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ABSTRACT

The fall webworm, Hyphantria cunea (Drury) (Lepidoptera: Arctiidae), is an exotic, defoliating larval
pest in Europe and Asia. More than 4,000 overwintered pupae of H. cunea were collected from hazelnut
plantations in Samsun province, Turkey in 2008 and 2009. Two tachinid species, Compsilura concinnata
and Nemoraea pellucida, were reared in both 2008 and 2009. Species richness at sites ranged from 1
to 2 species. Parasitism was 2.4 times higher in 2009 than in 2008. The highest total parasitism for any
site was 23.6% in 2009. Nemoraea pellucida parasitised 2.4% of all pupae collected, was responsible for
94.6% of all tachinid parasitism, and had the highest parasitism rate of 19.4% for any site. Compsilura
concinnata parasitised 0.14% of all pupae and was responsible for 5.4% of tachinid parasitism.
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INTRODUCTION

Hyphantria cunea (Drury) (Lepidoptera: Arctiidae) is a Nearctic defoliating larval
pest. Waren and Tadic (1970) reported that it is among the most polyphagous of insects
and that across its entire range in North America, Europe and Asia, the number of host
plants exceeds 630. In addition to polyphagy, the polyvoltinism and ecological flexibility
of H. cunea are serious obstacles to its control (Varjas and Sehnal, 1973). This pest is
also known to cause health problems; some persons in the Samsun province of Turkey
exposed to larvae, and especially webs, have suffered from allergic skin reactions.

Hyphantria cunea has now been reported from at least 20 countries across
Europe, including Hungary (Gyorfi, 1954), France (D’Aguilar and Riom, 1979), Greece
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(Mouloudis et al., 1980), ltaly (Deseo et al., 1986) and a number of other nations
(Tschorsnig et al., 2005); 2 in Eurasia, Turkey (Iren, 1977) and Russia (Sharov and
Izhevskiy, 1987); and 10 in Asia, Japan (Niimura, 1949), South Korea (Kim et al.,
1968), China (Shi, 1981), Azerbaijan (Nurieva, 2002), Iran (Rezaei et al., 2003),
Mongolia and Uzbekistan (Grichanov and Ovsyannikova, 2003), Georgia (Japoshvili
et al., 2006) and Kazakistan and Kyrgyzstan (Anonymous, 2007).

Farmers and government agencies have frequently used insecticides to control H.
cunea. In Hungary, DDT suspensions and dusts, and later organophosphates, were
used (Szalay-Marzso, 1972). Diflubenzuron was used in the former USSR (Sazanov
et al., 1984), and also in Turkey in a government subsidised program (Anonymous,
1996). In laboratory experiments, Fenvalerate, Cypermethrin and Permethrin caused
100% larval mortality (Sikura et al., 1988). However, pesticides directly and indirectly
harm humans and the environment (Carson, 1962; Mueller-Beilschmidt, 1990; Shafer
et al., 2005; Rauh et al., 2006).

A range of ecological studies, including Jermy (1957), Warren and Tadic (1967),
Szalay-Marzso (1972), Bas (1982), Deseo et al. (1986), Sharov and Izhevskiy (1987),
Isik and Yanilmaz (1992), Tuncer (1992), Yaman et al. (2002), Rezaei et al. (2003),
Japoshvili et al. (2006) and Yang et al. (2008) have focused on its parasitoids and
entomopathogens.

A major outbreak of H. cunea occurred in Samsun province, Turkey in 1984-1985
and it caused serious defoliation in hazelnut (Corylus avellana L.) plantations. Locally
serious outbreaks continue, including the period from 2007 to 2011 on the Carsamba
plain where H. cunea has been an important pest since 1982 (Isik and Yanilmaz, 1992;
Tuncer, 1992; Sullivan et al., 2010). Areas in western Georgia recently experienced
severe outbreaks (Japoshvili et al., 2006), and this pest has the potential to infest
several hundred thousand hectares of unaffected plantations between Samsun
province and the Georgian border.

Despite earlier research, there is still limited knowledge in Turkey of the ecological
factors contributing to outbreaks in some years and suppressing populations in other
years. To better understand the ecology of H. cunea, the aims of this study were to
determine whether tachinids overwinter in H. cunea pupae in the study area, and if
so, the species involved, percentage parasitism and sex ratio. That knowledge is
important to understanding the contribution of tachinids to biological control of the
pest and provides important baseline information for future studies.

MATERIALS AND METHODS

In late March and early April of 2008 and 2009, a total of 40 sites were checked
for the presence of pupae in the Carsamba (N 41°11° 56", E 36°43" 307"), Terme (N
41°12° 32", E 36° 58" 20"") and Salipazari (N 41°04" 51", E 36°49°35"") districts of
Samsun province. For consistency of collection effort across sites, a total of 4 person
hours of search effort was performed at each site. In the field, healthy pupae were
separated from those that were diseased, damaged or had exit holes. Eleven of the
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13 sites used in 2008 were abandoned in 2009 because no healthy pupae could be
found. The 2 sites from 2008 with healthy pupae and 25 new sites made up the 27
sites for 2009. Pupae were collected along plantation borders from living and dead
trees, especially willows; wood piles; and fence posts (Sullivan et al., 2010).

In the laboratory, each pupa was placed in a separate plastic vial, measuring
5.0 cm x 2.5 cm, with a wad of moistened tissue paper to maintain humidity. The
vials were sealed with tightly-woven mesh, and kept in a dark, slightly-ventilated
laboratory cupboard at ambient temperatures from 13 °C to 21 °C to simulate the
natural environment of pupae. Emerged tachinids were briefly refrigerated to slow
movement, euthanised in a killing bottle and pinned. They were identified by Prof.
Dr. Kenan Kara, one of the authors, using the keys in Tschorsnig and Herting (1994),
Tschorsnig and Richter (1998) and Cerretti et al. (2010). Levels of parasitism and sex
ratio were also determined.

RESULTS

Atotal of 4,297 overwintered H. cunea pupae were collected in 2008 (3,183) and
2009 (1,114). Over the two years, the number of pupae collected at a site ranged
from 2 to 561. The average number of pupae per site was 245 in 2008 and in 2009,
it was 41. Tachinids were reared from 10 of 13 sites (77%) in 2008 and from 10 of
27 sites (37%) in 2009. That meant that tachinids were collected from 20 of 40 sites
(50%) over the 2 years. Two tachinid species, Nemoraea pellucida (Meigen) (Diptera:
Tachinidae: Tachininae) (Figs. 1-3) and Compsilura concinnata (Meigen) (Diptera:
Tachinidae: Exoristinae) (Figs. 4-6) were reared. In 2008 and 2009, the species
richness at individual sites ranged from 1 to 2 species. In 2008, 35% of all tachinids
were reared from one site (Dalbahg¢e-Carsamba), and in 2009, 43% of all tachinids
were reared from a different site (Erenkdy Merkez-Terme).

For 2008 and 2009, total parasitism was 1.9% and 4.5%, respectively. That meant
that parasitism was 2.4 times higher in 2009 than in 2008. Parasitism by N. pellucida
was 1.85% and 4.04% in 2008 and 2009, respectively, and by C. concinnata was
0.03% and 0.45 % in 2008 and 2009, respectively. The highest parasitism rate for
any site (Erenkdy Merkez) was 23.6% [N. pellucida (19.4%), C. concinnata (4.2%)]
in 2009. A total of 104 N. pellucida adults (53% ) emerged in 2008 (31 2, 28 &) and
2009 (24 2, 21 ). It parasitised 2.4% of all pupae and was responsible for 94.6%
of all tachinid parasitism in the 2 year study. In total, 6 specimens of C. concinnata
(66.7% Q) were reared in 2008 (1 2) and 2009 (3 2, 2 &). It parasitised 0.14% of all
pupae and was responsible for 5.4% of tachinid parasitism in the 2 year study.

DISCUSSION AND CONCLUSIONS

In the current study, N. pellucida and C. concinnata are reported as overwintering
parasitoids of the exotic, foliar feeding pest H. cunea in the Samsun province of
Turkey. Nemoraea pellucida has been reported from at least 28 countries in Europe
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Fig. 3. Nemoraea pellucida () a. Calyptrae, b. Genitalia

g *

0.5mm

Fig. 6. Compsilura concinnata: a. Abdomen (lateral) (9), b. Genitalia (@)
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(Tschorsnig et al., 2004). It parasitises various species of the lepidopteran families
Noctuidae and Arctiidae, especially H. cunea, and more rarely the Geometridae,
Lymantriidae, Sphingidae and Notodontidae (Tschorsnig and Herting, 1994).
Compsilura concinnata is a widespread Paleartic, Afrotropical, Oriental and
Australasian parasitoid (Crosskey, 1973, 1976, 1980; Herting, 1984; Herting and
Dely-Draskovits, 1993; Tschorsnig et al., 2005; Cerretti, 2010; O’Hara, 2010) that
was imported into the USA for the control of the gipsy moth and the browntail moth
(Culver, 1919). It has the highest number of known host species, attacking at least 230
hosts in the Palaearctic region (Muckstein et al., 2007). In Turkey, C. concinnata has
been reported as a parasitoid of 8 lepidopteran families (Kara and Tschorsnig, 2003).

Compsilura concinnata and N. pellucida are included in a group of more than 50
species of tachinids reported from H. cunea in North America, Europe and Asia by
many authors, including Aldrich (1931), Swain (1937), Gyorfi (1954), Jermy (1957),
Warren and Tadic (1967), Kim et al. (1968), Szalay-Marzso (1972), Arnaud (1978),
Poong et al. (1981), Bas (1982), Canakcioglu and Selmi (1988), Nanni (1991),
Herting and Dely-Draskovits (1993), Richter (1996), Camerini and Groppali (1999),
Tschorsnig and Herting (2001), Kara and Tschorsnig (2003), Tschorsnig et al. (2005),
Watanabe (2005), Shima (2006), Yang et al. (2008), O’Hara (2009) and Cerretti and
Tschorsnig (2010).

Intersite variation may have influenced the levels of parasitism by N. pellucida
and C. concinnata from site to site and from 2008 to 2009. The differences between
sites included altitude; temperature; humidity; the presence or absence of bordering
hedges, fencing, dead trees and logs; proximity to creeks and other water bodies, and
adjoining forest; and the diversity and amount of herbaceous ground cover. Non-crop
vegetation may provide parasitoids with access to alternative hosts, adult food sources
such as nectar, and safety from disturbances such as insecticides and crop harvesting
(Shellhorn et al., 2000; Tscharntke, 2000). Takasu and Lewis (1995) showed that a
deficiency of plant sugar sources reduces parasitoid search efficiency. Additionally,
Campbell et al. (1990), Vet and Dicke (1992), Kalule and Wright (2002) and Steidle
and van Loon (2003) reported that parasitoids use chemical cues from their hosts to
locate them, directly or indirectly, through their products like silk and faeces.

The oviposition strategies of C. concinnata and N. pellucida are distinctly
different. The female of the former injects fully incubated eggs directly into the host
haemocoel (Culver, 1919; Ichiki and Shima, 2003; Ichiki and Nakamura, 2007; Koch
and Hutchinson, 2011), whereas the latter deposits fully developed eggs near hosts;
they develop into planidium type larvae that mount and enter the hosts (Mellini, 1963).
In the present study, the much narrower host range of N. pellucida may have been
a contributing factor in its much higher percentage of total parasitism (95%) than C.
concinnata (5%). Supporting that contention is the work of D’Aguilar and Riom (1979)
in France who reported that N. pellucida and C. concinnata contributed 84% and 16%
of all tachinid parasitism, respectively.

In the current study, all of the 2008 sites were at low altitudes on the Carsamba
plain. In 2009, pupae were much more difficult to find and the research area was
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extended to sites up to approximately 500 m altitude where the pest was seen for the
first time in the summer generation. A very high proportion of the tachinids reared in
2009 was from 2 newly-infested, higher altitude sites at Erenkoy (Erenkoy Merkez
and Keltepe). It appears that the tachinids, especially, N. pellucida, were already in
that area and utilising a different host or hosts or they migrated to the higher altitude
sites with the pest.

Both species reared in the current study have been reported from H. cunea in
Turkey. Bas (1982) reported C. concinnata, Exorista larvarum (Linnaeus) and Pales
pavida (Meigen) from the Marmara region of Turkey. From the Samsun region, Tuncer
(1992) reported the same 3 species and N. pellucida from summer and overwintered
pupae combined. The same author reported tachinid parasitism of 4.2% and 18% in
1990 and 1991, respectively, but the percentage parasitism by the various species
and their sex ratios were not reported. Nemoraea pellucida was not reported from H.
cunea by Herting (1960) but was reported by Tschorsnig and Herting (1994). In the
intervening period, it developed an affinity for the host in France (D’Aguilar and Riom,
1979), Romania (Ziegler, 1990) and Turkey (Tuncer, 1992).

In conclusion, this study contributes to the body of knowledge of the ecology of the
widely distributed pest H. cunea and strengthens the case for its biological control.
More specifically, there is strong evidence to suggest that N. pellucida is the only
tachinid that commonly uses this host to overwinter in the area of the present study.
The high degree of parasitism by N. pellucida at a number of sites suggests that it
may be a suitable candidate for inclusion in a regional biological control program for
this pest.
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