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Introduction 

Gryll~s petJ.[!§LlY~!Ji~ BUrro. is one of the commonest of the 

field crickets on the island of Montreal. It is a gregarious 

1. 

species and large numbers may be round 1n the r1elds and along 

the roads1des in the late summer and in the fall. The adults 

lay their eggs in tbe :fall and die after the fl'Ost sets in. 

The eggs hibernate, although an occasional nymph found 1n the 

spring 1ndic..at ... es. that some of ~the eggs may.hatcb. 1I.1 the fall. 
;rt=u:;:;:::::k~-~ , ~ nu.-~ ~ 

The majoritY of the eggs however hatch in burrows in the soil, 
I I A 

becoming mature in the autumn* 

OWing to the fact that the adults all die in the 

auturrill, 1t was found impossible to obtain fresh material for 

dissection during the winter, so that most of the work was 

done with preserved specimens which are 1n many respects 

unsatisfactory. Because of this, and also of tbe comparatively 

short time at my disposal, this studY is not quite as full as 

was at first planned, the muscular and respiratory systems 1r1 

particular, not having been ve1•y fullY studied. 

J.,retbods 

Fresh specimens were used in the autumn as long as 

they were obtainable. After this preserved specimens were 

used. The preservative solutions used were alcohol and r1ve 

percent chloral l1Ydrate. Ne1tber of these proved very 

satisfactory. I have heretofore found chloral hYdliate an 

excellent medium for the preservation of mate1•1e.1 for anatom1c 



study, but in this case the tissues of most of the 

specimens decayed in spite of the fact that incisions were 

made 1n the integument to allow the preservative to bathe 

the 1nte1•na1 organs. The alcohol was somewhat more satis­

factory, but 1n 1t the organs hardened and became rather 

brittle Which increased the difficulty of dissection. 

FOr a study of the mouth parts the head was boiled 

in 10 percent potassium hYdrate Wl1ich removed everything 
VJ'\. 

except the ch1t~ous structures. The mouth parts were then 

removed, mounted on a slide and examined under the low 

power of a compound microscope. Boiling in potassium 

hYdrate was also employed for a studY of the sclerites and 

other integumental structures. 

For the histological studies the insect was 

anaesthetized with ether, cut open under a dissecting 

~1croscope and the required organ removed. It was then 

fixed in Gilson•s alcoholic sublimate or in Bouin's picro-

for.mol. The stain used was Delaf1eld's haematoxylin. Good 

sections of the entire insect were not obtained owing to the 
I 

hardness of its chit1Ilous integument. Henn1ngs solution and 
(.,J­

p1cro-n1tric acid were used as fixing agents ana neither 

seemed to have much efrect in softening the chit1n. OWing 

however to the lack of fresb specimens the attempt was not 

repeated. Better results would undoubtedly be obteined by 

using freshlY moulted insects, but such material was not 

obtainable at the time this investigation .was undert&ken. 
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/( 

FOr the study of the internal organs the insect was 
a-n. 

opened along its venter, dorsum or pleu!'l:HR: according to w11at 

organ was to be studied. It was then pinned in a dissecting 

dish, lined with cork over Which a layer of paraffir. had been 

poured. The organs were stained wi tll some stain sucrL as 

haematoxylin or methylene blue, preferablY t~ latter. The 

dissection was performed in distilled water under a Ze1ss 

binocular dissecting microscope 

special Method for stu~ng the nervou§ system. 

The following extract is taken from the aut11or•s 
u. 

paper on the Nervo~s system of the Larva of Sphio_a obliqua. 
11 on account of the transparency of the .fresh 

tissues it was found necessary to f1x or sta1L before 

tracing the course of the nerves. 

Fixing. G1lson•s alcoholic sublimate gave good d1~ferent­

iat1on but was not found convenient for· d1ssect1Ilg on account 
r 

of tl1e coros1ve action of the mercunic cb.loride on metal. ,. 

P1c1'o-1'ormol ( P. Bou1n ) was used to good efrect 

as it fixes and stains rapidlY. Tlle formula of th1e fixing 

agent 18, 

Picric acid 
FOrmalin 
Acetic acid 

sat. aq. solution 75 parts 
25 If 

5 .. 

lLace:ra t ion . FO:r· a studY of the p~eripheral nerves it was 

found necessary to macerate in distilled water ror several 

days or in dilute n1 tr1c acid for a shorte!~ tirr1e. The 

muscular tissue could then be easily teased out leaving the 

integument and its nerves exp0sed, 



the latter being more resistant than the muscles to the 

macerating action of water. Specimens thus treated were 

always hardened afterwards in picro-formol. 

staining. several stains were tried with varying 

success. A weak solution of Delaf1eld's Haematoxylin 

gave fair results but did not prove satisfactory for the 

finer details. The onlY reallY satisfactory stains 

of the nervous tissue were obtained with methylen blue. 

The strength used was .5% in physiological salt solution. 

In most cases where fresh speclme·ns were used the nerves 

were stained intra vltam. About two cubic centimetres 

of the staining solution were injected into the living 

caterpillar. In from thirty to sixty minutes the insect 

was etherized and opened. On opening the caterpillar it 

4. 

was usually found that several of the nerves were unstained. 

Indeed 1t was extremely difficult ever to obtain a perfect 
,... ( (' 

~ '1.,. "L--v ( ... £+L-

Sta1ll of all the nerve tissues. Sh11-1ct w110 first used 

the intra vitam method of staining nervous tissue pointed 

out that the sensory nerves were stained while the motor 

nerves remained colourless. The motor nerves however will 

also stain 1f given sufficient time. The same worker also 

states that rnethYlin blue in contact with reducing agents 

in alkaltne solution 1s reduced to its colourless leucobase. 

Because of this, tissues after they have attained their 

maximum degree of coloration lose the blue colour rapidly. 

It might however be brought back by an oxidizing agent or 



bY exposure to air. The above statements explain the 

difficulty of obtaining a perfect stain. 
11 In several cases the caterpillar was killed and 

pinned before staining. The stain was poured on to the 

insect in the dissecting dish and left for about half an 

hour or longer. As long as the tissues were fresh I 

obtained a stain equally as good as bY Entl1ch•s intra 

vitam method. Indeed I could see no advantage in this 

latter method over staining of the dead but fresh tissue. 
If 

SPecimens stained with methYlin blue lost their 

colour very readily in water and it was found necessary 

to permanentlY fix the blue colour in the tissues. The 
A-~ 

~ethod in fixing the stain ua8d was that devised bY Bethe. 
'\ 

The fixing agent was a solution of ammonium molybdate made 

up according to the following formula. 

Ammonium molybdate 
Distilled water 
HYdrogen peroxide 

lgm 
10 cc 
5 cc 

A drop of hYdrochloric acid ts added to the solution and 

a precipitate of molybic acid rorms but readilY redissolves 

on agitation. To prevent maceration a rew drops of a one 

percent osmic acid solution were added to the above solution 

and also to the water in which the d1ssect1on was carried 

out. The tissues of the stained caterpillar were bathed in 

physiological salt solution and the freshly made fixing 

solution, cooled to near zero, was then pow·ed on and left 



for several hours. occasionallY part of the solution 

precipitated on being pou~ed on the caterpillar but this 

did not interfere with the fixing properties. lj 

Methods 
r' 

/ 
The plants containing the caterpillars were cut·'Off 

·"' \ / 

about n~ne inches above the ground in the late fall and 

6. 

\_he lowe}'·.Portions dug up, brought indoors and planted in 

w~~and. ~e caterpillars were removed as ~eeded. sev,':f.al 
~ ~ 

\. -

spect'inens were'····.also preserved in chloral hydrate. 
\ ..,_ ,.. 

}. -.. ? <' 
~~. 1ft.. - ~ "! 

Th'e usual me·thods of dissection were followed./, The 
\t ··:!:, ' ,,~l 

insect w~~ first eth43rized and then cut along th~,i·mesal 
~. ··-. /' 

line of th\~ dorsum and.'~pinned along the cut edge-s in a 
\ ""-.. ,if 

small d1ssec-\ing tray. Tn.e pins were cut off close to the 
\ ~ ~ 
~ !?\. ~· .. ~-

insect 1n ord~ that they migl1t not 1ntert;ere with the free 
·~-- . '~ '~. ~;·' 
~ ~ 

manipulation of '\he d1ssect1ng··.1nstrum~nt. The abundance 
'~ ' / 

of adipose t1ssue.\s a ·great !11r;~:rar1_c·e in dissecting, and 
;:. 
'\. '""·~IJ 

to remove it without\break1ng the n~rves requires careful 
";t j • 

and patient mantpulat~. // ~\ 
Preserved specimens. ':~.Durtlig the w1ri-ter months specimens '- ,/... '· 
pr'eserved in chloral hydra)fe were used o.l~ter the fresh 

·' .. ,... "·,, 

material wa,slexhausted. / Tbe ~terpilla-r•s ~ad been etherized 

and plac~ in sl chloral hydr~ for a day\ At the end of 
' •' ~- .... 

a day s~ll slits w1-te made in th~~orsum so \S to allow the 

liqu:.,;l/~o enter tl~' bodY cavity and ~the the \scera. 

Chloral hydrate /roved to be an excellent medium ~or 
'\ 

p~eserv1ng the internal organs. The finest nerves were 



found to be in good,cond1t1on after~ months of preservation. 
' \ J The ··~-~ire lateral sy~pathet1c system ~as traced in 

't..\. )~~ 

preserved ·ma ter1al. ·,·, .. , J/,. 
• ' p ...... '"·",. ._.Jl' 

The disseG.t1on of pres'e"'rve_g_,lmaterial is. somewhat less 
·,,, __ .;if 

difficult than thttt.;."\of fres~ .. afie\.ter1al as· in the :former the 
'"r-," 

muscles and rat body.have shrunk~ considerablY. 
··f· \ 

While 1 t has been·,·h-~ld bY most\~orkers that nervous 
_.~.f .. p· \.t~).-,.. "~io, .. · ~ 

tissue w111 not talte the methYJ..in blue-...-.sta1n unless living 
. ~ 

? ~ 0 ~ ~ 

or freshlY killed, I have succeed.e.~ 1n oo~,a1n1ng fairlY 
~;., •"-r, 

good stains }.Vi th pres~rved materials.\-.~ The ~t"a1n 1s of 
~-· ";.,, .. ..., .. 

. ..c1S ,. 

course mueh more c11f:f1cult to obtain tharb.,w1 th .,'t:resh 
·~~'. \'-

·...;~ti -r. 

material and when obtained is not so good. The nerves 
t~ 

leading from branch of the lateral sympathetic sy~tem .,., 
to the tracheae are very minute and d1:f:f1cult to tra:ce, 

but I first succeeded in finding them in a preserved 

specimen. 

EXternal Anatomy 
=:=-===-=-=-=== 

The Head 

The head ( Figs. 1-~ ) 1s about 6wn. deep and 5 Wide. It 

is directed downwards so that the buccal cavitY and 

appendages form its ventral side. It articulates With the 

prothoracic segment bY means of a narrow flexible neck 

membrane which permits a limited movement of the head. 

This membrane however is not externally visible as the 

pronotum projects forward as far as the epicranium 

7-



covering both the neck membrane and the occipital and 

post-genal region of the head. Thus the insect appears 

to be absolutely neckless. Viewed from 1n front the head 

is broadly ovate. The epicranial region is semicircular 

and the clypeus and mouth parts narrow downwards. 

The front is prominent and bears the median ocellus. 

The vertex is broad and rounded. From each lateral ocellus 

a line runs mesodorsad. The two lines unite in the median 

line of the head and ~ from this point a third line runs 

dorsad along the median line and is gradually lost in the 

vertex. The Y-shaped suture thus formed is the epicranial 

suture ( Fig. 1. e. s. ) 

T.he clypeus is articulated to the ventral edge of the 

front. A post-clypeus ( f1gs.l,3,&5 C.p.) and an ante­

clypeus (C.a.) may be distinguished although the suture 

does not extend to the median line. A suture-like crease 

runs along the median line of the ante-clYpeus to near the 

base of the labrum. Here it diVides into two and eac11 

branch bends upwards towards tl:.e latero-dorsal angles of 

the ante-clypeus. At the d1stal edge of the ante-clypeus, 

the labrum arises. (F1gs.1,3 & 5,L) This 1s a movable 

~lap somewhat broader than the clypeus. There are three 

deep creases in the labrum, two curved ones running from 

the base ventrad~ to near the middle on e1 ther side of 

the median line, and a transverse one 1mmecttatelY beneath 



these. In the middle of the d1stal edge there is a shallow 

sinus, the edge of which is closely fringed with setae. 

The Epipharynx or fetrum-eniPharynx ( Fig.6.) 

This organ is not a free appendage as 1n D1ptera and other 

haustellate insects but is a palate-like lining of the 

l~brum and clypeus, forming the roof of the mouth
1
as 1s the 

gener~l rule among mandibulate insects. There 1s no 

suture between tbe portion lining the clypeus and that 

lining the labrum but a clypeal and labral region may be 

observed. In the epipharynx there are two paired and one 

unpaired ch1t1nous structures. At each indentation 

corresponding to the ends of the clypeo-labr~l suture 
(._ 

there 1s a thickened ch1tinized plate constr~cted in the 

middlA and continued laterad into the clypeal region as a 

slender ch1t1nous filament. A curved ch1t1nous rod running 

from the clypeal to the labral region crosses each of tbese 

plates. The unpaired ch1t1nous plate 1s a median one 

lYing 1mmed.1ately beneath the cJ.ypeo-labral sutu!•e. 

The following sense-organs and setae are present 1.n 

the ep1pi.;arynx. 

1. Large, strongly cli1t1Il1Zed bristles, e.r1s1rig from a 

c1rcular cell, with linear edges and blunt ends, s1tuatea. 

1 n thP lar,ral region mese.d of the cur·ved cl1i t1rJous :r.·oo.s, 

and on tl1e d1stal edge of the ep1phe.r·ynx. These p:roba'bly 

serve as a protection to the tB.stecups .. 



10. 

2. someWb8.t smaller setae, strongly cbi t1ni~eci, with acute 

ends. They are situated near the latero-ventral edges or 

the epipharynx and for~a three or !'our 1rre~ular rows on 

each side. These ~:tlso are probablY protect 1 ve. 

:. . Slender whitish tomenta abundant 1n va.I•ious parts of the 

epipharynx. 

4. Large, round taste cups, one row on either side of the 

median line of the labral region. 

5. S1m1lar but somewhat smaller cups situated in tile median 

portion of tr;e cJ.ypeal region, latel·aa. of eacb curved 

ch1 tinous rod in the labral region, a.nd immediately clorsad 

of the ~111U8 mentioned above ilL conrtect1on with the labrum. 

6. A large number of minute triar~gular· end organs occupyir1g 

the space between tl'le setae ( 2) and t:he curved rods in t:b.e 

c;! le. tare--ventral portions of the labra.l region. Tl1e gena.El 

or cheeks ( flg.3 G) are w~ll developed and comprise the 

sides of the head behind the eyes, extending ventrad to the 

base of the r.:~r:C.1 'tiles. an the 1r.ner side they serve for the 

attaclunent of the mandt'bula.r muscles. 
u 

Tbe ca~da 1 s. spec t of the head 1 s shown in f1 e.-u I'e 2. 

The occ~1 tal fPY~Fl!3P.. (F.O.) lies near tl1e dc:rsal side 

and serves for the passage of the oesphagus, ventral c11e.1nJ 

sel1vary ducts and otlle:r organs from the head into the trunk 

or v1ca versa. on each side of the occipital foramen is a 

tread scler1 te tl'le post _g_epfi~ ! P.C. ) The occipU-t ( o) f'orms 
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a narrow ring around the occ1p1 tal forazLen. 

The neck me]l!Jr!iP.~ 1s Pl'OV:l.ded with a. numbel~ of 

ch1t1rl1Zed plates, the cerv~_ca.!_§_C).~,r)._t~§· The two large 

lateral scler1 tes serve 1n ternally for the at taclunent of 

muscles. The five ventral ones are shallow, pouch-like 

ch1t1nized evag1nations of the cervical integument, are 

provided with hairs and supplied by nerves from the first 

thoracic ganglion. 
r 

The Tento~1um ( F1.g. I+) or endoskeleton of the head ~ ............... ____..._._.,. __ ______ 

consists of a triangular plate from. which f1 ve Plaocesses 

arise, three of which are also triangular. These plates 

are thicke:ra and more strongly c!J1t1n1zed around the edges. 

The plane of the central plate 1s parallel to the dorsal 

and ventral planes of the insect. Its dorsal side supports 

the oesophagus and 1.s tb.ere:rore somew·hat concave to adapt 

itself to the shape or this organ. From its apex an 

unpaired traiangular process ( 1) runs candad 111 the same plaae, 

its base forming the ventral border of the occipital 

foramen. From each of the b&sal angles of the central 

plate another tr1an~'Ula.r process ( 2) 1s given off. TlJ.1s runs 

fo~fard and 1ts broad base extends along part of the clypeo­

frontal suture, and thR mand1hulo-epicran1al suture to the 

ectge of the post gena. From the basal angles of the central 

plate a second pair of processes (3) originate. They run 

cephalo-norsad and are attached to the epicranium at the 
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dorsal side of the antennal socket between the latter and the 

eye. These processes differ from the others in being much 

sma lle:r- and 11.nea. J'l rather than tri&ngular. The central plate, 
I 

the unpa1~ed process and the paired triangular processes 

form two lateral foramina (ftg.4 F.L.) through which the 

mand1bular- muscles pass from their origin 1n t.he genae to 

their insertion in the condyles or the mandibles. The 

central plate, the paired triangular processes and the 

ventral edge of the front form an anterior foramen ( F.A. ) 

through which the oesophagus passes 1n descending to the 

mouth. so that, including the occipital foramen, there are 

altogether four foramina in the head. 

~~dages of the Head. 

Antennae ( f1gs.l & 3~). These are about 30 mm. 

long and very slender. They are inserted on each side of 

the front 1n a shallow fossa contiguous with the ventra­

mesal border of the pompound eyes. They are f111form and 

consist of a stout bas~l joint with a large number of 

smaller ones distad of this. The antennae are plentifully 

supplied with short tactile hairs, and judging by the 

active manne:r 1n Wl11ch the insect uses them, they are 

efficient organs of touch. 

The mand1 bles ( f1gs. 7 & g ,figs. 1, 2, &3 rroel. ) are a 

pair of st~ong, highlY chit1n1zed jaws. They are articulated 

to the head by means of a ginglymus joint. This consists of 
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two condyles ana. a ginglymus cav1 ty. A condyle (figs. 1&7 m.c., ) 

on the outer edge of the base of tbe mandible is inserted 

into a pan at the basal corner of' the clypeus. The second 

condyle (figs. 2 & 8,m.c.2) 1s situated at the outer corner 
u 

of the ca~dal side of the base ( i.e. the side next the 

maxilla). It is inserted into a pan in the end of the post-

gena near its outer edge where it merges into the gena. 

( f1g.4 p.) T.he ginglymus cavitY of the mandible is found 

at the hinder side of the mesal angle of the base of the 

mandible. It serves ror tbe insertion of the large tendon 

( fig. 8 ad.t.) to which the adductor muscles are attached. 

The tendons of the abductor muscles ( ab.t) are attached at 

the second concty le. T!1ese are much smaller than the 

tendons of the adductor muscles. A thin cl11t1nous membrane 

( fig. 7 mh) st:r)etches from the inner edge of the mandible 

to the ciypeus. The opposable edges of the mandible are 

armed with denselY ch1t1n1zed teeth. The arrangement of 

the teeth 1s not constant, differing even in the two mand-

1bles of the same insect. As a rule, however, the distal 

teeth are sharp resembling somewhat those of carnivorous 

beetles, while the proximal teeth are molar-liKe and fitted 

for c:rush1ng. This ar1.,angement 1s adapted to the feeding 

habits of the cricket, an omnivorous insect, apparentlY 

feeding on a hard grain of wheat with as much gusto, as on 

a delicate morsel from a cteact companion, or on the wool from 



a man • s coat • 

At the base of the mandible there is a nar1·ow 

triangular sclerite cut off from the gena bY the lateral 

prolongation of the clYpeo-frontal suture. 

14. 

The maxillae ( f1g.9) are attached on the caudal side 

of the head to the post genae, behind the mandibles. EQch 

maxilla consists of six distinct sclerttes. The cardo or 

basal rtiviston is composed of two scler1tes, the outer one 

( fig. 9c.) is triangular, thA inner one ( c 2 ) 1s kidney 

shaped. The stipes ( st ) articulates with the cardo and is 

at right angles to it. At the d1stal end of the sttpes the 

galeB. ( figs. 1, 2, 3 & 9 g ) and lacinia ( 1 ) are borne. 

The lac1n1a lies cardo-mesad of the galea. It is concave 

on its inner edge and convex on its outer. It 1s broad at 

the base and graduallY tapers to a sharp strongly chit1nized 

tooth at the d1stal end. Proximad of this tooth, on the 

concave edge are two others, followed bY a row of stiff 

setae. The galea joins the stipes la.tero-cephalad of th.e 

articnlatton of the lac1n1a. This also is concavo-convex 

but is of uniform thickness throughout and the distal end 

is rounded. It is not so denselY chit1n1zed as the lacinia 

is destitute of teeth and sparsely covered with delicate 

hairs. The palpifer ( pf.) is articulated partly to the 

outer edge of the sttpes and partlY to the basal segment of 

the cardo. The max1ilary palpus ( p.m.) 1s given off at 
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the d1stal end of the palp1fer. This appendage is 

antenniform and consists of five segments of which the two 

basal are together shorter than either of the three succeeding. 

The segments of' the pa.lpus are all covered w1 t:t1 tactile 

hairs. The distal segment is clavate and more densely 

clothed than the others.At its extreme end is cut\ off a more 

sensitive portion which is not as strongly ch1t1n1zed as 

the remainder of the palpus and which is very densely 

clothed with short tactile hairs. A thin, transparent 

membrana ( mb 1 ) unites the inner edges of the st1p1tes and 

card1nes to each other and to the outer edges of the labium. 

The Labium ( f1g.lO ) forms the lower lip of the insect. 

It originates from near the ventral border of the occiput. 

The submentun ( figs.2, 3 & 10, sm.) is a large shield-

like sclerite. The mentum ( m ) is joined to the ventral 

edge of the submentum and is a much narrower sclerite. A 

large scler1te with a deep median groove, joined to the 

ventral edge of the mentum probably represents the fused 

bases of the para glossae. The glossae ( f1g.lo gl) and 

para glossae ( p.gl ) arise from its d1stal edge. These, 

the homologues of the lacinia and galea a:r·e not unli:Ke 

these organs except that the paraglossae are two-jointed, 

and the glossae are not toothed nor strongly ch1t1n1zed 

as 1n the case of the lac1n1a. The palpiler ( pg.) is 
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dorsad of the origin of the paraglossa and bears the 

labial palpus ( p.la ). The palpus is three jointed, the 

basal joint being about one-half the length of the second 

and little more than one quarter the length of the distal 
~ 

segment. The vestibule is s1m11ar to that of the 

maxillary palpi, the specialized apical portion of the 

d1stal segment being armed as in the case of the latter, 

with very fine sensitive hairs. 

The HYPOpharynx ( figs. 10 & 11 hYP.) forms a stout tongue­

like projection rrom the inner surface of the labium. It 

is provided with taste-cups, setae and other senslllae 

s1n11ar to, but even more varied than those of the 

epipharynx. The salivary duct passes through the 

llypopharynx and opens into the mouth through 1 ts caudal side, 

next the lab tun. 

The Thorax 
======== 

As in other orthopterous insects the prothorax is 

well developed. The pronotum projects cephalad over the 

neck membrane to the base of the head;- caudad, its 

projecting edge covers the mesonotw!-~. The sides of the 

pronotum are bent ventrad at right angles to the back, 

obliterating all traces of the pleural scler1tes. The 

presternum ls not uniformly ct1t1n1zed. TWo narrow 

chtt1nous plates, behind the cephalic border, form an 



inverted V and mark the position of the attachment of the 

eutostern1 tes. Cattdad of this there is a small sJ:~ield-like 

stel,nellum ( fig.l2 stl ) 

Although the front wings are more highly developed 

than the hind wings and 1n the male are used extensively 

in stridulating, still the mesothorax is much smaller 

than the metathorax, contrary to the rule in most of the 

winged insects ( HYmenoptera, Diptera, Lep1dopte.ra, etc.). 

The length or the mesonotum is about 1 mm. while that of 

the metanotum is about 2.7 mm. This difference in size 

is due to the great development of the hind legs. The 

mesonotum is divided into two narrow sclerites, the scutum 

( fig. 13 sc2) & scutellum ( f1g.l3 sc3 ). The scutmn is 

broader at the lateral ends and constr1oted in the middle. 

The opposite description is true for the scutellum. The 

mesopleu~ consists of three sclerltes. The episternwn 

( f1g.l4 e.s.) i8 the lhrgest and lies cephalad of the 

others. Its dorsal portion 1s concealed by the pronotwJ. 

The epimeron ( e rn2) lies caudad of the episternum. At the 

ventral edge of the epi~eron there is a small sclerite 
I 

the per1treme ( p.) which bears the mesothorac1c spiracle. 

The meso-sternun is broadlY shield-shaped) With a notch in 

its caudal end. 

The metathorax, as stated above, is much larger than 

the mesothorax. The metanotum is differentiated into three 

17. 



regions, the scutum ( sc3 ) scutellum ( scl3 ) and the post 

scutellum ( p.scll) The scutum is large and bi-lobed 

caudad. The scutellum is a large triangular scler1te, the 

anterior portion of which is wedged into the rtinder pa.rt or 

the scutum. The postscutellum is a narrow bandl1ke sclerite 

lYing caudad of the scutellum and stretching uninterruptedlY 

across the segment from wing to wing. The metapleural 

scler1 tes. are similar _to those of the me so thorax but ai·e 

larger and lie obliquely across the pleurum. The sternum 

resembles that of the mesothorax. 

The Endoskeleton of the Thor·ax. 
==:.=::====----=-------·-

There is considerable ambiguitY and inconsistency 

in the nomenclature of the internal chittnous processes 

of tile thorax. The terms in common usage are almost 

without exception lacking in definiteness. Thus ~odeme 

is used to denote pleural processes or as a general term 

for all the ental sclerttes. P.hragma , as used by some 

writers, indicates the dorsal processes, bY others it is 

restricted to the 1nflexed hinder edg~ of the prothorax 

on those insects in which the prothorax 1s movable. 

Apophysis sometimes used for the ~ternal processes is 

several times preoccupied and 1s not desirable. uuch the 

same may be said of f~.r9~.· Other terms applied to the 

sternal processes are entothorax, endosternite and 



. 
entosternite. Of these the word entothor~x seems to me 

too general in its implication and endostern1te has been 

used for a special POrtion of the process, viz. the part 

arising from the 1ntersternal membrane. 

I have therefore used the following terms in 
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describing these processes. Endothorax, the collective 

name for all of the internal thoracic processes, 

Entostern1te , the processes of the sternum, entopleurite 

the ental processes of the pleurwa, and entoterglte, 

those of the tergum. As the terms endothorax and 

entostarn1te have before been used exclusivelY with the 

meanings here given them, I am not proposing an altogether 

new nomenclature but merely one that is consistent and at 

the same time descriptive. 

In the prothorax there are three entosternites. The 

t\·~o anterior ones ( fig .15 st.~l) form a pair of similar, 

el~owed processes, the proximal sections of which, attached 

to the presternum, together form an inverted v. The 

distal, free sections consist of a stalk-liKe part at the 

end or which is a rlatter blade-like section. The third 

entostern1te (a) is median and unpaired and arise caudad 

of the origin of the paired processes. It consists of a 

rlattened, irregularlY lobed plate attache~ by a short stalk 

to the pro-sternellum. There is one pair of entopleurites 

( f1g.l5 pl.) in tne prothorax; they arise at the cephalic 

edge of the front legs and extend into tl1e bacK. These 



20. 

p~ocesses are somewhat scoop-shaped and give off a small 

spathulate process at their bases. 

The homologues of the three entosternites of the 

prothorax hav~ in the mesothorax,apparently fused to form 

a single fUrcate process ( st.2) having between its arms a 

median process similar to the median entosternite of the 

preceding segment. Each arm consists of a proximal stalk 

and a distal folded portion, the distal pOsterior leaf of 

the :fold being much larger than the anterior. The 

entopleurites ( Pl2) are flattened, tongue-like, pointed 

processes which are attached to the cephalo-ventral edge 

or the epimeron and extend inward fitting into the folds 

of the ento-sternites. 

The endoscler1tes of the metathorax are similar to 

those of the metathorax. The arms of the entosternite 

( st.3) are somewhat closer togethet· and the median 

process 1s missing. The entopleur1tes ( pl.3) are curved 

and somewhat smaller than those of the mesotborax. 

Appendages of the Thorax 

Wings TWo pairs of wings are present. The b.1nder ones 

are very much reduced 1n size owing to the fact that the 

insect does not use its wings in flight. The fore-wings 

are bent downwards at the sides so as to fit closely to 

the body. In the female the forew1ngs ( fig.l7) are 
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smoky in eo lour. The numerous c:ross veins anastomosing 

with the longitudinal veins give the sorsal portion of the 

wing a reticulated appearance. In the lateral portion 

( i.e. the part pressed against the side of tbe insect ) 

the venation 1s much simpler as there are no crossveins 

and consequentlY no closed cells. In this part of the wlng 

the veins are light in colour and the intervenal spaces darke 

The fore wing of the male ( f1g.l6) ls much larger 

than that of the remale owing qO the fact that its dorsal 

surface is specialized to form a stridulating organ. The 

distal end is »eticulated as in the female but the greater 

portion of the dorsal part of the wing exhibits a peculiar 

venation which may best be understood bY reference to the 

figure. The ridge which runs obliquely across the wing is 

provided on the under side with a number of teeth stcwn 

enlarged in figu:re 1~. The chirp !s produced b~{ drawtng 

the ridge of one wing ove~ the veins of the other. The 

lateral part of the wing is somewhat similar to the 

corresponding part in the female but a few closed cells 

are present 1n the d1stal end. 

Legs The size relations between the three legs may be 

seen from the following table. The figures are approximate. 
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m .• II .. III. 

Coxa mm. 3 1.5 2.5 
Trochanter 1.1 1.5 0.5 
Femur 4 X 1.4 4.6 X 1.4 11.5 X 3·8 
T1b1a 3-~ 4.2 9.2 
Ta-rsus 3·5 3·7 6.0 

As the insect progresses ctiefly bY leaping, the 

greatly enla:rged bind :femora are 111t-'l'~ ly actapt1v·e. 

In size and general appearance the :first pair of legs 

does not d1 ffer· markedly from the second. The chief 

differences nay be obser~ved. bY reference to figs. 19 and 

20 and to the table given above. 

The au.(iitory organ is situated at the base of tb.e 

fore t1 biae 1n bot!l the male and the female 1Itseet. 

Exte~·1orly 1 t consists of &r .. oval, transpat·en t membitane on 

each side of the tibia, that on the outer side being much 

lF- !,ger tt&l: th.e 111ner one. The t 1 bia 1 s c lotbed w1 tL 

minute hairs and bears two large spurs on the distal end. 

The ~reus 1s th:ree-jo1nted, t.he i.11dc~le joint 1s v~=·~~ 

~l::.cr·t ~r~d tr1e length of the proximal sef]7'.ent 1.s eQur.l to 

the co~hined length of tbe two others. The d1stai joint 

bears a pair of strong claws. 

In the posterior legs the trochanter 1s a v~ry small 

scler1 te visible only on the ventral side between the coxa 

and remur. The remur is nearly three times as long and as 

broad as the front femur. The ti.b1a also 1s correspondingly 

enlarged. It is sulcate on its upper edge and on each I'idge 



of the sulca there is a row of strong spines. The other side 

of the tibia 1s armed with stiff bristles. At the distal end, 

where lt articulates with the tarsus, the tibia bears a 

pair of very large strong spines and ftve smaller ones Which 

are dOubtless effective in supplementing those of the tar·sus 

in gaining a good purchase on the surface from which the 

insect leaps. The hind Tarsus is four-jointed. The second 

joint is very small and barely visible on the lower side 

between the spurs. T.he proximal and longest segment of the 

Tarsus bears two rows of short spines and at its distal 

end a pair of strong spines. 

THE ABDOMEN. 

Tergum. There are ten readilY distinguishable tergltes 

1n the abdomen. The first tergite is smaller than the 

succeeding five, and each of the seventh, eigbth and 

ninth 1s narrower than the one preceding it. The 
t7>1-

seventh 1s Widest at the sides, wbere 1 t j o1ns the pleurl:HI!--
' 

wr_ile the eigl'lth is narrowest at tl1is point. The ninth 

tergite is very narrow in the back but widens laterallY 

forming a caudad-projecting lobe on each side. The tenth 

tergite or suranal plate is a triangular sclerite dorsad 

ot: the vent. 

sternum. There are e1~1t sternites concerning the identitY 

of which there can be no doubt. The first 1s a small oval 

sclerite, inconspicuously situated between the bases of the 

hind coxae, immediately caudad of the metasternum. 
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The second is somewhat larger and semi-circular in 

outline. The third to seventh inclusive are more or less 

similar, rour-slded sclerites. The eighth sternite is a 

movable triangular rlap attached only at its base. It 

fits around the ventral portion or tbe base or the 

gonapophYses and conceals the vulva. A narrow strip 

across the caudal edge of each sternite and tergite 

differs from the remainder of the scler1te in being 

smoother and glossier. Part of this border is usuallY 

folded under so that each sclerite projects slightly over 

the one behind 1t. This permits the telescoping of the 

segments to a limited extent and increases the movabilitY 

of the abdomen. Stern1tes and terg1tes are sparsely 

covered with ha1r. 
on. 

The Pleur~ ( fig.14,pl.) consists of a wide 

membranous strip stretching from the first abdominal 

segment to the eighth. It is not divided into segments 

by sutures and is not strongly chit1n1zed. T.he abdominal 
0)'\. 

spiracles are borne bY the pleur~. Between the second 

and third abdominal segment there 1s an oval membrane 

( ftg. 14, a) resembling the tympanum of the Acr1d1dae, 

which occupies a somewhat similar position. I have not 

yet determined whether or not the membrane 1s supplied 

with an auditory nerve, thus serving as an auditory organ 

in addition to the one 1n the t1b1a. Midway between each 



sp1racle and the one next 1t there 1s a small black dash; 
O'h. 

and nea:r tr1e ventral border of the pleu:ntfft- the!·e 1 s a 

s1n1la.r spot at tlle cephalic and caudal ends of" each 

segment. Their :function has not yet 'been determined. 

E!lrem1tr. It is difficult to accur·ately bomologise the 
on 

extremity of the abdomen w1 tb.out careful 'fH.l.togenet1c study. 

Following, however, is an attempted bomology. The suranal 

plate ( figs. 22 & 23 s.p. ) is without doubt the tentl1 

abdominal tergi te. It bears the cer·c1, which, according to 

Packard, are always borne by the tentll segment. The sides 

of this scler1te are bent downwards forming a ring ( sp 2) 

around each cercus. on the mesal side of each ring a 

movable scler1te, the podical plate ( figs. 22 & 23,p.p.) 

is attached. HUXley regards the podical plates of 

orthopte~a as representing the eleventh tergite. on the 

other band "both Cholodkol!SkY and Haase maintain that the 

tenth abdominal segment is suppressed in the ma,le, tlle 

tergal portion being fused with the suranal plate ( the 

latter in this case, as we understand it, being the 
11.,.... 

remnant of tbe eleventh segment of tl1e embryo. ) In both 

sexes of the cricket the suranal plate is divided into two 

parts bY a ridge which crosses it caudad of the base of the 

cerci. If we accept the view of Cholodkowsky and Haase we 

may regard this ridge as an indication or the fusion of the 

two terg1 tes. Ventrad of tl1e base of the pod1cal plate 1s 
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a narrow transverse ridge ( rigs. 22 & 23 1.1. ). T.h1s 

scleri te is almost continuous w1 tl) the ventral edge o:r the 

suranal plate and I have tl1ere:rore regarded it as the tenth 

abdominal sternite. It is probablY homologous with the 

infra-anal lobe which Packard describes as occurring . 
Ji1L 

directly beneath the vent" gEometr1d larvae. Concer·n1ng er 
he says, " whetl.1er tl11s lobe is the modi:fieo. ventral 

portion of the ninth ur1te we will not undertake at 

present to say." Ventrad of tbe 1nt'ra-anal lobe tb.ere 1s 

a broad scler1te (fig. 22,9) which is directly attached 

on each side to the lateral lobes of the n1ntll te!•gi te . 

T.he dorsal gonapophyses are attached partly to this 

scler1 te and partlY to the ninth te1~g1 te. For tbese 

reasons I regard this scler1te as the ninth stern1te on 

1 ts ventral edge 1 t bears a pair of sur·-rhs.bjial lob~~ 

( fig. 22,sr.l.) which project between the divergent bases 

of the dorsal gonapophyses. 

- AP~endag~s_of the Abdomen._ 

The cere,! ( fig. 14 c.pg.24) are borne at the base of the 

suranal plate. They are about 7 mm. long, stout at the 

base, tapering gradually to a point. They are sparsely 

clothed w1 th long slender hairs, and more densely covered 

w1 th shot·t hairs. on the inner side near tl1e base tbere 

are several club-shaped sensillae ( fig. 24,s.) The 

insect uses tlle cerci in mucb the same manner as it does 

its antennae. TI1ey appear to be very sensitiv·e and are 
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doubtless sensory organs. During excitement they are often 

waved vigorously to and fro. Pa.ckard has called t:be cerci 

of the cockroach "abdominal antennae" and Graber, bY means 

of decapitation has proved that these organs form the seat 

of smell in the cockroach. Whether this is the case with 

Gryllus has not yet been determined. 

The Ov1po~i tor ( fig. 25 ) is a narrow spea!·-shaped organ 

about 13 mm. long. It consists of two pairs of 

gonapophyses, the ventral pair borne bY the ei gh t!.t 

abdominal segment and the dorsal pair by the ninth. A 

groove in the edge of the ventral gonapophyses receives a 

tongue 1L the edge or the dorsal. The dorsal pair is more 

stronglY ch1tin1zed than the ventral. The end of the 

ov1pos1 tor 1s enlarged to form a "spear-head" w111ch ends in 

a sr!arp, strongly ch1 t1r.1zed point, admirablY adapted to 

borin~nto the loose soil 1n which the insect lays its 

eggs. 

The genital armature of the ~ale insect Will be 

described 1n connection w1tll the !•eproduct1.ve system. 



IliTERNAL ANATOMY 
====----· 

The Muscular System. 

The muscular system has not been studied in very great 

detail owing to lack of time, so that only a general account 

of the chief muscles will be given here. 

Abdominal Muscles 

In the abdomen the muscles ar·e segmentallY arranged 

and are similar 1n each segment, except at tlle exteemi ty. 

Here the musculature 1s much more complicated and there 

are several systems of strong muscles, which supply the 

cerci, ejaculatory duct, genital armature, etc. 

Tergal Muscles. There are two kinds of longitudinal 

cutaneous muscles in the dorsum.of the abdomen. In the 

middle of the back there is a row which extends from the 

anterior to the posterior suture. on each side of this 

is a row of muscles which are onlY half as long, being 

attached in the middle of the segment and extending to 

the posterior suture. The tergal muscles 1'.1elp to bring 

about the movements of the &bdomen. They are innervated 

by nerve A of the abdominal ganglia. 

sternal Muscles .. on each side of the nervous chain there 

are several longitudinal muscles attached at the anterior 

and posterior ends of the segment. They are not developed 

on the median line beneatl1 the ventr:;;.l chain. TLey also 

assist 1n the movements of the abdomen and are innervated 

bY nerve A. 



29. 

Transveyse Muscles. In each segment there is a transverse 

muscle, which stretches, dorsad of the nerve cord and 

longitudinal muscles, from one side of the sternum to the 

other. Nerve, the proximal branch of nerve A. 

Tergo-ster.nals. These are a row of muscles extending 

across the pleurum from the edge of the tergum to that of 

tl1e sternum. Action, to ra.ise and depress the abdomen 

during respiration. Nerve, the transverse ner·ve of' tile 

ventral s~npathetic system. 

r:r-loraclc Muscles 

The sternal muscles of tb.e Thorax are attached to the 

entostern1tes. From the median entostern1tes radiating 

mu~cles pass to the base of the legs, to the arms of the 

entosternites, and from one median entosternite to 

another. Muscles also pass from the arms of the 

entostern1 tea to the ventral- integument. 

Terg~~14uscles. In the back of the pro- and meso-thorax 

there are several longitudinal muscles. These muscles 

are also found 1n t:t.te meta-thorax but are lal'ger and not 

developed in the median 11ne. There are also oblique 

muscles above the longitudinal ones. 

Leg lruscles. These are the chief muscles of the thorax. 

T.heir origin is in the sides of the scutum. T.here are 

three sets of' muscles to eacl1 leg. The cephalic set 

.forms the adductor of the coxa and is insertted at the front 

of the base of the coxa. The mid.dle muscles pass into 
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the leg and are the external femoral muscles. The tllird muscle 

is the abductor of the coxa; tl1is is inserted at the hinder part 

of the base of the coxa. 

Wing MUscles. These originate from the base of the epimeron 

and episternum near the coxa and are inserted at the base of 

the wing. 

Head Muscles. 

Within the head there are t11e muscles of the rnouthparts 

and antenna. BY far the largest muscles are those which form 

the adduetor of the mandibles. They originate on the inside 

of the genae and, passing through the lateral forrunina are 

inserted at the inner side of the base of the mandibles. 

The abductor muscles of the mandibles are also quite large 

and are inserted on the outer side of the base of the mandible .. 

organic lLUscles. 

Like the volun~ry muscles, the organic muscles 

are also striated. The chief of these are the circular 

and ~ongittldinal muscles of the digestive canal, and the 

alary muscles of the pericardium. 

NERVOUS SYSTEM ----- -
central Nervous System. 

In the cricket, as in other insects, the nervm1s 
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system consists of a number of segmentallY arranged ganglia, 

which, together with the commissural strands connecting t11em, 

form a ventral nerve chain connected with the two ganglia 

in t11e head. As l.O'OUld be eJ€Pec ted in a member of' one 

of the more generaliZed orders of insects, the nervous 

sys~em of the cricket does not show Che degree of 

specialization and coacentration observable in the 

higher orders. The pairs of longitudinal cownissures 

are free from each other throughout their entire length, 

a condition more generalized than in many of the larvae 

ot the holometabolous insects; for in most caterpillars 

there is partial fusion of the connectives, and in some 

rnuscid larvae the limit ,of concentration is reached for 

the primitive neuromeres are represented by a single 

ganglionic mass, as Hewitt has observed in the larva of 

KUsca domestica and the writer in the larva of Pegorngia 

vicina. 

In :~~~here is a ganglion 

in eac1'1 thoracic segment, and one in each of segments 

two to five of the abdomenJ The ganglia beyond the fifth 

segment are ft1sed into a single large ganglion which 
~ 

lies Dl the seventh setment. ~ the abdomen the ventral 

chain is surrounded bY a mass of adipose tissue which has 
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to be dissected away before the ganglia and commissures 

are exposed to view. 
I 

Kichels So pointed out that in insects the 

longitudinal commissures are continuous through the 

ganglia r.rom the brain to the terminal ganglionG He 

says, "The commiss11res take their origin neither out 

of a central punctsubstance (or rnarksubstance) nor :frorn 

the peripheral ganglion cells of the central ganglia, 

but are continuations of the longitudinal fibres which 

extend anteriorlY through the corrunissures, forming the 

oesophageal ring, to.the ~~. (from Packar~ ;-t~,_ 
:;::r~~~_J--'1~~~~~~~· [I 

This con tinut ty of the commissural fibres" present a more 

solid and opaque appearance than t11e remainder of the 

ganglion, and are evidently a continuation of the extra-

ganglionic portions of the cornmissures. In this case 

the commissures do not te~ninate in the last abdominal 

ganglion but continue as the nerves of the cerci. Of 

course the ultimate verification of this lies in 

_cytological study but the gross appearance is strongly 

indicative of the continuity of the commissural fibres. 

The Brain or supra-oesophageal Ganglion. (Fig. 27, 
~ 

Br. Fig 28) is situated in the head just~that portion of 

the front in which the antennae and ocelli are Placed. 

It consists of two large hemispheres, united along the 
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mesal line of the head. From the lateral portion of 

each hemisphere a stout, short nerve, the optic nerve (o.N.) 

is given off. This terminates in the optic ganglion (o.G.) 

a large, somewhat conical mass, the base of which lies 

immediatelY beneath the compound eyes. T.he dorsal portion 
r 

of each cerebral hemisphere forms a large pounded lobe, 

the procerebral lobe (Fig. 28 P.L. ) This gives rise 

to the nerve of the lateral ocellus (OC.L •. ), which in 
I 

appearance is not unlike the optic nerve, but is of course 
I 

much smaller. A similar nerve (OO.K.) originates from 

the median line of the cephalic side of the brain and 

innervates the median ocellus. ImmediatelY cephalo-

ventrad of the origin of the optic_ nerve is a small 

lobe, the antennal lobe from which the !Etennal nerve (A) 

originates. From the ventral side of each hemisphere 

the olyyeo-labral nerve (Fig.28 CL).arises in connection 

with the arched nerve (Ar. ) The common nerve trunk 

soon diVides, the mesal branch fo~ning the arched nerve, 

while the lateral branch, the clypeo-labral nerve, runs 

ventract., innervating the clypeus, labrun and labrum-
e 
•pipharynx. A nerve from the ventral side of each 

hemisphere unites the brain with the lateral ganglia of 

the gympathetic system. lhe lobes from Which the 

crura cerebri (Figs. 29 & 30 o.) arise are situated 

caudad of the antenna! lobes. The crura run one on 

each side of the oesophagus, and unite with the 
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. ~.Lv.~~~ 
suboesophageal~ring. After leaving the brain the 

crura converge towards each other so that theY lie quite 

close together when tl1eY enter the suboesophageal ganglion • 

. A s11ort cord (Fig. 29 ACJ.) passing beneath the oesophagus, 

connects the two crura. In an earlier paper on the 

Nervous system of the Larva of Sphida obliqua, Wlk., I 

·' have named this nerve the accessory comm~sure. It is 

the suboesophageal commissure, commissure transversale, 

quercomrnissur,schlundring &c. of other writers. As 

pointed in the paper mentioned, the new name was 

suggested because of the lack of un1form11Y in the 

usage of writers, and because most of the names used were 

either cumbersome' or descriptive of only a limited 

number of cases. 

The Suboesophageal Ganglion (figs. 29 & 30) is 
--·-------·--------- __ ..,_,_. _________ _...__, 

a :roundis:1, ~)ilaterallY ~ symmetrical mass of nerve tissue 

lYing in the head caudad of the oesop11ag-u ~ .. ~. 
I 

It is 

connected with the supra-oesophageal ganglion bY means of the 

crur-a cerebri which enter it at 1 ts cephalo dorsal end~ 

The chief function of this ganglion is to innervate the 

mouth-parts. It is connected with tl1e· first tt1oracic 

ganglion bY means of a pair of stout commissures (corn.) 

The ~lal'ldibular Nerve (Figs. 29 & 30 lLd. ) al'ises 

latero-dorsad of the insertion of the crura. It is the 

stoutest nerve of the ganglion owing, no doubt, to the 
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fact that the mandibular muscles are t11e strongest and r 

largest in the head. Ventrad of tl1e crura t11e 

maxillary nerve (Mx) is given off. The labial nerve 
u 

(Lb) originates fran the ventroca~dal side of the 

suboesopnageal ganglion. It enters the hypopharynx 

where it innervates the gustatory organs. rt also 

sends branches to the labit~ and the muscles of this organ. 

Latero-vontrad of the labial nerve a fourth nerve (s) takes 

its orig.i.n. This is the salivary nerve. It innervates 

the salivary duct, one brancll~~'g: rumning candad into 

the thorax to the thoracic region of the ~let. 

the 11 UL1<..r.ovrn nerve" of Packard •eo. 

T.horacic Ganglia. There are three ----------
large ganglia in the thorax, connected by short stout 

co:nrnissures. The median entosternites are situated 

between the commissures at tl'\e anterior encls of the 

ganglia. As stated above the two c.ommissures pf each 

pair are quite free from eacll other. From each 

connective a nerve C Fig. 2'1' n. c . .') arises, whi eh runs 

cando-laterad and anastomoses with a branch of the first 

nerve of the succeeding ganglion. 
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Nerves of the First Thoracic Ganglion. (F1g.27, I) 

In the following account of the nerves, similar letters 

applied to different nerves do not necessarilY denote 

homology, but the lettering is applied according to sequence 

of position. Thlls ~ is the cephalic nerve of 1 t s gangli.on 

B the one next behind
1
and so on. 

T.here are three nerves given off from this 

ganglion. Nerve A arises from the cephalo-lateral border 

ofthe ganglion and runs latero-cephalad. T11e first 

branch is joined bY the nerve from the commissure and 

runs cephalad to the neck sending branches to the cervical 

sclerites and also to the cervical muscles. The main 

branch of nerve A goes to the back and its muscles are 

distributed among the dorsal muscles of the pro:thorax 

and the precoxal muscles near their origin in the back. 

It runs laterad to the 

I 

Nerve B originates candad of A. 

anterior edge of the pre-ooxa. Nerve o is the stoutest nerve 

of the ganglion being indeed e~lal in thickness to the 
u 

cont~issure. It originates from the ca~o-lateral side 

of the ganglion and runs obliquelY towards the coxal opening 

near which it sends off a small branch. Tlle two enter 

the leg, innecrvating the muscles and auditory organs. 
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The second Thoracic Ganglion (Fii.27,II). Nerve 

A arises as in the first thoracic ganglion. Near its 

origin it sends a small branch (a) to the mesothoracic 

spiracle. The principal branch innervates the 

muscles of the foreWing. T.he other branches are 

distributes among the tergal muscles of the mesothorax. 

Nerve B as in the first thoracic ganglion goes to the 

coxal muscles. Nerve c is the nerve of the leg. 

Nerve D is a minute nerve arising candad of the origin 

of tlle nerve of the leg. It runs cando-laterdad 

around the base of the leg and innervates the abductor 

of the coxa. 

T.he Tbird Thoracic Ganglion (Fig. 27.III). 

This is the largest of the three ganglia in the thorax 

and is evidently formed by the ftlsion of ~ two ganglia, 

the third thoracic and the first abdominal. Consequently, 

it is more complicated than the two pra~ecling ganglia. 

Its chief nerves are the following:- Nerve A is 

similar 1r1 orit~;in and distribu tior to Nerve A of the 

second thoracic ganglion. Nerve B arises from the 

dorsal face of the ganglion and runs in a lateral direction. 
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It innervates the sternal muscles in the first part of 

its course and., continuing into the back sends nerves 
I 

to the dorsal muscles of the rnetathorax. Nerve c, 

arising from the late1·a1 border of the ganglion is the 

stout nerve which supplies the large leaping hind leg. 

It is similar to nerve C of the preceding ganglia. 

Nerve D originates dorsad of the origin of the nerve of the 

leg. It runs cando-laterdad, innervating the abductor 

muscles of the coxa, and is trn1s similar to nerve D. of the 

second thoracic ganglion. Nerve E arises from the 

dorsal side of' the ganglion ne ·tr the median line just 

cephalad of the base of t11e commissur·es. Its course 

lies candO-late~ad. The first branch is given to the 

ventral muscles. It terminates ir the muscles of the 

second spiracle. Nerve F. is given off from the 
u 

ca'Ndal end of the ganglion just later~ad of the commissure. 

It runs latero-candad into the first abdominal segment, 

pas~;er:l beneath the first lllo•atmx1 transverse sternal 

muscle near the insertion of the latter and then bends 

laterad and dorsad running into the back of' the segmentt 

£t the bend it sends short brancnes to the transverse 

sternal muscle and to the sternal recti. In the pleurum 
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0 
it send branches to the tergp-sternal m1scles and in the 

back it innel~ates the tergal muscles. 

Abdominal Ganglia & Nerves (Jig. 27 1-5. ) 
-==-----=----------== 

In the abdomen the ganglia are situated in the 

second, third, fourth, fiftl1 and seventh segments. The 

first to the Fourth ganglion, are similar in appearance 

and in the number of nerves they bear. They are quite 

small as compared with the thoracic g_anglia and the fifth 

abdominal ganglion. This latter, owing to the fact 

that 1 t results :f'rorn the fusion of several neuromeres 1 
to 

and/the specialization of the appendages of the terminal 

seg,.nent s, is a vel)Y complex ganglion as large as the 

thoracic ganglia. 

First to Fourth Abdominal Ganglial (Fig. 27, 1-4). 

Two nerves arise fror;; each of t11ese ganglia. Of these 1 the 

anterior nerve A is the larger of the two. It is given 

off f'rorr! the cep11a1e-1a teral side of the ganglion and its 

course and distribution ar·e similar to that of nerve F of 

-the third thoracic ganglion, i.e. it innervates the 

sternal, pleural and tergal muscles of its segment. Nerve B 

is fl slender nerve, given off from the ventral side o:r the 

ganglion, and innervates the sternal portion of its segment. 
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Fifth Abdom1r1al Ganglion (Fig. 27, 5. ) As stated 

above, this is a complex ganglion fonned bY the fusion of 

the neuromeres caudad of the fifth seg .. rnent. The shape 

is triangular, the last pair of longitudinal commissures 

entering it at its apical (cephalic) angle. This pair 

of connectives is the longest in the chain owing to the 

absence of the ganglion in the sixth segrnent. Owing to 

its complex nature the last ganglion bears several nerves 

not present in the others. Following is a description 

of the principal nerves. Nerves A & B are the 

homolo~1es of nerves A & B of the preceding abdominal 

segments 8.1ld evidently belong to the (primitive) ganglia 

of the sixth segment. T.hey originate near the base of 

the commissures, A fror. the lateral, B from the ventral 

side. TheY run cephalad to the sixth segment where 

their distribution is similar to that o.f the homologous 

nerves of the other ganglia. Nerve 0 or1g1nates frorn 

the side of the ganglion and runs laterad to certain of 

the muscles in that region. Nerve D arises from the 

dorso-lateral face of the ganglion. The first branch (a) 

goes to the last spiraole. The nerve continues into the 

back. Nerve :r; arises irnmediately ventrad of the cOrigin 

of the nerve to the cercus. It terminates in the muscles 
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at the base of the cercus. Near its origin it gives off 

a brancl1 r which goes to the reproductive organs. Nerve F 

is a stout nerve from the basal angles of the ganglion. 

As stout as the cor-:rnissures it appears to be a direct 

contir._uation of the commissul)al fibres. It enters the 

cercus where it innervates t11e nume1,ous sensillae of this 

organ. Before entering the cercus nerve F gives off 

a stout branch { int.) which runs cephalo-mesad to the 

intestines. The intestinal nerve ent~rs the intestines 

at ~he junction of the rectum and small intestine. Here 

it brancl'les, one branch runs caudad along the rectum, the 

other cephalad along the small intestine. 

The Sympathetic Nervous SYstem. --
There are three different systems of sYinPathetic 

ganglia and nerves in the insect. These are, ( 1 ) Tl1e 

median or unpaired sv.ste!:., ( 2) the paiJ~ed lateral systern 

and ( 3) tr1e ventral or superadded sys tern. 

The Median SYrnpat11etic System. 

This system con~ists in most insects of two or tl~ee median, 

unpairei ganglia. In the case of the insect under 

consideration, however, the system consists of two tmyaired 
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ganglia and one paired. The median sympathetic system is 

also known as the vagus or stornatogastive system. It is 

oonneoted with the central nervous system bY means of t1le 

arched nerves. 

The Arched Nerve (Figs. 28 and 31. Ar.) originates 

from the ventral side of the cerebral hemispheres and, at 

its orj.gin, is united wi tl1 the clypeo-labral nerve. These 

two nerves soon separate. The arched nerve curves inwards 

and enters the frontal ganglion, t~1s forming, with the 

fellow of the opposite side, the arch frorp which it derives 

its name. 

The Frontal Ganglion (Figs. 28 and 31 f.g.) is a 

small ganglion situated on the oesopha~ls ventrad of the ' 

brain. From its ventral side a slender nerve, the 

frontal nerve (f.n.) is given off. This ~1ns ventrad into 

the clypeus. 

The Recurrent Nerve C figs. 28 aP_d 31 r.n. ) arises 

from the dorsal end of the frontal ganglion and runs dorsad 

along the oesophagus passing beneath the brain9 Beneath 

the brain it enters the second \mpaired ganglion of the 

system (g2). Hitherto the recurrent nerve had been 

median and unpaired 1 but on leaving the second ganglion 

it divides into two. These run along the sd.-d.es of the 
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oesopha~ls and crop and terminate in the vagus or 

stomachic ganglia (ga), a pair of small ganglia on the 

sides of the caudal end of the crop. TheY give rise 

to the stomogastrte nerves (s.n.) which innervate the 

proventriculus and mesenteron. In most insects 

the "ag-u.s ganglion is a median unpaired ganglion. 

Berlese •07 statPs that the recurrent nerve is tY~icallY 

double but becomes sungle through coalescence. The 

cricket is one of the few insects in w111c11 this nerve retains 

it primitive drnlble condition. It does not retain 

it perfectlY however as it is unpaired for the short 

distance between the frontal ganglion and the second 1mpaired 

ganglion. 

The Paired Lateral S"Y)npathetic system. Tlle 
1\..01-

paired sympathetic system hatt~been studied in detail owing 

to the unsatisfaetory nature of the preserved material. 

In insects generallY, this system consists of two pairs 

of lateral ganglia on the sides of the oesophagus. ~1e 

two ganglia on each side may be connected by a comm~ssure 

or maY be KmJJJilon~%!ltlixll partiallY f\1sed as was found in t11e 

case of the larva of ~Phida obliqua. In GrYllus pennslvanicus 
- J 

hoviever I have fo11.nr1 only one pair of lateral ganclia, 
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{Fig. :31, 1. g. ) • These ganglia are fairlY large 

rm1ndish masses and may be the result of the complete 

fusion of the two ganglia on each side. They are 

situated behind the brain and are attached bY a s11ort 

com:r,i.ssure to tho second unpaired e·anglion of the me.dian 

system, and bY another comrnissure, to the caudal side 

of the brain. 

Packard 1 80, (Plate IX, figs. 2 and 4, p.s.g.) 

figures, but doe~~ not describe the lateral ganglia of 

Galoptenus fernt1r-~1brum. In his figures there is a 

single large ganglion, very similar to th:-t't found in O·rYllus. 

The Ventral or Slperadded system. 

The ventral sympathetic system consists of a 

median and a transverse nerve in each segment, ~cept the 

first anci second thoracic. irhe median nerve (Fig. 27 m.n.) 

originates typicallY from the median point of the caudal end of 

t11e ganglion between t11e commissures, and runs caudad 

terminating in a similar position in the cephali~ end of 

the next ganglion. sometimes however it is parti~allY 

united W1 th one of the comr.1issures. The transverse nerve 

(fig.27 tr.n.) is a slender paired nerve which is given off from 

the median nerve, usuallY shortlYC8Pl1alad of' the posterior 
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ganglion. sometimes, however, it arises from the end 

of the median nerve on the dorsal face of the ganglion. 

The transverse nerve runs laterad to the pleurmn and 

innervates the respiratory mt1scles. 

The Digestive System. 
====-==--=:.--: ·-

The alimentary canal (figs. 32 and 33) consists 

of a tube 1-=u.nning through the body frorn the mouth at the 

cephalie end eo the anus at the caudal end. Owing to the 

fact that there are onlY two small coils in the food canal, 

1 ts , __ Jength does not greatly exceed tlla t of the insect as is 

the case in certain other insects. The mouth is on 

the ventral side of the head; its cavitY is bounded bY the 

labl'llJTJ-epipharynx, the hypopl1arynx 
1 

labiUHJ J rnandi ble s and 

maxillae. Doroad of t!:te oral opening there is a sliglttly 

enlarged port 1 on the pharynx (fig. 22, ph. ) . It narrows 

intc the oesophagus ( oes) whicll runs dorsad passing through 

the antel~ior foramen of the head and tl1en bends caudad above 

the cer1tral plate of the tentorium (fig. 32, ....-;) passing into 

the trunk through the occipital foramen. In the thorax 

the oesophag11s merges into the crop (c) Whicr1 is merely a 

dul~sal dilation of the oesophagus. When distended with 

food the crop is very largeJ filling the thoracic cavity 

and extei'ciing into the anterior~ end of the abdornen. on 
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the ventral side the crop is a straight continuation of the 

oesophagus, but the dorsal side is dilated into a large 

pouch. It is largest at its caudal extremitY and~tapers 

graduallY cephalad. When the crop is not filled with 

food it does r1ot retain its sr1ape and tr1e walls become 

wrinkled and folded. Tlle Proventriculus ( p. v. ) arises 

from the ventral side of the crop continuing the straight 
fW-o 

course of the oesophagus. It is divided into"portions
1 

an anterior tubul-ar portion whic1l rre rges into a large ·oval 

division. Following t11e proventriculus comes the 

mesenteron (m) the sa-called "chYlific stomach". At the 

point \tfhere the proventri(.,~llus and mesenteron join, the 

latter forms a cephalad-projecting.fold wl1ich su1·rounds the 

base of the proventriculus. ~1e lateral portions of 

this fold extend cephalad as far as the caudal end of the 

crop forming two large diverticula or ~astric caeca (g.c.) • 

These are quite large hav:iLg· a diamete1, equal to, 

or even greater than, that of the mesenteron. A ligament 

·atta-ched at the anterior end of' each caecum, runs forward 

send£ a branch to the crop and tenninates in the pronotun, 

in tlle ante1·ior part of which its other end is fastene,l. 

At the base of the diverticulA the stomach is of ~onsiderable 
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L 

widtll. HeJ~e there is a const:r.,ction wt1ich serves 

to mark of'f the divertieula from the stomach proper. 
L 

Caudad o"!: this constr~ction the mesenteron narrows 

considel')ablY and retains a more or less uniform wid.tll 

w.r. til it enters the small intestine. Under the 

disse~ting microscope the mesenteron is seen to be 

divided irto two partions differing in gross appearance 

and also, as will be shown below, in histological structure. 

The m~ixx~• anterior portion has the sarr~ outward 

appearance as the diverticUla, and its surface is smooth 

and even. The hinder 11alf however has an uneven 

surfa~e-thrown up into folds, and beneath the surface 

a nmnber of small yellow bodies may be observed. At 

the jlmction of these two portions a funnel-shaped 

muscular valve projects from the fore portion into the 

hinder. EXternally4at this point there is a slight 

const~ction, and it is surrounded by a narrow band of 

longitudinal muscles. 

tube. 

The mesenteron merges into the ileum, a narrower 

At the juntion the urinifel)ous duct opens into 

the canal. At its distal end the urir1iferous duct bears 

numerous uriniferous tubules. The ileum and the hinder 

part of the mesenteron are involved in two small coils. 
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The ileum is qUite short and is followed bY the large 

intestines which may sometimes be divided into a colon 

and rectwn. The rectum opens to the exterior by rneErls 

of the anus situated at the dorsa-caudal extremitY of 

the insect. 

structure of Digestive Organs. 

T.he Crop. (Figs. 34 and 35.) The walls of the 

c:r.op consist of three layers, the muscular layer (figs. 34 

& 35 me.), the chitinoge~us epitheliwn (ep) and the 

cuticula or chit inous intima (in). The muscular laYer 

consists of sevel~al laYers of striated circular muscles. 

The number of layers vary. The epithelium consists of 

large Columnar calls with large nuclei containing two· or 

more nucleoli. The nuclei are arranged near the inner 

ends of the cells so that theY form a wavy line beneath 

the cuti<.,'llla. OccasionallY the nucleus of indiviciu.al 

cells is found in the other end of the cell next the 

rm1scular laYel1
• The inner surface of the cuticula is 

not smooth but shows nlunerous tooth-like projections in 

cross-section (fif;.35). When empty the crop contracts 

and the wall is thrown into numerous folds Whieh disappear 
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when the crop is fUll. This however does not leave a level 

internal surface as there are several longitudinal hollows 

and ridges. At the ridges the epithelial cells are m\lch 

larger than at the nollows. sometimes they disappear 

entirely at the bottom of the depressions in which case the 

intima is in direct contact with one muscular layer. The 

intima i:l fairlY uniform in thickness throughout, but where 

the depressions are very narrow the thickness decreases so 

that the intima may accommodate itself to the narrow 

depression which it lines. The intima does not show a 

ceUUlar structure. Near the hinder end of the crop the 

number of ridges increases and they lie nearer to each other. 

The Oesopha~ls is similar in structure to the crop. 

The Proventriculus (Figs. 36- 41). consists of 

two divisions, an anterior tubular portion next the crop 

and a larger oval diVision next the gastric caeca. The 
. 

inner surface of both divisions is thrown up into six longitud-

inal ridges. In the anterior division each ridge is armed 

with ten transverse rows of stiff 1 brownish yellow, caudad -

projecting bristles. OccasionallY 1 in the middle or a row 
hl. 

of bl,istles, there is a small cJ..utinous tooth. Caudad of 

the tent11 row or bristles, near the union of the tvro divisions 



of the proventriG:ulus the surface is bare and the ridges 

not so well developed. In tl1e posteri.or division or the 

proventriculus the~ 1~1c1ges a~~·e again well marked, and are 

armed with a complicated set of chitinized teeth (Fig.38) 

The cephalic end of each ridge is unarmed except for a soft 

Yellow dovm which gives it a velvety appearance. Between 

each ridge and the neighbouring one there is a chitinous 

partition (Fig. 38 & 39, p) 

In each ridge there are three rows of teeth. 

The two outer rows are similar and relati'\elY simple. Each 

consists of ten teeth (Fig. 38 & 39, a) quadrang111ar at the 
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base: These teeth are not very strongly ehitinized and are 

bltmt except for a curved projection on the apex. T11is 

projection is triantular~n cross section. It projects caudad 

and is strongly chilbinized1
especiallY-t on the curved caudal 

edge. It is well fitted 7or cut tint" or te al,ing pieces of 

food. Behind the chitinous projection each tooth bears a 

amall tuft of stiff hairs. 

The r.1iddle row also consists of' ten teeth 1 though 

a rudimentary eleventh is often developed. These teet11 are 

very much mo1•e complicated t11an t11e others just described. 

Each tooth consists of lateral prouesses, or\ denticle~and 

an unpaired median denticle. The median dentiule ifig. 38 & 39,e) 

is the one wnich projects fn.rt:r,est into the lumen of the 
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/ 
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denticles and teeth. The median denticle is con~ical at 

its base and its apex is flattened, very densely ~hitinized 

and armed "~rith three to six sharp proje~tions. These pro-

jections arr-~ 
1 
typicallY, symetricallY arranged 

1
bu t may vary 

throug11 different asvmmetric -:~ombinations. On eac11 side 

of the central process, theJ•e is another smaller pro:.;ess (c) 

This is a simple, spinelike denticle, and is also denselY 

chitinized. The second paired process (d) of the middle row 

of teeth is a ueculiar CUI'Ved denticle situated iL·::r·Jediately 

cephalad of' t1'e simple processes ; ast ~ascribed. Viewed 

from the inner side (i.e. f'ron the dii'e~t ion of tl1A central 

process) tney are narrovvlv wedge shaped. From the outer 
. 

side t11eY present a narrow curved su1?:face, semi- circular 

in outline. on the convex EUi'XEH edge o:f this snrface, 

eight sr;~all PI'ocesses are borne at ri~:r·t ang ~-es to the sur-

face.~ It will t~1~ be seen that t~is surface is eminentlY 

fi+ted for grinding or c~lshing any solid pieces o:f food in 

The last pair of processes (b) are 

quite different f'J'OrrJ the ot11f~rs. They are laterad of the 

median process and caudad o~ the others. ~leY are Large, 

padlike, not very stronglv uhi tinized vri th blunt end.s. For 

the most part theY a:r0 cov8red V'i th a short yellow pubescence 
~ ,fj..~ AAL 

but on tl1e anterior side" longer, st.if'f'er, and dark bl~own in 

color owinp to their denser chitinization. 
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The hinder end of the proventriculus narrovrs and 

projects within the fold of the gastric caeca. ~he six 

ridges becorne rrnH~h naJ .. Towel'" in this position, a1')e not toothed 

and project f'aJ~ther inwarcl within the lumen almost closing it 

(fig. 41) on the caudal end of the proventriculus, t hol"e ai~e 

six to eight flaps (fig. -10 & 41, v.) whiC1"1 form a valve which 
. 

clos~the passage from the proventriculus to the mesenteron. 

This valve opens only outwards into the me~enteron. It is 

prevented from openinf:· inwards bY the ridges of the proventric-

ulus. 

A cross sect.ion of the proventriculus (fig. 3G & 37) 

s11ows the folJowing tissues. on the untsid.e there are several 

layers of circular muscles, three or four in the anterior 

division and ten or more in the hinder part. The inner sur--

face is lined wi thfl thicl< densely chi tinized intima. Next to 

the in t ir.1a is a la~rer o:f epithelial cells. These cells, as 

in the case of the crop
1
contain large nuclei with several 

nnuleoli, unlike the epitheli1m of the crop, however, these 
"'4 

nucle~,ii are placed in A outer enr' of the cells away from the 

.intiwa. The epithelial cells are small between the ridges and 

lie O.irectlY betweer: the intima and tae inmost lave1-: of 0iJ.;l~ular 

muscles. In tr~A ridges the cells are elorif.:ited and much lal~ger, 

and between the fold of the epitheliWb and the laye1')s of ~iJ:cular 

rnnseles ti'·~Te is ~ mass o~ lonf'~i tudinal rnnsclc f1' bi"e~~ ( f1' g 37 m 1) ..., • t , • 
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Opinions vary as to t11e use of the proventrieulus. 
' f ~ E&rlier writers regarded it as ~ analeg,_ous G.f t11e gizza:i:d. ,Jf 

birds and 11eld that its ~·unution was to triturate and comminut&·. 

the food so as to make it more readilY acted on bY the digestive 
~~-4~~~ 

juices; hence, the German name "Kaumagen 11 • Grabe:t:
1
,stated that 

food found in the proventriculus was finer than that talcen from 

Other writers have rejected this view and held that 

the teeth of the proventriculus simply act as a strainer to keep 
,. 

large parti.;les from the stomaeh. Plateau, !d)mel, E~mery and 

other well known anatomists have adopted this view. Goldfuss 
b 

(according to Kol~e) states that in the orthoptera the tood is 

alreadY liquid in the oesophagus so th.at there is no need for 

trituration. I do not !{now i'rom vrhich of the Orthoptera 

Goldf'uss deau~ted this generalization, but it ce:t'tainly does not 

hold f'or GryllUf!. pennsylvanicus, besides one is inclined to 

point out that if food is tN£XtN:mil fluid in the oe sop11ag:us there 

is as little need ·'·o:l· the straining action as f'or the triturating 

one. 

MY study of the proventriculus of GrYllus has led me 

to believe that the proventrieulus in this insect, while it may 

have :-4 strnininr al~tion h'-1S also n tri tura tin~~ one,. :rhe elaborate 

system of teeth and powerftll circular m1scles are not necessary 

f"or strainint=· the food.. on the other ·hand I fail to see 11ow 

any solid pieces of :food (unless very hard), caught between trLe 

denselv chi tinized teeth when t·,.,e proventricnlus is contracted 



oy the powerful\ JUH~x.ns· annular muscles, can escape some 

degree of comminution. Indeed some of the teet~ as pointed 

out above seem speciallY adf-lpted. for crushing. 
\ 

It is however imprudent to generalize from a 

single study or even from several studies, except of' vrlclely 
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diffArent forms. It is c1ui te possible tb.a t the proventl,iculus 

-.-_-::1·v in SOme tJaSeS be a Stl'ainer, i·i"J Others a CrllsheJ:, Or may 

cor!'lbine the :functions of both. 

Gastric Caeca (fig. 43). The caeca show onlY 

two layers in cross section. The oueer layer consists 

of musm11ar fibre and the inner laYer of epithelial cells. 

There is no intima. The eplt.thelium is thrown up into a 

number of irre~llar folds Which practicallY fill the 

cavitY of the caecum. The e~ithelial cells are nar1~ow and 
I 

crowded together. The~ limits are not well defined. They 

contain large nuclei With one or two large nucleoli an~several 
smaller granules. Tl1ey are collected together in groups 

separated bY connective tiss11e which fo~ms a mlP-like receptacle 

for each group. Two such rtcups" are shown in Fig. 44. When 

the cells are viewed end to, the connective t~ssue has a 

reticulate appearance-At the bottom of the cups (i.e. next the 

musCUlar layer) there are ~veral sperical bodies, Which are not 

as large as the nuclei and take a very deep homogeneous stain 

with haematoXYlin. 
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The Mesenteron. Minot •ao says, "!t has been 

commonly stated that the caeca to not ~i~fer in st~1cture 

from the stomach, a statement which t11ough quite incorrect 

is repeated by so exact an author as Milne - Edwards ... 

yet, that there is a great difference had been noted in 

1846 bY H. l.!eckel, whose ol)servations are also Eiglas!l 

cited bY LeYdig ••. Sirodot repeats the old and incorrect 

statement while Graber expressly states that their 

structure is not the same as that of the stomach... Yore 

receiltly M.F. Plateau 1Jas again called attention to the 

incorrectness of the old view". 

This again seems to be a case of too hasty 

generalization, because in GWllus pennsylvanicus, except 

that the epithelium is not thrown m~ up into folds, the 

structure of the anterior half of the mesenteron (fig.45) 

is precisely the same as that of the crop. The case 

may be diffennt in other insects and it is conceivable 

that each of the above workers may have been correct 

according to the insect b.e studied. 

The posterior half of the mesenteron (Fig.42) 

however differs entirely fror 1 the anterior half in its 

structure. The circular and long~tudinal muscular layers 
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a~e similar to those of the anterior half. The cells 

of the epithelial layer are placed side by side aut are 

not very distinctlY delimited. The reticulum of 

connective tissue is absent. The nuclei are large and 

distinct. 

undulatary. 

~le inner margin of the epithelium is 

A thin intima is present. Inside the 

epithelium there is a thick uneven, homogeneous layer 

(Fig. 42 h.l. ) This s11o\·.rs no'< cellular structure 

and talces a deep purple stain with haematoXYlin. Within 

this layer thero are several oval glands, already referred 

to in the general account of the digestive canal. Tl1ey 

are hollow within, opening bY a narrow moutl1 towards the 

epithelium. The inner end is blind. The hollovr of 

the gland is lined with an invaginated portion of the 

epithelium and 1·,-,t ima. The walls of the gland are 

formed Elf elongated radiating cells-. • It is difficult 

to make on t the:s tructure of these cells as they take 

a deep purple stain similar to that of the surrounding 

homogeneous mass. Or; the inside of the mesenteron, 

next. the homogeneous layer there is lltlli:~ a thin 

membranous layer surrounding the lumen (Fi~~. 42,m.). 



57. 

Lack of time and or suitable fresh material, prevents 

the study of' these structures in greater detail at the present 

time. The inner membranous layer is doubtless the peritrophie 

men1brane of Ramdohr. 

The Intestines. Within the intestines the epithelium 

is thrown up into several folds. The number and arrangement of 

the folds differ in different parts of the canal. A section mf 

the small intestines is shown in figt~e ~.46. It will be 

observed that there are two layers of circular muscles and 

several longitudinal strands. A chit inous intima is also 

developed. 

The Salivary Glands (Fig 33 s.g.) Each salivary 

gland consists or several lobulate r~sses of tissue lying v.entrad 

of the oesophagus and crop, and extending aauded as rar as t11e 

meta~thorax. Into each division of the gland-a branch of the 

salivary duct enters. This divides wit1lin the tissue into a 

number of smaller branehs:J which go to all parts of the glandular 

tissue. The branches from each gland unite to rorrn a common 

duct (fig.33 s.d.) In the anterior portion of the insect the 

two ducts lie, one on each side ot' the :first pair of commissures. 
h 

They pass into the \)ead beneath the oesophagus but do not follow 

the course of this organ throt~h the anterior foramen. Instead 

they pass •entrad of the suboesophageal ganglion and unite to form 

a short cormnon duct th8 outlet of which lies tn the hypopharynx 

on the cauda~ side next the labuim (Fig.26 s.d.) 



THE CIRCULATORY SYSTEM 

'P .__. "[j. 

f,he heart (fig.47 h) is an elongated tube which lies in 
(\ 

dorsal side of the insect extend~ from the oo:gJ·rth abdominal 

segment to the base of the mesothoracic segment. Here it 

narrows to form the aorta (a6)a straight slender tube which 

runs cephalad to th3 base of the head. The heart shows 
L 

segmentally arranged const~t\ctions. These mark t11e position 

of the inter-ventricular valves but I have not yet per.formed 

the dissection necessary for a description of these valves. 

The heart 1 ies in a pericardial chamber which is b<Dundecl 

dorsally by the larger longitudinal tergal muscles and 

ventrallY by the pericardium,a thin 1nembrane or connective 

tissue. In the pericardium there are ten fJ-airs of pericardial 

or alary muscles (fig 47,a.m.) These have the usual triangular 

shape; their bases are attached near the heart but not to the 

heart. The two caudal pairs are very small and close together. 

The six succeeding pairs of aildominal muscles are larger and 

Wliform in size. The next pair situated in the rnetathorax 

is the largest, being about twice the size ot: those behind it. 

The cephalic pair, in mesothoric, is also larger than tlle 

abdominal ones. 

THE RESPlPJ\.TORY SYST:B~M. 

There are ten pairs o:f spiracles in t11e cricket, 

one in each thoracic segment and one in each of segments 

2 to 8 in the abdomen. En the abdomiral spiracles the 



cephalic border of' the val··.Te is narrow, crescent shaped 

an:l slightly overlap the other ~tip. The lips of' t11e 

first and second thoracic spiracles do not overlap and 

are quite simple, lacking the chitinous structures of 

the abdominal spiracles. The third thoracic spiracle 

is similar to the abdomianl but larger. 

From each spiracle three tracheal branches arise. 

one of t11ese (Fig. 48 & 49 a) runs along the center and 

unit·?S with the ventral longitudinal tube (V). Another, 

the dorsal branch (b) runs aloug the dorsum to the dorsal 

longitudinal tube. The third, or mesal branch (c) 

supplies air to the viscera. In most insects a lateral 

longitudinal tracheal tube on each side connects the 

spiracles. In Grvllus penasYl~anic@. these tubes are 

absent. Instead of' these, however, there is a patr of 
s~ 

ventral longitudinal tubes, one on each ot· the ventral 
" chain and a second pair in the dorsum, one on each side 

or the heart. In the abdomen the ventral tubes run 

parallel to sach other and there are no transverse 

trac11ael commiasures connActing them except in the eighth 

segrnent. In the thorax the ventral tubes diverge from each 

other until they reach the second thoracic spiracle with 

which they are directly connected. From this spiracle 

they again converge, ru~-~ning in a cephalo-mesad direction. 



At their nearest point they are connected by a tracheal commissure 

and again bend outward, terminating at the prothoracic spiracle 

where another large cQmnissure conn~cts them. From this spiracle 

two large tubas run forward into the head. 

From the ventral longitudinaltubes numerous small 

branches are given off. These supply the ventral muscles, 

leg muscles and nervous chain. 

The dorsal longitudinal trachael tubes (Fig.49,1) 

unlike the ventral are connected by segrnentaa1y arranged 

tracheal commissures in the abdomen but not in the thorax. 

These commisst~es, as well as the branches connecting the 

spiracl9 with the longitudinal tube, have a much greater 

diameter than the longituclinal tubes. The corrnnissures, however, 

are much narrower at their ends where they join these tubes. 

In the thorax the dorsal longitudinal tubes increase in 

diameter and_ converge to":ards each other in the third segment. 

In the mesothorax, however, they diverg~~ again. 'they continue 

into the head. 

Branches rro.m these longitudinal tubes supply 

the dorsal muscles, pericardium &c. 

REPRODUOTI'[&J SYST.F¥ 

Male reproductive organs 

The t~~~. (Fig.50,l, F'g 51.) There are two testes 

present in the mala or Gryllus pennsx1canic1w. They are 

situat9d in the back of the abdomen, immediately above the 

gastric caeca, proventricUlus and. the anterior end of the 



mesenteron. The test~s is irregularly ovoid in form. The 

wider anterior end is supported by the suspensory legarnent 

(fig.50, susp.) The cephalo-lateral edges of the two testes 

are in contact in the mesal line of the dorsmn. A layer or 

conn3ctiV9 tissue, forms a scrotum surrounding the testes 

(fig.51. scr.) The outside of the testes is well supplied with 

trachea. The finer branches of these pierce the scrotum and 

supply air to the testicular follicles within. A longitudinal 

section through one of the testes has the appearance shown in 

figt~e 51. The vas deferens (v.d.) originates at the anterior 

end and nms throu~~h the testes, leaving it at its posterior 

narrow end. The anterior end or the vas is enlarges and from 

it arises a large number of test i.cular follicles ( t .f.}. These 

follicles (Fig.B2) are clavate, attached to the vas deferens by 
lA 

a narrmv tubular stalk, and project backwards to the scrot~m. 

They are loosely joined to each other b~, strandS o~ connective 

tissue. There are about three hundred rollicles in each test~s. 

Minot •so has described t11e follicles of the 

locust as being divisable into four parts; { 1) A distal cellular 

portion, (2) The next section containing several wedge shaped 

bundles, the heacJs of the spermat~oa, (3) A section containing 

the tails or tha spermatoioa, and (4} The proximal segment filled 

with granules. The follicles of Gryllus pennsylvanicY§ are very 
nu 

similar to those of Caloptemes described by Minot. In the distal 
u/i~.~ 

end are nu.merous spermat oblasts (Fog .52 sp. 'b. ) their structure 
" may be obServed by making a cross section through the tip or the 



rollicle. In the proximal portion of this first section the 

spermatoblasts are in various stages or trdnsformation into 
a spermatotoa and gredually assume an elongated shape. Next 

to the sper.matoblasts comes the second division of Minot, 

containing numero1.1S wedge-shaped bodies ( s .h.) These are the 

heads o:f the spermatotoa which collect togetl1er in bundles. 

An isolated bundle or spermatdfoa is shown in rigure 53, Next 

to the spermatoblasts the heads are still in process or difrer­

entiation and have a granular appearance. They are also 

rounded rather than wedge shaped. FUrther down the tube, 

however, they are well developed and the bundles are distinctly 

wedge shaped, the apex of the wedge pointing towards the apex 
J 

Of the fOllicle. rrhe tailS Of the Spermato~oa (s.t.) are long 
( 

slender and sinuous. They occupy the third division of the 

testicular follicle. This third division, however, is not well 

demarkated from the second, as the heads or bundles passing 

out or the follicle n~y be fo1md in both the third and rourth 

division. The headS and tails are easily distinguished as the 

former take a much deeper stain with haematoxylin. The proximal 

end of the follicle is filled with numerous small granules which 

stain deeply with haematoxylin. 

The vasa deferentia (Fig.50 and 51 v.d.) arise in 

the distal end o~ the testes, run through the testes within the 

scrot\um and leave at the caudal end. 'mley run ventre-caudad as 

far as the base or the intromittent organs and then turn cephalad 



entering the seminal vesicle on its ventral race. At the base 

of the intromittent organs the vas is kept in position by meens 

or longitudinal muscles, the nerve of' the cercus and tracheal 

branches which pass mesad or it. The vasa are narrow, st~aight 

tubes until they reach the ventral side or the seminal vesicle. 

Here their diameter increases greatly and they make several 

folds before they open into the vesicUlus. 

The se!Jinal vesicle. This is a large rolUld sac 

situated on the ventral side beneath the coils or the intestinal 

canal. The surface of the vesiculus is covered by numerous 

accessory glands. These are of two kinds, elongated ones 

the utrieu].i majores (Fig.50 u.maj.) and smaller ones the 

utriculi breviores (u.9r}. The larger glands arise chiefly 

from the lateral and ventral sides, while the smaller arise 

chiefly from the dorsal and cephalic. Those on the cephalic 

side are very small, often mere wartlike protruberances. In 

cross section (rig.57) the accessory glands are seen to consist 

of a single layer of secreting cells not very well derined but 

with distinct nuclei. They secrete the mucilaginous substance 

which serves to form the envelope of the spermatophores. 

The ejaculatory duct (Figs.50, 55, 56 e.d.) is a 

stout tube leading from the caudal end of the visicle to the 

copulatory organ. 

The spermatophores (Fif.59) consist or bWldlas 

or spermato,oa, glued together by the mucilaginous secretion 



o~ the accessory glands. They are pear shaped, slightly notched 

at the braader end. The other end is drawn out into a long 

slender tail. 

The Male copulatory organs. (Fig.50, 55 & 56). 

The external .openin~ of the male organs is bounded ventrally 

by a pair of lobes (figs. 55, & 56 v.c.) which are united prox­

imally but free at their distal ends. The two distal lobes are 

concave on the inside and together f"orm a cup-li~~e hollow into 

which the spermatophore rests at the time of eopulation. The 

dorsal border ot: the genital opening is formed by a plate 

Which on its distal edge, bears five chitinous processes. The 

first of these processes (figs.55 & 56 d.p.) is borne on the 

dorsal side. It is an unpaired triangular, upourved tooth. 

On the lateral edges there are two pairs of tooth-like o11itinous 

processes, one (i.l.p) borne just inside of the other (e.l.p.) 

A slender chitinous spine lies along the roof of the dorsal 
lA 

plate. This is the penis, blt it is not ~-~errorated and has 

thus lost its original fUnction. It is probable however, that 

it serves to orientate and direct the spermatophores. Above 

the dorsal plate there is a second cup (d.c.) Jlh.qt be.fore the 

extrusion of the spermatophore its head lies between the lobes 

of the ventral cup while its tail is coiled up in the dorsal 

cup (fig. 56 sph). Pending further studies I have temporarily 

termed these cups the dorsal and ventral spermatophore cups. 



FEMALE REPRODUCTIVE ORGANS 

ovaries (Fig.58 o.) There are two ovaries present situated 

latero-dorsad or the alimentary canal. The anterior end of 

the ovary presses against the hinder end of the crop. The 

two ovaries meet in a point in the back caudad of the crop and 

dorsad of the proventriculus and gastric caeca. They then 

diverge from each other and run ventro-caudad one on each side 

o:f the alimentary canal, terminating in the oviducts. 

The ovary is composed of a large number of ovarian 

follicles, surrounded by a thin membrane of connective tissue. 

The ovarian follicles (rig.62) are elongated tubes divided 

into compartments. The size of the compartments vary according 

to th9 presence or absence of eggs in them or according to the 

size of the contained ova. The walls are distensible so ~hat 

the chambers can undergo consi erable increase or deceease in 

size to accomodate the eggs which they ~ontain. The compart­

ments next the oviducts are usually largest as they contain 

fully f'or··:~d eggs. Distad of this the size decreases pro­

gressively and the follicle r~y ends in a terminal thread. 

The tenninal thread o:f all the follicles of eac11 ovary unite to 

.form a suspensory ligament. This runs cephalad and divides into 

two branches. One branch is attached in the pe~icardium near 

the heart, the other at the insertion or the second alary muscle 

in t11e thorax. 

The walls or the ovarian tube cons13ts o:f a single 

layer of cells with large mualei (fig.63}. The cells are largest 



in the proximal portion of the follicle. There are no nutritive 

cells developed. 

The~ (Gig.64) are yellow ~ylindrical with rounded ends. 
1 I 

usually they are slightly convex on one side and straigh.t or 

somewhat concave on the other. The surface of the chorion is 

finely reticulated, which is doubtless due to the impress of the 

cells of the ovarian follicle. 

The o~rarian :follicles of each ovary lll1ite to form a 

co~on tube, the oviduct (Fig.58.od.) The two oviducts run 

catmad and converge towards each other. They unite ventrad 

of the rectum and form a sht")rt vagina. (fig. 58-60 vag.) This 

is rormed partly by the united bases of the oviducts and partly 

by n cup-like structure on the dorsal stde of the base of the 

oviducts. This is continued caudad as t~e bursa __ copulatrix 

(Fig. 60 b.c.) a shallow pouch-like organ, wl1ich receives the 

copulatory organs of the male. 
,lvu.LAJ 

Attached, at its anterior end to the vagina,~a tongue-

like flap (Fig .59 f, :fig 61) which projects backwards into the 

b~a. rnFide view (Fig.61) the dorsal side, which lies against 

"' the roof' of the vagina and bursa, is coye:r and. strongly chitinized. 

The ventral side is concave and not so densely chitinized. Near 

the tip of the ver~tral surface there is a circular pore (m.d.) 

which marks the mouth of the duct (d) from the receptaculum 

seminnlis. The receptaculum (fig. 58 r.s.) lies to the right of 

th~ mesal line cephalad ot"' the vagina. It is an ovoid body with 

its larger end pointing cephalad. Near the smaller end the duct 

(d) is given off. This is a long slander tube containing many 



coils. It enters at the cephali.c end of the vagina and passing 

through the tongue like flap described above, has its outlet 

near the apex or the latter organ. The vUlva or external genital 

opening has on each side a thick lip (iig. 58 & 59 vul.) formed 

by the fleshy bases of the ventral gonapopnyses. A thick wedge 

shaped appendage of the vagi~a, attached at its broad end to 

this organ, ext•0nds over the vulva and fo1~s a movable lid over 

the orifice. This organ may be termed the operculum vulvae. 

It does not seem to be invariably presant. 

Thus far no sebaceous 
1 

cement or colleterial glands 

have een found. In most other insects these glands exist as 

Le cess ory glands ot: the vagina. In Gryllus pennsyl vanicus, 

ho.vever, they do not seem to be present. Such glands would 

indeed be unessential in this insect as the eggs are laid loosely 

in the soil not attached to each other, nor to any object, nor 

l~_o they seem to be coated over with any special cement. 
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F:XPUtNA TI ON OF FI GUBl~S 

Head, Cephalic view. 

" caudal u 

" Lateral " 
11 ventral view with mouth parts .. remov~d showing 

tentorium. 

Clypeus and I..abr~. 

Labrum - epipharynx. 

~ndible, cephalic view. 

11 caudal view. 

Maxilla. 
i..u 

Lab'WA.m. 
UL 

Lab~ and Hypopharynx, side view. 

caption Figs 1 - 11. 

a. Antenna. Ab.t. A1)ductor of mandible. 

ad.t Adductor of mandible. o.a. Ante-clypeus. 

C.p. post-clypeus. C 1., C 2. The twp sclerites of the cardo. 

E. Eptcranium. e. compound eye. e .a. li:!picranial suture. 

F.A, Anterior forarnen. F.L. Lateral :Lorarnen. F.O. Occipital 

t"oramen. G. Gena. g. Galea. gl. Glossa. hyp Hypopharynz 

L. Labrum. 1. Iacinia. m. Mentjum. mb. Membrane attaching 

mandible to clypeus. mb 2. Membrane attacning maxilla to 

outer edge of labium. M.C.l. Anterior condyle of Mandible. 



M.0.2. Posterior condyle or mandible. Md. Mandible. 

o. Occiput. o.l. Lateral occellus. o.m. Median occellus. 

p. Ran into which posterior condyle of mandible fits. 

pi. Palpifer. pg. Palpiger. P.G. Postgena. p.gl. Para­

glos~a. p.l. Lab~ial palfus. p.m. Maxilla!"'/ palpus. 

s.d. outlet of Salivary duct. s.m. sub-mentum. st. Stipes 

T. Central plate of tentorium. 1, 2, 3. Arms of tentorium. 

Fig. 12. 

u 13. 

• 14. 

Ventral view of thorax. 

Dorsal view of thorax, with the cat~ad - projecting 

edge of the pronotum removed to show mesonotum. 

Wings also removed. 

Lateral view of thorax &nd abdomen. 

Caption fi~s. 12-14 

c. Cercus. cox.l. cox.2. cox.a. coxae o~ 1st. 2nd.~ 3rd.legs. 

Em 2 Epimeron of mesothorax. Em 3 Epimeron or metathorax. 

Es2, F~a. Episternum of meso -and rneta-thorax respectively. 
IJ 

o~p. ovipositor. pron. Pronstma. p.scl. Praescutell~. 

of mesothorax. So12, Scla. scute1lt~ of meso and meta-

thorax respectively, Sc2, Sea. Scutum of meso and meta-

thorax. St2, St3. Sternum of meso and meta-thorax. 

Stl. Sternel1um of' pro-thorax. Wl, W2, Base of' Wings. 1,2,3 &c. 

Abdominal tergites. 11, 21, 3~, &c. Abdominal Stermites. 



Fig. 15. End_othorax. a. lfedian entosternite of prothorax. 

b. Median process of meso-entosternite. Pll, pl2, Pla, 

Ento pleurites of pro- , meso- and meta-thorax respectively, 

st1, st2, sta, Entosternites of' pro-, meso-, and meta-, 

thorax. 

Fig. 16. Left fore wing or male. 

u 

11 

17. 11 11 11 u female. 

18 Stridulating ridge and t·3eth. from male wing. 

19 Fore leg. 

11 20 Hind leg. 

Caption Figs. 16-21 

c. ooxe.. r. Femur. s. Stridulating ridge. 

t1, t2, ta, t4, Joints of tarsus tm. Tympanum. tr. Trocha~nter 

Fig. 22. caudal view of Abdomen of Female. 

u u .. If 11 " Male. 

u 

23 

24 Basal portion or cercus. 

u 25 Base and apex of ovipositor. 

Caption :Ltgs. 22-134 

c. Cercus. d.g. Dorsal gonapophyses. 

g.a. Genital armature of male. 1.1. Infra-an~al lobe. 

p.p. Podical plate. s. Club-shaped sensillae of cercus. 

s.p. S1~anal plate • s.pl.Lateral portion of sur-anal 

plate. sr.l. Sur-rhabdal lobes v.g. Ventral gonapophyses. 



71, al, el, 7th. 8th and eth. abdominal sternites. 

Figure 26. Side view showifl...g principal muscles of' thorax and 
abdumen. 

abd. c. Abductor coxae. Ad.c. Adductor coxae. 

Ext.fem. External femoral. l.st. Longitudinal sternals. 

t1, t2, Longitudinal tergal muscles of abdomen. 

th.t. Longitudinal tergals of thorax. 

tr.st. Transverse sternals. t.s. Tergo-sternals. 

Figure 27. Nervous System - Brain and ventral chain. 

1, 11, 111. Thoracie ga~ia 1,2, - 5. Ahdominal 

gangLia A.B.C.&c. Nerves arising from various 

ganglia tFor their distribution see text) 

Br. Brain. int .n. Intestinal nerve. Oes. Oesophagus. 

O,G. Opttc Ganglion. O.N. optic Nerv~. Mn.. Median 

nerve. N.C. Nerve of Commissure. r. Nerve to 

reproductive system. tr.n. Transverse nerve. 

Figt~e 28. Cephalic view or Brain. 

u 29. Sub-oesophageal ganglion. Dorsal view. 

.. 30 • IJ If 11 Lateral view. 

u 31. Median and lateral sympathetic systems. 

~tion Figs, 2~ 
IV 

A. Antennal nerve. A.c. A0cessot.y- commissure. 

Ar. Arched nerve. a. Orus. O.L. Olypeo-labral nerve. 

Co.m. Commissure between the sub-oesophaneal and first 

thoracic ganglia. f.g. Frontal ganglion. t.n. ~ntal 

nerve. g.2. Second gar\glion of median sympathetic system. 



g.a. Thiro_ ganglion o:f median system. L. lab±al nerve. 

l.g. Lateral ganglion. :Md. MandibUlar nerve. Mn. Median 

nerve. Mx. Ma.•illary nerve. oa .L. Nerve to lateral occellus 

oc.M. Nerve to median ocellus. O.G. Optic ganglion. O.N. Optic 

nerve. r.n. Recurrent Nerve. s. Salivary nerve. s.n. stomogastric 

nerves. 

Figure 32. 

11 33 

Digestive system in si~~,lateral view. 

Digestive system, dorsal view. 

Caption rigs. 32 & 33. 

an. Anus. 0. crop. Ool. Colon. g.c. Gastric caeca .. 

gl. Gland o:f posterior division of mesenteron showing 

through muscular layer. 11. Ileum. m. Mesenteron. 

M.V. Muscular Valve, of mesenteron. oes. Oesophagus. 

p.v. Proventriculus, anterior tubUlar division. 

p.v'.'~ ProventricUlus, posterior oval division. rt. Rectum. 

s.o.. Sa 11 vary duct • s.g. Salivary gland. n .d. Urinary duct. 

u~t. Urinary tubules. 

Figure 34. Cross section o:f crop ShONing the three layers. 

" 35. 11 IJ IJ u u Structure. 

If 36 11 " u t11bular division or the pro-

ventriculus showing the six ridges. 

Figu,;re 37. Cross section through two ridges o:r the tubUlar 

division or the proventricUlus. 

Figure 38, Pal't of one of the ridges of t11e posterior portion 

o:f the proventriculus, the chitinous partitions (p) between 

the ridges and fol~ teeth in each of the three rows. 



Fig. 39. Cross section or posterior division of the proventricUlus. 

" 40. The proventriculus ancl gastric caeca, the upper hal:f 

of the latter removed to show the proventriculus valve. 

tl 41. Longitudinal section through proventriculus ( diagrarnmat ic) 

u 42. Cross section of posterior division of the mesenteron. 

u 43. cross section of' gastric caesum. 

u 44. Section through two 11 cups" or the epithelilun of' the 

anterior division of the mesenteron. 

" 45. Cross section thrOll~h anterior division of mesenteron. 

" 46. Cross section of small intestines. 

Caption figs, 34-46 

a. Lateral teeth or proventricular ridge. b.c.d.e. 

Processes of median teeth. conn. connective tissue between 

epithelial cells of caeca and of mesenteron. ep. epithelium. 

g. Glands in posterior portion of mesenteron. h. Hairs lining 

the ridges of the enterior division or the proventriculus. 

h.l. Homogeneous la,-er of mesenteron. in. Intima. m. Pari trophic 

membrane. m.c. Circular muscles. m.l. Longitudinal muscles. 

p. Chitinous partition between ridges. 

Figure 47' Circulatory nrgans. 

a.m. Alary muscles, i...ao. Aorta. h.Heart. 

Figqre 48, Viscera removed sh01ring Ventral tracheal system. 

11 49. 11 
" u Dorsal 11 

" 

Caption figs. 48 & 49 

a. ventral tracheal branch b. Dorsal tracheal branch. 

c. Visceral branch. D. Dorsal tracheal brunk. d.c. Dorsal 

tracheal c0r.1missures. V. ventral tracheal trunk. 



Fig. 50. 

Fig. 51. 

Fit. 52. 

Fig. 53. 

Fig. 54. 

Fig. 55. 

Fig. 56. 

Fig. 57 

Male Reproductive Organs, dorsal view. 

Longitudinal section of testes. 

Testicular rollicle. 

Bundle of spermato~oa. 
Spermatophore. 

Copulatory organs, lateral view. 

11 longitUdinal aaetion 

Section through accessory glands. A. Longitudinal, 

B. Laterc.l. 

Qaption Figs. 5Q-56 

d.c. Dorsal spermatophore cup. 

d.p. Dorsal chitinous lobe of genital armature. 

e.d. Ejaculatory duct. e.l.p. External lateral chitinous 

plates. 

g. Granules in testicUlar follicle. i.l.p. Internal 

lateral plate. ser. serotum. sp.b. Spen~toblasts 

sph. Spermatophore. susp. Suspensory ligament. T. Testes 

t.:r. Testicular follicles. u.br. Utriculi breviores. 

u.maj. utriculi majores. v.c. ventral spermEtophore cup. 

v.d. vas deferens. 

Figure 58.' Ferrale Reproductive orga-, s, ventral view. 

u 5S Genital atrium with operculum vUlvae removed, 

showing spermathecal flap. 



Fig. a:o. Side view of :Lema le organs. 

Fig. 61. Spermathecal :rlap. 

Fig. 62. ovarian follicle. 

Fig. 83. Cross section or ovarian follicle. 

Fig. 64. ovum. 

caption figs. 58-64 

be. Bursa copulatrix. d. Duct o~ receptaculum seminalis. 

r. Spermathecal flap. m.d. Outlet of Sper.mathecal duct. 

o. OVary. Od. Oviduct. op.v. operculum vul•ae. ov. Ova. 

r.s. ReceptacUlum, Seminalis1or spermatheca. vag.Vagina. 
lA 
~·Lips of the valve.~ 
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