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AUTHOR’S ABSTRACT 

Glands are classified by structure as multicellulsr complex acinose, multicellular simple 
tubular, and unicellular; by position as general, hypodermal, ocular, antennal, intra-mandibular, 
mandibular, mandibulo-maxillary, maxillary, intra-cardonal and labial. Some open 
outside the extra-oral cavity. The segmental 
origin of the gnathial is doubtful. 

Thiy are supposed to be offensive in funct,ion. 

CONTENTS 
Introduction ........................................................ 

Structure of the glands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Multicellular complex acinosc glands . . . . . . . 
Multieellulnr simple tubular glands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Unicellular glands . . . . . . . . . . . . . . . , . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . 
General hypoderiiial glands (uni- and iiiultie 
Ocular glands (uni- and multicellular acinose gl 
Antenna1 glands (multicellular a.einose g l a d s )  . . . . . . . . . . . . . . . . . . . . . . . 
Intra-niandibula,r glands (uni- and niulticellular acinosc glands) , 
Mandibular glands (tubular glands) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Mandibulo-maxillary (maxilluhr 8) gland (tubular glmids) . 
Maxil1a.r-v glands (tubular glands) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Intra-cardonal glands (uni- and multieellular ttciiiose glands) . , , . . . . , . 
Labial gla.nds (multicellular acinose gla.nds) . . . . . . . . . . . . . . . . . . . . . . . . 
Labral glands (uni- and inulticellular acinose) . . . . . . . . , . . . . . . . . . . . , 

Variations in the size of t.he glands in the fa.niily Coceinellidae . . . . . . . . . . . . . 
Actual opcnings of the glands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Probable functions of t,he glands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Material and technique . . . . . . . . . . . . . . . 

Different types of glands . . . . . . . . . . . . . . . . .  . . . . . . . . . . . 

Distribution of the glands . . . . . . . . . . . . . . . . . . ..................... 

Segmental homology of giiathal glands . 
Acknowledgments 

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

. . . . . . . . . . . . . . . . . . . . ._ . . ._ . . . . . . . . .  

48 
48 
49 
49 
54 
56 
56 
56 
56 
56 
67 
5.7 
55 
58 
68 
58 
58 
59 
60 
GO 
62 
64 
66 

47 



48 S. PRADHAN 

TNTRODTTC‘L’TON 

The studies embodied in this paper were initiated by the 
discovery of well-developed glands associated with the labium 
in  Coccinella septempunctata (family Coccinellidae, Coleop- 
tera). This discovery is of special significance in view of the 
unequivocal statement of Snodgrass ( ’ 3 5 )  that “labial glands 
are  present in all tlie pi*incipal oi.dei*s of insects except Cole- 
optera.” I reported the presence of labial glands in Coleop- 
ters with a few preliminary observations ( Cui*rent Science, 
vol. 5, May, ’37) and am now presenting a detailed description 
and cliscussion. Closer examination of the contents of the 
head capsulc in connection with tlw study of these glands and 
of the mouth parts of coccincllid beetles revealed the presence 
of several other glands besides tlie labial glands, and has also 
brought to light &me facts both of practical and theoretical 
importaiice. In the present paper, therefore, I have incorpo- 
rated not only a description of the labial glands but an 
account of all the glands found in the head capsule of coccinel- 
lid beetles. 

A survey of thc literaturc on the subject shows that the 
glands of the liead region in general and those associated with 
the niouth parts in particular have been very little investi- 
gated in Coleoptera. Talking of the insects as a class, we can 
safely generalize that a pair of glands has been found asso- 
ciated with each pair of head appendages, these glands having 
been lately named after the mouth appendages with n-hich 
t h y  are associated. This gap in our knowledge of glands in 
coiiiiection with the mouth parts of Coleoptera is partly 
attributable to the heavy and densely pi,gmentetl sclerotization 
of the liead region of Coleoptera wliich often defies even the 
best efforts to obtain snccessfull~ proper serial section for 
study. 

DIFFERENT TYPES O F  GLANDS 

The glands studied can be classified in two ways: 1) on the 
basis of their structure and 2) on the basis of their distribu- 
tion. 
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On the basis of structure they can be classified into three 
types : 

1. Multieellular complex acinose glands 
2. Multieellular simple tubular glands 
3. Unicellulilr glands 

On the basis of distribution they can be distinguished as 
f ollo~\-s : 

1. General hypodermal glands 
2. Ocular glands 
3. Antenna1 glands 
4. Intra-mandibular glands 
5.  Mandibular glands 
6. Mandibulo-maxillary (masillular Q ) glands 
7. Maxillary glands 
8. Intra-eardonal glands 
9. Labial glands 

10. Labral glands 

These names simply indicate the position of the glands and 
not homologies. 

STRUCTURE OF THE GLANDS 

Mzclticellular complex acinose glands 

The labial glands of Coccinella septempunctata ( Pradhan, 
'37) are paired glands closely associated with the labium and 
situated symmetrically on either side (fig. 1) of the median 
line. They are comparatively large structures occupying a 
considerable space in the head capsule, and extending hori- 
zontally from the proximal margin of the prelabium in front 
(fig. 2)  to a little distance beneath the sub-oesophageal gang- 
lion (fig. 3) and vertically along the sides of the buccal cavity 
and the pharynx so as to  reach near the top of the supra- 
oesophageal ganglion. They open separately a t  the level of 
the proximal margin of the prelabium, between it and the 
hypopharynx, the actual openings lying in the salivarium 
slightly mesially to  the basal bars of the suspensorial skeleton 
of the hypopharynx. 

Cardonal, belonging to Cardo. 
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Each gland consists of a floccular mass of gluiiclular cells 
with an elaborate system of ducts and ductules. The cells are  
grouped into lobules of various sizes which look like bunches 
of grapes under the high poiwr of the microscope. Each 
lobule is formed of a rarying number of cells (fig. 4). If a 
h h d e  consists of 0111;~ two 01’ three cells, each is drawn out 

Fig. 1 (;l:uiids in the liead capsule of C. septempunctat:i ill situ (slightly 
diagralumatie) . lb.gl., labial gland ; a.gl., antenna1 gland; o.gl., ocular gland ; 
Er., brain ; ed.gl., cardonal gland ; md.gl., niaiidibular gland ; mx.gl., maxillary 
gland ; md.mx.gl., iiiaiidilJulo m;rsillary (iiinxillular?) gland; pl.lb., glands within 
t he  1nl)iuiii ; t.g1., tubular glands (named n b o ~ e )  . 

into a clearer coiiical process which fuses with similar proc- 
esses of the other cells and forms a thin chitinous ductule for  
the whole lobule. On the other hand, if a lobule is  formed of 
a larger number of cells, the ductule is formed by SL conflu- 
ence of fine canaliculi lying in betwccn the adjacent cells. All 
the cells constituting a lobule a re  enclosed in a common chi- 
tinous covering n-liich forms a kind of basement membrane 



to tlie cc?lls and is continuous with the walls of the cluctulc of 
the lobule. 

Each gland cell is generally globular in form although tlie 
size aiid sliape depeiid on tliose of its lolmle. Thus tlie rclls 
of a small lobule look pear-shaped on account of their coiiical 
processes, while tlic cells of a large lohulc difier in outline 

Fig. 2 I'hotomicrograpli of Iiwizontal section of the h c v ~ d  r:ipsulle of i'. septeni 
punctata sliowiiig labial g1:mds in situ. lb.gl., labial gland; s.o.~., suImesop11agc~:rl 
ganglion; t.gl., tubular gland ; Ib., labium. 

according to their situation, tiltliougli all of them arc convex 
011 their exposed surfaces. The protoplasm of these cells is 
fiiiely granular while the outer surfaces arc markedly smooth 
and defiiiite ; the iiuclei are, liowever, often irregular in out- 
line and offer much difficulty in differential staining, tlie chi- 
tinous covering of the lobule adding to the difficulty of staining. 
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Fig. 3 .I’hotoiiiicro~rnj~li uf the longitudinal rertieril sectioii of tlic 1ir.acl cnpmilc 
of (I. sopteiiipunetuta dinwing labin1 glands iu situ. l id . ,  horizontal duet ; v.d.. 
vvrtical duet; hgl., labial gland; nid, iiirindihle ; lbr., 1nl)riiiii ; s i q ~ g . ,  nip-  
ocwqilirigeal gaii~liori : sw..P., iwrtioii of niiqwnsnri:il fork. 

Fig.4 A portion o f  tlie Iiibinl gland of C. septcnipnnctntn drawn under high 
power (ubj. 7 ;  eyr.p. 4). dt., duetulc; g1.1., glmduliir lobule; u.l., nnicrllulnr 
lobule; h.d., horizontd duct : ch.w., cliitinoiix w:ill of tlie niniii duet: i.c.h.l.? 
internal chitinous layer of the iiiain duct. 



Y'lie coiiductiiig system of tlie gland is peculiar aiid clabo- 
]*ate. Each glaiid lias two mltiii ducts : oiie ixniiing ltoiixon- 
tally arid the other vertically. Tlicse two ducts meet together 

little proximallp to the distal margiu of the post-labium, 
aiid form a short tcrminal duct. The termiiial ducts of the 
two glands open separately into the xalivarium R S  ali*cady 
clescribcd (p. 49). The horizoiital main duct lies mow or less 
in  the same plane as tlie terminal duct, arid the two together 
itre S-shaped in a horizoiital section of tlic head (fig. 1). The 
presence of the vertical main duct is secii iii the sagittal sec- 
tion of the head (fig. 3) .2  

Both the vertical and horizontal main ducts receive ~ l o i i g  
tlieir whole length iiniumerable fine chitinous ductales from 
t.lie lobulcs. These duetules arc long aiid thus the main ducts 
lie fairly f a r  away from the glandulai* mass. Gc?iiel-ally ~ 2 1 ~ 1 1  

of the lohules discharges its sccrctioii into tlie main duct 
directly, but some of the lobules a t  tlie begiiiiiiiig of the maiii 
duct form long- chains, aiid their ductules join with one aiiothcr 
before discharging into the main duct. 

Beside the glandular lobules described abow, there arc oftoii 
a large number of unicellular minute lobules. They fo1.m a 
distinct set of tlieir own, looking diffei*eiit from tlie multi- 
cellular lolnulcs. The ductules of tliese minute lobules i i i ~ b  less 
than half the length of other ductulcs. Wlietlicr fuiictioiiall>- 
these minute lobules are similar to or dif'fcreiit froin multi- 
cellular lobules, cariiiot be stated with certainty. 

All tlic component parts of a glaii~l show a with range of 
\-ai*iatiori, but tlic following measuix!mds give an idea of 
their size: 

MfTi s7l Will CTI I s  
k 

I .  Thc 1iorizoiit:il entciit of the ghnd apl)~oxini;itcly 
2. 7'11~. vertical extrnt of tlic g land  qq)ro\ini:itcly 
3, 'l'hc leiigtli of the tcrminnl duct ~lyproiiin:itrIy 
1. The length of the horizontal duct al)proxiniatcl,v 
3. The length  of the vertical duct approximately 
6. The diaineter of the gl;uiid cell ;~pproxiinntcly up to  
i. The dianirtcr of thr niizlei of n gland  w11 :il)pro~iiii:rtel,v np to 

4X(i 
720 
I80 
270 
916 

20 
6 

- 
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Jitrltiacllitlar s i m p k  tz~7,i.cla.r g l ~ l ~  
Tho st ructuw of thc Quhular glands in different illsects has 

a.lrcacly been described but there is no description of the 
tulmlar glaiids of cocxSnollid beetles except a short oiie of 
those of N p i l d i m  indica by myself (’37). It has bccn knowii 
for a very long time that tubular glands cxist in Hlaps 
( Tene1)rionidtLc) a i d  Pyrochroa (Pyrocliroidac) wliilc, re- 
ccnlly Murray a.iid Teip  (’35) have tlcscribd a pair of tubu- 
lar glands ill Cnluiiclrti oryzae (Cuiwdioiiidac), and still more 
recciit.lg R,. TJ. Cxupta ( ’38) 1ia.s rccorded the preseiicc of tubu- 
la P glands in tlic families Tcaebrionidac, Cowinellidae, Cur- 
cnlioiiidac aiitl Ccrambycidtlc, with a dcta.ilcd clescription of 
tlmw of Tciichitionidac. It slioiilcl be iioted that in all these 

Wg. 5 Optical retion of tlw tubal:ir gland. Maignifiwt.iuii smie i l ~  in Agurc 4. 
n., nuelciis; c., coll; ch. t.., chitinoils tiilw. 

bwtlcs, oiily one pair of glgltlnrls litis hceii described. Kvell in 
Coctcinelliclae, both Qupta and mysclf iioticed orily one pair of 
these glands. As regards their external opeiiiiig opinions 
cliffci.. l’n Rlaps no definite place of oponiiig has becii de- 
scribed; in Pryochroa the glands unite to form u small median 
duct which opens into the month ; hi Tcnchrionidae Ctupttl 
simply writcs that they opcn “in t.lw exti*ti-oral cavity scpa- 
ratcly 011 the two sides”; in Calandra, Alurray aid Teigs 
dcwcrihc thcse glands as “opeiiing on to the first maxilla”; 
iii  Epilaclina T described them ns opening “separately in the 
angle botwecm the labinm and t.hc maxillae beiicath t.he sides 
of the hypopharynx.” l’n this ease I mistook the extensor 
apodemc of the cardo for a contiiination of tlic cavity of the 
utidc!rlying gland a id  tliiis mistook thc? site of the opening, 
which actually lies beneath the tip of t.hc apocleme. 
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An intensive search for  the glands has revealed the presence 
of three separate pairs of tubular glands in the head capsule 
of coccinellids. These open in the maxillo-mandibular area 
(figs. 1 and 6) and either remain confined to the head capsule 
as in the herbivorous forms (fig. 6) or extend to the prothorax 
where they remain complexly coiled as in the carnivorous 
forms (fig. 1). The histological structure is exactly like that 

Fig. 6 Glands in the head capsule of E. indica. i.md.gl., intra-mandibular 
gland ; lb.gl., labial gland ; gl.md., glandular aggregation near mandible ; cd.gl., 
eardonal gland ; Hpgl., hypodermal gland, mx.gl., maxillary gland ; md.mx.gl., 
mandibulo-maxillary gland ; md.gl., mandibular gland ; o.gI., ocular gland. 

of the glands of the Tenebrionidae, a detailed account of which 
has recently been published by Gupta ( '38). Each gland con- 
sists of a single layer of cubical cells, surrounding a fine chi- 
tinous tube, the wall of which forms the intima of the sur- 
rounding cells. The protoplasm of these cells is almost always 
finely granular and the nuclei are well defined but irregular 
in outline. 

JOUBNAI, OF MOBPHOWGY, VOL. 64, KO. 1 
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CJwicellular* glaiids 

Thesie are distributed on the inner surface of tlic wall of 
the head capsule, covering almost the whole of the area fi-ee 
from the attachment of muscles (fig. 6) .  The>- resemblc in 
structure the unicellular lobules described betm-een the duct- 
ules of the labial glands of C. septempunctata, but tlieir 
ductules are comparatively much smaller. It may also be 
iioted that these are not the only glands on tlic general sur- 
face of the cranial wall, but that there are a large number of 
small multicellular glands also scatterccl among these uni- 
cellular glands. 

DISTRIBUTIOX’ OF THE GI;ANDS 

Geiirral hypodermal glands (airt i -  a i d  nLulticellzilni- 
acinose g lands )  

These cover the general surface of tlie cranial wall (fig. 6)  
and comprise both unicellular ancl multicellular glaiichilar 
lobnles. 

O m l n r  glnizds ( z i ia i -  und ~nztltirellzrlar. aciiiosr ,qlnncls) 

Scldom if ever has an aggregation of gland cells beeii de- 
scribed as situated near the eye, but in C. septempuiictata the 
ocular gland is too prominent in sectioiis to  be overlooked. 
I t  loolis; like a small portion of the labial glands (multicelliilar 
comple s aciiiose glands) already described, but the iiidiridual 
cells a l e  comparatively smaller. The gland opens to tlie ex- 
terior 1 hi-ough more than one ductule of rariable thickness, 
which open in turn oil a very small patch just outside the 
ocular ridge between the eye and tlic aiiteini;~ 

A n t m w d  glrrnd (multicoll iilccr ncitiosc glnncl) 

This gronp is situated nearer the base of tlic antenna than 
the ej-e and opens within the aiiteiiiial socket. StructurallT- 
these are similar to the ocular glands. T t  may be noted that 
tlie aiiteiinal glands in the words of Snocigrass “are not of 
cornmoil occurrence in insects. ” 
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Iiztl-a-+nandibulnr glaizds (urzi- and rnzilticellular 
aciaose glaNds) 

These are of the same general type as the hypodermal 
glands but the lobules are much larger than those on the 
cranial wall, and open by minute ductules on the surface of 
the mandible. As far as I know, glandular structures have 
never been described within the body of the mandible except 
those in Mantis religioea by Bordas ( '07), which have been 
described within the base of the mandible. That glands should 
occur within such strongly sclerotixecl parts as the maiidibles 
of Coleoptera was quite unexpected. 

Mandibular glaizds (tubulnr g lands)  

Glands opening at the bases of the mandibles have bee11 
described in various orders of insects including the Coleop 
tera. Structurally these appear to be fairly constant, ~ 1 1 0 ~ 7 -  

ing in most cases a simple tubular structure, although they 
differ in the actual position of their opening. Thus in Cossus 
cossus (Henseval, 1897), as reproduced in Schroder 's 'Hand- 
buch der Entomologie' ( 'as) ,  the mandibular glands are tubu- 
lar but branched and have a reservoir before they open into 
the adductor apodeme of the mandible ; in Pelertes matronula 
(Bordas, '09) and in Acherontia atropos (Bordas, '10) these 
glands are unbranched tubules continued into the adductor 
apodeme. I n  Mantis religiosa (Bordas, '07) tlie mandibular 
gIand is a peculiar bag opening within tlie base of the man- 
dible. 

In the Coccinellidae, on the other hand, the mandibular 
glands are not continued into the apodeme but open on the 
gnathocoria, slightly mesially to the cavity meant to receive 
the posterior condyle of the mandible. These glands are 
simple tubular structures of the nature already described, the 
inner chitinous tube of which appears to be an invagination 
of the gnathocoria. From the point of opening the tubule 
travels backward through the muscles and beneath the brain 
and comes out of the head capsule at the lateral angle of the 
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foramen magnum. Entering in the mesothorax it forms a 
complicated coil and lies, as shown in figure 1, in the anterior- 
most region of the thoracic cavity. 

Mnsadibulo-ma~illary (wzaxillular?) glaiid (tzcbular glaizd)  

This opens on the gnathocoria which extends between the 
bases of the mandible and the maxilla, near the middle of the 
cardo and then travels backward exactly as the mandibular 
gland which it crosses as shown in the diagram. 

Marx;illary glaNds (tubular gZaNds) 

The presence of glands in association with the maxilla has 
been recorded in several orders of insects including some 
Coleoptera. I n  Coccinellidae this gland is a simple tubular 
striicture opening on the gnathocoria near the middle of the 
extensor apodeme of the maxilla and in whole mounts often 
appears to be continued into the apodeme itself. From the 
opening the gland first travels laterally and, after a little 
coiling near the eye, travels backward like the two preceding 
glands described above. 

Iufra-cardonal glaizds (mi- amd waulticdlular aciizose glnizds) 

These glands are small multicellular acinose lobules of the 
nature of hypodermal glands. They open on the surface of the 
carclo and also on the membranous connections i*ound about. 

Labial glands (wzulticellzdnr aciiqosc glauds) 

The structure of these glands has already been described 
in detail as the type of multicellular complex acinose glands. 

Labral glnnds (ziizi- and wulticclldar cxci~iosc) 

These are also of the nature of the hypodermal glands. 
There are both unicellular and multicellular lobules opeiiing 
both on the epipharyngeal and external surfaces of the labrum. 
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1 7X5mm. (carnivorous) 
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__ - 

786 X 7 2 0 p  17mm. 

VARIATIOXS IN THE SIZE O F  THE GLANDS IN T H E  
FAMILY COCCINELLIDAE 

Coecinella septcmpuncGG-I- 

Epilachiia indica 
(herbivorous) 

Ratio bet.ween carnivorous 1 
and herbivorous forms 1 1:  1 1 10: 1 

X 180 p -~ _____-.~- .. ~. _ _  

.!- ___ __ 

The results reported in the present paper are based 011 a 
study of seven species of Coccinellidae which were available 
in sufficient numbers. These are: 

Carnivorous 1: 1. Coceinella septempunctata, Linn. 
2. Chiloinenes sexmaculata, Fabr. 
3. Brumus sutnralis, Fabr. 
4. Chilocorus nigritus, Fabr. 
5. Synia melanaria, Muls. 
6. Epilachna indica, Muls. 
7. E. vigintioctopunctata, Muls. 

1 Herbivorous 

The description of the glands applies to C .  septempunctata 
in particular and to the next four species in general. The 
two species of Epilachna, however, sliow remarkable reduction 
of these glands. Thus the labial glands in E. indica do not 
occupy even the whole of the mental area, and are less than 
one-tenth the size of those of C. septempunctata. The three 
pairs of tubular glands which form a prominently coiled mass 
on either side in the prothoras of C. septempunctata (fig. l), 
are confined in Epilachna to the antcrolateral corner of the 
head capsule. The glandular aggregations in connection with 
the eyes and the antennae are also m’uch smaller in E. indica 
than in C. septempunctata. The mandible, however, is more 
riclilj- supplied with the intramandibular glands in E. indica, 
in which there is also a glandular aggregation at the base of 
each mandible (gl.md.) . The following approximate measure- 
ments will give an idea of the differences in proportional size 
of the glands. 

-. - ___ 

2 mm. 

8: 1 

~ 

SPECIES 
( B O U T )  (ABOUT) (ABOUT) 

1: 1 



ACTUAL OI’ESISGS O F  THE GLANDS 

careful study of tlie openings of the various glands in 
c.occiiiellid beetles yields instructive results. F o r  example, 
the thi-ce pairs of the tubular glaiids associated with the 
maxillo-mandibular area do not open into the oral or pre- 
oral cavities ; i i i  fact, they do not even reach the iiiiiei. surfaces 
of the mouth appendages but open 011 the intergiiathal mem- 
1,ranes or the giiathocoriae near the outer edges of their bases. 
‘I’hus fliesc openings do iiot lie within the space eiiclosed by 
the mouth appendages (pre-oral cavity of Snodgrass) but or1 
the ex1 crnal depression which lodges tlie cardo. It should not, 
however, be concluded that the secretion does not reach thc 
pic-oral cavity, because it woulcl be easily carriecl along the 
iiitergnathal grooves from such external depressions to the 
prc-oral cavity. 

Tn this connection it is intcrestiiig to note the developmeiil 
of ideas on this aspect of the subject. All the glands asso- 
ciated with the mouth parts had been indiscriniiiiately de- 
scribed as opciiiiig into the mouth, till Siiodgrass ( ’35) made 
a careful distinction between tlie oral cavity (morphological 
moutli) and the pre-oral cavitF enclosed bp the mouth appencl- 
ages. I t  might be expected that tlie gnatha1 glands should 
open, if iiot into tlie mouth, at least iiito the pre-oral cavity 
but here is a clear case in ~vhich the gnathal glaricls open even 
oiitside the pre-oral cavity. 

I’ROBAHLI.: FGNC’TTOSS O F  THE GLANDS 

A H  110 pliysiological work has been done on these glands, 
.cywBL. their function remains a matter of conjcx4ui.e only; but 
facts of structure afford some clues which are being recorded 
hcre. 

The niain points which emerge fi-om a study of thcsc glaiicls 

1. All these types are much better developed ill tlie car- 
nivo rous than in the herbivorons coccinellids. This is just 
the opposite of O L I ~  ordinary expectation if they are salivary 
in nature in tlie seiise that they act 011 carl)ohydr.ates. 

are : 
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2. There is a regular gradation in the structure of the 
acinose glands, i.e., there is a series of increasing complexity 
from the minute simple unicellular hypodermal glands pro- 
fusely distributed 011 the wall of the cranial capsule to the 
well-developed compound labial glands through the various 
intermediate stages of glandular aggregations of different 
sizes, e.g., intra-cardonal glands, intra-mandibular glands, 
ocular glands, antenna1 glands, etc. 

3. The smallest units of the acinose glands, i.e., the hypo- 
dermal glands show a strong structural resemblance to the 
glands described by ~IcIndoo (’16) at the tibio-femoral articu- 
lation of Epilaclina borealis, which are responsible for de- 
fensive reflex blee~ling.~ On account of these considerations 
1 am inclined to tliiiik that the acinose glands described before 
(even those in connection with the mouth parts) may not be 
salivary in nature but may be secreting the same kind of 
liquid as is ejected in reflex bleeding, and that the liquid, 
instead of being usefizl as a digestive secretion, may be used 
as an offensive chemical in paralyzing the prey. This assump- 
tion explains why these glands are so well developed in the 
carnivorous forms while they are merely vestigial in the 
herbivorous ones. 
4. The acinose glands are present not only in connection 

with the mouth parts but also in connection with eyes and 
antennae, and on the general cranial wall. 

It is a fact well known to the entomologists that when disturbed certain 
coecinellid and meloid beetles fold the antennae and legs against the body, eject 
small drops of liquid from femoro-tibia1 articulations and feign death. There 
has been quite a controversy as to how the liquid is expelled so quickly and as to 
whether the liquid is blood or  glandular secretion. Those who believe that the 
liquid is blood fail to show how it passes through the articular membrane to the 
exterior and those who think that the liquid is a glandular secretion do not con- 
clusively prove their view, and they fail t o  explain how such a large quantity of 
secretion can be expelled so quickly. The phenomenon of ejecting liquid from the 
tibio-femoral articulations has been called ‘reflex bleeding ’ (McIndoo, ’16). 

This author has shown at  length “that the phenomenon is a true reflex and that 
instead of the liquid being blood it is a secretion from hypodermal glands and 
that it passes t o  the exterior through innumerable tubes opening near and in the 
articular membrane. ’ ’ 

The identity between these glands of Mcrndoo and those described in the present 
paper also strongly supports RlcIndoo ’s views. 
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The t,ubular glands are also vestigial in herbivorous forms 
and well-developed in carnivorous ones. It appears therefore 
that these are also similar in function to the acinose glands, 
i.e., they are also not salivary in function. 

SEGMENTAL HOMOLOGY O F  GNATHAL GLANDS 

Till very recently all the glandular structures (except the 
silk glands), having connection with the mouth parts or with 
the cephalic stomodaeum (including the extra-oral cavity) 
have been collectively called by the name of salivary glands. 
Thus Packard ( '09) , while describing all the diff erences in 
position, structure and function of the various glands, divides 
the whole group into only two categories, namely salivary and 
sill: glands. It appears from his description that he believed 
in the homology of all the glands included under the common 
name of salivary glands, because he definitely pointed out the 
case of lepidopterous larvae wherein he believed the salivary 
glands to have been modified into silk glands, and the 'so-called 
salivary glands to be modified coxal glands of the mendibular 
segment. Among the more recent writers, Scliroder ('28) and 
Handlirsch ('30) for  example, have retained the general name 
of salivary glands, while others like Imms ('25) and Snod- 
grass ('35) have discarded this general heading and have 
named the various glands separately after the appendag oe or 
the sclerite with which they are associated. Thus Snodgrass 
describes antenna1 glands, mandibular glands, maxillary 
glands, and labial glands. Imms describes one more gland, 
namely., the frontal gland in termites. The last two authors 
seem to have fully realized the absence of any direct homology 
between these various glands. It has been clear for a long 
time now that neither are these all salivary in nature nor are 
they morphologically equivalent. 

At present, however, entomologists in general appear to be 
quite strongly impressed by the segmental recurrence of these 
glands, so much so that some have begun to think that the 
gnathal glands are modified nephridial glands of Crustacea, 
while others, including Snodgrass ( '35), think that thep are 
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possibly coxal glands of the gnathal appendages. Thus while 
the idea that all these glands are modifications of the same 
original salivary glands seems to hare been given up, the idea 
of seamental homology or serial homology still holds. Since 
each pair of appendages has been found to have a pair of 
glands associated with it, their segmental recurrence is very 
striking and it is extremely tempting to correlate them with 
some serially homologous organs of the ancestors of insects ; 
and that is why they have been homologized either with coxal 
or with nephridial glands. 

My own studies, however, throw some doubt on this other- 
wise very plausible proposition. I am therefore, without com- 
mitting myself to any definite view, simply recording the 
following considerations in connection with the segmental 
homolo,gy of the gnatlial glands : 

1. If the gnathal glands of insects are the homologues of 
the coxal or nephridial glands of Crustacea, we should expect 
only one4 pair of glands to be associated tvith each pair of 
appendages, but in the coccinellids we definitely find three 
pairs of tubular glands between the bases of the mandibles 
and those of the maxillae. The presence of this extra pair 
of glands can be explained only in two ways, i.e., either a)  by 
assuming that the gnathal glands are not segmental in their 
distribution and are thus not homologous with the coxal or 
nephridial glands or b) by assuming the presence of a seg- 
ment corresponding to  the supra-linguae or  maxillulae be- 
tween the maxillae and the mandibles. It may be recalled that 
the presence of a segment between the mandibles and the 
maxillae has been contended both on embryological and mor- 
phological grounds, the strongest advocate of this view being 
Hansen ( '30), although there are equally strong opponents of 
this view and the whole question is still an open one. 

41t may be noted that although in annelids there are often more than one pair 
of nephridia in each segment, in both Crustacea and Xyriopoda (the only sources 
from which insects can be regarded to have evolved) there is never more than one 
pair of glands (coxal, nephridial, or excretory) in each segment. 
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2. 111 Coccinellidae (specially in C. scptempuiictata) there 
is a more or less regular gradation from the uniccllular hypo- 
dermal glands to  tlic multicellular complex labial glands. This 
gradation strongly suggests that tlie labial glands are modi- 
ficcl hypodermal glands rather than the homologues o f  cosal 
or nephridial glands. Tt may be noted in this coiiiiectioii that 
a t  least in two cases quoted by Schrocler ('28), i.e., by A h -  
gazzini (1889) ant1 Leydig (lS59), the glands in  connection 
with the labium hare bcen interpreted as Haiitdrusen or 
Iategnnieritalclrisei~. 

It may be contended with some force that these glands, 
which appear to be modified integumental glands, may iiot he 
the primary labial glands at all. The primary labial glands 
of seg~nental significance might have atrophied and these 
glands might be secondary in origin. There is hardly any 
reason a t  present to  deny this proposition, but the labial 
glands present such an immense variety both in structure and 
function that it is absolutely impossible to distinguish pri- 
mary and secondary glands. The fact that a regular-grada- 
tion from the hypodermal glands to the labial glands has been 
appreciated in coccinellids, while such a gradation has not yet 
been noticed in other iiisects, is certainly no reason for  re- 
garding these labial glands as different from the labial glands 
of other insects. All the same I leave it as an open question, 
as much more comparative work is needed. 

IIATERTAL AND TECHKIQUE 

The insects used were either brought fresh from the fields 
or reared in the laboratory, the species which were kept in 
the laboratory for fairly long periods being E. inclica, E. 
vingintioctopunctata, C. septempunctata and Chilomenes sex- 
maculata. The former two o f  these species mere fed on the 
solanaceous and cucurbitaceous leaves while the latter two 
flourished well on every available species of aphids. 

The points worthy of mention in the technique employed 
during these studies are as follo~vs. 
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Free-Timid scctioiis 

The strong chitin of the head capsule offers almost insur- 
mouiitable difficulties in getting microtome sections. In  ordey 
to get over this difficulty I began trying to cut free-hand sec- 
tions 0% the ordinary paraffin blocks which were prepared 
exactly as if they were to be sectioned with a microtome. 
After a little practice I could get fairly good sections for 
anatomical studies. Further treatment of these sections was 
as in the case of microtome sections, although sometimes they 
were not fixed to the slide and treated further in a 11-atch 
glass with much advantage. With these modifications the 
study of the internal structure of tlie hard head of these 
beetles became fairly easy. 

Bleackiitg o f  chit& 

Strongly sclerotized and densely pigmented structures like 
the mandible ordinarily do not show any of their internal 
structures. In order to examine their interior I have been 
bleaching the u-hole head (after they are well fixed) in hvdro- 
gen peroxide. By this treatment the opaque chitin becomes 
almost transparent and tlie soft structures inside not only 
remain absolutely undamaged but also begin to take specially 
brilliant stain with borax carmine. The intra-mandibular 
glands for example were revealed by this method. 

Staiiz 

Of the various stains that were used, thioiiiii was found to 
be specially suitable for bringing out labial glands from the 
surrounding tissue. It stains the glandular lobules blue and 
the contents of the main duct red. As a matter of fact the 
labial glands were discovered when once I stained a free-hand 
section by chance with thionin. The stains used for the histo- 
logical observations were Delafield haematoxylin, iron haema- 
toxylin, and borax carmine for the nuclei and eosin, orange G, 
and picro-indigo-carmine for the cytoplasm. 
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