[image: image1]
[image: image11.jpg]



[image: image12.jpg]




Morphological Identification of Hymenopteran Parasitoids

ABSTRACT
Surveys were carried out in different districts viz., Shivamogga, Davangere and Chitradurga of Karnataka and collected hymenopteran parasitoids parasitizing insect pests attacking different crop ecosystems. The morphological identification resulted in 42 hymenopteran parasitoid species which belonged to 12 families viz., Ichneumonidae, Braconidae, Eulophidae, Encyrtidae, Scelionidae, Eurytomidae, Chalcididae, Signiphoridae, Aphelinidae, Trichogrammatidae, Proctutropidae and Pteromalidae comprising of 33 genera.
Keywords: Morphological identification; Hymenoptera; parasitoids; species.  

1. INTRODUCTION 

The parasitoid group majorly comes from the class Insecta and from the order, Hymenoptera. Taxonomically 80 per cent of parasitoids belong to the order Hymenoptera (Feener and Brown, 1997; Belshaw et al., 2003). Hymenoptera is the largest order in the class, Insecta which is estimated to have more than 300,000 species (Lasalle and Gauld, 1991
). Hymenoptera is a very diverse insect order, including a variety of insects such as ants, bees and wasps. Wasps are one of the largest components of terrestrial ecosystem with approximately 115,000 described species. They are of much economic importance as they contribute in enhancing the production of commercial products (Veena et al., 2018). Wasps are unique in their lifestyles relative to other hymenopterans, but they have not received as much recognition as ants and bees. They inhabit all ice-free environments on earth in a wide range of ecological niches and play diverse roles such as pollinators, predators, parasitoids or parasitic wasps, plant feeders, and solitary and social species. Predatory wasp preys on arthropods to feed their larvae, whereas parasitic wasps, eggs and larvae grow attached to or inside a single arthropod host, which they eventually eat and kill (Hassell and Waage, 1984) thus controlling their host population. Although there is a wealth of literature on these Hymenoptera, there are still extensive gaps in our knowledge of their biology and taxonomy (Vidal, 2003). Thus, morphological identification of hymenopteran parasitoids is required for their effective utilization.  

2. METHODOLOGY

During the survey and laboratory study, the emerged parasitoids from different hosts were collected 
(Figure 1 and 2) and stored in storage vials of 2.5ml capacity containing 70% ethanol. These parasitoid specimens were used for morphological identification. Each vial was labelled with the details of specimens such as host insect, host plant, date and place of collection. Curation involved sequential dehydration of specimens in increasing order of alcohol grades viz., 50%, 70%, 90% and 100%. Specimens were dipped in each grade for 20 minutes each. After dehydration specimens were dried. The dried parasitoid specimens were mounted on triangular card point for further identification and preservation. For some groups of parasitoids, slide mounting of their dissected body parts viz., antenna and wings was carried out. Labelling is the most important part of the collection procedure. Specimens were given temporary labels during the collection, and after mounting they were attached with permanent labels. Every specimen was given two labels. The first label was given after mounting of the specimen. It contained the details viz., country name (capital letters), state name, locality from where the specimen was collected, date (month in the roman letter), mode of collection and collector’s name. The second label was given after identification of the specimen, and it contained the valid scientific name and the name of the person who identified it. In addition to this, the third label was also given as host label, and it contained the scientific name and stage of the host from which parasitoids were collected. Permanent labels were printed on acid free paper, the font used was Times New Roman bold type with font size 4.

The specimens were identified to genus and species level using identification keys
, and the identified parasitoids were photographed with a camera fitted microscope. The following major characters of hymenopteran parasitoids were considered for morphological determination of species.

1. The body colour and shape

2. Head characters viz., shape, colour, sculptures, antennal characters, variations in clypeus and ocelli

3. Antennal characters viz., number of antennomeres and colour

4. Thoracic characters viz., shape, colour and sculptures of pro, meso and metathorax along with shape and colour of scutellum

5. Wing characters viz., wing shape, hairyness and venation

6. Abdominal characters viz., shape, colour and carinae of propodium, petiole and gaster

7. Ovipositor characters viz., thickness and colouration.

Hymenopteran parasitoids were morphologically identified using morphological characters at ICAR-National Bureau of Agricultural Insect Resources (NBAIR), Bengaluru.
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Figure? 1. Eggs of host insects attacked by hymenopteran parasitoids

A) Egg mass of Scirpophaga incertulas on rice; B) Egg mass of Spodoptera frugiperda on maize; C) Eggs of Megacopta cribraria on field bean; D) Eggs of Leptoglossus phyllopus

on crape jasmine; E) Eggs of Megacopta cribraria on soybean
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Figure?  2. Different stages of host insects attacked by hymenopteran parasitoids

A) Larva of Trichoplusia ni on cabbage; B) Larva of Exelastis atomosa on field bean;

C) Pupa of Plutella xylostella on cabbage; D) Adult of Nipaecoccus nipae on coconut;

E) Adults of Coccidohystrix insolita on brinjal

3. RESULTS AND DISCUSSION

The morphological identification resulted in 42 hymenopteran parasitoid species belonged to 12 families viz., Ichneumonidae, Braconidae, Eulophidae, Encyrtidae, Scelionidae, Eurytomidae, Chalcididae, Signiphoridae, Aphelinidae, Trichogrammatidae, Proctutropidae and Pteromalidae comprising of 33 genera (Figure? 3-9).
3.1 Campoletis chlorideae Uchida

Material examined: India, Karnataka, Holaluru, 14°04'09.98"N, 75°66'40.46"E, 16.iii.2022, Coll. Darshan, R., ex. Spodoptera frugiperda; India, Karnataka, Nyamathi, 14°14'99.19"N, 75°56'55.15"E, 29.viii.2022, Coll. Darshan, R., ex. Plutella xylostella; India, Karnataka, Holalkere, 14°05'92.90"N, 76°17'56.16"E, 01.ix.2022, Coll. Darshan, R., ex. S. frugiperda. Species identification characters: Inner margin of eye slightly indented opposite to antennal socket. Areolet receiving 2m-cu based of middle. Nervellus intercepted; discoidella unpigmented, reaching nervellus. Lateral suture between tergite 1 and sternite 1 distinctly below mid-height. Glymma was present and deep. Hind femur red. Posterior portion of tergite 3 and subsequent tergites reddish brown.

3.2 Eriborus sp.

Material examined: India, Karnataka, R.Nulenur, 14°01'47.50"N, 76°12'49.28"E, 23.viii.2022, Coll. Darshan, R., ex. Spodoptera frugiperda. Species identification characters: Inner margin of  eye  moderately  indented  opposite to toruli; clypeus relatively large, weakly convex, apical margin simple, not reflexed; fore  wing  without  areolet  (3rs-m  absent);  hind  wing  with  nervellus not intercepted by discoidella (Cu1); hind basitarsus with a  midventral  row  of  closely  spaced,  short  hairs;  suture separating first tergite  from  first  sternite  situated  below  mid-height  at  basal third of first metasomal segment.
3.3 Charops sp.

Material examined: India, Karnataka, Arehalli Kaval, 14°03'43.60"N, 76°12'85.93"E, 26.viii.2022, Coll. Darshan, R., ex. Spodoptera frugiperda. Species identification characters: Head lenticular; occipital carina complete, reaching hypostomal carina at base of mandible; areolet absent; second recurrent vein (2m-cu) vertical; propodeal carinae partly reduced; suture separating first tergite from first sternite situated strongly above mid-height at basal third of first metasomal segment, at extreme basal part reaches its upper edge, suture present; ovipositor sheath less than twice as long as apical depth of metasoma.
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Plate 3. Parasitoid species belonging to families Ichneumonidae, Eurytomidae and Proctutropidae

A) Campoletis chlorideae (Ichneumonidae); B) Eriborus sp. (Ichneumonidae);

C) Charops sp. (Ichneumonidae); D) Ophion sp. (Ichneumonidae); E) Eurytoma sp. (Eurytomidae); F) Nothoserphus sp. (Proctutropidae)

3.4 Ophion sp.

Material examined: India, Karnataka, Savalanga, 14°09'62.14"N, 75°52'81.76"E, 02.ix.2022, Coll. Darshan, R., ex. Spodoptera frugiperda. Species identification characters: Rs+2r never angled, not thickened; occipital carina incomplete; posterior mesosternal transcarina incomplete; anterior area of propodeum occluded by spiracular area; notaulus sharp; anterior margin of sternite 2 behind petiolar spiracles; tergite 2 in profile slender.

3.5 Chelonus formosanus Sonan

Material examined: India, Karnataka, Holaluru, 14°04'09.98"N, 75°66'40.46"E, 13.viii.2022, Coll. Darshan, R., ex. Spodoptera frugiperda. Species identification characters: General body colour black; basal flagellomeres thicker and stouter and apical flagellomere club shaped, shorter and thicker; mesosoma coarsely rugose; propodeum distinctly reticulate; carapace convex and coarsely punctate, punctations turning denser and smaller apically.
3.6 Microplitis prodeniae Rao and Kurian

Material examined: India, Karnataka, CoA, Shivamogga, 13°58'31.68"N, 75°34'45.09"E, 02.viii.2022, Coll. Darshan, R., ex. Spodoptera litura. Species identification characters: Hind femur reddish brown; notauli complete; scutellar sulcus with seven distinct costulae; scutellum dull and rugose; propodeum with median longitudinal carina surrounded by coarse rugosity; transverse carinae present; T1 of metasoma black; T2 dark brown at median field, median fields without slanting margins; T3 with a mix of red, brown and black colour, black at lateral sides; rest of the metasoma smooth, shiny and black.

3.7 Cotesia ruficrus (Haliday)

Material examined: India, Karnataka, Holaluru, 14°04'09.98"N, 75°66'40.46"E, 29.vii.2022, Coll. Darshan, R., ex. Spodoptera frugiperda; India, Karnataka, Holalkere, 14°05'92.90"N, 76°17'56.16"E, 01.ix.2022, Coll. Darshan, R., ex. Spodoptera frugiperda. Species identification characters: General body colour black; mesonotum coarsely and closely punctate posteriorly, scutellum strongly punctate; hind coxa rugulose. Propodeum coarsely rugose; metasoma with I and II tergites rugulose, remaining tergites smooth. Ovipositor sheaths well exserted but not longer than hind tibial spurs.

3.8 Cotesia vestalis (Haliday)

Material examined: India, Karnataka, Kommanalu, 14°02'70.83"N, 75°59'46.19"E, 14.iii.2022, Coll. Darshan, R., ex. Plutella xylostella; India, Karnataka, Nyamathi, 14°14'99.19"N, 75°56'55.15"E, 07.iv.2022, Coll. Darshan,R., ex. Plutella xylostella; India, 
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Plate 4. Parasitoid species belonging to family Braconidae

A) Phanerotoma sp.; B) Bracon sp.; C) Cotesia vestalis; D) Diaeretiella rapae;

E) Cotesia ruficrus; F) Chelonus formosanus

Karnataka, Savalanga, 14°09'62.14"N, 75°52'81.76"E, Coll. Darshan, R., ex. Plutella xylostella. Species identification characters: It can be separated from all other species of Cotesia by the following combination of characters viz., T1 broadening consistently, posteriorly wedge shaped; scutellar disk with large, strong circular punctures; T3 with multiple rows of setae.
3.9 Cotesia sp.

Material examined: India, Karnataka, CoA, Shivamogga, 13°58'31.68"N, 75°34'45.09"E, 28.i.2022, Coll. Darshan, R., ex. Exelastis atomosa. Species identification characters: Face smooth; temple smooth, shiny; breadth between tegulae equal to head; mesopleurum closely punctate; anterior corner of metapleurum smooth; disc of scutellum smooth; phragma II partly visible; discoidal cell as long as broad; spiracle oval; hind coxa smooth; tibial spurs equal; I tergite apically rugulose.

3.10 Chelonus sp.

Material examined: India, Karnataka, CoA, Shivamogga, 13°58'31.68"N, 75°34'45.09"E, 03.ii.2022, Coll. Darshan, R., ex. Acrocercops syngramma. Species identification characters: Head transverse; pronotum slightly saddle-shaped with irregular rugose; mesonotum strongly convex; mesoscutum evenly convex, reticulate-rugose; mesopleurum coarsely reticulate-rugose; propodeum coarsely reticulate-rugose with transversal carina and two blunt tubercles; vein SR1 of curved upward; vein Cu1b exists. The ovipositor is hidden under the metasoma. Body color black; antennae black; anterior, middle, and hind coxa and trochanter black; wing transparent and metallic; veins of wing brown.

3.11 Bracon sp.

Material examined: India, Karnataka, CoA, Shivamogga, 13°58'31.68"N, 75°34'45.09"E, 12.ix.2022, Coll. Darshan, R., ex. Omiodes indicata. Species identification characters: Antenna about one-fifth longer than body; Head in dorsal view transverse; Notauli faintly distinct, its run indicated by a row of pili; First discal cell less high and 1- SR-M arched. Hind wing cu-a straight; scutum polished, tergite rugose. Second tergite one-third longer than third tergite; suture between tergites 2-3 bisinuate and smooth. Second tergite antero-medially, longitudinally rugulose, further tergites polished. Ovipositor sheath as long as hind tibia + tarsomeres 1-3 combined. Body black; Wings hyaline.
3.12 Crinibracon chromusae Gupta and Van Achterberg

Material examined: India, Karnataka, CoA, Shivamogga, 13°58'31.68"N, 75°34'45.09"E, 15.ix.2022, Coll. Darshan, R., ex. Hasora chromus. Species identification characters: Head 
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Plate 5. Parasitoid species belonging to families Braconidae and Aphelinidae

A) Chelonus sp. (Braconidae); B) Cotesia sp. (Braconidae); C) Microplitis prodeniae (Braconidae); D) Crinibracon chromusae (Braconidae); E) Encarsia sp. (Aphelinidae); F) Coccophagus pseudococci (Aphelinidae)
yellowish brown; antennae dark brown; Mesoscutum densely setose; notauli prominent; scutellum, mesopleuron and metapleuron setose; propodeum shiny, shallowly rugulose with a complete median carina. Metasomal tergites 1-6 evenly with punctate-aciculate sculpture; second metasomal tergites with a distinct mid-longitudinal carina.

3.13 Phanerotoma sp.

Material examined: India, Karnataka, Kallavanagathiha, 14°17'86.90"N, 76°14'93.51"E, 03.ix.2022, Coll. Darshan, R., ex. Haritalodes derogata. Species identification characters: Metasoma short and broad, shorter than mesosoma; antenna shorter and thicker than that of other species.

3.14 Diaeretiella rapae (McIntosh)

Material examined: India, Karnataka, Ganjeenahalli, 14°12'13.85"N, 75°56'63.24"E, 01.ix.2022, Coll. Darshan, R., ex. Brevicoryne brassicae. Species identification characters: Head transverse to subquadrate; occiput margined. Antenna filiform, thickened towards apex; scape and pedicel sub-equal to their maximum width; length of apical segment sub-equal to flagellar segment II. Notauli distinct anteriorly, narrow, crenulate, fore margin slightly prominent. Forewing hyaline; marginal cell incomplete; r-m and m-cu absent; submarginal cells confluent. Hind wing SC+R prominent. Length of hind tarsal segment II to V gradually small. Propodeum with small narrow central areola; tergum I slender, costulate, dilated towards apex, prominent lateral longitudinal carina, coarsely rugose anteriorly. 

3.15 Chrysocharis sp. 1

Material examined: India, Karnataka, CoA, Shivamogga, 13°58'31.68"N, 75°34'45.09"E, 25.i.2022, Coll. Darshan, R., ex. Acrocercops syngramma. Species identification characters: Wings hyaline; veins pale brown. Occipital margin with an edge behind ocellar triangle; dorsellum tongue tike; forewing with speculum closed. Anteromedian part of propodeum with “Y” shaped structure; each callus with 3-4 setae. Petiole shorter than propodeum, wider than long. Gaster oval shaped.

3.16 Chrysocharis sp. 2

Material examined: India, Karnataka, CoA, Shivamogga, 13°58'31.68"N, 75°34'45.09"E, 28.i.2022, Coll. Darshan, R., ex. Acrocercops syngramma. Species identification characters: Frons with “T” shaped frontal fork. Pedicel shorter than F1. Pronotum with cross carina absent; propodeum smooth and shiny, with a complete median carina; petiole longer than propodeum; gaster oval shaped.
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Plate 6. Parasitoid species belonging to family Eulophidae

A) Aprostocetus sp.; B) Oomyzus sokolowskii; C) Tetrastichus schoenobii;

D) ?Ryhonos sp.; E) Chrysocharis sp. 1; F) Chrysocharis sp. 2

3.17 Chrysocharis sp. 3

Material examined: India, Karnataka, Holaluru, 14°04'09.98"N, 75°66'40.46"E, 23.iii.2022, Coll. Darshan, R., ex. Spodoptera frugiperda. Species identification characters: Forewing with a pale fuscous spot; scutellum usually flattened; anteromedian part of propodeum with a raised and relatively strong “anchor”. Petiole slightly shorter than broad; gaster shorter than mesosoma.
3.18 Ryhonos sp.

Material examined: India, Karnataka, N.Mallapura, 14°02'91.32"N, 76°09'72.38"E, 05.ix.2022, Coll. Darshan, R., ex. Haritalodes derogata. Species identification characters: Collar transverse; funicle 4 segmented; clava 2 segmented; thorax shiny in places with fine sculpture only; notauli interrupted in middle, posteriorly deep; gaster shortly petiolate.

3.19 Aprostocetus sp.

Material examined: India, Karnataka, Malladihalli, 14°04'10.00"N, 76°08'22.77"E, 12.ix.2022, Coll. Darshan, R., ex. Haritalodes derogata. Species identification characters: Scape not exceeding above level of vertex; fovea of malar sulcus not reaching half length of malar sulcus; midlobe of mesoscutum with one row of 3 adnotaular setae on either side; scutellum with 3 pairs of setae; submarginal vein with 5 dorsal setae; hypopygium not reaching middle of gaster.

3.20 Oomyzus sokolowskii (Kurdjumov)

Material examined: India, Karnataka, Nyamathi, 14°14'99.19"N, 75°56'55.15"E, 06.iv.2022, Coll. Darshan, R., ex. Plutella xylostella. Species identification characters: The third funicular segment slightly transverse; first segment shorter than the pedicellus; the third segment is distinctly longer than broad; mid lobe of mesoscutum has 2 to 5 adnotaular setae on each side; body was black with metallic tints; thorax was slightly longer than broad. Antennal flagellum short and thick; funicular segments with relatively short setae. Metapleuron and propodeum with distinct, lightly raised, reticulation.
3.21 Tetrastichus schoenobii Ferriere

Material examined: India, Karnataka, Kadaranahalli, 14°27'67.80"N, 75°87'01.10"E, 02.vi.2022, Coll. Darshan, R., ex. Scirpophaga incertulas. Species identification characters: Propodeum with plicae which extended from hind margin to near each spiracle; from about the middle of each plica a branch extended towards the hind corner of the propodeum, the space between plica and paraspiracular carina forming a raised, reticulate triangular platform; surface between the plicae reticulate with this reticulation slightly raised, with 
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Plate 7. Parasitoid species belonging to families Eulophidae, Signiphoridae, Pteromalidae, Trichogrammatidae and Chalcididae

A) Chrysocharis sp. 3 (Eulophidae); B) Chartocerus sp. (Signiphoridae); 
C) Pteromalus metallicus (Pteromalidae); D) Trichogramma chilonis (Trichogrammatidae); E) Dirhinus anthracia (Chalcididae); F) Brachymeria lasus (Chalcididae)
some additional rugulose sculpture. Hind coxae with some raised reticulation on their externo-dorsal surface. Forewing submarginal vein with only 1 dorsal seta. 

3.22 Anagyrus pseudococci (Girault)

Material examined: India, Karnataka, Bommanakatte, 13°80'99.78"N, 75°67'75.36"E, 15.iii.2022, Coll. Darshan, R., ex. Nipaecoccus nipae. Species identification characters: Head in dorsal view wider than long. Antennae elongated; scape lamelliform. Pronotum short, mesonotum flat. Median part of metanotum completely covered by scutellum. Propodeum very narrow medially. Fore wings hyaline, twice as long as broad, hind-wings hyaline. Abdomen elongated, hypopygium prominent, covering most of abdominal dorsal surface; ovipositor concealed at rest by V-shaped seventh sternite. mesonotum intricately reticulated, with numerous small punctures bearing-setae; setae on mesoscutum spindle-shaped, those on scutellum slender; propodeum delicately reticulated, other abdominal tergites reticulated. 

3.23 Ooencyrtus sp. 1

Material examined: India, Karnataka, CoA, Shivamogga, 13°58'31.68"N, 75°34'45.09"E, 14.ii.2022, Coll. Darshan, R., ex. Omiodes indicata. Species identification characters: Body body dark brown; legs with all coxae, femora dark brown, tibia subbasally dark brown; visible part of ovipositor sheath dark brown; frontovertex nearly 1/3rd of head width; antennal scape about 5 times as long as broad; all funicular segments longer than broad; scutellum with elongate reticulations, apically smooth; postmarginal vein of forewing clearly shorter than stigmal vein.

3.24 Leptomastix nigrocincta Risbec
Material examined: India, Karnataka, Kathlagere, 14°26'68.27"N, 75°82'50.25"E, 10.vi.2022, Coll. Darshan, R., ex. Coccidohystrix insolita. Species identification characters: F1 shorter than clava; pedicel clearly longer than half the length of F1; fore wing with linea calva interrupted by not more than two lines of setae; base of mandible yellow. Antenna with six funicular segments; all longer than broad; F1 shorter than the club; pedicel distinctly longer than half the length of F1. Mandibles are bidentate.

3.25 Prochiloneurus pulchellus Silvestri

Material examined: India, Karnataka, Kathlagere, 14°26'68.27"N, 75°82'50.25"E, 10.vi.2022, Coll. Darshan, R., ex. Coccidohystrix insolita. Species identification characters: Body robust; antenna with scape subcylindrical and expanded; funicle 6-segmented; clava 3-segmented, apically obliquely truncated. Mesoscutum with striated reticulations and with 
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Plate 8. Parasitoid species belonging to family Encyrtidae

A) Prochiloneurus pulchellus; B) Leptomastix nigrocincta; C) Ooencyrtus sp. 1;

D) Ooencyrtus sp. 2; E) Anagyrus pseudococci; F) Copidosoma floridanum

distinct silvery white setae. Fore wing with  an infuscate pattern, apex of wing hyaline, the inner margin of the hyaline area curved and subparallel to wing margin at apex; filum spinosum present; linea calva not interrupted posteriorly; marginal vein five times longer than wide; postmarginal vein and stigmal vein short, apically connected by a naked, hyaline streak. 

3.26 Copidosoma floridanum (Ashmead)

Material examined: India, Karnataka, Doddethinahalli, 14°14'38.00"N, 75°58'13.48"E, 12.ix.2022, Coll. Darshan, R., ex. Trichoplusia ni. Species identification characters: Sculpture on frontovertex and face shallow, raised, reticulate, on genae rather more elongate. Mesoscutum with shallow, raised, reticulate to squamiform-reticulate sculpture. Scutellum with similar but slightly finer sculpture, its sides and apex smooth, shining. Gaster about as long as thorax. Ovipositor not exerted. Hypopygium reaching to three-fifths along gaster.

3.27 Ooencyrtus sp. 2
Material examined: India, Karnataka, Kathlagere, 14°26'68.27"N, 75°82'50.25"E, 13.vi.2022, Coll. Darshan, R., ex. Coccidohystrix insolita. Species identification characters: Body dark brown but gaster basally yellowish brown; frontovertex 1/4 of head width; antennal scape about 5 times as long as broad; all funicular segments clearly longer than broad; mesoscutum with distinct silvery-white setae; scutellum basally with longitudinally elongated reticulate sculpturing, apical 1/4 nearly smooth; postmarginal vein of forewing clearly shorter than stigmal vein.

3.28 Trissolcus sp. 1
Material examined: India, Karnataka, Sominakoppa, 13°98'41.96"N, 75°53'78.40"E, 29.viii.2022, Coll. Darshan, R., ex. Leptoglossus phyllopus. Species identification characters: Scrobal surface transversely rugulose; frons with coriaceous microsculpture throughout, mesal margin not sinuate. Mesoscutum with coriaceous microsculpture throughout, superimposed rugae anteriorly, median longitudinal carina present; coarsely areolate-rugose, with narrow transverse concave surface ventrally; antero-ventral portion of mesepisternum with raised rugulae superimposed on coriaceous microsculpture; episternal foveae linear, not coalesced; mesopleural carina variably developed, indicated by short raised spur ventrally; all coxae dark. Laterotergite of first metasomal segment glabrous; T2 smooth beyond basal costae, sparsely setose laterally and subapically; apex of T2 smooth.
3.29 Trissolcus sp. 2

Material examined: India, Karnataka, CoA, Shivamogga, 13°58'31.68"N, 75°34'45.09"E, 21.iv.2022, Coll. Darshan, R., ex. Leptocorisa oratoria. Species identification characters: Vertex without hyperoccipital carina; frons without coarse sculpture; antennae with four clavomeres; netrion sulcus complete, extending dorsally to posterior margin of pronotum; postacetabular sulcus comprised of discrete cells; anteroventral mesopleuron without episternal foveae; posteroventral metapleuron without setae; mesoscutellum without coarse sculpture; second metasomal tergite (T2) smooth and without prominent striae.

3.30 Trissolcus sp. 3

Material examined: India, Karnataka, Holehatti, 14°02'55.96"N, 75°66'70.56"E, 21.vi.2022, Coll. Darshan, R., ex. Earias vittela. Species identification characters: Mesonotum posteriorly without notauli; Radicle of antenna distinctly less than half of scape; Frons with distinct bulges between orbital margin and antennal insertions; Scape darker and blackish, compared to radicle.

3.31 Telenomus sp. 1

Material examined: India, Karnataka, CoA, Shivamogga, 13°58'31.68"N, 75°34'45.09"E, 05.iii.2022, Coll. Darshan, R., ex. Scirpophaga incertulas. Species identification characters: Head thick and rather rounded and a little broader than thorax. Antennae ll-segmented; Thorax not distinctly convex as seen from side and barely longer than broad; posterior portion of mesoscutum rather flat, feebly shining and weakly reticulate, covered with pale hairs; scutellum slightly convex, polished with sparse, short hairs; metanotum and propodeum distinctly sculptured. Metasoma long and broad; first tergum transverse with sharply defined longitudinal costae; second tergum longitudinally striated at base and elsewhere smooth and shining; following terga strongly transverse with sparse, pale hairs.

3.32 Telenomus sp. 2

Material examined: India, Karnataka, Holaluru, 14°04'09.98"N, 75°66'40.46"E, 17.iii.2022, Coll. Darshan, R., ex. Spodoptera frugiperda; India, Karnataka, Savalanga, 14°09'62.14"N, 75°52'81.76"E, 20.vi.2022, Coll. Darshan, R., ex. Leucinodes orbonalis; India, Karnataka, CoA, Shivamogga, 13°58'31.68"N, 75°34'45.09"E, 15.vi.2022, Coll. Darshan, R., ex. Rhynocoris marginatus. Species identification characters: Body colour black. Eyes hairy; hyperoccipital carina absent; post ocellar furrows absent; preocellar pit absent; antennae 11 segmented; antennal clava 5 segmented, A9, A10 transverse. Notauli absent; wings hyaline, unpigmented; postmarginal vein longer than stigmal.
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Plate 9. Parasitoid species belonging to family Scelionidae

A) Telenomus sp. 1; B) Telenomus sp. 2; C) ?Paratelenomus anu; D) Trissolcus sp. 1; E) Trissolcus sp. 2; F) Trissolcus sp. 3

3.33 Paratelenomus anu Rajmohana, Sachin and Talamas

Material examined: India, Karnataka, CoA, Shivamogga, 13°58'31.68"N, 75°34'45.09"E, 25.i.2022, Coll. Darshan, R., ex. Megacopta cribraria. Species identification characters: Body black to honey brown; first metasomal tergite slightly xanthic, weakly contrasting with posterior metasomal segments; antenna and legs yellow to brown; T1 longitudinally costate, with two lateral setae;  T2 striate, striae absent in lateral and posterior portions of tergite.
3.34 Eurytoma sp.

Material examined: India, Karnataka, Kumsi, 14°05'92.62"N, 75°39'10.39"E, 31.i.2023, Coll. Darshan, R., ex. Spodoptera frugiperda; India, Karnataka, Banagere, 14°09'32.94"N, 76°15'24.69"E, 02.ix.2022, Coll. Darshan, R., ex. Haritalodes derogata. Species identification characters: Small; black with extremities of femur and tibia, tegula, scape of antenna, and tips of ventral valves yellow; abdomen with seven terga; showing varying degrees of lateral compression; sixth tergum longer than fourth and fifth combined and with fine scale like sculpturing on lower lateral surface; ninth tergum elongate and pointed, bearing a round cercus on each side.

3.35 Brachymeria lasus (Walker)

Material examined: India, Karnataka, Holaluru, 14°04'09.98"N, 75°66'40.46"E, 22.iii.2022, Coll. Darshan, R., ex. Spodoptera frugiperda. Species identification characters: Vertex, occiput and face with umbilicate setigerous close pits, interstices carinate and rugose. Antenna with scape reaching anterior ocellus but not exceeding it; pronotum with close umbilicate pits, interstices narrower than diameter of a pit, rugose and micro-striate, not carinate. Metasoma subequal in length to mesosoma; T1 slightly reaching beyond middle, smooth and shiny; T2 with setigerous close pits on sides, dorsally with 2 rows of minute pits near anterior margin, remaining parts of T2 with extremely minute pit like sculpture; T6 with 8 cross rows of closely set setigerous pits, interstices with dense micro-sculpture. 

3.36 Dirhinus anthracia Walker

Material examined: India, Karnataka, Chikkajajur, 14°12'77.58"N, 76°14'12.36"E, 29.viii.2023, Coll. Darshan, R., ex. Spilosoma obliqua. Species identification characters: Each horn in dorsal view at level with anterior eye margin broader than scrobal gap; median aeola of propodeum with convex sides, shortly oval; scutellum anteriorly with an impunctate strip; striate area of T1 nearly straight, the area subquadrate; narrow space between eye and lower part of scrobe with pre-orbital carina separated from scrobes by fully 2 rows of punctures.

3.37 Chartocerus sp.

Material examined: India, Karnataka, Suthukote, 13°92'99.30"N, 75°56'81.00"E, 09.vi.2022, Coll. Darshan, R., ex. Exallomochlus hispidus; India, Karnataka, Kathlagere, 14°26'68.27"N, 75°82'50.25"E, 13.vi.2022, Coll. Darshan, R., ex. Coccidohystrix insolita. Species identification characters: Body dark brown with metallic luster, fore tibial spur simple, without comb of setae. Propodeum posteriorly without lamelliform process. Antenna with 4 anelli. Seta M6 on fore wing marginal vein present, and with additional seta between M2 and M3. Occipital margin rounded. Mesofemur with     3 long spines.

3.38 Coccophagus pseudococci Compere

Material examined: India, Karnataka, CoA, Shivamogga, 13°58'31.68"N, 75°34'45.09"E, 15.vi.2022, Coll. Darshan, R., ex. Exallomochlus hispidus; India, Karnataka, Kathlagere, 14°26'68.27"N, 75°82'50.25"E, 17.vi.2022, Coll. Darshan, R., ex. Coccidohystrix insolita. Species identification characters: ovipositor, in lateral view, parallel with longitudinal axis of body; third valvula sclerotized, not membranous, and tip extending beyond apex of T9; lateral margins of T9 normal, not thickened; mesoscutellum with 3 pairs of setae; mesosoma largely yellow; gaster coloured differently, with TI and part of TII yellow and remaining tergites black; antenna yellow with sensilla brownish; mesoscutellum distinctly wider than long.

3.39 Encarsia sp.

Material examined: India, Karnataka, Bevinahalli, 14°27'19.44"N, 75°75'23.99"E, 10.ii.2022, Coll. Darshan, R., ex. Aleurocanthus arecae. Species identification characters: Body dark brown except for scutellum; midtarsus 5 segmented; forewing without asetose area at stigmal vein; antenna with F1 quadrate, much shorter than F2; ovipositor appearing to be distinctly exserted beyond tip of metasoma; last metasomal tergite as long as wide and dark.

3.40 Trichogramma chilonis Ishii

Material examined: India, Karnataka, Holaluru, 14°04'09.98"N, 75°66'40.46"E, 19.iii.2022, Coll. Darshan, R., ex. Spodoptera frugiperda; India, Karnataka, Sangahalli, 14°23'34.90"N, 75°84'23.20"E, 20.vii.2022, Coll. Darshan, R., ex. Spodoptera frugiperda; India, Karnataka, Holalkere, 14°05'92.90"N, 76°17'56.16"E, 01.ix.2022, Coll. Darshan,R., ex. Spodoptera frugiperda. Species identification characters: Antenna with two funicular segments and a 1-segmented club; forewing with sigmoid venation and an RS1 setal track present behind stigma vein (SV); pre-marginal vein (PM) with 2 setae; hindwing with 2 setal tracks.
3.41 Nothoserphus sp.

Material examined: India, Karnataka, Malladihalli, 14°04'10.00"N, 76°08'22.77"E, 06.ix.2022, Coll. Darshan, R., ex. Haritalodes derogata. Species identification characters: Body black. Scape, pedicel, maxillary palpus, and legs beyond coxae yellowish fulvous, the last segment of front and middle tarsi and all of hind tarsus brown. Head short and transverse; clypeus moderate size and smooth. Flagellum yellowish fulvous basally, darkening to brown near middle and dark brown beyond middle. Median lobe of mesoscutum with a long and curved foveate groove. Tegula and coxae brown. Wings subhyaline, the rest weakly infuscate, darkest near and below stigma. Stigma, radius and subcosta dark brown. Costa pale brown.

3.42 Pteromalus metallicus Sureshan

Material examined: India, Karnataka, Kathlagere, 14°26'68.27"N, 75°82'50.25"E, 17.vi.2022, Coll. Darshan, R., ex. Scirpophaga incertulas. Species identification characters: Head and mesosoma dark metallic blue with bronzy reflection; gaster blackish blue, Tl dorsally with strong metallic blue reflection. Antennae testaceous with scape and pedicel pale. Coxae concolrous with mesosoma, femora dark brown except tips and remainder of legs yellow with tips of tarsi brown. Tegulae pale brown, wings hyaline, and veins yellow. Head moderately reticulate, reticulation finer on lower face and gena, pubescence small and sparse; clypeus radiately striated, anterior margin moderately emarginate; pedicel little  shorter than Fl; clava as long as two preceding segments combined.
4. CONCLUSION
In the present investigation, the morphological identification resulted in 42 species of hymenopteran parasitoids which belonged to 12 families viz., Ichneumonidae, Braconidae, Eulophidae, Encyrtidae, Scelionidae, Eurytomidae, Chalcididae, Signiphoridae, Aphelinidae,  Trichogrammatidae,  Proctutropidae  and   Pteromalidae   comprising  33 genera. Morphological identification of these hymenopteran parasitoids is required for their effectice utilization in biocontrol programme.
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�The title must be changed to show your specific purpose. You surveyed Hymenopteran insects in a several areas, and it is a faunestic study. 
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�Explain more about your work. You worked on Hymenopterans in a specific area, and it should be considered. 


�It is necessary to explain more about collecting the insects (where, how, when) 


�Show the key references here.


�There are not any discussion about collected hymenopterans. The gathered insects should be compared with other specimens in this order collected before. 


�The number of all collected wasps species should be shown.  
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