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Ansrracor

Totornal anntomy of Buagradi eruciferarin Kirk, was studiod and a fow intorosting foaturon woro
noted, Tho pharynx is very much roducod nnd thore nro no gastric enceno,  Tho ropugnutorvind glands
consist of n suc-like structure. Lhere is a gront concontration of tho novvous ganglin and the ptoro-
thorncic and abdominal ganglin are fused into o singlo gonglionic mass, A pair of buctorinl sacs nro
pm.'senl{ in the mulo genital systom and theso opon to the oxlerior indepondontly by & common duet,
Tach ovary consists of six telolvophic ovarioles and tho spormathocn possossos an upical recoptnclo.

INTRODUCTION

Bagrada cruciferarum Kirk. is one of the scrious pests of cruciferous plants in the
Punjab during March to May alter which its intensity decrcases. The study ol internal
anatomy of Heteroptera has been practically negleeted in India, although a few scatbtered
and quile meagre accounts arc available in other countrics. Maloufl (1033) and Akbar
(1957) dealt with the internal anatomy of Nezare viridule (L) and Leptocorisa varicornis
(Fabr.) respectively.,  Sexana (1954) gave an account of the physiology of the alimentary
canal of Leplocorisu varicornis. Woodward (1950), Bonhag and Wick (1953) and Pender-
grast (1957) worked on the reproductive organs of Heteroptera. However, there exists
a lot of confusion about the various anatomical structurcs which needed further clari-
fication. Therefore, these investigations were taken up and cfforts were made to study
the internal anatomy of the pest in detail.

Histological study of the digestive and reproductive systems was also carried out
and the account will be published in a separate paper.

MATERIAL AND TECHNIQUL

The insects were collocted from the cruciferous crops and the anatomy of the internal
organs was studied both in the preserved and living inscets. Parts of the viscera were
staincd with borax-carmine. The trachcal systom looked very clear and silvery-bright
in the specimens dissected in glycerine. Ior studying the brain and various nerves the
inscets were treated in 909 alcohol for a few days to harden the norvous tissue. The
skotches were drawn with the help of a graph cycpicce micrometer.
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» OBSERVATIONS
The digestive system (PL. I, fig. 1)

The intestine is about twice the length of the body and as in other inscets is dividc; :

into stomodaeum, mesenteron and proctodacum.

» The stomodacum consi'sts of pharynx and oesophagus. The pharynx is poorly
cveloped; the oesophagus is a narrow tube, anforior half of which is onclosed within|

the head capsule, while posteriorly it joins the mid-gut in the region of mecsothorax

Sexana (19?4) did not consider the fore-gut going beyond ocsophagus whercas Akbar
(1957) considered the anterior region of the mid-gut of Leplocorisa varicornis (Fabr.) as,

crop and proventriculus on'the basis of their histological structure.

'l_‘hc 1.ncsenteron, also known as ‘ventriculus’ or ‘stomach’, forms the largest part of
the digestivo tract. The ventriculus, as in other Heteroptora, is divided into four distinet

regions but tho gastric caccae arc absent,

- 'ljhc pr’o‘ctodac}lm consists of two parts, pylorus or anterior intestino and ])ostcrior’
intostine. Two pairs of Malpighian tubules entor latorally, one on cach sido, into tho

anborior part of tho pylorus, " «

Salivary glands (Pl I, fig. 2).—Tho salivary or labisl glands lic closely attached .

dorsally to the first vontriculus on the thoracic region, The two principal salivary glands

aro unequally bilobed, tho antorior smaller lobe covors the postorior portion of the ooso-
phagus wlx.'llo tho larger posterior lobe oxtends into tho abdominal cavity. Iach l)ri;lci- ‘
pal gland is provided with o filiform accessory gland whiclh opens through an u.oclcss,01" '
duct ab Pho junetioqn of the two lobes. The salivary duet arisos from cach gland ncn,)xr'
?}ho opening of the accossory duct, The saliva is alkaline. - Malouf (1933) notied bacteria
in the salivary glands of Nezara bub these wore not observed in the salivary glands of

DBagrada.

The excrelory system

' :

. The f01}r Malpighian tubules constitute the organs of excretion. They are highly
convoluted in the caudal end of the abdomen and form a tangled mass. These tubules
as alrcady mentioned, open into the pylorus part of the hind-gut. ,

The repugnatorial glands

‘ The mctaiilloracic glands of Heteroptera, variously referred to as ‘stink’, ‘odoriferous’
or repugnatorial’ glands, are located in the ventral part of the abdomen. As is the case
in tho majority of Pentatomidae, B. cruciferarum posscsses a single sac-like gland adhorin
33:) the'mc:tathoracic basisternum and to the sternum of the sccond abdominal scgmcnlf;
The 830 lics immediately benoath the alimentary tract, It leads info a chitinous duct;
or .vcstxbule, one on each side, which opens to the exterior by an ovoid slit known as
ostiole. Each ostiole is surrounded by an ostiolar peritreme. |

The scerction of the ropugnatorial glands posscsses a very obnoxious odour re-
sembling that of the trypsin cnzyme.

The vascular system (PL. I, fig. 3)

The Ci[‘cl}l&tol‘y system consists of the dorsal organ and the dorsal diaphragm. The
dorsal organ is differentiated into a posterior heart and an anterior part known as dorsal

heart 1s blunt

pairs of thor
spirncles thero are six pairs in the ma

“the atrium and give rise to b
unite in a serics to form a longitudinal trux

* tho corresponding sides extend transvers
There arc no visceral and ventral Jongitudinal trunks, All the trachene give rise to

several branchies which are further gubdivided into trncheoles. In the region of tho
thorax there are two well-developed flask-shaped air sacs.
ag air storage organs arc the
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The threc-chambered heart extends from the eighth to the sccond abdominal
It possesses three pairs of fransverse dlits or ostia. Ab the caudal end the
vhereas anteriorly it is continued into tho dorsal aorta. The dorsal aorta

s a narrow, slender and tubular structure extending from the sccond abdominal segmoent

i t0 the base of the brain where it bifurcates.

The dorsal diaphragm is present as a membranous sheet oxtending from the posterior

margins ol the sceond to cighth abdominal terga. There are three pairs of alary muscles.

The respiratory system (PL. 1, figs. 4-5)

The respiratory system consists of spiracles and the tracheal tubes. There are two
acic spiracles, viz. mesothoracic and metathoracic. As regards the abdominal
lo and soven pairs in tho fomale.

Tneh thorneie spiracle is provided with puit ol elongatod vilve-liko Jips or oporouln

- while in all the abdominal spiracles the opercula are absent.

The teachesbion of the body includes the short spiracnlar tubes which extend from
he dorsal, viscoral and vonbead trachone.  Lho dorsnd trachene
1k on cither side. The ventral fracheac of
cly and join Lo form the venbrnl commissures,

These sacs which function
anterior dilatation of the lageral longitudinal trunks.

he nervous system (PL. I, figs. 6-8)

The nervous system can be divided into the central nervous system and the stomo-
al nervous systcxh comprises the brain, the subooso-
with all its ganglia fused into a single mass.
¢ protocerebrum ’, ‘deutocerebrum’ and

dacal nervous system. The contr
phageal ganglion and the ventral nerve cord
The brain is divisible into three regions, viz.
“4ritocerebrum’, but these regions are not very clearly demarcated extornally.

The ‘protocerchrum’ is the largest paxt of the brain. Trom cach lobe there extends
laterally a large optic lobe from which arise the optic and ocellar nerves.

The middle part of the brain lying ventral o the ‘protocercbrum’ is the ‘deutocere-
brum’, the branches of which innervate the antennac. Beneath the ‘ deutocercbrum’ arc a
lobes whicl represent the “ritocorebrum’,  From the subocsophageal
ganglion arisc three pairs of nerves which innervate the mandibles, the maxillae and the
labiom. The prothoracic ganglion gives oul three pairs of nerves innervabing the muscles
and legs of the segment. The pterothoracie and all the abdominal ganglia are fused into
a single mass lmown as 1)1;(:L‘othomcic-cum-abdominal ganglionic centre. 16 is the biggest
ganglion and is placed on the basisternum of the mesothorax.

A large median nerve issuing from tho posticeriormost oxtremity, of the ganglionic
contre bifurcates distally in the middle of the soventh abdominal segment. Ten pairs
of nerves arising from the ganglionic centre innervate the pterothoracic museles and
legs, and also the mascles and fally tissuc of the first four abdominal segments. Three
ate the musculature of the remain-

pair of oblong

pairs of nerves issuing from the median nerve innery
ing abdominal segmonts.
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The stomodaeal nervous system supplies nerves to the stomodaeal parts of the
alimentary canal. It is situated dorsally and consists of a small frontal gan[,hon lying
above the ocsophagus, ]usb in front of tho brain. Irom its posterior region arises a singlo
reeurrent nerve which runs' beneath the brain and expands a little behind the brain into
a hypocerebral ganglion. Aftached to the hypocercbral ganglion by two short nerves
is a pair of ganglia known as corpora cardinca.. A non-nervous strueture, corpus allatum
ig contiguous with the posterior part of the corpora cardiaca. :

Reproductive system

Male reproductive system (Pl. I, fig. 9).—It comprises a pair of testes, two vasa'
deferentia, a complex bulbus and duetus cjaculatorius, mosodermal and cctodermal .
accessory glands known as mesadenia and ectadenia respectively, '

The clongate and ovoid testes lie in the body cavity in between the thivd and fifth
abdominal segments. Xach testis is enclosed in a scarlet-red serobum. Irom the base of -
cach testis arises the vas deferens which opens into thoe bulbus ejaculatorius.  The proximal ,
parb of the cjnculatory duet is dilated to form a bulb-like structure designated as bulbus -
ojaculutorius, while posteriorly it is continued as a narrow tube called ductus cjaculatorius. '
The distal sclerotized portion of the duet lying within the acdeagus is termed as ‘virga'.
There is a pair of sphorical transparent sacs, known as bactorial sacs, onc on cach side
of the bulbus e]‘mula,touus. These bacterial sacs contain spherical bacteria and they
open to the exterior by a common duct through a pore on the mid-ventral Iine of the
membrane between the eighth abdominal segment and tho genital capsulo. These sacs |
may also be compared to the subgenital glands described by Bonhag and Wick (1953)
in Oncopeltus.

. Female reproductive. system' (Pl I, figs, 10-11)~—The female reproductive organs
consist of a pair of ovaries, & pair of lateral oviducts and a common oviduct. The obher
associated structures are the spermatheca and a pair of accessory glands which open into |
the genital chamber. Lo ’ k

- Each ovary is composed of six acr omopluc ovarioles. Woodward (1950) has deseribed
the presence of seven ovarioles in the ovary of Pentatomidac but in the present inscet
their number is six only.

An ovariole consists of the ferminal filament, germarium, vitollarium and pedicel.
Tho torminal filaments of the ovarioles of each ovary unite together to form a long sus-
pensory ligament which implants itself in the thorax. Tho vitellarium presents a beaded
appearance due to the presence in it of the oocytes at various developmental stages.

The median’ oviduet is a short thick tube conneeting the lateral oviduets with the -
genital chamber. © The spermatheea or sperm-storage organ of the femalo is an unpaired
sac-like structure lying on the right side of the body.

-The accessory glands are paired filiform thread-like structures opening into the
genifal chamber by a single aperture. . Their scoretion is used for gluing the eggs to the
substratum. .

It is my pleasant duty to express my deepest thanks to Dr. G. . Sharma, F.N.I
University Professor and Head of the Department of Zoology, for his constant (,1)(,0111.150
ment and helpful advice.
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BExrranaATioN oF Prare I

2, salivary gland; 3, heart with dorsal diaphragm and
5, trachoal system {venlral viow); 6, nervous system
8, stomoduonl norvous system (doesnd view); 1,

Tias, 1 to 11, 1, alimentary canal;
musclog; 4, trachoul system (dorsal view);
(dorsul viow); 7, norvous systom {ventral view);
malo reproductivo syston; 10, fomale raproduclive systony; 11, an ovariolo,

Letlerings for Wigs. Lo 11
Abdy = Wipnk abdominal norve; Abdg = Fourth abdominal novvo; Abiy = Soventh abdominnd
norvo; dAed = Accensory duct; Acy = Accossory gland; At = Antorior inlostine; Abn = Alury
nmusclos; #n = Anus; Ane = Anal conal; Anld = Anlonnal Lrachon; Antn = Antonnal norvoe; Ao
= Aorta; Bets == Bactorial suc; B.gj = Bulbus ojaculalorius; Coe = Corpora cardinen; C.ovd =
Common oviduet; Cpal = Corpus allatum; Ddp = Dorsal diapheagm; Drlt = Dorsal Jongitudinal
teunk; Dre = Dorsal trachon; Dyspy = Fiest dorsal branch of first spivaclo; Dyspy = Kirst dorsal
Betudonos; Kj.d =
Ljnculatory duct; K.4' = Lyo irachon; Mloc = Foramoen for oosophagus; J'rg == Irontal ganglion;
Gne = Genital chamber; ¢np = Gonopore; Grm = Gormarium; Hi = Hourt; Iyy = Hypocorebral
ganglion; Ly = Susponsory ligamont; L.ovd = Latoral oviduct; Mb.sp; = Mesal branch of first
spiraclo; Md. 7' = Mandibular trachon; Mht = Trachen supplying musclos of the head; AMn = Modinn
norvo; Mpt = Malpighian tubule; Msd = Mosndoncs; M.spg = Median branch of second spiraclo; Mat
= Trachea supplying maxillary stylot; Ocn == Ocollur nervoe; Oes = Oesophagus; Opl = Optic lobe;
Ust = Ostiolo; Ovl = Ovarjole; Pcay = Ptorothoracic-cum-ubdominal ganglion; Pde = Pedicol; Psy
= Principal salivary gland; Ptg = Prothoracic ganglion; Ret = Roctum; finw = Reeurront norve; St
= Salivary duct; Slst = Sulivary syringo trachea; Soy = Suboosophageal ganglion; Spt = Spor-
mathoca; 7.j1 = Torminal filament; 4% = Testis; Vdf = Vas doforons; Vdt = Ventral branch of first
dorsal trachon; Vyspy = First ventral branch of first spiraclo; Vyspg = Tirst ventral branch of second
Socond ventral braneh of first spiracle; Fgspy = Socond ventral branch of sccond

spiraclo; Vespy =
V4spe = Fourth veniral branch of sccond

gpivacle; Vyspp == "Third vontral branch of gocond spiracle;
spiraclo; Vst = Visceral truchon; Viy = Tirst ventriculus; Viy = Sccond venlriculus; Vig = Third
vontrieulus; Vi, = Fourth ventriculus; Vicm = Vontral trunsvorso commissure; Vil == Vitollarium,
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