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Abstract

VELCHEVA, N. and A. ATANASSOYV, 2016. Species diversity of parasitods reared from codling moth, Cydia po-
monella (Linnaeus, 1758) and plum fruit moth, Grapholita funebrana (Treitschke, 1835) (Lepidoptera, Tortricidae)
in Bulgaria. Bulg. J. Agric. Sci., 22: 272-277

Studies on species diversity and rate of parasitism of larval and pupal parasitoids' of two major tree fruit pests, codling
moth Cydia pomonella (Linnaeus, 1758) and plum fruit moth Grapholita funebrana (Treitschke 1835) were conducted in
Bulgaria. Eighteen larval or pupal parasitoids were reared from codling moth and 7 larval or pupal parasitoids from plum fruit
moth belonging to 5 and 2 Hymenoptera or Diptera families, respectively. Two parasitoids of the codling moth and five para-
sitoids of the plum fruit moth are new host records for Bulgarian fauna.

Levels of parasitism ranged from 0.74% to 3.7%, and 0 to 4.9% of diapausing codling moth and fruit plum larvae, respec-
tively. The highest percentages of parasitism were recorded for the first generation of plum fruit moth (5.7% - 7.6%) and in an
event of very low fruitlessness of apple trees for codling moth (33. 3%). The guild of primary solitary larval endoparasitoids

of both pests was the most numerous.
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Introduction

We conducted this study to define species diversity and
rate of parasitism of larval and pupal parasitoid assemblages
of codling moth, Cydia pomonella (Linnaeus, 1758) and
plum fruit moth, Grapholita funebrana (Treitschke, 1835).
Needs to update our knowledge in this trend are in connec-
tion with preserving biodiversity in orchards, developing
integrated pest management, and organic fruit production.

The list of naturally occurring parasitoids of codling
moth larvae and pupae as far as we found in Bulgarian en-
tomological literature included 12 braconids, 11 ichneumo-
nids, 2 pteromalids, and 2 tachinid flies (Table 1).

*E-mail: nyonkavelcheva@gmail.com; atanas5@hotmail.com

Prior to the year 1995 six parasitoid species of plum fruit
moth of which 2 species of Braconidae and 4 of Ichneumoni-
dae have been reported (Table 2).

Materials and Methods

Larvae and pupae of codling moth were collected from
corrugated cardboard bands placed on tree trunks and from
damaged fruits in Sofia region (Western Bulgaria) located at
595 ma.s. 1.,42°49” N and 23°23”E in 1998-2002 and 2005-
2008. Larvae of plum fruit moth were collected from dam-
aged fruits or corrugated cardboards with cotton belted on tree
trunks in conventionally sprayed or organic plum orchards in
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Table 1
List of larval and pupal parasitoids of Cydia pomonella Linnaeus 1758 reported in Bulgaria before 2012
Family [ Species | Author (s)
Braconidae Cremnops desertor (Linnaeus 1758) Atanassov, Slavov, 1978

Bassus rufipes (Nees 1812) Balevski et al., 1958

Ascogaster quadridentana (Wesmael 1835) Balevski et al., 1958

Ascogaster rufipes (Latreille 1809) Balevski et al., 1958

Chelonus starki (Telenga 1953) Ivanov, Slavov, 1976

Macrocentrus thoracicus (Nees 1811) (Balevski, 1995)

Macrocentrus marginator (Nees 1811) Atanassov, Slavov, 1978

Apanteles emarginatus (Nees 1834) Atanassov, Slavov, 1978

Apanteles sodalis (Haliday 1834) Atanassov, Slavov, 1978

Microgaster meridiana (Haliday 1834) Peeva et al., 2009

Aleiodes bicolor (Spinola 1808) Peeva et al., 2009

Rhyssalus pomonellae (Atanasov 1996) Atanasov, 1996
Ichneumonidae Itoplectis maculator (Fabricius 1775) Atanassov, 1978

Pimpla rufipes (Miller 1759) Atanassov, 1978

instigator Fabricius 1793

Pimpla spuria Gravenhorst 1829 Atanassov, 1978

Pimpla turionellae Linnaeus 1758 Atanassov, 1978

Pimpla arcadica (Kasparyan 1973) Kolarov, 1997

Liotryphon caudatus (Ratzeburg 1848) Atanassov, 1978

Liotryphon punctulatus (Ratzeburg 1848) Atanassov, 1978

Ephialtus extensor Balevski et al., 1958

Phygadeuon varicornis (Gravenhorst 1829) Atanasov, 1981

Hemiteles bipunctator (Thunberg 1824) Atanassov, 1978

Pristomerus vulnerator (Panzer 1799) Atanassov, 1978

Trichomma enecator (Rossi 1790) Balevski, 1976
Pteromalidae Dibrachys affinis (Masi 1907) Ivanov, Slavov, 1976

Dibrachys microgastri (Bouché 1834) Ivanov, Slavov, 1976

boucheanus Ratzeburg 1844

zelleri Ratzeburg 1844

cavus Walker 1835

vesparum Ratzeburg 1852

clisiocampae Fitch 1856

boarmiae Walker 1863

elegans Szelenyi 1981
Tachinidae Elodia morio (Fallen 1820) Balevski et al., 1958

Exorista fasciata (Fallen 1820) Velcheva et al., 2012
Table 2
List of larval and pupal parasitoids of Grapholita funebrana (Treitschke 1835) reported in Bulgaria before 1995
Family [ Autor(s)
Braconidae Ascogaster quadridentana (Wesmael 1835) Tosheva, 1960

Apanteles laspeyresiellus (Papp 1972) Balevski, 1995

Ichneumonidae  Lissonota carbonaria Holmgren 1860 (=Lissonota artemisiae Ischek) Tosheva, 1960

Enytus apostatus (Gravenhorst 1829)

(=Enytus exarelatus Ratzeburg 1852, Angitia (Dioctes) exareolata Ratz.)

Liotryphon punctulatus (Ratzeburg 1848)
(=Ephialtus extensor Taschenberg 1863)
Ephialtes nov. sp.

Tosheva, 1960

Atanassov, 1986
Tosheva, 1960
Tosheva, 1960
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experimental orchards of Agricultural University, near Plo-
vdiv (Central Southern Bulgaria) at 160 m a. s. 1., 42°9“ N
and 24°45“E in 2006-2009. Insufficient numbers of plum fruit
moth larvae or pupae were collected in an abandoned plum
orchard in Sofia region (Velcheva et al., 2010) due to irregu-
lar fruitfulness caused by winter or spring frost injury, lack of
pruning and spray program.

Damaged plum fruits with larvae in were held in wooden
boxes with netting lids under laboratory conditions. Rolls of
cotton and corrugated cardboards were placed over fruits to

facilitate pupation. In cases of doubt for the pest, fruits were
held individually in plastic cups. Emergence of parasitoids
or pests' moths were checked up on daily basis. Bands with
diapausing larvae of codling moth: and plum fruit moth were
kept in rooms at t of 0°C to 5°C and moistened regularly.
Emerged parasitoid species were determined following
keys of Kasparyn et al. (1981) and Tobias et al. (1986). The
taxonomic status and nomenclature of parasitoids follow the
European fauna catalogue (http://www.faunaeur.org).
Terminology of parasitoid guilds follows Mills (1992).

Table 3. Larval and pupal parasitoids reared from Cydia pomonella Linnaeus 1758

Family

| Species (guild, emergence, distribution*, note when applicable)

Braconidae

region, introduced into North America.

rope, Caucasus, Canada.
emerged end of May. Palearctic.

arbaidzhan, Turkey.

Ichneumonidae

in April and in end of July-August. Europe.

rope, Near East, Oriental regon.

Pteromalidae

America.

Perilampidae
1835). Europe.
Tachinidae

of July to beginning of September. Europe.

1. Ascogaster quadridentata (Wesmael 1835) solitary egg-larval endoparasitoid, emerged at
beginning of May to the end of August. Europe, Afro-tropical region, Neotropical region, Oriental

2. **Ascogaster rufidens (Wesmael 1835) solitary, egg-larval parasitoid, emerged in second half of June. Europe.
Develops 2-3 generations in year (Zerova et al., 1989).

3. Macrocentrus thoracicus (Nees1811) primary, solitary larval endoparasitoid, emerged second decade of Mai-first
decade of June. Palaearctic , Nearctic region, Oriental region.

4. ** Apanteles corvinus (Reinhard 1880) primary, solitary larval endoparasitoid, emerged first decade of May. Eu-
5. Apanteles sodalis Haliday 1834 (=Apanteles ater (Ratzeburg, 1852) primary, gregarious larval endoparasitoid,
6. Apanteles emarginatus (Nees 1834) primary solitary larval endoparasitoid. emereged in August. Europe, Az-

7. Bassus rufipes (Nees 1812) primary, solitary larval endoparasitoid emerged end of May - June, July to the begin-
ning of August. Europa, Asia. Introduced in California.

8. Pimpla spuria (Gravenhorst 1829) primary solitary pupal endoparasitoid, rare secondary, emerged second half of
May and August. Europe, Near East, North Africa, Oriental region, Sofia and Plovdiv region.

9. Pimpla turionellae (Linnacus 1758): primary, solitary, pupal endoparasitoid, emerged end of May- June, August.
Europe, Nearctic region, North Africa, Oriental region.

10. Liotryphon caudatus (Ratzeburg 1848) primary, solitary, ectoparasitoid of cocooned prepupal larvae, emerged
second half of June-August. Europe, Near East, Oriental region.

11. Liotryphon punctulatus (Ratzeburg 1848) primary, solitary ectoparasitoid of cocooned prepupal larvae emerged

12. Pristomerus vulnerator (Panzer 1799) primary solitary, larval endoparasitoid , emerged April- May, July —August.
Europe, Near East, North Africa, Oriental region.

13. Trichomma enecator (Rossi 1790), primary, solitary, larval-pupal endoparasitoid emerged May and August. Eu-

14. Mesochorus sp. solitary, secondary, cocoon parasitoids, emerged in May and August.
15.Gelis sp: solitary, secondary parasitoid. emerged in beginning of April and second half of August.

16. Dibrachys microgastri (Bouché 1834) (= D. boucheanus Ratzeburg 1844 = D. cavus Walker 1835 = D. vesparum
Ratzeburg 1852 = D.elegans Szelenyi, 1981 = D. boarmiae Walker 1863 = D.clisiocampae Fitch 1856,= D. zelleri
Ratzeburg 1848) primary and secondary, gregarius prepupal larvae and pupal ectoparasitoid. Europe, Asia, North

17. Perilampus fulvicornis (Ashmead 1886) solitary, secondary parasitoid of Ascogaster quadridentana (Wesmael

18. Elodia morio (Fallen 1820) primary, solitary larval endoparasitoid, emerged in end of April-May and second half

*Distrubution of species follows Fauna Europaea 2000 — 2013 (http://www.faunaeur.org);
Kaspryan et al, 1981; Kolarov, 1997; Tobias et al., 1986; Zerova et al, 1989

**New recorded host-parasitoid relation for Bulgaria,
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Results and Discussion

Cydia pomonella (Linnaeus 1758)

Totally, 18 parasitoid species were reared from larvae
and pupae of codling moth belonging systematically to 5
families (Table 3). The amount of Ichneumonidae and Brac-
onidae species were close in numbers. Eight reared species
(5 primary and 3 secondary) belonged to 5 subfamilies of
Ichneumonidae and seven species to 4 subfamilies of Braco-
nidae (Table 3). Host-parasitoid relations between codling
moth and braconid wasps Ascogaster rufidens (Wesmael
1835) and Apanteles corvinus (Reinhard 1880) are new re-
cords for Bulgaria. Ascogaster quadridentata (Wesmael,
1835) (Braconidae, Cheloninae) and Pristomerus vulnerator
(Panzer, 1799) (Ichneumonnidae, Cremastinae), were pre-
dominant species during the years of investigation.

In this study, primary solitary larval endoparasitoids pre-
vailed in the recorded parasitoid complex of codling moth
(Figure 1). Similar results were observed in our previous
study on parasitoid- assemblages of ectophagous Lepidop-
tera in abandoned apple orchard situated in Sofia region
(Velcheva and Atanassov, in print).

5.56%

11.11%

16.67%

11.11%

44.44%,
11.11%

msolitary egg-larval endoparasitoids

mprimary solitary larval endoparasitoids
primary solitary pupal endoparasitoids

m primary solitary ectoparasitoids of cocooned prepupal larvae
solitary secondary parasitoids

oprimary and secondary gregarius prepupal larvae and pupal ectoparasitoid

Figure 1. Structure of parasitoid guilds
of Cydia pomonella

Rate of parasitism of diapausing larvae of codling moth
ranged in low values, 0.74% - 3.7%. One only exception was
observed in 2008 when fruitfulness was extremely low and
we hardly found three only trees to bind bands on trunks in
an abandoned apple orchard near the city of Sofia. Then, the
mean number of larvae was 6 per band and the rate of para-
sitism reached 33. 3%

Grapholita funebrana (Treitschke 1835)

Seven parasitoid species were reared from larvae and pupae
of G. funebrana with very high prevailing of species belong-
ing to family Ichneumonidae (Table 4). G. funebrana is a new
host for Pimpla spuria (Gravenhorst, 1829), Pimpla turionel-
lae (Linnaeus, 1758), Liotryphon caudatus (Ratzeburg, 1848)
Pristomerus vulnerator (Panzer 1799) and Diadegma armillata
(Gravenhorst, 1829) in Bulgaria. Similarly to the rates of cod-
ling moth parasitoid guilds, primary solitary larval endopara-
sitoids of plum fruit moth were the most numerous (Figure 2).

14.3

egg-larval solitary endoparasitoid
mprimary solitary larval endoparasitoid
osolitary ectoparasitoid of cocooned prepupal larvae

mprimary solitary pupal endoparasitoid

Figure 2. Structure of parasitoid guilds
of Grapholita funebrana

The cosmopolitan braconid Ascogaster quadridentata
(Wesmael 1835), reared from larvae of plum fruit moth col-
lected from the both observed regions, was the most abun-
dant species. Similar statements were concluded by Tosheva
(1960) in Bulgaria, Bovey (1966) in France, Saparmamedo-
va (1988, 1988a,) in Turkmenistan, and Batinica and Mura-
tovich (1972) in former Yugoslavia. Ephialtes new sp., An-
gitia (Dioctes) exareolata (=Enytus exareolatus Ratzeburg,
1852), Liotryphon punctulatus (Ratzeburg, 1848) (=Ephy-
altes extensor Taschb.), and Apanteles laspeyresiellus (Papp,
1972) previously reported by Tosheva (1960), Atanasov
(1986), and Balewski (2009) (Table 2) have not been reared
from plum fruit moth in this study.

Rate of parasitism of diapausing larvae of plum fruit
moth was low and ranged from 0.0 to 4.9%.

First generation larvae collected and reared in damaged
fruits demonstrated the highest rate of parasitism ranged
within 5.7 and 7.6%.
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Table 4

Larval and pupal parasitods reared from Grapholita funebrana (Treitschke 1835)

Family | Species (guild, emergence, distribution®, note when applicable)

Braconidae 1. Ascogaster quadridentata (Wesmael 1835) egg-larval solitary endoparasitoid emerged at beginning of May to the
end of August. Places of collections- organic orchard of AU Plovdiv, abandoned plum orchard and untreated plum
trees near Sofia. Europe, Afro-tropical region, Neotropical region Oriental region introduced into North America

Ichneumonidae **2. Pimpla spuria (Gravenhorst 1829) primary, solitary, pupal, endoparasitoid emerged in May-August, of treated

plum orchard of AU Plovdiv. Europe, North Africa, Oriental region.

**3. Pimpla turionellae (Linnacus 1758) primary, solitary, pupal endoparasitoid abandoned plum orchard Pancha-
revo, Sofia region, emerged end of May - June. Europe, Nearctic region, North Africa, Oriental region.

**4. Liotryphon caudatus (Ratzeburg 1848) solitary ectoparasitoid of cocooned prepupal larvae , Plovdiv, treated

plum orchard, emerged 3.05. 2009. Europe, Near East, Oriental region.

**5. Pristomerus vulnerator (Panzer 1799) primary solitary, larval endoparasitoid abandoned plum orchard Sofia
region, emerged April- May, July - August. Europe, Near East, North Africa, Oriental region.

**6. Diadegma armillata (Gravenhorst 1829), primary, solitary larval endoparasitoid, emerged end of May (23. 05.
2009 ), Plovdiv treated orchard. Palearctic, Australia, Near East, Oriental region.

7. Lissonota (Lissonota) carbonaria (Holmgren 1860) primary solitary larval endoparasitoid , emerged in August.
Europe, Azerbaijan, Turkey and China (Kolarov, 2008)

*Distrubution of species follows Fauna Europaea 2000 — 2013 (http://www.faunaeur.org);
Kaspryan et al, 1981; Kolarov, 1997; Tobias et al., 1986; Zerova et al, 1989

**New recorded host-parasitoid relation for Bulgaria,

Conclusions

Eighteen parasitoid species were reared from larvae and
pupae of codling moth, Cydia pomonella (Linnaeus,1758)
and seven parasitoid species from larvae and pupae of plum
fruit moth, Grapholita funebrana (Treitschke, 1835) belong-
ing to 5 and 2 families, respectively.

Two new codling moth-parasitoid relations and 5 new
plum fruit moth-parasitoid relations were recorded for Bul-
garian fauna in this study.

Dominants parasitoids reared from Cydia pomonella
(Linnaeus, 1758) were Ascogaster quadridentata (Wesmael,
1835) and Pristomerus vulnerator (Panzer 1799) and the
same braconid wasp prevailed in parasitoid larval and pupal
complex of Grapholita funebrana (Treitschke, 1835)

Rate of parasitism ranged from 0.7% to 3.7%, and 0.0%
to 4.9% of diapausing larvae of codling moth and plum fruit
moth, respectively. Most likely, those are not entirely correct
values of parasitism due to very high mortality of the pest
larvae we observed during the overwintering caused by low
temperatures, fungi, granolosus viruses, bacteria, microspo-
ridia and other entomopathogens.

The highest percentage of parasitism was recorded of the
first generation of plum fruit moth and of the codling moth in
an event of very low fruitlessness of apple trees.

We suggested that the list of parasitoids infesting larvae
and pupae of codling moth and plum fruit moth in Bulgaria
is not completed yet. Studies have to be extended in the main

fruit growing regions to clarify parasitoid role as a mortality
factor in various ecological conditions.
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