observed (MIRCHEV et al. 2011). There are The aim of this study is to investigate the spe-
two groups of natural factors, considerably reducing  cies composition, ratio and annual dynamics of 7.
the pest number and restricting its spread into new  pityocampa egg parasitoids in a newly colonised
territories. Among the abiotic factors, the most im-  area.
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Materials and Methods

The investigation was conducted in the land of Ve-
tren village situated on the territory of Osogovo Mt.
in South-Western Bulgaria in 40-year old Pinus syl-
vestris L. plantation, at geographical coordinates
N42°02°939”°, E22°46°239”, and altitude of 677 m.
In this region, the pine processionary moth first ap-
peared in 2010. The egg batches of T. pityocampa
were collected on 13 February 2014 (2013 genera-
tion), 8 December 2014 (2014 generation) and 1
November 2016 (2016 generation). After collection,
the egg batches were transported to the Forest Re-
search Institute in Sofia.

In laboratory conditions, each batch was put in
a single test tube covered with a cotton stopper, and
kept at room temperature (20-22 °C). The scales of
egg-masses were removed, and the samples were an-
alysed according to protocol described in details in
Tsankov et al. (1996). The emergence of the parasi-
toids from 2013 and 2014 generations was registered
daily, and from 2016 generation — monthly. Every
egg without a hole in its shell was opened carefully
and the meconia and remains of the emerged or dead
insects were determined by means of a stereomicro-
scope (40x magnification). Parasitoids that emerged
before collection were determined by their meconia
and remains according to SCHMIDT & KiT (1994),
TANZEN & SCHMIDT (1995), ScuMiDT et al. (1997)
and TsaNkov et al. (1996, 1998).

Results

In this study, four primary parasitoids, Ooencyrtus
pitvocampae (Mercet, 1921), Baryscapus servadeii
(Domenichini, 1965), Anastatus bifasciatus (Geof-
froy, 1785), Trichogramma sp. and the hyperparasi-
toid Baryscapus transversalis GRAHAM, 1991 were
reared from 7. pityocampa eggs (Table 1). In the new
habitat, the average number of the eggs in batches of
T. pityocampa was 243.6-247.5 (Table 2).

In the parasitoid complex, the most numerous
species was O. pityocampae, but its relative share
gradually decreased in studied years from 70.9%
(2013) t0 40.1% (2014) and 23.5% (2016) (Table 1).
A radically different trend was observed for the spe-
cific parasitoid B. servadeii from a negligible 1.4%
(2013) to 28.3% (2016). There was a significant
presence of the polyphagous A. bifasciatus (18.7-
42.9%). The relative share of Trichogramma sp.
decreased from 7.5% (2013) to 0.8% and 0.9% in
2014 and 2016, respectively. The hyperparasitoid B.
transversalis participated in the complex with rela-
tively low share (1.5-9.9%).
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In three studied years, a significant impact of
parasitoids (17.3-23.0%) was registered on the pest
egg stage (Table 2). In addition, single eggs (0.8%)
were destroyed by predators. The relative share of
batches without parasitization was relatively small
(3.0-13.6%) (Table 2).

In the individual batches, a wide range of com-
binations between the parasitoids was observed.
In the first year of the study, O. pityocampae was
registered in almost all parasitized batches (87.9%)
and then its proportion gradually decreased to 70%
(2014) and 23.5% (2016) (Table 2). As concerns
B. servadeii, the percentage of parasitized batches
varied between 12.1% (2013) and 46.7% (2014). In
all three samples, the polyphagous species A. bifas-
ciatus was established in about half of parasitized
batches (42.9-53.3%). The percentage of parasitized
by Trichogramma sp. egg batches decreased from
63.6 (2013) to 20.0% (2014) and 0.9% (2016).

All emerged individuals of O. pityocampae and
B. servadeii were female, A. bifasciatus —male, and B.
transversalis — of both sexes. During the three years
of the study, the ratio between the female and male
individuals of the hyperparasitoid was 2:1 (Table 3).
The only exception was the third sample (2016), but
it was too small (16), to draw any conclusions.

In laboratory conditions, the polyphagous par-
asitoid O. pityocampae had the longest emergence
period (115-178 days) which ended in July — August
(Table 4). Contrary to expectations, the host specific
B. servadeii had a much shorter emergence period
(23-45 days) that ended in April - May. Significantly
shorter emergence periods were also observed in the
other two polyphagous parasitoids (4. bifasciatus
and Trichogramma sp.), 26-31 and 28-75 days, re-
spectively, as well as in the hyperparasitoid B. trans-
versalis (29-89 days).

Discussion

The characteristics of the parasitoid complexes of pine
processionary moth are an indicator of two different
types of pest expansion in new habitats. The first type
of expansion is when 7. pityocampa penetrates into
new regions, relatively remote from the primary habi-
tats of the species. In the first years, the specific egg
parasitoid B. servadei is absent in newly colonized
areas. A typical example of this is the penetration of
T. pityocampa in Lisets Mt. near Kyustendil, located
at a distance of 10 km from attacked pine forests, and
isolated from them by deciduous forests, farmland
and settlements (MIRCHEV et al. 2017).

The second type of expansion is when the pine
processionary moth gradually enlarges its range in
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Table 1. Species composition of egg parasitoids in different generations of 7. pityocampa.

T. pityocampa generation

Parasitoids 2013 2014 2016

N % N % N %
Qoencyrtus pityocampae 1193 70.9 400 40.1 107 23.5
Baryscapus servadeii 24 1.4 270 271 129 28.3
Baryscapus transversalis 25 1.5 99 9.9 20 4.4
Anastatus bifasciatus 315 18.7 221 22.1 195 429
Trichogramma sp. 126 7.5 8 0.8 4 0.9
Total 1683 100.0 998 100.0 455 100.0

Table 2. Egg parasitoids of 7. pityvocampa in different egg batches.
Generation of 1. pityocampa
Parameters 2013 2014 2016
N % N % N %
Number of egg batches 33 100 30 100 22 100
Total number of eggs 8166 100 7424 100 5360 100
Average number of eggs in an egg batch 247.5 - 247.5 - 243.6 -
Impact of egg parasitoids 1877 23.0 1333 18.0 924 17.3
Egg batches without parasitism 1 3.0 3 10.0 3 13.6
Egg batches parasitized by:
O. pityocampae 29 87.9 21 70.0 107 23.5
B. servadei 4 12.1 14 46.7 129 28.3
B. transversalis 24.2 17 56.7 20 4.4
A. bifasciatus 16 48.5 16 533 195 42.9
Trichogramma sp. 21 63.6 6 20.0 4 0.9
Table 3. Sex ratio of B. transversalis emerged in laboratory conditions.
i X Females Males Total

T. pityocampa generation N % N % N %
2013 16 72.7 6 27.3 22 100.0
2014 52 73.2 19 26.8 71 100.0
2016 5 31.2 11 68.8 16 100.0
Total 73 67.0 36 33.0 109 100.0

Table 4. Emergence periods of the parasitoids in laboratory conditions.

Parasitoids T. pityocampa generation | Emergence start, date | Emergence end, date | Emergence period, days

2013 14.04.2014 06.08.2014 115
O. pityocampae

2014 11.01.2015 07.07.2015 178

2013 01.05.2014 23.05.2014 23
B. servadeii

2014 13.03.2015 26.04.2015 45

2013 14.03.2014 11.04.2014 29
B. transversalis

2014 11.01.2015 09.04.2015 89

) 2013 20.03.2014 19.04.2014 31

A. bifasciatus

2014 11.01.2015 05.02.2015 26

2013 15.03.2014 11.04.2014 28
Trichogramma sp.

2014 13.03.2015 26.05.2015 75
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adjacent stands. Such expansion is at the rate of 2-3
km per year, corresponding to the flight distance of
T. pityocampa females (DEMOLIN 1969b, MIRCHEV et
al. 2017, 2018). The flying capabilities of the parasi-
toids are considerably more limited (CANTO-SILVA et
al. 2006). The perimeter of their dispersion to a large
extent depends on the size of the parasitoid, the me-
teorological conditions, the presence of wind and its
strength, but is also species-specific. For instance, the
dispersion of Trichogramma spp. is quite limited (Su-
VERKROPP et al. 2009), of the order of 60 m, but single
individuals can reach the marginal 1000 m (STERN et
al. 1965). The flight perimeter of egg parasitoids 7ris-
solcus grandis (THOMSON, 1861) and 7. semistriatus
(NEES, 1834) (Hymenoptera: Scelionidae), which size
is similar to B. servadei, is up to 150-250 m (PUKIN-
SKAYA 1971). This explains why in newly colonized
habitats in the first years B. servadei is absent or has
low numbers, but it increases considerably faster than
in case of long distance penetration of 7. pityocampa.

In the studied new habitat of 7. pityocampa,
the impact of egg parasitoids on host numbers (17.3-
23.0%) is commensurate with that in the historical
range of the host (MIRCHEV 2005).

The data of O. pityocampa and B. servadeii
emergence in laboratory conditions do not correspond
to the ecological features of the parasitoids. The poly-
phagous species O. pityocampae has a wide range of
hosts, and its existence is independent of appearance of
new eggs of pine processionary moth. The emergence
of the parasitoid continued until July-August, which is
an indication of good adaptation and synchronization
to life cycle of the host. In contrast, the emergence of
B. servadeii ended in April-May, although the parasi-
toid is associated with 7. pityocampa only.
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