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Introduction
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Gryllus_pennsylvanicug Burm.1is one of the commonest of the

field crickets on the island of Montreal. It 1s a gregarious
specles and large numbers may be found in the fields and along
the roadsides in the late summer and in the fall. The adults
lay thelr eggs in the fall and dle after the frost sets 1n.
The eggs hibernate, although an occasional nymph found in the
spring lndicafes. that some of the eggs may hatch ir the fall.

AUV eFmere | amse e ragmflo Lioe
The majority of the eggs however hatchAin burrows in the soil,
becoming mature in the autumn.

Owing to the fact that the adults all die in thLe
autumn, 1t was found impossible to obtaln fresh material for
dissection during the winter, so that most of the work was
done with preserved specimens which are in many respects
unsatisfactory. Because of this, and also of the comparatively
short time at my disposal, this study 1is not quite as full as
was at first planned, the musculér and respliratory systems in
particular, not having been very fully studied.

Methods

]
——

Fresh specimens were used in the autumn as long &s
they were obtalnable. After this preserved specimens were
used. The preservative solutions used were alcohol and five
percent chloral hydrate. Nelither of these proved very
satisfactory. I have heretofore found chloral hydrate an

excellent medium for the preservation of materiel for anatomic



study, but in this case the tissues of most of the
specimens decayed in spite of the fact that incisicns were
made in the integument to allow the preservative to bvathe
the iInternal organs. The alcohol was somewhat more satis-
factory, but in 1t the organs hardened and became rather
brittle which increased the difficulty of dissection.

For a study of the mouth parts the head was bolled
in 10 percent potassium hydrate which removed everything
except the chiﬁgbus structures. The mouth parts were then
removed, mounted on & slide and examined under the low
power of & compound microscope. Boiling 1in potassium
hydrate was also employed for a study of the sclerites and
other integumental structures.

' For the histologlcal studies the 1insect was
anaesthetlized with ether, cut copen under a dissecting
ricrosccpe and the required organ removed. It was then
fixed in Gilson's alcoholic sublimate or in Bouln's picro-
formol. The stain used was Delafleld'’s haematoxylin. Good
sections of the entire insect were rnot obtained owing to the
hardness of 1ts chitinous 1integument . Henningé solution and
picro-nitric acid were used as fixing agents gﬁé neither
gseemed to have much effect in softening the chitin. Oowing
however to the lack of fresh specimens the attempt was not
repeated. Better results would undoubtedly be otteained by
using freshly moulted insects, but such material was not

obtalnatle at the time this investigation was underteken.
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For the study of the internal orgens the insect wes
opened along its venter, dorsum or pleur%ﬁ’according to what
organ was to be studied. It was then pinned 1n a dissecting
dish, lined with cork over which a layer of paraffir. had been
poured. The organs were stained with some staln such as
haematoxylin or methylene blue, preferetly the latter. The
dlssection was performed 1in distilled water under a Zelss
binocular dissecting microscope

Special Method for studylng the nervous_system.

The following extract 1s taken from the suthor's

paper on the,Nérvoﬁs System of the Larve of Sphida obliqua.
" on account of the transparency of the fresh
tissues 1t was found necessary to fix or stain before
tracing the course of the nerves.
Fixing. Gilson's alcoholic sublimate gave good different-
iation but was not found convenlent for dlssecting on account
of the cd}osive action of the mercunic chicoride on metal.
i

Picro-Tormol ( P. Bouln ) was used to good effect

as it fixes and staeins rapidly. The formula of this fixing

agent 1g,
Picric acid sat. aq. solution 75 parts
Formalin 25 "
Acetic acla 5 u

Maceration . For a study of the pkeriphersl nerves it was

found necessary to macerate in distilled water for seversal
days or in dilute nitric acid for & shorter time. The

muscular tissue could then be easily teased out leaving the

integument and 1its nerves exposed ,



the latter being more resistant then the muscles to the
macerating action of water. Specimens thus treated were
always hardened afterwards in plcro-formol.

gstaining. Several stains were tried with varying

success. A weak solution of Delaefleld‘'s Haematoxylin
gave falr results but did not prove satisfactory for the
finer detaills. 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 speclmens were used the nerves

were stained intra vitam. About two cubic centimetres

of the staining solution were injected into the 1living
caterpillar. In from thirty to sixty minutes the 1insect
was etherized and opened. On opening the caterpillar it
was usually found that several of the nerves were unstained.
Indeed 1t was extremely difficult/pyer }o obtain & perfect
stain of all the nerve tissues. gﬁiiig%'who first used

the intra vitam method of staining nervous tissue polnted

out that the sensory nerves were stained while the motor
nerves remained colourless. The motor nerves however will
also stain 1f given sufficlent time. The same worker also
states that methylin blue 1in contapt with reducing agents
in alkaline solution 1is reduced to its colourless leucobase.
Because of this, tissues after they have attalned their
maximum degree oI coloration lose the blue colour rapidly.

It might however be brought back by an oxlildizing agent or



by exposure to alr. The above statements explain the
difficulty of obtalning a perfect stain.

" In several cases the caterplllar was kllled and
pinned vefore 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 Ehtlich's latra
vitam method. Indeed I could see no advantage 1in thils
latter method over staining of the dead but fresh tlssue.
! Specimens stained with methylin blue lost their
colour very readily 1in water and 1t was found necessary

to permanently fix the blue colour in the tissues. The
methodiﬁ £ixing the stain used was that devised by Bethe.
The fixing agent was a solution of ammonium mclybdate mede

up according to the following formula.

Ammoniun molybdate 1 gm
Distilled water 10 cc
Hydrogen peroxide 5 cC

A drop of hydrochloric acild 1s added to the solution and

a precipitate of molyblc acid forms but readily redissolves
on agitation. To prevent maceration a few drops of a one
percent osmic acid solution were added to the above solutiocn
and also to the water in which the dissection was carried
out. The tissues of the stalned caterpillar were bathed in
physiological salt solution and the freshly made fixing

solution, cooled to near zero, was then poured on and left



for several hours. Occasionally part of the solution
precipitated on being poured on the caterpillar but this
did not interfere with the fixing properties. ”

Methods .

The plants containing the caterplllars were cut off
N
about HQne inches above the ground in the 1late faLl and

the 1ower portions dug up, brought indoors and planted in

™~
webksand The caterplllars were removed as needed Sevyral

specfmens were " dlSO preserved 1in chloral hydrate.

mhe usual methods of dissection were followed. ?fThe

%-

insect w&§ first ether;zed and then cut along thermesal
line of th% dorsum andwpinned along the cut edges in a
small disseciing tray. Tne pins were cut off close to the

insect 1in ordeﬁ{that they misht not interfere with the free

A

manipulation ofﬁﬁhe dissecting instrum$nt The abundance

of adipose tissuegiq a great hindrauce in dissecting, and

.!
to remove 1t without*breaking the nerves requires careful

,‘g".l’ v‘.;

and patient manipulati n. éf %3

Preserved Specimens. ggfrlng the winter months specimens

preserved in chloral hydrak%'Were used oftpr the fresh

A
5

material was’exhauqted The%Qgte”pillars bad been etherized
and placed in 57 chloral hydrd\g for & aay.ﬁ At the end of
a day small slits were made 1in thékdorsum 80 gs to allow the

,1)'
liqulid to enter thﬁ body cavity and%%athe the ¢%scera.
?,
Chloral hydrate ﬁ?oved to be an excellent medium for

preserving the internal organs. The finest nerves were
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found to be 1in good\condition after months of preservation.

e o<

The ‘'entire lateral sympathetic system Was traced in

preserved material. “E

N, "R iéif )

The disseetion of preservequaterial is somewhat less
difficult than that_ of fresh. ﬁaterial as in the former the

muscles and fat body nave shrunk considerably.

st

While 1t has been held by most workers that nervous
£ S,
tissue will not také the methylin blue\ tain unless l1living

f

or freshly kllled, I have succeedeq&in obtaining fairly

good stains with preserved materials. “, The étain is of
&g

course mu#h more difficult to obtain than: with fresh

material and when obtained is not so good. The nerves

leading from branch of the lateral sympathetic Syatem
o,

t0o the tracheae are very minute and difficult to trace,

but I first succeeded in finding them in & preserved

specinen.

EXternal Anatony

Sy S «
P

The Head
The head ( Figs. 1-4% ) 1s about 6émm. deep and 5 wide. It
1s 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 menmbrane however 18 not externally visible as the

pronotum projects forward as far as the epicranium



covering both the neck membrane and the occipital and
post-genal region of the head. Thus the 1insect appears
to be absolutely neckless. Viewed from in front the head
1s broadly ovate. The epicranial region is semicircular
and the clypeus and mouth perts narrow downwards.

The front 1s prominent end bears the median ocellus.
The vertex 1s broad and rounded. From each lateral ocellus
a line runs mesodorsad. The two lines unlte in the median
line of the head and T™swn from this point a third line runs
dorsad along the medlan line and is gradually lost in the
vertex. The Y-shaped suture thus formed is the eplcranial
suture ( Fig. 1. e.s.)

The clypeus 1s articulated to the ventral edge of the
front. A post-clypeus ( figs.1,3,& 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 1t divides into two and each
branch bends upwards towards tie latero-dorsal angles of
the ante-clypeus. At the distal edge of the ante-clypeus,
the labrum arises. (Figs.l,3 & 5,L) This 1s & movable
flap somewhat broader than the clypeus. There are three
deep creases in the labrum, two curved ones running from
the base ventradl® to near the middle on either side of

the median 1line, and a transverse one immediately beneath
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these. In the middle of the distal edge there 1s a shallow
sinus, the e¢dge of which 13 closely fringed with setas.

The Epipharynx or Lebrum-epipharynx ( Fig.6.)

This organ 1s not a free appendage as in Dirtera and other
Lhaustellate insects but 1s a palate-~like lining of the
labrum and clypeus, forming the roof of the mouth as 18 the
gerieracl rule among mancdibdulate insects. There 1s no
suture bvetween the 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 chitinous structures. At each indentation
corresponding to the ends of the clypeo-labral suture
there 1s a thickened chitinized plate constr;cted in the
middle and continued laterad into the clypeal reglon as a
slender chitinous filament. A curved chitinous rod running
from the clypeal to the labral region crosses each of these
pletes. The unpaired chitinous plete 1s & median one
lying 1mmediately bveneath the clypeo-labral suture.

The Tollowing sense-orgens and setae are present in
the epipharynx. |
l., Large, strongly chitinized bristles, erising from s
circulaer cell, with linear edges and blunt erds, situatec
in the latral region mesad of the curved chitinous rods,
and on the distal edge of the eplpharynx. These probatly

serve a8 8 protection to the tastecups.
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2. Somewhzt smaller setae, strongly chitinized, with acute
ends. They are situated near thie latero-ventral edges of
the eplpharynx and form three or four 1lrregular rows on
each side. These #ls0 &are protably protective.
%, Slender whitish tomenta abundant in various parts of the
eplpharynx.
4, Large, round taste éups, one row on either side of the
median line of the labrel regilon.
5. 8imilar but somewh&t smaller cups situated in the median
rortion of the clypeal region, latered of each curved
chitinous rod in the labrel region, end imrediately dorsad
of the sinus mentioned avove 11 connection with the labrum.
6. A large number of minute triangular end orgaens occupying
the space between the setae (2) and the curved rods in the
laterc-ventral portions of the labral reglon. The genae
or cheeks ( flg.3 G) 2are well develored and comprise the
sides of the head behlnd the eyes, extending ventred Lo the
base of the nmanditvles. On the 1rner side they serve for the
attachment of the mandibtular muscles,

The caﬁdal aspect of the head 1s shown 1in figure 2.

The occlipital foramen (F.0.) lies near the dcrsal side

- - ® v o

and servesfor the passage of the oesph&gus, ventral cheirn,
selivary ducts and other organs frcm tne head into the trunk

or vice verse. On each side ol the occlipitel foramen is 2

vrcad sclerite the post genak { P.C.) The occipat (0) forms
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a narrow ring around the occipital foramen.

Trhe neck membrerne 1s provided with & number of
chitinlzed plates, the cervical sclerites. The two large
lateral sclerites serve internally for the atteachment of
muscles. The five ventral ones are shallow, pouch-llke
chitinized evaginations of the cervical integument, are
provided with halrs and supplied by nerves from the first
thoracic ganglion.

ngﬁgggggﬁgym ( Flg. 4) or endoskeleton of the head
consists of a triangular rlate from which five prccesses
arise, three of which are also trianguler. These plates
are thicker and more strongly chitinized around the edges.
The rlane of the centrel plate 1s pereilel tc the dorsal
and ventral planes of the insect. 1Its dorsal side supports
the oesophagus and 1ls therefore somewhat concave to adapt
itself to the shape of this organ. From its &pex an
unpaired triangular process (1) runs candad in the same plane,
its baese forming the ventrel border of the ccclipital
foramen. From each of the busal angles of the centrel
plate another triangular process (2) is given off. Thils runs
forwvard and its broad vase extends along part of the clypeo-
frontal suture, and the mandibulo-epicranial suture to the
edge of the post gena. From the basal engles of the central

plate a second palr of processes (%) originate. They run

cephalo-dorsad 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 otners in beilng much
smaller and linear rather than trieangular. The central plate,
the unpaired process and the paired triangular processes
form two lateral foramina (fig.4 F.L.) through which the
mandibular muscles pass from their origin in the genas tC
thelr insertion in the condyles of the mandibles. The
central plete, the paired triangular processes and the
ventral edge of the front form an anterior foramen ( F.A.)
through which the oesophagus passes in descending to the
mouthh., So that, including the occipital foramen, there are

altogetner four foramina in the hesad.

Appendages of the Heagd.

Antennae ( figs.l & 3a) . These ars about 30 mm.
long and very slender. They are inserted on each side of
the front in a shallow fossa contiguous with the ventro-
mesal border of the pompound eyes. They are filiform and
consist of a stout bvas<l jolnt with a large number of
smallier ones distad of this. The antennae are plentifully
supplied with short tactile hairs, and Judging by the
active manner in which the insect uses them, they are
efficient organs of touch.

The mandibles ( figs. 7 & 8,f1gs.1,2,&%3md.) are a
pair of strong, highly chitinized Jaws. They are articulated

to the head by means of & glnglymus Jjoint. This consists of
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two condyles and a ginglymus cavity. A condyle (figs. 1&7 m.cy )
on the outer edge of the vase of the mandible 1s inserted
into a pan at the basal corner of the clypeus. The second
condyle (figs. 2 & &,m.c.2) 1s situated at the outer corner
of the caﬁdal side of the vase ( 1.e. the side next the
maxilla). It 1s inserted into & pan in the end of the post-
gena near its outer edge where 1t merges into the gena .

( f1s.4 v.) The ginglymus cavity of the mandible is found
at the hinder slde of the mesal angle of the base of the
mandivle. It serves for the 1nsertion 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 condyie. These are much smaller than the
tendons of the adductor muscles. A thln chitinous membreane
( fig. 7 mb) stretches from the inner edge of the mandible
to the clypeus. The oprosable edges of the mandible are
armed with densely chitinized teetn. The arrangement of
the teeth 18 not constant, differing evern in the two mand-
ibles 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 crushing. This arrangement is adapted to the feeding
havits of the cricket, an omnivorous insect, appaerently
feeding on a hard grain of wheat with as much gusto, as on

a delicate morsel from & dead companion, or on the wool from
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a man's coat.

At the base of the mandible there 1s a narrow
triangular sclerite cut off from the gena by the laterzal
prolongation of the clypeo-frontal suture.

The maxillae ( fig.9) are attached on the caudal side
of the head to the post genae, behind the mandibles. TLeach
maxilla consists of six distinct sclerites. The cardo or
basal division is composed of two sclerites, the outer one
( fig. 9c.) 1s triangular, the inner one ( ¢ 2 ) 18 kidney
shaped. The stipes ( st ) articulates with the cardo and is
at right angles to 1t. At the distal end of the stipes the
galea ( figs. 1, 2, 2 & 9 ¢ ) and lacinia ( 1 ) are borne.
The lacinia lies cardo-mesad of the galea. It 1s concave
on its inner edge and convex on its outer. It 1is broad at
the base and gradually tapers to a sharp strongly chitinized
tooth at the distal end. Proximad of this tooth, on the
concave edge are two others, followed by & row of stiff
setae. The galea Joins the stipes laterc-cephalad of the
articulation of the lacinia. This also 1s concavo-convex
but is of uniform thickness throughout and the distal end
is rounded. It 1s not so densely chitinized as the lacinia
1s destitute of teeth and sparsely covered with delicate
hairs. The palpifer ( pf.) is articulated partly to the
outer edge of the stipes and partly to the bvasal segment of

the cardo. The maxiilary palpus ( p.m.) 1s given off at



the distal end of the palpifer. Thls appendage 1s
antenniform and consists of five segments of which the two
basal are together shorter than either of the three succeeding.
The segments of' the palpus are all covered with tactlle
hairs. The distal segment 1is clavate and more densely
clothed than the others.At 1ts extreme end 1s cuty off & more
sensitive portion which 1s not as strongly chitinlzed as

the remainder of the palpus and which 1s very densely

clothed with short tactile hairs. A thin, transparent
membrane ( mf,) unites the inner edges of the stipites and
cardines to each other and to the outer edges of the lablum.

The Labium ( fi1ig.10 ) forms the lower 1lip of the insect.

It originates from near the ventral border of the occiput.
The submentun ( figs.2, 2 & 10, sm.) 1s a large shield-
like sclerite. The mentum ( m ) i1s joined to the ventral
edge of the submentum and 1s a much narrower sclerite. A
large sclerite with a deep median groove, joined to the
ventral edge of the mentum probably represents the fused
bases of the parz glossae. The glossae ( fi1g.10 gl) and
pare glossae ( p.gl ) arise from its distal edge. These,
the homologues of the lacinla and galea are not unlike
thes= organs except that the paraglossae are two-jointed,
and the glossae are not toothed nor strongly chitinized

as in the case of the lacinia. The palpiger ( pg.) 1s
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dorgad of the origin of the paraglossa and bears the
labial palpus ( p.l.). The palpus is three jointed, the
basal joint being avbout one-half the length of the second
and 1little nors than one quarter the length of the distal
segment. The Yestitule is similar to that of the
maxillary palpl, the speclalized aplicel porticn of the
distal segment belng armed as in the case of the latter,
wilth very fine sensitive hairs.

The Hypopharynx ( figs. 10 & 11 hyp.) forms a stout tongue-

1ike projection from the inner surface of the labium. It
1s provided with taste-cups, setae and other sensillae
siniler to, but even more varied than those of the
epipharynx. The salivary duct passes through the
hypopharynx and opens into the mouth through its caudal side,
next the labiun.

The Thoreax

=serms o
As 1n other orthopterous insects the prothorax 1is
well developed. The pronotum projects cephalad over the
neck membrane to the base of the head; caudad, its
procjecting edge covers the mesonotw.. The sides of the
pronotum are vent ventrad at right angles to the back,
orliterating all traces of the pleural sclerites. The
prosternum 1s not uniformly critinized. Two narrow

chitinous plates, behind the cephalic bvborder, form an
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inverted V and mark the vosition of the attachment of the
entosternites. Cafidad of this there 1s a small shhield-llke

sternellum ( fig.1l2 stl )
Although the front wings are more highly developed

than the hind wings and in the male are used extensively
in stridulating, still the mesothoreax is much smaller
than the metathorax, contrary to the rule in most of the
winged 1insects ( Hymenoptera, Diptera, Lepidoptera, etc.).
The length of the mesonotum is about 1 mm. while that of
the metanotum is avout 2.7 mm. This difference in size
1s due to the great development of the hind legs. The
mesonotum 18 dlvided 1nto two narrow sclerites, the scutum
( f1g. 13 scp) & scutellum ( fig.1l3 803). The scutum 1s
broader at the lateral ends and constricted in the middle.
The opposite description 1s true for the scutellum. The
mesopleurum consists of three sclerites. The episternunm
( f1g.14 e.s.) 1s the largest and lies cephalad of the
others. 1Its dorsal portion 1s concealed by the pronotwn.
The epimeron ( e mp) lies caudad of the episternum. At the
ventral edge of the eplmeron there is & small sclerite
the peritreme ( p.) which bears the mesothoracic spiracle.
The meso-sternum 18 broadly shleld-shaped, with & notch in
1ts caudal end.

The metathorax, as stated above, is much larger than

the mesothorax. The metanotum 18 differentiated into three
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regions, the scutum ( scz) scutellum ( sclz) and the post
scutellum ( p.scly) The scutum 1s large and bi-lobed
caudad. The scutellum 1s a large trianguler sclerite, the
anterior portion of which is wedged into the hinder part of
the scutum. The postscutellum is a narrow bandlike sclerite
lying caudad of the scutellum and stretching uninterruptedly
across the segment from wing to wing. The metapleural
sclerites_are similar to those of the mesothorax but are
larger and lie obliquely &cross the pleurum. The sternum

resembles that of the mesothorax.

The Endoskeleton of the Thoreax.

B Pt PO e e st
———

There 18 considerabvle ambigulty and inconsistency
in the nomenclature of the internal chitinous processes
of tne thorax. The terms in common usage are almost
without exception lacking 1n definiteness. Thus apodeme
is used to denote plesural processes Or &S a general term
for all the ental sclerites. Phragma , as used by some
writers, indicates the dorsal processes, by others it 1is
restricted to the inflexed hinder edge of the prothorax
on those insects in which the prothorax 1s movable.

Apophysls sometimes used for the sternal processes 1s

several times preoccupied and 1s not desirable. Much the
same may be sald of furca. Other terms &pplied to the

sternal processes are entothorax, endosternite and
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entosternite. Of these the word entothorax seems to me

too general in its implication and endosternite has been

used for a special portion of the process, viz. the part
arisinz from the intersternal membrane.
I have therefore used the following terms in

describing these processes. Indothorax, the collective

name for all of the internal thoracic processes,

Entosternite , the processes of the sternum, entopleurite

the ental processes of the pleurwn, and entotergite,

those of the tergum. As the terms endothorax and

entosternite have before been used exclusively with the

meanings here given them, I am not proposing an altogether
new nomenclature but merely one that 1s consistent and at
the same time descriptive.
In the prothorax there are three entosternites. The

tvo anterior ones ( fig.15 st¥;) form a pair of simllar,

e lvowed processes, the proximal sections of which, attached
to the prosternum, together form an inverted V. The
distal, free sections consist of a stalk-like part at the
end of which is a flatter blade~like section. The third
entosternite (a) 1s median and unpairsed aend arise caudad
of the origin of the paired processes. It consists of a
flattened, irregularly lobed plate attached by & short stalk
to the pro-sternellum. There 1s one palr of entopieurites
( fig.15 pl.) in the prothorax; they arise at the cephalic

edge of the front legs and extend into the back. These
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processes are somewhat scoop-shaped and give off a small
spvathulate process at their bases.

The homologues of the three entosternites of the
prothorax have in the mesothorax apparently fused to form
a single furcate process ( st.2) having between its arms a
median process similar to the median enlosternite of the
preceding segment. Iach arm consists of & 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
of the epimeron and extend inward fitting into the folds
of the ento-sternites.

The endosclerites of the metathorax are similar to
those of the metathorax. The armg of the entosternite
( st.3) are somewhat closer together and the median
process 1s missing. The entopléurites ( pl.Z) are curved
and somewhat smaller than those of the mesothorax.

Appendages of the Thorax

-

Wings Two palrs of wings are present. The hinder ones
are very much reduced in size owing to the fact that the
insect does not use 1its wings 1in flight. The fore-wings
are bent downwards at the sldes sO as to fit closely to

the bpody. In the female the forewings ( fig.l7) are
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sSmoky 1in colour. The numerous cross veins anastomosing
with the longitudinal veins glve the dorsal portion of the
wing a reticulated apprearance. In the lateral portion
( 1.e. the part pressed against the side of the insect )
the venation 1s much simpler as there are no crossveins
and consequently no closed cells. In this part of the wing
the velins are l1light in colour and the intervenal spaces dark.

The fore wing of the male ( fig.16) is much larger
than that of the female owing to the fact that 1ts dorsal
surface is specialized to form a stridulating organ. The
distal end 1s preticulated as in the female but the greater
portion of the dorsal prart of the wing exhibits a peculiar
venation which may best be understood by reference to the
figure. The ridge which runs obllquely across the wing is
provided on the under side with 2 number of teeth shown
enlarged in figure 18. The chirr is produced by drawing
the ridge of one wing over the velng of the other. The
lateral part of the wing 1s somewhat simllar to the
correspcnding part in the fcmfle but a few closed cells
are present in the distal end.

Legs The size relations tciween the three legs may be

seen from the following table. The figures are approximsate.
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&. II. III.
Coxa mm. 3 1.5 2.5
Troch:anter 1.1 1.5 0.5
Femur 4 x 1.4 .6 x 1.4 1i.5 X 2.8
Tivie 2.8 u.2 9.2
Tarsus Z.5 3.7 6.0

As the 1insect progresses criefly vy lezpling, the
greatly enlarged hind femcrea are hi:ch'ly adaptive.

In size and general appearearice the first psir of legs
does not differ markedly from the second. The chief
differences nay bve observed by reference to flgs. 19 and
20 and to the table given above.

The auditory organ ls situated &t the base of the
fore tinlee in both the male and the female ingect.
Exterlorly 1t consists of &rn oval, transparent membrere on
each side of the tiria, that on the outer side being much
lerger tien the inner one. The tivla 1s clothed witi
minute hairs end bears two large spurs on the distal end.
The T#rsus 1s three-Jointed, the midcie Joint is ve:ry
$::0rt ana the length ¢f the proximal secment 1s equel to
the combined length of tne two others. The dista. Joint
bears a palr of strong claws.

In the posterior legs the trochanter 1s & very small
sclerite visivle only on the ventral side between the coxa
and femur. The femur 1igs nearly three times as long and as
broad as the front femur. The tibla also 1s correspondingly

enlarged. It 1s sulcate on 1ts upper edge and on each ridege
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of the sulca there is a row of strong spines. The other side
of the tivpla 1s armed with stiff bristles. At the distal end,

where 1t articulates with the tarsus, the tiblas bears a
pair of very large strong spines and five smaller ones which
are doubtless effective 1in supplementing those of the tarsus
in galning a good purchase on the surface from which the
insect leaps. The hind Tarsus 1s four-jointed. The second
joint 1is very small and bvarely visivle on the lower side
between the spurs. The proximal and longest segment of the
Tarsus bears two rows of short spines and at 1ts distal
end a2 pair of strong spines.

THE ABDOMEN.

Tergum. There are ten readily distinguishable tergltes
in the abdomen. The first tergite 1s smaller than the
succeeding five, and each of the seventh, eighth and
ninth 1s narrower than the one preceding 1t. The
seventh 1s widest at the sldes where 1t joins the pleurggv
wrile the eighth 1s narrowest at this point. The ninth
tergite is very narrow in the back but widens laterally
forming a caudad-projecting love on each side. The tenth
terglte or suranal plate 1s & triangular sclerite dorsad
of the vent.

Sternum. There are eight sternites concerning the identity
of which there can be no doubt. The first 1s a small oval
scleritse, inconspicuously situated between the bases of the

hind coxae, 1mmedlately caudad of the metasternun.



24,

The second 1s somewhat larger and semi-circular in
outline. The third to seventh inclusive are more or less
similar, four-sided sclerites. The eighth sternite 1s a
movable triangular flap attached only at its base. It
fits around the ventral portion of the base of the
gonapophyses and conceals the vulva. A narrow strip
across the caudal edge of each sternite and tergite
differs fromn the remainder of the sclerite in being
smoother and glossier. Part of thls 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. 8ternites and tergltes are sparsely
covered with hair,

The Pleurgg-( fig.14,pl. ) consists of a wide

membranous strip stretching from the first akrdominal
segment to the elghth. It 1s not divided into segments
by sttures and 1s not strongly chitinized. The abdominal
spiracles are borne by the pleurég. Between the second
and third abvdominal segment there is an oval membrane

( f1g. 14, a) resembling the tympanum of the Acrididae,
which occupies a somewhat similar position. I heve not
yet determined whether or not the membrane 1s supplied
with an auditory nerve, thus serving as an suditory organ

in addition to the one in the tibis. Midway between esach
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spiracle and the one next 1t there 1s a small black dash,;
and near the ventral vorder of the pleurwm there 1s a
similar spot at the cephalic and caudal ends of e&ach
segrent. Thelr function has not yet veen determined.
Extremity. It is difficult to accurately homologlse the
extrenity of the abdomen without careful %&mogenetic study.
Followlrng, however, 1s an attempted homology. The suranal
plate ( figs. 22 & 23 sp.) 18 without doubt the tenth
abdominal tergite. It bears the cerci, which, according to
Packard, are always borne by the tenth segment. The sides
of this sclerite are vent downwards formning & ring ( sp 2)
around each cercus. On the mesal side of each ring a
movable sclerite, the podical plate ( figs. 22 & 23,p.p.)
is attached. Huxley regards the podicel plates of
Orthoptera as representing the eleventh tergite. On the
other hand "both Cholodkovsky and Haase maintailn that the
tenth abdominal segment 1s suppressed in the male, the
tergal rcrtion teing fused with the surenal plate ( the
latter 1n this case, as we understend 1t, bveing the
remnent of the eleventh segment of the embryo.)”%in both
sexes of the cricket the suranal plate 1s divided into two
parts by a ridge which crosses 1t caudad of the vase of the
cercl. If we accept the view of Cholodkowsky and Haase we

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

two tergites. Ventrad of the base of the podical plate is

x Oaeckand G
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a narrow transverse ridge ( figs. 22 & 23 i.1.). This
sclerite 18 almost continucus with the ventrsl edge of the
suranal plate and I have therefore regarded 1t as the tenth
abdominal sternite. It is probabvly homologous with the
infra-anal lobe which Packard describves &s occurring

n .
directly bveneath the VentAgBometrid larvae. Concerning &

he says, Y whether thls lobe 1s the modifiec ventral
po:tion of the ninth urite we will not underteke at
present to say.% Ventred of the 1nfre-aral lobe there is
a broad sclerite ( fig. 22,9) which 1s directly attached
on each side to the laterel loves of the ninth tergite.
The dorsal gonapophyses are attached partly to this
sclerite and partly to the ninth tergite. For these
reasons I regard this sclerite as the ninth sternite Oon

its ventral edge it bears a palr of sur-rh&bdsl lobes

( f1ig. 22,8r».1.) wvhich project bvetween the divergent bases

of the dorsal gonapophyses.

— e s e e a— G e G w— Sea—

The Cerci ( fig. 14 c.pg.24) are vorne at the base of the
suranal plate. They are about 7 mm. long, stout at the
tase, taperling gradually to a point. They &re sparsely
clothed with long slender hairs, and more densely covered
with short halrs. On the icner side near the base there
are several club-shaped sensillee ( fig. 24,s.) The
insect uses the cercl in much the same manner as it does

i1ts entennae. They appealr to be very sensitive end are
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doubtless sensory organs. During excitement they are often
waved vigorously to and fro. Packard has called the cercil
of the cockroach %abdomlnal antennae" and Graver, by means
of decapltaticn has proved that these organs form the seat
of smell in the cockroach. VWhether this 1is the case with
Gryllus has not yet veen determined.

The Ovipcsitor ( flg. 25 ) 1s a narrow spear-shaped organ

about 12 mn. long. It consists of two palrs of
gonaprophyses, the ventral palr vorne vy the eighth
abdomlinal segment and the dorsal palr by the ninth. A
groove 1in the edge of the ventral gonapophyses recelives a
tongue ir the edge of the dorsal. The dorsal pelr is more
strongly chitinized than the ventral. The end of the
ovipositor 1s enlarged to form & "spear-head* which ends in
a sharp, strcngly chitirized point, admirevly adapted to
boringﬁnto the loose soll in which the 1nsect lays its
eges.

The genital armature of the rale insect will bve

descrived in connection with the reproductive system.
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INTERNAL ANATOMY

B S e —ron. ates
o S e

The Muscular System. ($926)

The nmuscular system has not been studlied in very great
detall owing to lack of time, so0 that only a general account
of the chief muscles will be given here.

Abdoninal Muscles

In the abdomen the muscles are segmentally arranged
and are similar in each segment, except at tlie exteemity.
Here the musculature 1is much more complicated and there
are several systems of strong muscies, which suprply the
cercl, ejaculstory duct, genital armature, etc.

Tergal Muscles. There are two Kinds of longltudinal

cukaneous muscles in the dorsum.of the abdomen. In the
middie of the back there 1s a row which extends from the
anterior to the posterior suture. On each slde of this
is a row of muscles which are only half as long, belng
attached in the mlddle of the segment and extending to
the posterior suture. The tergal muscles help to bring
about the movements of the abdomen. They are innervated
by nerve A of the abdominal ganglia.

Sternal Muscles. On each side of the nervous chain there

are several longltudinal muscles attached at the anterior
and posterior ends of the segment. They are rnot developed
on the median line bveneati: the ventrzl chaln. Tiey also
assist in the movements of the abdomen and are innervated

by nerve A.
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Transverse Muscles. In each segment there 1s a transverse

muscle, which stretches, dorsad of the nerve cord and
lornigitudinal muscles, from one side of the sternum to the
other. Nerve, the proximal branch of nerve A.

Tergo-sternals. These are a row of muscles extending

across the pleurum from the edge of the tergum to that of
the sternum. Action, to raise and depress the abdomen
during respiration. Nerve, the transverse nerve of the

ventral sympathetic system.

Tnoracic Muscles

The =sternal muscles of the Thorax are attached to the

entosternites. From the medlan entosternites radiating
muscles 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
entosternites to the ventral integument.

Tergal Muscles. In the back of the pro- ana meso-thorax

there are several longitudinal muscles. These muscles
are also found in the meta-thorax but are larger and not
developed in the median line. There are also oblique
muscles above the longitudinal ones.

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

Their origin is in the sides of the scutum. There are
three sets of muscles to each leg. The cephalic set

forms the adductor of the coxa and is inserted at the front

of the base of the coxa. The middle muscles pass into
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the leg and are the external femoral muscles. The third muscle

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

of the bpase of the coxa.

Wing Muiscles. 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 the muscles of the mouthparts
and antenna. By far the largest muscles are those which form
the addugtor of the mandibles. They originate on the inside
of the genae and, passing through the lateral foramina are
inserted at the inner side of the base of the mandibles.

The abductor muscles of the mandibleé are also quite large
and are inserted on the outer side of the base of the mandible.

Qrganic Muscles.

Like the voluntary muscles, the organic muscles
are also striated. The chief of these are the circular
and dongitudinal 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 nervous
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system consists of a number of segmentally arranged ganglia,
which, together with the commissural strands comnecting them,
form a ventral nerve chain connected with the two ganglia
in the head. As would be expected in a member of one

of the more generalized orders of insects, the nervous
system of the cricket does not show the degree of
specialization and comcentration observable in the

higher orders. The pairs of longitudinal commissures
are free from each other throughout their entire length,

a condition more generalized than in many of the larvae

of the holometabolous insects; for in most caterpillars
there is partial fusion of the connectives, and in some
muscid larvae the 1limit .of concentration is reached for

the primitive neuromeres are represented by a single
ganglionic mass, as Hewitt has observed in the larva of

Musca domestica and the writer in the larva of Pegomgia

In Gé;izgg—abbzevia%us there is a ganglion

in each thoracic segment, and one in each of segments

vicina.

two to five of the abdomen! The ganglia beyond the fifth
segment are fused into a single large ganglion which
lies in the seventh segment. e 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.

Michels ‘g0 pointed out that in insects the
longitudinal commissures are continuous through the
ganglia from the brain to the terminal ganglion. He
says, "The commissures take their origin neither out
of a central punctsubstance (or marksubstance) nor from
the peripheral ganglion cells of the central ganglia,
but are continuations of the longitudinal fibres which
extend anteriorly through the commissures, forming the
oiﬁ2€2§?333”532g2¢i? thetggzé§:4, (gggglPackaggigquﬂﬂ&ﬁ#gmk
This continu;tv of the commissural fiores present a more
solid and opaque appearance than the remainder of the
ganglion, and are evidently a continuation of the extra-
ganglionic portions of the commissures. In this case
the commissures do not terminate 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—cesophageal Ganglion. (Fig. 27,

. bentarll
Br. Pig 28) is situated in the head JustAthat 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 (0.N.)

is given off. This terminates in the optic ganglion (0.G.)

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

immediately beneath the compound eyes. The dorsal portion
r

of each cerebral hemisphere forms a large pounded lobe,

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

to the nerve of the lateral ocellus (0C.L..), which in
appearance 1is not unlike the optic nerve, but is of course
much smaller. A similar nerve (0C.M.) 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 antennal nerve (A)

originates. I'rom the ventral side of each hemisphere

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

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

soon divides, the mesal branch forming the arched nerve,
while the lateral branch, the clypeo-labral nerve, runs
ventrad, innervating the clypeus, labrum and labrum-
-%pipharynx. A nerve from the ventral side of each
hemisprere unites the brain with the lateral ganglia of
the sympathetic system. fhe lobes from which the

crura cerebri (Figs. 29 & 30 0.) arise are situated

caudad of the antennal lobes. The crira run one on

each side of the oesophagus, and unite with the
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suboesophageal, ring. After leaving the brain the
crura converge towards each other so that they lie quite
close together when they enter the suboesophageal ganglion.
4 short cord (Fig. 29 A0.) prassing beneath the oesophagus,
connects the two crura. In an earlier paper on the

Nervous System of the Larva of Sphida obliqua, Wik., I

%
have named this nerve the accessory commisure. It 1is

the suboesgsophageal commissure, commissure transversale,

quercommissur,schlundring &c. of other writers. As

pointed in the paper mentionsed, the new name was
suggested because of the lack of uniformity in the

usage of writers, and because most of the names used were
either cumbersome or descriptive of on.v a limited
number of cases.

The Suboesophageal (anglion (figs. 29 & 30) is

a roundisn, vilaterally, symme£;10a1 mass of nerve tissue
lying in the head caudad of the oesophagu:. It is
connected with the supra-oesophageal ganglion by means of the
crura cersvbri which enter it at its cephalo dorsal end.

The chief function of this ganglion is to innervate the
mouth-parts, It is connected with the first thoracic
ganglion by means of a pair of stout commissures (Com. )

The Mandibular Nerve (Figs. 29 & 30 Md.) arises

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

stoutest nerve of the ganglion owing, no doubt, to the



fact that the mandibular muscles are the strongest and-
largest in the head. Ventrad of the crura the

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

(Lb ) originates from the VentrocaRdal gide of the
suboesophageal ganglion. It enters the hypopharynx
where it innervates the gustatory organs. It also
sends branches to the labium and the muscles of this organ.
Latero-ventrad of the labial nerve a fourth nerve (s) takes
its origin. This is the salivary nerve. It innervates
the salivary duct, one branchixg rumning candad into

the thorax to the thoracic region of the duct. It fJg is
the "urkrown nerve" of Packard '80.

Thoracic Ganglia. There are three

e

large gangiﬁa in the thorax, connected by short stout
commissures. The median entosternites are situated
between the commissures at the anterior ends of the
ganglia., As stated above the two commissures of each
pair are quite free from each other. I'rom each
connective a nerve (Fig. 27 n.c.') arises, which 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. (Fig.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. Thus A is the cephalic nerve of its ganglion/

B the one next behind and so on.

There are three nerves given off from this

ganglion. Nerve A arises from the cephalo-lateral border
of the ganglion and runs latero-cephalad. The 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
distrivbuted among the dorsal muscles of the pro-thorax

and the precoxal muscles near their origin in the back.

Nerve B originates candad of A. It rns laterad to the
anterior edge of the pre—coxa. Nerve C is the stoutest nervs

of the ganglion being indeed equal in thickness to the
comrissure. It originates from the ca%do—lateral side

of the ganglion and runs obliquely towards the coxal opening
near which it sends off a small braﬂch. The two enter

the leg, immerxvating the muscles and auditory organs.
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The second Thoracic Ganglion (FPig.R7,I1). Nerve

A arises as in the first thoracic ganglion. Near 1ts
origin it sends a small branch (a) to the mesothoracic
spiracle. The principal branch innervates the
mugcles of the forewing. The 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 the nervs of the leg. It runs cando-laterdad
around the base of the leg and innervates the abductor
of the coxa.

The Third Thoracic Ganglion (Fig. 27.III).

This is the largest of the three ganglia in the thorax

and is evidently formed by the fusion of bhe two ganglia,

the third thoracic and the first abdominal. Consequently,
it is more complicated than the two preceding ganglia.

Ite chief nerves are the following:- Nerve A is

similar in origin and distributior to Nerve A of the

second thoracic ganglion. Nerve B arises from the

dorsal face of the ganglion and runs in a lateral direction.



Tt innervates the sternal muscles in the first part of

its course and, continuing into the back/sends nerves

tc the dorsal muscles of the metathorax. Nerve ¢,
arising from the lateral 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 thus similar to nerve D. of the
second thoracic ganglion. Nerve E arises from the

dorsal side of the ganglion ne-r the median line Just

cephalad of the base of the commissures. Its course
lies cando-laterad. 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

caﬁdal end of the ganglion Just 1ater§ad of the commissure.
It runs latero-candad into the first abdominal segment,
pasces heneath the first =¥AExIXEX transverse sternal
muscle near the insertion of the latter and then bends
laterad and dorsad running into the back of the segment,

At the vend it sends short branches to the transverse

sternal muscle and to the sternal recti. In the pleurunm
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0
it send branches to the tergv-sternal miscles and in the

back it inrervates the tergal muscles.

Abdominal Ganglia & Nerves (Pig.27 1-5.)

In the abdomen the ganglia are situated in the

second, third, fourth, fifth and seventh segments. The
first to the Pourth ganglion, are similar in appearance
and in the number of nerves they bear. They are quite
small as compared with the thoracic ganglia and the fifth
abdominal ganglion. This latter, owing to the fact
that it results from the fusion of several neuromeres ,
and/gge specialization of the appendages of the terminal
segments, is a very complex gangliorn as large as the
thoracic ganglia.

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

Two nerves arise fror each of these garglia. 0f these, the
anterior nerve A is the larger of the two. It is given

off from the cephalo-lateral side of the ganglion and its
course and distribution are similar to that of nerve F of

the tnird thoracic ganglion, i.e. 1t irnervates the

sternal, pleural and tergal muscles of its segment. Nerve B
is s slender nerve, given off from the ventral side of the

ganglion, and innervates the sternal portion of its segmant.
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Fifth Abdominal Ganglion (Pig. 27, 5.) As stated

above, this is a complex ganglion formed by the fusion of
the neuromeres caudad of the fifth segment. The shape
is triangular, the last pair of longitudinal commissures
entering it at its apical (eephalic) angle. This pair
of connectives is the longest in the chain owing to the
absence of the ganglion in the sixth segment. 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

homologues of nerves A & B of the preceding ahdominal
segments and evidently belong to the (primitive) ganglia

of the sixth segment. They originate near the base of
the commissures, A fro. the lateral, B from the ventral
side. They run cephalad to the sixth segment where
their distribution is similar to that of the homologous
nerves of the other ganglia. Nerve O originates from

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 bdbranch (a)
goes to the last spiracle. The nerve continues into the
back. Nerve 7 arises immediately ventrad of the origin

of the nerve to the cercus. It terminates in the musclas
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at the base of the cercus. Near its origin it gives off
a branch r which goes to the reproductive organs. Nerve F
is a stout nerve from the basal angles of the ganglion.

As stout as the cormissures it appears to be a direct
contiruation of the comnmissural fibres. It enters the
cercus where it innervates the numerous sensillae of this
organ. Before entering the cercus nerve I gives off

a stout branch (int.) which runs cephalo-mesad to the
integtines. The intestinal nerve ent®ers the intsstines
at the Junction of the rectum and small intestine. Here
it branches, one branch runs caudad along the rectum, the
other cephalad along the small intestine.

The Sympathetic Nervous System.

e A e B, e eSO Y
e e ——l

There are three different systems of sympathetic
ganglia and nerves in the insect. These are, (1) The
median or unpaired s¥yster, (2) the paired lateral systen
and (3) the ventral or superadded system.

The Median Sympathetic Systemn.

This system consists in most insects of two or three median,
unpairel ganglia. In the case of the insect under

consideration, however, the system consists of two unvaired
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ganglia and ons paired. The median sympathetic system is
also known as the vagus or stomatogastive system. It is
connected with the central nervous system by means of the

arched nervss.,

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

from the ventral side of the cerebral hemispheres and, at
its origin, is united with the clypeo-labral nerve. These
two nerves soon sepérate. The arched nerve curves inwards
and enters the frontal ganglion, thus forming, with the
fellow of the opposite side, the arch from which 1t derives
its name.

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

small ganglion situated on the oesophagus ventrad of the '
brain. Prom its ventral side a slender nerve, the

frontal nerve (f.n.) is given off. This runs ventrad into

the clypeus.

The Recurrent Nerve (figs. 22 and 31 r.n.) arises

- from the dorsal end of the frontal ganglion and runs dorsad
along the oesophagus passing beneath the brain. Beneath
the brain if enters the second unpaired ganglion of the
system (g2). Hitherto the recurrent nerve had been

median and unpaired, but on leaving the second ganglion

it divides into two. These run along the sddes of the
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oesophagius and crop and terminate in the vagus oOr

stomachic ganglia (g3), a pair of small ganglia on the

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

to the stomogastrie merves (s.n.) which innervate the
proventriculus and mesenteron, In most insects

the vagus ganglion is a median unpaired éanglion.

Berlese '07 states that the recurrent nerve is typically

double but becomes sﬁngle through coalescence., The

cricket is one of the few insects in which this nerve retains
it primitive double condition. It does not retain

it perfectly however as it is unpaired for the short

distance between the frontal ganglion and the second unpaired
ganglion.,

The Paired Lateral Sympathetic System. The

praired sympathetic system haaibeen studied in detail owing
to the unsatisfactorv nature of the preserved material.,

In insects generally, this system consists of two ovairs

of lateral ganglia on the sides of the oesophagus. The

two ganglia on each side may be cornected by a commﬁssure

or may be ERRREZizax¥ partially fused as was found in the

case of the larva of .sphida obliqua. In gryllus pennslvanicus,

howevsr I have found only one pair of lateral ganglia,
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(Fig. 31, 1l.£.). These ganglia are fairly large
roundish 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 short
comn~iasure to the second unpaired fanglion of the madian
system, and by another commissure, to the caudal side
of the brain.

Packard '80, (Plate IX, figs. 2 and 4, p.s.g.)
figures, but doe: not describe the lateral ganglia of

Oaloptenus femur-rubrum. In his figures there is a

single large ganglion, very similar to that found in @gryllus.

The Ventral or Superadded System.

The ventral sympathetic system consists of a

median and a transverse nerve in each segment, &xcept the

first and second thoracic. The median nerve (Fig. 27 m.n.)
originates typically from the median point of the caudal end of

the ganglion between the commissures, and runs caudad
terminating in a similar position in the cephalic end of

the next ganglion. Sometimes however it is partigally
united with one of the commissures. The transverse nerve
(fig.27 tr.n.) is a slender paired nerve which is given off from

the median nerve, usually shortlyc@phalad of the pasterior
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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 pleurum and

innervates the respiratoryv muscles.

The Digestive System.

ot St

The alimentary canal (figs. 32 and 33) consists

of a tube running through the body from the mouth at the
cephalic end ¢0 the anus at the caudal end. Owing to the
fact that there are only two small coils in the food canal,
ite »-length does not greatly exceed that of the insect as is
the case in certair other insects. The mouth is on

the ventral side of the head; its cavity is bounded by the
labrmun-epipharynx, the hypopharynx)labium, mandibles and
maxillae, Dorcad of the oral opening there is a slightly
enlarged portion the pharynx (fig. 22, ph. ). It narrows
intc¢ the oesophagus (oes) which runs dorsad passing through
the anterior foramen of the head and then bends caudad above
the cerntral plate of the tentorium (fig. 32, ¥ ) passing into
the trunk through the occipital foramen. In the thorax
the oesophagus merges into the crop (c¢) whieh is merely a
dorsal dilation of the oesophagus. When distended with
food the crop is very large, filling the thoracic cavitv

and exterding into the anterior end of the abdomen. 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 andtapers
gradually cephalad. When the crop is not filled with
food it does rnot retain its shape and the walls become

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

from the ventral side of the crop continuing the straight
Fooro

course of the aesophagus. It is divided intokportions'
an anterior tubular portion which nérges into a large oval
division. Following the proventriculus comes the
mesenteron (m) the so-called "chylific stomach. At the
point where the vroventriculus and mesenteron Join, the
latter forms a cephalad-projecting.fold which surrounds the
base of the proventriculus. The lateral portions of
this fold extend cephalad as far as the caudal end of the
crop forming two large diverticula or gastric caeca (g.c.) .
These are quite large having a diameter equal to,
or even greater than, that of the mesenteron. A ligament
attached at the anterior end of each caecum, runs forward
sends a branch to the crop and terminates in the pronotun,

in the anterior part of which its other end is fastened.

At the hase of the diverticula the stomach is of considerable
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width. Hers there is a constr&ction which serves
to mark off the diverticula from the stomach proper.
Caudad ¢ this constrﬁction the mesenteron narrows
considerably and retains a more or less uniform width
ur.til it enters the small intestine. Under the
dissgecting 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 REiWAXM anterior portion has the same oufward
appearance as the diverticula, and its surface is smooth
and even. The hinder half however has an uneven
surface-thrown up into folds, and beneath the surface

a nurber of small yellow bodies may be observed. At
the Junction of these two portions a funnel-shaped
muscular valve proJjects from the fore portion into the
hinder. Externally.at this point there is a slight
constrﬁction, and it is surrounded By a narrow band of
longitudinal muscles.

The mesenteron merges into the lleum, a narrower
tube. At the Juntion the uriniferous duct opens into
the canal. At its distal end the uriniferous 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 rectunm. The rectum opens to the exterior by meas
of the anus situated at the dorso-caudal extremity of

the insect.

structure of Digestive Organs.

The Crop. (Figs. 34 and 35.) The walls of the
erop consist of three layers, the muscular layer (figs. 34
& 35 mc. ), the chitinogenous epithelium (ep) and the
cuticula or chitinous intima (in). The muscular layer
consists of several lavers of striated circular muscles.
The number of layvers vary. The epithelium consists of
large Columnar calls with large niclei containing two or
rore rucleocli. The miclei are arranged near the inner
ends of the cells so that they form a wavy line beneath
the cuticula. Occasionally the hucleus of individual
cells is found in the other end of the cell next the
muiscular layer. The inner surface of the cuticula is
not smooth but shows numerous tooth-like projections in
cross-section (fig.85). When empty the crop contracts

and the wall is thrown into numerous folds which 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 much
larger than at the Hollows. Sometimes they disappear
entirely at the bottom of the depressions in which case the
intima is in direct contact with one ruscular layer. The
intima i fairly uniform in thickness throughout, but where
the depressions are veryv narrow the thickness decreases 80
that the intima may accommodate itself to the narrow
depression which it lines. The intima does not show a
cellular structure. Near the hinder end of the crop the

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

The Qesophagus is similar in structure to the crop.

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

two divisions, an anterior tubular portion next the crop

and a larger oval division next the gasfric caeca. The

innef 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, brownish yellow, caudad -
projecting bristles. Occasionally, in the middle of a row

of bristles, there is a small cgﬁtinous tooth. Caudad of

the tenth row or bristles, near the union of the two divisions
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of the proventrieulus the surface is bare and the ridges
not so well developed. In the posterior division of the
proventriculus tho ridges are again well marked, and are
armed with a complicated set of chitinized teeth (I'ig.38)
The cephalic end of each ridge is unarmed except for a soft
vellow down which gives it a velvety appearance. Between
esach ridge and the neighbouring one there is a chitinous
partition (Fig. 38 & 39, D)

In each ridge there are three rows of teeth.
The two outer rows are cimilar and relatiely simple. Each
consists of ten teeth (Fig. 38 & 39, &) quadrangular at the
base: These teeth are not verv strongly eghitinized and are
blunt except for a curved projection on the apex. This
projection is triangularﬁn cross section. It projects caudad

and is strongly chisinized especially+on the curved caudsal

/
edge. It is well fitted “or cutting or tearing pieces of
food. Eehind the chitinoug projection each tooth bears a
édmall tuft of stiff hairs.
The middle row also consists of ten teeth, though
a rudimentary eleventh is often developed. These teeth are
very mich more complicated than the others Just described.
Each tooth consists of lateral processes, or, denticles)and
an unpaired median denticle. The median denticle (fig. 38 & 39,e)

is the one which projects farthest into the lumen of the
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proventriculus. It is inclined caudad as are all of the
denticles and teéeth. The median denticle is conQical at
its base and its apex is fiattened, very densely chitinized
and armed with three to six sharp proJe:ticns. These pro-
Jections are,tvpioa11V,symetrically arranged/but may vary
through different asvmmetric :ombinations. On each side
of the central process, there 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 veculiar curved denticle situated irrediately
cephalad o7 the simple processes 'ast sdescribed. Viewed
from the inner side (i.e. from the direction of the central
process) they are narrowlv wedge shaped. Trom the outer
side ﬁhev present a narrow curved surface, semi-circular
in cutline. 0On the convex xKxXar® edge of this surface,
eight small processes are borne at richt ang!es to the sur-
face., It will thus be seen that this surface is eminently
fitted for grinding or cmrishing any solid pieces of food in
the provent¥iculus. The last pair of processes (b) are
quite different frorm the others. Theyv are laterad of the
median process and caudad o” the others. They are large,
padiike, not very stronglv chitinized with hlunt ends. Tor
the most part they are covered with a short vellow pubescence
Hoo Loins ane
but on the anterior sideA longer, stiffer, and dark brown in

color owing to their denser chitinization.



The hinder end of the proventriculus narrows and
projects within the fold of the gastric caeca. The siX
ridges vecorme mich narrower in this position, are not toothed
and project farther inward within the lumen almost closing if
(fig. 41) On the caudel end of the proventriculus, there are
six to eight flaps (fig. 40 & 41,v.)) which form a valve waich
closéﬁathe passage from the vproventriculu's to the mesenteron.
This valve opens onlv outwards into the mesenteron. It is
prevented from openin:g inwards by the ridges of the proventric-
uvlus.

A cross section cof the proventriculus (fig. 36 & 37)
shows the foliowing tissues. On the oiutside 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 Withp thick denselv chitinized intima. ©Next to
the intina is a laver of epithelial cells. These cells, as
in the case of the orop,contain large nuclei with several
nacleoli, Unlike thiagpithelium of the crop, however, these
nuclegfi are placed in outer en: of the cells away from the
intima. The epithelial cells are small between the ridges and
lie directly betweer the intima and the inmost laver of circular
rmuscles. In tre ridges the cells are elongated and mich larger,
and between the fold of the epitheliwh and the lavers of circular

miscles th=Te 1is 2 mass o0Ff lonsitudinal muscle fibres (fig.37,m.1l)
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Opinions varv as to the use of the proventriculus.
Earlier writérs regarded it as ax analaglous g} the gizzaid of
pirds and held that its function was to triturate and comminutér
the food so as to make it more readilv acted on by the digestive

in - of Hoie veeeo,
Juices; hence, the German name "Kaumagen'. GrabegAstated that
food found in the proventriculus was finer than that taken from
the crop.

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 stomach. Plateau, r¢§el, Tmery and
other well known anatomists have adopted this view. Goldfuss
(according to Kolge) states that in the Orthoptera the food is
already liquid in the oesophagus so that there is no need for
trituration. I do not know from which of the Qrthoptera

Goldruss deducted this generalization, but it certainly does not

hold for gGryllus pennsylvanicus, besides one is inclined to

point out that if food is ImEIxR®EAd fluid in the oesopnhagus there
is ag little need “or the siraining action as for the triturating
one.

My study of the proventriculus of @Gryllus has led me
to believe that the proventriculus in this insect, while it may
have = gtraining action has also a tritursting one,. The elaborate
system of teeth and powerful circular miscles are not necessary
for strainins the food. On the other hand I fail to see how
any solid pieces of food (unless very hard), caught between the

denselv chitinized teeth when t*e proventriculus is contracteq
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by the powerfuli\nm&xx&XX‘ annular miscles, can escape some
degree of comminution. Indeed some of the teetl as pointed
out abovelseem gpecially adapted for crushing.

It is however imprudent to generalize from a
single study or egen from several studies, except of widely
different forms. It is quite possible that the proventriculus
~qv in some cases be a s*rainer, in others a crusher, or may
combine the functions of both.

gastric Caeca (fig. 43). The caeca sShow only

two layers in cross section. The ouber layer consists

of rmuscular fibre and the inner laver of epithelial cells.

There is no intima. The epithelium is thrown up into a
number of irregular folds which practically f£ill the

cavity of the caecum. The elithelial cells are narrow and
crowded together. Thefm limits are not well defined. They
contain large nmuclei with one or two large nucleoli an#several
smaller granules. Thev ars collected together in groups
sevarated by connective tissue which forms a cup-like receptacle
for each group. Two such%cups'are shown in Pig. 44. When
the cells are viewed end to, the cohnective tissue has a
réticulate appearance. At the bottom of the cups (i.e. next the
muscular layer) there are sveral sperical bodies, which are not
as large as the nuclei and taks a very deep homogeneous stain

with haematoxylin.
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The Mesenteron. Minot t80 says, "It has been

commonly stated that the caeca @#lo not qiffer in structure
from the stomach, a statement wvhich though quite incorrect
is repeated by so exact an author as Milne - Edwards
vet, that there is a great difference had been noted in
1848 by H. Meckel, whose observations are also xigkizad
cited by Levdig ... Sirodot repsats the old and incorrect
statement while Graber expressly states that their
structure is not the same as that of the stomach ... Mors
receftly M.F. Plateau has again called attention to the
incorrectness of the old view",

This again seems to be a case of too hasty

generalization, bYecause in Gryllus pennsylvanicus, except

that the epithelium is not thrown ®BELX 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 differnt in other insects and it is conceivable
that each of the above workers may have been correct
according to the insect he studied.

The posterior half of the mesenteron (Fig.42)
however differs entirely fror the anterior half in its

structure. The circular and longitudinal muscular layers
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are similar to those of the anterior half. The cells

of the epithRelial layer are vlaced side by side bmt are
not very distinctly delimited. The reticulum of
conrnective tissue is absent. The nuélei are large and
distinct. The inner margin of the epithelium 1is
undulatary. A thin intima is present. Inside the
epithelium there is a thick uneven, homogeneous layer
(Fig.42 h.1.) This shos no¥ cellular structure

and takes a deep purple stain with haematoxylin.Within
this layer there are several oval glands, already referred
to in the general account of the digestive canal. They
are hollow within, opening by a narrow mouth towards the
epitheliumn, The inner end is blind. The hollow of
the gland is lined with an invaginated portion of the
epithelium and i~tima. The walls of the gland are
formed af elongated radiating cells.'! It is difficult
to make out thestructure of these cells as they take

a desp pnrple stain similar to that of the surrounding
homogeneous mass. Or the inside of the mesenteron,
next the homogeneous layer there is rkkhix a thin

membranous layer surrounding the lumen (Fig. 42,m.).
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ILack of time and of suitable fresh material, prevents
the study of these structures in greater detail at the present
time. The inner membranous layer is doubtless the peritrophie
membrane of Ramdohr.

The Intestines. Within ths 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 of

the small intestines is shown in figure Na.46. It will be
observed that there are two layers of circular muscles and
several longitudinal strands. A chitinous intima is also

developed.
The Salivary Glands (Fig 83 s.g.) Each salivary

gland consists of several lobulate masses of tissue lying wentrad
of the cesophagus and crop, and extending sauded as far as the
meta=thorax. Into each division of the gland-a branch of the
g8alivary duct enters. This divides within the tissue into a
number of smaller branc¢hes which go to all parts of the glandular
tissue. The branches from each gland unite to form & common

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

two ducts lis, one on each side of the first pair orf commissures.
They pass into the gead beneath the oesophagus but do not follow
the course of this organ through the anterior foramen. Instead
they pass ¥entrad of the suboesophageal gadnglion and unite to form
a short common duct the outlet of which lies in the hypopharynx

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



THE _CIRCUIATORY SYSTEM

P TX
fhe heart (fig.47 h) is an elongated tube which lies in

dorsal side of the insect extends from the eipghth abdominal
gsegment to the base of the mesothoracic segment. Hsre it
narrows to form the aorta (af)a straight slender tube which
runs cephaled to the hase of the head. The heart shows
segmentally arranged constr&ctions. These mark the position
of the inter-ventricular valves but I have not yet psrformed
the dissection necessary for a descriﬁtion of these valves.
The heart 1lies in a pericardial chamber which is hdunded
dorsally by the larger longitudinal tergal muscles and
ventrally by the pericardium‘a thin membrane of connective
tissus. In the pericardium there are ten flairs of pericardial
or zlary 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 atidominal muscles are largser and
uniform in size. The next pair situated in the metathorax
is the largest, being about twice the size of those bshind it.
The cephalic pair, in mesothoric, is also larger than the
abdominal ones.
—1HE RESPIRATORY SYJTHEM
There are ten pairs of spiracles in the crickst,

on2 in each thoracic segment and one in each of segments

2 to 8 in the abdomen. Xn the abdomiral spiracles the
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cephalic border of the valve is narrow, crescent shaped
and slightly overlap the other iip. The 1lips of the
first and second thoracic spiracles do not overlap and
are quite simple, lacking the chitinous structures of
the abdominal sviracles. The third thoracic spiracle

is similar to the abdomianl bhut larger.

From each spiracle three tracheal branches arise.
one of these (Fig. 48 & 49 a) runs along the center and
unit=s with the ventral longitudinal tube (V). Another,
the dorsal branch (b) runs alo:ng 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 Gryllus penasyleanicus these tubes are
absent. Instead of these, however, there is a pair of
ventral longitudinal tubes, one on eac;jgi'the ventral
chain and a second pair in the dorsum, one on each side

of the heart. In the abdomen the ventral tubhes run
parallel to sach other and there are no transverse

trachael commissures connecting them except in the eighth
segment. In the thorax the ventral tubes diverge from each
other until they reach the second thoracie spiracle with

which they are directly connected. From this spiracle

they again converge, runningz in a cephalo-mesad direction.



At their nearest point they are connected by a tracheal commissure
and again bend outward, terminating at the protharacic spiracle
where another large commissure connects them, From this spiracle
two large tubes run forward into the head.

From the ventral longitudinal tubes 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 ccnnected by segmentaidly arranged
tracheal commissures in the abdomen but not in ths thorax.
These commissures, as well as the branches connecting the
spiracls with the longitudinal tube, have a much greater
diameter than the longitudinal tubes. The commissures, however,
are much narrower at their ends where they join these tubes.
In the thorax the dorsal longitudinal tubes increase in
diameter and converge tovards sach other in the third segment.
In the mesothorax, however, they diverg=s again, they continue
into the head.

Branches from these longitudinal tubes supnly

the dorsal muscles, pericardium &c.

REPRODUCTIVE SYST BM

Male reproductive organs
The testes. (Fig.50,1, Fag 51.) There are two testes
present in the male of Gryllus pepnnsvlcanicus. They are
situated in the back of the abdomen, immediately above the

gastric caeca, proventriculus and the anterior end of the



mesentsron. The testés is irregularly ovoid in form. The
wider anterior end is supported by the suspensory légament
(fig .50, susp.) The cephalo-lateral edges of the two testes
are in contact in the mesal lins of the dersum. A laysr of
connactive 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
figure 51. The vas deferens (v.d.) originates at the anterior
end and runs through the testés, leaving it at its posterior
narrow end. The anterior end of the vas is enlarges and from
it arises a large number of testicular follicles (t.f.). These
follicles (Fig.B2) are clavate, attached to the vas defsrens by
a narrow tubular stalk, and project backwards to the scrotﬁ&m.
They are loosely joined to each other by strands of connéctive
tissue. Thers are about three hundred follicles in each test&s.
Minot 'S80 has described the follicles of the
locust as being divisable into four parts; (1) A distal cellular
portion, (2) The next section containing sevsral wedge shaped
bundles, the heads of the spermatgéoa, (3) A section containing
the tails of the Spermatogoa, and (4) The proximal segment filled
with granules. The follicles of Gryllus pennsvlvanicus are very
gimilar to those of Ga;ogteggs described by Minotéuyln the distal
end are numerous spermatoblasts (Fog.52 sp.b.) their(jg;ucture

may be observed by making a cross section through the tip of the



follicle, In the proximal portion of this first section the
spermatoblasts ars in various stages of transformation into
spermatdioa and gradually assume an elongated shape. Nex?t

to the spermatoblasts comes the second division of Minot,
containing numerous wedge-shaped bodies (s.h.) These are the
heads of the Spermatoéoa which collect together in hundles.,

An isolatsd bundle of spermatd%oa is shown in figure 53. Next
to the spsrmatoblasts the heads are still in process of differ-
entiation and have a granular appesrance. They are also
rounded rather than wedge shaped. Further down the tube,
however, they ars well developed and the bundles are distinctly
wedge shaped, the apex of the wedge pointing towards the apex
of the follicle. The tails of the Spermatoéoa (s.t.) are 1ongl
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 of bundles passing

out of the follicle may be found in both the third and fourth
division. The heads and tails ars easily distinguished as the
former takes 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 oﬁ the testes, run through the testes within the
scroflum and leave at the caudal end. Whey run ventro-caudad as

far as the base of the intromittent organs and then turn cephalad
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entering the seminal vesicle on its ventral face. At the base
of the intromittent organs the vas is kept in position by means
of longitudinal muscles, the nerve of the cercus and tracheal
branchss which pass mesad of it. The vasa are narrow, stiraight
tubes until they reach the ventral side of the seminal vesicle.
Here their diametsr increases greatly and they maks several
folds before they open into the vesiculus.

The seninal vesicle. This is a large round sac
situated on the ventral side beneath the coils of the intestinal
canal. The surface of the vesiculus is covered by numerous
accessory glands. These are of two kinds, elongated ones
the utriculi majores (Fig.50 u.maj.) and smaller ones the
utriculi breviores (u.br). The larger glands arise chiefly
from the laterzl and ventral sides, while the smaller arise
chiefly from the dorsal and c¢ephalic. Those on the cephalic
gide are very small, often mere wartlike protruberances. In
cross section (fig.57) the accessory glands are seen to consist
of a single laysr of secretdng cells not very well defined but
with distinet nuclei. They serrete the mucilaginous substance
which serves to form the envelope of the spermatophores.

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

stout tube leading from the caudal end of the visicle to the
copulatory organ.

The spermatophores (F1¥.59) consist of bundles

of Spermatoioa, glued together by the mucilaginous secretion



of the accessory glandis. They are pear shaped, slightly notched
at the breader end. The other end is drawn out into a long
slender tail.

The Male Oopulatory Organs. (Fig.50, 55 & 56).

The =xternal openins of the male organs is bounded ventrally

by a pair of loves (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 form a cup-liie hollow into
which the spermatophore rests at the time of €dopulation. The
dorsal border of the genital opening is formed by & plate
which on its distal edge, bears five chitinous processes. The
first of these processes (figs.556 & 56 d.p.) is borne on the
dorsal side. It is an unpaired triangular, upcurved tooth.

On the lateral edges there are twc pairs of tooth-like chitinous
processes, one (i.l1.p) borne just inside of the other (e.l.p.)
A slendsr chitinous spine lies along the roof of the dorsal
plate. This is the penis, ﬂit it is not wverforated and has
thus lost its original function. It 1is probable however, that
it serves to orientdte and direct the spermatophores. Above
the dorsal plate thers is a second cup (d.c.) Just befors the
extrusion of th~ spermatophore its head lies between the lobes
of ths ventral cup while its tail is coiled up in the dorsal
cup (fig. 58 spn). Pending further studies I have temporarily

termed these cups the dorsal and ventral spermatophore cups.



FEMALE, REPRODUCTIVE ORGANS
Qgvaries (Fig.58 0,) There are two ovaries present situated

latero-dorsad of 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 bvack 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
of 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 (fig.62) are elongated tubes divided
into compartments., The size of the compartments vary according

to th2s presence or absence of eggs in them or according to the
size of the contained ova. The walls are distensible so Phat
the chambers can undergo consi 2rable increase or deceease in
size to accomodate the eggs which they -contain. The compart-
ments next the oviduects are usually largest as they contain
fully for-ed eggs. Distad of this the size decreases pro-
gressively and the follicle fig;ﬁiéy ends in a terminal thread.
The terminal thread of all the follicles of each ovary unite to
form a suspensory ligament. This runs cephaled and divides into
two branches. One branch is attached in the pericardium near
the heart, the other at the insertion of the second alary muscle
in the thorax.

The walls of the ovarian tube consists of a single

layer of cells with large muslel (fig.83). The cells are luargest
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in the proximal portion of the follicle, There are no nutritive
cells developed.

The ova (Gig.84) are yellowleylindricallwith rounded ends .
Usilally they are slightly convex o one side and straight 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 ovarian follicles of each ovary unite to form a
common tube, the oviduct (Fig.58.0d.) The two oviducts run
caudad and converge towards each other. They unite ventrad
of the rectum and form a short vagina. (fig. 68-80 vag.) This
is formed partly by the united bases of the oviducts and partly
by a cup-like structure on the dorsal side of the base of the
oviducts. This is continued caudad as the bursa copulatrix
(FPig. 60 b.c.) a shallow pouch-like organ, which receives the
copulatory crgans of the male, ﬂ&u‘

Attached, at its anterior end to the vagina,AaM%ongue~
like flap (Fig.59 £, fig 61) which projects backwards into the
bursa. In#ide view (Fig.681) the dorsal side, which lies against
the roof of the vagina and hursa, is co}ex and strongly chitinized.
The ventiral side is concave and not so densely chitinized. Near
the tip of the vertral surface there is a circular pore (m.d.)
which marks the mouth of the duct (4) from the receptaculum
sem is. The receptaculum (fig. 58 r.s.) lies to the right of
th- mesal line cephalad of the vagina. It is an ovoid body with
its larger end pointing cephalad. Near the smaller end the duct

(d) is ziven off. This is a long slander tube containing many
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coils. It enters at the cephalic end of the vagina and passing
through the tongue l1ike flap described above, has its outlet

near the apex of the latter organ. The vulva or external genital
opening has on each side a thick lip (fig. 58 & 59 vul.) formed
by the fleshy bases of the ventral gonapopiyses, A thick wedge
shaped appendage of the vagi.a, attached at its broad end to

this organ, extsnds over the vulva and forms a movable 1lid over
the orifice. This organ may he termed the operculum vulvase.

It does not seem to be invariably presdant.

Thus far no sebaceous, cement or colleterial glands

/
have <een found. In most other insects thesse glands exist as

cceessory glands of the vagina. In Gryllus pennsyilvanicus,
hovever, they do not seem to be present. Such glands would
indeed be unzssential in this insect as the eggs are laid loosely
in the soil not attached to each other, nor to any object, nor

50 they seem to be coated over with any special cement.
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EXPIANATION OF FIGURKES

rig.l. Head, Cephalic view.
" 2. " Caudal "
v 3. ¥ Lateral "
"4, v Ventral view with mouth parts.removed showing
tentorium.
v 5. Clypeus and lLeabrum.
" 8. Iabrum - epipharynx.
"7, Mandible, cephalic view.
v 8, v caudal view.
v 9 Maxilla.
v 10 Iaba%m.
¥ 1l Labﬁ%m and Hypopharynx, side view.
tio 1-1

2. Antenna. Ab,t. Abductor of mandible,

ad.t Adductor of mandible. 0C.a. Ante-clypeus.

Cc.p. Post-clypeus. C 1., C 2. The two sclerites of the cardo.
E. Eplcranium. e. Compound eye. e.3. Epicranial suture.

P.A. Anterior foremen. F.L. Lateral foramen. F.0. Occipital
foramen. G, Gena. g. Galea. gl. Glossa. hyp Hypopharynxk
L. Labrum. 1. Iacinia. m. Mentfum. mb. Membrane attaching
mandible to clypeus. mb 2. Membrane attaching maxilla to

outer edge of labium. M.C.l. Anterior condyle of Mandible.



M.C.2. Posterior condyle of mandible. Md. Mandible.

0. Occiput. o.1l. Lateral occellus. o.m. Median occellus.
P. Pan into which posterior condvle of mandible fits.

pf. Palpifer. pg. Palpiger. P.G. Postgena. p.gl. Para-—
glossa. p.l. labyial pal#us. p.m. Maxillary palpus.

g.d, Outlet of Salivary duct. s.m. sub-mentum. st. 8tipes

T. Central plate of tentorium. i, 2, 3. Arms of tentorium.

rig. 12. Ventral view of thorax.
¥ 13. Dorsal view of thorax, with the caudad - projecting
edge of the pronotum removed to show mesonotum.
Wings elso removed.
¥ 14, Lateral view of thorax and abdonen.
Caption figs. 12-14
and
C. OBrcus. 0Cox.l. Cox.2. Cox.3. Coxae of 1st. 2nd. ® 3rd.legs.

Fm g Epimeron of mesothorax. Em g Epimeron of metathorax.

Fs2, ES3. Episternum of meso - and meta-thorax respectivelv.
oﬁp. ovipositor. pron. Pronetum. p.scl. Praescutellun.

of mesothorax. 8c¢lg, Scl3. Scutellum of meso and meta-

thorax respectively, 8Scg, Scg. Scutum of meso and meta-

thorax. St2, St3. Sternum of meso and meta-thorax.

St1. Sternellum of pro-thorax. W1, Wg, Base of Wings. 1,2,3 &c.

Abrdominal tergites., 11, 22, 33, &c. Abdominal Sternites.



Fig. 15. Endothorax. a. Median entosternite of prothorax.
b. Medlian process of meso-entosternite. pli, plg, rls,
Ento pleurites of pro- , meso- and meta-thorax respectively,
st1, stg, st3, Entosternites of pro-, meso-, and meta-,
thorax.
FPig. 16. Left fore wing of male.

v 17, ¢ v " U female.

v 18 8tridulating ridge and t=zeth from male wing.

& 19 TFore leg.

u 20 Hind leg.
Caption Figs. 16-21

C. Coxa. T. Femur. S. S8tridulating ridge.

ty1, tg, t3, t4, Joints of tarsus tm. Tympanum., tr. TrochaQnter

Fig. 22. Caudal view of Abdomen of Female.

v 23 v " " " " Mele.

v 24 'Basal portion of cercus.

u 26 Base and apex of ovipositor.

aption figs. -24

C. Cercus. d.g. Dorsal gonapophyses.

g.a. Genital armature of male. i.l. Infra-anpal lobe.
p.p. Podical plate. 8. Club—-shaped sensillae of cercus.

s.r. Sur-anal plate , s.pl,Lateral portion of sur-anal
plate. sr.l. Sur-rhabdal lobes v.g. Ventral gonapophyses.



71, 8l, el,
Figure 26.
Figure 27.
Figure 28.
v 29 .
" 30.
" 3l1.

7th. 8th and 9th. abdominal sternites.

Side view showing principal muscles of thorax and
abdamen.

abd. c. Abductor coxae. Ad.c. Adductor coxsae.
Ext.fem. External femorasl. 1.s8t. Longituddnal sternals.
t1, to, Longitudinal tergal muscles of abdomen.
th.t. Longitudinal tergals of thorax.
tr.st. Transverse sternals. t.s., Tergo-sternals.
Nervous System - Brain and ventral chain.
1, 11, 111. Thoracie ganghkia 1,2, - 5. Ahdominal
ganglia A.R.C.&c. Nerves arising from various
ganglie (Por thair distribution see text)
Br. Brain. int.n. Intestinal nerve. 0Oes. Cesophagus.
0.@G. Optic Ganglion. O.N. Optiec Nerve. Mn. Median
nerve., N.C, Nerve of Commissure. r. Nerve to
reproductive system. tr.n. Transverse nerve.
Cephalic view of Brain.,
Sub-oesophageal ganglion. Dorsal view.

" " " Lateral view.

Median and lateral sympathetic systems.

Caption Figs, 28-31

A,

1%
Antennal nerve. A.C. Accessoly comnissure.

Ar, Arched nerve. (C. Crus. O0.L. Clypeo-labral nerve.

Com. Commissure between the sub-ocesophaneal and first

thoracic

nerve.

ganglia, f.g. Frontal ganglion. 2f.n. Bontal

g£.2. Second garglion of median sympathetic systemn.



g.3. Third ganglion of median system. L. labial nerve.
l.g. lateral ganglion. M4A. Mandibular nerve. Mn. Median
nerve. Mx. Magillary nerve. O0C.L. Nerve to lateral occellus
Oc.M. Nerve to median ocellus. 0.G. Optic ganglion. O0.N. Optic
nerve., r.n. Recurrent Nerve. 8. Salivary nerve. 8.n. 8tomogastric
nerves.
Figure 32. Digestive system in situ lateral view.
" 33 Digestive system, dorsel view.
Caption figs. 32 & 33.
an. Anus. 0. Orop. Col. Colon. g.c. Gastric caeca.
gl. Gland of posterior division of mesenteron showing
through muscular layer. 1il. Ileum. m. Mesenteron.
M.V. Muscular Valve, of mesenteron. o0Oes. Oesophagus,
p.v. Proventriculus, anterior tubular division.
p.v?ki Proventriculus, posterior oval division. rt. Rectum.
gs.d. Salivary duct. s.g. Salivary gland. n.d. Urinary duct.
u.t. Urinary tubules.
Figure 34. Oross section of crop showing the three layers.
" 35. o v " v u Structure.
" 36 v " ¥ t#bular division of the pro-
ventriculus showing the six ridges.
Figure 37. OCross section through two ridges of the tuvular
division of the proventricwlus.
Figure 38, BP&rt of one of the ridges of the posterior portion
of the proventriculus, the chitinous partitions (p) between

the ridges and four teeth in each of the three rows.



Fig, 39. Cross section of posterior division of the proventriculus.

¥ 40, The proventriculus and gastric caeca, the upper half
of the latter removed to show the proventriculus valve,

“ 41, Longitudinal section through proventriculus (diagrammatic)

" 42. Cross section of posterior division of the mesenteron.

¥ 43, Cross section of gastric caesum.

¥ 44, Section through two "cups" of the sepithelium of the
anterior division of the mesenteron.

" 45, Cross section through anterior division of mesenteron.

¥ 46, Cross section of small intestines,

Caption figs, 34-46
a, lateral testh 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 of the proventriculus.
h.l. Homogeneous layer of mesenteron. in. Intima. m, Peritrophic
membrane. m.c. Circular muscles. m.l. Longitudinal muscles.
p. Chitinous partition between ridges.
Figure 47' Circulatory Nrgans.
a.m. Alary muscles, .ao. Aorta., h,Heart.

Figure 48, Viscera removed showing Ventral tracheal system.

v 49, " " " Dorsal v v
Oaption figs. 48 & 49

a. Ventral tracheal branch ©b. Dorsal tracheal branch.

¢. Visceral branch. D. Dorsal trachaal tHrunk. d.c. Dorsal

tracheal commissures. V. Ventral tracheal trunk.



Fig.
Fig.
Fig.

50.
51.

52 .«

Fig. B63.

Fig.
Fig.
Fig.

54.
55,
56 .

Fig. 87

Male Reproductive Organs, dorsal view.
Longitudinal section of testas.
Testicular follicle.
Bundle of spermatoéoa.
Spermat ophore.
Copulatory Organs, lateral view.
. " longitudinal seetion
Section through accessory glands. A. Longitudinal,
B. Laterzl.

Qaption Figs. 50-56

d.c.
da.p.
e.d.

sph.
t.f.

Dorsal spermatophore cup.

Dorsal chitinous lcbe of genital armature.
Fjaculatory duct. e.l.p. External lateral chitinous
plates.

Grenules in testicular follicle. 1.l.p. Internal
lateral plate. ser. Serotum. 8p.b. Spermatoblasts
Spermatophore. susp. Suspensory ligament. T. Testes

Testicular follicles. u.br. Utricull breviores.

u.maj. Utriculi majores. v.c. Ventral sperm:tophore cup.

Vld‘

Vas deferens.

Figure 58, Female Reproductive orga:s, ventral view.

68 Genital atrium with operculum vulvae removed,

showing spermathecal flap.



Fig. 80. S8ide view of female organs.

Fig. 81. Spermathecal flap.

Fig. 62. Ovarian follicle.

Fig., €3. Cross section of ovarian follicle,

Fig. 64. Oovum,

caption figs, 58-64

bc. Bursa copulatrix. d. Duct of receptaculum seminalis.
f. Spermatheca#l flap. m.d. Cutlet of Spermathecal duct.
O Ovary; 0d. Oviduct. op.v. Operculum vulgae. ov. Ova.
r.s. Receptaculum, Seminalis,or spermatheca. vag.Vagina.

u
val. Lips of the valve, vwleo
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