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Abstract

VELCHEVA, N., A. ATANASSOV, O. KARADJOVA and Z. HUBENOY, 2012. Parasitoid assemblages isolated
from externally feeding lepidopterans and codling moth (Cydia pomonella L., Tortricidae) in a young apple orchard
in West Bulgaria. Bulg. J. Agric. Sci., 18: 675-681

During the period 2005 — 2009, a gradual increase in the rate of insect parasitism was observed on externally feeding
Lepidoptera developing on buds, flowers, leaves and fruits of young apple trees in an orchard located in West Bulgaria. The
aim of the present study was to investigate the biodiversity of parasitoids associated with the lepidopteran complex and the
codling moth in this orchard. The role of natural enemies for suppressing pest populations was estimated as well. During
the five-year survey, 19 parasitoid species belonging to 6 families were identified. Species of family Ichneumonidae were
dominant (42.1%), followed by Braconidae (31.6%). Three other families, Pteromalidae, Chalcidae, and Encyrtidae, were
represented by one species each and accounted for 5.3 % of the abundance of the established parasitoid complex. Two tachinid
flies were isolated, corresponding to 10.5 % of the complex. Dibrachys cavus (Walker, 1835) was the first parasitoid observed
during the investigation and was found as cocoons on the leaves. Scirtetes robustus (Woldstedt, 1877) parasitized Orthosia
cerasi (Fabricius, 1775) in the second year after planting of the orchard.

Aporia crataegi (Linnaeus, 1758), Hedya nubeferana (Haworth, 1811) and Operophtera brumata (Linnaeus, 1758) exhib-
ited the highest rates of parasitoid infestation within the complex of externally feeding lepidopteran larvae. The percentages of
parasitism reached to 25% for the first two pests and 22 % for O.brumata.

The rate of parasitism of codling moth collected in the young orchard was low: 5.3% in 2008 and 0.9% in 2009. Liotryphon
caudatus (Ratzeburg, 1848) and Ascogaster quadridentata (Wesmael, 1835) were the first species established to infest the
larvae of the pest.

The ichneumonid wasp Glypta pictipes (Taschenberg, 1863) is a new species for the Bulgarian fauna. Pimpla arcadica
(Kasparyan, 1973), isolated from codling moth, is a new distributional record for the parasitoid, and four new parasitoid - host
relationships were established for the country: Diadegma armillata (Gravenhorst 1829) was reared of Coleophora hemerobiella
(Scopoli 1763), Compsilura concinnata (Meigen 1824) of Aporia crataegi (Linnaeus 1758), Protapanteles vitripennis (Curtis
1830) of Yponomeuta malinellus (Zeler 1938), and Lissonota dubia (Holgren 1856) of Choristoneura hebenstreitella (Muler
1764).
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Introduction

The tremendous biodiversity of parasitoids in apple
orchards is well known and extensive researches has
been performed on their isolation, identification and sig-
nificance as biological control agents both in Bulgaria
and worldwide (Tschorbadjieff, 1933; Nikolova, 1962;
Evenhuis and Vlug, 1983; Ivanov and Slavov, 1982;
Angelova, 1983; Zerova et al., 1989; Atanassov, 1986;
Lecheva and Zaprjanov, 1996; Atanassov et al., 1997,
Balaz, 1997; Balevski, 2009; CMISS 2009; Pluciennik
and Olszak, 2010.) Surprisingly, there have been no at-
tempts to follow appearance of natural enemies and es-
timated their role for suppression the pest lepidopteran
populations in new planted apple orchards.

In the present study, we investigate the formation
of the parasitoid complex of externally feeding lepi-
dopterans in a recently planted apple orchard located
in West Bulgaria. The devastating, internally feeding
pest of apples codling moth Cydia pomonella (Linnae-
aus 1758) appeared immediately after formation of the
first fruits and its parasitoids were isolated and listed
as well. The significance of the parasitoid complex as
an ecological factor for reduction of lepidopteran pest
populations and its role for pest species mortality were
also assessed.

Material and Methods

In 2005 - 2009, weekly observations and collection
of lepidopteran larvae were conducted in a young apple
orchard planted in 2004, not treated with insecticides.
The orchard covers 1.5 ha and is located in the experi-
mental field of Plant Protection Institute near the city
of Sofia - 541h a. s. 1., 42°48' N and 23°12' E. The col-
lected larvae were reared individually on apple buds
and leaves under laboratory conditions. Pupation and
emergence of moths and parasitoids were recorded
daily. The relative density of leaf - feeding Lepidoptera
was established by random sampling of five apple trees
in the orchard.

Codling moth larvae were collected during summer
and autumn with corrugated bands and from damaged
fruit in the young apple orchard in the period 2007 —
2009, starting at the time of formation of the first fruit.

For comparison of parasitoid species composition
of codling moth larvae, bands were also put on aged
untreated apple trees near the experimental field. In
the course of the investigation, a total of 1628 codling
moth larvae and 405 externally feeding lepidopteran
larvae were collected.

Results and Discussion

Dibrachys cavus (Walker 1835) was the first estab-
lished parasitoid (collected on 29. 07.2005), present as
cocoons on the leaves in the crowns of the apple trees.
This cosmopolitan species is a wide generalist and it
was difficult to suppose which hosts it parasitized.

Hedya nubiferana (Haworth 1811), Operophtera
brumata (Linnaeus 1758) and Coleophora hemerobiel-
la (Scopuli 1763) were permanent species within the
complex of externally feeding Lepidoptera in the young
orchard for the period of the investigation (Velcheva,
2009). H. nubiferana was the dominant species in
2005 and 2006 and the collected specimens constituted
16.8% of the abundance of all reared externally feeding
lepidopteran larvae. Only two parasitoid species were
isolated from the pest (Table 1), while in a previous in-
vestigation (Velcheva, unpublished) twelve parasitoid
species (one of them secondary) were reared from H.
nubiferana larvae collected from untreated apple trees
and an abandoned apple orchard in the same region. In
general, the percentage of parasitism is linked to the
relative density of H. nubiferana (Figure 1). The most
extensive established rate of infestation of the larvae
registered in 2008 and 2009 was 25%.

Operophtera brumata L prevailed in 2007 and
2008 (Velcheva, 2009). For the whole period, this pest
comprised 14.6% of the studied externally feeding
lepidopteran complex. The established percentage of
parasitism gradually increased during the years of ob-
servations (Figure 2). In 2009, the larvae of O. brumata
were most extensively parasitized (22.0% of collected
specimens). Nevertheless, only one braconid wasp,
Protapanteles immunis (Haliday 1834), was reared
from the larvae of the winter moth. Other parasitoids
announced to infest O. brumata in Bulgaria were: Dia-
degma armillata (Gravenhorst, 1829) (Ichneumonidae,
Campopleginae) reported by Lecheva and Zaprjanov
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Table 1

Taxonomic list of the hosts and reared parasitoids

Lepidopteran larvae and pupae Parasitoids
Famlly,trsilggfamlly, Species Famlly,trsiltl)gfamlly, Species
Tortricidae Cydia Ychneumonidae Liotryphon caudatus (Ratzeburg, 1848)
Olethreutinae pomonella Pimplinae,Ephialtini
Grapholitini ( Linnaeus, 1758) Pimplinae, Pimplini ***Pimpla arcadica (Kasparyan, 1973)
Braconidae Ascogaster quadridentata
Cheloninae (Wesmael,1835)
Pteromalidae Dibrachys cavus (Walker, 1835)
Pteromalinae
Tachinidae Elodia morio (Fallen, 1820)
Exoristinae
Tortricidae Hedya Braconidae Apanteles candidatus (Haliday, 1834)
Olethreutinae nubeferana Microgasterinae
Olethreutini (Haworth, 1811) Chalcidae Brachymeria tibialis (Walker, 1834)
Chalcidinae
Tortricidae Archips Ychneumonidae Itoplectis maculator (Fabricius, 1775)
Tortricinae xylosteana Pimplinae, Pimplini
Archipini (Linnaeus, 1758)
Tortricidae Archips Braconidae Macrocentrus linearis (Nees, 1811)
Tortricinae crataegana Macrocentinae
Archipini (Hubner, 1799)
Tortricidae Choristoneura Ychneumonidae
Tortricinae hebenstreitella Banchinae **Lissonota dubia (Holgren, 1856)
Archipini (Muller, 1764) Atrophini
Geometridae Operophtera Braconidae
Larentiinae brumata Microgasterinae Protapanteles immunis (Haliday, 1834)
Operophterini (Linnaeus, 1758)
Noctuidae Orthosia Ychneumonidae
Noctuinae cerasi Campopleginae Scirtetes robustus (Woldstedt 1877)
Orthosiini (Fabricius, 1775)
Noctuidae Cosmia Ychneumonidae
Noctuinae trapezina Campopleginae Scirtetes robustus (Woldstedt, 1877)
Xylenini (Linnaeus, 1758)
Pieridae Aporia Braconidae
Pierinae crataegi Microgastrinae Cotesia glomerata (Linnaeus, 1758)
Pierini (Linnaeus, Tachinidae
1758%**%) Exoristinae **Compsilura concinnata (Meigen, 1824)
Yponomeuta Ychneumonidae
malinellus Campopleginae Diadegma armillata (Gravenhorst, 1829)
(Zeller, 1938)
Yponomeutidae oAk Braconidae **Protapanteles vitripennis (Curtis, 1830)
Yponomeutinae Microgasterinae = Apanteles vitripennis (Curtis, 1830)
= Glyptapanteles vitripennis (Curtis, 1830)
Chalcidoidea
Encyrtidae Ageniaspis fuscicollis (Dalman, 1820)
Encyrtinae
Swamerdamia pyrella Ychneumonidae Gelis sp. secondary parasitoid
pyrella Criptinae
(Villers 1789) Phygadeuontini
Gelechiidae Not identified Ychneumonidae
to species Banchinae *Glypta pictipes (Taschenberg, 1863)
Glyptini
Coleophoridae Coleophora Ychneumonidae **Diadegma armillata (Gravenhorst, 1829)
hemerobiella Campopleginae
(Scopoli, 1763)

*New species for Bulgarian fauna;

**New host parasitoid relation;

***New distributional record for Bulgaria;
****The number of the larvae of these pests was not included in the sum of found because of gregarious manner of feeding in nests.
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Fig. 1. Relative quantity of H. nubiferana in
the complex of leave eating Lepidoptera and
percentage of parasitism

(1996), Protapanteles immunis (Haliday, 1834) (Bra-
conidae, Mikrogastrinae), Eulophus larvarum (Lin-
naeus, 1758) (Eulophidae, Eulophinae) and Lypha du-
bia (Fallen, 1810) (Tachinidae Tachininae) found by
Peeva (2009)) - Apanteles sodalis (=A. ater) (Haliday,
1834), A. xantostigma (Haliday 1834), Cotesia jucun-
da (Marshall, 1885) and Cotesia praepotens (Haliday,
1834 )(Braconidae) were listed by Balevski (2009).

The other species of externally feeding lepidopter-
ans, identified during the investigation, were parasitized
only during one year of the observations. The average
rate of parasitism, established for collected late instars
of solitary living larvae of Aporia crataegi (Linnaeus,
1758) was rather high, reaching 25% of all collected
individuals. The rate of parasitism in individual nests
ranged from 0 to 36.7%. Cotesia glomerata (Linnaeus,
1758), a gregarious braconid wasp and Compsilura
concinnata (Meigen 1824), a polyphagous parasitoid
tachinid fly, were isolated from the pest (Table 1).
This is the first report of 4. crataegi as a host of C.
concinnata for Bulgaria. The emerged tachinid fly was
previously reported as a parasitoid of twelve other
lepidopteran species in the country (Hubenov, 1985,
2001). This species parasitizes over 100 different hosts
in the Palearctic Region, at least 161 in North America,
and 67 in Japan (Ichiki and Nakamura, 2007). In Italy
A. crataegi L was established as a host of two more
tachinid flies - Phryxe vulgaris, Exorista segregate
(Cerretti and Tschorsnig, 2010).

Fig. 2. Relative quantity of O. brumata in the
complex Lepidoptera and percentage
of parasitism

In 2005 there was an outbreak of Yponomeuta mall-
inelus (Zeller, 1938) and its nests were found on 34.92%
of the apple trees. Three species of parasitoids were
isolated from the pest and one new trophic host - para-
sitoid relationship was established for Bulgaria (Table
1). Tschorbadjieff (1933) listed fourteen parasitoids iso-
lated from Y. mallinelus: Z.-Herpestomus brunnicornis
(Gravenhorst, 1829), Dirophanes fulvitarsis (Wesmael,
1845), Exochus gravipes (Gravenhorst, 1820), Chori-
naeus cristator (Gravenhorst, 1829), Mesochorus vit-
tator (Zetterstedt, 1838), ltoplectis alternans (Graven-
horst, 1829), Diadegma armillata (Gravenhorst,
1829), Campoplex sp., Elasmus sp. (Ichneumonidae),
Tetrastichus crassinervis (Thompson, 1878), Pteroma-
lus variabilis (Ratzeburg, 1844), Ageniaspis fuscicolis
(Dalman 1820), Baryscapus evonimellae (Bouché,
1834) (Chalcidoidea) and FEurysthaea scutellaris
(Robineau - Desvoidy, 1848) [Roeselia, Erythrocera,
Discochaeta (h)yponomeutae Rondani, evonymellae
Ratzeburg] (Tachinidae). Jacentkovsky (1936) reported
Actia crassicornis (Meigen, 1824) as a new species for
the Bulgarian fauna. Consequently, Trenchev (1980)
reported Y. mallinellus as a host of A. crassicornis. The
author also isolated two other parasitic tachinid flies
from the pest, Bessa parallela (Meigen 1824) (=B.
fugas Rondani, 1861) and Peribaea tibialis (Robineau-
Desvoidy, 1851) (= Stroblimyia tibialis Robineau-
Desvoidy), which were new for the Bulgarian fauna.
Popov (1956) reported Bessa selecta (Meigen, 1824)
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and Bactromyia aurulenta (Meigen, 1824) as parasi-
toids of Y. mallinellus in Bulgaria. Hence, the list of
insects known to parasitize Y. mallinellus in Bulgaria
includes 27 species.

The oligophagous ichneuomonid wasp Scirtetes
robustus (Woldstedt), which develops in noctuid lar-
vae, was one of the first parasitoids to appear in the
young apple orchard. One infested larva of Orthosia
cerasi (Fabricius, 1775) was found on 3.05.2007, and
S. robustus emerged on 17.03.2008.

The species which first parasitized the codling
moth were Liotryphon caudatus (Ratzeburg 1848) and
Ascogaster quadridentata (Wesmael, 1835). The first
found parasitoid in young orchard D. cavus emerged of
codling moth larvae on 27.07.2009.

In total, five parasitoids were isolated from cod-
ling moth larvae, collected in the young apple orchard.
Two of them belong to family Ychneumonidae, one
to Braconidae, and one to Pteromalidae (Table 1). A4.
quadridentata was the only egg-larval parasitoid. The
list of parasitoid species isolated from codling moth
developing in the fruits of aged untreated apple trees
in the vicinity of the investigated experimental or-
chard comprised two more representatives of family
Ychneumonidae — the solitary larval endoparasitoid
Pristomerus vulnerator (Panzer, 1799) (Cremastinae)
and the solitary pupal endoparasitoid Pimpla turionel-
lae (Linnaeus, 1758) (Pimplinae), as well as one more
species from family Braconidae — Bassus (Microdus)
rufipes (Nees, 1812). The list did not include Pimpla
arcadica (Kasparyan, 1973) which was isolated from
codling moth in the young orchard. According to Ko-
larov (1997), P. arcadica is very rare and was found
by the author in April only in Strandzha mountain in
our country. The species was first described from The
Crimea by Kaparjan (1973). Consequently, it was re-
ported for Sweden (Yu et al., 2005), Norway (Hansen
et al., 2010) and the North-East Anatolian Region of
Turkey (Coruh, 2010). Obviously, P arcadica Kas.
develops two generations per year - in Turkey it was
collected in June and August (Coruh, 2010), while our
specimen emerged on 12.08.2009.

The parasitoid tachinid fly Elodia morio (Fallen,
1820) emerged from codling moth larvae collected
with bands from both the young and the aged apple

trees. The parasitoid was registered for the first time
in 2008, four years after planting of the orchard. Ten
wasps of the family Ichneumonidae were listed as lar-
val and pupal parasitoids of C. pomonella in Bulgaria
by Atanassov (1986) and eleven braconids were listed
by Balevski (2009). Aleiodes bicolor (Spinola, 1808)
and Microgaster meridiana (Haliday, 1834) were re-
ported as parasitoids of codling moth by Peeva et al.
(2010) and P. arcadica (Kasparyan, 1973) by Kolarov
(1997). We also isolated Exorista fasciata (Fallen,
1820) from codling moth larvae collected in an organic
orchard in Plovdiv region. This is a new report of host
- parasitoid relationship, contributing to the extensive
host list compiled by Hubenov (1985, 2001). With the
addition of Elodia morio (Fallen, 1820) first announced
by Trenchev (1980), the Bulgarian faunistic list of
parasitoids of the codling moth now comprises 26 para-
soitoids. So, 19.2% of all parasitoid species known to
occur in our country were attracted immediately after
the appearance of their host in the young apple orchard.
According to Lloyd (by Laurence et al., 2005), there
are over 100 insect species parasitizing the codling
moth worldwide.

The rates of parasitism on codling moth established
in our study and presented in Table 2 were very low.
There are similar reports of considerably low rates of
parasitism on C. pomonella. For example, Monteiro et
al. (2010) reported mean rates of infestation of 3.7%,
2.3% and 0.8% in organic and conventional with and
without mating disraption in France. The authors did
not find parasitized diapausing codling moth larvae in
79% and 83.6% of the observed apple orchards.

In the period 1994 — 1995, the reported mean rate
of infestation of the codling moth in Switzerland (La

Table 2
Relative density of codling moth, externally leaving
lepidopteran larvae and mean rate of parasitism

Mean number | p... e | Relative | po. e
Years (C)gg]lﬁ]pgalrlggtl}% paraos/itsm, ?g?j;gyo%f parag/itism,

larvae/band 0 100 organs 0
2005 0 0 6.7 0
2006 0 0 8.8 3
2007 3.1 0 16.7 5
2008 11.9 53 13.9 8.9
2009 7.8 0.9 8.6 9
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Cote) was 3% and in Gottingen, South Germany —
4.9% (Atanassov et al., 1997). Subinprasert (1987)
established a rather different rate of parasitism in South
Sweden, ranging from 22.9% to 61.1% during the pe-
riod 1981-1984, or mean - 38.3%. Perhaps, the reason
was that his investigations were performed in very old
apple orchards, planted about 50 years ago. Tkachev
(1986) also reported a high percentage of parasitism,
reaching up to 27%, from Ukraine.

Conclusions

Nineteen parasitoid species belonging to six fami-
lies were reared from the lepidopteran pests collected
from the young apple orchard. Species of families
Ichneumonidae were dominant (42.1%), following by
Braconidae (31.6%). Parasitoid flies from family Ta-
chinidae had a relative abundance of 10.5%, and three
families - Pteromalidae, Chalcidae, and Encyrtidae
were represented by one species each, accounting for
5.3 % of established parasitoid complex. It can be sup-
posed, that the first reared parasitoid species generally
have a very high searching ability and detect their hosts
earlier than others, or that they have found better living
conditions in the crowns of the young trees, compared
with other environments.

Dibrachys cavus (Walker, 1835) was the first parasi-
toid to appear in the young apple orchard. It was found
as cocoons on the leaves in the crowns of the apple
trees.

Scirtetes robustus (Woldstedt, 1877) parasitized lar-
vae of Orthosia cerasi (Fabricius, 1775) in the second
year after planting of the orchard, in 2006. The ichneu-
monid wasp emerged in 2007.

Two parasitoids were isolated from one of the domi-
nant pests - Hedya nubiferana (Haworth, 1811). The
rate of infestation of its larvae was high in the fourth
and the fifth year after planting of the orchard. The es-
tablished rates of parasitism were related to the density
of the pest.

The rates of parasitism of the other of dominant spe-
cies in the complex of externally feeding Lepidoptera,
Operophtera brumata (Linnaeus, 1758), gradually
increased during the years of investigation and reached
22% in 2009.

The phytophagous insect Aporia crataegi Linnaeus
(1758) exhibited a high rate of parasitoid infestation
reaching 25%.

Liotryphon caudatus (Ratzeburg, 1848) and As-
cogaster quadridentata (Wesmael, 1835) were the first
parasitoid species reared from codling moth. Five para-
sitoids were isolated altogether. The rate of infestation
of codling moth was too low to play a significant role
in decreasing the populations of the pest.

The ichneumonid wasp Glypta pictipes (Taschen-
berg, 1863) is a new species for the Bulgarian fauna.

Pimpla arcadica (Kasparyan, 1973) reared from
codling moth is a new distributional record for the
parasitoid.

Four new parasitoid - host relationships were
established for the country: Diadegma armillata
(Gravenhorst, 1829) - Coleophora hemerobiella (Sco-
poli, 1763), Compsilura concinnata (Meigen, 1824)
- Aporia crataegi (Linnaeus, 1758), Protapanteles
vitripennis  (Curtis, 1830) - Yponomeuta malinellus
(Zeler, 1938), and Lissonota dubia (Holgren, 1856) -
Choristoneura hebenstreitella (Muler, 1764).

Acknowledgements

The present study is partly supported by project DO-
02-57/2008 funded by Fund “Scientific Investigation”,
Ministry of Education, Youth and Science, Bulgaria.

References

Angelova, R., 1983. Parasites of leaf rollers (Subfamily Tor-
tricinae, Lep.) in apple orchards.”Vasil Kolarov” High-
er Institute of Agriculture —Plovdiv, Scientific works,
XVIII: 95-102.

Atanassov, A. Z., 1986. An annotated list of the parasites
(Ichneumonidae, Hymenoptera) on the pests in Bulgaria.
Bull. IOBC, East Paleartic Section, 14: 7-19.

Atanassov, A., P. J. Charmillot, Ph. and D. Jeanneret,
1997. The larval and pupal parasitoids of codling moth
Cydia pomonella. Revue suisse de viticulture, arboricul-
ture, horticulture, 29 (2) : 100-106.

Balazs, K., 1997. The importance of the parasitoids in apple
orchards. Biological. Agric. Hortic., 15: 123-129.

Balevski, N., 2009. Biodiversity, host specialization and trophic
relations of braconid parasitoids (Hymenoptera: Braconi-
dae) phytophagous insect pests - plants hosts. Habilitation
thesis, Plant Protection Institute, Bulgaria, 211 pp.



Parasitoid Assemblages Isolated From Externally Feeding Lepidopterans and Codling Moth... 681

Cerretti, P. and H. P. Tschorsnig, 2010. Annotated host cat-
alogue for the Tachinidae (Diptera) of Italy. Stuttgarter
Beitrdge zur Naturkunde A, Neue Serie, 3: 305-340.

CMISS, 2009. Codling moth informationsupport system.
Natural enimes of codling moth and leafrollers of pome
and stone fruits [http://www.ipmnet.org/Codling moth/
biocontrol/naturale/].

Coruh, S., 2010. Composition, habitat, distribution and sea-
sonal activity of Pimplinae

(Hymenoptera: Ichneumonidae) in North-East Anatolia re-
gion of Turkey. Anadolu J. Agric. Sci., 25(1): 28-36.

Evenhuis, H. H. and H. J. Vlug, 1983. The hymenopterous
parasites of leaf-feading apple tortricids (Lepidoptera,
Tortricidae) in the Netherlands. Tijdschrift Voor Ento-
mologie, 126: 109-135.

Fauna Europaea. 2010,[http:www.faunacur.org], version 2.4.

Hansen, L. O., A. Humalaand and A. Reshchikov, 2010.
Ichneumonidae (Hymenoptera) new for the fauna of
Norway, Part 4. Norwegian Journal of Entomology, 57:
177-186.

Hubenov, Z., 1985. On hosts of family Tachinidae (Diptera)
species in Bulgaria. Acta Zool. Bulg., 27: 27-35.

Hubenov, Z., 2001. Addition to the list of hosts of the Bul-
garian Tachinidae (Diptera). Acta Entom. Bulg., 7 (No3,
4): 51-56.

Ichiki, R. and S. Nakamura, 2007. Oviposition and im-
mature development of the parasitoid fly Compsilura
concinnata (Meigen) (Diptera: Tachinidae). JARQ 41
(3): 227 — 232. http://www.jircas.affrc.go.jp.

Ivanov, Sp. and N. Slavov, 1982. The more significant leaf-
rollers parasites in Plovdiv region. The Third National
Science Conference of Pest Biological Control. 25-30.10.
1982, Sofia, 15-16.

Jacentkosky, D., 1936. Beitrag zur Kenntnis der Raupenflie-
gen (Tavhinidae, Diptera)

Bulgariens. Mitteilungen aus den Konigl. Naturwissen-
schaftlichen Instituten in Sofia. Mitteilungen aus den
Kénigl. Naturwissenschaftlichen Instituten in Sofia-Bul-
garien.

Kasparyan, D. R., 1973. [New species of the genus Pimpla
F. (Hymenoptera, Ichneumonidae) from the Crimea, the
Caucasus and Soviet central Asia.] (In Russian with Ar-
menian summary). Doklady Akademii Nauk Armyanskoi
SSR, 57 (4): 252-256.

Kolarov, J., 1997. Fauna Bulgarica.25 Hymenoptera, Ich-
neumonidae. Part I. Pimplinae, Xoridinae, Acaenitinae,
Collyriinae. Editio Academica ‘“Prof. Marin Drinov”,
Editio*PenSoft”, 326 pp.

Lacey, L. A. and T. R. Unruh, 2005. Biological control of
codling moth (Cydia pomonella, Lepidoptera: Tortri-
cidae) and its role in integrated pest management, with

emphasis on Entomopathogens. Monograph. Vedalia, 12
(1): 33-60.

Lecheva, I. and A. Zaprjanov, 1996. Geometrids (Lepi-
doptera: Geometridae) and their parasitoids (Hy-
menoptera: Ichneumonoidea) in fruit orchards in Bul-
garia. Acta Entom. Bulg., 1: 68- 71.

Monteiro, L. B., C. Dor, P. Franck, C. Lavigne and B.
Sauphanor, 2010. Pest management ptactices and envi-
ronment factors affect natural regulation of codling moth.
1OBC/wpr Bulletin, 54: 248-251.

Nikolova, V., 1962. The more important injurious Tortrici-
dae and Gelechiidae on fruit trees in Bulgaria and their
parasites. Bull. Central Res. Institute of Plant Protection,
(3): 91-116 (Bg).

Peeva, P., 2009. Species diversity of lepidopteran pests in
apple orchards. PhD thesis, Plant Protection Institute, So-
fia, 181 pp. (Bg).

Peeva, P., N. Velcheva and N. Balevski, 2010. New parasi-
toids of Braconidae (Hymenoptera) infected lepidopter-
ous larvae in apple biocenoses in Bulgaria. Plant Sci., 46
(4): 346-350 (Bg).

Pluciennik, Z. and R. W. Olszak, 2010. The role of parasi-
toids in limiting the harmfulness of leaf rollers in apple
orchards. J. of Plant Protection Research., 50 (1): 1-8.

Popov, P. A., 1956. Contribution to the biology, ecology
and prognosis of Hyponomeuta malinellus Z. Scientific
works, Ministry of Agriculture, series Plant growing, 1,
4:21-36 (Bg).

Subenprasert, S., 1987. Natural enemies and their impact
on over wintering codling moth populations (Laspeyre-
sia pomonella L.) (Lep., Tortricidae) in South Sweden. J.
Appl. Ent., 3: 46-55.

Tschorbadjieff, P., 1933. Les Insectes Nuisibles sur Les Ar-
bres Fruitiers en Bulgarie.

Tkachev, V. M., 1986. Protection of apple. Zashita rastenii,
(No 5): 24-25 (Ru).

Trenchev, G., 1980. Parasite species of the subfamily Ex-
oristinae (Diptera, Tachinidae) in Bulgaria. Plant Sci.,
XVII (No 5): 121-125 (Bg).

Velcheva N., 2009. Lepidopterian fauna in new-planted
apple orchard in West Bulgaria. Biotechnology and Bio-
technological Equipment - special issue, 23: 127-131.
www.diagnosisp.com

Yu, D. S., K. van Achterberg and K. Horstmann, 2005.
World Ichneumonidea 2004. Taxonomy, Biology, Mor-
phology and Distribution. CD/DVD. Taxapad, Vancou-
ver, Canada.

Zerova, M. D., Zh. Melika, V. 1. Tolkanik and A. G. Koten-
ko, 1989. Annotated list of insects parasitizing leaf rollers,
which damaged apples in the South West of the European
part of USSR. Information Bulletin EPS, 28: 7-69.

Received November, 12, 2011, accepted for printing June, 2, 2012.



