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INTRODUCTION

Sound taxonomy is the foundation for all meaningful research in

Biology. Before undertaking any research or studies on any aspect of

any organism it is absolutely essential to know its status in systematics.
Each species should have a name unique to itself. Once a name have
been given to a species it becomes a functional label, using various
information concerning that organism, including all the past work done
on it, can be retrieved and stored ensuring easy reference
(NARENDRAN 2000). Without studying systematics it is virtually
impossible to study biodiversity of any group. Since it is not practicable
to study the taxonomy of all the fauna all on a sudden, it is essential to
choose groups of greatest importance)Hymenoptera is such a group. In
this context it is worth to quote LA SALLE and GAULD (1992) "Having
reached important conclusion it is necessary to preserve biodiversity,
there are still several difficult decisions to be made. We do not have the
resources to preserve, conserve, inventory and study all the world's
species, so we must choose areas of greatest importance on which to
concentrate our attention. If we wish to preserve diversity, we must
focus our studies on groups which are important to maintaining
diversity in other group. It is not just that some groups are more
diverse than others; certain groups have a greater influence on diversity
in other organisms. It is also imperative to discover which group have
the greatest impact on maintaining diversity, and focus particular

attention on them. Hymenoptera is such a group. It not only forms a

~a



major component of diversity in itself, it is vital in sustaining diversity
in other groups."

Members of the family Vespidae commonly known as potter
wasps, paper wasps, hornets or yellow jackets are predators of many

insect larvae. They play a vital role in the ecosystem by keeping

excessive increase of many insects pests under check.

Some of vespids perform interesting social behaviour and some
others are solitary wasps. Social wasps built their nest by using dead
wood and vegetable fibre, they chew them into pulp to construct the first
cell of the nest. Caste systems of the social wasps have not evolved as
far as those of the other major groups of social insects. MARHAL (1896,
1897) postulated that physical divergence of the queen and worker gasté
of Vespinae is based on nutritional» discrimination during larval growth.
Worker caste can be identified due to their large size and the expanded
conditions of the rear part of the head. The workers capture a wide
variety of soft bodied insects to take back to the nest, favouring bees,
flies, both larva and adult of lepidopterans and they also collect honey
and nectar from ﬂqwer. The queen is large sized (35 mm) in some

species. She hibernates and becomes the foundresses (in northern

India) of colony in next spring.

They can travel about 100 km per day in their foraging. Vespids
are called "true wasps". The life cycle of Polistinae and Vespinae are

very similar. Vespinae are highly poisonous and dangerous to human

being. |
J



Eumeninae are commonly called potter wasps. They are solitary
wasps. They constructs nest by using mud in indoors. They feed and
bring larvae of other insects to their nest. This type of feeding of their
larvae is "mass provisioning”. The wasps are skillful and intelligent

organisms, hence the collection of wasp is a tedious task. — -~ <7v~ A

The taxonomy of Vespidae is improperly studied in the Indian
subcontinent. The only comprehensive work available is BINGHAM's
(1897) Fauna of British India volume on Vespidae, which is outdated.
Since then several scattered papers appeared on wasps of the Oriental
Region) VECHT (1935-79) ARCHER (1980-87), KOJIMA (1982-88),
YAMANE and his collaborators (1974-87), WILLIAMS (1983-88)
GUPTA and DAS (1977, 1983, 1989) contributed to the taxonomy of
Vespidae of India. However nothing is known on vespid fauna of Kerala
state which contain very interesting unexplored localities of hotspot
areas of biodiversity. In view of the above facts it is envisaged to
undertake a detailed systematic study of the Vespidae of Kerala at the
alpha-level. |

The objectives of present investigations are:

(1) to find out what all species and genera of Vespidae are present in

Kerala.
(2) to provide workable key to identify them.

(3) to give detailed descriptions and illustrations of the new taxa

found out.

(4) to provide redescriptions of little known taxa present in Kerala.




(3) to give a checklist and finally to review the past work done on

taxonomy of Vespidae fauna.

The thesis is divided into three large chapters. First chapter deals
with the review of literature, the second chapter contains systematic
status and diagnosis of Vespidae, key to subfamilies of Vespidae and
structure and terminology of adults; third chapter contains observations
and results, keys to Indian genera, species and subspecies of Vespidae of
India. Taxonomic descriptions and redescriptions are also provided.
The third chapter is followed by a checklist of Indian fauna of Vespidae.
Finally at the end of the thesis a summary of thesis and references are

provided followed by plates and figures.
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REVIEW OF LITERATURE

The study of Vespidae may be said to have began in 1758 when
LINNAEUS described Vespa coraba, Sphex tropica (present Vespa
tropica) and Vespa vulgaris (present Vespula vulgaris). Later in 1767
LINNAEUS described Vespa gallicia. LINNAEUS was followed by De
GEER who contributed to the study of Vespidae in 1773. Later
FABRICIUS (1787) described Vespa cnicta. The same author also
studied taxonomy of Vespidae in 1793 and in 1798.

LATREILLE (1802) erected the Genus Polistes. FABRICIUS
(1804) further contributed to the knowledge of taxonomy of Vespidae.
SAUSSURE (1852) published a monograph on solitary wasps of
Vespidae. In the same year SMITH described Vespa ducalis in the

Transactions of Entomological society of London.

SAUSSURE (1853 - 58) continued his work on taxonomy of
Vespidae and published monographs. In 1857 SMITH published a
catalogue of Hymenoptera in which he dealt with Vespidae also.
SMITH again published such a catalogue of Hymenopterous insects of
some Islands of South East Asia. SAUSSURE (1862) studied taxonomy
of Vespidae of Asia and Africa based on the collection of 'Leyden’
museum. In 1867 again the same author published on Vespidae and in

1882 studied taxonomy of solitary Eumenidae.

BINGHAM (1888) published taxonomic notes on some bee and
wasps of Burma in the Journal of National Society. In 1894 DALLA
TORRE, published his classical work Catalogues Hymenopterorum in




which he treated Vespidae also. BINGHAM (1897) in his Fauna of
British India including Ceylon and Burma dealt with Vespidae. This is a
very important work to base later taxonomic studies of these wasps. In
1900 CAMERON described new taxa of Vespidac. In 1902 ASHMEAD
gave a good classification of Vespidae. This was followed by BUYSSON
(1903) who published a monograph on groups of Vespa.

In 19O4NDALLA TORRE again dealt with Vespidae in his Genera
Insectorum. He was followed by ASHMEAD (1904) who published
descriptions of new genera and species of Hymenoptera including

Vespidae from the Philippines.

In 1905 BUYSSON again published a monograph on the Vespa
group in Annuals of Entomological society of France. In the same year
BINGHAM reported the taxonomy of Vespidae. In 1907 CAMERON
contributed to the knowledge of Vespidae in the Oriental Region. The
same author again published on Vespidae in the next year (1908)
BINGHAM (1908) published notes on Aculeate Hymenoptera of the

Indian museum in which he treated taxonomy of Vespidae also.

In 1910 SCHULTHESS published a paper on the taxonomy of
Fumenidae. In later BUYSSON (1911, 1913) contributed to knowledge
of taxonomy of Vespidae. In 1914 SCHULTHESS published a paper on

the taxonomy of Vespidae of Ceylon, Malaya, Java and Sumatra. Later

" RAMAKRISHNA IYER (1916-17) published a catalogue of wasps and

bees described from Indian region in the Journal of Bombay Natural

Society.



In 1918 BEQUAERT published a revision of the Vespidae of
Belgian Congo, based on the collection of the American museum. In
1919 BORNER studied Vespidae. In the same year WILLIAMS and
ROHWER published seperately several new species of Vespidae from
Philippine islands. In 1921 BEQUAERT published on several species of
Vespidae of Congo. In 1921 DOVER published a paper on wasps and

bees of Barkuda island.

In 1922 BRADLEY published a paper on taxonomy of Masarid
wasps. In the same year DOVER, RAO and SRINIVASA published note
on "Diplopterous” wasps in the collection of the Indian museum. In
1925 DOVER again contributed on the taxonomy of Vespidae. Later
SCHULTHESS (1927) studied Vespid fauna of Sumatra. BEQUAERT
in 1928 studied certain types 'Diplopterous' of the collection of British

museum. In 1928 WILLIAMS published a new species of Vespidae from
of the Rafﬂes museum of Singapore. In the next year BIRULA and
BEQUAERT pubhshed separately on Vespidae. In 1931 DOVER
published on Vespidae present in F.M.S. Museum, Singapore. In the
next year BEQUAERT published a paper on Ropalidia Guérin.

In 1933 GIORDANI SOIKA published a paper on Eumenidae. In
the next year CARL published a new species of Ropalidia Guérin. In
1934 SCHULTHESS studied Odynerus in China, Japan, Formosa and
Philippines. Later BEQUAERT (1934-36) contributed to the knowledge
of the taxonomy of Vespa Linnaeus and Polistes Latreille. In 1936
BELL described a new species of Vespidae from India in the Journal of

Bombay Natural/\ Society. Next year MAA published on taxonomy of

"




Vespa Linnaeus and Vespula Thomson of China. Simultaneously LIU

(1936-37) published a Bibliographic and synonymic catalogue of
Vespidae of China.

In 1938 BLUTHGEN studied the systematics of Vespidae of
Europe. In the next year GRIFFIN published on taxonomy of Vespidae.
In the same year BEQUAERT published on Oriental Vespa analis. The
same author in the next year (1940) published notes on Oriental Polistes

Latreille in the Transactions of American Society.

In 1941 BEEST published an excellent taxonomic paper on Indo -
Australian Genus of Ropalidia Guérin. In the next year GIORDANI
SOIKA studied the solitary Vespidae.

In 1942 BERLAND studied taxonomy of Polistes Latreille. In the
next year BLUTHGEN published a paper on taxonomy of European
Polistinae. Later BEQUAERT (1944) made the revision of Protopolytia
Duke, a Genus of Geotropical social wasps of Vespidae.  Since then
MUESEBECK et al.. (1951) published a catalogue of Hymenoptera
(including Vespidae) of America, North of Mexico. RICHARDS (1956)
published keys to families of order Hymenoptera including Vespidae. In
the same year he published handbooks for identification of British

insects including Hymenoptera.

In 1957 VAN DER VECHT made a studies on Vespinae of the
Indo-Malayan; and Papuan area. In the next year (1958) PAGDEN
published some paper on Malayan social wasps. In the same year
BRADLEY (1958) published a papers on phylogeny of the Hymenoptera
including Vespidae.




VAN DER VECHT in 1959 studied some fabricious type of Indo-
Australian Vespidae. Again in the same year he published notes on
Oriental Vespinae including some species from China and Japan, and
notes on KEumenes archatus (Fabricius) and some allied Indo-Australian

wasps.

BLUTHGEN in 1961 made studies on Diploptera including
Vespidae. ) GIORDANI SOIKA in same year published revision of
Odynerus Latreille of Australia and Tasmania. In this work he
published ten new species and redescribed about seventy five species

and he also provided key to species.

In 1961 again GIORDANI SOIKA published notes on some species
of Pachymenes Saussure of Indo-Australian region. GIORDANI SOIKA
in 1961-62 published a list of Eumenidae collectéd by the Noona Dan
Expedition with description of new species viz., Pavancistrocorus

robertianus palavanensis and Stenodynerus multimaculatus.

In 1962 PAGDEN made notes on Stenogaster of Malaya. In the
same year (1962) VAN DER VECHT published an excellent taxonomic
paper on Indo - Austrahan species of the Genus Ropalidia Guérin. In
the next year the same author made studies on Indo -Australian and
East asiatic Eumenidae. BOHART and STANGE (1965) published

revision of the Genus Zethus Fabricius in the Western Hemisphere.

In 1966 GIORDANI SOIKA published taxonomy of Vespidae of
Paleartic region in which he described ten new sub species and one new
species. In the same year VAN DER VECHT published taxonomy of the

East Asiatic and Indo - Australian species of Polybioides Buysson and
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Parapolybia Saussure. In 1968 GIORDANI SOIKA published on the
eumenid Genus Cyrtolabus Vanuder Vecht of Paleartic region. In this
paper he described four new species and a key to species. He also
commented on some known species also. In the next year (1969)
IWATA published a paper on the identification of Ropalidia

(Anthereneida) taivana koshnnensis Sonan.

¢ Two year later GUIGLIA (1972) published on the history of
system;ti'cusﬂ of Vespidae of the old world. RICHARDS (1973) studied
subgenera of Polistes Latreille. In the same year GIORDANI SOIKA
gave a list of designation of lectotype of several species of Vespidae
described from 1934 to 1960. He also published description of new
species in two different paper in 1973. In 1975 GIORDANI SOIKA
again contributed to the taxonomy of Vespidae. He gave illustrated

descriptions of new species.

| BROTHERS (1975) studied phylogeny and classification of
!i';éuleate Hymenoptera and published in Kansas University Science
\]/3ulletin. GIORDANI SOIKA (1976) studied Vespidae and Eumenidae
collected in Mongolia. In the another paper in same year GIORDANI
SOIKA revised Leptomenes Soika, Stroudia Grib and Eumenidiopsis
Soika.‘ In this paper he described new species and gave key to species.
In another paper in 1976 GIORDANI SOIKA published notes on

Vespidae and Eumenidae cdllected in Korea.

YAMANE (1976) made morphological and taxonomic studies on
the larvae of Vespinae with reference to Phylogeny of subfamily. In the
next year GIORDANI SOIKA published two paper on the taxonomy of
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Eumenidae. In the first paper GIORDANI SOIKA dealt with
Eumenidae of Cameroon. In the second paper he contributed to
systematics of Australian Eumenidae and described new species and
commented on known species of Australia. He also gave key to species

of some genera of Australia.

GUPTA and DAS (1977) studied distributional pattern of Indian
Vespidae with reference to altitude. In the next year KURZENKO
published on solitary wasps of Eumenidae of USSR. WILLINK (1978)
made a revision of Genus Stenodynerus Saussure in which he gave a
good account of the Genus Hypodynerus Saussure and species. In the
same year STANGE studied Eumenidae of Peruvian central desert.
GIORDANI SOIKA (1978) gave an illustrated key to European family

Eumenidae.

NELSON (1978) gave evidence for seperating »Crypt{é red Wasps
Polistes carolina (Linneus) and Polistes perplexus Cre;son. KROMBEIN
et al. (1979) published excellent catalogue on Hymenoptera in America

north of Mexico. In this book Vespidae is also included.

DAS in 1979 published excellent taxonomic review of Vespidae of
Indian subregion. In the same year VAN DER VECI-_IT published notes
on Vespoidea from Nepal in which he described thirteen new subspecies
of Eumenidae and fourteen new subspecies of Vespidae. YAMANE and
YAMANE in 1979 published a paper on the taxonomy of Polistes
Latreille from the same area. In 1980 BOHART published a paper on
the middle American species of Stenodynerus Saussure. GIORDANI
SOIKA in 1980 described and illustrated a new species Sphaeromenes
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elizabethae from Argentina. ECK in same year described a new social

wasp Polichovespula loekenae from Scandanavia. YAMANE et al. also ‘?

published a tentative revision of the subgenus Paravespula Bluthgen of
eastern Asia. In same paper he recognised and described eleven
specimen belonging to seven species. In the same year ARCHER also
described a new species of Dolichovespula Rohwer and subspecies of
Dolichovespula paciticai from China. In the same paper he described

and figured new subspecies.

~ GIORDANI SOIKA in 1981 published two taxonomic papers. In
the first paper he described new species and subspecies viz., Ropalidia
unidentata, Ropalidia crassipunctata, Polistes marginalis meruensis,
Polistes marginalis kindensis, Polistes tenelluo minutissimuss and
Polistes tencellum labejensis. In the second paper he commented on
Subancistrocerus Saussure of Pacific regiorl. VAN DER VECHT in same
year studied Indo-Australian solitary wasps. In the same year
ARCHER published a paper on Taxonomy of the Sylvestris group with
the introduction of a new name and notes on distribution. YAMANE in
the same year published notes on Eumenid wasps from Japan and its
adjacent region. In the same paper the author described new species
Anterhynalium melanopterum and a new subspecies from Korea and
gave a key to the Japanese and Korean Eumenids. SNELLING in same
year published notes on systematics of social Hymenoptera. AKRE et
al., published notes on yellow jackets of America North of Mexico in
1981.

GIORDANI SOIKA in 1982 revised the Genus Antepipona

Saussure of Oriental Region. In the same paper he described eight new

e
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species, eight new subspecies, redescribed thirteen species and provided
a key to species. In the same year GUSENLEITNER erected
Monodynerus as a new genus of Eumenidae and described Monodynerus
insimilis sp. nov from Tadzhikistan. KOJIMA in the same year
published taxonomic notes on Genus Vespa Linnaeus of the Philippines.
KOJIMA in the same year made a taxonomic revision of the subgenus
Icarielia of the Genus Ropalidia Guérin of the Philippines. In the same
year CARPENTER published notes on the phylogenitic relationship and

natural classification of the Vespoidea.

In 1983 GIORDANI SOIKA published an excellent taxonomic
contribution to the knowledge of the Afrotropical Eumenidae, with
descriptions of new genera, fourteen new species and four sub species
and twentytwo new synonyms. DAS and GUPTA in the same year |
published a catalogue of the families Stenogastridae 'énd Vespidae from
Indian subregion. In the same year GUSENLEITNER published an
interesting taxonomic notes on Vespidae from the highlands of Spain in
which he described é new species of the Genus Leptochilus Saussure.
SNELLING also dealt with taxonomic and nomenclatural studies of
American Polistes Latreille in the same year. In 1984 KOJIMA
published taxonomic notes on Ropalidia Guérin of the Philippines. In
the same paper he provided key to seven species of the subgenus
Icarielia. In another taxonomic paper KOJIMA et al. in 1984 described
a new subspecies of Vespa tropica from Cebu Island, Phi]jppines. In the
‘same year GUSENLEITNER dealt with the description of »new

subspecies of Hymenoptera, viz., Eudynerus (pavenodynerus)
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quadrifaciatum  rufipes from Asia Minor and Eudynerus

(Parcuodynerus) quadrifasciatum rubrosignatus from Cyrenaica.

- GIORDANI SOIKA in 1985 published three taxonomic notes. In
the first publication he revised the Genus Antepipona Saussure of the
Afrotropical region. In this he erected two new genus of Ovodynerus and
Gioiella and he described twenty new species, four new subspecies and
eleven new synonyms. In the second paper he described a new genus
Leptomicrodynerus and two new species Leptomicrodunerus tieshengi
and stenodynerus nepalensis of Nepal. In the third paper he described
Acarepipona insdita n. gen. n. sp. a solitary wasp. In the same year
KOJIMA and TANO made taxonomic notes genus Ropalidia Guérin of
the Philippines. In the same year GULCHARD dealt with family
Eumenidae of the Arabian peninsula. GUSENLEITNER in same year
published describtion of a new species of Leptochilus Saussure from the

Mediterranean region and from Iran.

LEE in 1986 published two taxonomic papers. In first paper he
dealt with notes on the genus Dolichovespula Rohwer from China and
described a new species Perisphinter chinensis. In second paper he
commented on Genus Vespula Thomson from China. He studied 26
species of Vespula in China, among them five new species described are
Vespula hainanensis, Vespula gracilia, Vespula yichunensis, Vespula
hirbuta and Vespula obscura. GIORDANI SOIKA in the same year
studied Eumenidae of Paleartic region and Eumenidae of Indo-
Malaysian region and published seperately. GUSENLEITER described
three new species of Alastor Lepeltier, Alastor (Alastor) dariun, Alastor

(Alastor) xerxes and Alastor (Alastor) zoroaster from Iran in the same
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year. KOJIMA and REYES published taxonomic notes on Philippine
Vespidae and KOJIMA with TANO in same year described a new

subspecies of Vespa luctuosa from Negros Island.

GIORDANI SOIKA again in (1986) published a paper on
taxonomy of Eumenidae of Philippines. JACOBSON in the same year
(1986) published an excellent field key to identify hornet (Vespa) of
India. CARPENTER published a synonymic checklist of the Eumenidae
in which he commented on a synonymic checklist of the genus group

names in the Eumenidae and 177 genera with 34 additional subgenera.

GIORDANI SOIKA in 1987 published five taxonomic papers. In
first i)aper he described a new species Leptochilus (Euleptochilus)
somalicus gathered in Central Somalia. In second paper he dealt with
Eumenidae of Gambia and in the third paper he revised the genera
Stellepipona Soika and described six species in which Stellepinona
lamellata, Stellepipona brevicornis, Stellepipona ochraccotineta and
Stellepipona invida are new species and he also provided a key to
species of African region. In fourth paper the same author contributed
to the knowledge of the Afrotropical Eumenidae with keys to species of
the genera Pseudochilus Saussure and Parachilus Soika and description
of new genera and subgenera in which he described five new genera,
three new subgenera, twenty one new species, sixteen new subspecies
and nine new synonyms. In the fifth paper he dealt with Eumenidae of

Borneo.

CARPENTER in the same year (1987) published three taxonomic
paper. In the first paper he dealt with phylogenetic relationship and
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classification of the Vespinae; in second paper he commented on 'the
evolutionary genetics of social wasps' and the phylogeny of the
Vespinae. In third paper he made a review of the subspecies in
Eumeninae genus Zeta Saussure. YAMANE in the same year described
a new paper wasp species Polistes (Polistes) riparius from Japan. Then
in the same year he made studies on Japanese Eumenidae and
described eight new species from Ryukyu Island. In same year he
published a paper on the Vespinae of the Ryukyu islands, Japan in
which he described three new subspecies and presented a distribution
maps of the Vespinae within the region. PETERSON in the same year
(1987) dealt with the subspecies of the Indo-Australian Polistes stigma

Fabricius and recognised 19 subspecies. ARCHER in the same year

described three new species of Dolichovespula Rohwer from China.

GIORDANI SOIKA in 1988 published a taxonomic paper on
Euménidae from Indonesia in which he described new species Labus
sumatrensis and redescribed nine species. GIORDANI SOIKA and
KOJIMA studied Eumeninae wasps collected in Papua and New Guinea
by J. Kojima and described two new species, and two new subspecies.
CARPENTER in the same _year published nomenclatural notes on
Polistinae in Entomologicall so/éiety of Washington. GUSENLEITER and
in the same year descriBe(i a new species Leptochilus (Linotulus)
longipilis Bohart. KOJIMA and KOJIMA described three new species of
Polistes Latreille from Papua New Guinea, with notes on the taxonomic

status of the subgenus Stenopolistes Vander Vecht.

GIORDANT SOIKA (1989) published two papers and in first paper

"Third contribution to the knowledge of the afrotropical Eumenidae" he

Ly
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described seven new genera, 29 new species, 12 new subspecies and
eight new synonyms. In the second paper he dealt with Eumenidae of
African continent. NOZAWA in the same year commented on
Biochemical-genetic differentiation among nine species of Polistine
wasps from Japan. MAC DONALD in the same year dealt with social
wasps of Indiana. DAS & GUPTA In same year published an excellent

monograph '"The social wasp of India and the adjacent countries'.

GIORDANI SOIKA in 1990 revised Neotropical Eumenidae of the
gene;z; Pdéhymenes Saussure, Brachymenes Soika, Pseudacaromenes
Soika, Stenosigma Soika and Gammazav with key to the genera, species
and subspecies, and descriptions of new genus Santamenes (Type:
Eumenes santanna Saussure), eight subspecies and two species. He was
followed by YAMANE (1990) who published a revision of the Japanese
Eumenidae. In the same year again GIORDANI SOIKA dealt with the

genus Katamenes Meadewaldo of Africa and proposed new synonyms.

GUSENLEITNER (1991) delt with Eumenids of Indonesia. He
was followed by WILLINK and F. LOBO;vho dealt with two mimetic
species of higher mountain Hypodynerus Saussure. In the same year
GIORDANI SOIKA published a paper 'Noutulae Veébidologicae XLVII,
new Alastor Lepeltier from tropical Africa with description of a new
subgenus." In this paper he described new subgenus Alastrocellus of
Alastor Lepeltier with a key to the species belonging to the new
subgenus. Besides he also described the following taxa: Alastor
(Alastor) faustus gaudens n. ssp. (F) (S. Africa); A. (Alastrorellus)
madecassus n. sp. (F) (Madagascar); A. (A.) nigroflavus (F) (Kenya); A.
(A.) plicatus n. sp. (F) (Keny). Again in the same year he published three
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more taxonomic papers, in the first paper he dealt with the Rhynchium
Spinola of the Middle East and adjacent countries in which he revised
genus Rhynchium Spinola and provided key to species and subspecies.
In the second paper he commented on Vespoidea collected in
Madagascar b;r L.A. Wilson, with a key to Ropalidia Guérin species
from Madagascar and described four new species, and he gave nine new
synonyms. In the third paper he dealt with Eumenid wasps of

Indonesia.

ARCHER (1992), published the taxonomy of Vespa crabro L. and
Vespa dybowki Andre. He was followed by GIORDANI SOIKA who
published taxonomic notes on some new or little known Eumenidae with
description of five new genera, twelve new species, two subspecies, two
new synonyms and three new combination. In the next year (1993)
GIORDANI SOIKA published four taxonomic papers. In the first paper
he dealt with collection of Noona Dan Expedition of 1961-62. In the
second paper he studied the Eumenidae collected in Sulowesi by Dr. A.
Van Achterberg, wiﬁh description of: a new subspecies, Parancistrocerus
androceles sulawenses. In this paper he downgraded Rhynchium
haemorrhoidale umeroatrum (Gusenleitner) from Rhynchium umeroater
Gusenleitner. In the third paper he described three new genera, nine
new species and three new subspecies of Eumenidae from Australia and
New Guinea. In the fourth paper he dealt with new Eumenidae from
the Oriental Region in which he described three new genera and four

new species and five new subspecies.

In 1994 KIM JEONG KYU, MOON TAE-YOUNG and YOON
BYONG dealt with systematics of Vespinae wasps from Korea. In this
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paper the authors revised Vespa Linnaeus and provided keys, diagnosis
and figures.wGIORDANI SOIKA (1994) published two papers. In the
first excellent taxonomic paper on the Oriental species of the genus
Rhynchium Spinola, he gave key to species of Rhynchium of Oriental
region and also described new species viz., Rhynchium claripenne from
Malaya, Nias and Borneo, subspecies Rhynchium brunneum ceylonicum
n. ssp. from Sri Lanka, Rhynchium rubropictum tenimberense n. ssp.
from Tenimber and Rhynchium rubropictum nigriventre n. ssp. from

Ambon.

GIORDANI SOIKA in 1995 published four papers. In first one, he
dealt with Vespoidea and provided a checklist of wasps in Italy and in
the second paper he commented on new Eumenidae of Oriental Region
(Papuasia). In the third paper he described two new species of
Eumenidae from New Guinea and in the fourth paper he studied

distribution of insects in the territory of Venezia.

'GIORDANI SOIKA (1996) published two taxonomic papers and in
the first paper he described two new Eumenid species Ectopioglossa
borsatoi from Kenya and Afreumenes melanosoma yemenensis from
Afrotropical Region. In second paper he dealt with Eumenidae of the
Oriental Region. In 1997 ARCHER published paper on Taxonomy,
distribution and nesting biology of Vespa affinis Linnaeus and Vespa
mocsaryana Buysson. The same author in 1998 published another
paper on taxonomy distribution and nesting biology of Vespa orientalis

Linnaeus.
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KOJIMA (1999) published two taxonomic notes on distribution of
the Polistinae and a key to species of the genus Ropalidia Guérin. In
his second paper he dealt with taxonomic notes on Australian Ropalidia
Guérin. In the same year MAUSS commented on taxonomy,
biogeography and phylogenetic position of the North American
Ceramius maroccanus Complex. KOJIMA in the year 2000 published
notes on "types" of the Australian species of the Ropalidia interrupta
complex. In the same year RAW described a new species

Mischocyttarus (Kappa) santacrusi from Eastern Brazilian wet forest.




CHAPTER 1l
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MATERIALS AND METHODS

1. Collection Work

The adult specimens were collected alive from indoors and
outdoors. Standard entomological collection techniques include using

insect net (Fig. 1). The killing jar or tube with ethyl acetate is used.

Adult insects were also collected from the nests.

a) Study area

Specimens were collected from almost all the districts of Kerala
state (Fig. 3). Kerala the extreme south-western state in India, is
located between 8°18' and 12°48' latitude, 74°52' and 77°22'E longitude.
This narrow strip of land extends north-south between the
Lakshadweep sea and the main peninsular Indlan hill range the

westerﬁ ghats Although it is about 580 km in length North South its

average width varies from 32 kms in the extreme north and south and

to over 120 kms in the middle. The state of Tamil Nadu on the east and
south and the state of Karnataka on the north and north-east form the
state boundries. The area of the state is 38, 863 sq. kms. and works out
to 1.18% of the total area of the country. Wasps not only collected from
Kerala, but also from neibhouring states are also included in this study,

since the wasp fauna of Kerala is not isolated from nearby places. The

Calicut University campus provide diverse fauna of wasps.
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According to the geographical features, Kerala can be divided into
o a

three regions. (1) The Highlands above 76 m (2) The midlands 7.6 to 76
m and (3) the low lands below 7.6 m.

With an average height of 900 m and a number of peaks well over
1800 m in height, the high land of western ghats includes large forested

areas, with major hot spot areas of biodiversity.

The midlands consists of extensive hills and valleys, form an
important cultivable area for cashew, coconut, arecanut, tapioca,

banana, rice and different kinds of vegetables.

The lowlands includes the major coastal areas, mangroves and the

major 44 rivers. This area also includes lagoons and backwaters.

b. Climate

Four alternate seasons cover the climate of Kerala. They are the
hot season (March to May), south -west monsoon (June to September),
postmonsoon (October to November) and north-east monsoon (December
to February). The annual temperature range between a maximum of
35.9°C and a minimum of 23.8°C only. The main relative humidity
value ranges from 60-90%. The total annual rainfall is excessive with

over 3200 mm.
2. Methods of Collection

Collection of wasps can be by various methods. These methods

are mentioned below.
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a) Net sweeping

Wasps were usually collected by this method. The type of net
most suitable for sweeping is of a particular design. The net used in the
present investigation is a modified model of the one designed by NOYES
(1982).

The sweep net essentially consists of a net bag attached on a
triangular frame which in turn is connected to a cylindrical handle (Fig.
1). The triangular frame of the net is made up of aluminium with sides
measuring 48 x 46 x 48 cm. The triangular shape increases the surface
area of the net in contact with the ground while sweeping. The net
handle is made up of 2.5 cm aluminium tube, about 1 m long. The
frame fitted to one end of the handle, enables easy separation of the
frame and can be used as far away from the body possible. The long
handle makes possible sweeping even underneath long hanging bushes
easier and extends the area of each individual sweep. The 60 ¢m net
bag is made up of thin white cotton cloth or strong muslin which allow
easy passage of air, the small pore size meshes preventing the escape of
minute specimens. The rim of the bag is reinforced with a thick

material, preferably, canvas.

For sweeping, it is important to choose an area where the
vegetation is as diverse as possible. A grassland with a good variety of
plants surrounded by several kinds of bushes and trees form an
excellent location for collection. Sometimes indoors also form a good
location for collection. The sweeping is done as described by NOYES

(1982). Special attention should be given to the fact that, once the



24

insects are caught inside the net, their escape should be prevented by
twisting the net sideways, so that the bag folds over the rim and thus
retains the capture. The wasps caught into the net are transferred to

killing jar or tubes with ethyl acetate or sucked into the aspirator.
b. Aspirator (Fig. 2)

Small vespids measuring upto 10 mm can be sucked into
aspirator. It consists of a glass or p‘lastic vial, fitted with a two-holed
cork, holding two thin transparent glass or plastic tubes, acting as a
sucker and an entry tube. One end of the entry tube is placed deep
down the vial and other end extends well out to be placed against the
desired insect. One end of the sucker inside the vial is covered with a
piece of fine netting or screening to prevent the suction of insects and
the other end is connected air tight to a moderately long rubber tube, to
act as sucking device. By sucking, the vacuum created inside the vial
draws the desired insect into it through the entry tube. The insects
collected are killed by placing a piece of tissue containing a few drops of
ethyl acetate in the entry tube. Large vespids measuring more than 10
mm collected in the net were taken to the laboratory by transferring

directly to the killing bottle.
c¢. Small hand net

Wasps visiting on the plants were collected by using small hand
nets. The small hand net consists of a circular mouth, a handle and a
net bag. The circular mouth is made up of aluminium or iron wire with
a diameter of 17 cm. The handle is also made up of aluminium and

having a length of 30 cm. The netbag measures 35 cm in length and
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made up of linen or thin cotton or muslin cloth, which allows the easy
passage of air. After blowing, the collected specimens were transferred

to killing jar or tube with ethyl acetate.
d. Malaise trap

A suitable design of Malaise trap has been well described by
TOWNES (1972). This tent like device catches insects by chance as they
fly into the sides of the trap, they crawl upwards on the cloth to the roof
where they enter the killing bottle which contains 70% alcohol. There
are several modifications of the original Malaise trap. The latest model
of this net made by Messers. Marris House Net's, England is used in
the present work. This net has two advantages, it needs to be visited

only once a week for emptying and it can be serviced even by a non-

entomologist.
e. Yellow-Pan or Moericke trap
This was not fpund useful for collecting vespids.
3. Storing and Preservation
a) Unmounted material

Wasps were put directly from the net into vials of alcohol. They
can then be pinned whenever convenient. Long term preservation in
alcohol can be improved by freezing. The alcohol was changed

periodically so as the prevent the damage.
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b) Relaxing

For relaxing, specimens were kept in an atmosphere of acetic acid
for atleast 6-8 hours. This method was found very suitable for
specimens which had been killed using ethyl acetate or other killing
agents. Relaxing helped to prevent breakage of specimens when they
were being card mounted. In order to achieve best results, a clear
plastic sandwich box with a tight fitting lid was taken and covered the
bottom with a thick layer of cotton wool. A few drops of glacial acetic
acid added, followed by a second layer of cotton wool. Specimens to be
relaxed were placed on top of a piece of tissue in a glass dish and the

whole dish, kept in the box, which was then closed.
4. Mounting

Mounting of specimens needs special care in taxonomy. The
specimens were mounted in such a way that all characters were visible

easily.
a) Mounting on cards

The method followed in the present work is that adopted by
BOUCEK and NOYES (NOYES, 1982). The well dried specimens was
mounted on a rectangular card. The size of the card altered depending
up on the size of the specimens. They were mounted in such a way that
one side of their mesosoma was glued to the card. Thus the specimen
was mounted on its right side touching the card. In another method,
they were mounted on a triangular card in such a way that the ventral

side of the mesosoma was glued to the tip of the pointed card, so that
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the full details of the specimen can be observed thoroughly. But the
specimens mounted on the tip of pointed card need special care because
they are easily subjected to damage. In another method larger
specimens were pinned by using standard entomological pins, passing

through the mesosoma from dorsal side. ‘

The materials used for card mountmg were (1) Mlcroscope (2)

\)(ectangular or trlangular pointed cards (3) Blottmg paper (4) A fine

" zero point brush (5) Entomology pins (6) Water soluble glue and (7)
. Table lamp.

Before mounting, it was made sure that the glue was completely
cold-water soluble. First of all, the specimens to be mounted is placed
on a piece of blotting paper, so that the blotting paper absorbed the
moisture content from the specimen. It was then dried under the table
lamp. The specimen was placed under microscope, and looking through
it, its antennae, labial and maxillary palpi, legs and wings were spread
and properly positioned, by using brush and pins. The pins (No.3) used
here is made by M/s Newey Goodman and Co's (England) Asta pins of
size 38 mm x 0.55. Using the tip of a pin a small drop of glue was put on
the card. The glue should be fine and water soluble. The tip of the
brush was moistened with alcohol. The specimen was picked up using
the brush and placed on the gum. Then the specimen was gently and
firmly pressed down with the brush for good adhesion. Care was taken
to keep antennae, legs, wings etc. free from glue. The wings were kept
stretched out and flat on the card. The mounted specimens were held

on Asta insect pins. Then the specimens were labelled.
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b. Labelling and Registering

Temporary labels were written in the field at the time of collecting
specimens. After mounting specimens, permanent labels indicating the
name of the country, state, date of collection etc. were added.
Registering of specimens were done after the specimens have been
identified atleast upto generic level. The registering of entries is as
follows: (1) collection number (2) scientific name (3) name of locality (4)
date of collection (5) name of the host (6) name of the collector (7)

remarks. Serial numbers were also given to each specimen.

The mounted and labelled specimens were then kept in insect
boxes, for detailed systematic studies. Naphthalene balls were placed in
the boxes to protect the specimens from insect attacks. Thymol crystals
were used as fungicides. 1,2-dichlorobenzene can also be used to

prevent fungal growth.
C. Mounting on microslides

Microslides of important parts such as antennae, mouth parts,
genitalia, legs, stings etc. of paratypes or other specimens were
prepared to study the minute details of the specimens. For this purpose
the necessary parts were removed from the specimens using needles
and forceps. Heavily sclerotised structures were subjected to clearing by
solutions such as KOH before mounting. The parts were kept in 10%
KOH for 24-48 hours. After clearing they were washed in glacial acetic
acid followed by distilled water and then dehydrated by passing through
graded series of alcohol. The dehydrated materials were then mounted

on glass slides using DPX.



5. Observations

Sorting and mounting were done under Herter and Reuss Optik
Kassel Sterezoom (W. Germany) microscope and card mounted
specimens were observed under Olympus (Japan made) and M3Z WILD
Stereozoom (Switzerland made) microscopes. Slide mounted specimens

were observed under LEITZ WETZLAR (German made) microscope.

6. Measurements

All measurements of body parts were taken from the Leitz

Wetzlar microscope by using micrometer.
7. Illustrations

The figures were drawn using drawing tube of WILD M3Z
stereozoom microscope. Depending on the size of the specimens the

figures thus obtained were kept as such and others were enlarged using
KB enlarger of the model B2M.
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STRUCTURES AND TERMINOLOGY OF ADULTS

The morphological terms used for describing different parts of the
adult body are mainly based on the works of RICHARDS (1956, 1973),
SEHGAL (1963), SPRADBERY (1973) and VAN DER VECHT (1941,

1975). The important terms may be defined as follows.
1. THE HEAD

Mandibles (Fig. 4): The paired, heavily sclerotized biting and
chewing lateral appendage of mouth parts between the labrum and

maxilla.

Maxillary palps (Fig.6): A pair of jointed appendages originating

from the maxillae.

Labial palps (Fig. 6): A pair of jointed appendages originating

from the labium.

Clypeus (Fig. 4): The medial sclerite of the head immediately

above the labrum.

Antennal socket and toruli (Fig. 5): The base of the antenna is
set into a small membranous area of the head called the antennal
socket. The rim of the socket is often strengthened by an internal
submarginal ridge called antennal toruli. Subantennal sutures extends

from each antennal socket down to anterior tentorial pit.

Antenna (Fig. 5): A paired, segmented sensory appendage of the

head between the compound eyes.
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Scape (Fig. 8): The first or proximal segment of an antenna called

antennal scape.

Pedicel (Fig. 8): The second segment of the antenna, it articulates

apically with the flagellum and basally with the scape.

Flagellum (Fig. 8): The third segment of the antenna, it is

subdivided into flagellomeres.

Ocelli (Fig. 4): Simple eyes, bead-like eyes located in the central

portion of the head, one median and two laterals.

Frons (Fig. 4): The area of the head between the ventral margin

of the toruli and the anterior margin of the median ocellus.

Orbit (Fig. 4): The narrow border around the eyes. The inner
orbit for the frontal or facial margin, and outer orbit for the genal

margin.

Vertex (Fig. 6): The upper surface of the head between eyes,

frons and occiput.
Occiput (Fig. 6). The hind parts of the dorsal surface of the head.
Malar space (Fig. 4): The space between the eyes and mandibles.

Supraclypeal area (Fig. 7): The space between clypeus and

antennal socket.

Anterior tentorial pit (Fig. 4) a pair of small pits at the anterior

margin of clypeus, below the antennal socket.
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Ocular sinus (Fig. 4): a space formed on frons by the

emargination of eyes.
Inner orbit (Fig. 4): inner margin of the eyes.

Temple (Fig. 6): a space between eye and occipital margin in

profile view.

Occipital carina (Fig. 5): a carina at the posterior margin of

occiput in profile view.
THE MESOSOMA

The wasp thorax is a compact structure consisting of sclerites of
the pro, meso and metathoracic segments, which bear the legs and

wings.

Pronotum (Fig. 9): The dorsal sclerites of the prothorax, which
extends ventrally at each side as a process that meets or nearly meets
its fellow behind the forecoxae. The propleura are the sides of the
pronotum. The carina, ridge or elevated zone extends between the
dorso-lateral angles along the posterior margin, called pronotal collar.
Pronotum with posterolateral apex distinctly angulate or rectangular,
extending slightly above and beyond anterior margin of tegulae and

dorsolatral angle of the pronotum form the pronotal lobe.

Mesoscutum (Fig. 9): Large segment in between pronotum and

scutellum 1n dorsal side.

Scutellum (Fig. 9): a medium sized segment in between

mesoscutum and postscutellum in dorsal side.
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Postscutellum (Fig. 9): a medium sized segment in between

postscutellum and propodeum.

Propodeum (Fig. 9): Posterior segment of the mesosoma in which
metasomal petiole is attached, the anterior side of the propodeum in
some examples elevated, called propodeal dorsum. Its lateral sides

provided with propodeal pit (Fig.9).

Axilla (Fig. 9): The posterolateral portion of the mesoscutum

lateral to the scutellum, usually triangllular.

Mesepisterum (Fig. 9): Laterally the mesothorax is represented
by the mesepisternum, sometimes referred to as mesopleuron.

Mesepisternum divided by episternal groove.

Epicnemium (Fig. 9): The anterior portion of the mesopleuron

delimited posteriorly by the epicnemial carina.

Epicnemial carina (Fig.9): The ridge on the mesopleuron that
more or less parallels the anterior margin of the mesepisternum and

that delimits the posterior margin of the epicnemium.

Metapleuron (Fig. 9): The lateral and ventral part of the
postscutellum. Metapleuron divided into dorsal metapleuron and

ventral metapleuron.

The wing (Fig. 11 & 12): The direction towards the costal margin
is called anterior and towards wing apex called distal. The wing veins

labelled in figure (Fig. 11 & 12).

Tegula (Fig. 9): A small, scale like sclerite covering the base of

the forewing, basal to humeral plate.
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Stigma (Fig. 11): In forewing a thickly sclerotized and usually

darkly pigmented area seen on the apex of the costal vein.

Anal lobe (Fig. 12): A small lobe like structure at the base of the

hindwing.
The legs (Fig. 10): Forelegs, midlegs and hixidlegs present.

Coxa (Fig. 10): First segment of the leg which articulates legs to

mesosoma.
Femur (Fig. 10): Second segment of the leg.
Tibia (Fig. 10): Third segment of the leg.
Tarsus (Fig. 10): Usually five with apical claw.

Tibial spines (Fig. 10): They are movable inferior apical spines on

the tibiae. Some species with one spine but majority with two spines.

Arolium (Fig. 10): A pad like structure profoundling between the

tarsal claw.

Trochanter (Fig. 10): An angle like segment in between coxa and

femur.
3. THE METASOMA (Fig. 16)

Metasomal tergum (Fig. 16): The dorsal sclerites of ’ghe body
which may be subdivided into tergite and usually referred to as Tergum

one, Tergum two ... ete.
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Metasomal sternum (Fig. 16): The ventral sclerites of the body,
which may be subdivided into sternite and usually referred to as

sternum one, sternum two . . etc.

Fasciae (Fig. 16): The terga often provided with coloured
transverse bands. These are seen on different parts of the terga. These

bands are called fasciae.

Ovipositor (Fig. 16): In females, a slender, paired and
interlocking, saw - like or tubular structure used for laying the eggs or

for stinging.

Aedeagus (Fig. 15): Middle rod-like structure in the male genital
plate.
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SYSTEMATIC STATUS AND DIAGNOSIS OF THE
SUPERFAMILY VESPOIDEA

Antenna with ten flagellomeres in female and eleven in male;
pronotum with posterolateral apex reaching or exceeding tegula, the
posterodorsal margin shallowly to very deeply concave but seldom
broadly U-shaped, with lobe covering spiracle scarcely developed or only
weakly convex and with lateroventral extremities broadly seperated;
metanotum short, transverse, fused with propodeum and sometimes
exposed but not posteriorly expanded in middle; wing venation well
developed, usually ten or nine closed cells in forewing and two closed
cells in hindwing (sometimes fewer); hindwing usually with jugal lobe;
first and second metasomal sterna often separated by a constriction;
female without an articulation within gonocoxite two; ovipositor
concealed at rest and modified as sting; plumose setae usually absent.
Sexual dimorphism slight to extreme; male macropterous but very
rarely brachypterous or apterous; female usually macropterous but

sometimes brachypterous or apterous.

Remarks: According to latest classification by CARPENTER
(1993) Superfamily Vespoidea includes ten families: Bradynobaenidae,
Formicidae, Mutillidae, Pompilidae, Rhopalosomatidae, Sapygidae,
Scoliidae, Sierolomorphidae, Tiphiidae and Vespidae.




= 37

Vespoidea includes two of the most frequently encountered groups
of Aculeata viz., wasps and ants, both highly social. In addition, several
groups of solitary predators or parasitoids comprise the vast majority of
the wasps component of the superfamily. Vespoidea is mainly tropical,
with perhaps 48,000 species around the world, about half undescribed
(CARPENTER, 1993).
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SYSTEMATIC STATUS AND DIAGNOSIS OF THE
FAMILY VESPIDAE

It was perhaps SAUSSURE (1853) who provided a higher
classification of Vespoidea. According to him "Vespoidea" (often called
diplopterus wasps) can be divided into three types, viz., "Masarien"
"Eumenienes" and "Vespiens". In 1857 SMITH divided Diploptera into
three families "Masaridae, Eumenidae and Vespidae." DALLA TORRE
(1894, 1904) also considered Vespidae as a family of Diploptera.
BINGHAM (1897) classified Diploptera as one of the five "tribes" of
Aculeata and recognised two families under it, viz., Eumenidae and
Vespidae. ASHMEAD (1902) considered Vespoidea as one of the five
"tribes" of Aculeata and recognized two families under it, Eumenidae
and Vespidae. ASHMEAD (1902) considered Vespoidea as one of the
eight superfamilies of Suborder Heterophaga of Order Hymenoptera and
placed Vespidae as one of the sixteen families of the Superfamily
Vespoidea. BORNER (1919) changed the name Diploptera to "Vespina"
and divided it into two families, Masaridae and Vespidae. The family
Vespidae was again divided into two subfamilies, the Vespinae and
Eumeninae. Later BRADLEY (1922) and RICHARDS (1962) based their
classification on the work of BEQUAERT (1918). Since then
SPARDBERY (1973) and CARPENTER (1982, 1987) classified
Vespoidea.

In this classification, family Vespidae is divided in two six
subfamilies viz., Eumeninae, Euparagiinae, Masarinae, Polistinae,

Stenogastrinae, and Vespinae (Except subfamily Euparagiinae which is
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found only in Nearctic region) all the remaining five subfamilies are
found represented in India. In Kerala only Eumeninae, Vespinae,
Polistinae and Stenogastrinae are present. The subfamily Masarinae

has not been not so far recorded from India.
Diagnostic characters

Eye with inner margin deeply emarginate; dorsal rim of torulus
simple)‘ '&‘ronotum with posterodorsal margin V-shaped, and with
postei'olatéral apex acute and strongly produced above anterior margin
of tegula; mesocoxae and metacoxae contiguous; forewing usually
longitudinally folded but sometimes not folded; hindwing without
distinct claval lobe, and usually with distinct jugal lobe but sometimes
w’ithout; posterior (inner) spur of metatibia weakly modified as a calcar:,"

t "“;Metasoma sessile or petiolate; metasomal segment one without a tru;
'node although sometimes approaching it; metasomal sternum one
separated from sternum two by a deep constriction‘iv male metasomal
sternum eight (hypopyrigum) simple not concealed}‘ Usually no sterile

worker caste. “Sexual dimorphism slight: both sexes macropterous.
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KEY TO THE SUBFAMILIES OF VESPIDAE

Anal lobe of hindwing long, about 0.5x as long as submedian cell;
forewing with postnervulus wavy, first brachial cell pointed
apically; recurrent veins received in different cubital cells;
nervulus curved and about as long as brachius vein (extralimital)

«.e.e..... Kuparagiinae

Anal lobe of hindwing short, 0.3x or less than the submedian cell;
forewing with postnervulus straight or slanting (Fig.26) not wavy,
first brachial cell not pointed apically (Fig.26); recurrent veins
received in the same or different cubital cells (Fig. 26); nervulus

straight and much shorter than brachius vein ...........ovcvvvnvnnenn, 2

Antenna usually clubbed; eyes hardly emarginate; wings not
away from wing margin so that radial cell rounded apically,
mesoscutum without any carina opposite tegula; fore and middle
femora withotuit any suture demarcating a basal ring (extralimital)

e e e e e e e e ] O 0 ) T T

Antenna not clubbed; eye emarginate; wings folded longitudinally
when at rest (except in stenbgastrinae); metacarp of forewing and
radius meeting at wing margin (Fig. 26); radial cell usually
pointed apically; mesoscutum either with a carina opposite to
tegula or with projecting lobe from posterolateral corner; middle
femur, and often forefemur also, with a suture demarcating a

e LT T R T e T NI TRTNT PP NTINTWFTES
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Claws bifid (Fig. 98); middle_ tibia with one or two spurs; inner
side of tegula usually éﬁlarginate (Fig. 98) to receive a process of
mesoscutum (parategula); mandibles long and usually crossing
when at rest (Fig.98); hind wingwith an anal lobe. India .........

....................................................................................... Eumeninae

Claw simple. Middle tibia with two spurs; tegula not emarginate;

parafégula absent mandibles short ..........cccoeeeveiiiiiiiiccicciininiian, 4

Wings not folded longitudmall}tgyv/hen at rest; tarsal claws with
one tooth; mandible elongate}, {Glossa and paraglossa of labium
without sclerotized pads; occipital carina either joining with or
almost near to hypostomal carina; nevulus distinct (Fig. 26)
arising almost from the joint between basal vein and discoideus;
second cubital cell rectangular (Fig.26); mesosoma rather short
globular; first (Fig. 28) gastral segment petiolate, much longer

than rest of the gaster. India ....ccccccevrireeerrviiineense. Stenogastrinae

Wings folded longitudinally when at rest; tarsal claws simple,
without tooth;. mandible of normal shape; glossa and paraglossa of
labium with sclerotized pads; occipital carina joining (Fig. 5) with
or running towards the base of mandible; nervulus short (Fig. 11)
arising from discoideus, first cubital cell larger than second
(Fig. 11) cubital cell; mesosoma normal; first gastral segment
petiolate or subpetiolate or sessile, not much longer than rest of

the ZaSter ..ivniieriiieeireere e et aeeeas D)

Hindwing usually with an anal lobe (Fig. 12); hindcoxa without a

dorsal carina; mesepimeron not completely or not at all separated
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from mesepistenum; dorsal episternal groove and epicnemial
carina present or absent; gaster petiolate or subpetiolate without
pubescence; first tergite gradually curving from base to apex;
occipital carina always present behind vertex; male antenna with

a hook-like bend (Fig. 254) at apex. India ................... Polistinae

- /"“'I-'Idiri\king/without anal lobe (Fig. 300): hind coxa with a dorsal

carina (Fig. 31) on posterior surface; mesepimeron completely
separated (Fig. 31) from meseplsterum dorsal episternal groove
and epicnemial carina always absent) daster sessile, appearing
conical, usually with sparse or dense lonig pubescence; first tergite
anteriorly truncate (Fig. 34) occipital carina absent dorsally
behind vertex, usually present laterally but may or may not reach

base of mandible; male antenna straight apically ......... Vespinae
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Subfamily EUMENINAE

Diagnostic characters

Inner side of tegule usually emarginate to receive parategula;
claws bifid; middle tibia with one spur; hind wing with an anal lobe;
propodeal spiracles circular, mandibles long and usually crossing when

at rest (with some exceptions).

(¢
!
Distribution: INDIA (:Iﬁlroughout India); all over the world

except New Zealand. /

Biology: Several species are solitary or subsocial.

Distribution: World wide except New Zealand.

Yoo

Remark: They are commonly known as’ PQ)tter wasps, making
earthen pot-like cells, predatory, storing up ca‘Eérpillars or sometimes
larvae of sawflies or beetles. Some make nest in burrows or in wood
cavities. Eumeninae is the largest and most widespread subfamily of

Vespidae.
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KEY TO THE INDIAN GENERA OF EUMENINAE

Metasoma petiolate (Fig. 172); first abdominal segment in dorsal
view with width half or less than that of second abdominal

segment, and at least twice as long as wide, usually longer

Metasoma not petiolate (Fig. 92); first metasomal segment with
width more than half that of second abdominal segment, much

less than twice as 1ong as Wide ....ccevvvevnviiiiniiiiiiiiiiiiiiiiieennnnss 4

Propodeal valvula elongate, rectangular; propodeal dorsum below
plane of metanotum, sloping posteriorly; metanotum dentiform
mesally (Fig. 172); tegula not exceeding parategula posteriorly;
metasomal petiole abruptly swollen apically (Fig. 172) .........

..................................................................... Labus Saussure

Propodeal valvula short, rounded; propodeal dorsum nearly
horizontal; metanotum not dentiform (Fig. 168); tegula exceeding
parategula posteriorly; metasomal petiole not conspicously

SWOllen (Fig. 168) uvviviiriiiiiiiiiiiiiii i eiiererereerenerieneeeneeasans 3

Pronotum with pretegular carina absent; mesepisternum without
epicnemial carina; male antennae not hooked apically ...............

.................................................................. Eumenes Latreille

Pronotum without pretegular carina; mesepisternum with or
without epicnemial carina; male antennae hooked apically

(FiZ. 155) ceiiiiiiiiiiiniiiinintenrneirensraerasseensssnsnens Delta Saussure
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Metanotum bidentate (Fig. 92) ....cccceeunuen...... Antepipona Saussure

Anterior face of pronotum with two close coalesced foveae;
propodeum with submarginal carina produced into pointed
lamella apically (Fig. 189); valvula enlarged and free posteriorly
from submarginal carina; first metasomal segment subsessile,
narrower than second metasomal segment (Fig. 189) ...............

............................................... Paraleptomenes Gordani Soika

Anterior face of pronotum without foveae; submarginal carina and
valvula usually not produced; first metasomal segment usually

sessile and as equal as second metasomal segment (Fig. 193)

First metasomal tergum carinate (Fig. 86); axillary fossa broader
than long; forewing with prestigma less than half as long as

pterostigma (Fig. 86) ....ccccevvvncveirrrvreennirennne. Ancistrocerus Wesmael

First metasomal tergum not carinate (Fig. 178); axillary fossa slit

like; prestigma about more than half as long as pterostigma
L T £ T TP 7

Tegula (Fig. 178) not emarginate adjoining parategula and usually
reaching apex of latter; propodeum with lateral carinae weak or
absent (Fig. 178); female with cephalic foveae; vertex not rugose;
male sterna without fringe; temples and mesosoma with long

RAITS ceeeiviieie ettt eeeeee e e e Odynierus Latreille

Tegula emarginate (Fig. 134) adjoining parategula and often
reaching or surpassing apex of latter; propodeum with or without

carinae (Fig. 134); female without cephalic fovea; in male, third to
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seventh abdominal sternite usually with conspicuous hairs;

temples and mesosoma with fine pubescence ..........cccc.ccuuun....... 8

Tegula shorter than parategula posteriorly (Fig. 193); forewing
with prestigma half or more the length of the pterostigma,

measured along posterior part, axillary fossa narrowed slite like

Tegula equalling or exceeding parategula posteriorly; forewing
with prestigma less than half the length of the pterostigma,
measured along posterior part; axillary fossa wider than long ...

............................................................ Antodynerus Saussure

Scutum and scutellum punctate; metanotum not compressed

medially (Fig. 129); male midfemur not basally emarginate ..... 10

Scutum posteriorly and scutellum impunctate; metanotum
somewhat compressed medially (Fig. 193); male midfemur basally

CPTABPIITARES wica sscap i s 2t sisis SeimmB e i 3 0 Rhynchium Spinola

Metanotum not projecting over propodeum; propodeum not
carinate, without apical projection (Fig. 129) ...cccceveivviiiiincinns oes

....................................................... Anterhynchium Saussure

Metanotum projecting over propodeum; propodeum with concavity
delimited by carinae with sclerotized apical projection (Fig. 199)
......................................................... Xenorhynchium Van der Vecht
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Genus ALLORHYNCHIUM Van der Vecht

Allorhynchium Van der Vecht, 1963, Zool. Verh (Leiden) 60: 57, 58.
Type species Vespa argentata Fabricius, 1804. Original

designation.

Diagnostic characters

Metanotum flat, not compressed medially; propodeal dorsum
raised shelf like to same level; forewing with third submarginal cell
separated from apex of marginal cell by about half its length; in male
midfemur not basally emarginate and seventh sternum with one or two
tubercles; first metasomal segment sessile, about as wide as second
metasomal segment; tegula shorter than parategula. ,

A {

Distribution: India (Kerala, Tamil Nadu, Sikkim), Burma.

/\

Biology: Unknown.

Remarks: Solitary wasps; widely distributed in study area.
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Allorhynchium argentatum(Fabricius)comb. nov.

Vespa argentata Fabricius 1804. Syst. Piez. p. 260.
Rhynchium argentatum Saussure. 1852. Mon. Guip. Sol. p. 115, FM.
Rhynchium argentatum Smith, 1857. Cat. V, p.25.

Female: Length 14-15 mm; black, without any markings; silvery
pubescence completely absent; wings dark fuscous with a purple

effulgence, not fusco hyaline on posterior half; veins dark brown.

Head: Strongly punctate; clypeus pyriform, apex emarginate and

truncate.

Mesosoma: Strongly punctate; scutellum and postscutellum
slightly sloped, not oblique; postscutellum not glabrous; propodeum

slightly rounded posteriorly.
Metasoma: Smooth with fine shallow punctures.
Male: Similaxh' to female except clypeus and scape in front yellow.
Biology: Unknown.
Habitat: Unknown.
Distribution: India: (Kerala, Tamil Nadu).

Remark: Since no specimen of this species has been encountered
in the present investigation, the above description is based on the

description of the species by Bingham (1903).
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Genus ANCISTROCERUS Wesmael

Ancistrocerus Wesmael, 1836, Bull. Acad. Sci. Bruxelles 3: 45 (as

subgenus of Odynerus Latreille). Type species Vespa parietum L.

1758. Designated by Girard, 1879, Traite E'lem. Ent. 2(2): 900.

Aucistrocerus () Rudow, 1876, Arch. Ver. Freunde Naturgesh Mecklenb.
30: 197.

Ancystrocerus (1) Dalla Torre, 1894. Cat. Hym. 9: 50 ff.
Euancistrocerus Dalla Torre, 1904. Gen. Ins. 19: 36. Newname.
Diagnostic characters

Axillary fossa broader than long; tegula exceeding parategula;
first metasomal tergum transversely carinate; metasoma not petiolate;
first metasomal segment with width more than half that of second

metasomal segment; forewing with prestigma less than half as long as

terostigma.
p g | ﬂ;’v{{ v,
Distribution: India: (Kerala, Calicut)%Sri Lanka.
/0 %

Biology: Unknown.

Remark: Not widely distributed in Kerala.
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Ancistrocerus tinctipennis (Walker)

(Fig. 85-89)
Odynerus tinctipennis Walker, 1860. A.M.N.H. 3(5) 304.
Ancistrocerus tictipennis Motschulsky 1863: Bull. Soc. Nat. Mus. p.23.

Female: Length 11.7. Black with yellow markings. Yellow
markings as follows: a spot between antennae, a line underneath
antennal scape, a spot on ocular sinus, clypeus except an irregular black
band on centre, a line on temple, pronotum broadly, tegula except a
central brown spot, a spot on mesopleuron, postscutellum almost, a band
on first tergite and second tergite, legs except upper part of femurs.

Wings hyaline; radial cell almost cloudy; veins dark brown.

Head: Closely and densely punctate; width in anterior view
(81:77) as long as distance between front ocellus and lower labral
margin (Fig. 87); width in dorsal view 5x distance between front ocellus
and posterior occipital margin; slightly wider than mesosoma (40:38);
clypeus as wide as long (28:28) (Fig. 87), apex with two distinct short
teeth; sparsely punctate, upper margin not emarginate; mandible
smooth; vertex, frons, supraclypeal area, interantennal space, inner
orbit and ocular sinus closely and densely punctate; interocellar
distance (13:13) as long as ocellocular distance and 1.3x diameter of
posterior ocellus; interocular distance more on vertex (45:28) than at
clypeus; temple distinctly narrower than eye in profile (8:27) (Fig. 89);
antenna farther from each other than from eyes (10:4); scape length 5x
length of first flagellar segment; second flagellar segment 1.8x as long as

first flagellar segment and 1.1x (9:8) as long as wide at apex (Fig. 88);
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apical antennal segment as wide as long (7:7); all other segments

subequal to each other.

Mesosoma: Closely and densely punctate; parategula longer than
tegula posteriorly; postscutellum raised; propodeal concavity with

acarinarium (usually with full of mites) and with two sharp teeth.

Metasoma: First tergite and second tergite closely and densely
punctate; third, fourth, and fifth smoothly punctate and covered with
silvery white pubescence; first tergite raised and forming an
acarinarium usually with full of mites; first tergite wider than long
(28:17); second tergite wider than long (Fig. 85) (33:25), smaller than
hind femur (17:28) and 1.9 x as long as first tergite.

Male: Unknown.

Distribution: India: (Kerala, Calicut).
Biology: Unknown.

Habitat: Disturbed.

Materials examined: Plesiotype: Female, INDIA: Kerala,
Kozhikode, 9.ix.2000, Vyjayanthi.

Discussion: Since no other species of this genus is so far recorded

from India, a comparison is not attempted here.
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Genus ANTEPIPONA Saussure

Antepipona Saussure, 1855, Et. Fam. Vesp. 3: 244 (as division of
subgenus of genus Odynerus Latreille; validated by ICZN, opinion
893, 1970: 187). Type species Odynerus silaos Saussure, 1853.
Designated by ICZN, Opinon 893, 1970: 187. Antepipona
Saussure, 1875, Smiths. Misc. Coll. 254: XXXX, 361. Emendation.

Antepipona () Dalla Torre, 1894, Cat. Hym. 9: 50: 96.

Mehelyella Moczar, 1937, Folia Ent. Hung. 3: 16. Invalid, no type
designated. Made available by Bohart, 1951, in Muesebeck et al.,
Cat. Hym. N. Am. : 888; with type species Odynerus parvulus
Lepeletier 1841.

Odontodynerus Bluethgen, 1938 (1937), Konowia 16: 280 (as subgenus of
"Euodynerus Bluethgen"). Type species Odynerus orbitalis
Herrich - Schaefter, 1841. Orginal designation (as "Lionots vagus

Radoszkowsi (= Vagabundus Dalla Torre nom. nov.)"

Metastenancistrocerus Bluethgen, 1938, Dts Entomol Z.: 460. Error for
Dichodynerus; of Bluethgen, 1939, Veroeff. Dts Kolon. Vebersee.
Mus. Bremen 2: 246.

Diagnostic Characters

Metanotum bidentate; midtibia with one spur; metasoma not
petiolate; 'first metasomal segment with width more than half that of

second metasomal segment, much less than twice as long as wide.
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Small wasps (body length varies from 6 to 10 mm). Most species are
black with yellow marks.

Distribution: India (Kerala, Tamil Nadu, Karnataka, Uttar
Pradesh, Orissa, Kashmir, Punjab, Bengal, Maharashtra, Chattisgarh).

Thailand, Vietnam, Malacca, Sumatra, Java, Sri Lanka, Burma and
China.

Remarks: They are not recorded from North America and New

Zealand widely distributed in Oriental Region.
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KEY TO THE ORIENTAL SPECIES AND SUBSPECIES OF THE
GENUS ANTEPIPONA SAUSSURE
(Modified from Giordani soika 1982)

Frons subopaque, smoothly punctate, punctures sparse and very

superficial, almost indistinguishable in centre, brown (Fig. 102)

Frons glossy, moderately punctate, punctures different size; black

(except one brown species) (Fig. 96) «.ceeevrrreieniireirieneieeeneneenensn. 3

Postscutellar teeth closer to lateral postscutellar margins than
between themselves; propodeum moderately punctate on posterior
side; second sternite bulged at base, where it is extremely convex,

without longitudinal groove ..........cccceeeeecununeenn. A. intricata (Smith)

- Postscutellar teeth closer to each other than to lateral
postscutellar margins (Fig. 101); propodeum smooth and glossy;
second sternite regularly convex, with a longitudinal groove at

DASE ceieniiriniiitiireeeeeeeecceenenennennneeeneeneeeneeenees AL frontalis G. Soika

Pronotum with anterior carina well developed on lateral sides,
does not reach dorsal side, it bends inwards before reaching
centre, completely rounded, with an additional carina, thin, in the

shape of an arch, often not well distinguishable (Fig. 95) ........... 4

— Pronotum with regular carina, often very small or absent on the

posterior gide (g, 12B) s cus seomssmemsamamsmenersmmssorapranpanrssnes 5
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Apex of clypeus deeply emarginate; interocular distance 1.25x of
ocellocular distance; fifth and sixth tergites with median yellow
spot; jointed vellow markings at apex of clypeus

......................

............................................................ A. malabarica sp. nov.

Apex of clypeus not deeply emarginate; interocular distance 0.66x
of ocellocular distance; fifth and sixth tergite without median
yellow spot (Fig. 95); free yellow markings at apex of the clypeus
(Fig. 96) covreeieiiiis it A. ceylonica (Saussure)

Pronotum with large or medium sized puncturcs on middle third
of anterior side, larger ones on middle, close to each other and

separated by thin carinae
Pronotum without punctures on anterior side

Clypeus, in female and male, wider than long, without
longitudinal carinae (Fig. 126); postscutellar teeth very small and
very close to postscutellar margin; distance between postscutellar
teeth twice as much distance between each tooth and lateral
postscutellar margin (Fig. 125); head and mesosoma closely and

heavily punctate ....cccoveiviiiiiiiiniiiiiiiiinann. A. sibilans (Cameron)

Clypeus as wide as long, with two longitudinal carinae orginating
from middle of clypeus; postscutellar teeth bigger, distance
between teeth as equal as distance between each tooth and
lateral postscutellar margin (Fig. 92); head and mesosoma

moderately punctate ......ccccoviieiiiann.... A. biguttata (Fabricius).a

Both scutellum and post scutellum with two yellow spots each

(Fig. 92) eerininiiiiiiiicc e cereeen e ssp. biguttata (Fabricius)
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Both scutellum and post scutellum with a yellow band each

......................................................... ssp. takaoensis G. Soika
Black species with spots of dark red colour .........c.cocvvveivvnnnenne. 8
Species with different colour .....c.cvvviiiiiiiiiiiiii e, 9

Posterior side of propodeum opaque, with visible and numerous
bands, some punctures not clear on bands; postscutellar teeth

closer to lateral margins; base of second sternite more bulging

................................................................... A. tytides Cameron

Posterior side of propodeum glossy, with very superficial bands
and small punctures; postscutellar teeth more distant from
lateral margins; base of second sternite less bulging

rereeennnenennenes A, Bhutanensis G. Soika

Second sternite very bulging at base, forms well distinguishable
anterior side, separated from ventral side by means of a fold in the

shape of @ CATINA ...veveiiniiiiiiiiiiiiiiiiiir et aaees 10

Second sternite not bulging or bulging very little at base .......... 11

Reddish brown; lower margin of clypeus not emarginate; clypeus
completely yellow (Fig. 120); mesopleuron with two yellow spots

............................................................ A. sasidharani sp. nov.

Black; lower margin of clypeus deeply emarginate; clypeus with a
yellow band at base (Fig. 99); mesopleuron with one yellow spot
................................................................. A. exelsa G. Soika.a

Frons with two hexagonal yellow markings; two separate yellow

spots on postscutellum (Fig. 98) .......... ssp malabariensis ssp. nov.
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12.

13.
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Frons with single yellow spot; postscutellum without spots

..........

----------------------------------------------------------------------------

ssp excelsa

Propodeum with two short horizontal carinae at posterior side

Posterior side of propodeum without carinae

Anterior carina of pronotum present not only on centre, but also
on lateral thirds of posterior side; carina thin, distinguishable;

clypeus in male with deep apical margin. Philippines

............................................................... A. lyzonensis (Rohw)

Anterior carina present only on lateral side and not on centre;

clypeus of male with less deep apical margin. India and Malaysian
Islands

Female unknown; male : clypeus with deeper margin, with shape
of a half circle; last segment of antennae almost straight, very
short, its top barely reaches half of ninth segment; third tergite
with few punctures, much larger in size; fifth and sixth sternites

(sometimes on fourth) with several long hairs of brown-yellow

colour. India ......ccoovvvriivinniinnncicccennn.. A, pruthii G. Soika

Clypeus with less deep margin, in the shape of a part of a circle;
last antennal segment strongly arched, long; its top goes well
beyond base of ninth segment; the punctures of third tergite not
larger than in alternate; punctures of two subsequent tergites are

similar to those of third tergite; fifth sternite and sixth sternite

without long hair ...........cccoveeeuvenneneeei. A. brunnipes (Fabricius)..a



14.

15.

16.

Body entirely black .......cccccevnneeeee. ssp. atratulus (Van der Vecht)
Body With SPOtS «.ceeviiieiiiiiiiiiece et e e b
All spots pale yellow colour .................... ssp. brunnipes (Fabricius)

Body with spots of bright yellow colour or reddish yellow colour, in

one species with both yellow and reddish spots .......c.ccccevvvveveeeene. c
Mesosoma with reddish spots ................... ssp. pocillum (Saussure)

Mesosoma with yellow spots which turn to reddish in some parts

.......................................................................... ssp. ignobilis (Smith)
Mesopleuron closely punctate, interspaces carinate ................. 15

Mesopleuron moderately punctate, interspaces between punctae,

at least half of diameter of punctures ......ccccceveeeereeiiriiinennnnnreennn. 16

Second sternite aburptly lowered at base; clypeus in female
(Fig. 123) wider than long with weak margins at top, with little
sparse punctures and longitudinal carina soft and superficial;

black with pale yellow spots .......c.ceeueueuneeee. A. siamensis G. Soika

Second sternite not lowered at base, sides slightly convex; clypeus
of female slightly wider than long with deep margin at top, with
large punctures, with large longitudinal carina; black with bright

yellow spots. India, Malaysia ........cccocvevenenes A. rufescens (Smith)

Postscutellum with very small teeth, close to lateral postscutellar
margin; clypeus of female wider than long; two l<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>