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ABSTRACT

Leiophron (Euphorus) deficiens Ruthe, 1856 (Hymenoptera, Braconidae) was firstly reared from
the nymphs of Campylomma diversicornis (Reuter,1878) (Heteroptera, Miridae). This bug is a predator
of nymphs and adults of Tetranychus utricae (Koch, 1836) (Acarina, Tetranychidae), as well as eggs
and larvae of Helicoverpa armigera Hubner, 1805 (Noctuidae, Lepidoptera), pests causing important
damage on the cotton plants in the plains of Bismil (Diyarbakir) and Kiziltepe (Mardin) district. Leiophron
(Euphorus) first recorded for the Turkish fauna is redescribed, and some remarks on its biology and
ecology are given.
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INTRODUCTION

Euphorinae is a morphologically and biologically peculiar subfamily of Braconidae
(Hymenoptera), including about 40 genera from 12 tribes worldwide (Shaw,
1985; Belokobylskij, 2000, van Achterberg, 2004). Most species are koinobiont
endoparasitoids of insects from the orders Coleoptera, Heteroptera, Psocoptera,
Hymenoptera, Neuroptera and Orthoptera (Shaw, 1985; 1988). The euphorins are
usually solitary parasitoids except for the some gregarious species of Perilitus Nees
Microctonus (Wesmael) and Syntretus Forster (McColloch, 1918; Wade & St George,
1923; Luff, 1976; Loan, 1967; Loan & Holiday, 1979; Doyen, 1984). Among the other
genera, Leiophron Nees species attack primarily nymph and adult bugs (Heteroptera)
(Leston, 1961; Waloff, 1967; New, 1970).

The bug Campylomma diversicornis (Reuter, 1878) plays an important role for
biological control of pests of cotton (Goéven & Efil, 1994; Liu et al. 2000). This bug feeds
on nymphs and adults of Tetranychus urticae (Koch, 1836) (Acarina, Tetranychidae)
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(Goven et al. 1995; Athanassiou et al., 2004), as well as eggs and newly emerged
larvae of Helicoverpa armigera Hibner, 1805 (Lepidoptera, Noctuidae). Stam (1983)
recorded C. diversicornis also as a predator of the eggs of bollworm (Helicoverpa
armigera) and Bemicia tabaci Gennadius, 1889 (Hemiptera, Aleyrodidae) in Syria.

The information on parasitoids of Miridae is quite limited. Van Steenwyk &
Stein (1976) recorded Leiophron (Peristenus) stygicus Loan, 1975 [(Hymenoptera,
Braconidae, Euphorinae)] as a parasitoid of fourth nymphal stage of Lygus hesperus
Knight, 1917 (Hemiptera, Miridae) in California. Leiophron (Peristenus) pseudopallipes
Loan, 1970 and Leiophron (Peristenus) howardi Shaw, 1981 were determined as
parasitoids of Lygus lineolaris (Palisot de Beauvois, 1969) (Shahjahan & Streams
1979) or L. hesperus and L. lineolaris (Day et. al. 1999) in USArespectively; Leiophron
(Peristenus) varisae van Achterberg, 2001 as a parasitoid of L. rugulipennis Poppius
in North Europe (Varis & van Achterberg, 2001) and L. schusteri Loan as a parasitoid
of Taylorilygus vosseleri (Poppius, 1912) and T. virens (Taylor) (Miridae) in Kenya
(Snodgrass et al. 1990). Bilewicz-Pawinska (1969; 1977a; 1977b) studied some
Leiophron (Peristenus) species biology and role in reducing the plant bug populations in
Poland. The keys to European and North American Leiophron (Peristenus) parasitoids
of Lygus species were published by Loan & Shaw (1987) and Goulet & Mason (2006).

In this study, L. deficiens is first recorded as a parasitoid of C. diversicornis. This
parasitoid is redescribed, and some information about its biology and parasitizing
rate in Turkey is given.

MATERIAL AND METHODS

The study was conducted in four different cotton-growing areas located in the
fields of Bismil (Diyarbakir) and Kiziltepe (Mardin) district, Southeastern Turkey (Fig.
1), between May and September 2002 and 2004. Populations of C. diversicornis
and L. deficiens were monitored during the cotton growing season once a week. In
addition, 150 specimens of fourth and fifth instars of C. diversicornis nymphs were
collected randomly, twice a month from each locality during September when it reached
maximum population levels.

e, BLACK SEA
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Fig. 1. Study areas, Bismil plain (Diyarbakir) and Kiziltepe Plain (Mardin) in South-Eastern Turkey.
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The laboratory studies, to obtained parasitoids on the bugs, were carried out in
special climate control cabinets (200x100x150 cm) which provide the conditions of
25x1°C, 65+5% RH and photoperiod of 16 hours light and eight hours dark.

For obtaining parasitoids from mirid nymphs in the laboratory, two flowers from
each cotton plant, a total of 100 flowers, were cut and brought in the laboratory within
plastic jars (17.0 x 27.0 cm) covered by a net. The cotton flowers with mirid nymphs
were put into culture cups (5.0 x 6.0 cm), and filter paper was placed on the base.

In order to satisfy the water demand of C. diversicornis, small cups (3.0 x 1.5 cm)
containing a piece of cotton balls were placed inside the culture cup, and each ball
was saturated with water using an injector every day. Moreover, in order to provide
nutrition, cotton leaves hosting T. urticae nymphs and adults were also placed into
the culture cup. For this process, Sayar-314 cotton variety was used.

Larvae and pupae of L. deficiens were recorded by monitoring the culture cups
twice per day. Adult emergence was determined after transferring every pupa to
another cup. The female parasitoids were fed using the cotton absorbing fructose.

Larva and pupa of L. deficiens were later released into the field inside culture cups
covered by net. Furthermore, the cups were sheltered by wooden blocks from above,
leaving the sides open, in order to protect the samples from rain and snow.

Specimens of parasitoids were examined uncoated under a Scanning Electronic
Microscope (SEM) using secondary electron imaging at 5 kV and a spot size of two.
Measurements were taken from 10 specimens using the same program, and mean
and standard error were calculated by Statistical Package for the Social Sciences
Version 13 (SPSS 13).

The wing venation, morphology surface sculpture, and taken measurements
are used as defined by Belokobylskij & Tobias (1998). The following abbreviations
are used: OD, maximum diameter of lateral ocellus; OOL, ocular-ocellar line; POL,
postocellar line.

RESULTS

Leiophron (Euphorus) deficiens Ruthe, 1856 Re-description

Material examined: Turkey 20 females, 20 males, Mardin, Kiziltepe, cotton growing area, 37°06'N,
40°40’E, 469 m, 3.07.2002 (leg. Efil); 20 females, 20 males, Diyarbakir Bismil, cotton area, 37°49'N,
40°30’E, 565m, 25.07.2002 (leg. Efil). Measurements were made on 10 specimens.

Redescription of female. Body length (Mean + SE) 2.0£0.3 mm (range 1.90-2.20);
fore wing length 1.56+0.16 mm (range 1.5-1.6) (Fig. 2a), Width of head 1.63+ 0.01
(range 1.55-1.65) times its median length, 1.36+0.02 (range 1.2-1.4) times width of
mesoscutum (Fig. 3a, b). Head behind eyes rather distinctly roundly narrowed;
transverse diameter of eye (measured on the straight line) 1.30+ 0.05 (range
1.30-1.34) times length of temple. Ocelli in triangle with base 1.53+£0.08 (range
1.50-1.55) times its lateral sides; POL 2.42+0.41 (range 2.20-2.50) times Od,
0.95+0.02 (range 0.8-1.0) times OOL. Eye 1.66+0.02 (range 1.50-1.70) times as
high as broad. Malar suture distinct. Malar space height 0.58+0.07 (range 0.55-0.60)
times basal width of mandible, 0.13+0.08 (range 0.10-0.15) times height of eye. Face
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convey, its width 1.25+0.03 (range 1.00-1.30) times median height, 0.53+0.07 (range
0.50-0.55) times height of eye. Distance between anterior tentorial pits 3.56+0.01
(range 3.50-3.60) times distance from pit to eye. Clypeus ventrally with very short
and wide median lobe which is almost straight medioanteriorly. Width of clypeus
2.3040.08 (range 2.00-2.50) times its median height, 0.55+0.01 (range 0.50-0.60)
times width of face. Head (frontal view) distinctly and almost linearly narrowed below
eyes (Fig. 3a, b). Occipital carina fused with hypostomal carina.

Antenna. Weakly claviform, 15-16-segmented. Scape about twice longer than wide.
First flagellomere 2.18+0.04 (range 2.00-2.30) times longer than its apical width,
1.05+0.01 (range 1.00-1.10) times longer than second flagellomere (Fig. 3c). Length
of penultimate flagellomere 1.12+0.03 (range 1.00-1.20) times its width, 0.47+0.01
(range 0.40-0.50) times length of apical flagellomere.

Fig. 3. Adult of L. (E.) deficiens. a-b) front of head, c) antenna, d) ventral of propodeum.

Mesosoma. Length 1.56+0.01 (range 1.50-1.60) times its maximum height.
Notaulus on dorsal surface of mesoscutum very fine and marked by fine striation or
puncture, or sometimes indistinct. Prescutellar depression long, with median and pair
of lateral carinae, finely and usually entirely sculptured, 0.35+0.01 (range 0.30-0.40)
times as long as scutellum. Scutellum convex. Subalar depression rather shallow, wide,
striate with smooth areas. Sternaulus absent. Mesopleuron with fine oblique furrow.
Metapleural lobe wide, rather long, and rounded apically.

Wings (Figs. 2a, b). Length of forewing 3.031£0.03 (range 2.80-3.10) times its
width. Length of pterostigma about twice its maximum width. Radial cell 2.91+0.04
(range 2.60-3.00) times longer than wide. Metacarpus 0.26+0.04 (range 0.24-0.28)
times as long as pterostigma, 0.38+0.04 (range 0.36-0.40) times as long as width of
pterostigma. Radial vein with more or less regularly curved single abscissa, its base
situated closely to first radiomedial vein. First and second abscissae of medial and first
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radiomedial veins present. First and second abscissae of cubital and recurrent veins
mostly spectral or sometimes absent. Nervulus weakly postfurcal. In hind wing, basal
vein 0.65+0.02 (range 0.50-0.70) times as long as second abscissa of mediocubital
vein, 0.631£0.02 (range 0.50-0.70) times as long as third abscissa of costal vein.
Nervellus almost entirely present.

Fig. 2. Wings of L. (E.) deficiens. a) forewing, b) hindwing.

Leg. Hind femur 3.55+0.03 (range 3.40-3.75) times longer than wide. Hind
tarsus 0.87+0.01 (range 0.75-0.90) times as long as hind tibia, its second segment
0.331£0.01 (range 0.25-0.40) times as long as first segment, 0.62+0.01 (range
0.50-0.66) times as long as fifth segment (without pretarsus). Fifth segment of fore
and middle legs not thickened. Claw simple.

Metasoma. First tergite widened, apical width 1.23+0.03 (range 1.00-1.30) times
its minimum width, length 2.23+0.03 (range 2.00-2.40) times its apical width (Fig.
3d). Length of second and third terga combined 2.10+0.03 (range 2.00-2.20) times
basal width of second tergite, 1.20+0.04 (range 1.00-1.30) times their maximum width.

Sculpture and pubescence. Head mostly smooth, face finely and rather densely
punctulate. Mesoscutum mostly smooth, with fine and narrow striation along trace of
notauli. Mesopleura mostly smooth. Propodeum rather coarsely rugulose-reticulate,
with short semicircular and almost smooth basolateral areas. Hind coxa smooth, all
femora finely and sparsely punctulate. First metasomal tergum distinctly longitudinally
striate. Mesoscutum almost entirely and sparse setose.

Color. Body yellowish brown or light reddish brown, face pale, metasoma behind
first tergum dark brown to almost black. Antenna yellow or brownish yellow, infuscate
apically. Palps yellow or pale yellow. Legs yellow. Wings hyaline, faintly infuscate
in radial and discoidal cells. Pterostigma brown or brownish grey, pale in basal 0.3.

Hosts. Polymerus cognatus (Fieber), Campylomma diversicornis (Reuter) (new
record) (Hemiptera: Miridae)

Distribution. Sweden, Denmark, Netherlands, Germany, Finland, Poland, Greece,
Turkey (new record), Moldova, Ukraine, Russia (European part, Yakutia, South of Far
East), Kazakhstan, Korea.

PARASITOIDS

Biological data. Under laboratory conditions, L. deficiens attacked the first and
second nymphal stages of C. diversicornis and left them at third and fourth stages.
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No parasitoid was observed in the adult samples collected from the field. In parasitized
nymphs the last segment of the abdomen was deformed and subsequently died 1-2
hours later. Parasitoid larvae were white in color and about 3.5 mm in length, just
after becoming pupa with white cocoon by fixing itself from the abdomen to a stable
point. Under field conditions, 50 pupae were placed back in culture cups at each of
the two areas and times indicated above, and adult emergence occurred within the
time period starting from 12" day continuing until the 15" day. The day with the most
adult emergence was observed to be 12" with a 62.5 % (Table 1).

Table 1. Parasiting rate of L.(E.) decifiens on the C. diversicornis, duration of pupal stage and L.(E.)
decifiens rate of infestation.

Parasiting Rate Duration of Pupal Stage
Location | CdT* | Cd** | Ld*™* | R | TP | 129 | R%* | 13.% | R% | 14.% | R% | 159 | R%
2002 | Bismil 150 | 120 | 30 20 N
— —> —> —>
Kiziltepe | 150 | 108 | 42 28 |50 | 31 |625| 12 |24 0 0 7 14
Parasiting Rate Duration of Pupal Stage
Location | CdT* | Cd** | Ld*™* | R | TP | 12% | R% | 13.% | R% | 14.% | R% | 15.% | R%
2003 | Bismil 150 | 117 [ 33 | 22 —> —> 1 —1»
Kiziltepe | 150 | 102 | 48 3250 | 31 |625| 12 | 24 0 0 7 14

CdT: Total nimf C. diversicornis; ** Cd: Alive C. diversicornis ***Ld: L. decifiens; TP: Total pupa of L. decifiens
R:Rate %

The pupae obtained from the parasitoid larvae collected in the last week of
September spent the whole winter without emergence. The adults emerged from
these hibernating pupae during the period of April 20-25. The adults were observed
to be feeding on nectar of some flowering plants. It has been determined that, under
laboratory conditions, females feeding on cotton saturated with fructose lived for 14-17
days, while males lived for 8-11 days.

Parasitizing level. Atotal of 150 specimens of fourth and fifth instars nymphs were
collected randomly from both localities in September, the time when C. diversicornis
population was dense. The parasitizing rates on the bugs were observed 20 % in
Bismil and 28 % in Kiziltepe in 2002; 22 % and 32 % in 2003, respectively (Table 1).

Field Surveys. Populations of C. diversicornis and L. deficiens were monitored in
four fields on Kiziltepe and Bismil plains. At each of the four locations, the development
of predator mirids and its parasitoids showed similar characteristics. However, both
populations presented a significant growth in 2003.

Campyloma diversicornis specimens were appeared at the beginning of July. At the
end of August the population peaked and drastically decreased. Adults of Leiophron
deficiens were seen far later than the population development of C. diversiconis. It
was observed that the parasitoid population peaked at the end of August and gradually
decreased afterwards (Figs 5, 6).
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Fig. 4. Seasonal abundance of L. decifiens and C. diversicornis in the Bismil plain during 2002-2003.
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Fig. 5. Seasonal abundance of L. decifiens and C. diversicornis in the Kiziltepe plain during 2002-2003.

CONCLUSIONS

While studying braconid parasitoids associated with Hemiptera, we observed that
they emerged mostly from harmful insects inhabiting plants with economic importance
(van Steenwyk & Stein, 1976; Shahjahan & Streas 1979; Snodgrass et al. 1990).
However, we found that L. deficiens emerged from the predator C. diversicornis.

Under laboratory conditions, C. diversicornis feeds on eggs and newly hatched
larvae of H. armigera and has a considerable impact on the pest population towards
the end of the cotton season (Stam, 1983; Liu et al. 2000). In the study conducted at
the Bismil plain, Géven and Efil (1994) collected 158 specimens of C. diversicornis
per 100 sweeps at the fields having H. armigera population and also 83 specimens
at the field lacking H. armigera on the same date.
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It has been shown that C. diversicornis population reaches its peak towards the
end of the cotton season (Goven et al. 1995). This period is the time when the cotton
plantis in its most productive state, in which it generates and develops the bolls. Also
in this time period, it is advised to preserve C. diversicornis population to assist the
struggle of protecting the cotton plant from one of its major harmful pests T. urticae
(Goven et al., 1995). It is also noted that, the increasing of H. armigera population
again in this same period causes important damage in cotton plant (Géven & Efil 1994).

At end of this study, the parasitism rate of L. deficiens was between 20 -32% in
both years and should be taken into consideration for the further studies. The high
parasiting on such a useful insect might negatively effect the success of some classical
biological control that will be conducted in cotton growing areas.

ACKNOWLEDGMENTS

The present work was partly supported for the third author by grant by the Russian
Foundation for Basic Research (No. 07-04-00454). We thank Jaclyn Mc Cormic of
Biodiversity Institute of Ontario, university of Guelph for English revision.

REFERENCES

Achterberg, C. van, 2004, Braconidae. In: van Achterberg (ed.), Fauna Europaea: Hymenoptera:
Symphyta + Ichneumonoidea. Fauna Europaea version 1.1, http://www.faunaeur.org.

Athanassiou, C., Ragkou,V. S., Kavallieratos, N. G., Tomanovi¢, Z.,2004, Daily consumption and predation
rate of different instars of Stethorus punctillum feeding on Tetranychus urticae. Phytoparasitica, 32
(2): 154-159.

Belokobylskij, S. A., 2000, Opredelitel’ nasekomych Dal'nego Vostoka Rossii. In: Lehr P. A. (Eds.). [Key to
the Insects of the Russian Far East. Neuropteroidea, Mecoptera, Hymenoptera], 192-399. Dal’'nauka,
Vladivostok. (In Russian).

Belokobylskij, S. A., Tobias, V. . 1998, Opredelitel’ nasekomych Dal'nego Vostoka Rossii. /n:Lehr P.A.
(Eds.). [Key to the Insects of the Russian Far East. Neuropteroidea, Mecoptera, Hymenoptera] 8-26.
Dal’nauka, Vladivostok. (In Russian).

Bilewicz - Pawinska, T., 1969, Natural limitation of Lygus rugulipennis Popp. by a group of Leiophron
pallipes Curtis on the rye crop fields. Ekologia Polska, 17: 811-825.

Bilewicz - Pawinska, T, 1977a, Occurrence and role of the parasitic genus Peristenus Foerster (Hym.,
Braconidae) on the rye crop fields. Polskie Pismo Entomologiczne, 77: 123-135.

Bilewicz - Pawinska, T., 1977b, Parasitism of Adelphocorus lineolatus Goeze and Lygus rugulipennis
Popp. (Heteroptera) by braconids and their occurrence on alfalfa. Ekologia Polska, 25: 539-550.

Day, W. H., Baird C. R., Shaw, S. R., 1999, New native species of Peristenus (Hymenoptera: Braconidae)
parasitizing Lygus hesperus (Miridae) in Idaho: biology, importance, and description. Annals of the
Entomological Society of America, 92(3): 370-375.

Doyen, J. T., 1984, Systematics of Eusattus and Conisattus (Tenebrionidae, Coleoptera). Occasional
Papers of the California Academy of Sciences, 141: 1-104.

Goulet, H., Mason, P. G., 2006, Review of the Nearctic species of Leiophron and Peristenus (Braconidae,
Hymenoptera) parasitizing Lygus (Miridae, Hemiptera). Zootaxa, 1323: 1-118.

Goven, M. A, Efil, L, 1994, Linfluence des ennemis naturels sur la population de Heliothis armigera
Hubn. (Noctuidae, Lepidoptera) qui est ravageur dans les cultures du cotonnier au Vallee de Tiger.
(Influence of natural enemies on populations of Heliothis armigera Hubn. (Noctuidae, Lepidoptera), a
pest for cotton plant in the Tiger Valley) Third Turkish National Congress for Biological Control. Izmir,
Turkey: 449-455.



Leiophron (Euphorus) deficiens Ruthe (Hymenoptera, Braconidae 73

Goven, M. A., Karat, $., Yilmaz, T., 1995, Recherches sur quelques biologique caracters de Campylomma
diversicornis Reut. (Miridae, Heteroptera) qui est une important predateur sur les cultures du cotonnier
dans la Region de Sud-Est Anatolie. (Research on some biological characters of Campylomma
diversicornis Reut. (Miridae, Heteroptera) which is an important predator on coton plants from South
east Anatolia) Turkish Journal of Entomology, 19(4): 259-266.

Leston, D., 1961, Observations on the mirid (Hemiptera) hosts of Braconidae (Hymenoptera) in Britain
Entomologist’s Monthly Magazine, 97: 65-71.

Liu, W. X., Wan, F. H., Zang, F., Meng, Z. J., 2000, Bionomics of the cotton bollworm predator, Campylomma
diversicornis Chinese Journal of Biological Control, 16(4): 148-151.

Loan, C. C., 1967, Studies on the taxonomy and biology of the Euphorinae (Hymenoptera: Braconidae).
1. Host relations of six Microctonus species. Annals of the Entomological Society of America, 60:
236-240.

Loan, C. C., Holliday, N. J., 1979, Euphorinae parasitic on ground beetles with descriptions on three
new species of Microctonus Wesmael (Hymenoptera: Braconidae, and Coleoptera: Carabidae).
Naturaliste Canadien, 106: 393-397.

Loan, C. C., Shaw, S. R., 1987, Euphorine parasites of Lygus and Adelphocoris (Braconidae, Hymenoptera
and Miridae, Heteroptera). In: Hedlung, R. C., Graham, H. M. (Eds). Economic importance and
biological control of Lygus and Adelphocoeris in North America, 69-75.

Luff, M. L., 1976, The biology of Microctonus caudatus (Thomson), a braconid parasite of the ground
beetle Harpalus rufipes (Degeer). Ecological Entomology, 1: 111-116.

McColloch, J. W., 1918, Notes on false wireworms with especial reference to Eleodes tricostata Say.
Journal of Economic Entomology, 11: 212-224.

New, T. R., 1970, The life histories of two species of Leiophron Nees (Hymenoptera. Braconidae) parasitic
on Psocoptera in southern England. Entomologist’s Gazette, 21: 39-48.

Shahjahan, M., Streams, F.A., 1973, Plant effects on host-finding by Leiophron pseudopallipes
(Braconidae, Hymenoptera), a parasitoid of the tarnished plant bug. Environmental Entomology, 2(5):
921-925.

Shaw, S. R., 1985, A phylogenetic study of the subfamilies Meteorinae and Euphorinae (Braconidae,
Hymenoptera). Entomography, 3: 277-370.

Shaw, S. R., 1988, Euphorine phylogeny: the evolution of diversity in host-utilization by parasitoid wasps
(Braconidae, Hymenoptera). Ecological Entomology, 13: 323-335.

Snodgrass, G. L., Loan, C. C., Graham, H. M., 1990, New species of Leiophron (Braconidae, Hymenoptera)
from Kenya. Florida Entomologist, 73(3): 492-496.

Stam, P. A., 1983, Bio-control an important factor in cotton pest management in Syria. Regional
Symposium on integral pest control (FAO/UNEP). September 5-9, 1983. Adana-Turkey, 154-166.

Stein, R. A., 1976, Sexual dimorphism in crayfish chelae: functional significance linked to
reproductive activities. Canadian Journal of Zoology, 54: 220-227.

Varis A. L., Achterberg, C. van, 2001, Peristenus varisae spec. nov. (Braconidae, Hymenoptera)
parasitizing the European tarnished plant bug, Lygus rugulipennis Poppius (Miridae, Heteroptera).
Zoologische Medelingen, 75(18): 371-380.

Wade. J. S., St George, R. A., 1923, Biology of the false wireworm Eleodes suturalis Say. Journal of
Agricultural Research, 26: 547-566.

Waloff, N., 1967, Biology of three species of Leiophron (Braconidae, Hymenoptera) parasitic on Miridae
on broom. Transactions of the Royal Entomological Society of London, 119: 187-213.

Van Steemwyk, R. A., Stern V. M., 1976, The biology of Peristenus stygicus (Braconidae, Hymenoptera),
a newly imported parasite of Lygus bugs. Environmental Entomology, 5 (5): 931-934.

Received: February 15, 2009 Accepted: October 15, 2009



