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INTRODUCTION

The selection of Athalia proxima (klug) (mustard saw-fly)
for this research project is based on sous 1m§ortant factors.
Firstly, the insect happens to be one of the comuonest pests
of agriculture, in Inaia. Secondly, the agriculturists of the
country, since ages, are fully ac;utinted with this insect which
is also readily avallable in the fielus. Thirdly, it is an
jdesl form, among the lower Hymenoptera, for a morphological
study of aonographic type. Finally, the structural stuay of
this insect may proauce some cvliaences on phylogenetical link

between Chalastogastrous ana Clistogastrous dymenoptera.

& glance on the existlig literature on insect morphology
would revesal bankruptcy of informations regarding the morphology
of uymenoptera. Iiis does not mean that the morphologists have
geliberately or totally ignorea this very well evolved group of
Insecta. Coue monwaental works on hymenopterous morphiology,
certainly, are availsble mamely, Lubbock (1979), Janet (1893
1912), Boulange (1824), Jomes (19<06), iHorisoen (1927), urandi
(1929), Duncan (1959), Snodgrass (1926,1941,1942,1966) and
Alam (1961,18563). Ihese, for years to come, are bouna to act
as guide for further researches on the morphology of this Order.
tiowever, one cannot aeny the fact that all these classical works
nave brouzht to light infor.ustions pertaining to meambers of the
(listogastrous Hymenoptera. It is, thus, ;uite clear that the

Chalastogastrous tymenoptera have for one reason or the other,
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not receivea adéquate gtteasion of tie morphologists. Lowever,
Arora (1953) had stuaied the skeletal structures of Viprion

pini (L) (saw=fly). This is followed by another work (19&6)
from hi@;and the two works together reveal interesting characters
of phylogenetic significance.

“he skeletomusculer ucchanisam of the adult A.proxima,
besiues Deing a detailed account, also lends imuense support
to an already existiang view in attributing generalized (primitive)
status to lentareainidas in the Oraer Hymenoppera. rurther, it '
also briags to 1ight sowe iateresting characters in the form
of uiscovery of hitherto unknown muscles, as well asy new inter-
pretations of structures. Lfforts have also been made to explain
the probable working of the boay ana its appendages with special
referasnce to}gzternal genitzlia. The structursl and functional
differences between the orthandrious ana strophandrious male

genitalia are also aiscovered.

The internsl znatouny ilacludes all the systems of tase
bouaye Iheir anatouical delails are interspersed with essential

histological observabioas,wherever uecessary.

Ihe bpiology of A.proxima covers almost all aspects
gssantially re;uired for the understanaing of the pest with the
iaea of its control. It is carried out, all the year round, both,
vnder controllea conditions, as well asy in the fields. The

behaviour of the pest with special reference to copulation,



oviposition etc., 28 initiated by Alam (1967, 1968a), has been
studied with significant results. dIne gross anatom& of fully

grown larve uias also veen exploreds

MATERIAL AMD ILELCas IQUE

Ihe adult insects were kept in ricro-chloracctic fixative
for 12 hourse It was followed by the transfer of the material
into 70» alcohal for preservation. Petrunkwitsch was also used
as another fixative. 3But, better results were obtained from the
material fixed in Picro-chloracetic fixative,

Lae skeletal stuuy of the adult was uwade under binocular
after treatliag it wita &x to 10s KOu., Ior ebtaining transparency
in the skeletal structures ana for their ultimate staining the
technigues evolved by Alam (1961) were followed. Accoraingly, the
skeletal structures were dapigmeﬁted by putting them in a solution
of KxClrg0, and dele 1he structures, so decolouriged, were stained
in Carbol~-aniline anu were furtiner treated with Carbolexylol for
perfect dehydration. &Similarly, for the purpose of making per=-
manent anu temporary preprations of the muscles with their points
of origin and insertioa fully daifterentiatea, Alam's (1961)
technigue of sallory's fluid was found to be very satisfacéory.

The insects fixeu in Picro-chloracetic fixative were used

for microtomy and the sections were normally cut at 7 microns.
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These were stained in deidenhain's Iron iiaematoxylin, for nuclear
difierentiation, followed by alcoliolic Eosin as cytoplasmic stain.
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1. THE HEAD

(1) External Features of the Head Capsule (Figs. 1 & 2).

The hypognathous type of head capsule of Athalis

proxima (Klug) is subtriangular in shape and black in colour.

It consists of four surfaces : anterior surface (frentoclypeus),
posterior surface (occiput), lateral surfaces (parietals) and
dorssl surface (vertex). These surfaces can conveniently be
spotted out by the presence of ocellar triangle, paired compound
eyes (E), paired antennal sockets (Asoc) and unpajred foramen
magnum (For) on the vertex. (VxQ,parietéls, frontoclypeus and

occiput (Oc) respectively.

The vertex is a distinctly curved crest from which
descend the other surfaces. The foramen magnum with thickened
rim is almost rectangular and occupies the central portion of
the posterior surface, The anterior tentorisl pits (at) are
distinct, whereas the posterior ones are almost obliterated.
The ventral margin of the posterior surface emarginates to form
a distinct oral fossa. This margin,in combination with the
ventral margins of the lateral and anterior surfaces,functions

as source of suspension for the gnathal appandages and the

labrum (Lm).

(11) Sytures of the Head Capsule (Figs. 1 & 2).

There are few sutures on the head capsule, as compared

with a generalized insect. However, the following sutures are

traceable.



Epistomal suture (es)s «— It arches across the face running
in between the two anterior articulations of the mandibles with
anterior tentorial pits located on it and internally represented
by the 'epistomal ridge'. DBeneath this suture lies the frontal
ganglion and the true mouth. Thus the epistomal suture can be
taken as an external demarcation between the frons (Fr) snd the

Clypeus (Clp).

The various views held by different authors on the

identity of the 'epistomal suture' are as follois s

According to Snodgrass (1935), "the anterior ends of the sub=-
genal sutures are connected acréss the lower part of the face
by an epistomal suture" DuPorte (1946) considers that "clypeus
1ies dorsal to the labrum and is separated from the frons by
the transverse frontoclypeal suture sometimes called the epise
tomal suture, which extends between the anterjor mandibular
articulations". Again Snodgrass (1947) says, "the epistomal

or frentcclyp;al sulcus runs between the anterior mandibular
articulations  snd it lies posterior to the muscles that pertain
to clypeus an& se;arates these muscles from those which arise
above it on the frons". DuPorte and Bigelow (1963) observe
"Snodgrass is correct§1n his concept of what constitutes the
;lypeus, but at fault in his explanation of its evolution and
in his claim that the U - shaped epistomal suture, which bounds
the clypeus dorsally and laterally, is merely the frontoclypeal



suture in a changed position. These studies have led us to
conclude that the changed relationship of the clypeus to other
facial structures has been brought about; not by the dorsal
migration of the clypeus, but by a continuation of the ventral
growti of the genal and postgenal regions of the head and the
fusion of the mesal edges of the new genal regions with the
previously free lateral edges of the clypeus. The fusion
causes the formation of a pair of clypeogenal sutures lying
betwean the gensl and lateral edges of the clypeus, and extend-
ing from the anterior tenterial pits to the anterior mandibular
articulations. The clypeogenal sutures, therefore, are formed
as the result of the continuation of the same process which
resulted in the formation of the frontogenal suturee and may
be regarded as a ventral continuation of the latter beyond the
tentorial pits”. The same authors in the same paper further
add, "It is evident that the frontoclypeal suture forms ohly
the hﬁrizontal portion of the suture which borders the dorsal
edge and much of the lateral edges of the clypeus; the portions
containing the tentorial pits are parts of the frontogenal
sutures while the vertical or obliéue portions are clypeogenal
sutures. It is obviously incorrect to call this compound
suture the frontoclypeal suture, but we suggest that the term
tepistomal suture', though not accurately daescriptive, can
profitably be retained for it because of its somewhat less
precise connotation". Still further in the summary of the same
paper it is maintaiﬁed'."Tho epistomal suture consists of the



horizontal frontoclypeal suture, the bases of the frontogenal
sutu{es containing the tentorial pits and the two vertical or
oblique clypeogenal sutures". Bigelow (1964) agrees with
Snodgrass when he says, "The System of éroovés extending from
one anterior mandibular Qrticulation to the other and passing
through the anterior tentoriél pits is called the epitstomal
suture", DuPorte (19%6), made a condensed review of the older
interpietations of the median facial sclerites. He also puts
forward his new interpretation of the same which runs as
£011oWwS 3 Meeesess in many higher insects the ventral descent
of the genél regions continues beyond the level of the mouth
and that, as a conseéuence a pair of clypeogenal sutures is
formed between the clypeus and the genae (DuPorte and Bigelow
1963). Conseéuently the sutures which in some insects I
interpreted as the frontogenal are really the clypeogenal or
the two combineds. Since these sutures are continuous and formed
as the result of same developmental process, the two combined
may be termed the laterofacial suture". It is now clear that
DuPorte finally maintains that the combination of the fronto-
genal and clypeogenal sutures with anterior tentorial pit at
their junction results in the formation of the laterofacial
suture. This means that the lateral portions of the conven=-
tional epistomal suture between the anterior articulation of
the mandible and the anterior tentorial pit should no more be

taken as a part of the epistomal suture and the latter conse-

quently be reduced to a mere transverse suture running between



the frons and the clypeus. In other words the epistomal suture

should be reaucea down to the froutoclypeal suture.

The present writer holas that the epistomal suture is
not a simple suture. As a matter of fact it is of compouna
nature ana can conveniently be broken up into three components
(two lateral ana one meaian) which can rightly claim the status
of indepenaent sutures anu should not be tseken as mere secondary
external grooves. IThis suggestion gets support from the fact
that the components separate the entire clypeus dorsoléterally
from more than oae sclerotic area of the head capsule. In
furtiher elucidation of tais view it may be pointea out that
the meaian portion of the suture lying between the two anterior
tentorial pits, coincides with the position of the frontal
ganglion ana the true mouth. Similarly the two lateral portions
connect the anterior teantorial pits with the respective anterior
articulations of the wandibles. ©Since the median portion sep-
arates the clypeus from the frons, it can rightly be called as
froatoclypeal suture (frclps). wsikewise, the lateral portions
separating the clypeus frou tae genae can logically be named
as clypeogenal suture (clpges). Ihis may, however, be under-
stood that thne froantoclypeal suture cannot ne a synonym for

the epistomal suture.

Frontogenal suture (fgs)e —=—= The frontogenal suture starts

frou the upper border of the anterior tentorisal pit. OStanding



almost verticle in respect to the epistomal suture, it extends
upwaras to end on the mesal margin of antennal socket and
possesses aistinct internal inflection called the frontogenal

inflection.

Subgenal suture (sgs) + «—= This suture is entirely represented

by the incomplete hypostomal suture (hs) and the pleurostomal
suture (ps)s The former starts from the posterior tentorial
pit ana descendas towardas the upper portion of the rim of oral
fossa. Wwithout meeting the latter, the suture turns lightly
outwaras to take up a submarginal course along the lateral
portion of the fossa and ultimately gets merged with it., All
along it is internally represented by the hypostomal inflection.
The hypostomal area (dst) thus demarcated on the cranium by
the hypostomal suture is like an inverted 'U' and provides.
articulation to the maxille~labial complex. This area in its
distal portion is merged with the rim ot oral fossa, and loses
its entity there. Its bssal portion, intervening between the
foramen magnum and the oral fossa may be taken as hypostomal
bridge (HB) which has a clear homologie with the'hypostomal
bridge' of gteepobracon ueegaes The pleurostomal suture (ps)
is completely merged with the ventral margin of the cranium 4
and thus the pleurostomal area is wanting. Thus, for most of
the part, the subgenal suture (distal part of the hypostomal
suture and entire pleurostomal suture) is fused with the
ventral margin of the cranium, thereby indicaling the complex

nature of the latter.
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Postoccipital suture (pos) « == The postoccipital suture

runs submarginal to the dorsolateral portion of the rim of
foramen magnum, connecting the obliterated posterior tentorial
pits. It 1s internally represented by broad postoccipital

ridge, which is confluent with the rim of the foramen magnum,

It 1s for this reason that separate identity of the postoccipital
ridge in its major part cannot pe safely claimed, However, a
very short portion of the ridge, in the region of the posterior
tentorial pit is independent of the rim on account of the

course of the postoccipital suture.

Paroccipital suture (Paros) . == The paroccipital sutures

emerging as distinct grooves from the dorsalateral angles of

the postoccipital suture ascend upto the outer borders of

- lateral ocelli (0) so as to divide the conventional occiput

into a medisn and two lateral occiputs. These sutures inter-
nally form a strong paroccipital ridges. Since this ridge is

in continuation with the postoccipital ridge, it can conveniently
be persumed that the two in combination provide great strength
to the cranium to withstand stress and strain brought about

as a result of action of powerful muscles originating from it.

Ferris (1942) has createa a 'single sutural system!
consisting of the postfrontal, temporal ana the premanaibular
suturas. This, he nases as 'great suture' of the hesd. Accor-
ding to him the 'great suture' always functions as line of

separation between the ocular, antennsal anu amandibular segmeats.



The course ana condition of this great suture appear to be
nonconsistant in insect heads as is apparent frow the descripe
tion as well as diagrams given by rFerris. If the ‘great suture!
is accepted as a significant suture in the morphology of the
insect head, obviously the paroccipital suture of A.proxims
becomes identical to the 'temporal suture! of the single sutural
system of the head. However, the term 'paroccipital suturef

is retained till such time when the Ferris's concept of the
areas of the insect cranium is finelly accepted which woula
naturally mean deleting of the conventional occipital area and
replacing it by the premendibular ares of Ferris.

QOcular suture (08) « —= There is a groove running submar-
ginal round the ocular rim with a corresponding thin internal
inflection. The groove is the oeular suture and its inflection,
the oeular ridge.

Antennal suture (as) « —— The antennal suture is submarginal
to the antennal socket with a distinet internsl ridge. The
latter, however, is confluent with the rim of the socket along
its internal edge and forms a wedge-shsped condition. The
ventrolateral portion of the antennal rim possesses a distinct
conieal projection called 'antennifer', which articulates with

the base of the antenna.
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(114 ) Areas of the Head Capsule (Figs 1 & 2).

Frong (Fr) o == In Athalig proxima, the frons looks like
a rectangular sclerite extending from the vertex to the

clypeuss On its course it embraces the mesal halves of the
antennal sockets. It is limited ventrally by the frontoclypeal
suture and laterally upto the antennal sockets, by the fronto-
genal sutures. The dorsal part of the frons, above the ante-
nnal sockets, remains undefined on account of its unobtrusive

merger with the parietals.

According to Snodgrass (1947) “frons is a name rather
than en snatomical reality". However, the origin of all the
dorsal dilator muscles of Ehe pharynx on this sclerite coupled
with the fact that the frontal ganglion forms its ventral limit
coinciding with the position of the mouth, is a good justifi-
cation of the existance of frons in A.proxims. Nevertheless,
such internal criteri#p cannot be conveniently used for justi-
fying external limitations of this area. Hence, the present
writer suggests that the frontoclypeal and frontogenal sutures
should be considered as external limits of the frons subject
to the condition that the 'dorsal dilators of the pharynx! owe
their origin to this sclerite.

Clypeus (Clp) ¢ == This crescent-shaped area is dorsola-
terally limiéed by the entire epistomal suture. It is separated
dorsally from the frons by the frontoclypeal suture and later-
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ally from the genas by the clypeogenal sutures. Ventrally it
is limited by the ventral margin of the facial area which is,
more or less, straight and provides suspension to the labrum
through a narrow conjunctiva. This line of attachment, in

the wasp, has been named as 'labral suture' by Duncan (1939 ).

Parietals o e Vast area of the cranium is occupied by
the two parietals which lie lateral to the frontoclypeal area
and include the compound eyes, ocelli and lateral halves of
antennal sockets. The dorsal portion of the parietals merging
with the meajian occiput posteriorly and with the frons ane-
teriorly can be taken as the vertex (Vx). The remaining
portion of the parietalk, demarcated'anﬁoriorly by the combi-
nation of clypeogenal and frontogenal sutures and merged
posteriorly with the lateral occiputs and postgenae, can be
taken as the genae (Ge). The latter, dorsally are continuous
with the vertex and ventrally limited by the lateral portions
of the ventral margin of the cranium.

geciput (0c) o = It forms the arched portion of the
posterior gsurface of the cranium and is separated posteriorly
from the postocciput by the incomplete postoccipital suture.
Anteriorly its limits are not defined ewing to the absence of
the occipital suture. The two ascending paroccipital sutures,
in their proximal halves, divide the occiput into a median

(Moc) and two lateral (Loc) occiputs.
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Postgena (Pge) o e=— The postgena is an incompletely
defined area on the posterior surface of the cranium. Mesally,
it is limited by the hypostomal suture and laterally it merges
with the gena. Ventrally, it is bounded by a portion of the
ventral margin of the cranium while dorsally it is continuous
with the lateral occiput.

pPostocciput (Poc) ¢« == The post occiput is a narrow arched
sclerite collaring the foramen magnuz and limited anteriorly
by the incomplete postoccipital suture. Its lower margin is
attached with the neck membrane. The entire dorsclateral
portion of the postocciput is internally obscured because of
the confluence of the postoecipital ridge with the rim of the
foramen magnum. Only small ventral portion of the postocciput
can be taken as a distinct sclerotic plate., Laterally, the rim
of the foramen magnum develops a pair of triangular occipital
condyles (Occ) which project into the foramen magnum to provide

articulation ﬁo the pleural occipital processes of the prothorax.

ggular sclerite . ===  Sorrounaing the ocular foramen, there
i1s & thick but narrow marginal shelf. This is the ocular
sclerite which in turn is aemarcated from the parietals by the

ocular suture.
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(1v) Iegtorium (Figs 1, 3 & 4).

The tentorium, which i1s the cranial endoskeleton,
consists of the usual three pairs of arms. From the absolete
posterior tentorial pits, iying in the lateroventral angles of
the forauen magnum, come out two thick sclerotic bar like
posterior tentorial arms (PT). Running anteroposteriorly, the
posterior tentorial arms meet the corresponding anterior
tentorial arms (AT) to form a pair of continuous bars connecting
the anterior ana posterior surfaces of the cranium. The anterior
tentorial arms appear in the form of a pair of aistinet cranial
invaginations on the facial area of the cranium and c¢an exter-
nally be detectea as broad eliptical anterior tentorial pits
(at). These pits have highly raised margins and are placed
just ventral to the antennal sockets at the junction of the
frontoclypeal and frontogenal sutures. The anterior tentorial
arus, penetrating through the cranial space as parallel bars,are
thick at the base. These gradually became thin on their way
to fuse with the corresponding posterior tentorial arms. The
anterior tentorial arms give out from their d%stal ends a pair
of thin dorsal tentorial arms (DT) which oblinuely traversing
the cranial space meet the facial area,dorsal to the antennal
sockets. Tneir union with the wall can externally be located
as feeble impressions and not invaginations. These are the

tentorial maculae (dt). The base of the dorsal tentorial arm

demarcates the anterior tenterial arm from the posterior

tentorial arm.
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The mesal surface of the anterior tentorial arms
flattens out into two triangular projections (mf) which corres-
pond with the 'mesal flaps' of the anterior tentorial arms of
St9+nobracog_gggggg (Alam 1951). These projections, however,
1n*£he present case are confined only to the distal portion
of the anterior tentorial arms. Such flaps are absent in the
honey bee and the wasp. The posterior tentorial arms shortly
after leaving the posterior tentorial pits mesally develope
a stout transverse tentorial bridge. (IB).The latter, all
along its posterior surface, is solaered with the hypostomal

bridge.

The tentorium functions as seat of origin to some
important head muscles and assists the cranium to withstand

stress sna *rain brought on it by the working of the musclese.

(v) Anteanae with tineir Muscles (Figs 1,6,6,7,8,9,10,11 & 12),

The many-segmented,cylindrical antennae (Ant) are movably
articulated with the cranium. Their baseiiiodged in the
meabfanous area of the antennal sockets (Asoc), which lie on
the lower half of the facisl region. Each antenna consists

of the scape (Sc), pedicel (Pe), funiele (Fn) and club (Cl).

The proximal rim of the scape (rs) is thickly emargina-
ted. Its ventrolateral portion bears a prominent concavity
(Acon) which provides articulation to the antennifer (af)

projecting out from the rim of the socket. Distally, the scape



is distended to engulf the proximal sna of the pedicel. Close
to the distal rim (drSc) of the scape, there emerge,from its
lateral walls,two shelf like projeetions (ArkSc) with shallow
depressions to provide articulations to the corresponaing
articular processes (ArkPe) of the proximal rim of the pedicel
(prPe)s Such ball anu socket like articulation permits only

up ana aown movement to the antennae,.

The funicle consists of six segments in both the sexes.
This is followed by the uuseguented club., These segments of
the funicle neither possess any muscle nor there are articuls-
tions with each other. Iheir association is maintained by
the convex proximsl ena of one fitting into the concave distal
enda of the preceding segment.

Musculature of antennae e ooth, extrinsic as well as

intrinsic,set of muscles are proviued to each antenna. The

four extrinsic muscles are as followss

External levator of the antenna (Noe 1)¢ === This muscle

arises from the middle of the dorsal surface of anterior ten-
torial arm, and it inserted through a tendon on the dorsolateral

half of the proximal rim of the scaps.

Internal lavator of the antenna (NOe2)s === This muscle

consists of two bundles; one arising on the ventral surface of



the basal portion of dorsal teantorial arm and the other on the
aorsal surface of the uaistal portion of anterior tentorial
arn. These coaverge on a comuon tendon which is inserted on

the dorsomesal half of the rim of the scape.

Lxteraal uepressor ol the antenna (N0e3)e === It is a short

stumpy muscle whica originates frou tae dorsal surface of the
proximal half of anterior teantorial aruw. Its fibres converge
to get attacued tirough a tenaca on the lateroventral half of

tue vzse of the scape, close to the antennal concavity.,

Internzl aepressor of the antenad (Noe4)s w= This muscle

originates frou tie ventral ana lateral surfaces of tine dorsal
axrg of tentorium ana ivs {ibres coanverge to end by a tenaon

on the wesoventral half oi tie base of the scape.

Ihese extriasic muscles are homologous to the corresponaing

tievators' and ‘'depressors' of S5,983238.

The intrinsic museles of the antenna are the glevator’ and

:dapressor’ of the pedicel.

Levator of the pedicel (ioet)s wm—=  This muscle originates

from tne proximsl nolt of the dorssl wall oi the scape with
its fiores cowverging oa tae worsal aelf of the proximal rim

of the pedicel. It correspouas to the 'levator of the flsgellum'

of La086528



Depressor of the pedicel (N0e6)s === This muscle also arises

in the proximel half of the secape, but on its ventral wall.
Running in a coavergent wmanncr 1t is inserted on the veniral
half of the proximal rim of the pedicel. It is eéuivalant to
the 'depressor of tuas ilagellum' of S.d8es5¢.

(vi) Lsbrum ana Epipharynx (Figs 1,13 « 14).

Labrum (Lm)e =~ The semicircular labrum is suspended from
the ventral margin oi the clypeus. Ihe weubrane suspeuding
the lsbrum is not visible oriuiuariij due to infolding of the
clypeal mergine Ihe labrum is capable of a limitea up anda

down movement.

Epipharynx (EplyJe === Ihe laorua is internally duplicated
by a membrone which forms tue epipuaryngeal wall of the preorsl
cavity. The anteriorly broad epipharynx is attacihed to the
anterolateral margin oif the labrum. Posterioriy, it aarrows
abruptly enu becoues coatinuous with the dorsal wall of cibraium
(Cb)e The epipharynx on its anteroposterior coursse grauually‘{
moves awsy from tihe labrum. Irom the base ot tne labrum there
extends a pair of tiny sclerotic bars through the lateral
sngles of the eplphsrynx. Ilisess are the tormae (tr ). The
jabrua is controllea by a muscle callea ‘retractor of the
1abrum'(No.7). This guscle arises on the froas, close to the
antennal base and coaverges to emna laterslly on the torama. It

is equivalent to the tposterior frontal muscle oi tie labrua!

of Periplaneta americana as siown by Snoagrass (1944 ).



(vii) Mandibles with their Muscles (Figs. 1,16 & 16 ).

-

The stout mandible hangs from the ventral margin of the
lateral portion of the cranium. The base of the mandible (rm)
is provided with anterior (c) and posterior (a) points of arti-
culation. The anterior point of articulatioh is a facet to
provide articulation to the cranial articular knob. The
posterior articulation is in the form of a stout condyle which
fits into a corresponaing concavity in the cranial ventral
margin.

The mandible is of biting type with the mesal surface
differentiated into basal molar area (p) and distal incisor
area (0)e The blunt molar area grinds the food while the teeth
of the incisor area are used in cutting the food, The mandible
is controlled by two extrinsic muscles whichfgb followss

Addu}or of the mandible (NOe9)s === This muscle consists
s

ol two distinct bundles, One'of the bundles arises on the
vertex while the other originates on the occiputecum-postgena.
These converge on a stout apodeme which is soldered with the

mandibular base,close to its anterior articulation.

Abductor of the mandible (No.10)s ===  This muscle originates
on the postgena of the cranium élightly below the origin of
the second bundle of gdductor musclei Its fibres converge on
an apodeme which is inserted on the mandibular base,close and

mesal to the posterior articulation of the mandible.
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(viii) Maxillo-labjal Complex (Fig. 17).

The paired maxillae (iix) ana the unpaired labium (Lb)
have associated themselves into a single functional unit known
as 'maxillo-labial complex'. This association is mostly
membranous, still the presence of sclerotic association between
the labium and the laciniae cannot be denied. It is through
the cardines (ac) that the unit is articulated with the cranium.
Ihe labium lacks sclerotic contact with the latter and is sus-
pended from it through meumbranes The maxillo-labial complex
forms the floor as well as the lateral limits of the preoral
spaces The portion of the maxillo-labial complex, anterior
to the stipito-carainal hinges (StCdh) can flex forward and
backward to change the dimensions of the preoral spacees

The maxillae and the labium individuslly have retained
most of the structures of the generalized insect., As such,these
can be taken as basis for the more evolved types of the labium
and the maxillae in higher Lymenoptera. Snodgrass (1935) has
already pointed out that "the mouth parts of Tenthredinidae
furnishes a basis for theﬁmore specialized lapping and sucking

apparatus of bees".

-

(1x) Maxillae with their Muscles (Figs. 17,18,19,20,21,22 & 23).

~

Maxilla (Mx)e === The maxillae, for most of the part, are of
generalized-type. Thesey lying on the sides of the labium, are
composed of two main sclerites, the cardo (Cd), and the stipes



(St)e The lacinia (Lc) and galea (Ga) form the distal lobes
of the maxilla. The stipitocaruinQI ﬁinge (8tCdh) separates
the two sclerites. The maxillary cardines flank the postmencum.
The distal halves of stipites flank the prementum with which

these are also connected through membrane.

cardo (Cd)e === The cardo is the proximal sclerite of the
maxilla. It is bean-shapea with a notch in the middle of its
proximal margin which proviues articulation to the hypostomal
knob of the cranium. These hypostomal knobs are contributed
by the hypostomal margin of the oral fossa as is the case with
the honey bee. This condaition is aifferent in S.deesae where
a distinct hypostomal bridge is present with its lateral ends
modified into articular knobs. 0Distally, the cardo is conti-
nuous with the proximsl margin of the stipes along a curved
stipitocardinal hinge (StCdh). All along the anterior surfacse,
the cardo is concave. Its lateral margins are strengthened by

distinct submarginal ridges.

Stipes (St)s === Distal to the cardo and beyond the stipito-
cardinal hinge the maxilla continues as elongated stipes. Like
cardoy the stipes is also aepressed in the middle with its
sides elevated. The elevation of the side walls is much pro-
minent in the midale portions. In contrast to the lateral wall,
the mesal wall is slightly raisedjbnii}
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The lacinia (Lc) is the inner lobe of the stipes. It
is borne on the mesal wall of the stipes, well removed from
the base of the maxillary palp. It is mostly sclerotized and
triengular in shape. Its sides are much drawn out distally
into an elongated tip and are serrated. The lacinisl base is
bare which laterally continues with the stipital edge and
mesally terminates into an articu.ar knob (Arklc). This knob
1s faceted against a concave but shallow facet (ArcPrmt) deve-
loped proximally oa tuae dorsolateral angle of the prementum.
This serves as the sclerotic articulation betwean the maxilla
and the labium. The lacinial base can be compared with the
'labio-maxillary jﬁgum' of the wasp «#here it functions as

sclerotic connection cetween the waxilla and the labium,.

The outer distal lobe of the stipes is the galea (Ga).
It 1s wmembranous eand is covered over by setae of aifferent
sizes. The galea also bears two supporting sclerites. One
is the 'basal sclerite' (bscl) which is gorget like with its
outer end pointed. It becomes grauually broader towards its
mesal end, as it forms the basal part of the galeas The other
sclerite is roughly triangular and is located in the mesal wall
of the gales. It can be callsa the 'mesal sclerite! (mscl).
Just aorsal to the latter, the mesal wall of the galea, deéelops

sclerotized teeth (sclth). These are arranged in a row and are

gradually reduced in size towards the base.



Six-segmented maxillary palp (MxPlp)originates laterally
from the aistal half of the stipes, opposite tie lacinis.

Museles of ilaxilla.
Extrinsic iuscles 3

First protractor of the maxilla (Noell)e = The fibres of

this muscle originate froa the 1ateral.occ1put of the cranium.
These descend vertically to end at the base of the cardoe.

On contraction, it pulls the cardo up, with the result that

the flexed stipes is pushed forward. This muscle is represented
in S.decssq ,the honey bee and the waspe It 1s also represented
in Periplanata americana.

Second protractor of the maxilla (Noel2)s === This is a stout

muscle with fibres arising on the midventral face of the
anterior tentorial arme KRunning obliéuely it ends by a broad
base on the distal portion of the cardo,near the cardo-stipital
hinge. This muscle on contraction pulls up the cardo which in
its turn protracts the maxilla. It is present in P.amer;gggg,
also as !'protractor of the maxilia'.

Flexor of the maxilla (Noel3)s —=— This muscle starts from

the ventral face of the proximal half of the anterior tentorial
arme It is slightly posterior to the origin of the 'adductor
of the labium'. The fibres of the muscle converge obli&uely

to & point on the proximal half of the mesal margin of stipes.
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The course of this muscle is almost verticle. On coatraction,
it forces the stipes to bend up on the cardostipital hinge.

It is represented in S,dgesag and also in the honey bee. It

is highly improbable for this muscle to act as protraector which
is the function attributed to its eéuivalent in the honey bee
by Snodgrass (1956). The present writer agrees with Alam (1951)
who considers a correspondlng muscle in S,.deesae as flexor of
the maxilla.

Intrinsic Muscles

xtensor of the lacinia (No.14)s e== The fibres of this muscle
commence from the proximal half of the lateral wall of stipes.
Th;se running forward, cross the stipes for insertion by a
broad base on the lacinia. On contraection,this muscle will
affect the rlexed lacinia somewhat laterally so as to straighten
it. ©Snodgrass (1956) shows such a muscle in the honey bee and
ascribes it with the function of raising the lacinia.

Flexor of the lacinia (Noe15)s === The fibres of this muscle
originate from the basal poriian of the floor of stipes, mesal
and proximal to the place of origin of 'the ‘'extensor of the
lacinia'’. Anteriorly the fibres converge,running mesal and
ventral to the 'extensor of the lacinia' to end at the Dbase

of the lacinia. It is o;uivalant to the 'flexor of the lacinia!
of the generalized insect. It is also represented in $,deesag.
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Flexor of the galea (N0e¢l6)s === This muscle starts from the
lateral wall of the stipes, distal to the origin of the
‘extensor of the lacinia's Its fibres converge anteriorly

on the base of the 'mesal sclerite of the galea'. Its course
is ventral to that of the 'extensor of the lacinia's It
corresponds to the 'flexor of the galea' of generalized insect
and is also homologous to the 'flexor of galea' of S.deesase.

Leyator of the maxillary palp (N0s17)s === The fibres of this

muscle arise on the mesal wall,as well as,on the floor of the
proximal half of stipes. Th%se,running across the stipes,
converge at a point on the pbsterior hslf of the basal rim of
maxillary palp.

Depressor of the maxillary palp (Noel8)s == This short muscle
arises in the distal half of the floor‘of stipes. 1Its fibres

running backwards converge to end on the anterior half of the
basal rim of maxillary palpe.

The above two muscles of maxillary palp are also repre=
sented in P.smericana. In $,.499Sae,a similar muscle has been
taken as the ‘depressor of the maxillary palp'. In the honey
bee, the maxillary palp is controlled by one muscle only.

Intrinsic flexors of the maxillary palp (Nos. 19a,19bl,
19b2 & 19¢). Each one of the three segments (2nd, 3rd and 4th)

-

of the maxillary palp is provided with a flexor muscle. This
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muscle arises on the proximal portion of one segment to ena
on the dorsal half of the basal rim of the succeeding segment.
Apart from the usual flexor, the thiru segment also receives
an ‘accessory 1lexor' (18b<) which originates in the iirst
segment anu running across ﬁhe secona segment makes & common
insertion with the 'flexor oi the thiru seguent! (19bl). This
muscle is not rejpresented in nymenoptera. ihe otuer thrae
flexors, structrally as well as tunctionally, are comparszble

with the 'intrinsic flexors of the maxiliary palp' of £5.009888.

(x) Labium ang its suscles (rigse 17,24,20,20,27 & 28 )

-

The labium is woaifiea from the generalized type and
consists oi two aistiuct regions., 1Ihe proximal region is
formed by tue postazentum (Pat) wiich is representea mainly by
wembranous awentwa (it) aue a smzil sclercotic submentum (Smt)e
The distal region of the labium is the preuentum, which is well
developed anu sclerotigea. ine aistal half oi the prementun
bears a pair of four-segmentea labiazl palp (LbPlp), wmeuaian
glossa (Gls) sna pairea lateral paraglossae (Pgl).

postmentum (Pmt)e ==  The postmentws is an extensive mem-
brane connecting tho ventral margin of the hypostomal bridge
with the proximal margin o1 tne preumentum. Laterally, it
extends upto the mesal margins of the maxillae. In tais

membrane lies a rounded sclerite which divides the postmentun
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into a distal mentum (Mt) ana a proximal suomentum (Smt). The
sclerite 1tself belongs to the latter. This contention'is
supported by the fact that the intrinsic 'retractors of the

prementum' originate on this sclerite.

Prementum (Prmt); = It consists of distinct dorsal and
ventral walls which are confluent along their anterior ana
lateral marginse IThe dorsal wall is sclerotized excepting a
small mi;iongitudnal area which can be callea as the 'median
cleft! (iclf). Ianis cleft graaually widens in anteroposterior
direction. 1Iae veantral well oi the premeantuam is flat and
appears to cousist of two black plates whose separate identity
is based on the iatensity of piguentation. wuXxcept tais piguent
uifferentiation, there is no otiaer evidence To justify their
separate laentity. uowever, ia another saw-fly, kteronides
2ibesii, the liue of union oi tae two pletes composing the
prementun is ;uite aistinct (Snodgrass, 18zb6)e In the distal
aslf of the ventrsl wall are locateu tie sockels wiaica provide
suspension to the foursegmentea labial palpi (LbPlp). These
sockets sre actually containea by a pz2ir of protubranees waich
in tiae honey bee are labelled as palpigers (Plg) by Snoagrass
(1966). The palpigers are not shown by Duncan (1939) and Alam
(19513 in the wasp and S,decsag respectively. '

Distelly the prementum bDears the mediasn glossa (Gls)
contalning the salivary orifice anu two laterszl paraglossae

(Pgl)s The irveec uistal wargin of thc glossa is entire and there
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is, no notch or longitudnal suture to represent the union of the
lobes of the paired embryonic glossge. This united condition,
however, is consideréd an advancement over the paired condition
of the glossae of generalized insects. In the wasp, the notch
in the glossa has been regarded by Duhcan (1939) as a lingering
mark of union between the paired second maxillaé. The inverted
cone-shaped membranous glossa contains a pair of sclerotic
plates in the proximal portion of the its lateral walls. These
may be taken aﬁlsupporting sclerites (spscl). Each paraglossa
also contains a proximally placed sclerite in 1ts mesal wall,
while the lateral wall possesses a sclerite in its distal half.
The three lobes are velvety in texture. Their surfaces are

studded with papillae, and numerous scattered hairg

Hypopharynx (Hphy)e == The hypopharynx is an extremely simple
gtructure. It is in the form of a membrane stretehing over the
median cleft of the prementum. Apparently no sclerite is
detectable in the hypopharynx. However, it is suggested that
ghe rim (margin) of the median cleft of prementum may also be
taken to represént the supporting base of the generalized
hypopharynx. This must have happened by way of secondary merger
of the supporting sclerites of the hypopharynx with the rim

of the cleft. Conse;uently,it would be ;uite logical to consider
the rim of the cleft as a composite structure contributed by

the Jorsal wall of the prementum,as well as,by the supporting

sclerites of the hypopharynx. The hypopharyngeal membrane is
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posteriorly continued with the ventral wall of the cibarium.
The space underneath the cleft can be taken asflumen of the
hypepharynx' (Lumbiphy)s It is occupied by the salivarium (Slv),
which is a mere dilatation of the distal end of the common sal-
ivery duet (£1D). The salivarium apically tapers to open
through the salivary orifice of the glossa.

Musculature of the Labjum.

The movements of the labjum, alone, as well as in

association with the maxilla,are brought about by extrinsic

and intrinsic muscless

Adductor of the labium (NOeZ20)\ e=e= The only extinsic muscle

is represented by the 'adductor of the labium' in this case.

Its fibres commence ventrally from the ventral faee of the
proximal half of anterior tentorial arm (AT). Running downwards,
these end on the proximal edge of the ventral wall of prementum.

Flexor of the glossa (N0e2l)e seee The fibres of this muscle
start laterally on the proximal margin of the ventral wall of
the prementum. These converge anteriorly to end at the base of
the glossa. This is one of the generalized muscles and corres-

ponds to the 'lingual flexor' of S,deesase.



Flexor of the paraglossa (N0e2<)e === This muscle arises
laterally in the proximal half of the ventral wall of the

precantum. Anteriorly, the fibres converge to end at the mesal
angle of the p;bglossal base. This point of insertion lies

in immediate né;ghbourhood of the insertion of the 'Flexor of
the glossa's The synchronized action of these muscles will flex
the entire lingual region. desides moving in association with
the glossa, the paraglosse 1s also capable of moving 1ndivi-
dually. This muscle i1s comparable with 'the lingular flexor!

of S.deqsae; as well as,with the ‘premental retractor of the
ligula' and the 'anterior flexor of the ligula' of the honey bee

and the wasp,respectively.

Muscles of the labial palp. (Nos. 23,248 & 24b)s === One
extrinsic and two intrinsic muscles operate the labial palp.

The fibres of the extrinsic muscle (No.23) arise laterally in
the proximal half of the ventral wall of prementum. These
converge anteriorly to end on the posterior half of the basal
rim of the labial palp. The first intrinsic muscle (No.24a)
arises witﬁtin the first segment of the palp while the second
intrinsic muscle (No.24b) originates in the second segment.
Anteriorly these two muscles converge on the basal rims of the
succeeding segments, the former ending on the lateral half of
the. rim while the other is inserted on the mesal half of the
rim.



Posterolateral origin of the extrinsic muscle in relation
to its insertion and conse;uently the course followed, make
it the ‘'adauctor of the labial palp's On contraction,it will
tilt the posterior half of the base of the palp laterally,
and thus the anterior half will be tilted mesally. Cons;;uantly
the entire palp is swung inwards. This action is also assisted
through the contraction of the second intrinsic muscle which
will flex the two distal segments of the palp. On relaxation,
the 'adductor' and the 'flexor' muscles will swing the palp
out. ~Simultaneously, the first intrinsic musele, on contrace
tion,wili help the outward swing of the palp and hence it can
be taken as the 'extensor of the palp'.

Pilator of the salivarium (Noe25)s == This muscle originates

from the lateral area of the proiimal half of the prementum.

The fibres running almost parallel end by a linear insertion
along the dorsal midloangitudnal area of the salﬁxarium. On
contraction, the muscle will dilate the walls of the salivarium,
thus increasing the inner space to allow the flow of saliva.

Its relaxation will help the salivarium to pump out the saliva
through the salivary orifice. This muscle is eéuivalent to the
‘dilator of the salivary Syringe' of the honey beej the 'dilator
of the salivarium' of the wasp and the ‘'anterior dilator of the
salivarium® of $.deesase.



Retractor of the prementum (N0e26)s === The fibres of this

muscle start on the sclerotic porfion of the submentum, and
running anteriorly these end on the middle portion of the
proximal edge of the ventral wall of the prementum. ©Since the
sclerite of the submentum is extremely reduced, the two compo-
nents of the paired muscle secondarily combine in their origin,
though they maintain independent insertions. The common origin,
however, should not mean that the 'retractor of the prementum!
is unpaired. Eéuivalent of this muscle is represented in
Gryllus assimilis (Orthoptera), as shown by Snodgrass (19356).

(xi) Cephalic Stomodseum and its Musculature (Figs. 13,14,29 & 30

The cephalic stomodaeum consists of the food meatus,
cibarium (Cb) and the pRarynx (Phy) which is continued with
the oesophagﬁs in the region of the foramen magnum. 7The pharynx
is divisible into anterior (APhy) and posterior (PPhy) regions.
The anterior pharynx in combination with the cibarium‘forms the
cibariopharyngeal sucking pump. Anteriorly,the cephalic
stomodaeum communicates with the exterior through the functional

mouth.

Food meatug. ~== The food meatus is a space limited dorsally
by the epipharynx, ventrally by the distal part of the labium
and laterally by the mandibles. It commences with the functional

mouth and ends with the cibarium.



Cibariopharyyngeal sucking pump (CbPhysp)e == The cibario=-

pharyngeal sucking pump 1s in the form of a dorsoventrally
compressed spaceous tube. It is embraced, througinout, by the
circular muscle fibres which function as its 'compressor
muscles' (N0.27)s Similar condition of the presence of ‘com-
pressor muscles' on cibariopharyngesl region in the honey bee

has been siown by Snodgrass (1966 ).

The cibarial portion of the sucking pump is continuous
aorsally with the posterior wargin oi the epipharynx (Ephy)
anu ventrally with the hypopharynxz (Hphy)e J

The pharyngeal portion of the sucking pump possesses
the same dimensions as the cibarium. Its ventral wall is
braced externally by an slongated plate (Phypl) which is
comparable with the ‘pharynageal plate' of §,§§gaaa. Anteriorly,
this plate is notched and posteriorly it is produced into two
arms which before enaing turn up to become lateral to the
pharynx. Posterior termination of the anterior pharynx is marked
by a prominent uiverticulum placed in its aorsal wall.

There is apparently no sxternal demarcation between
the cibarjiun and the aaterior pharynx. These can be distingui-
shed oun tue grounuw that the 'uilators of the cibarium' arise on
the clypeus, wiile the 'uilators of tihe pharynx' originate on
the frons. Jesides, the froutal ganglion (frGng) lies on the
dorsal wall oi the stomouaeum between the cibarium and the

pharynx. Further, the lumina of the two comnunicate with each



other through a wide passage called 'true mouth' which almost
coincides with the position of the frontal ganglion.

Posterior pharynx (PPhy)s == The posterior pharynx, beginne

- ing imaediately behind the dorsal diverticulum of the anterior
pharynx, is a narrow tube, which bends sharply to get under-
neath the brain. It is extendeu towards the foramen msgnun

where it joins the oesophagus.

fusculature of the Cephalic Stomodaeum.

Dorsal dilator of the food meatus (No.8)e == This short
muscle emerges from the imner surfsce of the labrun and is attach

ea in a linear mamner on the dorsal wall of the focd meatus,
close to its connection with the cibariopharyngeal sucking pump.
On contraction it widens the opening., Besides,it may also
function antagonistic to the 'labral retractor'.

Dorsal dilators of the cibarium (Nos. 28a,28b & 28C)s wwee

There are three pairs oi thick but short dilator muscles aris-
ing close to each other oa the clypeus. These muscles running
abli;ualy end on the dorsal wall of the cibarium along its
midlongitudnal area. In the honey bee, five pairs of 'dilators’
are shown, while in £,4gesag only one such pair of muscles is

recorded.



Dorsal dilators of the anterior pharynx (Nos. 29a,28b & 29c).

There is another group of three pairs of ailator muscles uhich
originate from the upper region of the frons and are attached
on the dorsal wall of the anterior pharynx, along ‘its midlongi- -
tudnal area. These are eéuivalent to the three pairs of

'frontal dilators' in S,degesag. There are only two pairs of
'frontal dilators! in the honey bee.

Dorsal dilator of the nosterjor pharvnx (Noe30)s == This
muscle arises from the median occiput and is inserted behind
the brain on the dorsal wall of the posterior pharynx. Its
counterparts in S.dgeaag, tane honey bee and the wasp are,
'occipital dilator of the posterior pharynx', ‘postcerebral

muscle of the pharynx' and 'dorsal dilator of the posterior
pharynx!' respectively.

Lateral dilator of tho anterjor pharynx (No.3l)e === This
slender musecle arises on the tentorial bridge.ﬁ Running forward
it ends on the distal extremity of the posterior arm of the
pharyngeal plate. On contraction, it pulls down the pharyngeal
plate and thereby assists the 'dorsal dilator of the posterior
pharynx' to enforce complete expansion of the pharynx., It is
comparable to the 'first ventral dilator of the anterior
pharynx! of S.deesag.



(xii1) Mode of Ingestion.

A. proxjma feeds on li;uid food whose ascent is controlle
ed by the muscles of the cephalic stomodasum. The apical
end of the maxillolabial complex (glaeae, glossa, and parag-
lossae) bears numerous tubercles ana setae to hold the food.
The feeding behaviour is initiated by producing the maxillo-
labial complex forward to bring it in contact with the food.
This 1s done by the contraction of the 'protractors of the
maxillae!s The 'flexors of galeae, glossa and paraglossae’
flex them inwards and make them to lie in the distal porti&n
of the food meatus. At this stage the opening between the
food meatus and the cibarium is widened by the contraction
" of the 'dilator of the food meatus'. This is followed by
expansion in anteroposterior direction of the cibarial portion
of the cibariopharyngeal sucking pump, as a result of the
contraction of the 'dorsal dilators of the cibarium'e. Thus,
the food from the food meatus is sucked into the cibarium and
this ascent of food is further assisted by the relaxation of
the 'dilator of the food meatus'.

Now the 'dorsal dilators of the anterior pharynx' con-
tract to widen the lumen of the pharyageal portion of the
sucking pump. Simultaneously the 'dilators of the cibarium'
undergo relaxatione Ihis relaxation of the 'dilators®! coupled
with the contraction, in anteroposterior direction of the

‘cibarial compressors', push the food up into the anterior

pharynx through the true mouths
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To push the food further into the posterior pharynx,
the ‘'dorssl dilators of the anterior pharynx' will undergo
relaxation and the ‘compressors' of the same will contract in
anteroposterior direction. This is assisted by the contraction
of the 'lateral dilator of the anterior pharynx' to provide
wide passage for the movement of food from the anterior pharynx
to the posterior pharynx. The entry of food into the posterior
pharynx is followed by the relaxation of the 'compressors! and
'lateral dilators! of the anterior pharynx with the result that
the communication between anterior ana posterior portions of

pharynx is blocked,

Further movement of the food (descent) from the posterior
pharynx to the oesophagus is controlied by tﬁe teircular muscles!
of the pharyngeal wall. At the same time the 'dorsal dilators
of the posterior pharynk' undergo contraction to provide
unhindered entry of the food into the oesophagus. This is
followed by the return of the circular muscles as well as of
the 'dilator muscles of the posterior pharynx' to their usual

normal forme



2¢ T HE ITHORAX

(1) General Features of the Thorax (Figs. 31,32 & 33).

The usual thres tiioracic segments in associstion with
the first abdominal segmeat, known as propodeum (II) form the
thorax of the sawfly. All the seguents are connected with
each other through intersegmental membranes. The thorax is
oval in siape with the dorsal surface prominently arched. The
tiorax is anteriorly comnectea with the aead through the cer-
vical meuwdrane (Cerm). The latter is laterally traversed by
occipital processes(OP )to develop sclerotic connection of the
thorax with the head. 'desides, these processes also support
the head on the thorax. Posteriorly the thorax communicates
with the abdomen through extensive intersegmental meubrane.
seing the locomotary centre, the thorax is a highly developed
reglon of the insect body. It is & compact unit. This
compactness is brought about by the close alliance of its
sclerotic components. The latter are appreciably modified and
possess distiact internel ridges. The protergum (N1), the
mesotergum (N2), the metatergum (N3) and the propddeal tergum
(Ir), all these lie in close approximation. The protergum also
iatérally apposes the mesopleuron wiich at its posterodorsal
angle coumunicates with the mesopostnotum (PN2). Similarly
the metapleuron passes into the metapostnotum (PN3) through
its posterodorsal angle while its anterior margin lies clossly

apposed to the posterior margin of the mesopleuron. Such
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modifications sppear to have taken place mainly to accommodate
strong leg anu wing muscles and to withstand the stress and
strain brought on the thorax as a result of the action of

these muscles,

(11) Structure of the Prothorax (Figs. 32,33,32,35,36 & 37)s

The sclerotic components of the prothorax are loosely
associated with one another and in this respect, the prothorax
differs from the rest of the thorax. The pleurosternal scleri-
tes are shifted forward as a loose unit to articulate with
the head and also to act as suspensorium for the prothoracic
legss The protergum lies well removed from the cranium and
is interlocked with the pterothorax,

Protergum (pronotum) (N1)s == The protergum (Ml) consists

of two triangular léterai lobes which are connecte& through

a narrow median bridge (MB)s The deeply concave anterior

margin of the protergum is’followed by a prominent submarginal
ridge (smBR) which at the ends merges with the margin. The
thicken:: lateral margin of the protergum bends twice. In
between the tergal lobe and the mesoepisternum, lie two spherical
plates which are considered as detached portions of the protergum
The upper plate is called the 'spiracular plate' (sppl) as it
conceals the first thoracic spiracle and may be comparéd with
the 'spiracular lobe' of the honey bees The lower plate is



named as ‘'occlusor plate'! (Opl) since it serves as the seat

of origin of the attachemeﬁt-peg for 'occlusor muscle of first
thoracic spiracle'. The lateral tergal margin,in between,

as well as undaerneath,these plates comes in direct assoeiation
with the anterior marZIh of the mesoepisternum, at two points.
The lower point of association is more pronounZ;d where the
tergal margin extends in to & blunt process which abuts against
a similar process. of the prepectus. ©Such associations, besides
contributing towards general thoracic rigidity, also save the
protergum as well as mesopleuron from undergoing dislocation
under the pressure of muscular activity of the thorax, The
lateral margin of the protergum curves round its posterolateral
angles to be continuous with its posterior margin. The
posterolateral angle is duplicated by deep internsl inflection.
The posterior margin of the protergum curves to follow the
convex anterior margin oif the mesotergum. Very close associa~
tion of lateral and posterior margins of the protergum with
the mesothorax has drastically reduced the intersegmental

membrane in these regions.

propectus « === The pleurosternal region of the prothoroax
anteriorly articulating witi thne head and also working as a

suspensorium for the prothoracic legs, is the propectus.



Propleuron (Pll)e ===  Lach propleuron is an elongated

subtriangular sclerite occupying the lateroventral ares of
the prothorax ana flanking the prosternum. On its way to
articulate with the cranium it becomes the lateral sclerotic
portion of the cervical region. Posteriorly it 1s in communi-
cation with the mesopectus through extensive intersegmental
memnbrane. At its posteroventral angle, the pleuron bears the
coxal articular knobs (CxLArk) which fits into the convacity
of the coxal rim of the first leg (CxLArc). From this articu-
lar knob emanates the pleural sulcus (pls} whose basal half
is submarginal to the posterior margiﬁ of the dorsal plate of
episternum (DplEps) while its distel half curves to end at the
mesal margin of the saus plate near its articulation with the
prosteraum (81)s The sulcus has & aistinct internal ridge and
divides the pleuron into sn anterior larger episternum (Eps)
and a posterior smaller epimeron (Epm)e The latter is trian-
gular in outline. Therse is no epimerén or pleural suture in
Sa.dgesaq, though in the honey bee poth are represented. Duncan
(1958 ), too, mentions, though with restraint, the presence of
reduced eplmeron and pleural sulcus in the wasp. The pleural
apophysis (PlA)/a stout bar which is directed posteriorly. It
emerges from the basal hslf of the pleural ridge. Its surface
is rough due to the presence of several prominent ridges, which
apart frou strengtheniao; it, also aske it ade;uate for the
attaciment of tie muscles. The pleural apophysis occurs in

the honey bee. Duncan (1939) calls a similzr structure in the
wasp s8 ‘propleural ara'. Iﬂ is shown to be absent in S.deedags
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The episternum is demarcated into an anteriorly placed
occipital process (OP) followed by the extensive posterior
portion. The latter consists of dorsal (DplEps) and veantral
(VplEps) plates which are free mesally but laterally merge
with one another along a linear convexity. Duncan (1939)
regards this convexity as a definite carina in the &asp;‘but
Alan (1961) adjudges the same in £,deessg as a mere bulge and
not a carina due to the absence of a definife corresponding
ridge. Ihe dorsal plate is broad posterlorly but narrows
anteriorly. Its messl margin,though smooth, is thickened all
along with its anterior portion distinctly curved. There is
no horizontal apodeme as shown by Alam (1951) in S,4ea8a8.
Inmediately anterior to the place, wheare the’mesal margin
embraces the pleural sulcus, a facet (EpsArc) is developed to
articulate with the lateral tip of the basisternal wing.
Anteriorly, the mesal margin ends by embracing the outer surface
of tie basal portion of the occipital processe The ventral
plate is larger ana in its posterior half, it mesally extends
into a triangular lobe. WdJue to this, the ventral neck membrane
whiel: 1s boraer=d laterslly by the free mesal amargins of the
two ventral plates, is coastricted in this region. The mesal
margin of the ventral plate is followed by a submarginal ridge
(smi) which is externally represented by z groove. This
éubmérginal ridge is posteriorly obliterated in the region of
the triangular lobe, while anteriorly it expands to form the

oceipital processs The latter is, more or less, trianguler with



one of its bassl ansgles contiguous with the submarginal ridge
of the ventral plate. The other basal angle is produced into

a posteriorly directeu cervical apodeme (Cerdp) confined within
the pleuron. TIhe vertex of the occipital proéess is a rounded
sturdy knob whics articulates with the occipital condyle (Occ)

-

of the heads Tae¢ foruimtioan of oceipital process presents‘
condaitions ”

identical/as are founa in B.degsag where submarginal ridge of

the ventral plate anteriorly contributes to the formation of

‘occipital process's Duacan (19392) aoces not show any submarginal

ridge in Une wasp, wiere the énter&dorsal angls of the prop-

leuroa is transformed intc ‘occipitsl process',

Prosternum (S51)s =~  The prosternum is located in the mid-

ventral portioﬁ ox the protuoorax having extensive membranous
conaection witi the propleura ena mesopectus.s It is also arti-
culated i tie basal porticn of the uessl margin of episternal
dorsal platese Thso prosternum is divisible into a large more
or less, 'A'-Shaped basisternua (Bs) and a narrow plate like
furcasternua (Fs). Jac two scléroéic areas are demarcated by
the inverted T shzpsd sternal suture (K), whose two ends
enu close to the paired ousolete apcyhyseal’pits while in its
midale it weets tne wedian longitudnal groove (msg) of the

pasisternun.

The basisternum consists of median ana lateral portions.

The anterior margin of the median portion is convex while its
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sides are curved which posteriorly s;ueeze it into a narrow
stripe The latter further expands laterally, immediately
before the sternal suture, into a pair of elongated wings.
These taper and end bluntly to abut against the facets om
the mesal margins of the propleural dorsal plates. Thus the
basisternum is the only prosternal part which is in articulse
tion , with the propleuron The entire anterior and lateral
margins of the basisternum are thickened. The median portion
of the basisternum is traversed,along its midlongitudnal axis,
by a groove which starts from its anterior margin and ends at
the median tip of the sternal suture, thus dividing it into
two lateral halvese. This groove 1s the median groove of the
basisternum (msg) and it is internally represented by a distinect
ridge. The medién groove has also been reported to occur in
the wasp, honey bee and £:d9csage

The triangular furcasternum (Fs) is demarcated from the
basisternum by the sternal suture wﬁich conse;uently forms its
anterior limits. The posterior margin of the furcasternum 1is
thin and continuous with the intersegmental membrane which

sepprates the prothorox from the mesothorax. Externally, the
| furcasternum bears facets(CxVArk) on either side to provide

sternal articulations to éhe procoxae.

The proendosternum (Endst) consisting of a pair of sternal
spophyses (S4) is rooted in the éaired obsolete apophyseal pits.
Each apophysié is a long and,more or less,conical internal
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projection with its entire base borne by the corresponding

arm of the sternal ridge. All along, the apophysis 1s trave
ersed by a ridge (SAR) which though submarginal still is
considerably separate& from its mesal margin. In the proth-
oracic space,it lies mesal to the pleural apophysis and both
are closely held togsther by the fibres of the 'mesofurcal
protractors of the propectus' which end at their distal extri-
mities. The sternal apophyses are unrepresented in S,.deesae
and the honey bee. In the latter thickenings bracing the medi-
an endosternal plate are considered to be o;uivalent to the
sternal apophyses, by Snodgress (1942). The bases of the two
sternal apophyses are abridged by the'furcasternua, so that
the endosternum ac;uires the shape of U. The prothoracic
ganglion lies within the space enclosed by the endosternal
arms. The space is the neural foramen which 1s also represen-
ted in S.deesae (Alam, 1951) and the honey bee (Snodgrass,1942).

The endosternsal érms are hoﬁologous to the supréneural bridge

of the former.

Comparing the prosternum and endosternum with those of
the honey bee, wasp and S.d¢¢sag, it can be concluded that the
saw-fly eihibits least advanced form of these structures and
conso;uenuly it should be tsken as the generalized form of

hymenoptera.



Trochantin (In)s e==  In between the basisternum and the
propleuron ;nd’not far from the procoxal bases, there lie a
pair of rounded sclerites in the ventral membrane of cervix.
These may be considered Or;uivalent to the 'trochantins' of the
generalized insects. This conforms with the view cxpr&ssed by
Weber (1926) in his pasper entitled “Der Thorax der Hornisse".
Sping sternym (15s)e «—= In the extensive intersegmental
mambrane and l}‘rinsﬂin the vieinity of the mesopectus,is a
small distinet sclerotic plates This plate may be taken as
intersegmental spinasternum which has moved very close to the
mesothorax. Internally,it bears a distinct spina (spn).
Matsuda (1956) in fig 1 of his ‘paper entitled 'the comparative
morphology of the thorax of two species of inseets' shows a
thin. sclerotie strip occuring anterior to the first spinasternua
and posterior to the prosternal plates in the thorax of Agulla,
and labels it as presternum without indicating its parental
segnnt. (This plate has not been discussed in the text), It
cannot be éonsidered to belong to the mesothorax, becaus; of
the spinasternum lying behind it. Similarly, it cannot be

the presternum of the prosternum, since the anteriorly dema~
rcated portion of the eusternum cannot spring back to occupy

a position posterior to furcasternum. The latter is also shown
to be well developed in Agulla.
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(111) Musculature of the Prothorax (Figs. 38 & 39).

The muscles of the prothorax, apart from operating
the propectus and the prothoracic legs are also responsible
for the movements of the head. The probable grouping of these

muscles sre as followss
i Muscles responsible for the movements of the
) heade

Il Interségméntél muscles between the pro-and
mesothoraxs

IIls Muscles controlling movements of the propectus.

IVe Muscles operating the prothoracic legs.

First levator of the head (N0e32)e ew=e The fibres of this
muscle originate on the apical eﬁd of the anterior surface
of sternal apophysis. These,running forward,converge on a
tendon which ends on the dorsolateral angle of the rim of the
foramen magnum. It is comparable with the 'first pair of
levators of the head' and the 'endosternal levator or rotator

of the head' of S.decsag eand the honey bee respectively.

Second levator of the head (Noe33)e === The fibres of this
muscle arise from the posteQior half of the episternum along
the area of confluence of the doresal and ventral plates.
Running obliéualy these converge to end on the dorsolateral
angle of the foramen magnum,very close and lateral to the

insertion of the ‘first levator of the head'. This muscle can
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be held equivalent to the 'third pair of levators of the head!
in S.deesag 'the pleural levator or rotator of the head' in
the honey bee and the 'pleural elevator of the head! in the

waspe.

Depressor of the head (Noe34)s == The fibres of this muscle
commence from the anterior surface of the basal half of the ste-
rnal spophysis. Directed anteriorly and running mesal to the
'first levator of the head', it converges to end on the
hypostomal lobe of the head, The 'depressor of the head! is
present in the honey bee, wasp and}ﬁ.dggagg but 18 inserted on
the ventral rim of the foramen magnum.

Depressor of the protergyg (Noe35)s == This short muscle
with parallel fibres connects the middle portion of the anterior

submarginal ridge of protergum with the anterior surface of the
mesoprephragme. This muscle is comparable with the !first
depressor of the prorotum' in S.daesas.

First retractor of the propeetus (No¢36). == This stout
intersegmental muscle consists of>para1iol fibres which starting
from the anterior surface of the base of mesofurcal arm, end

on the basal portion of the prothoraeic sternal apophysis. It
corresponds to 'the retractor of the propectus' in S,deesae and
the 'first mesofurcal retractor of the propectus' of the wasp.
However, in the latter,Duncan (1939) shows it to end by a tendon.

-~
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Alam (1951 ) suggests otherwise on the basis of his own obser-
vation 1in S.deesae, as well as, that of Snodgrass (1942) in
the honey bee. In the sawfly, too, this musele doeé not'end

by a tendon.

Second retractor of the propectus (N0«37)s == This is another

intersegmental muscle of parallel fibres; commencing on the
middle of the anterior phase of mesofurcal arm and running
dorsal to the 'first retractor of the propectus',it ends by
two distinct bundles on the distal extremities of the proster-
nal and propleural apophyses as these apophyses lie very close
to one another. There is no parallel example of this muscle
in the honey bee and S,deesag, but in the wasp, the 'second
mesofurcal retractor of the propectus' is comparable with it.

Elevator of the propleuron (¥0ed8)e == This muscle arises
on the lateral half of the pronotﬁm. Its fibres ascending
snteriorly end on the tip ol the cervical apcdeme of prople-
uron. On contraction, tiie wmuscle lifts the anterior half of
the propleuron, whiech in turn will also elevate the head. It
is céuivalent to the 'elevator of the propleuron' in S.decsaf,
and to the 'anterior notal elevator of the propleuron and

the head! in the waspe.

Depressor of the propleuron (N0e39 )¢ e~ The fibres of this

muscle commence from the ventral piate of the , episternum.
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Running obliéuely these move up, to ena on the tip of the
cervical apodeme slightly mesal to the insertion of the 'sle-
vator of the propleuron'. IThis muscle functions antagonistic
to the 'elavetor of the propleuron'’. This appears to be a new

muscle in the thoracic myology of Hyuenoptera.

Protractor of the propectus (N0e40)s e=== This muscle with
perallel fibres arises froa the lateral one-third of the
anterior wargin of the protergum. ihe fibres proceed obliéuely
ana are inserted on the aistal end of the pleural apophysis,
close to the place of insertion of the 'second retractor of

the propectus'.e Ihis muscle is comparable with the 'third
protrector of the propectus'! in Ba.dgesae ana with the 'first
pair of posterior notal protractors of the propleuron' in the

Wa&SDe

Levator of the propectus (iice4l)s === The fibres of this

muscle erise froa the lateral one-third of the pronotum,
inbetween the ‘protractor of the propectus! and the 'depressor
of the protergum'e The fibres runaning obli;uely dowhward, end
on the pcsterior portion of the mesal margin of dorsal plate
very close to the articulation of the basisternum with the
propleuron. This .cuscle, on the basis of its point of origin
ana course of action is regaraed as a 'levator of the propectus’,

No corresponding muscle is shown to occur in the honey bee,

wasp and S.decgag.
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Retractor of the sternal apophysis (Noe42)e === This short

muscle represents one of the ventral 1nte§segmental muscles
of the generalized type. Its fibres arising on the distal end
of the spina, run outward to end on the mesal surface of the
distal end of sternal apophysis. A corresponding muscle is
reported in Locusta migratorda and Periplancta americana by
Albracht (1953) and Snodgrass (1959) respectively. This is a
new muscle in ﬁymenoptera;its breseﬁca in the sawfly, confirms
the generalized nature of the the latter among hymenopterous

insects.

(1v) Legs (Figs. 40,41 & 42).

”~

The legs of A.proxima are used for walking, climbing
and holding the mating parteuer by the male during copulation.
The three pairs of legs are articulated to the body by their
coxae, which are placed almost at right angles to the body
axis. Tune procoxae aiffer from the rest in this respect as
' their forward titjlled condition has reducea the right angle
% by a few degrees. The coxae have developed both pleural
(lateral) and sternal (ventral) articulations and the imaginary
hinge line for coxai movements should pass through these two
articulations. Ihis line will, thus, divide the coxa into
preaxial (anterior) and postaxial (pgétorior) halves. The leg
movements, likevisé, are confined to mere fo;ward (production)

and backward (reduction) swings. The three pairs of legs are
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almost ol the same size. ;he leg 1s composed of six seguments
viz. Coxa (Cx), trochanter (Ir), femur (Fm), tibia (TDb),

tarsus (Tar) with five tarsomeres and the pfetarsus (Ptar )

- - -~

40,01,53,64,66,66 &

[ ]

(v) Structure of the Prothoracic Leg (Figs. 40,43,44547,48,
- 7)

Coxa (Cx)e em—me Tho coxa with smooth surface is sub-
spherical 1n‘shépe with broad proximal portion and narrow
distel ends The thickened proximsl rim (Cxr) of the coxa is
oblong in outline. Thc margin all along the rim is slightly
bent inward. i{he outer (latersl) angle of the coxal rim is
flattened and develops & distinct concavity (CxLArc) on its
dorsal surface to provide articulation to the pleural articular
knob. Ihe inner (ventral) angle of the coxal rim is narrow and
bears a small aepression iCxYArc) to provide articulation to
the furcasternal articular knob. Apart from these points of
articulation, the entire rim of the Q;;al base 1s suspended
tarough conjunctiva froam the rimn of fﬁé socket, (CxC). Distally
the coxal lumen 1s in communicaztion with the lumen of the
trgéhanter through a nurrow suboval passage encircled by the
ai:tal rim of coxa. Ihe antericr and posteriocr walls of the
coxa extend a little beyjoad the distal coxal rim snd thereby
externally couceal the proximal rim of the trochsater (Irr).
The snterior anu posterior articular knobs (CxArk) are borne
by the inner surface oi these extensions to articulate with
the correspoading trochanteral articular knobs (TrArk). The
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latter are the modified anterior and posterior angles of the
proximal rim of trochanter. Thus, the coxotrochanteral arti-
culation may be taken as ' ‘'dicondylic type'! which allows the
trochanter to swing in up and aown airections.

Trochanter (Ir ), e The trochanter is the smallest joint

of the leg Qitﬁ irregular dorsal surface and curved ventral
surfaces The proxdmal opening of the trochanter is considerably
reduced due to distinct mergiaal inflection of the rim (irr).
The anterior ana posterior angles of the ria sre modifiéd 1£to
articular processes (IrArk). The ventrel half of the rim is
arawn out iato a bluﬁt coné, walch projecting ianto the coxal
lumen proviues ilnsertion to the bell-shaped apodeme of the
‘depressor muscles'e The dorsal half of the riwm is slightly
concave and functions o8 seat ol insertion for the 'levator
musclests [Lhe ventral wall of the trochanter is comparstively
shorter than the dorsal wall with the result the distal rim
becomes obligue. It is connected with the proximel rim of the
femur (Fur) throug%iﬁarrow conjunctiva. The dorsal angle of the
aistal troﬁchanteral ria tapers out into & blunt process (IrP)
which articulates with a corresponding fzcet (FmCon) preéent'
in the proximal rim of the feamur. Thiso%s comparable with the
dorsal trochanterofemoral srticulation/S.dgasag. There is no
ventral tronchanterofemoral srticulation which has been reported
in S.deeggae by Alam (1961). The honey bee also lacks it.

Nowhere the distal rim ofﬂths trochanter recélves .any muscle.
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The trochanterofemoral articulation imparts the movements of

production and reduction to the femur.

Femur (Fm)e
both the ends tapering. A collar like constriction divides

The femur is stout and c¢ylindrical with

it into a small proximal portion (1Fm) and a long distal por-
tion (2 Fm). Similar subdivisions occur in S.deesas in which
Alam (1961) refuses to consider the proximal subdivision as
part of the trochanter. kLe based his stand on the fact that
the 'reductor muscle of the femur' neither arises in the proxi-
mal éubdivision nor it ends on thé collar. This argument 1is
endorsed in A.proxima. The dorsal wall of the femur slightly
runs over the tibial end while the ventral wall is emarginated
to enclose a wedge shaped area filled with conjuctiva which
connects the distal rim of femur with the proximal rim of tibia.
The lateral walls of the femur develop two articular knobs
(FmArk ) on their inner surface and close to the distal rim.
These ﬁrovide articulation to the corresponding knobs of the
tibia (ITbArk) which are its modified lateral angles. Thus the
femoroiibial-articulation can conveniently be tsken as'dicon=-
dylic's Such femrotibial joint enables the tibia to undergo
extension and flexon along & hinge line passing through the two
points of articulation.

Tibja (Ib)e ew== The tibia is the longest of all the leg
segmenﬁs.’ Its proximal half is narrow which gradually broadens
distally. The proximal extremity of the tibia which also besrs



the grticular processes is marked by a thick rim (Tbr) of -
uneven surface. Due to unusually broad marginalﬂinflection

of the proximal rim, the connecting passage with the femur is
reduced considerably. The central portion of the dorsal half
of the rim is produced into a process'(Tb?) which lies in the
temoral cavity. The sides of the rim deveiep the coincal
articular knobs (TbArk) to articulate with the femur. The
ventral half is distinctly concave and receives the subtriangular(
genoflexor plate (gf). The distal extremity of the tibia ends
by a reduced, small uneven circular rim which ..contains the
proximsl tip of the basitarsus. Slightly proximal to the rim
and from the dorsal wall of the tibia, a short shelfelike plate
projects abliéuely into the tibial lumen. The posterior surface
of this plate possesses a distinct concavity (TbArc) while its
anterior surface is comparatively smooth. This conéavity pPro-
vides articulation to the articular knob (Btarark) borne on

the dorsal portion of the proxial rim of basitarsus. Thus the
tibiotarsal articulation is of 'monocondylic type'. DBesides
this articulation, the basitarsus is in membranous connection

with the distal rim of the tibia.

Taxsus (Tar)e = The tarsus consists of five tarsomeres.
The basitarsus (Btar) articulates with the tibia through rounded
articular knob (BtarArk ) borne dorsally on its uneven proximal
rim. The narroﬁ proximél end of each tarsomere fits into the
broad distal end of the preceding one. Ihe central portion of



the dorsal half of distal rim of the last tarsomere is thickened
to form the 'unguifer! (Ur) whose ends fit into the articular
concavities of the claws (Un.). The cavities of all the tar-
someres continue unlnterrﬁpte& as a single cavity and is run
across by the tendon of 'flexor of the claws'. There are no

nuscles to ensure independent movement of tarsomeres.

Pretarsus (Ptar), = The pretarsus constitutes the distal
most portion of’the leg and consists of a median oblong meme
brane-cum-sclerotic portion and two lateral claws (Un)s Each
claw 1§fiong curved structure with it basal half broader then
the apical half. The base of the claw proviaes articular
concavity for the unguifer (Ur). The dorsal surface of the
median lobe is distinctly sélefotized to form the thRough-shaped
manubrium (mn): The proximal edge of the manubrium is bluntly
rounded for pfOper suspension from the unguifer. The distal
edge is comparatively concave. The dorsal surface of the manum-
brium bears a pair of long setae, in its basal half. The
ventral oblong membranous portion of the median lobe is in
membranous continuity with lateral margins of the manubrium.
Distal to the manubrium is. a membranous lobe with a horse-shoe-
shaped sclerotic band in its proximal portion. The apices of
the band are directed dorsally to face one another. This
membranous . lobe and its sclerotic band are comparable with
the 'arolium' (Ar) and 'arcus' (arc) of S.dessas respectively
(Alam, 1961), The ventral half of the distal rim of last tarso-



mere is distinctly concave snd bears the basal end of the oval
sclerotic unguitractor (Utr) which extends a little beyond the
level of articulation of the clawse Distal to the unguitrae
tor, is the sclerotic 'planta' (Pln), which extends in linear
manner to end very close to the'arcﬁs. The unguitractor is
apically in membranous continuity with the planta while basally
it receives the small flat apodeme of 'flexor of the claws',
The entire ventral surface of the unguitractor and planta bears
profuse growth of short setae while their lateral margins sare

fused with the membfanous aroliun.

Antenna clegner, =---- The ventral wall of tibia, close to its
distal end possesses two small pits which provide ball and
socket like articulation to the basal end of two uneéuﬂl sized
spurs (sAel)e The spurs are, curved with concave side directed
towardé the‘basitgrsus to fit against the corresponding ridged
portion of the latter's ventral wall. The free apical end of
each spur is tapering. The entenna cleaner is comparatively
much simpler than that of S.degsag. It functions morefbriless
in similar manner deseribed in S.decegaq and as in the latter,
there is no muscular control on it.

Leg

(vi) Musculature of the_gggthorac;g/(Figg. 28623’43’45’46’47’
.- 0 .

The prothoracic legs are provided with fairly elaborate
extrinsic and intrinsic set of muscles. The extrinsic muscles



arising in the thorax end on the proximsl rim of coxae and

control the movements of the leg as a whole.

First promotor of the proecoxa (No.43)s = The fibres of this
muscle arise from the posteriof half of the ventral plate of

propleuron. These take ventrally directed oblinue course to
end on the anterior half of the coxal rim close to its pleural
articulation. 1Its e&uivalents are the 'first promotor of coxa'
in S.deesae, the ‘'lateral promotor of the foreecoxa' in the
honey bee and the 'pleural productor of the forecoxa' in the

WasDe

Second promotor of the procoxa (Noe44)e == This muscle is
comprised of numerous fibres which originate from the basist-

ernum,as well as,along its medien ridge. Running parallel, the
fibres take up an arched course to get inserted by a broad base
on the outer edge of the anterior half of coxal rim. It can
be compared with the !second promotor of coxa' of S,462sae, the
'‘mesal promotor of the forecoxa' of the honey bee and the

tgternal rotator of the fore coxa' of the wasp.

First remotor of thqugocoxa (NO«45)e e This muscle ofigi-

nates as two bundles on the protergal lobe flanking the origin
of the 'elevator of the propleuron'. The two bundles tske wup

a ventrally directed convergent course to end by single bundle
on the outer edge of the posterior half of coxal . rim close to



its pleural articulation. It is similsr to the !first remotor
of coxa' in S.deesgag and to the 'first lateral remotor of the
forecoxa' in the honey bee. Duncan (1939) in wasp has labelled
it as 'pronotal adductor of the foreéoxa'-which normally should
mean that it brings the leg forward and towards the body, through

its action.

Second remotor of the procoxa (Ho.46)e === This muscle arises

from the distal half of sternal apophysis. While descending
it takes an outwardly directed course to end on the euter edge
of the posterior half of coxal rim,at & place slightly removed
from the point of insertion of 'first remotor of coxa's This
corresponds. to the 'second remotor of coxa' in S.daecsae, to
the 'second lateral remotor of the forecoxa' in the honey bee.

Duncan (1939) calls it ‘rotator' in the wasp.

Third remotor of the procoxa (No.47)s = The fibres of this

muscle originate on the mesal face of the basal half of pleural
apophysis ana descend through'mesally dalrected course to end

on the coxal rim, in line with its sternal articulation. It

is represented in the honey bee by the 'mesal remotor of the
forecoxa' and in S,deegne by the 'third remotor of coxa' which
is shown to arise from the horisontal apodeme.

Spinal retractor of the procoxa (Noe48)e == This is an

intersegmental muscle arising on the lateral face of spina of



the spinastermum. The fibres of this muscle run obliguely
forward to end by a short tenaon on the inner edge of the
posterior half of coxal rim, in between the point of insertion
of the 'first remotor of coxa' ana the pleural articulation.
This muscle is an addition to the myology of the prothorax

of Hymenoptera.

Anterior levator of the protrochanter (N0.49)e === The fibres

of this muscle arising froa the lateral portion of the anterior
wall of coxa, couverge to ena on the dorsal half of the proximal
rim of trochanter, close to its amterior articulation, It is
representea by 'anterior levator or trochanter! of S.dgesag and

by ‘anterior levator of the foretrochanter’of the honey bee.

Posterior levator of the protrochanter (Noe50)e == This muscle

originates frou the lateral portion of the posterior wall of
coxa. Its fibres converge to end on dorsal half of the proximal
rim of trochanter, close to its posterior articulation. I[he
tposterior levator of the foretrochanter'! in the honey bee are
its e;uivalents.

Pleural aepressor of the protrochanter (§0.61)¢ =—=— The fibres

of this muscle arise on the posterior half of the dorsal plate
of propleuron. Ihese converge while descending to end on a
stout apodeums wlose coacave base fits over the semicircular

crest of the ventral helf of frochanteral proximal rim. It is
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equivalent to the 'pleural depressor of trochanter' of £.deesae
and to the 'thoracic depressor of the foretrochanter' of the

honey bee. The latter is shown to arise on the pleural apophysis.

Coxal depressor of the protrochanter (No.62)s ==e=e This muscle

comnsists of two thick bundles originating on the mesal portion
of the anterior wall of coxa. These are inserted on the lateral
surfaces of the apodeme of 'pleural depressor of the trochanter'.
As the two components have common origin, insertion and function,
it would be desirable to consider them as two bundles of the
same muscle. It corresponds to the 'coxal depressor of the
trochanter' in $.d¢egae and to the ‘'coxal depressor of the foree
trochanter! 1in the honey bee.

Profemoral reductor (Noe53)s === The fibres of the'femoral
reductor' arises on the proximal half of the ventral wall of
trochanter including its rim. These take up a convergent
course to end on the ventral half of the proximal rim of femur.
Its e;uivalant in the honey bee is.the 'reductor of the fore-
femur' and in J.deesge the 'femoral reductor' which is shown
to consists of parallel fibres.

Extensor of the protibja (Noeb4)e e The 'extensor of tibia'
is of typical pinnate type with fibres arising all along the

dorsal wall of femur. The long apodeme of this musele flattens
out into a broad plate which rests on the median process (TbP)



of the dorsal half of the proximal rim of tibia. The 'extensor
of tibia' in S.deesae and the 'extensor of the foretibia' in
the honey bee are similar to it,

Depressor of the protibia (Noe65)e === This is also a pinnate

muscle with fibres arising on the entire ventral wall of femur,
The fibres are inserted on a long apodeme with a distinct sube
triangular sclerotic genoflexor (gf)e. The latter is connected
with the middle of the ventral half of the proximal rim of
tibia. It is e&uivalent to the 'main depressor of tibia' in
Sadeegnq and to the 'flexor of the foretibia' in the honey bee,
Alem (1961) has shown sdditional muscles in the form of 'acess-
ory dépreséors of tibia'e These muscles are not traceable in
A.proxima, nor Snodgrass (1956) has so far recorded them in the

honey bee.

Productor of the protarsus (No.bH56)s == This muscle arises

in the aistal half of the anterior wall of tibia. Its fibres
converge to end on the dorsal half of the proximal rim of basi-
tarsus, slightly anterior to the tibiotrarsal articulation.

It is represented by the 'productor of tarsus' in S,deegag and
by the 'productor of the foretarsus! in the honey bee.

Reductor of the protarsus (Noe57)s === It arises in the distal
half of the posterior wall of tibia. Its fibres converge on a

tendon which is inserted on the dorsal half of the proximal rim
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of basitarsus, slightly posterior to the tibiotarsal articulae
tions Similar muscles have also been shown in $.4€ezag and
the honey bee.

Depressor of the protarsus (No0.58)s === The fibres of this
muscle originate on the ventral wall of the distal portion of
tibia. These converge to end on the ventral half of the proxi-
mal rim of basitarsus, directly apposite to the tibiotarsal
articulation. The 'depressor of tarsus' in S.4de¢esag and the
depressor of the foretarsus' in the honey bee are analogous

to it.

Flexor of the claws (N0oe59)s ~=—— This muscle arises from the
ventral half of the proxim;l rim of femur. Itsfibres converge

to form a long tendo%’which)passing through the distal half
of the femur,also runs across the lumina of tibia and tarsus
to end on the pretarsus. In the middle of the tibial wall it
receives the tendon of a short muscle which may be taken as
‘accessory flexor of the claws' (No.59a). The long tendon of
the 'flexor' ultimately flattens out 1n£o an apodeme to end
on the unguitractor plate. The 'flexor of claws' is similar
to what have been described in S,4¢€s338 and the honey bee.

In the latter, too, one bundle of muscle fibres is shown to
have been contributed by tibia; though in §.deesae two such
independent tibial bundles have been recorded. The basitersal
muscle,as shown in the honey bee,is absent in A.proxima.
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(vii) Structure of the Mesothorax (Figs. 31,32,33,58,69,60
. - 61 & 62),

~

The mesothorax,bearing the second pair of legs and the
first pair of wings, occupy the major portion of the pterothorax
The sclerotic components of the mesothprax have developed inter-
nal ridges which enable the segment to withstand the pressure
brought upon it by the activities of the muscles.

Mesotergum (mesonotum) (N2)« « The dorsal plate of the
mesothorax is a large'afchéd plate divisible into alinotum
(AN2) and postnotum (PN2)., The dominating alinotum is posteri-
orly'separated from the ﬁarrow postnotum by the intervention

of a thin intersegmental conjunctiva.

Alinotum (ANZ). = The semicircular anterior margin of the
alinotum abuts against the posterior margin of the protergum.
The lateral margins lie close to the dorsal margins of the
mesopectus. For the major porticn,the alinotum i1s convex
excepting the'posterolateral areas which possess a pair of
broad depressions. From the middle of the anterior margin of
alinotum, obli;uely suspends the prephragma (1Ph)., The latter
is extremely narrow on sides and fairly broad in the middle
where a notch is present as a passage for the dorsal aorta.

In §,§gg§ggéfhis notch is in the form of a slit that completely
divides the prephragma into two halves, In the honey bee,the

prephragma is crescent-shaped.
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Prescutum (Prsc). == The prescutal suture (ts),running
almost submarginal to the entire anterior margin snd partly to
the lateral margins of the alinotum,demarcates an anterolateral
narrow 'prescutum' (Prsc). This suture near the base of the
tegula (Tg) takes an inward directed course and later on turns
outwards to merge with the lateral margins of the alinotum.
This change in the course of the suture enables the prescutum
to undergo posterolateral expansions which béar the base of
the round flap like tegulae. Such prescutal origin of the
tegulae confirms the view of Alam (1951) in S.deesse. Further,
his comments on the works of Snodgfass and Duncan on the locae
tion of tegulae are also endorsed. No prescutum has been

reported in the honey bee or the wasp.

Scutum (Sct)e === The 'V' shaped scutoscutellar suture (vs)
is prominent and divides the alinotum into seutum (Set) and
scutellum (Scl)s It is internally represented by étrong notal
ridge (VR). The lateral portions of the suture run close to
and along"a portion of the posterior margin of the alinotum

while its middle portion is arched and directed forward.

The scutum is the largest plate of the mesonotum and 1s
greatly responsible for the arched condition of the thoracic
dorsum. Posteriorly it extends beyond the median portion of
the scutellum, flanking it in the form of brosd depressions.

The depressions are shaped in such a manner so as to lodge



the anal lobes of the forewings,during repose. The present
writer names them as 'anal pouches of the scutum'. There is
no transscutul suture or fissure as has been reported by Alam
(1961) in S,deesae. The lateral margins of the scutum (practi-
cally almost of entire alinotum) are not straight and bear a
pair of 3§ort incomplete clefts (Sctclf) filled with conjunctiva.
These combininglyvecome a substitute for the transcutal fissure
which is a prominent feature of clistogastrous Hymenopt.era.
Since these do not tend to meet to‘form a continuous trans-
verse fissure, nor are these connected by any suture, it would
not be proper to consider them as forerunners of the transe

scutal fissure which i1s obviously wanting in A.proxima.

Frou the anterolateral angles of the seutum, extends
a palr of short obliéuely directed grooves whnich may be taken
as incomplete 'parspsidal sutures! (ps). These are internally
represented by 'parapsidal ridges' (PR). The parapsidal sutures
incompletely divide the scutum into an snterior median plate
and two lateroposterior plates. The latter may be refered as
incomplete parapsides (Par). The parapsidal sutures are present
in S.deesae extending upto the trans-scutsl fissure. In the
vasp,these are also present but their anlerior portions are
obsé:rad. The honey bee does not possess parapsidal suture.
The anteromedisn portion of the scutum is traversed by a suture,
running in anteroposterior direction and dividing it into two
aéual halves. This is the incomplete 'median suture' (ms) with

an internal ridge.



Immediately behind the scutal clefts,the lateral margins
of the scutum develop a pair of slender 'anterior_notal proce-~
sses' (ANP) which articulate with the 'first axillary sclerites’
of tha-forawings. There are no traces of 'prealer bridge's.
There are aiso no distinet 'posterior notal processes', and
the third axillary sclerites articulate with the alinotal
margins through the intervening ‘'fourth axillary sclerites’.

Scutellum (S¢l)e «= The scutellum is the posterior most
subdivision of the alinotum and is distinctly demarcated from
the scutum by the scutoscutellar suture. Due to the anterior
srching of the suture, the middle portion of the scutellum has
encroaeched over the scutum. This extended portion is diamond.
shapea and distinct from the remaining portion of the seutellum
which is a narrow sclerotic plate. These two portions are also
-demarcatod by a secondary furrow which is internsally marked by
a ridge and may be called as 'transcutellar furrow' (Self). The
thick posterior msrgin of the scutellum is straight éxsopt in
the middle where it is distinctly convex to run over the median
pertion of the postnotua (PK2).
Pastnotug (PN2), e=e= The postnotum is in the form of an
indopandunﬁ,1n£ersegmental narrov sclerotic plate,separa@gd
from the mesoalinotum (ANZ) as well as,from metanotum bygzomp-
lete membranous conjunctiva. Its straight snterior mergin is

glmost smooth except in the middle where it is prominently
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notched through which passes the apodeme of the 'auxillary
elevators of the forewing's The posterior margin is compara-
tively thickened to bear the internal mesopostphragma (2Ph).
This condition is very close to the most primitive nature 6f
the postnotum and thus supports the contention that the Tenthre.
dinidae is primitive among the Hymenoptera. The postnotum is
shown to be absent in S,deesae, the wasp and the honey bee,
Laterally, the postnotum unobtrusively merges with the postero-
dorsal portion of the mesoepimeron. ©Such distinet communicas-
tion between the postnotum and mesopleuron are also shown to
accur in Pieraonoides ribesil and Cimbex by Snodgrass, 1942
(Fige 20 G and H)., However, in higher forms such continuation
5etween the postﬁotum and mesopleuron is wanting due to the
absence of the postnotum. In S,deesae, the 'anterior lamella
of mesopostphragma' is in direct connection iith the dorsal
margin of the epimeron, probably because of the absence of a
distinct postnotum. &Similarly in the honey bee,the absence

of the postnotum has enabled the mesopostphragma to develop
direct contact with the epimeron, whereas, in the wasp, an
intervening sclerite incompletely separated from the ramus of
the phragma and lying beneath the subalare, puts the phragma
in communication with the epimeron. The posterior margin of
the postnotum is, more-or-less, like the anterior margin and
is separated from the anterior margin of metanotum through a

broad strip of conjunctiva.
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Mesopostphragma (2Ph)s == The posterior margin of the postno-
tum internally férms’the exvensive 'mesopostphragma‘'. It can
be sald that the postnotum with mesopostphragma is interteregal
plate lying between the meso-alinotum and metanotum and main-
tains its separate didentity by refusing to merge with either,
This condition is different from what have been reported in
higher Hymenoptera (Alam 1961, Cnodgrass 1956, and Duncan 1939)
and is a coavincing proof of the fact that the family Tenth- ’
redinidae belongs to the generalized group of Hymenoptera. The
mesopostphragma consists of a median and two lateral lobhes.

The 'V! shaped median lobe (2Phil) is outstandingly large. Its
broad proximal margin is in.commnﬁication with the antecastal
suture (acs) while the narrow distal tip is deeply notched

to become lobose. This notch is connected with the middle of
the anterior margin of the phragma by a midlongitudnal ridge
(2PR ), running on 1ts under surface. Its lateral margins are
followed by similar submarginsl ridges (2PhLR) which also run
on the under surface. The entire concave undersurface of the
medisn lobe offers adee;uate anchorage to the fibres of the dorsal
longitudnal muscles of flight. The small lateral lobes (2PhLl)
flank the basal portion of the median lobe. Snodgrass (1942) )
shows similar lobes in girex snd glmbeX and names them as ’
'musele bearing processes of second phragma!s. These <can also be

compared with the 'anterior lamellae' of the mesopostphragma
of £.daecaag.
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Mesopectus (P152)s == In A.proxima the ventrolateral regions
of the mesoéhorai form one continuous plate called 'mesopectus'.
There are no external indications to demarcate the pleuron from
the sternume. It 1s only on account of muscle attachments that
their limitations can be visualizeds, The fibres of dorsoventral
muscles of flight, which connect the sternum with the tergum

in insects, are attached to the ventral parts of the mesopectus
of A.proxima. This area, therefore, can be considered as
mesostrenum (52), The remaining portion of the mesopectus late
eral to the étefnum and forming the sides of the mesothorax
becone the mesopleuron (P12), Ventrally, the mesopectal areas

are limited by the intervention of the medien sternal groove
(msg ) ’ |

The gnterior margin of the mesopectus in the region of
the basalare is not straight. This modification occurs to
accommodate the 'spiracular plate' (sppl) and the ‘occlusor
plate' (Opl) of the protergum. The spiracular plate is fused
with the apodeme of the basalare (BaAp)e Below the 'occlusor
plate‘ the pleural margin is exteﬁded into a blunt pfocess
which abuts against the similarly extended portion of the
protergum. Beyond this process,the margin is smooth and is
ventrally continuous with its counterpart of the other side.
The anterior margin of the mesopectus i1s followed by a submar-
ginal prepectal suture (Pects) which is internally represented
by a vridgee. This suture starts from the base of the protergal
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process of the mesopectus and ends mesally by merging with the
anterior tip of the median sternal groove. Its submarginal
nature anteriorly demarcates a narrow strip from the remaining
mesopectus which can be taken as 'mesoprepectus' (PCT). In

Sadecsag, the mesoprepectus is shown as a small ﬁriangﬁlar plate.

The dorsal margin of the mesopectus lies between the
pleural wing process (WP) ana the epimeropostnotal bridge
(EPmPN2B)e This margin, on leaving the pleural wing process
&escands.along a semicircular course end before ending with the
epimeropostnotal bridge, it develops a small blunt process
which brings the pleuron in communication with the alinotum.
on account of the posterior position of this process in respect
to the wing base, it can be taken as the incomplete 'post-
alar bridge' (Pa)s The post alar bridge is absent in the
wasp honey bee’and.ﬁ;iggxgg. All along, this margin has un-
dergone distinect inflection in the form of a narrow sclerotic
shelf. In the vicinity of the postalar bridge, the marginal
inflection expands into a wide plate which accommodates the
second thoracic spiracle (25p), This plate is comparable with
the 'spiracular lobe of second tharacic spiracle' of S.deesae.

The posterior margin of the mesopectus is convex.
Dorsally it is in continuation with the posterior margin of
the mesopostnotun instead of being in continunity with the
dorsal margin of the mesopectus. Ventrally, the margin termi-
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nates gt the posterior extremity of the median sternal groove.
The portion of the posterior margin close to the median sternal
groove forms anterior sclerotic limit of the incompletely
sclerotized mesocoxal socket (CxC)e

~

The anterodorsal angle of the mesopectus is drawn out
into a prominent pleural wing process (WP). The posterior margin
of the mesopectus is produced as tarticular knob of coxa'
(CxLArk ) which provides pleural articulation to the middle ecoxa.
From this articular knob starts a suture which, ascending
obli&uely runs across the pleuron to terminate at the pleural
wing process. This is the typieal 'pleural suture' (pls) with
a distinct pleurél ridge (P1R), The dorsal half of the ﬁleuial
ridge is broadened to form a deep pocket where the fibres of
the 'flexors of the forewing' originate. Somewhere in the middle
of the pleural suture and near the base of the poeket, lies the
'pleural pit* (Pla)s This internally bears well developed
pleural apophysis (P1A). The basal portion of the posteriorly
directed apophysis is élender but the apical portion is flatt-
ened. The pleural suture divides the pleural plate into an
extensive episternum (Eps) and smaller epimeron (Epm). The
episternum which is anteroventral to the pleural sutﬁre, starts
dorsally as an extremely narrow plate and gradually broadeus
to include the major portion of the mesothoraeic pleuron.
Ventrally it merges with the sternum. Its long anterior margin

is the anterior margin of the mesopectus while its comparatively



shorter posterior margin forms anterolateral portion of the

rim of mesocoXel socket. The epimeron is a small triangular
plate lying dorsoposterior to the epistermum.

Mesgendosternum (Endst). =e=w The median sternal groove (msg)
is anteriorly limited by the prepectal suture (pets) and
posteriorly its lateral crests culminate into two strongly
built condyles or knobs which provide sternal (ventral) arti-
culation (CxVArk) to the mesoecoxae. This groo&e is internally
representéd by distinct ‘mdeian sternal ridge’ (151 ) which is
broasdest in its posterior half., The posterior face of the
ridge is slightly flattened to fuse with the anterior face of
the stem of the mescendosternum. The mesoendosternum stands as
a 'Y'~shaped structure in the thorax with its root in the furcal
pite This unpaired pit lies in between the sternal articular
knobs of coxae and forms the posterior end of the median sternal
ridge. The stem of the endosternum on leaving the median
sternal ridge apically bifercates into long divergent furcal
arms (FA)s The furcsl arms distally taper with their flatt-
ened outer surfaces, and communicate with the pleural apophyses
through tufts of short muscle fibres. Ihe furcal arms in the
middle develop small mesally directed lobes (F1) which ean be
compared with the 'lobes of the mesofurcal bridge' of {.dgessa,
though unlike the latter there is no elaborate mesofurcal bridge
This homologie seems all the more reasonable since the nerve

cord is incompletely limited dorsally by these two lobes of the
furcal arms.



- 72 -

(viii) Musculgture of the Forewing (Figs.59,63,64,66,66 & 67),

Indirect and principal depressor of the forewing (N0e60)s e

This i1s the dorsal longitudnal muscle which is longest émong
all the muscles of the body. The fibres run obliéuely across
the mesothorax between the extensive concave surface of meso-
postphragma and the anterior region of the alinotum.kentira
mesoprephragma, median portion of prescutum and anterior half
of scutum)s The two components of this muscle are hardly
separables TIhe contraction of this muscle cause distinct
arching of the mesotergum and eonse;uently depresses the fore-

wings.

Jndirect and principal elevator of the forewings (NOe6l)e e

This stout muscle 1s vertically placed in the mesothorax with
its lower end attached to the undifferentiated sternum,close
to the median sternal ridge. The fibres running abli;uely
upwards end on the parapsidei. On contraction it pulls the

tergum downwards which consequently elevates the forewings.

Secondary indirect elevator of the forewing (N0.62)s ew—=

This muscle is composed of parallel fibres which rﬁnning
obliéuely in anteroposterior direction connects the scutai
portion,lying close to the apex of the scutellum,with the
lateral portion of the mesopostnotum. The contraction of this
muscle will cause incomplete depression of the alinotum which
will amount to conseq;ential raising of the wings Accordingly,



it is suggested to regard it as 'secondary indirect elevator

of the forewing'. This muscle is represented in Agullg adnixs
(Matsuda 1956) but is absent in the honey bee, wasp and S,deasas.
The 'dorsal aﬁliéue musele' occuring in Diplera and some
Homoptera (Snodgrass 1935) may be similar to it.

Secondary jndirect depressor of the forgwing(Noe63)s wmwe
The fibres of this muscle arise from the dorsal surface of

the middle portion of furcal arm. These, running abliquely in
ventrodorsal direction, end alcng the outer margin of the lateral
lobe of mesopostphragma. On contraetion,it assists in depressing
the winges Alam (1951),in Saieesas takes it as 'secondary in- |
direct depresser of the forewing' while in the honey bee,Snodras:
(1942) calls it as 'muscle of the axillary lever'. Duncan
(1939) describes a similar muscle as 'furcal retractor of
mesopastphragna'. The present writer thinks that this feeble
muscle ean hardly act alone against the strong 'indirect and
principal depressor of the forewing' by retracting the mesoposte
phragma unless it supports some other largér musele. More over,
its course further justifies it accessory role to the 'indirect
and prinecipal depressor'. This muscle also oceurs in Agulls
adnixs but Matsuda (1956) assigns no funetion to it.

Principsl extensor of the forewing (N0e64)e «m=— This is a
large muscle with fibres arising from the—vantral half of the

episternum, lateral to the 'indirect and prineipal elevator of



-74-

the forewing's Running upwards,its fibres converge to end on
the undersurface of the apodemal plate of the basalare. On
contraction, it pulls the anterior half of the basalare down-
wards, ana conse;uantly the tip of the latter working on the
humeral plate, causes the extension of the forewing. A similar
muscle has been reported in S,deesagee In the honey bee and the
wasp,it is called 'basalare muscle of the mesothorax'. There,

too, it i1s considered to cause extension of the forewing.

segmental muscle is quite feeble and shorte The fibres arising

on the pronotal peg, which also gives rise to the fibres of
tocculosar muscle' of the first thoracic spiracle, converge

on the edge of the basalare  apodeme. On contraction, it
assists the 'principal extensor of the forewing'. This is
e;uivalent to the 'secondary extensor of forewing' in S,deesae.
The present writer agrees with Alam (19561) in assigning it the
function of extension of forewing. In the honey bee and the

wasp, it remains unrepresented.

First flexor of the forewing (No«66)s === This muscle arises

from the ventral half of the pocket of the pleural ridge.
Running obliquely in ventrodorsal direction, it ends on the
ventral face of the third axillary sclerite.
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Second flexor of the forewing (N0e67)e === This muscle also
arises in the pocket of the pléural ridge but from its dorsal

half, The fibres running anteroposteriorly end on the ventral
face of the third axillary sclerite,slightly lateral to the
insertion of the 'first flexor of the forewing'e

Both the'flexors‘,on contracﬁion,cause a shift in the
position of the third axillary sclerite which consequently
flexes the forewing.

Third flexor of the forewing (No.68).'-.._ This is a spindle-

ghaped muscle with long tendoﬁs at Both the ends. The lower
tendon ends on the‘posterior half of the coxal rim,close to
the pleural articulation, while the other ends oﬁ the subalare
which in turn is in communication with the second axillary
sclerite. In S.deesae (Alam, 1951),it is considered as 'flexor
of the forewing' while in the honey bee (Snodgrass, 1942),

1t 1s described as 'coxal remotor',as well as,'flexor! of the
forewing. The present writer thinks that in all probability
it should act more as 'flexor of the forewing' rather than
‘remotor of the coxa' especially when its contraction defini-
tely influences the second axillary sclerite.

Auxillary elevator of the forewing (Noe69)e we=— The fibres

of this muscle are anteriorly attached to the posterior surface

of the anterolateral portion of the notal ridge. Posteriorly,
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these converge on a tendon. The tendons of the two muscles
unite to form a stout common tendon which running still post-
eriorly ends in the median notch of the anterior margin of
metsnotum. The fact that the metatergal attachment of this
muscle is distinctly at a lower level than its mesotergal atta-
chment, it is clear that on contraetion, thismusc;ewill assist
the mesotergum to return to its normal position. This may be
taken as a prelude to the activity of the 'elevator of the

| forewing'e Similar function has been attributed to this musele

in the wasp ana $S,deesag.

Retractor of the mesopostphragma (No.70)s «w—= This is a broad

and short muscle with its fibres 6r1g1nét1ng on the anterior
surface of the mesal lobe of prephragms of propodeum. The
parallel fibres running forward across the metanotum are inser-
ted on the dorsal surface of the median lobe of mesopostphragms.
The contraection of this muscle is supposed to check the probable
displacement of the mesopostphragma which is likely to happen
by the action of 'indirect and principal depressor of the
forewing's In other words,the displaced mesopostphrgma is
helped in regaining its normal position.

Depressor of the tegulg (Noe7l)e = The fibres of this tiny

muscle arise on the anterior m;rgin of the prescutum, close to

the anterior end of the parapsidal furrow and running backwards,
these end in the middle of the tegular base. Functionally;it



appesrs to be responsible to depress the tsgula. In the wasp,
Duncan (1939) has described a similar muscle.

First furcopleural muscle (Nos72)es =e=e This muscle,consisting

of parallel fibres,connecté the .dorsal surface of the gpex of
furcal arm with the mesopleural aspophysis and the neighbouring
portion of the epimeron. It is comparable to the ‘mesothoracic
furcopleural muscle!of S.deesae, and to the 'mesothoracie
furcopleursal muscle! of the wasp.

Second furcopleural muscle (Noe73)e === The fibres of this

muscle are attached in the middle of the ventral surface of
the furcal arme These fibres,running downwards,converge to
end by a tendon on the pleural ridge, close to the coxal arti-
culation. This muscle is comparable to the 'mesothoracic fur-

copleural muscle'and ligament of the wasp..

These two muscles,working simultaneously,do not allow
the mesofurcal arms to undergo distortion as a result of con-
traction of the 'éecondary indirect depressor of the forewing'
and the 'mesofurcal extensor of the hindwing'.

Tergoapophysial muscle (Noe74)s =~ This muscle consists of
vertically running parallel fibres connecting the posterior
half of the lateral margin of the scutum with the pleural
gpophysis. It appears Vo check the displacement of the pleural
apophysis from its normal position which may be caused by the
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contraction of the 'first furcopleural muscle'.

Intersternal muscle between meso and metaendosternum (NOe75)eemm

This muscle consists of parallel fibres, which are anﬁerioriy
attached to the posterior surface of the proximal half of \
mesofurcal arm and posteriorly end in the middle of the anterior
surface of metafurcal arm. Due to its horizontal course, this
muscle affects meso-and metafurcal arms e;ually by keeping them

in mormal position during the activities of other muscles
associated with them.

(1x) Structure of the ifesothoracic hegs (Figs. 4%1§7,68,69,70

The mesotnoraclic legs resemble the prothoraéic legs in
every aetall except the size which is larger. The coxal and

trochanteral muscles are as follows:

Lateral promotor of the mesocoxa (N0s76)e wm=ee The fibres ori-
ginate from the pleural ridge near the base of the pleural

apophysis. These converge on a long tendon which is inserted
on the anterior half of the proximal rim of coxa, close to its
pleural articulation. This is e;uivalent to the ‘'lateral
promotor of thae miadle coxa' of the honey bee and S.decsag.

Mesal promotor of the mesocoxa (N0s77)s —e This is short but
broad musele with fibres arising from’the median sternsl ridge

and rumning parallel these are inserted by & broad base on the



inner margin of the anterior half of the coxal rim. This is
similar to the 'mesal promotor of the middle coxa' of S.deease

and of the honey bee. Duncan, however, in the wasp has labelled
it as 'productor of the middle coxa's

Hesal remotor of the mesocoxa (No.78)e == The parallel fibres

of this muscle originate from the median sternal ridge,at a
level lower to the origin of the 'mesal promotor of the mesocoxa'
and end on the posterior half of the eoxal rim,close to the
sternal articulation. This muscle is comparable with the
tremotor of the middle coxa' of S.deesae ,as well as, with the
'mesal remotor of the midale eoxa' of the honey bee and the

tinner reductor of the midule coxa' of the waspe.

Lateral remotor of the mesocoxs (NO«79)s === This muscle

arises from the posterior surface of the proximal half of furcal
arm anc running obliéuely in dorsoventral direction, it ends

on the posterior half of the coxal rim lateral to the 'mesal
remotor of the mesocoxa's This is e;uivalent to the 'outer

reductor of the midale coxa' in the wasp.

Pleural depressor of the mesotrochanter (Noe80)s === It is
a prominent muscle of the trochanter, whose fibres arise from

the middle of the epimeron. Runping vertically downwards, it
passes through the coxa to converge on an apodeme which 1is

connected with the elevated central portion of the ventral half
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of the proximal rim of trochanter, Similsar muscle in the
honey bee, wasp and S,4gaesag are shown to arise on the end-

osternum, instead of the epimeron.

Coxal depressor of the mesotrochanter (Noe8l)s =mee This

muscle consists of two bundles of fibres oriéinating within
the coxa.Une of the bundles starts from the mesal wall while
the other, from the mesal half of the anterior wall of coxsas
The fibres of these bundles are inserted on the corresponding
sides of the apodeme of the 'pleural depressor of the meso-
trochanter: In S.dgesas, three bundles of fibres are shown to

have comprised the 'coxal depressor of the trochanter'.,

The remaining intrinsic muscles of the mesothpracic
legs are identical to those described already in the protho-

racic legse.

(x) Structure of the Metathorsx (Figs. 31,32,33,72 & 73).

The metathorax is reduced and forms the second wing
bearing segment of the thorax. It has a distinct dorssl plate,
but its pleural and sternal areas are fused to form the

metapectus.

Metatergum (metanotum) (N3)s e=— The metanotum is a narrow
plate placed transveréeiy inbetwoen the mesopostnotum (PN2) and
the propodeun (IT). Like the mesonotum, the metanotum is also
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subdiviced into an anterior segmental alinotum (AN3) and
posterior intersegmental postnotum (PN3). These two subdivi-
sions of the metanotum are separated by‘a narrow strip of

membrane which Justifies their identification.

Alinotug (ANG)e e The alinotum is a reduced transve.se plate
constricted in the middle and broad laterally. This moiirica-
tion 1s due tc the deep coucave nsture of its anterior wmargin
which is notched in the midale. The anterior margin is extra-
ordinarily thickened on zccount of a marginel inflection (AmR)
whose lateral portions are comparatively broader. Further,it'
bears a pair of rounaed psu-like ‘cenchri' (Cn) in its lateral
halves. The posterior uargin of the alinotum is aluost straight
except in the middle where it is slightly convex. Ihis margin,
too, like the anterior margin is proaminently thickened (PzR).
Laterally the thickened posteriocr wsargin is extended, beyond the
lateral linit of the alinotum, in the form of a short stumpy
process which articuletes with the third exillary sclerite of
the hindwing anu oy be regarded as the posterior notal prccess
(PNP)s <he lateral margin of the alinotum is wavy. Imuediately
behind the anterolateral esugle of the alinotum, the lateral
margin is proauced into an anterolaterally directed process
which articulates with the first axillary sclerite of the hind-

winge This forms the 'antcrior notal process! (ANP ).

The alinotun bears a short and thick semicircular inter-
nal ridge (aR) with its two enus lying on the midale portion of



the posterior werginal thickening. Ike middle of the ridge
almost joins tihe anterior wargin ia the region of the median
notch, The plate of the alinotum is depressed in its lateral
half to accoumouate tie anal lobs of the hindwing while in re-
posees This lateral depression may be taken as ‘'anal pouch of
the hindwing'e It is shallower than the 'anal pouch of the
forewing'.

sietapostnotua (PN3)s ~=— The truc intersegmental metapostnotum
is a narrov plate 1lyiag inbetween the alinotum and the propod-
eum. ItSalmost strai ht anterior margin is scepurated from the
posterior uaargin oi ths alinotwa by a narrow strip of membrans,
while its posterior wzrzin is solaered with the propodeal anter-
ior margine This fusion 1g daintained along the antecostal
suture (acs) which is intornally represented by a broad ante-
costa. This is takan for 'prephragma of propodeum' (3Ph) as
_suggested by Alam (1951) in S.deesas. Laterally the metaposte-

nosuu extends to werge with the metaCpimercn.

getapectus (P153)e === Like the mesothborax, the sternum and
pleura of ths ;eéathcraz are also fused to fora the composite
metapactuse The lins of fusion of these two areas is absent,
though in S.deesag, Alam (1951) shows the presence of stermo-
pleural suture. Tic ¢atabectu§ is in sclerotic contiuuty with
the aetapostnotua through narrow metaepimeropostnotal bridge

embr
(EpwPn3B)e Cave this, the metapectus is qn PTAnous o hnection
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with nearby lying parts of the thorax. Here,ﬁgain,a.prgxigg
differs from $,deesae, the wasp and the honey bee where meta-
pleura are shown to be in sclerotic contiguity with the propo-
deum as well as with the mesopectus. This may be taken to
justify the primitive nature of Tenthredinidae (chalastogastra)
as compared to Braconidae, Vespidae and Apidae (Clistogastra).
The ventral portion of the metapectus is regarded as the sternum
(53) while its lateral area as the pleuron (P13) of the meta-

thorsax.

The anterior margin of the metapectus descends from its
anterodorsal angle along,more or less, smooth course and runs
almost parallel to the posterior margin of the mesopectus, sepe-
arated from it by intersegmental membrane. Ventrally it ends at
the anterior extremity of the median sternal groove (msg). The
dorsal margin of the metapectus starts from the antefodofsal
angle along a concave course and is separated from the meta=
notum by the extensive membranous wing base. Its posterior end
in association with the dorsal end of the posterior margin, forus.
the sclerotic 'metaepimeropostnotal bridge'. A4ll along, the |
dorsal margin possesses a distinct marginal inflection. The
posterior margin of the metapectus extending from the 'metaep-
imeropostnotal bridge! to the pleural articulation of the meta-
coxa (CxLark) 4s distinctly convex, while its portion forming
the anterior ooundry of the incompletely sclerotised metacoxal
socket is slightly concaves Ihe posterior margin is ventrally

1imited by the sternal articulation of metacoxa (CxVArk ).



Ihe anterodorsal angle of tiae metapectus is drawn out
into a thickly iﬁpregnated *pleural wing process' (WP). The
convex portion of the posterlor uaargin ventrally develops the
ipleural articular knob' of metacoxas. Ihe latter is connected
witih the pleural wing process by the ametapleural suture (pls)
which ruans diagoanally across the wmetapleuron. This suture '
internally develops the pleural riage (Pldi). In its dorsal half,
the pleural ridge is wore prominently elevated to form a pleural
pocket which opens posteroaorsally and serves as an area for
the origin of the 'flexor muscles of the hindwing'e Immediately
below the pleural pocket, the pleural suture bears the pleural
pit (pla) which internally gives rise to the posteriorly directed
pleural apophysis (P14 ).

The pleural suture diviaes the metapleuron into a large
metaepisternum (Lps) and coumparatively smaller metaepimeron (Epm,
The episternum lies anteroventral to the pleural suture. The '
ventral portion of the episternum is wide but dorsally it is
narrowed on account of close proximity of the pleural subture
with the anterior margin of the metspectus, In the ventral
portion, the episternum 1s traversea by the 'transepisternal
sutwe! (tes) which is internally representea by a distinct
ridge. This suture divides the episternum into anteriorly
placed 'enepisternum' (AEps) and the posterior 'katepisternum'
(KEps). The anepisternum ié an alongated narrow plate tapering
at boﬁh the ends. The katepisternum is, more or less, rectang-

ular in shape with its posterior margin forming the anterior
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sclerotic boundry of the incompletely sclerotized metacoxal
socket. The epimeron lies posterodorsal to the pleural suture
and, 1s somewhat rectangular in outline. Its dorsoposterior

angle forms the 'metaepimeropostnotal bridge'.

iietaendosternum (Endst)e =ww= The median sternal groove trae

verses the metapectus midlongitudnally. In the posterior half
it becomes wider and its two lateral crests taking up divergent
course end at the sternal articular knobs of the metacoxa
(CxVArk ). This groove is internally represented by the median
sternal ridge (iSR), which is broader in its anterior half. It
is here that the ridge abuts against the stem of the metaendo=-
sternum. Accordingly, it is in the anterior half of the median
sternal groove that the furcal pit can be visualized to occur
as the point of invagination for the metaendosternums The
metaendosternum, which consists of a stem and two furcal arms,
is altogether free from the mesoendosternum like S.,dgesse and
contrary to what occurs in the honey bee. The endosternal stem
is éuite short and distally bifercates intosword-shaped furcal
arms (FA). Each furcal arm extends towards the corresponding
pleural épophysis with which it is associated through a set of
muscle fibres unlike S.dg@egge vhere the two are loosely united

or the wasp where the two are distinctly fused.

Propodeum (II). ~—— The sclerotized dorsal portion of the
propodeum represents the segmental tergal plate (first abdominal
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tergum of the generalized insect). The ventrolateral areas

are membranocus. Its entire straight anterior margin is comp=-
lotely fused with the posterior margin of the metapostnotums
This fusion is externally represented by a groove which is
regarded as the antecostal suture (acs) of the generalized
insect, as it internally develops a promident inflection,

‘the prephragma of the propodeum' (3Ph). More or less similar
'prephragma of propodeum' is shown'to éccur in $.deesa8 and
the wasp. The lateral margins of propodeal tergum are almost
strajzht and free from sclerotiec contiguity with the metapleura.
This condition is contrary to what has been reported in S,.dgessa
the wasp and the honey bee. The propodeal spiracle (3sp) is
located on the propodeal tergum close to its anterolétoril
angle. Posteriorly, the propodeal tergum incompletely overlsps
the abdominal tergum. The posterior margin of the propodeal
tergum possesses a median cleft (Mclf) which roughly divides
the tergum into two lateral plates. DBesides, it is in conjune
ctival connection with the entire anterior margin of the second
abdominal tergum.

(xi1) Musculature of the Hindwings (Figs. 66,74,76 & 76).

Median dorsal longitudnal musele (NOe82)e === This muscle
consists of stout bunules of fibres exténding between the

anterior face of the mesal half of propodeal prephragma and
the anterior marginal inflection of the metanotum. It is
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analogous to the 'indirect and principal depressor of the
forewing's In this case the metaalinotum is so reduced in size
with thick ridges that its arching as a result of contraction
of this muscle is not possible. However, it can be considered
to counter the action of the'auxillary elevator of the forewing!
so that the metanotum may remain unaffected. This muscle is
absent in clistogastrous insects (wasp, honey bee and S,de93ae),
but 1s, of regular occurance inorthopterolid jngeets. Accordine
gly the primitive nature of Tenthredinidae in the Hymenoptera
on the basis of the retention of this muscle can be supported.

Lateral dorsal longitudnal muscle (Noe83)e e~emw The fibres of
this musele running obliquely, connect the anterior face of the

outer half of propodeal prephragma with the anterior marginsl
inflection of metaalinotum,lateral to the 'medisn longitudnal
muscle!s, It assists the latter, functionally. This musele;,
likewise,is wanting in clistogastrous Hymenoptera but is well
representented in orthopteréid insects.

First elevator of the hindwing (Noe84)s === This is a long,
vertically running muscle which conneéts the peglike structure

in the lower half of the anterior margin of the episternum with
the lateral half of the alinotum, mesal to the anterior notal
processe This muscle indirectly acts on the first axillsry
sclerite whose change in position brings about elevation of the

winge This appears to be a new muscle in Hymenoptera.
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Second elevator of the hindwing (N0e85)s ~==— This musele

consists of parallel fibres whi;h originate on the dorsal face
of the distal half of furcal arm and are inserted laterally on
the postnotum, slightly mesal to the 'metaepimeropostnotal
bridge's It assists the 'first elevator of the hindwing'.
This muscle also appears to be a new muscle in Hymenoptera.

It is shown to occur in Agulls adpjxa (Matsuda 1956),

rst r of the hind (NO+86 )s =— This i3 a spindle-
shaped muscle epnnecting the postorior tip of the subalare

sclerite wij)h the anterior half of the coxal rim, close to its
pleural articular concavitys. The main funetion of this muscle
is to flex the hindwing. Snodgrass, in the honey bes regards
it as 'flexor of the hindwing' as well as 'remotor of the
nindeoxa's But in S.dsesas Alsa (1951) describes it as the
'flexor of the hindwing's -

d : the dwing (N0.87)e === The fibres of this
muscle arise on the ventral portion 8: the epimeron,slightly

above the pleural ridge. Running verticaily, these converge
to end on the ventral surface of the subalare sclerite, anterior
to the 'first flexor of the hindwing'e This muscle is represen~
ted in the honey bee as 'pleurosubalare musele of the metath-
orax'; in the wasp as 'pleural musele of the subalare' and in

S.deasag as 'second subalare muscle of the metathorax'.
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Ihird flexor of the hindwing (Noe88)s === This is a short
muscle arising in the dorsal hglf of the pleural pocket. Its

fibres converge to end on the third axillary sclerite.

Fourth flexor of the hindwing (N0e89)e == This musele is
feebler as compared to the 'third fléxor of the hindwing'. Its

fibres emerging from the ventral half of the pleural pockeét,
are inserted on the third axillary sclerite, mesal to the 'third
flexor of the hindwing'.

In S,decsa9 also, two pairs of 'flexors of the hindwing!
are shown to be inserted on the third axillary sclerites In
the honey bee, only one 'flexor muscle! is shown with three
bundles. Further, the flexor musecle does not end direectly on
the third axillary sclerite, but acts on it through a small
--odules, In the wasp, the third axillary muscle consists of
two bundles which arising on the metapleural ridge end by a
common tendon on the third axillary selerites

First extensor of the hindwing (N0e90)e === The fibres of this

muscle originate from the lower portion of the anepisternum.
These converge vertically to end on the ventral face of the
basalare spodeme. It is e;uivalent to the 'extensor of the
hindwing' in S.deesae and also to the 'basalare musele of the
metathoramﬁ in the honey bee.
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Secomd extensor of the hindwing (No.9l)e == This is an

intersegmantal musele with fibres arising on the dorsal face
of the middle of mesofurcal arm, close to the place of origin
of the 'sscondary indireet depressor of the forewing'. These
running oblir;uoly upwards converge to end on the ventral face
of the basalare apodeme lateral to the insertion of the 'first
extensor of the hindwing'e. This muscls has not so far been
reported in the dymenoptera.

Third extensor of the hindwing (N0o.92), === This is another
spindleshaped muscle of the mctithoni. Its one end is attached

on the ventral face of the basalare apodeae, mesal to the

tfirst extansor of the hindwing', while the other end 1is
attached on the anterior halt of the eoxal rim, in between the
trirst flexor of the hindwing' and the 'promotor of the meta~
coxa'. This muscle though mainly acts as 'extensor of the
hindwing' also appesrs to assist the 'promotor of the metacoxa'.
This muscle is shown in Qissgsteira carolina, by Snodgrass (1935
as 'second promotor - extensor of the hindwing'e. There is no
parallel of the 'third extensor of the hindwing' in the elis-
togastrous Hymenoptera. This confirms the primitive nature of
the family Ienthredinidae.

Metathoracje furcopleural gusele (N0.93)e —== This musele is

slenderer and longer than its counterparé in the mesothorax,

Its parallel fibres arise on the dorsal surface of the distal
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half of furcal arm and running obliéuely upwards, end on the
ventral surface of the pleural apophysis. This muscle does
not allow any displacement of the furcal arm which is likely
to occur, as a result of the action of the '‘remotors of meta~
coxa's This muscle has not so far been reported in the

Hymenoptera,

Medjian propodes) elevator of the abdopen (N0.94)s ew=e This
intersegmental muscle arises on the posteiior face of the mesal

half of propodeal prephragma. Running obliquely backwards,

its fibres are inserted on the anterior margin of the second
abdominal tergum, slightly lateral to its middle. On contrace
tion, this muscle raises the entire abdomen beyond the propo-
deum. It is functionally o;uivalent to the 'propdeal elevator
of the abdomen' in the wasp; to the ‘median elevator of abdomen'

in the honey bee and to the 'first elevator of the abdomen'
in S.deesag.

Lateral propodeal elevator of the abdogen (N0e95)s === The

fibres of this muscle start on the posteriér surface of the
outer half of propodeal prephragma. HRunning backward, these
end by spreading along the anterior margin of the second abdomi-
nal tergum very close to its anterolateral angle. On contrac-
tion this muscle should assist the 'median propudeal elevator
of the abdomen'. Any side-ways swing of the abdomen can also

be attributed to it. It corresponds to the ‘dorsal laterometor
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of sbdomen' in the honey bee and to the 'propodeal torsion
muscle of the abdomen' in the wasp,as well as,in $,.deqsas.

Metathoracic depressor of the abdomen (N0e96)s == This is
also an intersegmental muscle arising on thc-postorior surface

of the middle portion of the metafurcal arm. Its parallel fibre:
running backwards end in the middle of the lateral half of the
anterior margin of secona abdominsl sternum. It acts antagonist-
ic to the 'propodeal elevator of the abdomen'. Functionally

it may be taken similar to the 'metafurcal depressor of the
sbdomen'y, and to the 'mdeian depressor of the abdomen'y, of the
wasp and the honey bee,respectively. Further,it appears to

have assumed the responsibility of the 'depressors of the
abdomen' of S.4aREse.

(xi1i) Structuyre of the Metathoracic Legs (Figs. 42,27578,79,
- - - 80

.
The metathoracic legs structurally resemble the ﬁosoth-
aracic legs except that these are comparatively larger in size
and better built. The myology, specislly with reference to
the intrinsie muscles, is identical to what has been recorded
in the prothoracic legss The extrinsic muscles are as follows:

Prineipal promotor of the metacoxa (No+97)e === This muscle
i8 quite broad. Its fibres arise miinly on the katepisternum

excepting a few fibres which originate: on the median sternal
ridge. These running backwards and psrallel, end almost all
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along the anterior half of the coxal rim. On contraction,

this muscle exerts a forward pull on the coxa. It is similar
to the 'lateral productor of the hindcoxa' in $S,deesae; to the
tpleural productor of the hindooxa' in the wasp and to the
'‘mesal promotor of the hindecoxa' in the honey bee,

Mesal remotor of the metacoxs (N0e98)e === The fibres of this
muscle originate on the posterbventral face of the proximal half
of the furcal arm, close to its base. These running parallel
and downwards, are inserted on the mesal portion of the posterior
half of the coxa rim. This muscle on contraction pulls up the
posterior half of the coxal base, with the result that the
entire leg is swung backwards. It is represented in S.deegae

as the 'mesal reductor of the hindcoxa'y in the wasp as the
treductor of the hindcoxa and in the honey bee as the 'mesal

remotor of the hindecoxa'.

Lateral remotor of the metacoxa (N0e99)s =e=e The parallel

fibres of this muscle arise on the ventral surface of the middle
portion of the furcal arm, lateral to the origin of the 'mesal
remotor of the metacoxa's Running downwards, these end on the
lateral portion of the posterior half of the coxal rim. This
muscle works in conjunction with the 'mesal remotor of the
metacoxa's It is similar to the 'lateral reductor of the hinde
coxa' deschibed in S.deesas,



Secondary remotor of the metacoxa (Noel0O)e === This tiny

muscle is intersegmental. Its parallel fibres connect the
lateral angulsr portion of the anterior margin of second
abdominal sternum with the posterior half of the hind coxa, very
close to its pleural articular concavity. Since the abdominal
sternum is slightly at higher level than the coxal base, hence
its contraction may assist the 'remotors of the metacoxa'.

This muscle has not been shown to occur in the Hymenoptera.

Thoracic depressor of the metatrochanter (N0elOl)e e

This is a long stout muscle composed of two bundies of fibres.
The first bundle originates on the lateral half of the alinotum,
lateral to the 'first levator of the hindwing', while the second
bundle starts from the ventral surface of the middle portion

of the furcal arm. These take up & convergent course and on
entering the coxa unite into a single bundle which ends ou the
tip of the trochanteral apodeme. This, laterally,also gives
insertion to two bundles of 'coxal depressor' (No.1l02). The
apodeme, being in conjunctival connection with the coﬂical
central portion of the ventral half of the proximal rim of
trochanter, transmits the action of the muscles to the trochan-
ter. In the honey bee,the 'thoracic depressor of the hind=
trochanter! consists of only one buhdle of fibres of endorster-
nal origin and thus is comparable to the second bundle of this

muscle. The latter is also comparable to one.of the two
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bundles of the 'thoracic depressor of the hindtrochanter ‘'in
Sadegesaa, which originate on the endosternum.

(xiii) Thoracic Wings and thejir Selerites (Figs. 82 83,8%,85,

The wings of A.proxima are smoky and translucent. These
are held over the abdomen in repose, In the forewing, the large
sized pterostigma (5t ) is ;uito prominent, and the anal margin
is demarcated from th: apical margin by a distinct anal notch
(An). Almost the entire anal margin of the forewing is thrown
into a distinet fold called 'frenal fold' (ff). The hindwing
is smaller but more broad than the forewiné. Each hindwing
possesses a distinct costal margin which is almost straight and
4is devoid of pterostigma. It bears fourteen 'frenal hooks' (fh)
in a row whieh anchor on the 'frenal fold' of the forewing. ‘
Thus the 'wing coupling apparatus' ensures simultaneous movement
of both the wings during flight. The agpical and anal margins
of the hindwing cannot easily he demarcated except by the anal
notch (An) which separates them.

Regions of the forewing (Fig. 84 )s ~w== The forewing is

differentiated into the usual wing regiong demarcated by bpe
folds. The remigium (Rm) is largest of all the regions and is
limited between the anterior wing margin and the vannal fold
(vf)e It contains sll the veins, from costa to the cubitus,
including their cross%ains. The vannal fold separates it from
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the 'vannus' (Vn). The latter is limited between the vannal
fold and the posferior wing margin-cume-jugal fold and contains
the anal veins. The posterior wing region is the jugum (Ju)
which lies between the jugal fold (jf) and proximal portion of
the posterior wing margin.

Venation of the forewing (Fige 82 « 85)e w=w= Lhe venation of

the forewing is feirly o:’generalized type. The thick costal
vein (C) does not extend bcyond ths pterostigma. The radius
(R), media (i) and cuditusl (Cul) srise from & coamon stem
(R+4+Cul) at the wing base. Fro. this comzoa stau, the media~
cum-bubitusy (i+Cul) later on separate as a single vein, leave
ing behind tihe rauius wiidch runs close and parallel to the costal
veine. It ddvides into two vranches slightly before reaching
the pterostizmas Ihe anterior branch becomes radiusl (K1) while
the posterior one is the radial sector (Rs). The foruer (K1)
runs through the ptercstigma ana oa emefging from it take up”

a submarginal course to end by Jolaing the raaial sector. Ihe
latter takes up & wovy coursc z2ad is connected with the radiusl
by two cross veins (ir & 2r) in the region of the pterostignma.
The medla ana toe cubitusl éfter aaopting a coamon track for

& consjderable aistaace, fall out. The aedia running forward
meets the radial sectore Ihesc two veins turn back in a con-
fluent state (fs+id) up to a siort distance. IThen the amedia,
once again regains ibs lndepeadent status and adopts a wavy

course until it ends very closc to the apical wargine It is



connected with the radial sector by cross veins (lr-m) and
(3r-m). The cubitusy, .oa leaving the media—cum-cubiéusl

(M+Cul )yruns along a posteriorly airected course to reach close
to the anal notch where it divides into the fzirly long Cula
and the short Culb. <he lztter euds by joining the distal end
of the first anal vein (lA). The other (Cula), on its way
takes a sligut bend to ena close to the apical margine Lhere
are two meaiocubital cross veins. Oae (lm=-cu) conuects the
meaie with the cubitus 1 while the other (Zm-cu) joins the media
with the Culz.

The first anal vein (1lA) runs close asnd parallel to the
vannal {ola asnu terminates by meeting the culbe It is connected
with the cubitusl, through the cubito-anal (cu-a) cross vein.
The second snsl vein (24) forms a loop with its two ends join-
ing the first anal vein. I[ne third anal vein (3A) is very short
and runs close and perallel to the basal half of the jugal fold.
A cross vein (cv) connects it distally with the second anal
vein.

Nomenclsture of the cells of the forewing (Fig. 82).
1Costal! cell (C)e === It is a long narrow strip’of space
bounded by the 'costa' ana the 'radius’,

'Radial?! (ell (R)e w== It is more or less a ractangular space

in the proximal half of tuae aisc which 1s gnteriorly limited

by the 'radiush ena posteriorly by the 'media-cum-cupditusl',
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The 'media' and the 'radial sector' form its distal limits.

'Radiall' Cell (Rl). =——— It is limited between the ‘radiall’,
and the radial sector's This cell is subdivided into 'first
radiall’ (1R1), second radialy (2R;) ana third radialy (3R1)

-

due to the présence of two radial cross veins (Ir and 2r).

'Radial Sasctor'! Cell (Rs)s ew= This cell lies in the distal
half of the dise, It is anteriorly bounded by the 'radial

sector' and posteriorly by the 'media's It is open distally.
Furthei, the radiomedial cross veins (lr-m and 3r-m) subdivide.
it into 'first (1Rs), second (2ns) and third (3Rs) radisl

sector?! cells.

'Medial' cell (M)e == This cell is present in the distal
two thirds of the disc inbetween the 'media' and the ''cubi-

tusyle It remains open distelly. Two mediocubital cross veins
('lm-cu' and 'Zm-cu') subdiviue it into 'first (1M),second (2M)
and third (34) medial' cells. ' -

'Medig~cum~cubital' cell (i#Cuy)e =w This 1s a basal cell
demarcated anteriorly by the 'média.cum-cubitusl', posteriorly
by the 'first anal vein'y and distally by the cubitusy, and

cubito-anal cross vein.

'Cybital! Cells == It is & compound cell consisting of two
component cells === the 'cubital-a'cell and the *cubital-b,
cell. The proximal of the two (Culb) is enclosed inbetween the
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cubitusy, the 'first anal' vein, the 'cubitoanal' cross vein
and the 'Culb'. The distal cell (Cula) is limited by ‘Cula’,
'Culb' and proximal portion of the spical margin.

[4 ’
Proximal snal cell (PA). This narrow and elongated cell is
bounded by the proximal portions of the 'first anal' and the

'second anal' veins, and by the 'third analecum-anal cross vein'.

¢ 9
DRistal snal cell (DA). This cell lies inbetween the 'first
" anal vein' and the 'second anal vein'.

Regions of the hindwing (Fige 85)s ~—= Basically the hindwing

regions are the same as foported in the forewing. Leaving aside
the differenéé in the areas of the respective regions; the
important differance lies in the fact that the vannsl region

of the hindwing is posteriorly limited by the jugal fold alone.

Venation of the hindwing (Figs. 85 & 86). == The costa (C)
ends far short of the disﬁal extremity 6f the costal margin.'
The radius (R), the media (M) and the cubitusy (Cul) emerge from

a common stem (R+MiCuy)e Th; radius on leaving the’conmon stem
runs submarginal to the costa and later on bifercates into
anterior radius, (Rl) and posterior radial sector (Rs). The
radiusy turns slightiy forward to become marginal boyénd the
terminus of the costal vein. The radial sector . dives a little
and then bends to take up apically directed course to join the
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radius,. The media-cum-cubitus1 (M+Cu1),before entering the
distal half of the disc, divides into anteriorly directed media
and somewhat straight cubitusy which ends close to the apical
margin. The media bends aiter a siort aistance and extends
laterally to end close to the apical margin. It is Jjoined with
the radial sector by the first and taird radiomedisl (lr-m C
3r-m) cross veins. Besides, it 1s also connected with the
cubitusyy a little proximal to the thiru rauiomedial cross vein
through the meaiocubital (m-cu) cross vein.

Ihe first anal (1A) and second anal (2A) veins are united
proximally and also uistaily, through the intervention of the
anal crossvein (cv) to enclose an ablong cell. Later on the
first anal continues ending close to the anal notech. It is
connected with the cubitusy through cubitoanal crossvein (Cu-a).
The third and fourth anal veins (3A and 4A) emerge from a comuon
stem. After a short distance the fourth anal vein separates
out posteriorly and ends imsediately afterwards, while the third
anal further continues submarginal to the basal portion of the
anal margin.

Nomenclature of the cells of the hindwing (Fige 88)s e

'Cagtal' cell (C). Ihis cell is extremely narrow ana elongated,
lying inbetween the 'costa'and the ‘radijust,

MRaddial! ¢all () It lies in the proximal half of the uisc
and is limited by the 'radius'! and the 'media~-cume-cubitusl’.
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Distally it 1s bounded collectively by ‘radial ssctor', 'radio-

nedial'! cross vein and the 'uedia'e

JRagisly 'y Cell (81). This is an oblong cell in the distal
half of the disc enclosed inbetween the 'radiall' and the radial

sector.

tiadial sector' cell (ds). It lies posterior to the *radial!
celle It is anteriorly markea by the 'radial sector!, posteri-

orly by the 'meuia' and proximelly by the first 'radiomedial!
crossvein. Uistally, it is not limited. It is further sub-
divided into first (lis) second (2ds) 'radial sector' cells due

to the presence of tihe thira ‘raaiomeaial' crossvein.

IMedial' Coll (M)e This cell occurs between the 'media‘
and the cubitusy, in the distal Lalf of the uise. The 'medio-
cubitual! crossvein splits it into first (I4) and second (24)
medial cells. ’

Jedig-cum-cubital' 9all (M+Cvy ). It is a long cell which is

anteriorly bounded by the 'media~cum-cubitus', posteriorly by
the 'first anali' and distslly by the 'cubito-snal' crossvein.

1Cubitzl! Cell (Cuy)e Ihis cell i1s bounded by the distal

portions of the 'cubitus;' ana the 'first ansl's Proximslly it
is limited by the *cubito-anzl' crossvein while distally it

remains opene
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'Proximal anal' Cell (PA) . Ihis cell is enelosed between the

tfirst anal! and second'anal-cumpanal cross veine.

Listal anal C¢aell (DA),. This cell occupies a portion of the
vannal area ana almost entire Jugal arsa. It is anteriorly
bounded by the 'second anzl' and distal half of the *first ansl!
while posteriorly it is incompletely limited by the 'third

anallte

Articulation of the wings (Figse 83,84486 & 87)s === The wings
are in continuation with the lateral margins of the alinotum

through axillary meubrane. [ae axiliary wmembrane, which is
studded with a fewsclerotic siatesy is anteriorly restricted
by the tegula (absent in tihe nindwing) and posteriorly by the
axillary cord (AxC). The latter is in continuity with the anal
margin of the winge.

Sclerjtes of the win; Dagge ww— There are four axillary

sclerites in the forewing-base, while only three in the hind
winb-base, Jesides tnese, tue basalare, subalare and humeral
plates are also present in both the wing bases. IThe median plate

is present iu tue forewing-base onlye.

First axillary sclerite of tine forewing (lAx). == The first

axillary sclerite is the anterior hinge plate of the forewing.
It bears three processes-asnterior process, posterior process and

lateral process. The anterior process is roundaed and project.’
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forward to srticulate wita the suppressed subcosta. IThe post-
erior process articulates with the anterior notal process of
the alinotum. The lateral process is blunt and extends outward
to develop association with the midule portion of the second
axillary sclerite.

fecond axillary scterite of the forewing (2AX)s === The scle-
rite lies between the median plate and the third axillary scle-

rite. It consists of two aistinct plates, One of them ends,
anteriorly as well as posteriorly, into prominent lobes which

are connecteu through a narrow bar. Ihe posterior lobe fits

into the lap of the third axiliary sclerite while the anterior
lobe lies in close association with the median plate. The other
plate tapers at both the ends., The bouy of the sclerite ventrally
articulates witn the pleursl wing process. The second axillary
sclerite at its posteroventral angle is connected to the subalare

scleritepa) through a cord.

Lhird axillary sclerite of the forewing (3AX)s === The third

axiliary sclerite is boat-shaped and lies in the lap of the
sxillary corde. Mééally it is proauced into a thick process with
a facet which proviaes articulation to the fourth axillary
sclerite. Laterally it com.unicates with the common base of the
anal veins. In the miadle of the anterior face, its body is
deeply concave anua provides insertion to the 'first and second

flexor! muscles of the forewing.
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Fourth axjliary sclerite of the forewing (4AX)s e It is in

the form of a short scleroticpiece, lying'bet&een the third
axillary sclerite and the slinotal margin. As the third axillary
sclerite ana the fourth axillary sclerite ggist together in

line with the posterilor margin of the alinotum, these two

collectively foru the 'posterior hinge plate! of the forewing.

sasalare sclerite of the forewing (58)e == <This is an 'L*

shaped sclerite resting os the ‘pleural wing process's Its

stem is ventrally attacheda to a 'saucer'-shaped apodeme through
a short and thick tendon like suspensorium. The apodeme (Balp)
provides insertioa to the 'extensor muscles of the forewing'. -
ihs presen® writer sees justification in Alam's (1961) contention
that the apodeue anu the suspeasoriuum siould be taken as parts
of the basalare sclerite. +ihe curvea arm of the sclerite lies
very close to the humeral complex. This justifies the function
of extmnsion of the wings brought sbout through the operation

of the basalare sclerite.

cubalare sclerite of the forewing (Sa)s ew= This is a tiny

oval sclerite, resting oa the dorsal wargin of the epimeron close
to the 'epimeropostnotal cridge'. Ihis sclerite is associated
aors=1lly with the secona axiliary sclerite tarough a cord and
ventrally receives the tenaon ot the *'third flexor of the fore-

wing's It can be, taus, suggested that the sclerite assists
in bringing about flexion of tue winge



Median plate of the forewing (m)e == This is a broad leaf
like plate lying inbetween the suppressed 'subcosta' (Sc) and

the secona axillary sclerite. DUistally it abuts agsinst the

comaon stem of ‘radius', media, ana ‘'cubitus’'.

Humeral complex of the forewing (HP)s e= The humeral complex
consists of a set of four oval plates. Three of them occur in
line with, anda proximal to, the costel vein, while the fourth
lies close to the suppressed subcosta (Sc)s The humeral complex
proxiaally develops association with the upper tip of the basa-

lare sclerite.

/
First axillary sclerite of the hinawing (1AX)s e=== The aumbe

bell shapea first axillary sclerite is placea obli;ualy in the
wing-base. The proxiumal ena bears a facet through which it
articulates with the anterior notal process, while the aistal
end is associated with the second axillary sclerite.

/
Second axillary sclerite of the hindwing (2Ax). - The second

axillary sclerite l1s irregular ia out line ana bears a prominent
ridges The ventral surface possesses a notch which provides
articulation to the pleursl wing process. Ventrally, the
sclerite 1s also connected tnrough s cord with the subaleare
sclerite. Prosteriorly it ends close to the anterior surface

of the third axillary sclerite. Since the meaian plate is want-
ing, thés sclerite anteriorly is dirsctly articulated with the
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comion stem of ‘radius'y ‘'media' and cubitus,.

’
third axillary sclerite of tne hindwing (3AX), == liis scler-

ite 1lies obliquely in the wingbase close to the ‘axillary cord'.
proximally it tapers to articulate with the 'posterior notal
precess! of the alinotum. Distally it is rounded and lies close
to tuc base of the ‘masl veins's Its anterior surface is irree
gulsrly conczve winlle the posterior surface is almost straight.,
Like the tiaird axillary sclerite ol the forewing, tue aeep
coicavity in tne anterior surface provides insertion to the

tthird axiliary flexor muscles'e.

Y,
sasalare sclerite of ths ninuwinz (3a)e = The Dasalare

sclsrite is more or leoss sickle-siaped anu it rests on the
anterior .iargin of tue pleural wi.g processes Lhe handle of
the basalare serves as an apoaeme for the iasertion of the

Yextensor muscles of the hindwing's The apex of this sclerite
lies close to the humeral plate.

/
subalare sclerite of ths higawing (Sajs ~= The subalare
sclerite is a small oval plzte lying oa the dorsal margin of

tne eplueron, close to ths ‘eplaeropostnotal bridge's Ventrally
ana posteriocrly tas sclerite receives tne teuons of the 'flexor

muscles! while dorsally it is connected with the second exillary
sclerite, tlrough a cord,
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/
Humeral plate of the hindwing (HP)s w== It is a small oval

plate lying in the exillary membrane, in close association with
the proximal extrimity of the 'costa'e.

e THE ABDOMEHN

The abdomen 1s bright yellow in colour, broadest in
the middale and tapering posteriorly. It is dorso-ventrally
compressed with slightly arched dorsum and flat venter. TIThe
abuomen of tue female is larger in size anu it is easy to dis-
tinguisi it fro. that of tihe wale because of black tipped
ovipositor which ordinarily extenus sliightly beyond the apex.df:
‘the abdomen. The abdomen is in continuation with the ‘thorax
without‘the intervention of a distinct petiole. The first
abdomingl sbgmeat has become the propodeum. Inecluding this, the
abdomen consists of complete nine segments in the males and seven
segments in the femalese Ihe anus is borne on feebly scleroti-
zed cone-like 'proctigert (Ptgr). This is considered as income
pletel, developed *tenth segment! of the abuomen. The segments
2«9 in the males consist® of well sclerotized ana independent
terga (T) ana sterna (5) while in the females, only six (2=7)
such segments are present. The last sternum (ninth in the méleé
end seventh in the females) forms the subgenital plate (Sgpl.
The terga being larger ian%ze, laterally overlap the sides of
the sterna. Apart frou t@at, the lateral margins of terga are



- 108 =

also In membranous connection with the lateral margins of the
sterna. There being no sclerotic plates in the connecting
membrane. Thus it can be suggested that the entire pleural
area is membranous, and the paired spiracles (sp) are borne by
terga (2-8) near their anterolateral angles. The abdomen is
differentiated into theee regions due to structural modificse
tions viz. (1) pregenital region (11) genital region and

(111) postgenital region.

(1) Ihe Pregenital Region (Figs. 88,89,90,91,92 & 93)s

The segments forming the pregenital region are from
2 to 7. However, in the males the eighth segment is also
included in this regione.

Pregenjtal terga ¢ == All the terga of pregenital segmeats
laterally overlap the respective sterna excepting the second |
segment where the overlapping is wanting.,-fhe terga are almost
of the same shapes Each tergum posteriorly overlaps a little
éflthe succeeding tergum. The intertergal membrane is slightly
exposed in the midedorssl portion on account of incomplete
overlapping of the tergas The terga are in the form of narrow
plates without sutures or ridges, with concave anterior (Iam)
and almost straight posterior (Tpm) margins. The anterior mérgin
excepting that of the second térguﬁ, possesses a pair of broade
based conical projections (TAp) in their lateral halves which

are analogous to the 'tergal abodemes' of S.d4eesse.



The second tergum (IIT') differs from rest of the pregenit.
al terga in some other features too. It béﬁs 'antecostal
suture' (acs) running submarginal to the anterior margin. This
suture 15 internally represented by a ridge and anteriorly
demarcates the 'acrotergite (atg) from the remaining portion
of the tergum which may be taken as 'scutum' (Sct). The anter-
olateral angles of the second tergum are ex’tcendedAforward to
be overlaspped by the posterrlateral angles of the propodeal
tergum (IT).

Pregenital sterns. === The sterna are narrow plates, compars-
tively smaller than the terga. These are separated from one
another through moderatel, extemnsive intersternal membrane. The
latter remains completely concealed due to the external backe
ward extension of the sterna over the succeeding ones. The fifth
sternum (VS) is the largest among the pregenital sterna and the
sterna infront and behind it gradually decrease in size. The
smallest among the pregenital sterna is the sixth sternum (VIS)
in the females and the eighth sternum (VIIIS) in the males. The
anterior margins (Sam) of the sterna are concave while the
posterior marg:lns' (szﬁ) are convex. The anterolateral angles
of the sterna are xiodif‘ied into subecontcal projections called
tsternal apodemes' (SAp ).

The second sternum (IIS) is usually of the same type
excepting that the anterior mal;gm is prominently concave and

the 'sternal apodemes' are more slender and longe
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The seventh sternum of the females forming the subgen-
ital plate (Sgp) is subtriangular in shape. The base of the
subtriangle (anferior mafgin) is concave and the vertex is
rounded. The sides are formed by the continuation of the
lateral (Slm) and posterior margins. The vertex runs under
the basai poftion of the ovipositor. Laterally, the seventh
sternum 1s overlappéd by the seventh tergum (VIIT) but a portien
of former conceals the lateral limits of the oighih tergum
(viirm).

The eighth sternum,in the males,possesses the usual form
and shape of the pregenital sterna. However, its posterior
margin, instead of being convex is deeply notched in the middle
s0 as to accommodate the 'basal apodeme' (BAp) of the ninth
sternum (Sgp)e This notch incompletely subdivides the eighth
sternum into two lateral lobes which communicate through a

nerrow medlan sclerotic bridge.

(11) The CGenital Region (Figs. 88,89,90491,96 & 97).

The genital region of the male§ is represented by the
ninth segment only,while in the femaled, both the eighth and
ninth segments fall in 1it.

Genital terga. —— The eighth tergum (VIIIT) in the femalo(
is built up on the usual pattern excepting the fact that later-

ally it is more expanded and is overlapped by the seventh sternum
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Further, its posterolatral angles 1lie very close to the first
valvifers. (1V1f).

~

The ninth tergum (IXT) of the femalaf is smaller than
the eighth and does not possess spiracles.s The anterior tergal
apodemes are feebly developed. The anterioi mérgin is followed
by a faint groove (g) with an internal ridge. 'The present writer
is not prepared to‘céll.it 'anteédstal suture! because neither
any dorsolongitudnal muscle originates from 1& nor ends op it.
The posterior margin is deeply concave with a distinet median
notch (Mn). The latter incompletely divides the plate into two
latersal hélrcs connected through a median bridge. Posteriorly
it does not cover the proctiger. In higher Hymenoptera like
fha honey bee (Apidas), the wasp (Vespidae) and f.deesas (Bracone
idas), the ninth tergﬁm is broken into twoﬂ;uadrato plateé
rlaniing the second pair of valvifers. The presence of the ninth
taergum as distinct one continuous plate in A.proximg alludes to
the more generalized condition of Tenthredinidae among Hymeno-
ptera. Also, the median notch on the posterior margin, which
incompletely divides the tergum in this case, suggests the
manner in which further splitting up of the tergal plate might
have occured in other Hymenoptera. The lateral margins (Tlm)
_are blique and the snterolatersl angles are modified into a
pair of facets (TArc) which provide articulation to first valvi-
fers. The ninth teréum,in the maleé,mostly resembles the typical
pregenital tergum. Bub the posterior margin, like the ninth
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tergum in the female%, is deeply concave with a prominent medisn
nhotch, in the middle, It also does not overlasp the proctiger.

Genitel sternas =—e—e The eighth and ninth sterna in the femalo}
form the genital sterna., These,having lost the typical stréuce-
tural form,are modified into the first (1V1f) and second (2V1f)
pairs of valvifers. As such, these form the basal mechanism
of the external genitalia. The ninth sternum in the malqg,
which is also the subgenital plate (Sgp), is suboval in ;hapa
with anterior margin thickened and convex. This margin in the
middle is drawn out into a knob-like ‘basal apodeme' (BAp,) which
fits into the notch of the posterior margin of the eighth

sternums,

(4i1) The Postgenital Region (Figs. 88,89,90,96,07 & 98).

”~

The postgenitel region is lobular. It is mostly membr-
anous excepting a very narrow sclerotic band in its dorsum snd
a semlsclerotized subtriangular plate in its venter which may be
regarded as incoumplete tergum and sternum,respectively,of the
tenth segment. The whole structure can be taken as the proctiger
(Ptgr)e The dorsal band is labelled as rudimentry tenth tergum
(XT' ), Its anterior margin is convex while the posterior margin
18 concave. Near the posterolateral sngles,the posterior msrgin

bears a pair of short, hairy, immovable 'socii' (Soc).
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The venter of the tenth segment is extensively membranous
excepting the incomplete tenth sternum (XS) represented by the
above mentioned subtriangular plate. The éempletely ,.membr an=
ous posterior portion of the postgenital region is coniecal with
the spex clearly invaginated. This invagination receives the
slit like opening of the rectum, the anus (An), and is complew
tely devoid of any trace of sclerotization or muscles, It is
comparable with the anal vestibule of S,deegae. In view of the
fact that anal vestibule is complet'ely membranous and lacks
muscles, it is not desirable to consider 1t- as rudimentry' ele=-
venth segment'., Instead, it should be regarded as a partbf
the tenth segment as maintained by Alam (19562) in S.deesae.
However, Snodgrass (1941) has not altcge’éhor éropped the idea
of considering the mombr;nous lobular anal portion, lying post-
erior to the tenth tergum in Gilpinia polytoma (a saw-fly),as
eleventh segment (labelled XI? in fig. 3C and F). His view is
disproved by the present writer by studying the larval anatomy
of A.proxima. The fact that the abdgnen consists of ten segments
only, is recently confirmed by Farooqi (1963) in his study of
the embryology of A.proxima. '

(4v) Musculature of the Abdomen (Figs. 88,94,95 & 112),

The muscles of the abdomen, other than the spiracular
muscles and the muscles constituting the dorsal and ventral dia=
phragms, fall in three categories on account of their origin snd
insertion : intertergal (dorsal) muscles, intersternal (ventral)
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muscles and tergostornal (lateral) muscles. Functionally the
intertergal and intersternal muscles are the 'extensors' and
tretractors! of the abdomén while the tergosternalvmusclos act
as its 'dilatorsf and 'compressors'. All the pregenital soz#
ments show unifofmity in the;r musculature excepting the second
segment (already described)s The musculature of the genital
and postgenital segments while aeviating from the musculatur§
of a typicsl pregenital segment, also differs with the sex.

Dorsal internal median muscle (No«103)e == The parallel fibres
of this musecle arising from the middle portion of the anterior
margin of a tergum, run backwards to end on the anterior margin
of the following tergum. In the second tergum where the ante-
costel ridge is present, the fibres originate on it. This
muscle occurs in the genital as well as postgenitai segments.

It 1s comparatively feebler in the tenth segment, where, in the ,
males, it occupies the typicai position while in the females,

its fibres after originating from the middle portion of the
ninth tergum and running obliquely, and in the middle of the
lateral half of the tenth tergum. This muscle 1s represented

in S.deesae, the wasp and the honey bee,

Dprsel internal lateral muscles (Nose 104 & 105)s == There

are two pairs (inner and outer) of dorsal internal lateral mus-
cles lying close to each other. These originate from the later-

al portions of the anterior margin of a tergum and running cone
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vergently end on either side of the tergal apodeme of the follow-
ing tergums In the second tergum their origin is shifted to

the antecostal ridges These muscles are absent in the post-
genitsal segment of males and In the ninth and tenth segments of
females. Only one pair of such muscles is shown in S.deesas,

the wasp and the honey bee. This may, however, be noted that

- neither of tiese two pairs can in any case be regarded as 'dorsal
external ameulan' muscle which is siown by Saodgrass (1935) in

Dissosteira carolinae.

Dorsal external lateral wuscle (i0.105)e =w== This 1s a small

auscle with tie £ibres arising from the posterior margin of a
tergum. &KAunning obliquely backwards, the fibres converge on
the tergal apodeme of the succeedinz tergum. The postgenital
seguent in ths males and thc ninth and tenth segments in the
fewmales lack this muscle. It is represented in S.deesase, the

wasp and the honsy bees

The 'dorssl internal' intertergal muscles, the 'median'
muscles as well as the 'lateral' muscles act as 'contractorst
of the abuomén'terga by bringing the adjacent terga close to one
another. The 'dorsal external lateral'! muscles working antago-
nistically pull the successive terga apart and are thus called

the 'extensors' of the abdomen:terga.
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Ventral internal median muscle (No.107)s === This muscle cone
sisting of parallel fibres starts rrom’the middle portion of

the anterior margin of a steznum to end posteriorly on the
anterior margin of the subsequent sternum. It is absent in
genital and postgenital segments of both males and females. A
similar muscle is reported to occur in S.deesas, the wasp and
the, honey bee.

Ventral internal lateral muscles (Nose 108 & 100)e ew=— The
‘ventral internsl lateral' muscles consist of two pairs (inner
and outer). Both the pairs arise, from the lateral portion of
the anterior margin of a sternum and running convergently end
on the sternal apodeme of the following sternum. The inner
pair is inserted on the mesal face of tue apodeme while the
outer pair ends at the tip of the apodeme. These muscles are
unrepresented in the genital and postgenital segments excepting
the ninth seguent of males wnieh possesses only outer pair (109)
ending in the middle of the anterior margin of the ninth sternum
(subgenital plate). In S.decsae, the honey bee and the wasp,
there occurs only one pair of such muscles.ip\ edch,

Ventral external lateral musele, (N0ell0)s === This is & short

muscle with fibres starting from the lateral portion of the
posterior margin of sternum. The fibres running obliquely con-
verge to end on the sternal apodeme of the following sternum.

This muscle does not occur in any of the genital or postgenital
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segments. Ils equivalent muscles is present in S.deesgas, the

wasp ana the honay bee.

Funetionally, the 'ventral internal median' and the ven-
tral internal laterel' muscles act as 'contractors! of the
gbdomen sterna while the 'ventral exterrnal lateral'! muscles
work as their 'extensors'. ihese bring about the movements
of 'contraction' anu 'extensicn' of the abdomen as a2 whole by

working in co-ordination with tasir tergal counterparts.

Tergosternal coapressor auscle (Noelll)s === This muscle con-
sists of parallel fibres waica stait .n the lsteral half of a
tergum, close to the spiracle. Ihe fibres aescend vertically

to end by a oroad ovase 0a tie uildule ol the lateral margin of

the coriesponui.g sternume <a coalrsction, this muscle brings
tne sternux closer %o the Tergumes IThus the co-ordinate action
of all the 'tergosternsl compressors! will bring about contrac-

tion of the entire abdomen,

Tergosternsl ailator .auscle (.i0e1l2)e e Ihe parallel fibres
of this muscle take up an obli;ue course to connect the post=
erolateral area of a tergum with the posterior portion of the
lateral margin of correspondiang sternum. As the areas of origin
of these muscles are confined to the tergal portions which 1§ter-
ally overlap the sterna and the course of the muscle is oblique-

1y lateromesal, it is persumea that these mmscles on contraction
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bring the lateral portions of terga anu sterna together. Biit
this is not sufficient especially when strong 'tergosternsl
compressor' muscles are present. It 1s therefore suggested that
the position of the 'tergosternal dilator' muscles become dor-
soventral as a result of the contraction of the 'tergosternal
compressors's To regain their normel position, the 'tergos-
ternal dilators! undergo contraction ana in its wske bring in
the dilation of the entire abaomen. For these reasons the
present writer has named these muscles as 'tergosternal dilator

muscles of the abdomen'.

The second abdominal segment possesses an adaitional
tergosternal muscle (¥0.113). This is comparatively long
muscle consisting of parallel fibres which start close to the
posterior margin of the second tergum and take up a course
mesal to the 'tergosternal compressor'. Descenaing obli;uely
the fibres end at the tip of the sternal apodeme of the second
sternum. The course followed by this muscle mekes the present
writer suggest thaty, in sll probability, its function is antag-
onistic to that of the 'metathoracic depressor'! of the abdomen.
It helps the abaomen in restoring its normal position after
the action of its 'metathoracic depressor'. The tergosternal
muscles are absent in the genital segments of females, but the
males possess them. These are comparatively strong and cross

each other along their course to act more effectively.
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Tergosternel abductur muscle of the male subganital<glate(uo.1l4)
Tais muscle consists of parallel fibres which ewerge from the
lateral half of the minth tergum close to its posterior wargin.
Running obliéuely, it descends to end on the lateral margin of
the ninth sternua (subgenital plate), close to its snterolateral
angles. On ccatraction, this muscle pulls up the proximal por-
tion of the subgenital plate, &s a result of which the latter

is lowered aistally.

Tergosternal adductor muscle of the male subgenital plate(ilo.116)

Ihe fibres of this muscle originate from the anterior margin of '
ninth tergum, slightly lateral to the tergal apodeme. These
obli;uely aescend to take up & course mesal to the 'tergosternal
abductor' and cross the latter to culuinate on the lateral margin
of the ninth sternum close to its posterolateral angle. On
contraction, this muscle raises the distally lowered subgenital
plate.

Soth these tebtgosternal muscles are couparable with the
muscles numbered 288 anu 269 of the migratory locust (Albrecht,

1063 ).

Abauctor of the subznal lobe (NOell6 )e === A tergosternal

muscle also occurs in the tenth seguent of both the sexes and
may be taken as 'abductor of the subenal lobe's. It consists
of a few parallel fibres which start from the midule of the
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lateral half of ninth tergum. These descend obli&uely to end
on the reduced tenth sternal plate. On contraction this muscle
will pull up the sternal plate which will automatically depress
the distal membranous ventral portion of the subanal lobe.
Conse;uently, the anal aperture will be exposed.

(v) The External Male Genitalia (Figs. 99,100,101,102 & 105),
The heavily sclerotized axiennal male genitalia are ’

~

concealed except for the protrudingkpex. These are lodged in the
ninth segment with the ninth sternum as subéenital plate. The
surfaces of the genitalia are in extensive membranous connection
with the margins of the subgenital plate. The unpaired basal
ring (BR), paired parameral platus (lp) with their parameres
(Pmr); péired volsellae (Vol) and uﬁpairod medially placed aede=
agus-(Aed) combiningly constitute male genitalia. The special
featuies 6ccur1ng in the male genitalia of the Tenthredinoidea
as reported by earlier writers (Boulange, 1924 ;uoted by
Snodgrass, 1941) are fully represented in A.proxima viz., (1)
the articulatioﬁ off parameres 1is occompanied by the preaaﬁcé
of specific parameral muscles, (ii) the absence of the 'cupping
discs' in the parameres and (iii) the strophandrious (inverted)
condiﬁion of the phallus. Oﬁ acéount of the last feature i
(inverted phallus), the lower side of the genitalia is the
primary dorsal surface while the upper side is the primary ven-
tral surface. bBecause of this the 'foramen of the basil ring'

becomes anteroventral, and the 'volsellae' and the 'groove of
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the aedeaugs' (Phtr) lie dorsally while the 'parapenial lobes
of the parameral plétes' take up a ventral position.

Bagsal ring (BR)e ——= The basal ring forms the proximal most
part of the'geﬁitalia. It is an annulsr sclerite containing
the basal portions of the phallic¢ structures and puts the
phallic cavity in communication with the anteriorly lying exte
ensive abdominal space through a ecircular aperture which may

be called 'foramen of the basal ring' (BRf). In relation to
the body axis, the basal ring can be'split‘up into two dis-
tinet halves ¢ the proximal half is anterodorsal in position
while the distal half is posteroventral. The smterodorssl half
is comparatively less broad with concave posterior margin and
convex anterior margin. The latter is slightly irregular in
outline and is extended in its middle into an anteriorly dire-
cted process called 'gonocodyle' (ge). The posteroventral half
is in the form of a broad sclerotic strip with concave anterior
margin and convex posterior margin. Its posterior margin lies
very close to the anteroventral portion of the proximal nargin
of the parameral plate whose anterodorsal half lies within the
tforamen of the basal ring'.

Parameral plate (lp). —== The parameral plate in association
with its parameré (?mr) forms the lateral boundry of the genita-
1s. It is a curved plate consisting of dorsal and ventral

portions with distinet proximal, distal, mesal and lateral marg-
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ins. The proximal margin is curved sand in respect to its
association with the basal ring, it can be demarcated into
anteroventral and anterodorsal portions. The distal margin is
almost flat and is in membranous connection with the paramere.
The mesal margin is short and Ilat, and connects the mesal end
of the distal margin with the ventral end of the proximal margin.
Likewise, the lateral margin which is extensive, connects the
lateral end of the distal margin with the dorsal end of the
proximal margin. The anteroventral portion of the proximal
margin is almost parallel to and in membranous connection with
the posterior margin of the posteroventral half of the basal
ring, while the anterodorssl portion is in extensive membrancus
conaection with the corresponding margin of the other parameral
plate and its dorsal end in association with the anterior end
of the lateral margin forms an angular projection lying with
in the 'foramen of the basal ring' very close to its counter
part of the other parameral plate. The lateral margin lies
parallel to and in close .membranous association with the
lateral margin of the volsella (Vol).. The mesal margin of the
parameral plate is in extensive membranous connection with the
associated structures of the genitalia (aedeagus etc.). The
mesally directed ventral triangular portion of the pafameral
plate, limited by the basal portion of the mesal margin and
the mesal half of the anteroventral portion of the proximal
margin, may be taken as the ‘parapenial lobe' (Pa) of the Tenth-
redinoidea. The mesal tip of the 'parapenial lobe' lies in
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close association with the mesal tip of its counterpart. This
association is comparable with the ‘'sclerotised bridge' of
S.deesa8s The parameral plate is traversed in the middle by
an anteroposteriorly running ridge (1pR). This ridge gives
out a branch running submarginal to—the'anterovuntral portion
of the proximal margin of the parameral plate.

The paramere (Pmr) is a hollow triangular lobe which
proximally is in membranous oonnection with the distal margin
of the parameral plate,

h )

Volsella (Vol)s e The volsellasecondarily acquires a dorsal
position as a result of the strophandrious condition of the
genitalia. It lies mesal to the parsmeral plate and is vente
rally limited by the aedeagus. The basal third of the volsella
lies within the 'foramen of the basal rinz'. The volsella
consists of an elongated plate and two distal lobes. The plate
1s the'basivolsella' (1v) and the lobes are the 'cuspis' (cus)
and 'digitus' (dig). The mesal and lateral margins of the
basivolsella aie irregular while the distal margin is concave
which provides articulation to the distal lobes. Proximally,
the basivolsella is produced into sn angular extension (VolAp)
comparable with the 'basal apodeme' of S.deasas. The lateral
margin,which is followed by an incomplete submarginal ridge
(vr), is in membranous association with the lateral margin of

ihe‘parameral plate. The mesal margin possesses a complete
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submarginal ridge (vR) and is also in conjunctival association
with the dorsal surface of the asdeagus.

The cuspis (cus) is more or less spheriecal and oecupies
ventrolateral position in respect to the digitus (dig)s Its
extremely narrow base is in continuity with the pésteﬁoluteral
sngle of the basivolsella. The digitusy on the other hand, is
somewhat rectangular and basally asrticulates with the basivo-
lsella.

Aedeagus (Aed), === The elongated unpaired aedeagus lies
between the p;rameral plates and is incompletely covered dorsee
liy by the paired volsellae. It is primarily a membranous
structure barring the two‘elongated sclerotic bars which form
its latseral limits (lateral walls) and may be taken as ‘penis
valves'! (pv). The valves sare held responsible for koeping the
membrahcﬁs ﬁortion of the sedeagus well stretched. These are
elub=shaped with their tapering proximal ends lying within the
itoramen of the basal ring'. Their broad distal ends are cupped
over by fluffy structures which are considered as secondary modi-
fications of the valves. The ventral wall of the aedesgus,
stretched between the penis valves, is completely membranous
and is devoid of any trace of sclerotization. The dorsal wall
of the aedeagus 1s also membranous and possesses a midlongitue
dnal semisclerotized narrow area which is invaginated through
its entire length resulting in a narrow groove (Phtr). The
latter is studded with microscopic hair and is ﬂomolégous to
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the 'phalotreme' of S.,dees588, The phalotreme basally receives
the ejaculatory'duct and distally ends in between the two fluffy
lobes of the penis valwes.

(vi) Musculature of the Male Genitalia (Figs. 103,104,106 & 106).

The muscles of the male genitalia are both extrinsic and
intrinsic in nature.

There are three pairs of extrinsic muscles arising from
the subgenital plate and are inserted on the basal ringe The
' strophandrious' nature of the genitalia has affected the normal

course of these muscles.

First torsion muscle of the male genitalia (N0«1l7)s w—=e The

parallel fibres of this muscle arise from the anterolateral
angle of the subgenital plate and running in mesal direction
cross over to the other side to end on the opposite face of the
tgonocondyle's The two associates of this paired muscle thus,

pass each other forming a 'cross' near their points of insertion.

Segond torsjon muscle of the male genitalja (Noell8)e w=w= This
muscle also conaistsﬁgarallel fibres originaiing on the outer
face of the 'basal apodeme' of subgenital plate. Running obli-
;uely in posterior direction, it ends almost in the middle of the
anterior margin of the anterodorsal half of basal ring. The two
components of this muscle cross one another half wsy along their

courses.
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Third torsion muscle of the male genitalia (Noell9)s eew= It is

a short muscle with fibres arising on the dérsal face of the
'basal apodeme'! of subgenital plate. Running in posterior
direction it takes up somewhat 5 = shaped course before ending
on the outer face of the 'gonocondyle', slightly posterior to
the insertion of the 'first torsion muscle'. The two components
of the paired 'third.torsion muscle! coming from either side,

cross one another near their points of origin.

These three extrinsic muscles of the genitalia are
analogous to the three extrinsic muscles of genitalia reported
in S.deesaq (Alam 1863) in as much as their origin and insere
tion are concerned. Fﬁnctionally these are not similar to those
occuring in $,dcesae because in the latter the genitalia is in
torthandrious' condition (common feature of Clistogastrous
Hymenoptera) while in A.m; the condition of the genitalia
is 'strophandrious's Consequently these extrinsie muscles,
which in S,4eegas act as 'protractors' and ‘'retractors! of the
genitalia, -~ . in A.proxima function as ‘torsion muscles' bringe
ing about 'torsion! of the genitalia by their simultaneog# cone=
traction and 'detorsion! of the genitalia by their subsequent

relaxation.

The intrinsic muscles of male genitalia include muscles
of its various components (parameral plates, parameres, volsellas

and aedeagus).
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Muscles of the parameral plate: e There are four muscles
which arise from the basal ring and operate the parameral plate.

First adductor of the parameral plate (N0.120)s w= The fibres

of this muscle arise laterally on the 5ase ofﬁthe 'gonocondyle!
of basal rings Running in posterior direction, these are
attached on the angular projection of the parameral plate.

Second adauctor of the parameral plate (N0el2l)s == This
muscle arises from the midale of the anterior ﬁargin of the

posteroventral half of the basal ring. 1Its parsllel fibres run
posteriorly to end on the submarginal ridge of the parapenial
lobe, close to its mesal tip.

Ihird asdductor of the parameral plate (N0.122) wwee The

parallel fibres of this muscle start from the anterior margin
of the posteroventral half of the basaliring slightly lateral
to the 'second sdductor'y Running obliquely lateral as com-

pared to the !'second adductor, this muscle ends on the submar-

ginal ridge of the parapenial lpbe.

Abductor of the parameral plate (N0e1l23)s === This muscle

consisting of parallel fibres arises frém the lateral portion
of the anterior margin of the posteroventral half of basal ring.
The fibres take up a lateromesal course to end on the dorsal

wall of the parameral plate close to its angular projection.
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The simultaneous action of the three 'adductor muscles!'
pulls the basal portions of the parameral plates deep into |
the foramen of the basal ring. This will mske the parameral
plates and the parameres to come very close to the sedeagus
thereby narrowing the apex of the genitalia. The contraction
of the 'abductor muscles' will pull the angular projections of
the two parameral plates in mesolateral direction, which will
conse;uently make the parameral plates and the paramers to fall

oute.

Flexor of the paramere (N0.124)s == This 1s a broad muscle
consisting of parsllel fibres. The fibres arise from the
ventral wall of the parameral plate. Running posteriorly,
these end by a broad base in the middle of the ventral wall of
the paramere. As the paramere is movably articulated with the
parameral plate, this muscle on contraction will flex the
former. The relaxation of the muscle will help the paramere
to regain its normal position. Such flexion of the parameres
further assists in the over all narrowing of the apex of the
genitalis.

Muscles of the Volsella.

Protractor of the volsella (N0.125)s == The fibres of this

muscle arise in the distal portion of the dorsal wall of the
parameral plate. These running obliquely in posteroanterior

direction converge on the basal apodeme of the basivolsella.
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On contraction this muscle protracts the volsella to expose
it beyond the distal tip of the abdomen. It is comparable with
the 'protractor of the volsella' of S.decsas (Alam 1953) and

to musele no. 18 of the generaligzed Hymanopteious phallﬁs
(Snodgrass 1841),

Rectractor of the volsella (N0el26)e¢ == This muscle arises
from the middle of the  longitudnal ridge of the parameral plate.
Its fibres running in posterior direction converge to end on

the lateral half of the distal margin of the basivolsella. This
muscle, on contraction, brings back the protracted volsella to
its normal position. It 1s comparable with muscle no.l9 of the
generalized Hymenopterous phallus (Spodgrass 1941),

Flexor of the digitus (N0el27 )¢ w==== This is an intrinsic
duscle of the volsella. Its fibres start from the basal apodeme
of the basivolsella and running in posterior direction, converge
on the basal angle of the digitus. On contraction, this muscle
brings about flexion of the digitus. It corresponds to the
tfirst flexor of the digitus' of S.deegag (Alam 1963) and to
muscle no.21 of generalized Hymenopterous phallus (Sﬁodgrass 1941

Muscles of the aedeagus.

First protractor of the aedeagus (N0el28)s === The parallel
fibres of this muscle start from the proiimal half of the ventral

wall of parameral plate, close to its mesal margin. These run
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obliéuoly inwards to end on the lateral face of the proximal
tip of the penis valve of aedeagus. On contraction,this musele
pulls the aedeagus in posfterior direction and exposes its apex.
It is comparable with the 'first protractor of the aedeagus'
of S.deasae (Alam 1963) and with the muscle no.8 of the generas
1lized Hymenopterous ph;llus (Snodgrass 1941).

Seeond protractor of the aedeagus (No.1l29)s === This muscle

arises from the parapenial lobe and the fibres rwaning in
anterior direetion end on the mesal face of the proximal tip of
the penis valve. In action,it assists the 'first protractor of
the aedeagus'. This muscle is comparable with the 'second .
protractor of the aedeagus' of S.dcease (Alam 1953) and with the
muscle no.l0 of the generaiized Hymenopt;rous phalius (Bnodgrass
1941), '

First retraetor of thé aedeagus (N0.130)s === This muscle origi
nates from the proximal half of the ventral wall of parameral

plate slightly posterior to the 'first protrgctor of the aedeagus.
Its fibres take up posteriorly directed obligque eourse to end

in the middle of the lateral face of the penis valVe. On conte
raction, this muscle brings the protracted aedeagus back to its
nornal position. It is similar to the 'first retractor of the
aedeagus* of S.deesas (Alsm 1953) and to the muscle No.9 of the
goneraliiod Hymenopterous phallu; (Bnodgrass 1941 ),
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Second retractor of the aedeagus (Noe13l)s === The fibres of
this musele also start from the ventral well of the parameral
plate slightly posterior to the 'first ‘retractor of the aedagus
It takes up a course which is almost the same as that of the
'first retractor of the aedeagus' and ends on the lateral face
of the distal half of the penis valve. On eontraction,this
muscle assists the 'first retractor of the aesdeagus'. It is

, e;uivalont to the muscle No.1l2 of the generalized Hymenopterous
phallus (Snodgrass 1841).

Adductor of ths penis valve (Noel32)s e——  This musele origi-
nates from the parapenial lobe,close to it. uesal tip. Its

fibres ascend and take up a mesolateral course to end by a
broad base on the mesal face of the distel half of the penis
valve. On contraction, the two components of this musecle pull
the penis valves and, conse;uently, the lateral walls of the
aedeagus close to one another., Thus, temporarily, the cross-
section of the aedeégus is narrowed. It corresponds to the
muscle Ho.ll of the generalized Hymenopterous phallus (Snodgrass
1941).

(vii) Working of the Genetalia.

The entire working of the male genitalia, unlike in
Clistogastra (Alam 19563), can be deseriBed in four stages,
namely, (1) détorsion, (11) entry of intromittent organs
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(141i) withdrawal of the intromittent organs snd (iv) retorsion.
The first stage comprised of the 'detorsion' of tho‘gcnitalia
from 'strophandrious' to 'orthandrious' condition. The second
stage deals with the actual entry of the intromittent organs
into the vestibulum and the vagina and securing hold therein
till the male reproductive product is dischargeds The withe
drawal of the intromittent organs forms the third stage and
amounts to loosing grip of the genitalia on the vagina and the
vestibulum and their ultimate retraetion therefroms The fourth
~ stage is the 'retorsion!, so that the abdominal apex and the

components of the genitalia resume their normal relationship.

In A.proxima the male genitalia is of ‘'strophandrious’
types It 1s not an i1deal state in which the copulation can
take place successfully. In ctherwords, a change from ‘'strop-
handrious' condition to 'orthandrious' condition of the geni-
talia must precede the actual copulation. It is ;uite reasonable
to consider !strophandrious! condition as more skin to genera-
1ized Hymenoptera. The preéant writer considers the 'stroph-
andrious' condition as 'torsion' of the male genitalié, and
its change over to ‘orthandricus! condition as 'detorsion' of
the same. It is in the 'orthandrious'! condition that the compoe
nents of the male genitalia collecti%ely assume & proper posi-
tion in respect to the components of the reproductive organs

of the copulating partener.
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Detorsion, = The 'detorsion'! of the wmale genitalla is
preceded by riding of the male ovér the female, followed by
bending of the apex of maleabaocmen unaerneath that of the
female, The 'detorsion'is brought about by the simulktanous
contraction of the three pairs of 'torsion muscles of the male
geuitalia. As a ressult ol 'detorsion', the basal ring with its
gonocondyle unaer,oes a swing tiarough asn angle of 1809 and thus
the goanocondyle is brougut to ventral position from its normal
dorsal pcsitioa. ©Such 'aeforsion' is followed by the moving
of thne intromittent or,ans of tne male genitalia along the same
course and also through an angle of 1809 Lhus every component
of the genitalia as a result of 'detorsion' assume the orthand-
rious conuitioan. It is is this condition that the male geuita=-

l1ia are introducea iato the vagina of the copulating partener,

Ine entry of tih. intromittent organse == Ihe 'adductor mus-

cles of the parameral plates' contract sc as to bring them, as
well as the parameresSyclose to the zedeagus. 1This makes the
apex of the genitaila narrow. Ihe narrowing of the genitalia
is further assisted by tias coatractioa of the 'flexor muscles
of the psrameres'.« The genitalis, in sucia narrow form traverse
the vestibulum and the apex reaches the gonopore. The 'adauctor
muscles of the parameral plates' relax while their 'abductor
muscles! contract to enanle them to abut against the walls of
the vestibulum. The parameres are made to anchor against the

walls ol the vestibulum as a result of the relaxation of their



'flexor muscles's Now the rols of the volsellae starts. The
digiti are flexed due to the contraction of their 'flexor muscles'
This 1s followed by the contraction of tue ‘portractor muscles
of the vosellae' to znable theu to enter the gonopore. The
'flexor muscles of the digiti® relax so gs to enable them to
get firw hold on the walls (rami of the first valvulae) ot the
gonopore. JLhis is followea'by the simultaneous contraction of
tae 'aduucbor amuscles of the penis valves' and 'protractor
muscles of the asdeagus' s0 that the latter in its narrowed
form passes through the gonopore to reach the vagina. Finally
the tadductor muscles of the penis valves! relax to allow the
acdeagus to rexain arrested in the vagina till the discharge of

the wmsle reproductive product is couplete.

This is followed by the aligiting of the male and turning
its face in the direction opposite to that of the female. TIhe
change of surfaces of the apex of the mazle cbdomen at the time
of slighting is acco.usodatea by the already 'detorsioned' condi-
tion of the male genitalia, thereby damaging no part of the
apical region of the .ale abdomen or those of the genitalia.

Witharawal ol tone intromittent organs. ee——  The withdrawal of
the intromittent organs is initiated through the contraction of

the 'adductor muscles of the penis valves' so as to reduce the
cross section of the aedeagus once more. After this, there
occurs simultaneous relaxgtion of the !'protractors of the

pedeagus' ana the coatraction of its 'retractors'y, so that
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aedeagsus is withdrawn into the vestibuluz. This 1s followed

by the contraction of the 'flexor muscles of the digiti! to
make the volsellze lose their hold on the walls of the gonopore.
The volsellae become free on account of the simultaneous relaxs-
tion of their ‘'protractor uuscles'! and the contraction of their
‘ragtractor muscles's How the 'flexor muscles of the paraueres!
contract, while the 'abductor zuscles of the parameral plates!
relax and the ‘tadductor auscles of the perameral plates! con-
tract to make the percmeral plztes ana the paraueres free fiom
their entanglement. Affer this, the genitalia are completely
witharawn fro. the vestibulum. The wmuscles of the genitalia
which were under coatraction, now relax ana the copulatiug

parteners separate.

Retorsione == At the end oi copulation ana on the release

of the genitalia, the torsion muscles unaergo relaxation to
permit tie besal ring to swing back to its normal condition.
Conse;uently the other cuwpovaeuts of the genitalias, which are
in association wita the basal ring, also return to their normal
positions. In ofher woras ths entire genitalia lhave unaergone
‘retorsion' by swinging back turough an angle of 180° to restore

the 'strophanaricus' condition.

(viii) The External Female Genitalia (Figs. 107,108,109,110),

The female genitalia, unlike C,deesae, remain mostly
exposed ventrolaterally. Only s small portion of the base 1s
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placed in the lap of the subgenital plate., The lateral portions
of eighth and ninth t%}ga slightly flank the genitalia. Ihe
ninth tergum (IXT) i1s entire, a condition markeuly differeat
from Vespoidea (Duncan 1939), Apoidea (Snodgrass 1866) ana
Ichneunonoidea (Alam 1953),there it is clearly split up into

a pair of ;uadrate plates*lying slong the sides of the sacond
pair of valvifers. Ihe genitealia consist of one pair of tri-
angular plates Irirst pair of valvifers (1VIf), one psair orf
oblong plates sscona palr of valvifers (avlf} anG three pairs

of valwvulae (V1).

The triangular ylate (iirst valvifer) (1lV1i)e =eee Ihe triane

gular plate 1s coupletel, sclerotized wita its posteroacrsal
(base of the trisngle) wargin aon dorssl two-tiairds of the
anterior margin nezvily taickened. Ine dorsal angle, as well
as, the posterior angle are modiified into promineat articular
knobs (TArk & VArk) articulating wita tihe anterolateral coa-
cavity of the ninth tergum (TArc) ana aorsemedisn concavity

of the oblong plate (VArc), respectively. It is from the neigh-
bourhood of the corsal aangls taat the ramus of the first valvula
(rivl) originates. dILuc auberior aau vantral margins form the
sides of the triaanzle aanu taeir anguisr union ovecomes tae
vertex of the triasgle. d4ihe coavex ventral margin runs dorsal
to and along the concave proximal analft of the uorsal wargin of
the oblong plate (2Vif) and is in narrow conjunctival conaection

with it. Ihe posterodorsal margia runs almost parallel to tihs
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anterior half of the lateral margin of the ninth tergum and is
connected with the same through membrane. The anterior margin
is free. The inner surface of the triangular plate possesses a
broad ridge (1V1fR) extending between its posterodorssl and

anterior margins.

The oblong plate (second valvifer) (2V1if), ~—= The oblong plate

is somewhat kidney-shaped, lying ventral to the first valvifer
and is much larger is size than the latter. Its dorsal margin,
anterior to the articular concavity (VArc), is thick and concave
while the remaining portion of the same is slightly convex. The
coneave portion accommodates the convex ventral margin of the
first valvifer while the convex portion is overlapped by the
ninth tergum without any articular connection with it. The
dorsal margin in the vieinity of its dorsomedian articular
concavity, develops a short thick ridge (2V1fR) directed ventrally]
and another long ridge (2V1ifmR) extending backwards along the
margins and beyond the apex of the valvifer: The snterior margin
i1s anteriorly flanked by the ramus of the first valvula (rivl)
and curves round to become continuous with the smooth ventral
margin. From the junction of the anterior and ventral margins,

arises the ramus of the second valvula (r2vl). In Pteronoides
ribesii, it is shoun Yo arise from the anterior tip of the
valvifer (Snodgrass 1935). The apex (posterior margin) gives
out the immovable third valvula (3V1)e
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First valvula (1V1), === The semisclerotized ramus of the

first valvula (rivl) starts slightly below the dorsal angle of
the first valvifer. It runs along the anterior margins of the
first and second valvifers. Later on it becomes continuous
with the boay of the first valvula. There is no second branch
of the ramus as shown by Alam (1863) in S.deesae. The body of
the first valvula which is rightly called 'lancet' by Alam
(1936) in S.deesag, forms the ventral valve of the ovipositor
of generalized insect. The lancet (Lct) is elongated with
alternating sclerotized and semisclerotized incomplete rings.
It is slightly tapering at both the ends. The mesal surface of
the lancet is distinctly concave. Such lengthwise concavities
of two lancets in combination form the ‘egg passage' for the
descent of eggs. The dorsal margin is thick ana setose while
the ventral margin is serrated all along. Such serrations
enable the lancets to tear out the leaf-tigsue of the host plant.

Second valvula (2Vl1), «=== The two second valvulae by fusing

along their dorsal ﬁargins form the 'stylet! (stl) which dor-
solaterally covers the 'lancets'. The latter can freely move-
forward ana backward within the groove of the stylet. The
stylet i1s connected with the junction of/:ggerior and the ventral
margins of the second valvifer through a short curved ramus
(r2vl). The stylet possesses similar annulations as are present
on the first valvula. I{ 1s eslongated with the ventral surface

concave along its entire length. This lengthwise concavity is
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the result of union of the two semicircular concavities of the
second valvulae. Ihe basal end of the styletexpands to form
the ‘bulb' (Bl) while its apex is pointed. The 'bulb’ possesses
lateral and mesal processes. It is the mesal surface of the
lateral process where the ramus of the second valvula ends.

The lancets enter the 'groove' in the region of the 'bulb’.

Third valvula (3V1l)e === The black and hairy third valwvula

(sheath of ovipositor) is obloag, semisclerotized and devoid

of annulations. Its entire mesal surface is concave to accommo-
date the stylet. The dorsal margin of valvula is connected with
its counterpart through a transverse sclerotic intervalwular
bridge (V1B). This bridge is broaa in the middle and provides
insertion to the 'levator® and ‘depressor! muscles of the third
velvula. No such structure with elaborate muscles has so far
been described in LHymenopters

.-

(ix) Musculature of the Female Genetalia (Figs. 111,112 & 113).

Depressor of the stylet (n0.133)s === This muscle originates

on the mesal surface of the distal half of second valvifer.
Descending obliguely, its fibres converge to end on the dorsal
tace of the mealan process of 'bulb'. This muscle, on contrac-
tion, brings about downward swing of the stylet and makes it
change from horizontal to vertical position. It is, both
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structurally and functionally, identical to the 'aepressor of
the stylet! of S.deesge ana to the ‘'depressor of the shaft of

the sting'! of the honey bee.

Lavator of the stylet (u0el34)s == This is a short muscle

with fibres arising froa the second valvifer, close to its
anterodorsal angle. Ihese dive convergently to end on the
arterior margin of thie 'bulb! close to the lateral process.

On contraction, the nuscle exerts sn anteriorly directed pull
on the 'bulb!, thus brin;ing the entire stylet back to hori-
zonteal positions It is similar to the ' levator of the stylet!
of Ssdgesae ana to the 'levator cof the shaft of the sting' of
the honey Dbee.

Levator of the third valvula (40¢135)s == Ihis is a long

muscle arising from the middle third of the ninth tergum, close
to its posterior margin. The fibres running obli;uely in mesal
direction converge on the dorsal face of the median plate of
intervalvular bridge. As the bridge is spldered with the third
valvulae, the latter are made to swing upwards due to the
contraction of this muscle and conse;uently the stylet is
released by the third valvulae.

Depressor of the third valvula (N0.136)e == This is a short
muscle whose fibres start from the lateral third of the ninth
tergum, close to its lateral margin. Running inwards, these
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end on the dorsal face of the median plate of intervalvular
bridge, lateral to the 'levetor of the third valvula's On
contraction this muscle brings the third valvulae down from
their elevated position, so as to enclose the stylet,

Protractor of the lancet (Nos137)s === This muscle originates

from the middle of lateral third of seventh sternum. Running
‘obli;uely in posterior direction, its fibres converge on the
basal portion of the ramus of first valvula. On contraction,
this muscle exerts a dgwnward pull on the ramus of the first

valvula whieh is consequently protracted.

Becondary portractor of the lancet (N0.1l38)e e The fibres

of this musele arise from the middle third of the anterior mergin
of seventh sternum. Running obli&uely'in-posterior direction,
these end on the middle third of the ramus of first valvula.

On contraction, this muscle assists the 'protractor of the

lancet! to bring about complete protraction of the lancet.

Retractor of the }Jancet (N0e139)s === The ‘retractor of the
lancet' starts from the lateral'portion of eighth tergum close

to its posterior margin. Taking up almost vertical course, the
fibres converge on the basal end of the ramus of first valvula,
On contraetion of this muscle, the ramus will be pulled back to
normal position from its displaced position eaused by the action

of the 'protractors'. Thus, the retraction of the lancet will



be brought about. This muscle is comparable with the 'secondary
retractor of the lancet' in S,dgesag.

It is interesting to note that the lancets in S,deesae
are comparatively better e;uipped with muscless This upholds
the fact that in %;Qggaag.more perfection in the function of
the lancets is resuired, because of  officient stinging and
oviposition activity of the insect as compared with that of
A.proxima, where simple type of oviposition activity has been

recorded.

Protractor of the stylet (No.140)e w~=— This is a broad muscle
with parallel fibres arising from the submarginal ridge of the

ninth tergum, close to its anterolateral angle. These fibres
run obliguely in dorsoventral direction to end on the thickened
dorsal margin of the second valvifer, posterior to its articula-
tion with the first valvifer. On contraction, this musecle pulls
the posterior half of the second valvifer along anteriorly
directed course. Conse;uently, the anterior end of the second
valvifer swings downwards. Thus, the second valvifer changes
from horizontal to almost vertical position with its articulation
with the first valvifer as pivot. 8Such change in position of
the second valvifer results in protraction of the stylet.

Retractor of the stylet (Nos14l)e «== This is a long muscle
consisting of parallel fibres which originate from the middle

of the ninth tergum. Running along vertical course, the fibres
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end on the dorsal margin of the second valvifer, anterior to

its articulation with the first valvifer. This muscle acts
antagonistic to the 'protractor of the stylet'. On its contrac-
tion, the second valvifer is restored to its normal (horiszontal)
position. This change in position results in the withdrawal of
the stylet from the site of oviposition.

Dilator of the egg passage (Nos 142), === This is a short

muscle with fibres starting from the anterior nalf of the second
valvifer and running mesally directed ends by a broad base on the
ramus of the second valvula, close to its origin. This muscle,
on contraction, pulls away the basal portion of the ramus. Since
the two rami of second valvulae, in combination, guard the
gonopore snd the basal portion of egg passage hence their moving
apart will dilate the latter for the aescent of the eggs at the
time of egg laying: This muscle has not been recorded in
Hymenoptera.

First dilator of the vagina (§0.143)¢ === This is a slender

muscle. Its parallel fibres start from the eighth tergum,close
to its lateral margin ana end on the dorsal wall of vagina. It
is e;uivalent to the 'tergovaginal muscle of abdominal segment
VIII (183)' of the honey bee recorded by Snodgrass (1942 ).

Second dilator of the vagina (Noel44)e == [his muscle resem-

bles the 'first dilator of the vagina' in every detail except
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that its origin anu insertion are posterior to those of the
'Iirst dilgbtor’. This muscle is cowparable to the 'tergovaginal
muscle of the abdominel seguent VIII (194)! of the honey bee
(Snodgrass 1942) and to the 'dilator of the vagina' of S.deesae,

Both these cailators contract simultaneously to expand
the v2gina so as to enavle the latter to accommodate the eggs,

during ovualetion.

Compressor of the vegina, (N0e145)s ~== This is a short muscle
consisting of paraliel fibres. The fibres start from the anter-
1or margia of the seventh sternum to end on the lateral wall of
tne vaglaa,y imiediately below the 'dilators of the vagina's On
contraction of the nmuscle, the vagina will be compressed dorsoe
ventrally and coase;uently it will push the egzzs out through
the gonoporse. It is, thus, clear that this muscle helps in
oviposition. The muscle is comparable with the *median internal
ventral muscle of the abdominal segment VII'of the honey bee

recorded by (fnodgrass 1942).

(x) iode of egg-layinge ~ A, proxima lays eggs in the leaf

tiésue, depositing them one after the other along the margins
of the leaf, The insect holds the margin of the leaf by the
prothoracic legs and bends the abdomen due ' to simultaneous
contraction of dorszl external lateral (1ntéftergal extensors),
veutral internal meuian and ventral internal lateral (interste

ernal contractors) muscles of the abdomen. This brings the
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abdominal tip in touch with the leaf surface-Prior to deposi-
tion of the egg,y the genetalia undergo various movements. The
tlevators of the third valwvula' contract to 1ift them so as

to release tihe stylet. The stylet anc the lancets move together
from horizontal to vertical position as a result of contraction
of tha 'daepressor of tine stylet' and the tip or the stylet, thus,
touches the leaf surfaces Tiae sheath of tho ovipositor is
arched to girip thoe stylet due to the relaxation or its ‘levator!
and coatracticn of the 'aepressor® muscies. iow the stage is
set for puncturing the host leafs Ihe 'protractor' muscles or
the laacats coatract and the two lancets puncture the leaf
surface to enter into the tissue. Thepenetration in stages,

is helped by tinec serrations on the lancet. 1Ihis is followed

by the contraction of the 'protractor' muscles of the stylet

so taat it also peneiraites the leuf.s oy this timwe the vagina
has dilated uue to the coutraction of its 'dilator muscles!

and the eggs have already arrived in it. This is followed by
the contraction of the 'compressors of the vagina'! and the eggs,
conse;uentlsgreach the gonoporee. Further aescent of the eggs
into the luuen of the egig-passage is enforcea by the contraction
of the 'dilators of the egg—passaged <IThe eggs pass tiarough
the lumen of the egg-passage to reach the tissue of the leaf.
The 'retractor' uuscles of lancets anu the stylet undergo con=-
tractica to briang about their witharawal frou the leaf-tissues
This is synchronizea by the relaxatioa of taeir 'protractorst.

The 'depressors of third valvulae' undergo relaxation fgllowed
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by contraction of their 'levators'. This makes the sheath to
dearch itself. The 'levators of the stylet! contract to bring
the stylet and the lancets to their normal (horizontal) position.
The 'levators of the third valvulae' now relsx to enable the
sheath to enclose the styiet. Finally, the entire abdomen is
brought baek from arched to its normsl (horizontal) position

as a result of relaxation of the 'dorsal internsl iaberal',
‘ventral internal medisn'! and ‘ventral internal lateral' muscles
of the abdomen, coupled with the contraction of the ‘'dorsal
internsl median', ‘'dorsal internsl lateral' (intertergal contra=
ctors) and 'ventral external lateral' (intersternal extensors)

musclés of the abdomen.

4, THE INTERRKAL ANATOMX

(1) Djigestive System (Figs. 114,115,116,117,118,1135é§0,121
. & .

The alimentary canal, running almost parallel tb the
longitudnal body axis, communicates with the exterior through
mouth (Mth) snd anus (An) at the anterior and posterior ends,
regspectively. 1Its cross section varies at various levels and
is maximum in the crop region. It can be divided, on morpholo-
gical and functional bases, into stomodaeum (Stom) mesentron

P

(Ment ) and proctodaseum (Proc).

-~
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Stomodaeum (Stom)es === The stomodasum puts the alimentary
canal in communication with the cibarium (Cb) through the true
mouth and is divided into the pharynx (Phy), oesophagus (Oe),
crop (Cr) and proventriculus (Prvent). The last subaivision
connscts the stomodacum with the 'mesentron' and the passage
is controlled by the stomodaeal valve (Svl).

Pharynx (Phy)s == Ihc anterior most part of the stomodaeum
is tlhe pharynx which lies ia the nead, in the form of an inverted
tvlasiigped tubss It is roofed over by the brajn. The precer=
ebral portion of the pharynx receives the true mouth while the
postcersbral portion comuunicates with tie oesophagus in the
viecinity of the formen magnum. The pharynx is controlled by
five pairs of 'dilator' muscles which help in the ascent of
food intc the ocesophagus. The account of three muscles in
relation to ingestion of foca has already been given under

Yeephalic stomodasua'e

Qesophacus (0e)e ~—= Ihs pharynx posteriorly emerges from the
hesd through tkhe formen magnum, as oesophagus. The latter is

a narrow tube o wniforz crossection and passes through the
voluninous ausclas of the tiorax to eater the abdomen. ihe
wall of the oesophagus consists of an outer layer of circular
puscles fibres (cmcl) which are internally followed by bands
of longitudnal muscle fibres (lmel), The epithelium (Epth) of
the wall, sorrounding the lumen, is thrown into internal fokds
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which gradually increase towards the crop. The epithelium
consists of a single row of cubical cells with indistinct intere
cellular walls., It is internally lined by a continuous thin
intimal lining (In) while externally it is supported on an
inconspicuous basement membrane (bMb)s The nuclei (nu) of the
cells are sparingly granulated and tﬁe cellular cytoplasm also

shows traces of granules.

¢rop (Cr)e == The oesophagus on entering the abdomen ends
in toﬁthé pearshaped crops The latter, under unfed conditions,
looks like a crumpled sac with wrinkles on ite. This condition,
however, disappears as & result of feeding and the crop ulti-
mately distends to its maximum. Conse;uently}the lumen of

the crop is also affecteds The muscular arrangement of the wall
of the crop is the same as recorded in the oesophagus. The
epithelium also. contains cubical cells. However, the unclei
are smaller and the intercellular walls are distinct. The
internal lining is thicker and is loosely attached with the
epithelium,

Proventriculus (Prvent). == The proventriculus is a short
and stumpy structure, connecting the crop with the mesentron.
Iits anterior end is telescopelinto the crop to form four lippsd
orifice » Posteriorly, it is separated from the mesentron by
the stomodaeal valve (Svl). The saggy condition of the crop
conceals the proventriculus considerably. The provéntriculus,
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for its major portion, is internally thrown into four strong
longitudnal folds supported by specisl set of muscless Similar
four folas have been shown in the boney bee (Snodgrass 1956),
which anteriorly extend into the crop to form four lipped ’
orifice of the proventriculus. In S,deesae (Alam 1963), their
number is reduced to three. The presence of these folds gives
the lumen of the proventriculus the shape of 'x's The outer
most layer of the wall of the proventriculus is formed of the
generalized longitudnal muscles (lmecl) of the stomodaeum which
can be taken as extension of the longitudnal muscle layer of
the crop. The usual cireular muscle layer of the stomodaeum

is wanting. Besides th- normsl longitudrnal muscle layer, the
proventriculus contains stroagly built special circular muscle
layer (mel) which is internally followed by special longitudnal
muscles (ilmel) layer. The latter extends anteriorly upto the
tip of the lips of the orifice while the special circular
muscle layer spreads posteriorly over the stomodaeal valve and
further continues as the internal circula:l muscle layer of

the mesentron. The proventriculus owes its toughness to

these special muscles. ANext to the special longitudnal muscles
cowes the epithelium (Epth) which consists of cubical cellse 4
These cells with their nuclei, are almost devoid of granulation;
interiorly, as well as posteriorly, the epitheliumjigntinuous
with the epitheliua of the crop and of the meseantron respect-
ively. The intimal layer (In), in the region of ths proven-

triculus is thick and its anterior portion 1s clothed with



backwardly directed strong hairs. The intima anteriorly con-
tinues with the intima of the crop and posteriorly terminates
at the tip of the stomodaeal valve. In S,deesag (Alam 19563),
the intima is an elaborate structure. It is in the form of

a thick chitinnus plate studded with long backwardly directed
hairs.

Stomodaeal valve (Svl)e —== The stomodaeal valve hangs in the
form of a short tube into the lumen of the mesentron, at ..
latter’s junction with the proventriculuse Histologically, it
is a continuation of the proventricular wall excepting the

fact that the two longitudnal muscle lsayers do not extend

over ite The normel epithelial layer is the continuation of
the epithelium of proventriculus with comparatively distinct
cells. TIhe outer surface of the valve is formed of another
layer of epithelium which is in continuation with the epitheliun
of the mesentron. The cells of this layer are columnar with
prominent nuclei ana cytoplasmic granules. There is no intie
mal covering on them. Similar aouble epithelial layered sto-
modaeal valve is shown to occur in S.decsag (Alam 1963),

Funection of the proventriculuse = The food stored in the
crop is mainly in liquid form with torn bits of vegetative

tisasue. It 1s allowed to descend into the proventriculus as
a result of the opening of the 1ips under the action of special
longitudnal muscless The special longitudnal and the special
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ecircular muscles undergo simulbaneous contraction and relaxation.
This causes rapid change in the volume of the lumen, thereby
enabling the food to pass through the hairs which unitedly act
as a strainer, The li;uid food further descends into the
mesentron while the pieces of vegetative tigsue are crushed by
the intimal layer to facilitate their entry into the mesentron.
This is also éttributed to simultaneous contraction and relaxa-

tion of the special muscles of tihe proventriculus,

Mesentron (tient )s e==e The mesentron (ventriculus) is of
uniform cross-section and comnects the stomodaeum with tne
proctodasume. Its wall is tihrown intc .aumerous transverse folds.
The lumen of the mesentron is lined with a distinct epithelium
(Epth) consisting of elongated columnar cells of irreguler inner
margin. These cells undergo distinct increase in length in
anteroposterior direction. Their eytoplasm is thickly granulated
while the nuclei (mu) are large with prominent zranules. The
free inner margin of the epithelium is finely striated (sb) with
the hairs shorter than the cells which carry them. Similar
striated border has been recorded by Frenzel (1886) in Cimbex
(Tenthredinidae) where the hair like filaments are shown to be
longer than the cells which bear them (vide Wigglesworth 1953).
The epithelial cells are supported on a distinct basement i
membrane (b¥b). This supporting membrane is externally bounded
by the eircular muscle layer (emcl) which in turn is enveloped

by the longitudnal muscle layer (1mel).
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Regenerative Cells (rg)s == The regenerative cells occur

in groups (nidi) which ar® basally arranged in the epithelial
layer, under no definite plan. Each nidus has its own cellular
wall and contains three to six regenerative cells. These cells
are with nuclei and cytéplasmic granulation. The regenerative
cells fastly divide to replace the epithelial cells of the
mesentron which wear out soon on account of their secretory

functionse.

Peritrophic membrane (piD)e =e=we The lumen of the mesentron

containing food is suirouﬁded by a clear sheet of membrane. This
is the peritrophic membrane which for most of the part is sece
reted by the cells of the first fold of the mesentric epithe-
lium. It is, however, supplemented at various levels by the
epithelial layer through out the length of the mesentron. Thus
the food in the entire mesentric lumen, from the stomodaeal
valve to the pyloric valve, is ensheathed by the peritrophic
membrane. This observation supports the finding of Alam (1963)
and Snbdgrass (1956 ) in S,dgegsng and the honey hee respectiveli.
No positive functioﬁ can be attributed to the peritrophic
membrane. It is generally regarded as protecting the epithelium
of the mesentron against the abrasion by solid food particles,
This general observation can not go without exceptions as some
11;uid feeding insects are in possession of the peritrophic
membrane; Similarly some solid feedin§ insects lack ite In

A.proxima, where the food 1s wmostly liquid, the peritrophic
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membrane is regarded to avoid the direct contact of the food
with the striated border of the epithelium and thereby proteete
ing the latter from being damaged by food particles.

Pyloric valve (évl Jo == Like the opening between the stomoe
dseum and the mesentron, the gpening between the mesentron and
the proctodasun 1s also guarded by a valve called ‘pyleriec
valve' (Pvl)e This valve allows the food to pass dowa inSo the
proctodaeus but a reverse flow of the same is always ehecked.
Externally, the site of the valve is indicated by a narrow
depression around the junction of the mesentron with the proctee
dasuns Internally, the valve looks like a circular ridge
consisting of columnsr epithelial cells (Epth) with striated
borders (sb)s Both the nuelei (nu) and the cyteplasa of these
cells are almost free from granulstion. IThere is no internal
intimal covering. The epithelial cells are supported on a
basement membrane (bib) which is externally followed by a weak
layer of eircular muscles (emcl)s The outer most layer of the
valve 1s the wesk longitudnal muscle layer (lmel).

proctodseym (Pro¢)s === The proctodasum is anteriorly conneee
ted with the pyloric end of the mesentron while posteriorly 1%
opens outside through the snus (An). It is subdivided inte
two parts, the snterior narrow tube like intestife (Int) and
the posterior dilated 'rectum' (Rect)s -
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Intestine (Int)e =~ It is a slightly convoluted narrow tube
with the wall thrown into small internal folds. At the base

of the pyloriec valve and proximal to the ﬁirst fold of the
intestine, there are the openings of the?%alpighian tubules.
The intestinal folds (villi) gradually become prominent in
anteroposterior direction. The lumen of the intestine is lined
by a single layer of epithelial cells (Epth) which are cubical
in shape with distinct boundries. The cytoplasm is free from
granulation and the nuclei (nu) are placed in the middle of the
cells. The epithelium rests on a basement membrane (bMb ).
Internally, it is lined by an intimal layer (In) cloéely"adhering
to it. The basement membrane is followed by the layer of cir-
cular muscle fibres (cmecl) which in turn are enveloped by a
layer of longitudnal muscle fibres (lmcl)., There are no regen-
erative centres in the intestinal wall. The epithelium appears
to be an important site of absorption of digested food as the

cells are of nonglandular nature,

Rectyn (Rect)s === The intestine posteriorly dilates to form
the rectum which can undergo distension as a result of accumu-
lation of the feacal matter. It opens by the anus (An). There
are six oblong rectal pads (rp) in the middle of the rectal wall.
The rectal wall histologicailyhié‘similar to the intestinal wall
excepting the presence of rectal ﬁads. The intima ordinarily
runs attached to the inner boundry of the epithelium but in the
region of the rectal pads this condition is loste Further, the

epithelium connecting one rectal pad with the other has become
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syncytiale The nuclei are markedly reduced in size and lie
scattered in the epithelial layer.

Rectal pad (rpJ)e === Each rectal pad 4is in the form of an
anteroposteriorly placed tube, closed at both the ends and
projecting into the rectal lumen. The muscle layers of the
rectal wall surround the rectal pads also. The syncytial epithe
eliun (sEpth) of the rectum forms the base of the pads. The
cells of the rectal pad (rpc) are columnar in shape, consisting
of distinct cellular walls ané also possessing large nuclei

(nu) laden with fine granules. The cytoplasm is also granulated.
Theirectal syncytial epithelium 1s stretched over the columnar
epithelium of the pad as thin cytoplasmic extension with sca~
ttered nuclei, thereby enclosing a space between itself and the
columnar epithelium. This space is the lumen of the rectal pad
(Lumnrp)e The intima (In) is also carried along with the extended
portioﬁ of the syncytial epithelium. These details conform

with the findings of Alam (1953) in S.degsae. The function of
the rectal pads seems to exéract water from the faecal
matter and pass it on to the blood by way of aifusion through
the wall of the reétum.

(41) Salivary Gland (Fig. 123).
" The salivary gland is like a bunch of grapes lying in the

prothorax, Its ampullae (amp) like structures open into short
ductules (sd) which combiningiy form the leteral salivary ducts



(1sd)e The two ducts of the sides enter the hesd through forae
men &agnum and independently travese the cranial space to
reach the labiume In the proximal region of the labium the
lateral ducts unite to form the common salivary duct (S1D) which
on entering the hypopharynx dilates to form the salivéry éump.
The latter opens into the food meatus through an orifice in the
base of the glossa. The glandular portion of the salivary gland
cbnsists of spaceous lumen surrounded by the epithelium of
cubical cells. These cells possess granulated cytoplasm and.
prominent oval nuclei, The epithelial layer 1hternally lined
by the intima, is externally enveloped by the Qeritoneal. layer.
There is no muscle layer. The wall of the salivary duct con-
sists of an epithelial layer of comparatively smaller cells and
is internally lined by the intima. The external peritoneal .
layer is also present. The lumen of the salivary duct is

much narrowér in comparasion to that of the gland, and also its
epithelial cells possess obscured nuclei and less granulated

cytoplasm.

(114) The Excretory System (Figs. 114,120 & 124).

The excretory system is represented by long and slender
tQalpighian tubules (Mal),loosely placed in the visceral sinus.
These open into the proctodaeum, inbetween its first epithelial
fold (Ief) sand the pyloric valve (Pvl). The ;Llpighian tubules
1& almost of uniform crossection with its free distal end:rounded

and blind. The narrow lumen (Lum) of the tubulef{communicates
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with the lumen of the proctodaeum. The epithelium (Epth)*}ining
the lumeny consists of cubical cells with their broad bases
resting on the basement membrane (bMb). The nuclei (nu) are
very prominent. The inner border of the cells are striated
(sb) in the manner of 'brush border'. The muscle layers
Suriounding‘the epithelium are observed with very grest diffie-
culty. The thin circular muscle layer surrounds the basement
membrane. Next to it comes the feeble longitudnal muscle layer.
Alam (1953), in S.deesae, suggests endodermal origin of the
‘d@lpighian ‘tubules based on the nature of the Opithelial cells
and the absence of intima. The histology of malpighian tubules
of A.proxima upholds Alam's view.

(iv) The Circulatory System (Figs. 125,126 & 127).

The circulatory system consists of a tubular dorsal blood
vessel and three sinuses. The sinuses appear as subdivisions
of the body cavity due to the formation of the dorsal and
ventral diaphragms during development. The simultaneous working
of these parts results in the circulation of the bloods The
dorsal blood vussel is stretched longitudnally and closely
undernegth the tergal plates, from the eighth segment of the
abdomen to the heads This tube can evidently be divided into
two parts ¢ the long chambered heart (Ht) lying in the abdomen
and the narrow entire tubular aorta (a) iunning through the
thorax to end in the head region. ’
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Darsal blood Ves5ele ewm— The heart is supported on the
dorsal diaphragm (dDph). Anteriorly, it communicates with

the aorta, underne;ﬁh the propodesal tergum while posteriorly

it tapers to end blindly in the eighth abdominal tergum. The
heart, on the basis of dilatations and paired ostia, may be
considered to be subdivided into eight chambers. These chambers
are roughly distinguished from one another due to 1ntorvcningl
constrictions. FLEach chamber communicates with the pericardial
sinus through a pair of obliguo dorsolateral ostia (Ost) prasonﬁ
in its posterior region. Its tapering anterior end, fuﬂctioning
as interventricular passage, is engulfed by the posterior broad
end of the next chamber. Such relationship in the consecutive
chambers results in the formation of paired ostis which appear
as narrow obli;ue slits on eithr side of the chambers. The last
chamber snteriorly opens into the aorta. The latter is cylind-
rical and much narrower than the heart. The aorta passes through
median notch of the mescpostphrsgma and after running across
the latter, it dives to reach in the vicinity of the oeso-
phagus. Therefrom it turns forward to run long the dorsal
surface of the oesophagus till it comes to lie underneath the
brain. Eere it flattens to end by a transverse slit.

o4y ¢cavity, == The body eavity of the abdomen is subdivided
into three longitudnal chambers viz., periecardial, visceral
and perineural sinuses. These are demarcated by the dorsal

and ventral diaphragms. However, in the thorax, the diaphrams



and consequently the sinuses are absent with the result that
the body cavity becomes one continuous space interrupted here

and bhere by the muscles.

The long shallow pericardial sinus is limited betwecen
the terga ana the dorsal diaphragme It accommodates the heart,
and is in communication with the visceral sinus through lateral
gaps closely sanawitchied in between the roots of slary muscles,
IThe dorsal diaphragm is a membranous sheat stretching from the
eighth abaominal segment to the second abdominal segument.
Laterally it is fused with the inner surface of the terga, at
the roots of the alary muscles which means incomplete lateral
fusion of the dorsal disphragm with the terga. The gaps between
adjacent alary muscles act as communicating passages between
the pericardial sinus and the visceral sinus. The dorsal surfacse
of the dorsal diaphragm is transversly run over by fibres of
fan-shaped alary muscles (dDphMcl)e The narrow roots of these
muscles are fused with the terga while their broad apices end
by spreading on the sides of the chambers of the heart,

The spaceous visceral sinus conteins the digestive,

excretory anu reproductive organs.

The perineural sinus is extremely narrow and lies between
tie sterna ana the ventral diaphragm. It contains the ventral
nerve cords The membranous ventral diaphragm (vDph) stretches
from the eighth abdominal sternum to the second abdominal sternux
in male. Since eighth sternum is absent in female, the ventral
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diaphragm, there, commences froua the seventh sternum. The
dorsal surface of the diaphragm is transversely run over by
thin bundles of muscle fibres which are seven pairs in male
and six pairs in female. The bundles fuse laterally with the
sterna by their ccnvergent roots. This condition enables the
ventral diaphragm to fuse laterally with the sterna at inter-
valse Ihe gaps,thus formed between the roots of the aajoining
muscles,become the connecting passages between the viscersl and

the perineural sinussas.

(v) The Respiratory Systems

The respiratory systea consists of 10 pairs of spiracles--
the first two pairs are thoracic and the rest are abdominsl--and
elaborate systeu of trachesze ana airsacs. The general pattern
of the respiratory systeu is different from the honey bee
(Snodgrass, 1956) and lonodontomerus dentipes (sSucher, 1948).

It is, however, éora or less, simllsr to what has been recofded
in S.d@esae (Alsm,y 19583). Accordingly the head and the abodu 12
are profusely supplied with tracheae and their branches while
the thorax contains coxoined system of tracheae ana air-sécs.
There are two main lateral trunks running between the first and
the last spiracles. These also extend anteriorly,as well as
posteriorly,into the head and the last abdominal segment,respect:
ively. 4ll the spiracles are connected with the trunks through
short obligue spiracular tracheae. There is wniformity of the
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tracheal pattern in the pregenital segments of the abdomen.
This, however, undergoes modifications in the remaining abdominal
segments to meet the requirements of the structures there.

Spiracles (sp) (Figs. 34,64,73,74,88,94,128,129,130,131,132 & 133

First thoracic spiracle (1sp). —— The first thoracic spiracle,

lacking atrium, opens in the intersegmental membraned between
the spiracular lobe of protergum and the corresponding dorsal
half of the anterior margin of mesopectus. The broad spiracular
lobe, as a matter of fact, conceals the spiracle. The spiracular
opening (spop) is almost eblong in outline and is surrounded by
feebly sclerotized spiracular 2im (spr). The posterior half of
the rim is normal while the anterior half is flattened out

into a fairly broad flap which may be taken as movable ‘'anterijor
11ip' (Alp). The mobility of the latter can be visualized along
a line of flexion which not only connects it with the anterior
half of the rim, but is also a zone of weak sclerotization (ws)
helping in its movements. The ‘anterior lip' dorsally ends
into a pointed tip while ventrally before ending, it bends at

a right angle to form a triangular process (spP) which receives
the 'occlusor muscle' (No.146). This muscle orizinates on the
apodeme of the 'occlusor plate' of the protergum' and its fibre:
ascending vertically converge to end on the trangular process
of the spiracle. On contraction,the 'occlkusor muscle' swings

the 'snterior lip! in such a way so as to enable it to close

the usually open spiracle.
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Second thoracic spiracle (2 sp)s == The normally open second
thoracic spiracle, too, is devoid of any atrium and opens in
the intersegmental membrance between the mesopectus and meta-
pectuse It is placed in the lap of the spiracular lobe of the
mesoepimeron. The spiracular opening (spop) is suboval with
completely sclerotized rim (spr). The anterior half of the rim
is soldered to the inner face of the spiracular lobe to save
the spiracle from displacement. IThis half also functions as a
base for the semilunar sclerite with which it is hinged through
narrow conjunctiva. This sclerite is the movable 'anterior
1ip' (Alp). The posterior half of the rim is free ana may be
regarded as the immovable 'posterior lip'. The dorsal and
vantral ends of the 'anterior lip' are pointed. The fibres of
the 'occlusor muscle' (No.l47) arising on the epimeron in close
proximity of the spiracle, ascend to converge on the ventral
end of the anterior lip. On contraction, the 'occlusor muscle'
makes the anterior lip swing inwards to meet the posterior 1lip,
thereby, temporarily closing the spiracle. Such swing of the
anterior lip is rendered possible due to the conjunctival hinge.

Propodeal spiracle (3sp)e =—— The closing mechsnism of the
propodeal spiracle is different from that of the thoracic

spiracle. The propodeal spiracle is situated close to the

anterolateral angle of the propodeal tergumes It is in communie
cation with the exterior through an oval aperture (spop) lodged
in distiuct peritreme. This aperture may be called the 'atrial
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orifice! which puts the atrium ia comuunication with the exter-
ior. Ihe peritreuc itself is formed by secondry elevation of
tiae tergal surface. The thick walled shallow atrium (Atr)
comuunicates with the spiracular trachea(apt) at its inaer end.
The junction of the atrium anu the spiraéulaf trachea is guarded
by an occlusor apparatus (Oapp). The latter consists of mesally
directed semicircular elastic sclerotic bow with its ends connec-
ted through nonsclerotic movabls bar. The bow and the bar are
in continuity with the corresponding walls of the atrium, as well
as with those of the spiracular trachea. The mouth of the
spiracular trachea (Traop) is controlled by the activity of the
occlusor apperatus. =The posterior end of the elastic bow at

its junction with the corresponding end of the bar is slightly
flattened, whareas the fusion of its anterior end with the bar

is normal. The two ends of the bow are also connected through

a narrow band of muscle fibres, placed lateral to the movable
bar. This is the occlusor muscle' (No.148). Another muscle,
which 1s inserted on the , flattened ead of the bow, arises on the
propodeal wall close to 1ts lateral margin and may be taken as
the 'dilator muscle' (No0.149). The activity of the spiracle is
controlled by the 'occlusor' and ‘'dilator! muscles. The closing
is brought about by the 'occlusor muscle' which on contraetion
pushes the bar into the lap of the bow, as the latter also under-
goes acute arching, thereby bringing its ends close to one anotheﬁ
Conse;uent to this activity, the inward movement of the bar
closes the tracheal openings. To open the same the 'occlusor

muscle! returns to its normal form and simultaneously the ‘dilato
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muscle' contracts. The combined action of these muscles enables
the bow and the bar to regain their normal positions thereby
opening the passage of the tracheal end.

There is a tergosternal muscle, the 'accessory muscle
of the propodeal spiracle! (No.150), which brings about the
full exposure of the propodeal spifacle as the latter normally
remains concealed due to the turning down of the lateral margin
of the propodeum. This is a short fan-shaped muscle starting
from the posterior margin of the metapectus and ending on the
propodeal tergum slightly mesal to the propodeal spiracle. This
muscle,on contraction, pulls down the propodeal tergum in the
immediate neighbourhood of the spiﬁacle thereby straightening
the tucrned down portion so that the spiracle is fully exposed.

This muscle has not been reported to occur in other Hymenoptera.

Abdominal spiracles. —-= Each of the seven abdominal spiracles

which opens through tiny oval operature, is placed in the middle
of the lateral portion of the abdominal tergum. It resembles
the propodeal spiracle in every detail excepting that the movable
bar instead of belng lateral is mesal to the bow. And also the
tocclusor muscle' (No.l5l) arises from the tergal plate while
the 'dilator muscle' (§0.162) starts ventrally from the lateral
margin of the corresponding sternal plate. Both of these muscles

however, converge on to the flattened posterior end of the bow.
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Trachcation of the abdomen (Figs. 134 & 135).

The two main tracheal trunks (LT ), in the region of the
abdomen traverse the insect body lateraily underneath the
abdominal spiracles. The short spiracular tracheae (spt) open
in them segmentally. The plan of tracheation in the pregeintal
segments (2 to 8 in male and 2 to 7 in female) is similar. The
details of the tracheation in the pregenital segmcnﬁs are as

followss

In each segment, slightly posterior and mesal to the
spirascular trachea, two trachese come out from the dorsal surface
of the trunk. The anterior among the two enters into the pere
icardial sinus and supply branches to the heart, diaphragm and
skeleto-muscular portion of the dorsum. This may be called as
'‘dorsal trachea' (dt). The posterior branch ascends into the
visceral sinus where it ramfies over the internal viscera and may
be named as 'visceral trachea' (vst). Mesal to the origin of
above two branches, the lateral trunk gives rise to a mesally
directed trachea'the ventral trachea (vt), which on entering the
perineural sinus divides into three branches. These, on the
basis of origin and course are called as 'anterior' (ab) 'poste
erior' (pb) end 'mesal' (mb) branches. The anterior branch
extends forward to meet ine'posterior branch of the preceding
segmnent. Like wise, the posterior branch runs backwards to join
the anterior branch of the succeeding segment. Such union of

the anterior and posterior branches constitute a supplementry
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longitudnal trunk in the abdomen which is named as ‘ventral
longitudnal trunk' (VI ). The presence of the 'ventral longi-
tudnal trunk' lends support to the primitive nature of the
family Tenthredinidae smong Hymenoptera. Alkmost similar
condition is reported in Periplaneta americana. The honey bee
and S,deesae lack the ventral logitudnal trunk. The mesal
obranch runs transversly across the sternum, suomerginal to its
anterior margin, and weets its counterpart of the other side
to form the 'ventral commissure' (vc) which supplies branches
to the nerve cord, ventral diaphragm and the skeleto-muscular
ssstem of the venter. The 'ventral commissure! remains intra=
segmental while the anterior and posterior branches of the

ventral trachea are intersegmental in their course.

The tracheation of the genital and postgenital segments
show deviation from the typical plan. In the male, the ninth
segment receives the lateral trunk which ends there by giving
branches to the reproductive organs, segmental dorsum and to
the remanent of the tenth dorsum. The 'anterior' and ‘posterior!
branches of the ventral trachea are lost but the 'ventral
commissure! persists. It supplies to the usual structures of
tne segment, as well as, to tihe external genitalia and the
remanent of the tenth venter. The 'dorsal' and 'visceral!
tracheae of the lateral trunk are absent. In the female, the
lateral trunk, in the eighth segment, ascends obliéuely to supply
branches to the segmental dorsum, as well as, to the remanents

of the dorsum of the ninth and tenth segments. The ventral



trachea lacking 'anterior! and !posterior! branches forms the
‘ventral commissure'! which gives out branches to the ususl
structures. It also supplies to the corresponding portions of
the female reproductive organs ana to the remanents of the
venter of ninth and tenth segments. Further, the ventral
trachea gives out another branch (vtb) which exclusively rami-
fies in the external genitalias. The 'dorsal' and 'visceral!

tracheae, as in the male, are also absent.

Tracheation of the thorax (Fige 136).

The lateral trunk (LI) on leaving the abdomen enters
the propodeum and recaives the spiracular trachea (spt), close
to the tergal antarior margin. Lhe ventral trachea (vt) coming
out from the laterzl trunk, traverses a short distance to end
into a large air-sac (A) which on union with its counterpart
forms saccular veantral commissure (ve). 1t is snalogous to
the 'ventral coamissure' of the abdomen where it is of normal
tracheal form. Froa the base of the airsac is anteriorly given
out a spindle-shaped airsac (5) which puts the propoaeal ventral
comulissure iin communicastion with the ventral commissure of the
wetathorax. siais is comparable witi ths anterior branch of the
ventral tracuea of the abdomen. Ihe usual 'dorsal! and 'viscerall
tracheae of the lateral trunk are avsent. Ihis has favoured
the ventral couailssure to assuune the responskbility of supplying
air to the propoaeal segment, as well as, to the structures

associated with it. Tunis assignment is carried out through
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numerous short tracheae coming out from the dorsal and ventral
walls of the airsacs. The dorsal branches go to the dorsolat-
eral area while the ventral ones ramify over the ventrolateral

area of the seganent.

In tae wmetathorax, ths lateral trunk gives out the
'ventral tracihea' which forms the ‘ventral commissure! of the
typey foramed ia the abdomea. The ventral trachea gives rise
to the posterior branch (pb) which mneets the anterior branch
(ab) of the propodeal seguent. The ventral commissure as usual,
supplies branches to the nerve cord, venter of the seguent and
structures sssocliated with it excepting the leg which receives
en independent trachea, metathoracic leg trachea (31t), origi-
neting or the outer wsll of the latersl trunk at the level of
the ventrsl trachea. 1In tile posterior portion of the seguent,
the lateral trunk gives out, from it mesal wall, 2 spindle=-
shaped sirsac (C) which on meeting its counterpart forms a comm-
issure. Tine latler occupies a comparatively dorsal position in
respect to tiae 'ventrel comuissure' and is labelled as ‘dorsal
comaissure! (dc)e A pair of saall airsacs (D) are given out
from tile dorsal surface of the 'dorsal comumissure'. ILhese
sacs branch out to supply air to the seguental dorsum and also
to the structures associatbd witi it, including wing and leg

nuscles,

Immediately on entering the mesothorax, the lateral trunk
dorsolaterally receives the spiracular trachea (spt) of the

second thoracic spiracle. Frou tie mesal well of the lateral
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trunk, in the region of the spiracular trachea, come out two
mesally directed tracheae (dvt & vvt) which after running
together to a short distanco,‘take ub divergent course to open
independeatly into a large, square air-sac (é3. This air-sac
occupies almost the entire mesothoracic venter and appears

as & result of swelling of fourmesally directedidentical tra-
cheae originating from the lateral trunks. The present writer
regards these tracheae as the usual 'ventral trachese' in dup=-
licate. The trachea, which is dorsal (dvt) gives out a branch
(d) to the venter and other mllied structures including wing
ﬁn& leg muscles of the segment. Likewise, the dorsum, the wing
and leg muscles and other associated structures are supplied with
branches from a dorsal branch (dE) coming out of the dorsal wall;
of the air-sac. From the ventral wall of the air sac and very
close to its posterior angle,originatesa branch (1155 going

to the prothoracic lege This additional prothoracic‘leg
trachea,before entering the leg,receives another branch (ILt")
coming out from the ventral wall of the air-sac,at its anteriér
angle. The mesothoracic leg trachea (21t ), originating from
the outer wall of the lateral trunk somewhere in the middle

of the segment, goes to the mesothoracic leg. The ‘'dorsal
and 'visceral' tracheae, in this segment, are also wagting. It
is clear that the tracheal plan of the mesothorax is quite
different from the typical tracheal plan in the abdomen.

The lateral trunk on entering the prothorax, dorsally

receives the prothracic spiracular trachea (spt). In the same
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region, the ventral wall of the lateral trunk gives out the
usual prothoracic leg trachea (1lt) which enters the leg inde-
pendent of the 'additional protﬁoraéic leg trachea' (11t'+11t").
From the messl wall of the lateral triﬁfﬁiiitaﬁ‘f"’iriﬁin of
the prothoracic leg trachea starts the usual !'ventral tracheat
(vt) which running obliguely inwards, puts itself in communica-
tion with its  counterpart thereby forming the 'ventral commi-
ssure' (vc), wﬁich crawls across the prothoracic venter. The
lateral trunk, before entering the head;gives rise to another
short trachea from its mesal wall which is regarded as !second
ventral trachea' (vt). This trachea expands into a bulbons
air-sac (F) whoée'poéterior tip receives s branch from the
usual 'ventral trachea'. The two air-sacs are joined through
a small transverse trachea, the 'second ventral commissure'’
(f&). These air-sacs are responsible for supplying branches
éo the entire prothoracic region excepting the legs. Like
other thoracic segments, this segment also lacks the usual

tdorsal' and 'visceral! tracheae.

Tracheation of the head (Fig. 136).

The lateral trunks converge to enter the head through
foramen magnum. In the region of the foramen magnum each trunk
bifercates into dorsal and ventral tracheae (Dt & Vt). These
further bifercate to form four short trachéae. Thes; branches
ultimately ramify to supply air to the structures enclosed
within the head.



-171-

(vi) The Male Repreductive ngtgm (Figs. 137,138,139,140,141
& 142),

The male reproductive system consists of paired testes
(Tes) with vasa deferentia (Vd), seminal vesicles (Vsm),
accessory glands (AcGl) and an unpaired ejaculatory duet (DeJ )e

Zegtls (Tes)e —  The bunch-like light yellow:lsh testfi
lied on the, side of the hindgut, entangled in the dalpighian
tubules. The bunchy condition of the testis is due to globular
nature of the testicular follicles (tf) whieh possess broadly
rounded apices. This condition of the follieles is responsible
for the uneven surface of the testis. The follicles are con-
tained in an investing peritoneal sheath with islands of nuclei
distantly placed. The zlobular follicles are arranged in
obligusly longitudnal manner with the result that their apices
are little removed from the base of the vas deferens. The

free end of each follicle is drawn out into a short passage
called vas efferens. Since Snodgrass (1956) has also shown the
presence of multifolliculsr condition of the testis of the
honey bee, while Alam (1953) has reported its absence in the
testis of S.deesas, it can be concluded that Braconidse is
better evolved than Apidae and Tenthredinidse. The follicular
wall consists of syncytial epithelium (sEpth) with scattered
nucled. The follicular epithelium forms 'interfollicular septua'
(ifs) in between the two adjacent follicles. Due to none-
tubular nature of the follicle, it is éqi?q difficult to diff-

erentiate the various zones based on spermatogenesis. However,



at least two distinct zones are easily marked out, viz, ger-
marium and zone of transformation. The area lying in between

these zones may be taken as the zone of growth-cume-maturation.

Vas deferens (Vd)e e—=— The tubular vas deferens can convenie
ently be divided into three portions s (i) proximsl vas deferens
(pVd) (11) seminal vesicle (Vsm) end (ii1) distal vas deferens
(d?d). The proximal vas deferens nmerges’from the base of the
fostis as a narrow tube ana obli;uely traverses the body cavity
t11l it meets the proximal tip of the seminal vesicle. Its
lumen is in the form of a narrow passage which is surrounded by
a thick wall made up of a strong ciruular muscle layer (cmecl).
The latter is internally followed by an epithelial layer (Epéh)
supported on a basement membrane (bMb) while externally it is »
ensheathed by the peritoneum (p). The epithelial cells are
cubical with feebly granulated éytoplasm and small nuclei lying
in the middle. ZIThe free inner margins of the cells are non-
striated. The intima is also wanting. The distal vas deferens,
in all respects,1s identical to the proximal vas deferens except
that the former is lonyger and receives the opening of the
accessory gland. Its lumen puts the lumina of seminal vesicle

ana ejaculatory duct in comuunication with one another.

Seminal vesicle (Vsm)s === The seminal vesicle is formed as
a result of convélutions in a portion of the vas deferens which

are enclosed within the peritomeum. IHistologically the seminal
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vesicle resembles the vas deferens. However, its lumen 1s much
wider and the muscle layer comparatively weaker as compared to

that of the vas deferens.

Accessory gland (AcGl)s «=— The distal vas deferens, on its
way to the ejaculatory duct, receives at its bend, the opening
of the kidney-shaped accessory gland. The latter is enclosed
in a peritcneal layer (p) which is in continuation with the
peritoneal layer of the vas deferens. The thick wall of the
gland is contributed by the epithelial layer (Epth) of colu=-
mnar cells with distinct nuclel (nu)e. Basally, the epithelium
is limited by the basement membrane (bMb) and its inner surface
is devoid of intima. The basement membrane is sorrounded by
a thin layer of circular muscle fibres (cmel). The longitue
dnal muscle layer, as in S.decsne, is absent .

Ejaculatory duct (Dej)e == The two vasa deferentia converge
to open into the unpaired tubular ejaculatory duct, with their

peritoneal sheath (p) also extending over the latter. The
fact that the vasa deferentia maintain separate entity at the
,~%&m§ of their opening:iinto the ejaculatory duct is justified
by the presence of two separate lumina in the proximal portion
of the ejaculatory duct. The lumen of the ejaculatory duct is
encircled by the epithelium (Epth) which is supported on the
basement membrane (bMb). The cytdplasm of the cubical cells is
faintly granMlated with the nuclei (nu) centrally placed. The
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inner aargin of the epithelium is run over by a distinet inti-
mwa (In)e The basement membrane is externally surrounded by a
strong circular wuscle layer (cmel). As in S.deesae, the long-
itudnal muscle layer is absent. The ejaculatory duct runs
tarough tihe entirs length of the aedeagus to end at the base

of the phsllotreme and thereby forming the oaly cellular portion

of tie aedeagus.

(vii) The Female reproductive System (Figs. 143,144,145,146
147,148 149 & 160).

The female reproductive system consists of two yellowish
wilte ovaries (Ov) with siort lateral oviducts (0dl),common
oviduct (Oac), vagina (Vag), unpaired spermathaca (Spt) ana the
accassory gland (AcGl).

Qvary (OV). == The ovary is placed from second to sixth
obdominal segment for most of the part, underneath the digestive
tracts It is composed of tenpolytrophic ovarioles (Ovl) in
which oocytes (ooc) ana nurse cells (NrCl) are arrangad’in
alternate manner. 7The terminal filements of the ovarioles
twist round each other to form a group of filaments coumonly
knowa as ovarial ligament (Lg)e The two ovarial ligaments
unite to form the median ligament which suspends tne ovaries
from the ventral face of the dorssl diaphragm, in tine second
abdominal ssguent.,
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Qvariole (Ovl)s = A mature ovariole consists of the terminal
filament (IF) germarium (Grm)}vitellarium (Vtl) and the pedicel
(Pdcl). The terminal filament (TF) is the thinnest part of the
ovariole. It is cylindrical and contains undifferentiasted mass
of cells enclosed within the peritoneal sheath., It is followed
by the germarium (Grm) which is cylindrical and uachambered.

The histology of this region reveals that the entire portion is
exernally enclosed by the peritoneal layer (pJ). Next to it, is
a ;gyer of syncytial epitnelium with scattere& muclel which may
be;takan as inner wall of the germarjum. The terminal portion
ofééermarium is tilled with primordial germ cells (Gel) which
are in the process of active division. Differentiation in
structures, as a result of divisions, is more marked in the basal
portion of;genmarium, where developing ova (oocytes) (6ec),
primordial nurse cells (trophocytes) (Nrel) and developing folli-
cular cells (cystocytes) (Fecl) have assumed their own shape,

The folliculer cells aré in tﬁe process of migration to form

the follicular layer, It is suggested that the follieular layer
actually appears in the basal part of the germariume The vite-
llarium (Vtl) occupies the major portion of the ovariocle. It

is longar,as'well as, wider than the germarium and ae;uiros
beaded condition due to the alternate arrangement of oocytes and
nurse cells. This indicates chambered condition of wvitellarium.
Normally, the oocyte chamber is larger than the nurse chamber.
These are always differentiable from each other by distinct

constrictions at their junctions which are due to the inward
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pushing of the follicular layer. The oldest oocyte 1ies at the
base of the vitellarium while the youngest lies at the apex,

The outer most lining of the vitellarium is the usual perito-
neal sheath (p) which is the continuation of the same layer of
germarium. It 1s followed by a distinct syncytial layer (sEpth)
with scattered nuclei. This layer is similar to the syneytial
epithelium of S.dgesag (Alam 1963) and to the inner tunicape
ropria of Nezara viridula (salouf 1933). Next comes the distinct
follicular layer (Fel)s The cells of the follicular layer are
cubical with big nuclei, The cell granulation is easily detectablgq
Similar condition has been reported in §;§£§§an. The externally
visible circular constriction is internally represented by an
infolding of the follicular epithelium (Ff). This drags in the
syncytial and the peritonenl layers also; There is not much
difference in the histology of the wall of 'oocyte chamber' and
the 'murse chamber's However, 1t cannot be ignored that the
follicular cells are poorly developed in the 'nurse chambers!

as compared with those of ‘oocyte chambers'. Each oocyte chamber
contains a single developing oocyte (Oec) which is supposed to
get nourishment from the nurse cells (Nrel) occupying the prece=
ding nurse chamber. Ihe lumina of the two chambers are in
communication with one another through a circular passage corre
esponding to the external constriction. The developing oocyte
is always eaclossd in a noncelluiar transparent chorion (chr)
which is secreted by the follicular cells. The chorion is very
distinct in the oldest oocyte which obviously occupies the lower

most chamber of the ovariole ana is separated from the pedicel by
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the intervention of the plug (pg)e Each ovariole has a short
pedicel (Pdel) connecting the vitellarium with the lateral ovid-
uet (0dl), which remains plugged with cellular mass.

Oviductse == The pedicels of the ovarioles independently
open into a short lateral oviduct (0dl) which bends inwards to
meet its counterpart from the other side, underneath the rectum,
to form the common oviduct (Odc). The last abdominal genglion
rests on the junction of the lateral oviducts with the common
oviduct. The wall of the lateral oviduct is thrown into folds
8o as to accommodate the descending eggs. The epithelial layer
(Epth) is suspended from the basement membrane (bMb). The cells
are cubical possessing small nuclei and faint cytoplasmic
granulations. OQutside the basement membrane, is an extremely
thin layer of circular muscle fibres (cmcl) which is obscure

at places. This muscle layer 1is externall§ covered over by the
peritoneal sheath (p) which is a continuation of the peritcneal
layer of the ovarioles. Similar is the histological condition

of the common oviduct.

Vagina (vag)e === The common oviduct posteriorly leads into
a spaceous vagina which opens outside through gonopore (Gpr),
at the base of the ovipositor (first pair of valvulae). The
vall of the vagina is quite similar to the wall of the ovidut
except that in this region the epithelium is internally separs-
ted from the lumen by the presence of a distinct intimal layer
(In).



Spermatheca (Spt)s = The spermatheca opens by a short duct
into the dorsal wall of the common oviduct, ;uite close to its
union with the vagina. It is sac-like with narrow and short
spermathecal duct. The spermatheca has lumen which is sorroun-
ded by the epithelial layer (Epth). The latter consists of
cubical cells possessing small nuclei and are without granulationﬂ
Externally, the epithelial cells rest over the bssement mem-
brane (btMb) while internally these are covered over by a thin
intima (In). The entire body of the spermatheca is enveloped

by a peritoneal sheath (p).

Aceessory gland (AcGl)e =~ The accessory gland is Y-shaped,
with the stem ofrthe 'Y' forming its duct and the divergent

arms becoming the body 6f the gland. It is dorsal to the vagina
with its duct opening almost at right angle in the vaginal dorsal
walle The duct of the gland dilates slightly, before opening
into the vagina. The gland is enclosed within peritoneum (p)e
The epithelial layer (Epth) rests over a thin basement membrane
(bMb)e The epitheliai cells possess big nuclei (nu) containing
chroﬁatin granules. The cytoplasm is distinctly granulated.
Internally, the epithelium is covered over by thin intima (In).
Histologically, the duct is similar to the glandular region
except that the epithelial cells are cubical with smaller nuclei
and faint cytoplasmic granulation.
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(viii) The Nervous Systeme.

-

The nervous system of A.proxima, consists of the central
nervous system, the peripheral nervous system and the sympathe-
etic nervous systems The main components of the central
nervous system are the brain, lying above the stomodaeum,and
the suboesophageal ganglion,placed below the stomodasum in the
cranium followed by ten ganglis of the trunk region borne by
the ventral nerve cord. These give out branches which ramify

over varlous parts of the body,.

Brajn (Fige 161)¢ «== The brain comprises of the usual three
regions vize, the protocerebrum (IBr), the deutocerebrum (2Br)
and the tritocerebrum (3Br). The external demarcation between
the protocerebrum and deutocerebrum is distinct, whereas, the

tritocerebrum is not easily detectable.

The protocerebrum (1Br) is the largest among the sube
divisions of the brain, forming its entire dorsal half. A faint
groove (g) runs across its anterior face to justify its paired
nature. The dorsal surface of protocerebrum is arched in the
middle and depressed on the sides. The three ocelli (0) are
carried on and innervated by the elevated portion, wheréas, the
optic lobes (OpL) are continuous with the sides of the proto-
cerebrum, The oﬁtic lobes extend to the sides of the cranium

to innervate the ommatidia of the compound eyes (E).
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The deutocerebrum (2B8r) is ventroanterior to the proto-
cerebrum. It is a paired ganglionic centre whose two lobes are
well demarcated externally and combiningly attribute to the oval
shape of the deutocerebrum. 1Its anterior surface possesses a
pair of small pear-shaped antennal lobes (AntL) which give
origin to the antennsry nerves (AntNv). These nerves enter
the antennae to innervate them, as well as, to their extrinsic

and intrinsic muscles.

The tritocerebrum (3Br) is the smallest portion of the
brain forming its ventral area. Its paired condition is extere
nally visible., Lateroventrally, it gives out two short and
thick circumpharyngeal connectives which dive and flanking the
pharynx, join the suboesophagesal ganglion (SoeGng). Apart from
these connectives, the tritoeerebrum supplies paifed nerves
(frcon & LamNv) to the frontal ganglion and labrum. The labral

nerve 1nncrvaées the museles of that region as well.

Subgesophageal ganglion (Fige 151)s === The lobular compound

suboesophageal ganglion (SoeGng),-lying underneath the pharynx
and confined to the head capsule, is suspended from the trito-
cerebrum through the paired cirecumoesophageal connectives, It
is composed of three pairs of gangalia which are very closely
packed within a common exterral covering so as to assume its
present compound natures These ganglia are the mandibular,
maxillary and labial ganglia. The suboesophageal ganglion is
notehed at both ends. Either side of the noteh gives rise to
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the posteriorly directed paired ganglionic connectives, connect-
ing the suboesophageal ganglion with the first thoracic gange
lion. The three ganglionic centres laterally give qQut paired
mandibular (MdNv);maxillary (MxNv) and labial nerves (Lva)
which innervate the reSpective gnathal appandages.

Ventral nerve cord (Fige 162), === There are ten ganglia (Gng)

arranged in linear asnner aléng miaventral longitudnal line of
the trunk. These gnaglia are interconnected through short and
paired interganglionic connectives (Gnglon) and in association
with the latter these form the ventral nerve cord (VNC). Each
ganglion 1s paired with the two constituents enveloped‘in common
external covering. The first three ganglia are confined to the

pro'm°s°'anduetathoracic

venter of the thorax and are called the
(1tGng, 2t Gng, 3tGng) ganglia. The remaining seven ganglia
are tis abdominal ganélia (aGng) which are placed in the venter

of the aodomene.

Ihe thoracic ganglia are comparatively larger than the
abdominal geanglia. The prothoracic gaenglion (1tGng) rides the
proendosternum and laterally sives out four pairs ol nerves
which ramify in the prothorax excepting the posterior most smong
them which traverses across the segmental venter to enter the
prothoracic legs. The mesotharacic ganglion (2tGng) lying on
the mesoendosternum, also givés out four pairs of lateral nerves.
The anterior pair goes to the forewings while the posterilor pair
enters the mesothoracic legs. 1Ihe remaining two pairs innervate
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other segmental structures. The metathoracic ganglion (Stung)
is the blggest of &ll anu supplies nerves to the metathorax aﬁd
propodeum. There is no separate ganglion for the propodeum,
though in the larva,if possesses a ganglion. This condition
suggests that the meththoracic ganglion is a2 combination of
paired metathoracic and first abdominal ganglia of the larval
stages It gives out paired nerves to the hindwings, metathorae
c¢ic legs sna other structures of the metathorax. Besides, the
posterior pair of nerves couilng out from the posterior end of
the ganglion, go to the propodeun end ramify over the propodeal

structures.

The seven abdominal ganglia (aGng) are segmentally
arranged in the middle of second to eighth sterna. Each
ganglion gives out a pair of lateral nerves which ramify withﬁ
{n the segment concerned. All the ganglia are of simple nature
excepting the last one (VIII aGng) 1lying in the eighth abdo-
minal segment which is complex and is the largest amongst them.
In the female, where the eighth sternum is absent, this ganglion
lies above the seventh sternum, close to the comuon oviduct.
Apart frou supplying a pair oi nerves to its own segment (eighth
segment ), it posteriorly gives out additional two pairs of
nerves, The anterior pair among them, goes to the ninth sege
ment. Besides supplying tc the muscles of the segment it also
gives out branches to the internal reproductive organs. The

posterior pai:;consisting of comparatively thick nerves ramifies
over the external genitalia.
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Stomatogastric nervous svstam (Fige 193 )¢ === Ihe stomatogas-
tric nervous system is built on the saue pattern as in Sceli-
phropn cemeptarum (Sickley 1942) and S.deesae (Alam 1953). The
unpaired frontal (FrGng) aand h&pocerebral ganglia (hGng3 lie
anterior and posterior to the brain respsctively. The froatal
ganglion 1s placed dorsal to, and at the junction of the cibarium
with the pharynx. It 1s connectea with tne tritocerebrum by a
pair of frontal ganglionic conaectives (frCon)e. The frontal
ganglion gives out anteriorly an unpaired frontal nerve (fNv).
Likewise, pusteriorly it gives birth to an unpaired recurrent
nerve (riiv)e The latter running backwards, along the dorsal
surface of tls paarynx, passes unuerneath the brain and the aorta
to end on the hypocereoral ganglion whichi is distinctly oval in
shape. The paired corpora cardiaca (Cc) lie dorsolateral to

the hypocsrsbral ganglion. ITihe close proximity of the hypocere-
bral gangliou with corpora cardiaca nas coacsaled the inter-
connectirg nerves. <The corpora cardlaca are anteriorly connected
with the protocersbrua througn a pair of nerves called 'para-
cardiuc' nerves (pciv) while posterolaterally, these are connected
with the corpora-allata (Ca). The connascting aucts between
corpora cardiaca snd corpora alleta are hardly detectable. The
hypocerebral gsnglion from its posterior face gives out a pair

of recurrent nerves (riv) which adhered to the dorsal surface

of the stomodaeumy runs dackwarcs upto the posterior bz2lf of the
crop where these end by a pair ot swellings caslled 'stomachicg\
ganglia' (SmGng). These ganglia sead out fine nerves to the

agsociated portions of the stomodaeum and midgute
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5. BIOLOGYX

(1) Introductione.

The mustard saw-fly (Athaljis proxjims Klug.) is one of
the comumonest épécies of insect-pests of Inuian crop, in the
plainse It has also been reported frow hillse The adults of
this pest do aot 1mpair.w}€h the vegetable crops; it is the
larval forms wiichh are responsibls for their aestruction. The
larvae feed on green ana fendur leaves of crucifer plaats viz.,
Raphanus sativus (radish), Brassica papas (turnip) and Bragsiea
spe (mustard) and occasioaslly on 3rassica gleracea (cauliflower)
anG Brassjica gleraceg vare. (cabbage). IThe wide range of hosts

is responsible for{year-rouﬁd cccurance of the pest in the fields

excepting January, May, vune and Jecember., IThis absence of the
pest may be attributed to extraue weather conditions. ZThough
A.proxima is commonly known as mustard saw-f1y but its associa=

tion with radish plants is wore pronounced.

The life=cycle of A,proxima has been reported by Lefroy
(1902) which involves no periodic speciiications. After a long
gap, Hartelli (1932) published an account on the bioclogy of a
sister species, Atgé;ia colibri., It includes general observa-
tions on the behaviour of the insect waici,in no way,is a
comprehensive work. Considerable works cave bDeen published on

one or more aspects of tie biology of otiier saw=-flies ; liiles

(1932, 1936, 1936) on Hoplocampa tsstuainea klug.s korsskova
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(1927) on Nematus ventricosus klug., Fintescu (1928) on Hylotoma
595595 Bodenheimer (1932) on Cimbex ;uadrimacq;gta,‘D' Rozaria

(1940) on Negatug ribesii, and Lejuune, Fell snd Burbidge (1955)
on Pristipggra erichsoni. | ’

Although neglect of the detailed study on the biology of
'Indian mustard saw-fly' has encouraged the initiation of the
present work which contains observations om the life cycle of
the insect in fields, as well as, under controlled conditions.
Besides, efforts has been made to r?qord full observations on

certain aspects of the behaviour of insect, viz., food gelestian,
gopulation, host selection and oviposition. This is done because

no importance has, so far, been attached to the behaviour of
insects, in India. Alam (1952) has recently drawn attention of
entomologists towaras this asp;ct of insect 1life., The present
writer feels that more information on insect behaviour is likely
to help in exploring their control measures. Gross study of
larval morphology has also been done.

(11) Methods of Rearing.

Glass jars of 6" x 5" x 3" size were selected for rearing
purposes. Each reariné Jargcontained a specimen tube of 3" x 1"
size filled to its one half with kndph solution. The moutﬁ of A
the tube was plugged with cotton which was pierced through by
a young radish plant so as to allow its roots to be submerged
in knops solution. By the side of the specimen tube, a piece
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of cotton soaked in sugar solution was kept for the adults to
feed upon. Two changes of the food_%ﬁﬁimade in 24 hours. The
males and females were liberated in the rearing jar and their
escape was prevented by wrapping muslin piece round the mouth of
the jare The muslin piece was held in position with elastic
rubber band. The rearing jars were placed in glass cages, eash
of 16" x 16" x 21" size. The cage contained two compartments,
the upper bigger ;ne for the rearing jars ana the lower one for
controlling the humiaity of the cage. The humidity controlling
lower compartment possessed rectangular glass troughs filled
with a;uous KOH for maintaining almost constant humidity (654
to 70%)s It was covered over by a sliding and perforated 1lid
to preﬁent the insects froam being drowned in the solution. The
temperature was maintained between 70°F and 80°F throughout the
breeding period by switching on olectric bulbs fixed in the 1lid
of the cage.

The adults in the rearing jars copulated and the females
laid eggs inside the tissue of radish leaves. The specimen tubes
along with the plants infested with the eggs were transferred
to another set of circular jars, called pupation jars, of the
size of 8" x 4" each. These jars contained sand filled to one
third of their‘depth and had muslin pleces wrappea around their
mouths, For regulsr supply of fresh food to the developing
larvae, the leaves were changed twice a day. The sand in the
pupation jar was provided for pupation. The adults, so emerged,

were used as stock.
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All the field experiments were conducted during the months
of August and September when humidity and temperature were most
suiltable for the development of the insect.

(111) Habits of the Adult.

-

)

It 1s quite easy to locate the adult of A.proximas in the
field on account of its bright yellow and shining biaek colours
which become more conspicuous against the green backgreund of
the fields. Generally the adult insect sallies forth, from plant
to plant,}gil the green fields. However, radish and mustard
fields are chosen as favourable abode, for the simple reason
that these provide the most favoured food of the larvae. Since
the pests are in abundance in these two fields, 1t is obvious
that successful copulations may occur there without the insects
going in long search for the mating parteners. This is, conse-
;uently followed by egg laying on the plants, Ordinarily, one
would find the adult insect hunting down every approachable
planted field in search of nectar. Sometimes the latter is not
easily available which compels the adults to cut the margins of
plant leaves. This results in oozing of the cell-sap which is
" sucked as foode The insect is not commonly visible on cloudy,
as well as, on extremely hot and dry days. It is most active
when the morning sun is flooding the green fields of summer and
winter with dew=drops still persisting on plants, or else during
rainy season when the sun has just unvieled itself after shaking

off the clouds.
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Usually the males are with peaceful disposition. This
is not true for females who try to eliminate the rivals after
a grim struggle while selecting eggelaying sites. The two such
rival females prior to fighting face one another with their ante-
nnae wavering up and down. The clash is intiated by the colli-
sion of the heads followed by entanglement of the forelegs with
the wings fluttering. They try to dislodge one another and
finally tihs weaker one gives way ana flies off,

The adults appear in the field in late February or early
Harch after meking way through silky pupariaes The normal acti-
vities of the insects remain suspended twice in a year due to
unfavoureble conditionse This is done once in summer (May and
June) and once in winter (December and January), when the temp-
erature either rises or falls to the extent of intolerance.
At both these occasions the insects hibernate in pupal form which
is passed under the soil.

The average temperature at Aligarh is 727°F in the first
week of Merch which rises to 95°F in April. By the beginning
of Moy the rolative midity also falls to 14%., Under such hot
and dry conditions, the insect finas it difficult to carry on
normal activities. The larvae, by now having entered into the
finel larval stage, bore into the soil for pupation. The emer-
gence ls, however, delayeu due to unfavourable conditions till

the onset of rainy season. This behaviour of the insect is

called ‘sumuer hibernation‘.
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By the beginuing of December the temperature again goes
much below the liumit oi tolerance (average 45°F) for the insect.

This initiates the usual 'winter hibernation! which lasts till
first week of iiarch.

Keeping in view the hibernating periods, the insect under-
goes five life-cycles in a year. The first life cycle is comp=-
leted befuore sumuer (iay and June) while the remaining four occur
efter sumuere Accordingly the present writer namesthem as 'pre-

swaucer generation' zna 'postsuaser generation'.

It is interesting to observe that a bresk through 'winter
hibernation' is possible under controlled conditions (temp rature
petween 70°F 80°F and relative humidity between 66% and 70x), end
the insect can continue breeding generation after generatioﬂ
without any break. Similar attempts could not be made for

breaking the 'sumuer hibernation' due to unavoldable difficul-
tiese.

(iv) Copulation.

The following observations on the copulation behaviour of
A.proxima are based on 40 pairs. Pupae were kapt singly in sepa~
rate tubes for exergence. Ihe adults so anerged were kept in
pairs, in separate rearing ,ars, for copulation. wuue to the
availability of food, the insects first impulse was to feed withe
out bothering about the presence of the other sex. After emer-

gence, the male, goes oul in search of the wating partener. Aften
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spotting the female, the male threw himself by her side like
lightening, In case the female was not located, the male waited
with great patience in one corner of the jar., With antennae |
standing erect, he remained keenly watchful. As the time sli-
pped, his gestures betrayed impatience and the head moved side-
ways while the wings started fluttering. The movements ceased
on the approach of female. Waiting no longer, the male came
nearer ner, Sowe of the males were observed getting to the
{females while these were still flying, and forced them to come on

the grounde

Prior to actual copulation, both the male and female
tapped each other by their entennae and forelegs. Usually the
females took the initlative. During the play, the male moved to
the side of the female to mount her without any loss of time,.
This action of the male was accompnaled by the fluttering of the
wings. After obtaining firm hold on the female, the male arched
its sbdomen. Simultaneously the female raised its own, and the
tips of the two abdomens met one another to initiate copulation.
After this, the male came down and moved in a circle so as to
stand with the female facing in opposite direction. This state
of copulation lasted for about two minutes. At the end of this
period, the female started sideways movements, simultaneously
trying to push away the copulating male with the help of her
hindlegs. This ultimately results in the separation of the

mating parteners.
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ihe premating period was found to be of one hour duration.
The inteirval betweewn two successive matings ranged from two to

twslve Lours witi an averzge of four hours.

(v) Host telection.

The experiment on host selection benaviour of A,proxima
was carried out under coatrolled conditions (temperature-78°F
to 80°F, humidity - 65% to 70%) in two stages. The plants used
in the experiments were radish; turnip, cabbage, carrot, touato,
brinjel and luffzsy plented in the specimen tubes filled with

kncps solution (zs deseribed earlier),

First stagee === 11 tiis experiuent seven glass jars, 8" x 4"
éach, Wwere ussde aci jar contained a specimen tube with éne )
kind of plaat anu its wouth wus covered with muslin pieces Five
newly cuerged fausles, afier copulations, were sllowed to remain
in each jar for 12 days. &t the ead of this perlod the food
plants were examined ana eggs laid on each plant, if any, were
recordeas J[he experiment was repeated ten tiumes walch obviously
means tanat fifty young copulated females wsre provided with one
kind of plaant for egg leyin,. Tnis experiment sinowed that corrot
and tomato plants were totally aneglected; leaves of brinjal and
loffa plants were perforated but no eggs were laid, anda radigh,
turnip anu cabbage leaves were fouad to contain eggse 0On the

count of the egzs the probable liking for aost plants came to
raaish, turnip and eabagge, in order of preference (Table No.l)

-
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Table doe.l

SeNoe wName of plant Average number Average number of
of performations egss laia by female
bY female.

1. Radish 4 o0

e Cabbagg <b 3

4, Brinjal 16 nill

be Luffa 10 nill

Ge Carrot nill nill

7o Iomato nill nill

Second stagee ~-=—  In this experiuent only radish, turnip and
cabbage plants weie used, ciice these were preferred .i the first
experiment. A ciccular glass trough oi 18" uiamster wzs selected
and a circle or 1" wiaucter was arawa in its bottom. Iwelve
host plants mounte& in specimen tubes, with their roots dipped
in knop's solution, were put alternately at e;ual aistance from
each otheryon ths circumference cf the circle. iLwenty joung
copulated females were released in the ceatre of the circle aad
the trough was covered with auslian cloth. The feamales were kept
in the trough for 12 aays fo lay ezggs on the available plants.
This experiment was repeatsd 10 times which weans that =00
females were givea 120 plants for host selection. The result

shows that thc first preference of A.proxima goes to radish. It
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is followed by turnip and cabbage as second and third preferences
respectively (lable iioe2)e.

Table Noe2

SeNoe IName of plant Average number Average number of
of periforations, eggs laid by femalee.
by females

1. sadish g bo

2. Iurnip 7 de

3e Cabbage 10 nill

(vi) Ovipositione

The average auration of the preoviposition perioa wes
74 hours with the maximum as 9 hours and ainimum as ¢ hourse
The female, usually, selvcted tender leaves to deposit eggse
She started the process ty tapping the upper face of the leaf
with her anteanse to aiscover tne suitaolity of thne spot. Tae
spots, already used for egg laying were uiscarded., For egg
laying, she held the leaf between , her forelegs ana by oending
the abdomen rouna the aargin, puncturea the under surface., After
a bit of drilling sctivity by tae ovipositor, the egg was depo=-
sited inside the leaf, very close to its margin. ihe entire
process took from 16 to 20 seconas. After oviposition, the
ovipositor was witharawn. Cfouwetimes the ovipositor was withe

arawn without the egg being lside This was how the 'perfora-

tions! were mace by the female.
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In one sitting the female laid from 2 to 20 eggs with an
average of 12 eggs. ©She could revisit a leaf and deposit eggs
in it but well removed from the spots already containing eggs.
tiowever, the eggs were always deposited submerginally and in a
single row, in each sitting. In the field, where the insect was
free to move about from one plant to another, not more than two
or three eggs were laid on one leaf and these were also consi-
derably spaced, as compared to the conditions in laboratry where
the eggs were too closely laid ana their nuunber per leaf was also

greater,

The rate of egg laying by a female varied from 1 to 29
eggs per day, with an average of 7 eggs. This was nuite low in
the early days of the oviposition period with an average of 3

eggs per day. Later on, the rate increased to touch the average

of 7 eggs per day.

There was also a lot of variation in the amount of eggs
laid by different females during their life-times. The maximum
number of eggs laid by a single female came to 131 while the
minimum number was 12 eggs. However, the average number of eggs

laid by a female was 61,

(vii) Pre-imaginal Stages.
Lgg stage (Fige 164)e ~=— It is quite easy to detect the eggs

along the margin of the host leaf. These are arranged in a row
with portion of leaf surface covering them. The eggs appear in



the form of yellowish green tuberclses over the leaf surface.

is
The mature egg/oval in shape, measuring about 2 mm in

length., It is of cream clour out the colour changes to black
with the age of egge.

In the laboratory, the egygs were allowed to hatch under
suitable conditions of teamperature ana humiaity (temperature-
70°F to 80°F, humiuity-c6~ to 70°)s The incubation period ranged
from 97 to 10& uours. '

Larval stage (Figse 156,1866,167,168 & 1869 )s o= The newly
hatched larva moved about for a while within the leaf tissue.
Later on, it ate its way out of the tissue,.

The larvs iazedistely after natchiang is light grey in
colour with black head (H)e £Ihe body, apparently, is not diff-
erentisted into thorax sna abdomen. But the presence of three
pairs of jointed thoracic legs (L) could be taken as proof of
the identity of the thoracic region. On the other hand the
abdomen possessss seven pairs of prolegs (1). These are borne
by segments 2-8; while the first, last ana pennultimate segments
are devoid of thems. IThere are ten pairs of spiracles (sp).

Ihe two pairs of thoracic spiracles are intertergal in position
1ying between first and seconua, ana secoad and third seguents,

respectively. But in abdomen, the paired spiracles are borne by
the first eight terga on their sides.
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fhere are five larval stages which took from 13 to 1o
days to be completed (Table no.3), The colour of the larva
immediately after moulting is light grey which changes to dark
grey just belore the next moulting. The larvae of all stages
grow raplidly but proportlionately in sizes

Tie rate ol coasuuption of food iacreased with the size.
Ine voracious feeding nature oif the larvae was also demonstrated
by releasing 10 fully grown larvae in separste Jars,each contain-
ing sufricient awount of raaish leaves. It was discovered that
witinin 12 hours they consumed 60 s;. inches of food area. This
ocbservation was also supplemented by field observations which
showed that young radish plants were stripped off their leaves
with in few days of infestation. OSuch devastating attack was
followed by amigration of larvae to the adjoining fielas where food|
was available in good ;uantity. This migratory instinct had been
confirmed;iiperimental plots.

Ixperiments were also conaucted to record larval stages
anu their durations in the field., For this purpose 30 circular
spots, each of 18" daiameter, were carved out in the experimental
plot containing yaung radish plants. Each spot was covered with
¢ shallow metallic drum open at ooth ends. The upper opening
of the drum was covered witi = thin piece of muslin clotu for
easy flow of light and air to the interior. lrertilized feuales
were released in these drums, for oviposition. In each drum, 10

eggs were allowed to develope OGbservations showed that the
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incubation period, in the field, ranged between 4 to & days.
The larval stadia took 16 to 18 days for completion (Table No.4).
Out of a total of 250 larvae, six cases of prolonged larval
duration were recorded. This duration extended to an average of
27 days. ©Since only 2.4% of the total cases underwent prolonged
larval duration, It would be ;uite reasonable to regard them as

abnormal cages.

Table Noe. 3.

CeNOo Larval Hinimum Maximum
instar duration duration

1. I 2 days 3 days

24 II 2 " 3 "

Se 111 3 " 4 "

4. IV 3 " 3 :!

5. v a " a "

Table No. 4.

SeNoe Larval Minimum Maximum

instar duration duration

1. 1 3 days Jd days

2. II 2 L a L]

3. 111 4 " 4 "

4. v 3 " 4 "

He v 3" 4 "

- -~
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rood selection by larvaes =— TIhe larvae, in the course or their

study, was aetecteu feeding on a variety of plant leaves. I[his
instigated the desire to carry out experiments on larval food
selection behaviour and accoraingly following experiments were

conaucted unaer coatrolled conaitions.

¥irst erjumeate(Grapa NoeI)e === In the first experiment 10
wifierent kinas oi plant leaves belonging to the families oJruci-
ferae, Solanaceae, ..clvacese anu Cucurbitaceae were selectud.

The plant leaves, ol sach type, measuring 60 s;. in. were placed
in 10 glass jars each 8" x 4" ia size, with opon ends covered
witn amuslin cloti. Tne_deasurements of tihe foods were made by
arawing & rectangle of 10" x 10" on glass plate ana leaves were
arrangea in it beiore b,iné tran;xerea to the jars. Thus, the
rectangle was usea &s 8 ueasure for foog. Ten larvae belonging
to fourth instar were lipberated in each jar for 24 hours. usut
before release, the larvae were starvea for 24 uourse £ix hourly
observations were waue to recora the ;uantity of food consumed

in eacu jar, aad thea foud was also chaaged cace after every six
ours so that the larvae always got iresh supuly of food. IThe
experident lasted for &4 aours (fable Wo.5)s It is nuite clear
that preference for food comes in tie following order: raaish,
mustard, turnip, and caull flower. The remaining six plants
(luffa, tomato, gourd, carrot brinjal and ladiesfinger) were

reglected altogether.
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Table No.d

S.Noo»

Name of the plant
used as food.

Total area of the
leaves consumed by
10 larve during

24 howrse
1. Luffa (luffa aegyptica) nill
2, Radish'(ﬂaphanus sativus) 72 s;. in.
3. fomato (Lycopersicon escé;entgg) nill
4, Gourd (Lagenaria sp, )e | nill
6o Turnip (Brasgica napus) &9 s;. in.
G Carrot (Daucos carota). nill
7 Cauliflower (Brassica gleraces) 9.8 s;.in.
8, srinjal (Splapum melongena ). nill
9  Ladlesfinger (sbslaoscius escul -
10. sustard (Brassjea juncea)ls 69 s;. in,

Second experiment. s
in three stages.

The second experiment was carried out

It was designed to find out the preference of

food by larvae when both the fancied anu despised foods were

simultaneously made available to tham.

For this purpose a glass

’r
tﬁough. of 16" diameter was selected and a circle of 12" diameter

was drawn in its hottom which was further divided into six

sectors, each of 602 The open end of the tﬁough remained covered

with muslin cloth,



First stage (uraph .icell)s == On the periphery i the makred
sectors, e;ual ;uantities of six types of leaves (including
radish, mustard, turnip, carroi,tomato and brinjal) were put
in such a manner so tiaat the fancisu foods alternatea with tie
aespised ones. ity larvae belonging to the 4fh ilastar, after
bein; starved for 24 hours, were released in the centre of the
circle and alloweu to muke tieir own seleetion oi fooda. Lihis
experiment lasteu for eight lLours. <Lhe results (Lable Noeob)

show thst the larvae preferred raaish, mustard ana turnip leaves.

Iable iloe0a
(showing leaf arrangeueat ia first stage).
R | B
L R

X Tr C
Table ioe. Gb.
SeNOe Iype of plant Tétal ares consuzed during

leaves, eight hours.

1. Hadish (n) 65.34 510150
2 Tomato (I) nill
3e Tuwraip (Ir) 24.22 sn.in.
4, Carrot (C). nill
be dusvard (i) 68.12 s-.1nm.

Ge sriajal (B) nill
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Second stage (Graph Noe3)s ~—= In the second stage another

set of fifty larvae of 4th instar, starved for 24 hours, was
selected to be released in the centre of the circle. This time
the six types of plant leaves were arranged on the periphery

of the sectors in a manner so as to set the fancied foods in
three adjoining sectors on the left side while the despised foods
were put in the remaining three sectors on the right side, of
the trough. The observations, redorded after eight hours,

show that the larvae preferred radish, mustard and turnip over
other foods{Table Noe. 7bJe

Table No. 7a
(showing leaf arrangement in second stage)

R | C
L
R
T
Table No. 7b
S.Noe Type of the plant Total area consumed
leaves. during eight hours.
1, Radish (R) 74.52 3q.1in,
e Turnip (Ti‘o) 41.44 "
36 Mustard (M) 58.00 "
4, Tomato (T) nill
5e Brinjal (B) nill
Ge Carrot (é)’ nill

et
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Third stage (Graph Noe4)e === In the final stage the leaf
arrangement differed frém tnat of the second stage to the
extent that the fancied foods were put on the right side, in
the three adjoining sectors, while the three adjoining sectors
on the left side contained the despised foods. Another batch
of fifty larvae belonging to 4th instar, after being starved
for 24 hours, were released in the centre of the circle. The
amount of different fouds consumed by them was recorded after
eight hours (Table No.8b). It was observed that the change of
sides did not afiect the larval choice for food.

Table io. 8a

(showing leaf arrangement in third stage).

Table Noe. 8b

SeNoe Type of the plant leaves Total area consumed
during eight hours.

1, Carrot (C) nill
2. Brinjal (3) nill
3s fomato (I) nill
4, Mustard (M) 60,34 se:g.in.
Be Turnip (Ir) 461 sq.1n.
6, Radish (R) 83,22 3q.4n.




The results obtained in the second set of experiments
support the findings of the first experiment, which show that
the larvae of A.proxima prefer radish, mustard, turnip and
cauliflower leaves for their food ana totally ignore the leaves
of luffa, tomato, gourd, carrot, brinjal and ladiesfinger plants.
These observations are fully endorsed by the study of the larval
behaviour- in the fields containing mixed crops of radish, turnip,
cauliflower, tomato and carrot,which shows the order of pre-
ference for foou,there,to be the samey i.e. radish, turnip and
cauliflower. ©Since normally, mustard is not sown along with
radish etce. in the same field, hence this food could not bse
included, for field study.

Soil selection for pupation (Graph §0eH)s === Eight kinds of

soils of different compactness were selected for the experiment
to find out larval preference of soil for purpation. These soils
vere, dry moulding clay, wet moulding clay, dry sand, wet sand,
gravel, softly dried clay prepared by drying wet clay in bright
sunlight for five days and clay baked to the hardness of brick.
The eighth type of soil was the ordinary soil from & radish
field. Ihis soil was taken as stanuard for comparative purposes.
The soils were put in eight circular rearing glass jars (8" x 4"
in size) to one half of their depths. In each rearing jar a
bateh of 20 final instar larvae were kept and green radish

leaves were provided as fooa. The mouth of each jar was covered

with muslin cloth.



- 204 -

The resistance of the soils were tabulated by sujecting
them to 'unconfined compression test'} The relative value of
the force applied by the machine and the penetration (deforma~
tion) into the soil gives the amount of resistance offered by
the ;oil.

The relative resistances of the soils and the number
of larvae boring into them for pupation are indicated in table

Nnoe9e

*

It 18 quite clear from table no.9, as well as from graph
no.5 that the larvae are absolutely incapable of boring into a
s0il of very high resistance (baked clay)s It is also clear
that there is a tendency on the part of ﬁhe larvae to prefer
soll of low resistance for penetration, as the maximum pene-
tration is recorded in a soil of 6lbs/in. resistance. With
this trend of preference of sil the maximum penetration
should normally have occured in '‘gravel! having unmeasureable
low resistance. Lowever, the reidings show that pensetration
percentage is only 6566 in gravel. This marked deviation from
the general trend has been attributed to the large sized gravel
pleces vwhich might have obstructed the boring by the larvae.
This explanation gets strength from the experiment with sand

1. The text was brought about by 'stress measuring' machine
designed by K.C. Productions, Fulham, London, which is ins-
talled in 'Civil Engineering Laboratory' of the 'Engineering
College'y A.M.U. Aligarh. The testing experiments were
carried out under the suprevision of Dr. Bahaudain of the
Civil Engineering Department.
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where tie penetration was of great success presumably due to

very fine size of sand particles which could not obstruct the

boringe.

Table No. 9°*

S.No« Iype of soil. Resise Noe.of Noe.of Penetration
tance of larvae larvse percentage.
soil. relea- penetr-

sed, ated
soil.
1, Standard soil
(from radish
field). 12 1bs/in. 20 18 0%
2, Dry moulding |
clay. s " 20 156 75%
3¢ wet moulaing
clay. 12 " <0 18 90k

4, Ury sand® 5 " 20 19 05%

6. et sand: &6 " 20 19 ob%

6e Gravel: unmeasursble <20 13 65k

low resise
tance.
7 Softly dried )
claye 16 1bs/in- 20 16 80%
8. Baked clay. unmeasurable 20 nill 0. 0%
high resise-
tance.

Pupal stage (Figs. 160 & 161), e== After about three days of

active feeding, the fifth instar larva prepared to enter into

the soil for pupation.

On entering the soil, the larva construc=
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ted an eliptical silk cocoon round its body, measuring from
7 me.me to 10 meme in length and 4 m.me to 6 m.m. in breadth.
On the exterior of this cocoon, foreign bodies like sand grains
or bits of vegetation got stuck giving coarse appearance to it.
The cocoons occured in the soil at various depths ana could be

traced frouw the surface of the soil upto a depth of 31",

Lithin tke cocoon, the last larval usoult remained sticking
to the body till the fourth day of pupation. On the fifth day
the moultiiyg skic detached frow the body of tue larva and the
latter changed into nonpiguented 'prepupa's Thus the larval
periou inside tiie cocoon was of four aays auration. The prepu-
pal body was subdivided into cephalic, thoracic and abdominal
regions. ITails subdivision was based on annular constrictions
between lLisad aad thorax, anu between first anc second abdominal
segments. Ihe iaternal appendicular buds also became evaginated
On the sixth uay, the moulting skin was coumpletely casted off.
Inis synchronized with the change of ‘'prepupa' into a 'pupa’s
The prepupal auration lasted for two days (fifth and sixth days
of pupation).

The pupa resembled the adult with three distinct tagmatal
regions ana their developing appendages. On the eighth day of
pupation the pigmentation starte. from the paired eyes and
gradually the entire body assumed the colouration of the adult.
At the end of the 1l0th day, the ensrgence occureds Accordingly,

the pupal period lasted for four aays.
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The entire nuiescent period ranged between 10 and 16
days with an average of 13 days.

»

In the fields, the nuiescent period lasted from 10 to
20 days with an average of 15 days. Sometimes, the ;uioscont
period got prolonged upto 28 days. This abnormality was
attributed to heavy rains. |

(viii) Mortality during Development.

The females were collected from fields and were put in
the glass cages along with the males, for 24 hours,for copulas
tion« The females observed copulating in captivify nnmbcringv'
40, were selected for egg laying. These were released in 40
glass jars (6" x 4" x 3" in size) covered over by muslin cloth
and possessiné youag raéish plants growing in specimen tubes
with knop's solution. All the females laid 2300 eggs on the
radish plants with in the glass jars till their death. After
every 24 hours, radish plants infested with eggs were removed
to the rearing jars for further development and new plants were
placed in their place, for egglaying. The rearing jars containod
standard soill from the radish field for pupation. The food of
the developing larvae were changed twiee a day till all of them
pupated and finally emerged as adults. At every stage of their
transformation a record was maintained. This is indicated in
table no. 10, which shows that during development eggs suffered

o mortality of 26%, larvae only of 4% while pupae of 38%.
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To record the rate of mortality during development in
the field, experimental plots_with very young uninfested radish
plants were covered by metallic drums of 18" diameter. All the
developmental stages of the insect were obs;rVed within these
drumse The record of these observaticns is shown in table no.l10,
by which it can be concluded that in all the stages, the rate
of mortality in the field was higher than what it was under
controlled conditions. The egg¢s showed a death rate of 39k,
larvae of 38/ and the pupae of 0k, In the field the higher
death rate among eggs may be attributed to the early withering
of egg~bearing leaves either due to physical injury or else
due to insufficient supply of foode The higher mortality at
the larval stage can be due to the presence of predators ine
cluding autse Further, higher mortality in the pupal stage may

be due to some barriers caused in the natural condition of the

sodile

Table noe 10°

Observations Eggs. Larvae Pupae Adults

Under controlled Actual

conditionss. number
' . observed 2300 1724 1662 1032

Rate of _ ,
................... portelify. . oe==_ 88k _______4b_____38k_ _
in the field Actual

nunber

observed 280 586 368 183

Rate of

mortality ——- 395 38% 50%
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(ix) Parthegggeé%is.

Thirty females, imwmediately after their emergence, were
isolated to avoid every chance of copulation. These were
released in separate glass jars (6" x 4" x 3" in size) covered
by muslin cloth and possessing youﬁg raaish ﬁlants growing in
specimen tubes containing knop's solution. Each female laid,
at an average, 60 eggs. All these eg:s subse;uently developed

into males only.

bimilarly isclated females were liberated in the experi-
mental plots with young radish plaats covered over by metallic
arumse. dnere, too, the eggs were laia by uncopulated females

wiiden finally developed into walese

These ovservations are contrary to the view expressed by
Lefroy (1909) who considers that parthenogengis, though of common
occurance in the family Tenthredinjdae, shouldu not occur in
A.proxima as their males are commonly found.

(x) revity of the Adultse.

Unaer normal condltions the males survived from 9 to 17
days with an average duration of 12 dayse. liowever, the longe-
vity ol females much uepenaed oa their egg laying opportunity.
normally, these died on laying the entire lot of eggs, after
an average duration oi 14 days., Sut the life-span of females
increases slightly if these are not allowed to deposit eggs.
In that case the life-span varies from 12 to 24 days with an

average of 17 days.



(x1) Anatomy of the fully grown Larva.

External structure of larva (Figs. 160,1866,167,168,169,162,
16301644165 & 160 J)s

The larva is soft, dark grey anu cylindrical with 13 segments
{3 thoracic anu 10 abaominal ). Ihnere are 10 pairs of spiracles
(spJ)s The first two thoracic spiracles are intersegmental while
the rest are oorne by the first eight abuomina{ sezgnantse

There are tiarse pairs of thoracic legs (L) followed by seven

pairs of prolegs (1) in,second to eighth abdominal segments.

The hypognathous head (u) is shining black in colour
and suboval in iorwe. The face is traversed by an inverted
Y-shaped ecaysial line (i) wiose two arums end on the anterior
tentorial pits (at) wiile the steum running across the top of the
heau ends in the widdle of the post-occipital suture (pos).
The four segmented short antennse (Ant) are based lateral ana
close to the anterior tentorisl pits. The paired lateral ocelli
(0) are located sligntly lateral and dorsal to the antennal

bases.

The epistomal suture (es), running between the two
anterior mandibular zrticulations and bearing the anterior ten-
torial pits (at), demarcates tic crescent-shaped clypeus (Clp)

from the rest oi tas face.

The subgenal suture (sgs) starts frou the lower and of
tihe postoccipital subture aand is separatea from the lztter by
posterior teatorial pit. While Jcscending, it becomes submargind

al before taking a turn to crawl over the anterior face of the
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cranium for ultimately enuing above the anterior manaibulsar
articulation, where it joins the epistomal suture. The entire
suture can be subuividea into hypostomel (hs) and plew ocstomal
sutures (ps), the former running from the posterior tentorial
pit to the posterlor mandibular articulation ana the other,
from the posterior mandibular articulation to the anterior
mandioular articulation. The narrow submarginal areas so demar=
cated Decome the hypostoma (ust) anu pleurostoma (Pst), res-
pectively. Ihe hypostoms, above the base of the maxilla, and
under the foramen magnwrn, is drawn in as a narrow plate which

may be regardeu as incouplete hypostomal bridge.

The inverted U-shapea postoccipital suture (Pos ) runs
almost marginal to the foramen magnuu (For), with its (wo ends
merging with the subgensal suture.

The paroccipital suture (paros) starts frou the post-
occipital suture anu running across tue top of the head ends
at a place, iar rezovea froa the arms of the ccdysial line.
Thus, the gencralized occiput is & subuivided by the two parocc-

ipital sutures into &z wedian (uoc) ana two lateral (Loc) occiputs

There is no uistinct fious separable froa the parietals
(zenae) due to the total absence of frontogensl suture. uzowever
the veﬁtral 1limit is well demarcsted by the epistomal suture.

It is therefore suggested that the entire facial area,dorsal
to the epistomal and pleurcstomal sutures,may be regarded as

frons-cun~gzenae (FrGe). On the basis of locations, the antennae
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ana the ocelli could be tagken as genal in position for the sake
of convenience. The small top area of the cranium flanked by
the anterior ends of the paroccipital sutures is regarded as
the vertex (Vx)es This is contiguous anteriorly with the median
portion of the frons-cum~gensl area and posteriorly with the

meaian occiput,

The tentorium consists of pairea anterior arus (AT ),
posterior arms (PZ), and dorsal arms (DT ), The dorsal arm,
emerging from the distal end of the anterior arm, ascends to
meet the faclal wall just aorsal anu mesal to the antennal
socket. The anterior and posterior pair of arms are stout with
their bases in the anterior anu posterior tentorial pits. The
basal portions of the posterior tentorial arms mesally extend
to form the body of the tentorium.

ia mouth is dorsally protected by the labrum (Lm),
ventrally by the labium (Lb) ana laterally by the paired
waxillee (ix) and mandibles (iid).

The labrum (La) is semicircular, semisclerotized plate
hanging frou the ventral margin of the facial region. From
its posterolateral angles, extend a pair of 'tormae' on which
are inserted the !'retractor' muslces (N0.153). The latter
originate from the lateral portions of the frons-cum-genal area

The mandible (vid) 18 well sclerotized and triangular in |
out line. The impregnated basal rim (r) is in articulation with
the ventral margin of the cranium through 'anterior' (¢) and
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‘posterior (a) articulations. The pointed apex of the mandible
is dentated. Tl.e mandible is controlled by 'adductor'! and
'abductor! muscless The two bundles of 'adaductor' muscle

(Nos. 184) originate in the region of 'vertex' and ‘occiput' and
are insertea, through an apodeme, on the basal rim of the wan-
dible, close to its anterior articulation. IThe fibres of
‘abductor! muscle (i0.165) start from the postgenal area and
end on the basal rinm of the mandible, behind its posterior
articulation.

The maxilla (iix) is feebly selerotized with cardo arti-
culating with hypostomal bridge. The cardo (Cd) and stipes
(St ) are coatiguous through flexible hinge line (StCdh). <Ihe
stipes is split up into two longituanal plates due to the intere
vening incomplete fissure. Ihe lateral plate bears four seg-
mented palp (wixPlp), while the mesal one ends in distal lobes.
The outer ana larger lobe is tihe galea (Ga) while the inner and
the smaller one is the lacinia (Lc).

The maexilla is controlled by five extrinsic muscles.
Three of them originate from anterior tentorial arm (AT ) and
running obli;uely downwards, these ena on the two plates of the
stipes ana on the carao close to the hinge line. Out of these
muscles, the anterior most is the !first aaauctor of maxilla!l
(io.166)s It is iaserted on the lateral plats in its middle.
The mid&le one is the 'second adductor of maxilla' (No.167)
which ends oia the proximal region of tae mesal platé. The
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posterior one is the 'third adductor of maxilla' (No.168) which
is attached in the distal portion of cardo. The promotor of
maxilla' (No.189) originating from the posterior wall of the
cranium descends and is attached through an spodems on the
proximal end of cardo. The fifth extrinsic muscle becomes the
'first flexor of lacinia'. (No.160). It arises on the cranial
wall to end on the base of lacinia.

There are three intrinsic muscles of the maxilla. One
of them is regarded as 'second flexor of lacinia' (No.16l1),
originating in the proximal portion of the mesal plate of'stipes,
to end on the base of lacinia lateral to the 'first flexor of
lacinia's The remaining two are the 'levator' (No.162) and
*dpressor!' (No.163) muscles of maxillary palpe. Both of them
arise from the middle portion of the lateral plate of stipes
and running almost parallel, end in the basal angles of the
maxillary palp. The outer among them, on the basls of origin

and insertion,is regarded as 'levator'.

The musculature of the maxilla in the present case is

comparable with the musculature of maxilla of Periplaneta

americana (Snodgrass 19356). The latter consists of two stout
tadductors' arising on the tentorium and inserted in the cardo
and the stipes. These are comparable to the comparatively
feebler 'first', 'second! and 'third adductor' muscles of the
maxilla. The 'first' and 'second flexor' muscles of lacinia

in the present case may be compared to the 'cranisl flexor' snd



the 'stipital flexor' muscles of lacinia in P.americana, res-
pectively, The 'promotor of the maxilla'y ana the two muscles

of the maxillary palp are also represented in P.amerjcana.

All the maxillary muscles of A.proxima are represented
in Xiphydrias prolongata as shown by Short (1962)., The 'first
adductor of maxilla‘'y 'second adductor of maxilla' and 'third

adductor of maxilla' are equivalent to muscles numbered as 13,
12 and 11 respectively, in X.prolongata. The 'promotor of

maxilla', the 'first flexor of lacinia'’, the 'second flexor of
lacinia' the 'levator of maxillary palp' and the 'depressor of
maxillary palp' are comparable to muscles numbered as 10,14,15,

17 « 18 respectively in,X.prolongatas

IThe feebly sclerotized labium (Lb) is subdivided by a
distinct labial suture (1lbs) into a large distal prementum
(Prmt ) and & small proximal postmentum (Pmt)s The postmentum
is a sclerotic plate while the prementum is a combination of
sclerotized ana membranous asreas. 7The latter is confined to the
mesal portion of the dorsal surface of the prementum. The
lateral limits of the prementum are ralsed into two convergent
ridges, which enclose an inverted vase-shaped membranous areas
The riages become the walls of the hypophyarynx (Hphy) whereas
the enclosed membranous area forms its roof, which is actually
the mesal portion of dorsal surface of prementum. Three seg-
mented.labisl palps (LbPlp) hang from the sides of the prementum.
The distal lobe of the rementunm is not aifferentiable into
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glossa and parsglossae. Lowever, its tip contains the orifice
of the salivarium (Slv).

The entire prementum is controlled by the following
three muscles. The 'first aaductor of the labiuu' (.o0.164)
originates ou the tentorium ana ends on the labial suture. It
is e;uivalent to the labial adductor' (2adlb) of Gryllus
assimilis (Snodgrass 1935). The !'second adauctor of the labium'
(Noe16b) slso commences frox tne teatorium which ends on the
undiviaed distal lobe. Ihus, it is comparable to the 'labial
adauctor (laalb) of G.assimilig, The 'retractor or tme prementu#
(N0e1G5) arises oa the micale portion of the proximal margin
of postmentum and is inserted on the labial suture,mesal to
the 'first adductor of labium'. Ihis muscle is comparable to

the 'retractor of the prementum' (rst) of G.assimilis.

ihe lanial pelp is coatrolled by a 'levator and a
'depressor! labial muscles. Ihae 'levator' muscle (No.167) of
the palp, starting frou the lateral wall of the prementum, is
inserted on the outer basal angle of the palp. Likewise the
‘depressor! (i0.168) of the labial palp originates on the
prementusz but mesel to the 'levator' muscle and ends on the
mesal basal angle of the palp. dJhese two muscles are e;uivalent
to the 'levator' (lplp) and ‘depressor' (dplp) muscles of labial

palp in G.assinilis.

The ‘uilator of the salivarium' (4o0.169) consisting of
parallel fibres, originates on tne lateral wall of prementum,
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sunning obliquely inwards, the fibres end in a line on the

dorsal surface of the salivarium.

In Sirex cysneus, Short (1952) has shown the following
labial muscles ¢ 'posterior or ventral retractor of the premen-
tum' (23),'anterior oraiorsal retractor of the prementum' (24),
'dors:l muscles of the salivarium' (16) ena 'wedian muscles of
the labium' (rst). These are coasidered similar to the 'first
adauctor of the labium', the 'second adauctor of the labium',
tae'dilator of the salivarium' and the ‘retractor of the pre-

zentum' respectively, in A.proxima.

Ioternal anatomy (figs. 167,168,169,170 & 171 ),

The digestive systeme ===~ The alimentry canal consists of
usual three subdivisions, foregut, midgut and hindgut. The
foregut is extremely narrow, cylindrical ana tubular in form.

It aateriorly comuunicates witi the preorsl food chamber through
the true mouth (iith), Ihe region of foregut within the cranium
is tue pharynx (Phy) waich may be split up into anterior pharynx
aiu posterior pharynx, according to its position with respect

to the brain., <ae portion of the foregut leaving the cranium

is thae oesopaagus (0e) which is extremely short anu is immediatel;
followed by the midgut (iG). The latter is the broadest and
longest portion of the alimentry canal and is of uniform thicke
ness througiout its course. The malpighian tubules (4al) open
in the alimentry canal, at the juaction of the midgut ana the
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hindguts The latter consists of two distinct portions, the
anterior one is called 'intestine' (Int) and the posterior one,
reetum (Rect). The rectum tapers to end as snus (An), at the
posterior tip of larval body.

P

S4ilk giand, = The silk gland is profusely branched, filling
almozt';!‘,;}ontiro body canity. There are two main tubes which
ramify into secondary branches bearing numerous ampulla-like
structures (amp).» The two main tubes, the lateral salivary
ducts (1sd), independently leave the prothorax to anter the
head ulnxere'they immediately fuse to form the ‘common salivary
duct' (8ID), which,in the region of prementum dilates to form
the 'silivérium'. The latter anteriorly opens through an

orifice borne by the tip of the distal lobe of labium.

Excretary system, s There are ten long clyndrical j”i"alpighian
tubules (Mal) which lle in the visceral sinus, parallel to the
wall of the éut in postero-anterior direction. These open in

a circle, at the junction of midgut and hindgut. These are

cream u(' colour and are closed at their free ends.

Re T tege ~= It consists of two main tracheal
trunks (LT ) traversing the body laterally underneath the rows
of spn;cl;s. These receive dorsolaterally short spiracular
tracheae (spt) from the spiracles.
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The trachecation plan is similar in the first eight abdo=-
minal segments. <Two trachesec come out dorsally from the lateral
trunk, slightly posterior to the segmentel spiracular tracnes.
The anterior of the two, is the 'dorsal trachea' (dt) which
ascends to supply to the heart in the pericardial sinus ana
to the dorsal portion of the segmental walles The posterior one
is called the 'visceral trachea' (vst) which supplies to the
viscera in the visceral sinus. The lateral trunk, from its
mesal wall gives oubt a meszlly airected treachea, the ;mesal
trachea' (mt), wiich on enterin; tihe perineural sinus imsediately
divides into 'anterior (ab), posterior (pd) and *mesal' obranches
(mb)e. The anterior branci of one segueat meets the posterior
branch of the precediii; ssgment witu the reswt that two supp-
leuentry loagituunsl trunks are Iormeu wiilch can pe called as
'ventral longituunal trunks® (VI ). The mesal branch transversely
runs across tune venter anu aiter ,joining its couaterpart ox
the other siue, it forus the 'ventrsl comuissure' (vc) which
gives out branches to the structures lying in the perineural
sinuse. Ia the ninth abuominal segment the latersl trunks wmove
towardag one anctuer ana fuse to form the 'ventral commissure! of
the segaent. oJue to the aisence oi normal braaches in the ninth
segment, it gets tracheal ramifications from the segmental tra-
chegl branches of the eighth segment. The ninth *ventral comm-

igure' posteriorly gives out tracheae for the tenth segment.
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The lateral trunk, on entering the metathorax,gives out
the mesal branch (mb) which remains undivided and forms the
'ventral commissure' (ve) after meeting its counter part of the
other side. Ctructures in the lower half of metathorax are
supplied by the treacheal branches coming out from the ‘*ventral
comaissure'y as well as, direct from the lateral trunk: In
mesothorax, apart frou receiving the spiracular trachea (spt)
and giving out mesal branch (mb) to form the 'ventral commissure!
(ve)y the leteral trunk also gives out a 'aorssl trachea' (at)
which bifercates into 'anterior' (sdt) and 'posterior' (pat)
branchnes, Tie former, looms Iorwaru to again meet tie lateral
trunk in the prothorax, sliputly anterior to the first spiracular
tracnea. On its way, this tracihea gives out branches to the
structures in tae upper helf of mesotiorax, wnile the remaining
mesotnoracic structures are supplied by branches coming out from
the 'ventral commissure' ana zlso uirect from the lateral trunk.
The posterior wrenca of the dorsal trachea also forms a loop
and yoins the lateral trunk in the region of metathorax, opposite
to the mesal brancih. On its way, it gives out branches to tae
structures in tuc dorsal half of aetabiaorax. In the region of
prothorax, the lateral trunk besiues receiving tine spiracular
trachea (spt), gives out wmesal branch (mb) which forus the
tventral comuissure' (ve)s Jais cowsissure suppliss brancues

to the prothoracic strucfures.
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The lateral trunk, before entering the head, bifercates.
The four branches of the lateral trunks, enter the head thirough
foramen megnum. ZThese again aivide ana the eight tracheae, so

formed, supply air to the structures in the head region.

On the basis of the number of ventral commissures Alam
(1958) has attributed better evolutionary status to Encyrtidae
over Sraconidae. Applying the same, it can safely be said that
Tenthrediniaae is more primitive than Braconidae.

Circulatory systeme. === Ihe circulatory system is composed
of three sinuses, eight chambered heart and aorta. The peri-
cardial (dorsal) sinus ana the perineural (ventral) sinus are
separated froa the visceral (middle) sinus by the membranous
dorssl and ventral diaphragms. The heart (Ht) runs mialongi-
tunally, in the lap of the dorsel diaphragm (dDph) whose weak
alary muscle fibres (dDpluicl) are fastened laterally on the
unaersurface of terga.' The spaces, between consecutive points
of attscament, allow the flow of blood from the visceral sinus
to tne pericardial sinus. TIhe fibres of each allary muscle
starting frou thelr point of attacnment on the tergum take up
a divergent course to end by spreading, on the side wall of the
heart. Ihe segmnental arrangment of the paired slary muscles
corresponds with the number of heart chambers. Since there

are eight pairs of alary muscles, thus the heart is also eight-
chambered, which is stretched from eighth to the first abdominal
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segment with its chambers placed segmentally. Its first (post-
erior) chamber is blind posteriorly while the eighth (anterior)
chamber on entering the thorax tapers into a short sorta, Each
chamber, at its junction with the following chamber, is provided
with a pair of lateral ostia (ost). Thus, in all, eight psairs
of ostia are presents The aortaruns across the thorax, under
the dorsumy to enter the heaa capsule where it ends byj}lattened

aperture.

The ventral diaphragm,stretching over the perineural sinu%
extends from the first thoracic segment upto the ninth abdominal
segment, It is attached to the body wall, on the sides, only
at places, so that the attachments are alternated by interseg=
mental open spaces which allow flow of blood from the perineural
sinus to the visceral sinus. Frail muscle fibres transversely

run over the ventral diaphragm.

Nervous systels emee The central nervous system consists of

the brain (8r), sub-oesophageal ganglion (SoeGng) and nerve cord
(NC ). The brain, though shows a dorsal median depression, is
undifferentiated. Anteriorly, it gives out a pair of thick an-
tennal nerves and ventrally a pair of circumphary&geal connectiveg
(PhyCon) which join it with the suboesophageal ganglion after
encircling the pharynx. The suboesophageal ganglion, posteriorly
gives out paired nerve cord which extends through the entire

body excepting the last two segments. The eleven ganglia (Gng),
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belonging to eleven body scguents,lie on the nerve cord. Ihe
taree thoracic ganglia are bigger in size and each gives out
two pairs of nerves, wille tic abdouinal ganglion gives out
only one pair, in eacih seguent. Ihe exception is the last
abdominal (eighth) ganglion which is comparatively bigger than
others anu also gives out four pairs oi nerves. Iie latter
brancli out in the eightin, ninth anu tenth abdominal segments.
vioin (1963) nas also shown the presence of twelve segmental

ganglia, iﬁcluaing suboesophageal ganglion, in full grown embryo
of A.proximae



Ge

1.

2e

de

4.

Oe

Akbar, S, 1957,

Ceile 19 51-

- 224 -

REFERENCES

Ihe morphology ana life history of
Leptocorisa varicornis F,.(Coreidae,
hemiptera) = a pest of paddy crop in
India. Part I. Head and thorax. Alige
ilusle Unive Puble (Zool.Ser.) Ind, Ins.
Iypey & (1) 3 53 ppe

The morphology and lifehistory of Lep~
tocorisa varicornis F.(Coreidae, Hemi~
ptera) ~= a pest of paddy crop in Indis.
Part 1I. Abdomen, internal asnatomy and
lifehistory. Ibid, £ (2) s 49 pp.

The skeleto-muscular mechanism of Stee-
nobracon aessae fam. (iraconidae, Lymen-
;téra) ~— an ectoparasite of sugarcane
and juar borers of India. Part I, iead

and thorax. Ibid.,3 (1) s 74 pp.

A contribution to the biology of ‘“tee-
nobracon asesae Ea. (Braconidas, Hyme-
noptera) and the anatomy of its pre-
izaginal stages. ~Parasitenke.ylf ¢ 189-
182,

ihe skeleto-muscular wechanism of Etee-

nobracoa deesae cam. (Braconidae,Hyme-

noptera) —— an esctoparasite of sugar=



Ge Alam, SeMe

1956,

7. " 1967

8e " 1968a.-

e n 1958b 4

10. " 1989a-

- 220 =

cane and juar borers of India. Part II. Abdomen
and internal anatomy. Alig. liusleUniv. Publ.
(ZooleSere) IndeIns. Typey 3 3 75 ppe

Life-cycle with notes on hosteparasite rela=-
tionship in the field and the anatomy of fully
grown larva of Aphytis diaspidis How. (Silkwood
naterial) Proc.ﬁi/at.Acad. Sci.Ind.y26 : C9=74.

The biology of ietaphycus taxi Alam (Hymeno-
ptera, Encyrtidae) in the constant temperature
room with notes oa the anatomy of pre-imaginal
stages. Ind.Journ.int., 192 t 231240,

Life-cycle ana host-parasite relationship in
the field ana the larval anatomy of idetaph¥cus

taxi Alam. Proc.Ienth International Congr.

Ent., 4 $ 879-887.

The life-history in the field and the anatomy
of fully-grown larva of Thomsonisca britanica
Alam (dymenoptera, Encyrtidae) —— an endopa-
rasite ot Chionaspis salicis Lig. (Hemiptera,
Coccidae). Z.Parssitenk., 18 ¢ 396-402.

The life-history and the anatomy of the fully=-
grown larva of Doliphoceras pseudococci Alam
(fiynenoptera, Encyrtidae) - an endoparasite
of Pseudococcus newsteadi Green (Hemiptera,

Coccidae). Beit. Z.Ent., Q 3 189-196,



11,

iz,

1d.

14.

1b.

17.

Alam,S.Hs 1969bs

n

n

1n

Arora,G. L01953

1966

1980

- 226 -

The life~history and the larval anatomy
of Euaphycus variolosus Alam (Hymenoptera,
Encyrtidae) — an endoparasite of
Asterolecanium variolosum (Hatzh) (Hemi-
ptera, Coccidae). Proc.ZooleSoce,y 12 (1)
$ 36 = 40,
neview on the knowledge of worphology of
Indian lasects during the last 206 years
(1939+1963) (being published by Entomolo-
gical Soclety of India),.
faview on the advances made in iusect
morphology since 1960 (being publighed by
Indian council of Agricultural Hesearch,
India).
aorphology in respect to some new trends
in Entomology (being published by Indian
Council of Agricultural Hesearch, India)e

The external morphology of Viprion pini
L. (Symphyta, Hymenoptera). Aes.sull.E,
Pungab Unive.,Hoshiarpur. Z0o0l., 28 s 1-21
fhe relationship of the symphyta to other
oraers of insects ¢n the basis of adult
external morphology. Ibid., 20 3 8b-119,
pxternal morphology of the larva of
Diprion pini L.(Symphyta s Hymen.)
Ibide,10 (1) s 55-64.



18.

19.

20.

2l.

22,

23,

24

24a,

- 227 =

Arora,G.L. Singh,
Agket, 1088.

Arora,G.L.Singh,
Asket. 1962,

Sadecock ’
Huth.iie 1961.

dickley,
W in. Eo 19420

Bigelow
HeSe 1904,

3ird,s.D. 1927-

Bonhagy Pele &
.‘uiCk,J oite 1983,

Boulange,H
1924,

The external morphology of Chrotogonous
trachypterus 8. (Orthoptera s Acrididaes
Pyrogomorphinad. Ibid., 149 & 149-174.
The morphology snd musculature of the
head anua mouthparts of Ideocerus atkine
soni L.(Jassidae s Homoptera) voure
kiorphey 110(2) 3 131140,

Ths morpholog& of soue parts of the head
and maxillo-labium in larval Irichoptera
with special reference to the sydropschi-
dae. Iranse. c.ent.SoceLond., 113(10) 3
217-248. -

On the stomodaeal nervous system of
insects. Ann.eat.Soc., XXXV,

worphology of the face in Hymenoptera-
Canadian J.Z00ley 32 3 378392,

fhe external anatomy of the larva of
idoplocampa halcyon Nort., with a key to
tne instars ana to tanose of related
ssecies (lenthredinidae, Hyumenopteraj.
Ann. ent.Soceimer.y, g0 ¢ 481-480,

«ne fuactioaal anatomy of the male and
{female reprouuctive systems of the milk-
wesd bug, Oncopeltus fasciatus (Dallas)
(d1eteroptera ¢ Lygeidae). veiorph., 923
(2) 3 177-284.

"L' Appareil Copulateur des, Hymanopterai

Facultes Catholiques de Lille, Fascicule
Z8} 444 pp.



25,

27.

28,

30.

3l.

Bradleij.Co
1932,

sucher,
Gordon 1L.1948.

dutt,¥eide1943,

Caroonell,
Celte 1969,

Chadwlck,

L.Eo 19590

LOOk,
E.Fe 1944,

CODper Ty
Kehe 19563

228 =

A laboratory guide to the study of the

‘evolution of the wings of Iusects. Daw-

Illston & Co.y Ithaca, iHew Yorke.

fhe anatomy of ilonodontomerus dentipes
Bohl, an entomophagous chalcid. Canadian
Journ.dese, €6 3 230-281.,

Comparative study of mouthparts of repre-
sentative Hemiptera~Homoptera. Corn.Univ,.
Agr.,Exple Sftaeiem.y 224 ¢ 20 pp.

The external anatomy of the South American
samia;uatie grasshopper, warelba remipes
Uvarov. (Acrididae $ Psnliniidae). ftudies
in Invertebrate. sorphology, Smith.iMisce
Coll., 137 ¢ 61~87.

fpinasternal musculature in certain Insect
orders. ftudies in Invertebrate iiorphology.
Ibid, 132 ¢ 117-186.

The morphology and musculature of the
labrum and cl}ypeus of insects. iicroentom-
ology, 2 & 1-3b.

Lgg gigantlsm, oviposition anu genital
anatomy ¢ their bearing oa the biology of
phylogenetic position of Orussus (hyme
Siricoidea). Proc.nochster Acad.Sci.

dew York, lQ s 39-68.



32,

33.

35.

36.

87,

38e

39,

Crampton,

G.Ce. 1909,

Crampton,
G.C. 1914,

Crampton,
GeCo 1919&0

Crampton
G’.CQ 1916b.

Crampton,
G.Ce 1920a.

Crampton
G.C.1920%.

Cramptan,
G.C.1921,

Crampton
G.C. 1033

- 229 =

A contribution to the comparative morphology
of the thoracic selerites of insects. Proce.
Nat.Sci. Philadelphia., Sl 8 1=63.

Notes on the thoracic sclerites of winged

insects. Ent.News. XXV 1 15-25,

A phylogenetic Study of the mesothoracic terga
and wing bases in Hymenoptera, Neuroptera,
Mecoptera, Diptera, Tricoptera and Lepidoptera.
Psyche., 2XVI (3) : 58=64.

The genitalia and terminal abdominal structures
of males and the terminal abdominal structures
of the larval of Chalastogastrous Hymenoptera.
Proc.ent.Soce Washington, 2L 3 129=-148,

A comparision of genitalia of male Hymenopte
era, Neuroptera, ilecoptera, Diptera, Irico-
ptera, Lepidoptera, Strepsiptera and Homop=-

tera with those of lower insects. Psyche.,

XAVII,

Remarks on the basic plan of the terminal
abdominal structures of the males of winged
insects. Can.Ent., £2 ¢ 178183,

Correction of a statement concerning the
terminal abdominsl structures of male insects.
Ibid.y, £3 ¢ 72 ppo.

The structures called parameres in male

insects. Bull. Brooklyn ent. Soc., dd ¢ 16=34.



40.

41.

42,

43.

44,

45,

46,

47,

48,

- 230 -

Cranston,
Florence.P. &
Spr ague ’
Isabelle.B.1961,

Cutter, J.R.
1966.

Davies,Rr,G,1968,

Lo zario,
A.Me 1940a.

U'Hozario,
AoMe1940Db,

Duncan,C 061939,

DuPorte,E.M.
1920.

DuPortc, Eole
1946,

DuPorto,E. Me
& Bigelov,
ReEe 1963,

The morphological study of the head
capsule of Gerris remigis Say. J.Morph.,
108(3) s 287-310.

The morphology of the head of the final
instar larva of Nasonla vitripeunis W,
(Hymenoptera s Chalcidoidea)s. Proc. R.
ent«Soc. Lond.(A), 3Q t 73-81,
Observations on the morphology of the
head and mouthperts in Thysanoptera.
Ibide, 33 3 97-106.

On the development and homologies of the
genitalia and their ducts in Hymenoptera.
Trans.Roy.ent.Soc.lond., 92 ¢ Part 2.

On the mechanism of copulation in Nematus
ribesii (Scop.Hym.) Proc.Re.ent. Soce.
London (A)ey16 & 6977

A contrtbution to the biology of North
American vespine Wasps.Stanford Univ.
Publ.BioleSci.,8(1):272 pp.

Muscular system of'Gryllus assimilies.
Ann.ent.Soc.Amer.y, L3«

Observations on the morphology of the
face in insects. Morph.Amer., Z2(3)e

The clypeus and the epistomal stqyﬁe in
Hymenoptera. Canad.Z00ley3l ¢ 2029,



49.

60.

&l.

b2,

b3,

&b

66

57.

&8.

Du.PoI'te,E.i*i.
1966,

DuPOI"b By Eeile
1957,

WQrte, Lelie

1960,

DuPort Q’Eouo
19062,

EhrlichyPe.d.
& Wavidson,
5.,E.1961,

LvansyJdeWe
1934.

EV&IIS,J oW
1967,

Evans ’i‘i- EeGe
1961,

Fervis,u.l.
124C.

Ferris,G.F.
1942,

- 231 -

The median facial sclerite in larval and
adult Lepidoptera. Proce.i.ent.SoceLonde (4.,
al & 109-116. o
The couparative morphology of the insect
head. Ann.deview Ent.,g ¢ 55=70,

Evolution of cranial sutures in adult
Coleopteras CanadedeZoole.yd ¢ ©55=0670s

The morphology of the insect maudible. Ibid.,
40 & 1229-1232,

The internal anatomy oi the monarch butterfly
Danaus plaxippus L.(Lepidoptera : Nywpha-
lidae). Hicroent.,'gﬁ(a) t 1-78,

Notes on the behaviour of the larval comauni-
ties of Pergadorsalis Leach (Leath.) Irans.
Re€nteS0CoLONAOL, B2 § 4b65=460s

Come aspects o the wmorghology ana inter-
relationsaips of extinct anu recent Lomopte-
ra. Iranse.ne.ent.Soc.lond., 108 $ 275-294.

The frontoclypeal region anu the stomodaeum
in Coleopteras Proce.si.enteSocelonds(A)ey

25 ¢ 169-162.

Tne mytlh of thoracic sternites oif insects.
iicroent.y, £(3) s 87-90.

Some observations of the head of insects.

Ibid., Z  25=62.



69.

60.

61,

62,

63,

66,

6G.

67.

68

FerrisyG.F.
1943a.

Ferris,G.F.
1943b.

F‘rri.,GoFo
1944,

Ferris,G.F.
1948,

Grandi,G.1929.

Grandi,G.lQﬁQ.

GreenyTeLe
1931,

Gustafson,
JeFe 12560,

Hinton,H.E.
1948.

Hinton,HoEo
1966,

- 232 -

The basic materials of the insect cranium.
Ibid., 8 3 8-24.

Some fundamental concepts in the insect
Morphologye. Ibidey 8 ¢ 2=7,

On some evolutionary tendencies in heads

of Insects. Ibid., 8 ¢ 78«84,

Principles of comparative morphology.
Ibidey 13 $ 60-56e

Studio morfologico e biologico della
Blastophaga psenes(L). Boll.Lab.Ent.
Bologna.y e )

The problems of 'morphological adaptation'
in insects. Studies in Invertebrate
morphologye. Smith.Misc.Coll., 137 ¢ 203-230,
Anatomy and histology of the alimentry canal
in the common wasp.(Vespa vulgaris). Proece.
Z001.50c.Londs, 1041-1066.

The origin and evolution of the genitalia
of the insecta. Microent., 18(2) s 36«67,
The dorssl cranial areas of catéerpillara.
Ann.& MageNat. hist.50c.,14(I1) s 843-852,
Structure, function and distribution of the
prolegs of the Panorpoidea with a criticism
of the Berlese-Imms theory.Irans.fR.ent.
Soce.Lond., 1006 3 456556,



-« 233 =

69, 1{8}3’323'“' The prey of saw=flies ‘Hym.Tenth).Proc.
entsSoceLondey Z ¢ 14«15,
70. gggg{:&m Further records of saw-flies and their prey
(HymeTenth). Ibidey, 2 ¢t 35-36.
71, Hodaff, C. The anatomy of the adult male reproductive
& JonesyJ.Coe
1961, system of Aedes segypti L. (Diptera s Culi-
cidae). Ann.ent.Soc.Amer., 3(6) $ 833844,
724 gggfs, N.Ds Food relations of wheat stem sm}-ﬂy,
Cephus cintus Nort. (Hym.Cephidae). Canad.
Ent.Ottawa., 86 & 381-384,
73. Hudson,G.3. Studies 1n the comparative anatomy and
1947, systematié importance of the hexapod ten-
torium. J.ent.Soc.Sthn.Africa Pretoria.,
Q & 99-108,
74, Immsy A.D. A general text-book of Entomology €revised
1857 by Kichards and Davies). Methuen and Coey
Ltd., London. ’
76 Iwata,K.1968. The comparative anatomy of the ovary in
Hymenoptera. Part Il.Symphata. Mushi,
Fukuoks.y gl ¢ 47-60.
76 James,C. The anatomy of the British Phytophagous
1925 Chalcidoid Hermolita (Isosoma) graminicola.
76a.* Gir-Proce.Gen.ifeeting Zool.Soce.Lond. Part I.
77« Jones,J«Ce The heart and associated tissues of Anopheles
194 r;uadrimaculatus Say. (Diptera s Culicidase).
JJMorph.Philadelphia, 24 3 71-123, |
76a. Janet,C, Etudes sur les Fourmis, les Guepes et les
1893-1912, Abeilles. Paris, etc,



78¢

80,

81l.

82,

83.

84.

85,

ml‘t"biSoMoHo

Kramer,S.1956,

Kramer,S. &
Higilesworth,
V.B. 1950.

Robort
E. 1

Libby,Jd+Le1960,

Lubboek ,H.
1879.

MarlattyC.L.Ae
1891,

Marlatt,CoLvo
1894

- 2A -

Studies in Galerueinae., The external
morphology of Galerucilla birmanieca
(Jacoby), Coleoptera, Polyphaga, phyto-
phaga. Proc.Ind.Acad.Sede, XXI1I(1).
Sec.B. '

The musculature of the head of Corydalis
larva (Neuroptera, Sialidae). J.Morph.
Philadelphia, 96 & 1-30s

The outer layers of the cuticle in the
cockroach, Periplsneta smericans, and the
function of the oenoceytes. QeJ«M.B.,

21. Part I.

The thoracic musculature of the Indian rat
flae, Xenopsylla chiaspis (Siphonaptera).
Ann.ent.Soc.Amer., £4(3). )
The nervous system of c;rtain abdominal
segments and the innervation of the male
reproduetive system and genitalia of
Hyalophora cecropia (Lep. Saturniidae).
Ibid., £4(6) 3 887-896. '

On the anatomy of Ants.Irans.Linn.Soc.
Zool.2nd series., J1l,

A study. of the ovipositor in Hymenoptera,
Proceent.Soc.Washington., 1] s 201-205,
A further note on the structure of the
ovipositor in Hymenoptera. Ibid., III(3)s
142-143, ’



86.

87.

88.

89.

90.

- 2356 -

Martelli,G.M.
1932,

Mathur,P.N.
& Mathur,K.C.
1961,

Matsuda,R.1956.

Matsuda,R.1967.

MatsudayR.1960.

00a..*

9l.

92,

93.

Michener,C.D.
1944, -

Mile3,HoW019310

Miles,H.We
1932a.

Notizie biologiche morfologiche sull
Athalia colibpi Christ e su due Suoipara-
sitis, Boll.LabeZoole Portici.,26 s 313-333.
Studies on the cephalic musculature of
adult Ictinus angulosus Selys. (Odonata,
Anisoptera, Gomphidae, Ictinue) J.Morpha,
109(3) 1 237-249, |
The'cémparative morphology of the thorax
of two species of insects. Microent,,
21(1) & 1-65,

Morphology of the head of a saw-fly,
Macrophya pluricincita Norton (Tenthredie

" nidae) J.Kansas.ent.Soc.Manhattan., 3Q ¢

99=108.

Morphology of the pleurosternal region of
the pterothorax in insects. Ann.ent.Soc.
Amer., £3(6) s 712731, "
Comparatiieﬁstudy of appendages of eighth
and ninth abdominal segments of insects.
Ibid., 37 & 336-361,

Growth in the larvae of Tenthredinidae.
J+ExpsBiol.London., 8 3 3656=-364.

On the biology of the apple saw=-fly.
Hoplocampa testudinea klug.Ann.appl.Biol.
Cambridge., 12 & 420-431.

*30a, Maxwell-
- Lefroy,He & Howlett, Co. London, 786 pp.

F.M. 1909,

Tndisn insect 1ife, Thacker, Spink &



96,

96,

97

98.

99.

100,

101.

102,

Miles HoWe
1932bo

Miles,HW,
eserr

Miles,how ®
1936.

.

Farooni
o fgearoots

i*iorilon,G.D.
1927,

Newell,G.A.
1918,

Nuesch,Hans.
1963,

Parker,H.L.
1934.

QadrigMvoHo
1948

-« 236 -

Biological studies of saw-flies infesting
fibes.Bull.ent.Res.Lond., 23 ¢ le156,
Biological studies of certain species of
Caliroa costa and Endelomyia ashmead (Hym ¢
Sym. ) AnneappleBiol. Cambridge.,22 ¢ 116-133,
A contribution to our knowledge of the bio=
logy of certain sawflies of the genus Emptia
lep (HymeSym. ). JeLinn.Soce.LondeZoll.,39 3
466-478, '

The Embryology of the Mustard Sawfly Athalia
proxims kluge (Tenthredinidae, Hymenoptera).
Ahg.Musl.Univ.Publ. (Zool.Ser.) Ind. Ins.
Iyp.,YI : 68 pp.

The muscles of the adult honey bee (Apis
melliferay L)e QeJeMeSey Zle

The comparative morphology of the genitalias
of insects. Ann.ent.Soc.Amer., XI(2) 3
109-142, '

The morphology of the thorax of Teba poly-
pheums (Lep.)I. Skeleton and muscles. J.
siorphe, 93 ¢ 598604e

ilotes on the enatomy of lenthredinid larvae,
with special reference to the head. Boll.
LabesZoolePortici., @8 ¢ 169-191,

kxternal and internal anatomy of Buffalo
louse(Haamatopinus tuberculatus Burm.) Alig.

Musl.ﬁniv.?ublo (Zool. Sero) Ind. IHSQTYI;O, 1:

22 PPe



103.

104.

106.

106,

107.

108.

109.

110,

- 237 =

¢adrd,MoA He
1949,

fadri,M.A.H.
951,

Qadri,M.A.H.
1963,

¢8dri,MeAoHe
& AZiZ Ae1950,

Rakshpal,R
Toci palye

Rakshpal,R.
1965a.

Raklhpal,ﬁ.
1955b.

Richms,OOWQ
1956,

On the digestive system and the skeieto-
muscular structures of the head capsule in
mango hoppers, Idocerus niveosparsus Leth.,
and I. clypealis Leth. (Homoptera ¢ Jassi-
dae) Proce.Zool.SocsBengals, 2 ¢ 43=55,

On the anatomy of the mouthparts of a;uat‘ic
bugse. Ibid., 4 (1 and 2) s 117-136.

The male genitai.ia of Tﬁysanura. The
Scientist. March., 49«55,

Biology, Life-history, and external and
internal anatomy of pyrilla perpusilla walk.
AligeMusleUnivePuble (Zoole.Ser.) Ind.Ins.
Typey 1L 3 35 ppe ' ‘

Studies on Gryllotalpa africana B.Part I.
Skeleto-muscular mechanism (Head and its
appandages) Ind.J.Ent., 16(1) 1 17-54,
Studies On'Gryllotalpa afric;na B.Part 1l.
Skeleto-muscular mechanism (Neck, thorax
and appendages) (contde) Ibid., 17(1) 3
26-39. ' ‘ o
Stuaies on Gryllotalpa africana B.Part I1Il,
Skeleto muscular mechanism of the abdomen.
Ibid., 12(2) s 201-208.

An interpi-oéation of the ventral region of

the hymenopterous thorax. Proce. Re.ent.Soce

Londe(A)e, 3L 3 99-104.



11ll.

112,

113,

114,

115,

116,

117.

118.

119.

HOB5yideie 1036,

A058gtieiie1940,

Schmitt,J.B.
1962,

Short,J.d.T.
10062,

Short,J.d.T.
1966,

amart,J.lng.

Snodgrass ,ﬂo E.
1809,

Enodgr 888 ,ﬂ‘ E.
1910.

Snodgrass,h.E.
1925,

- 238 =

The ancestry anu wing venation of the
Lymenoptera. Ann.ent.SoceAmer. g9 s 99-109.
fawily genitalis s Terminology and study
techni;ue. ent.newse Phliladelpnia, £6
Z01=d68,

1he comparative anatomy of the insect
nervous system. Ann.feview of Entey Z ¢
137-156,

The morphology of the larval head of
Hymenoptera with specisl reference to the
neaa of Ichneumonoidea, including a classi-
fication of the final instar larvae oi the
oraconldae. IransedsenteSocelondey 103 3
E7=84.

The morpholozy of the head of Aeshna cymne
sa. Ibia., 106(4) s 197-211. N

sotes on the mesothoracic musculature of
Diptera. Studiss in Invertebrate morpho=-
logye. SuitheinisceColley L3Z 8 3G1~3C4,

ine thoracic terga of insects ent.iewse
UeSehe

Ihe thorax of the Hymeunoptera. Proc.U.S.
natenus., 29 ¢ 37-91.

Anatomy and Physiology of the uoneybes.

HeGraw Hill Book (o., New XYork.



120.

121,

122,

123,

124,

125

127,

128,

12g.

Snodgrass,R.E.
1028,

Snodgragsyn.E.
1229,
Snodgrass,B.E.

1831,

SnodgrassydeEe
19232,

fnodgrassytieBe
1933,

SnodgrassgiteEe
1935,
Cnodgrass,d.E.
19u0,
SnodgrassyileLe

1957

fnodgrassyieEe
1941,

SnodgrassyleE.
1942,

o 289 -

sdorphology ana 3volution of the insect
hesd and its appendages. Smithe.liisceColl.,
8L(3) & 168 pp.

The thoracic mechanism of a Grasshopper
and its entecedents. Ibid., 8&g(2) s 1-1l1,
sdorphology of lansect abdomen I. General
structure of the abdomen and its sppendages
Ibia., 86(S) s 128 pp.

Lvolution ot the insect head and the
organs of feedinge. Smith.dep.y 1931 ¢
44.3~489

morphology of the insect sbdomen 1l. The
genital ducts and the ovipositor. Smith.
iHisceColley 82(8) & 148 pp.

Principals of Inéect aorphology. cGraw
uill Book Cosy ilew ioTke

sorphology of the insect abaomen. I1I.
Ihe male genitclia. Smith.lMisceColl.
956(14) & 96 ppe.

The male genitalia of Orthopteriod insects.
Ibiuey 20(6) ¢ 107 ppe

The amale genitalia of Lymenoptera. Ibid.,
22(14) & 86 pp.

The s&eleto—muscular mechanisms oif the

noney-bee. Ibjdey L0H8(2) 8 12C pp.



130,

131,

132,

133,

134,

136.

136.

137.

138.

139.

Snodgrass,i.Ee.
1947,

Snodgrass,R.E.
19863.

Snodgrass,R.E.
1954,

Snodgrass,n.E,
1966,

Snodgrassyn.E.
1967.

Snodgrassyh.E.
1988,

Snodgrass,R.E.
1969,

Snodgrass,R.E.
1960.

Takeuchi,K.1949,

Takeuchi,K. &

Tokunaga,N.1941.

- 240

The insect cranium and the 'epicranial
suture's Ibid., 107(7) s 62 pp.

The metamorphosis of a fly's head. Ibid.,
122(3) s 25 pp.

Insect metamorphosis. Ibid., 122(9)
124 pp. ’
Anatomy of the Honey bee., New York,
Comstock publ.Ass., 4IV 3 334 pp.

A revised interpretation of the external
reproductive organs of male insects.
Smith.Misc.Coll., 136(6) ¢ 160 pp.

The Insect Tentorium and its sntecedenss.
Proce10th Int.Congr.Ent.Montreal 19566.,
J & 487 pp.

The anatomical life of the mos;uito.
Smith.Misc.Coll., 139(8) s 87 pp.

Facts and theories concérning the insect
head. Ibid., 142(1) 3 61 pp.

A 1list of the food-plants of Japanese
sawflies. Trans.Kansai ent.Soc.Nishinomiy:
14 s 47-50.

Morphological study of the head and
mouthparts of a remarkable sawfly, Nippo-
norhynchus mirabitis Takeuchi Tenthredo.
Kyoto.y & 8 276=291,



140.

141,

142,

143,

1444

146,

146,

147.

TayloryZeds
19341,

Llogashiyly
1958,

TonapiyGeTe
19681,

TonapiyGeTs
1968b.

TonapiyGeTe
190568¢.

Velbinger,d.
1939.

halker’ BQ‘LIQ
1gl1g,

'l'% a.].ker, EO ;’10
1931.

- 24l -

The worphology oi Tenthredinid head. Proce
Re.Phys.SoceLdinburgh., 22 3 41=70,

Stuaies on the structure of the internal

and external reproductive organs of Japanese
sawfliess Iy1I, (liym.,Symphyta)e Koatyu,
Tokyoey =0 8 98102, 1567-160,.

A couparative study of the respiratory system
of some Lymenoptera ¢ Part I. Symphyta.Ind.
JeEntey, 20(2) s 108-120.

Ditto.Part 1i. Kpocrita-Parasitica. lbid.,
&Q(3) & 203-220,

Ditto.Part IIl. Apocrita-Aculeata. Ibid.,
2Q(4) 1 245-269,

deitrag zur siologie und Sekampfung der
Apfel und Birnen Sagewespe (Hoplocampa
testudinea klg., Hebrevis klg) (Hym.Tenthr,)
Gartenbauwiss. Berlin., 13 § 492-t66. '
On the male asnu imuwature state of uryllobe
1atta campoaeiformis Walker. Canad.Ent.,

&l & 31l-139.

On tue anatomy of Grylloblatta campodei-
formis Walker.l. Lxoskeleton and musculae
ture of the head Ann.ent.Soc. Amer., 24 3
£519=53G. ’




148

149.

1604

161,

162,

1563,

164,

165,

186,

167.

168.

» alker, Leile
19Goe

“J&lker,Eol’I.
1938,

WalkeryE,ife
1943,

WalkergyE.ife
1949,

lieberyi.1927,

Weber,H,1928,

Weber,li,1933.

Wheeler,W.ii.
1918,

Wheeler,W,ifs
1926,

wheeler,
dar Sha-lo e
1960,

Wigglesworth,
V.B. 1963,

- 248 -

Dittoe Ile comparisions of the heaa with
thoss of other Orthopteriod insects. Ibid.,
&8 ¢ 308=337.

Ditto.lil. Exoskeleton and musculature of
the neck anu thorax iblde., gl 3 588«G4C.
Ditto.IV. kxoskeleton and musculature of
the abdomens Ibide, S8 ¢ O81=700e

Ditto.Ve The organs of uigestion. Canade
JeligSey (D)y 27 8 309=344,

Vie Gliedeiung der sternal region aes
lenthreainidue-thorax. Ein beitrag wur
vergleichenaen ilorphologie aes insekten
thorax.Z.wiss. Insekt Biol.,Berlin., 2¢
161-198.

Skelett, suskulatur, and Darm der Orige.
Aleh.GesantgeZoole, 28(76) 3 1=120.
Lehrbuch der Entowdogie. Jenae, 726 ppe

The parasitic aculeata. A study in Evolution
Proceimer.PhileSoc., £8 ¢ 140,

Ants, tiaeir structure, development and beha-
viour. Columvia University Press, Lancaster,
803 Jpe

fternite modifications in males oi Urosophie
lidae (Diptera). Anne.ent.Soc.Aumer.,83(2):
133-136. o
pPrinciples of Insect Physiology. iiethuen

and co.y uLtde, Londone



7o

+ he

H e a d.

ac
Acon
af
Ant
Aphy
Arcerut
ArkLe
ArkPe
ArkSc
as
Asoc
AT

at
bscl

Cb
CbPhysp
Cd

Cl

Clp
clpges
Aroce

Lt

[ AN X N J

LN N

o000

[N RN B

sPe9 9

L N N

se9es

- 243 -

ABBRLYIATIONS

Posterior articulation oi mandible.
Cardines

Antennal concavity.

Antenuefer.

Antenna.

Adnterior pharynx.

Articular concavity of prementum.
Articular knob of lacinia.
Articular knob of pedicel.
Articulzr knob of tcapee.
Antennal suture.

Antennal socket,

Anterior tentorial aru.

Anterior teatorial pit.

Jasal sclerite ol galez.

fnterior erticulation of mandible.
Cibarium.

Cibariopharyngeal sucking pumpe.
Cardo.

Clube.

Clypeus.

(lypeogenal suture.

vistel riu of scape.

uorsal tentorial arm.
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dat seeee Tentorial maculas
E eeses Compound eye.
Ephy weese pipharynx.

es eesse Epistomal suture.
£gs evees Frontogenal suture.
Fn esese Funicle.

For esees FOroiiEi magnums
Fre eeees Frons.

frelps eeese Froantoclypeal suture.
fréng essse Froatal ganzlion.
Ga esese Galea.

Ge esees Gena.

Gls eesee Glossa.

HB evese Hypostomal bridge.
Hphy eveee Hypopharynx.

hs eseee Hypostoual suture.
Hst eeese Hypostoual crssz.,
Lb esess Labium,

LbPlp essse Labial palp.

Le esene Lacinia.

Ilm eseses Labrum.

Loc PP Latépal occiput.

Lumiiphy eeeses Lumen of hypopharynxe.
Melf eesses wsedlian cleft of p.eaentum.
ol veose H“andibls.

mf eeees diesal flap of anterior tentorial arm.

io¢ esees lledian OCCiPuto



- 4D -

mscl seees iiesal sclerite of galea.
ub esese Babume

X eseses cdaxilla.

+sxPlp eeeee slaxillary palpe

o esese Ocellus.

Q eseee Incisor area of mandible.
Oc esese QOcciputs

Occ eeeses Occipital condyle.

o8 eesess Ocular suture.

P eeeee li0lar area oif mandiblee
paros eseee Parocecipital suture.

Pe eesess Pedilcel.

Pge essee Postgense

Pgl essee Paraglossa.

Phypl eeees Pharyngeal plate.

Plg eesese Plapiger.

Pnt eseee Postmentum.

Poc esese Postocciput.

pos eeees Postocclipital suture.
Pphy esess Posterior pharynxe.

Prmt evsss Prementum.

prPe esess Proximal rim of peaicel.
ps esess Pleural suture.

FT " eeses Posterior tentorial arm.
rm esses Basal rim of mandible.
s evess Him of scape.

Sc sccee Scape.



-246-

sclth eveee Declerotic tecth of galea.

8gs esese rubdgenal sulure.

51D eeeee Loumon salivary duct.

s1v eeese Balivarium,

Smt eesee Lulugentum.

spscl eesss BSupporting sclerite of glossa and
paraglossas

St esoee Sltlpes.

StCdh evese £ttipitocardinsal hinge of maxilla.

1B eesses JTantorial bridge.

tr eseee lorma.

Vx eeses Vertex.

Ihorax

acs eeeees Antecostal suture.

i e AT

AmR eeseses Anterior marginal inflection of metanotum.

ANP seeee Anterior notal wing process.

aR eecee HRidge of metanotum.

Ba essee Dasalare.

Balp eeess DBasalare apodeme.

BS eeesee DBasisternum.

Cerap esees Cervical apodeme.

Cerm eseee Cervical membranc.

Cn eseee Cenchri.

CxC eeess Coxal socket.

CxLATk eesss Lateral articular knob for coxa.
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CxVArk essse Ventral articular knob for ecoxa.
DplEps eeses Dorsal plate of proepisternum.
Endst esees Endosternum.

Epm seess Epimeron.

EpmPNB eeeee Epimeropostnotal bridge.

Eps eeees Episternum. |
EpsArc eesse Artlcular concavity of episternum.
FA esesee Furcal arm.

Fl sssee Furcal lobes

FS. esese Furcasternum.

K esees Sternal suture.

KEps _ essee Katepisternum.

MB eeeee iedian bridge of pronotums

Mclf eesee Iiedian cleft of propodeum.

ms eseee Median suture.

msg eesss iedian sternal groove.

MSR eseee Medlan sternal ridge.

N ceses Notum (tergum).

oP sease Occipiéal proéess.

Opl esese Occlusor plates

Pa eeess Posteler bridge.

Par seeee Parapside.

PCT essses Mesoprepectus.

pets esese Prepectal suture.

Ph sesee Phragnma.

2PhLl eeees Lateral lobe of mesopostphragma

2PhIR esess Lateral ridge of mesopostphragms,
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iiedian lobe of mesopostphragma.
iiedian ridge of mesopostphragma.
Pleuron.

Pleural sapophysis

Pleural pit.

Pleurel riage.

Plewrosternal area.

Posterior marginal inflection of metanotum.
Postnotuw.

Posterior notal wing process.
Parapsidal ridge.

Prescutum.

Parapsidal suture.

Staeraume

Sternal apophysis.

Subalare.

Sternal apopliysis ridge.

Scut ellun.

Scutellar furrow.

Scutun.

Scutal cleft.

Subazrginal ridges

Gpiracle.

Spins .

Epiracular plste.

Cpinasternuie

Propodeum.
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Transepisternal suture.

Tegula.

Prescutal suture.

Ventral plste of prospisterawa.
Notal ridge.

Scutoscutellsr suture,

Arolium.

Arcus.

Basitarsus.

Articular knob of basitarsus.

kim of basitarsus.

Coxa.

Articular knob of coxa.

Lateral articular cancavity of coXa.
Rim of coxa.

Ventral articalar concavity of coxs.
Feuur.

Proximal portiorn of femur.

Distal portion of feuur.

Articular krob of feamur.

Femoral concavity.

Rim of femur.

Genuflexor plate.

rianubriume.

Plantae.
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Pretarsus.

Spur of antenna cleaner.
Tarsus.

Tibia.

Articular concavity of tibis.
Articular knob of tibia.
Tibial process.

Rim of tibia.

Irochanter,

Articular knob of trochanter.
Irochanteral process.

Rim of trochanter.

Claw of pretarsus.

Unguifer.
Unguitractor.

Anal vein.

Axillary sclerite.
Axillary cord.

Costa.

'Costal' cell.

Cubitus;

"Cubital' cell.
Cubito-anal cross vein.
Cubitalea braneh.
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éﬁla _eeses ~ 'Cubitaleal cell.

Culb esses Cubitaleb branch.

C/ulb seses 'Cubital-b' cell.

cv ~ssess Anal cross vein.

DA eeeee Distal anal cell.

£t esees Irenal fold.

fh eeses Frenal hooks:

HP sseee Humerél complex of forewing.
HP eeeees Humeral plate of hindwing.
it seees Jugal fold.

Ju essse JUgUm.

M esses Media.

M essee 'Medial' cell.

m eevees Median plato of forewing.
‘MeCul eoeee iediaecum-cubitus.

ﬁ;Cul essse ‘Media-cum-cubital' cell.
meCu- eeees lHediocubital cross vein.
PA eevee Proximal anal cell.

R esese Radius.

ﬁr esees 'Radial' cell.

r esess Radial cross vein.

Ry esses Radius 1,

él ssess ‘'Raidialy' cell,

Rm eeess Ramigium.

T=R eeess HRadiomedial cross vein.
R+ MeCul eshes Common stem of radius , medis;, and cubitus.

Rs eeees Radial sector.
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‘Hadial sector! cell.
Redial sector-cum-media.
Subcosta.

Pterostigua.

Vaanal fola.

Vannus.

intecostal suture.

Anus.

Acrotergite.

Basal apodeme of ninth sternum.
Groove of niantia tergum.
siedian notch of ninth tergum.
Proctiger.

Ridge of ninth tergum.
Sternum.

Stérnal anterior margin.
Sternal apodeme.

Scutume

Subgenital plate.

Sternal lateral margin.
Socii,

Spiracle.

Sternal posterior margine.
Tergume

Tergal anterior margin.
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Tergal apodeme.

Facet of ninth tergum.
Tergal latersl margine.
Tergal posterior margin.

genitali s,
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Aedeagus.

Basal ringe.

Foramen of basal ringe.
Cuspis.

Digitus.

Gonocondyle.

Parameral plate.

Ridge of parameral platee.
Basivolsella.

Parapenial lobe.
Phalotrems.

Paramere.

Penls valve.

Volsellsa.

Volsellar apodeme.
i{esal volsellar ridge.
Lateral volsellar ridge.

e genidtalld s

Bulb of stylet,

Lancet.
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riVl eesss Ramus of first valvula.

ravl esves Ramus of second valvulae.

stl seves Stylet,

IXTArk seses Articular knob of triangular plate for
ninth tergum.

VAre eeess Facel of oblong plate.

w1 eeees First velvulas

avl ssees Second valvulae

3Vl esees Third valvule.

V1B essss Bridge of third valvulae,

1Vif esses Iriangular plate.

2V1ft esees Oblong plate.

2V1fATk esese Articular knob of triangular plate for
oblong plate.

2V1fmR eesess HMarginal ridge of oblong plate.

1V1ER esese Ridge of triangular plate.

2V1{R esees Ridge of oblong plate.

internaitl anatomny,

A sseees Air-gsac of propodeunm.

a ceess Aorta.

ab essss Anterior branch of ventral traches,
AcGl seves MAccessory gland.

adng esese Abdominal ganglion.

Alp eesee Anterior lip of spiracle.

amp essse Ampullae of salivary gland.

An sesee AnNuse



AntlL
AntNv
Atr

ca
Cb

ce

cncl
Cr

de
dDph
dDphifel

Dej
Dt
dt
davd

dvt

[ A X RN ]

[ AN X N J

[ XN N N ]

[ XN N N

[ BB A X/

[ R NN N J

- 266 -

Antennal lobe of brain.

Antennary nerve.

Atrium ois spiracle.

Spindle~saaped sir-sac of prododeume
Basement membrane.

rrotocerebrum.

Deutocerebrum.

Lritocersbrum.

Spindle-shapea air-sac of metatinorax.
Corpora allata.

‘Cibariume

Corpora cardiaca.

Chorion.

Circular auscle fibres.

Crope

Air-sac of metathorax.

Branch of aorsal trachea of mesothorax,
Uorsal commissure.

borsal aiaphragie

Alsrymuscles of dorsal diaphragm.
borsal orai.ch of air-sac of mesothorax.
Ljeculatory ducte

Dorsal traciiea of head.

Uorsal trachea.

Uistal vas ueferens.

Vorsal tracinea of wesothorax.
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E essse Compounu wyee

Er esess Alr-sac of mssothorax,

Ief seses First epithelial fold of intestine.

Epth ecees Ipithelium.

F esese Aire-sac of prothorax.

Eel esess Follicular layer of ovariole.

Ff escees Follicuiler fold.

INv eesss Frontal nerve.

frCon eeese Ffrontal ganglionic connective,

FrGng eseee Frontal ganglion.

g eeess Groove of brain.

Gel essee Germ cells ol germarium.

Gng eseees Ganglione.

Gnglon esses Ganglionic connectives.

Gpr eeeee Gonopcree

urm eeoss lermariua.

hGng essee Hypocerevral ganglion.

Ht eseee Hearte.

ifs esees Interiollicular septuz.

ilmel eeese £fpeclal longitudnal muscles of proventrie
culus.

In eesees Intims.

Int essse Intestine.

LbNv essee Labisl nerve.

Lg eeees Ovarial ligament.

lmel eeses longitudnal muscle fibres.

LN v esees Labral nerve.

1sd eeess Lataral salivaryduct.
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Main tracheal trunk.
Prothoracic leg trachea,
Mesothoracic leg trachea,
ietathoracic 1oz trachea.
Lumen.

Lumen of rectal pad.
Malpighian tubale.

«aesal branch of ventral trachea.
Circular musclssof proventriculus,
dsndibular nerve.

ilesentron.

siouth.

Maxillary nsrva.

Jurse cells of ovariole.
Nucleus.

OCcellus.

Orifice of proventriculus.
Occlusor apparatus of spiracles
Common oviduct.

Lateral oviduct.

Oesophagus.

Oocytese.

Optic lobe cf brain.

Ostium.

Ovary.

Ovariolas

Peritoneal layer.
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Posterior brancih of ventral tracheas.
Paracaruiac narvaes.
Pzddicel.

Piluge

Pharynx.

Peritrophic wsaubrane.
froctoaasum,
fFroventricualus,
Proxiusl vas dsferens.
Pyloric valvs.

Hectwa.

negeaecrative calls.
sccursent aerva.

gectal pade.

Cells ol rectel pad.
Ctriated boradess.
Ductules of salivary gland.
Soncytial epiviaelium.
Louon salivery duct.
Ztoaachic gauglion.
Lunoesopanageal ganglion.
cpiracla.

Spiracular opening.
spiracular proecess.
Cpicacular riid.

Cperathecu.
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Spiracular trachea.

Testis.

Terminal filament of ovariole.
Testiculer follicle.

Thoracic ganglion

Tracheal opening.

Vagina.

Ventral Commissure.

Vas deferens.

Ventral diaphragm.

Ventral nerve cord.

Seminal vesicle.

Visceral trachea.

Ventral longitudnal tracheal trunk.
Ventral trachea of head.
Ventral traches.

Sraneh of ventral tracheas.
Vitellarium.

Ventral trachea of mesothorax.
Zone of weak sclerotization.

!g&tg!zo

Posterior articulation of mandible.
Anterior brench of mesal trachea.
Anterior branch of dorsal traches.
Ampullae of salivary gland.
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An eeeee Anuse

Ant eeses Ahntennae

AT eseees Anterior tentorial arm.
at " eeese hnterior teatorial pit.
Br eesee brain,

¢ essee Lnterior articulation of mandible,
Cd seses Cardos

Clp essess Clypeus.

dDph eeess Dorsal uiaphragm.
dbphﬂcl evesss Alary muscles of dorsal diaphragm.
DI esese Uorsal tentorial arm.
dt .;... Dorsal traciez.

es eeese uzpistomal suturs.

For eseee FOrumen wagnune

FrGe eesee [Froms=-cum=-gende

Ga eseee Galeae

Gng eesse Ganglion.

H esees Leade

Lphy coees aypopharynxe.

hs esees Hypostomal suture.

Hst ..;.. aypostoasl =rea.

Lt eeeee lieaTte.

Int seoees Intestine.

L esese ibhoracic lzg.

esees Prolege
Lb eseee Labiume
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LbPlp seses Labial palpe
1lbs ssesee Lablal suture.
Le ...;; Lacinia.
. Lm evses Labrum
Loc seess Lateral occipute
1sd eeses Lateral salivary auct.
LT evess Main tracheal trunk.
Mal esese Malpighian tubule.
mb eveee ifesal branch of mesal tracliea.
Md eesee iandible,
MG eeses Mildgut.
Moc ....{ Median occiput.
mt essse Ilesal traches.
Mth sseee lMouth.
Mx eseee iHMaxills.
- MxPlp vesss Maxillary palpe
NC esess NErve corde
0 eesee Ocellus.
Qe secee ‘Oesophagus.
Ost essee Ostium.
paros esesse Paroccipital suturees
pb vesse Posterlor branch of mesal trachea.
pdt ceeee Posterior branch of dorsal trachea.
Phy esess Pharynx,
PhyCon seeee Pharyngeal connective.
Pmt eseee Postmentum.

pos esees Postoccipital suture.
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Prementume.

Pleurostomal suture.
Pleurcstomal srea.
Posteriocr tentorial arm.
Basal rim oi wanaible.
Kectum.

Subgenal cutuce.

Common cellvary ducte.
Suboesophageal ganglion.
Spiracle.

Spiracular trachea.
Stipese.

Stipitocardinal hinge.
Ventral coamissure.
Visceral traches.
Ventral tracheal trunk.
Vartex.

Eedysial lines.
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8. EXPLANATION OF FIGURES

-~ -

PLATE 1. Head.

Fige 1. Anterior view of head cgpsule.

fig. 2 Posterior view of head capsule.

Fig. 3. Posterior view of tentorium.

Fige 4. Lateral view of tentorium.

ﬁig. b. Anterior view of antennal sockets.
Fig. 6. Basal rim of scape.

Fige 7. Antennal articulation with antemnal socket.
Fige 8. Antenna.

Filge 9 Scapo-pedicelar articulation.

ﬁig. 10. Antennal muscles.

fig. 11, Baasl rim of scape with muscles.

Fige 12, Muscles of pedicels

Fige 13. Antkerior view of labrum

Flge 14. Posterior view of labrum.

Fige 16, Mandible.

fig. 16, Mandible with musclese.

ﬁig. 17. Dorsal view of maxillo-labial complex.

fig. 18, ﬁorsal view of maxilla.






BLATE 2, Head (Contds ).

Fig. 19. Dorsal view of gales.

l"iz. 20. ﬁorul view of lacinia.

Fige 2L, Basal portion of lscinia articulating with labium.
Fige 22. Dorsal view of mexilla with museless

Fige 23. Lateral view of msxilla with muscles in relation
) to ceranium.

Fige 24. Dorsal view of labiume

i‘u. 25, Ventral view of labium.

Fige 264 Dorsal view of labium with miscles.

Fige 27. Dorsal view of labium with misclese

Fig. 28. Lateral view of labium with muscles.

Fige 29, Dorsal wiew of cibarium and pharynx with maseles.
l.‘ilo 30. | t:mn uw g gm and pharynx with muscles
Thorax,

Fige 38l. Dorsal view of thorax.

iiﬂo

Ventral view of thorax.
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