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Abstract
The hatching dynamics of larvae of early developing phenological form of pine processionary 

moth (Thaumetopoea pityocampa) based on 93 egg batches was monitored under laboratory 
conditions. The egg batches were collected on July 12, 2018 in a 30-year-old Pinus nigra plan-
tation, at an altitude of 450 m in the region of Fotinovo village, Kirkovo State Forestry, Eastern 
Rhodopes. Newly hatched larvae started appearing at the beginning of July 2018, and continued 
for a month, until August 8, 2018. The peak lasted for 13 days, from the 19th to 31th of July, during 
which 80.6 % of the larvae hatched. Field observations conducted in parallel, showed that the 
larval development in the studied habitat lasted for about three months.
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Introduction

Pine processionary moth, Thaumeto-
poea pityocampa (Denis & Schiffermüller, 
1775) (Lepidoptera: Notodontidae) is a 
Mediterranean species which is one of 
the most dangerous pests in these lati-
tudes. The species was subject of many 
studies regarding its geographic expan-
sion, in response to the increasing winter 
temperature and other climate anoma-
lies (Battisti еt al. 2005, 2006; Toffolo еt 
al. 2006; Robinet еt al. 2007; Mirchev еt 
al. 2011a). In this regard, observations of 
the seasonal phenology within its natural 
range are very important to understand 
pest’s response to such climatic patterns 

(Bellin et al. 1990; Schmidt 1989, 1990; 
Battisti et al. 2015; Roques et al. 2015; 
Mirchev еt al. 2017). The phenology of T. 
pityocampa varies with climatic conditions 
(Démolin 1969; Robinet et al. 2015). Adult 
emergence, immediately followed by mat-
ing and egg laying, occurs between June 
(in colder mountainous areas) and Octo-
ber (in areas with Mediterranean climate) 
(Aimi et al. 2006). A unique population of 
summer phenological form was discov-
ered in 1997 in Leiria, Portugal (Pimentel 
et al. 2006), where it continues to be pres-
ent at high densities. In the same stands 
and trees, the summer form coexists with 
the typical winter one. Studies have been 
conducted and hypotheses put forward 
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about the variations in the phenology of 
the species and the emergence of new 
phenological forms (Santos et al. 2007, 
2011, 2013; Battisti et al. 2015; Burban et 
al. 2016).

T. pityocampa was found for first time 
in Bulgaria in 1906 (Drenovsky 1923). 
The biology of the species was initially 
observed in the region of Belovo, located 
between Rila, the Rhodopes and Sred-
na Gora Mountains (Buresch 1915). It 
was established that adult moths start to 
emerge in June, and new-hatched larvae 
can be found at the end of August. Russ-
koff (1929–1930) reported that adults 
emerged from the end of June to late 
August, with the highest intensity in July, 
based on observations in the region of Ve-
lingrad, Rakitovo and Asenovgrad (West-
ern Rhodope Mountains). According to 
the author, the time of pine processionary 
moth development does not always coin-
cide with data published in the entomolog-
ical literature. He pointed out that in sever-
al regions of the country, two phenological 
forms occurred, with identical morpholog-
ical aspect. For example, in the region 
of Devin, Velingrad (Western Rhodopes) 
and Karlovo (Central South Bulgaria), the 
larvae usually descend for hibernation in 
the soil, unlike Kostenets (Rila) and Che-
pelare (Western Rhodopes) where the lar-
vae spend winter in the nests.

Zankov (1960) studied T. pityocampa 
biological features across many regions 
in Bulgaria and highlighted the variations 
in its phenology. In the regions of Razlog, 
Blagoevgrad and Sandanski (Southwest-
ern Bulgaria) it was noticed that larvae 
of the pine processionary moth hibernat-
ed in the nests. The period of pupation 
was quite extended, the first larvae de-
scending to the soil at the end of April, 
and the last ones during the first part of 
June. In Velingrad, Hissarya and Karlovo 

the larvae hatched at the end of July or 
the beginning of August. In the middle of 
October, approximately 40 % of larvae in 
single nests descended for hibernation in 
the soil, and the remaining until the sec-
ond half of February. Tsankov et al. (1996) 
reported that in the region of Banya near 
Karlovo, pine processionary moth devel-
opment started a month earlier, by com-
parison to the rest of the country. Studies 
carried out in Bulgaria significantly con-
tributed to clarify the distribution of both 
forms, the early developing form, and 
the typical Mediterranean, or winter (late 
developing) one (Zankov 1960; Tsankov 
et al. 1996; Mirchev еt al. 2011b, 2016, 
2017, 2019).

Recently, the early developing phe-
nological form of T. pityocampa was ob-
served in pine stands of Kirkovo State 
Forestry in Eastern Rhodopes (Mirchev 
еt al. 2019). However, the larval hatching 
period and dynamics of this form have not 
been previously studied, neither in Kirko-
vo nor in other localities in Bulgaria.

This note presents the results of a 
laboratory study on larval hatching of the 
early developing phenological form of T. 
pityocampa in a new habitat in Bulgaria.

Materials and Methods

Ninety-three egg batches of T. pityocam-
pa were collected on July 12, 2018 from a 
30-year old plantation of Pinus nigra Arn. 
in the region of Fotinovo village (Kirko-
vo State Forestry, Eastern Rhodopes) 
(Fig. 1). The site is located at an altitude of 
450 m AMSL, coordinates 41º22’37.5’’ N, 
25º19’18.5’’ E. 

After collection, egg batches were 
transported to the laboratory of Forest Re-
search Institute in Sofia. Each egg batch 
was put in a test tube covered with cotton 
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stopper, and kept under laboratory con-
ditions at 20–22  °С. The samples were 
observed daily for the presence of larval 
hatching.

Additionally, in the studied site, the 
contents of 20 nests of T. pityocampa 
were investigated on the 25th of Septem-
ber and 9th of October 2018, in order to 
determine the larval instars and the time 
of descending for pupation in the soil.

Results

The population density of T. pityocampa 
was high in the pine stands studied, with 
over 10 egg batches on a single tree (ob-
servation 12.07.2018). During the collec-
tion of biological material, larval hatching 
was recorded in five egg batches (5.4 %). 
The neonate larvae were found feeding at 

the base of the needles, near the batches 
(Fig. 2). It was assumed that the larvae 
were 3–4 days old, i.e. hatching occurred 
around 7th–10th of July 2018.

Under laboratory conditions, the peri-
od of larval hatching lasted for one month 
– from 7th of July to 8th of August 2018 
(Fig.  3). Mass hatching was observed 
for 13 days (July 19–31), when the per-
centage of newly-hatched larvae attained 
80.6  %. In this period, daily hatching 
ranged from 2.2  % to 16.1  %. This rate 
was significantly higher and over 6 times 
larger than at the beginning and end of the 
period.

The analysis of 20 nests on 25th Sep-
tember 2018 showed that pine proces-
sionary moth larval population was in 
4th–5th instar, with 5th instar larvae domi-
nating. The observation carried out on 9th 
of October 2018 showed that, in two of 

Fig. 1. Studied locality of T. pityocampa in Bulgaria.
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20 studied nests, the larvae had already 
descended into the soil for pupation, and 
in the remaining nests all larvae were in 
5th instar. Thus, the larval development of 
early developing phenological form lasted 
for about three months.

Discussion

The region studied 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. The region is characterized 
by 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 Sandanski, the habitat of the 
winter phenological form of T. pityocampa, 

Fig. 2. Neonate T. pityocampa larvae 
emerging from an egg batch.

Fig. 3. Hatching period in the laboratory.
Note: daily number of egg batches showing the first hatched larvae (columns); cumulative 

percentage of egg batches with hatched larvae (dotted line).
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that period lasts on average 20 days, al-
though in some years, like between 2012 
and 2015, it varied between 38 and 43 
days (Mirchev еt al. 2018).

Several authors published data on the 
phenology in various regions of its natural 
range. Thus, in areas under typical Med-
iterranean climate, adult emergence can 
be delayed until September (Battisti et al. 
2015). For example, in Greece (Kassan-
dra peninsula and Kalogria), larval hatch-
ing was observed from the end of Sep-
tember to the end of October (Schmidt 
1989, Bellin et al. 1990). In most of the 
other areas (colder sites at high elevation, 
or high latitude), the flight period can last 
from late June – early July to late August – 
early September, with a flight peak in July 
(Roques et al. 2015). In the atypical phe-
nological form in Bulgaria, hatching was 
observed from early July to early August. 
In the summer form in Portugal, egg lay-
ing lasts from the end of April to the begin-
ning of July, and hatching starts a month 
later, between the end of May and the be-
ginning of July (Battisti et al. 2015).

Variations in the phenology of T. pityo-
campa have been explained by habitats’ 
climatic conditions. Battisti et al. (2015) 
reported that egg hatching in colder sites 
in Greece occurred in July and in warmer 
sites in October. A similar interpretation 
was proposed for the closely related spe-
cies T. wilkinsoni Tams in Turkey, where 
egg hatching occurred in August at colder 
sites, and in November in warmer ones 
(Battisti et al. 2015). Yet, these assertions 
were not completely confirmed by the 
data obtained in Bulgaria. In the coldest 
habitats, corresponding to the Northwest-
ern zones of T. pityocampa range expan-
sion, only the winter form phenology of 
the species was observed (Mirchev et al. 
2011b, 2016).

Santos et al. (2011) pointed that the 

summer its form found in Portugal, should 
be regarded as a separate phenological 
population. According to Santos et al. 
(2007), the case under consideration re-
fers to a mode of sympatric speciation in 
which the differentiation of populations is 
primarily due to a phenological shift with-
out habitat or host shift. Comparing the 
summer phenological form of T.  pityo-
campa with the winter one, Santos et al. 
(2013) found the presence of phenotype 
differentiation: variations in the fertility of 
female moths, in the shape and colour of 
the covering scales of egg batches, as 
well as in the species composition and 
the impact of the egg parasitoid complex 
on T. pityocampa population density. Both 
monitoring of adult flight patterns and ge-
netic analyses demonstrated that these 
two forms are strongly isolated from each 
other (even where they are sympatric) 
(Burban et al. 2016). Since the Portu-
guese summer population already differs 
significantly in its genetics, morphology, 
ecology and physiology, it should not be 
directly compared with all other phenolog-
ical forms of T. pityocampa (Godefroid et 
al. 2016).

In conclusion, the results of the pres-
ent survey expand the knowledge on lar-
val hatching and development of the es-
tablished atypical (early developing) form 
of pine processionary moth in Bulgaria. 
The phenological changes in this eco-
nomically important insect pest can affect 
both its management and public health in 
attacked forest areas.
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