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THE MUSCULAR SYSTEM OP GRYLLUS ASSIMILIS FABR.
{-PENNSYLVANICUS BURM.)

K. Mki.viiii; I)iI'o«te,

M.i(.l).in.il<l Colli'Ke (MiOill Univorsity), ('..na.l;!.

lNTKOI)f(TI()N.

This paper ^ivi's an acioiinl of tin- iniisfulatua" of drylltis
assimilis Fabr., oiu> of our comtnon fidd crioki-ls. It includes
also a brief description of the internal skeletal structures
inasmuch as a knowied^je of these is necessary to understand
the tnethod of attadinient of tlie nuiscles.

In his comprehensive study of the thorax f)f d. domestUus
Voss ('().")) describes tlie musculature of the veraeervix, the
thorax and tlie anterior s",i,'tTii-nts of the abdomen. Beriese *('()•))

figures some of the th<jracic muscles of (,'. ainipcslris. The
musculature of these two insects agrees very closely with that
of the allied G. assimilis.

In namiuK the head muscles, including those of the neck,
I have employed terms descriptive of their functions without
reference to possible segmental homolojjy. I have followed
Voss and BitIcsc's system in naming the thoracic and
abdominal muscles, and have not described these muscles in
detail, owin^ to their Roneral similarity to the muscles of
G. (lomesticiis as described by Voss ('())). The numbers used
by \'osK are inclosed in scjuare brackets after the description
of the muscles; the names which he used for the cervical
mu-.clcs are also thus inclosed, Crampton's term veraeervix
beinj,' substituted for microthorax.

I have thought it best to avoid the use of Latin terms.
The numbers used have no significance apart fropi their reference
to the figures.

16
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I. THE ENDOSKELTON.
(KiK*- 1. 2an<I .1).

TiiK Head 'Pin. 2). The well dcvflopcd tentorium consistso a central plate (T.C.) from which two pairs of processes!
K.ven off. The base of the central plale formsZ- v nt' a!edKc of the oecpUal foramen (P.O.) The central plate iC-s

hroM r.r l'l^"^;/'Pproximately parallel to that passingh ouKh the mechan hnes of the pleura. A c«onstrietion nearthe base ^ives t us plate a tnore or less urn-shaped outline

^htTfT^A?rf ""^'"r u-
':"'" ^ ''''^«^' ^"'-^"^''^^ '''"^-'"rplate (1. A.), the base of which is attached to the hnver edi-eof the Kena near the base of the mandible. Immediateh'

centra plate.
1 hese are the posterior processes (T. P )• thevare columnar m form and run obli(,uely forward an.l umard

B.u7. n'n
':' ^-'^'-'^"'""^ -''•''• the base of the ant'enn^e."Betueen the two anterior proces.ses, the central plate an.l thecpicranuim three foramina are formed, an anterior one (F A)throujih which the asophaRus passes from within the ep

t

cramun, to the mouth, and two lateral foramina (F. L.) through

blel'pas/
""'" ''''''" ^'"^ '''' "'^^"''''"'' "^"^^•'^•^ "'" the nS-

thJ^r ^f'l''''^-^'':
'-iPOc'^-nies arise from the epicranium athe ed,e of the o.-<.,pital foramen, a median dor.,1 proces

(A. M.) and two lateral processes (A. L.) Thes.^ pri.-esse.serve for the insertion of certain of the muscles wf- h -nm
the head.

TiiK Vkracervix or Neck. (Fig. 1. Ccrv.) There are i.paired and one unpaired sclerites which support the .rrvica'membrane and on their inner surfaces serve as points of .tta
*

ment for some of the neck muscles. These are the three in
sterni es (Fir. 1, i.st. y, s, e) or ventral cervical sclerite'second of which is median and unpaired; the large interpku.

its nn
'

-^''^ ?""*^',
''u

'"''^''' projecting proccss (ap. ip.) ^Its anterior end, and the two intertcrgites (Fig. 1 it a & J,

nnfbrS-V^''^- ?^^ 'r'
''^"'^ -""t-ement of tl^^e sclentS

later the into nl'''> ^ 'f '"""''' '° ^'^- ^- ^' ^-'H ^e shown

t t.,^
Pf ''' '' ^'''' °"^y ""'^ «f "t"ch importance forthe attachment of muscles.
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The r-KoriioRAX (Fix. I. T.) A lateral entostomite or
furca (cs) arises from each of the posterior ends of the inverto.!
V-shaped furcasternite (Fs) and extends across the oiK-ninR of
the fore-leK. The flattened distal jMjrtion is closely appressed
to the inner face of the cpinuron and entopleurite. The small
spina or median entosternite (es. m) is a flattened three-jobed
plate arisins from the posterior edjje of the spinasternite (Ss)The greater portion of the pleuron is oversrown bv the pronotumand hes on the innei side of this sclerite (see DuPorte '19)
The continuous edges .f the episternum (Ep) and epimeron(bm) are infolded to form a deep entopleurite (ep) which
projects ventrally to form a ball and socket articulation with
the outer angle of the coxa.

The Mesothorax (Fig. 1. T.). The median entosternite
(csm) or spina is a three-lobed disk attached by a short stalkwhich projects inwards from the furcasternite between the
bases of the lateral entosternite (es). The proximal section
of the lateral entostcrnites is more or less cylindrical, while
the distal section is expanded and folded to form a pocket into
which fits a process from the entopleurite. The entopleurite
(ep) IS formed from the inflcxed contiguous edges of the epi-sternum and epimeron. Its dorsal extremity projects beyond
the edges of the episternum and epimeron. forming the pleuralwing process At its ventral end it gives otT a spur-shaped pleural
process which fits into the pocket of the entosternite The

JZ,^''';^""'?"\^^v: ^ P'"'' °^ '^'"'"^ "^"'^^'^'*- ^"'^ originating
from either sjde of the spur and inserted on the inner sides of
the pocket. Thus l^ strong arch is formed above the leg openingFrom this arch certain of the leg muscles originateA pair of intersegmental sclerites (in), probably the pre-
tergite. lies transversely in the sutural membrane between
the pronotum and mesonotum, the inner ends are attached to
the anterior edge of the mesoscutum and the outer ends extend
to the antenor edge of the base of the wing near the anterior
piece of the first axillary. There is a lar.e b.salar sclerite
(b.s.) and a small subalar plate (s.a.p

)

The AIktathorax (Fig. l. T,). The endoscleritc. in thissegment are similar to those of the mesothorax. except that
here is no median entosternite. The intersegmental -clerite

(ini^ comes in close contact with the posterior process at the
lateral end of the mcso-postscutellum. There are one large and
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on,. s„iain,as.l:,r <,l,ri„.s (h.s.) an.l twosul.alar plat.. U a n )thc^antenor ..ne clonKat.,!. the .K.^tcTior s„,all.; an.l l.n.arlly

plat., arc nnl,.,,!.,! ,n 11,. phural nunihranc. of tho al.clonu n

bdnn.l tho Ims.. of the- third c-oxa, is th- largest of the^scUntc-s. Jucl^in, by its musculature this plate- "s ap Lentila detachcl portion of the first and second ahdomina?' er^iTc'In each se,-,nent fro.n the third to the seventh there are thrt'esmal hnear pleural sclerites. one (p.s.) near the ante or endone; I-. near the posterior end and the third (psiV themiddle of the segnient nearer the tergum than the two otherpleural sclentes. In the third segment the third pCal
st;"^!."

'"''^ '"' """^^ """^"^ ^^'^"^ ^^^ second and thi'd

the^fT.
'^"^

''T'^''' '"f^^'"'
"^ '^'' ^'•^'^^h and ninth ter,iites inthe fenia.e. a flattened blade-like process (Fig 3 PA. PA^

projects onvard. These processes serve as points of oVi.infocertain o the muscles which move the ovipositor. The s "p
a-genital plate bears a median knife-like process (Fig 3 P S G )which serves the same purpose.

f-^-^.)

A ventral (Fig. 3. v., v,) and a dorsal process fd, d,) aregiven off from the base of each gonapophysis; the e serve Hpom s of insertion for muscles of the oviJitor On each sidethe two dorsal processes (d. and d,) are closely interlockedThe ventral processes (v.) of the dorsal pair of gonapophyses

Fig 3 Tc TTwT\ ''''

""'T "' '-^ ^-"—--hitinous rod{txg 3, tc.) which bears a flat, thin unpaired process ^m^in the middle of its anterior face.
^ ^^

II. THE MUSCLES OF THE HEAD.
The muscles of the head may be divided into (a) the musclesof the mouthparts. (b) the muscles of the antennae c themuscles of the pharynx and oesophagus, and (d) the itical

asa whol"
''°" "''^' ^""^'°' ^'^^ niovenJts of'thJ hS
(a)

.
The Muscles of the Mouthparts

abdTbr^
^^««'^-^;-Jhe Abductors of the Labrum (Figs. 7 and 9abd.lbr.) are a pair of contiguous muscles, straight whh pamllei
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fibres, onginatinR in the- midd.e of the front immediately beneath
the median oeelkis and inserted by a short tendon into the
base of the labrum, one on each side of the me.lian hne

The Adductors of the Lahrum (FiRs. 7 and S, ad. Ibr ) Two
three-headed muscles inserted bv means of a small tindon
one in each of the basal angles of the labrum. The outermost
head IS attached to the front near the inner side of the antenna
the innermost near the median line adjacent to the origin of the
abductor, and the middle head mi.hvay betwcn these two
In s^me specimens only the outer and inner heads were present"

i llK Manuiiu.es are articulated with the epicranium by
means of a «inglymus joint permitting motion in one plane
only, consequently there are but two muscles, an adductor
and an abductor. The Adductor of the Mandible (Figs 4 5and 0, a.l md.) is a pyramidal c-mplex muscle and, owing 'to
the fact that in the cricket the mandibles are strong crushing
jaws, is the largest and strongest muscle in the head. Its base
occui.ies the whole top of the head as far for^vard as the evesand upper edge of the brain. It is inserted into the inner angle
of the base ot the mandible by nu is of a large tendon composed
ot three flat transparent lamina? (Fig. 4 t)

The Abductor of the Mandible {F\^. 4, abd. md.) is smallerand has its origin in the epicranium beneath and behin.i the
eye. It is inserted into the outor angle of the mandible by
means ol a long flat tendon.

TiiK .M.\.\iLL.\K. Owing to the segmented structure of the
maxilla, its muscles are more numerous and comi)licated than
those Ol ilie labrum and mandible. The Abductor of the Maxilla
(bigs. 12 and 14, alxl. mx.) is a thick triangular muscle origin-
ating u, the gena and postgena near the origin of the abductor of
he niandible. It is in.serted by mc-ans of a long narrow three-
laced tendon into the inner angle of the second segment of the
cardo,

1
iR. hmge on which the maxilla turns lies mesad of the

insertion ol the tendon along the upper edge of the proximal
segment ol the cardo (i. e., the edge near the letter C, in Fig 14)
Tin. opcn.nj. „, the maxillae therefore causes a pushing upwards
of the outer portions of their bases (the outer edg.- of C.)
Conversely the upward pull given to this portion of the maxillaeby tlie contraction of the abductors causes them to open

There are two Adductors of the Maxilla which both take
their ongm in the lower surface of the central plate of the
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tentonum. The First Adductor (Fi^'s. 13 and 14, ad. mx ) is
inserted ,nto the first segment of the eardo at its junction with
the second segment near the insertion of the abductor. The
Second Adductor (Figs. 12 and 14, ad., n-,x.) is also inserted into
the cardo hut at the outer anK'le of the second segment near
the suture between the eardo and the stipes.

The Flexor of the Maxilla fFi^s. 13, 14 and Hi, fl.mx ) is a
strong compound muscle winch also ori^'inates from the lower
iace of the central tentorial jilate. It is inserted into a flat
elonK .te.l apodemal surface (Fij,'. 1.5, ap.st.) alonj,' the inner
ed«e of the outer wall of the stipes. This muscle and
the two adductors working tOK'cther are cajiable of exerting
considerable force in the closing of the maxillae

The Flexor of the Lacinia (Fig. 14, fl.lac.) lies wholly within
the stipes. It originates by a broad head near the oufer angle
ot the base of the stipes, runs diagonally across the stipes and
IS inserte.1 by a short flat tendon into the inner angle of the
base ot the lacinia.

-Yhv Flexor of the Galea (Fig. 1.",, fl.g.) is a smaller muscle
having its origin in the outer integument of the stiju's opposite
the palpus and its insertion in the inner angle of the base of the
galea.

Within the stipes there are two muscles which move the
palpus. They both originate in the outer integument near theapodeme into which the flexor of the stipes is inserted The
proxm.al musck^ is the Extensor of the Palpus (Fi- l.', ext n )and ,s inserted in the latcTal e.lge r,f the base of the',,alpu.The .second muscle, in.serted at the opposite side oi the h-Jr of
the palpus is the Flexor of the Palpus (Fig. 1.-,, fl j, , Withineach ot the first three segments of the pal,.us there are anextensor and a flexor of ,he palpal segment. Tl,e extensor
(tig. I.), ext.p.s.) arises at the outer side of the ba^e of thesegment and the flexor ffl.p.s.) .-it the inner side. Thev irc-
inserted respectively into the outer an.l inner si.Ies nf il,e"b-,.e
ot the next distal segment.

Tin.: L.x,„rM. The Retractor of the Lahnnn (Figs. 1(1 and
Ir, r.lb.) IS a long flat nn.scle with its plane at right angles tothat of the labium. It originates in the base of the central
plate ot the tentorium n(-ar the inner angle of the poslgena
an.l IS inserted into the side of tlu' li.-ula near the base, of the
])araglossa.
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The Abductor of the Labium (Fij,'s. IG and 17, abd.lb ) is a
straiK'ht paralld-fiborcd muscle. It originates from a 'small
tubercle on the basal edge of the tentorium and is in.serted at
the outer an^le of the distal eilge of tlie mentum.

The Adductor of the Labium (Figs. 1(1 and 17, ad 1!) ) Thetwo adduclurs are eontiguous at their origin near the middle
ot the base of the submentum, but diverge in their course
1 hey are mserted by means of .small .semicircular tendons into
the ba.se ot the ligula not far from the middle line

Th^ Adductor of the Paraghssa (Fig. 17, ad.pgl.) originates
trom the base of the ligula near the median line, and runs
diagonally to the base of the distal .segment of the paraglossa.

ihe Adductor of the Glossa (Fig. 17, ad.gl.) originates in the
hgula and is inserted into the lateral side of the base of the
glossa.

The mu.sculature of the labial palpi is similar to that of the
maxillary palpi, but the flexor and extensor arise from a narrow
elongate, median apodeme (Figs, (i and 17, ap.lb.) which is
giv-en off at the point where the labium and hvpopharvnx unite
and projects backward as far as the mentum

rp-
'^'"/ "VPOI.H.1RYNX. The Depressors of the Hvpopharvnx

(Mg. (), dep.hyp.) are two muscles which originate from 'the
lower side of the central plate of the tentorium and are in.serted
into the upper integument of the base of the hypopharynx
near the point at which the pharynx narrows into the
oesophagus. The depre.s.sion of the hvpopharynx at this
point assists in enlarging the oesophageal canal

The Elet'ator of the Hypopharynx (Fig. G, el.hvp.) originates
in the face in front of the median ocellus, and is inserted on the
outer surface ot the hypopharynx near the entrance to the
oesophagus. This muscle pulls the ba.se of the hypopharynx
up against the roof of the pharynx, closing the entrance to the
oesophagus.

The Compressor of the Hypopharynx (Fig. 6, c.hyp.) origi-
nates with its fellow of the opposite side from the median line
ot the lower side of the hypopharynx at its junction with the
labium. The two muscles diverge, running obliquely back-
wards and upwards, and are inserted into the outer angles of
the upper side of the base of the hypopharynx in front of the
oesophagus. By compressing the hypopharynx these musdes
enlarge the piiaryngeal opening.



1020] Du Porte: Muscular System of Gryllus 23

The Retractor of the Hypopkarynx (Fig. f,. r.hvi. ) is a lonpflat muscle hav,ng its head contiguous to'that of "the tract"?

Tnti th! r. .u u""'
'^''"''*"^'' ^° ^^'^ "^"^-1- and is i, erte<J

^z^:" ^""'"^'^" ^^^ ^^^ '""" ^-^- "^ ^'- '^^"-

^

(*). Muscles of the AntetUKE.
There are three muscles within the head which bring aboutthe movements of the antenna as a whole. (Fig. .1. n ^nt

7

The Flexor of the Antenna (Fie. 11 fl ant ^ Thi. ^ ,

of the tentorium and extcndinJI om ,J """ °™
attachment of the an.eriorp"t\„'Zc'e!; , rSc'""', '."a

'':

the palpi.
(ext.a.s.) similar to ih„,e described in

(t). A/wrf« „J ihc Pharynx and Otsopliagus

oe.^:;r'riss::;r S'^;^r t:S"' ^"toriKinatine in the wall „( ,hc held L ih „ '? ' "'"f'?'

The Precerebral Dorsal Dilators (Figs. T, and „r d ^ Ti
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inserted into the roof of the pharynx at a short distance from
the median line. The second (pr.d.,) originates in the front
above the clypeus and is inserted into the pharyn- behind the
first. The third dilator (pr.d.,) is inserted into the roof of the
oesophagus just in front of the brain. Its origin is in the
epicranmm in front ; nd to one side of the median ocellus. A
fourth muscle is sometimes present.

The Post-cerebral Dorsal Dilator (Fig. 6, pst.d.) originates
in the epicranium immediately in front of the adductor of the
mandible and is inserted into the oesophagus just behind the
brain and a short distance from the dorsal median line.

The Lateral Dilator (Fig. :,, l.d.) arises in the epicranium
at the inner side ot the comi)ound eye and is inserted into the
lateral median line of the oesoi)hagus beneath the brain.

The Ventral Dilators (Fig. (J, v.d.) are two rows of small
niuscles wlucli originate frt.m the upper surface of the central
plate of the tcnlonuin and are inserted into the lower wall of
the oesophagus a short distance on each side of the median
line.

id). Cervical

(Kigs. 18 am:

Muscles.

19.)

The muscles which control the movements of the head may
be classified as depressors, elevators, retractors and rotators
ot the head.

LO.NGITUDINAL MUSCLES
(a) Sternal.

1. The Inner Depressors of the Head originate from the
enlarged basal portions of the pro-enlosternites and are inserted
into the middle of the hind edge of the central tentorial plate
ll.}(, oth sternal muscle of the veracervixj.

,

"
, ^l"'/^'"''''

Depressors of the Head originate immediately
laterad ot the preceding, and are inserted into the dorsal surface
ot t.ie central tentorial plate. [1.3G, 4th sternal muscle of the
veracervix].

3. The Short Depressor of the Head, origin, pro-entosternite
insertion, into the cervical membrane just beneath the ventral
angle of the interpleurite. [135, 3rd sternal muscle of the
veracervixj.
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(b) Dorsal.

4 The Elevator of the Head. A strong double intersexmental muscle One head originates from the first Intefsegmental sclerite (Fig. 1. in.), the other from thfpos cno;edge of the pronotum near the median line. The two are

[ijy. 140, 1st and 2nd tergal muscles of the veracervi.x]
(c) Pleural.

nrntn; P'
^'"'"'""'

^/ '^' ^^''"^- Origin, anterior edge of thepro-epistern«m
;
msertion. lateral side base of head fns vlilt

(a) sternal muscle of the veracervix] ^
'

^^'^

I'LEIRAL MUSCLES.
(a) Noto-pleural.

f.

'^^'"^ Pij'^i Rotator of the Head. Origin, anterior edge

f A MfofTrT^K^^r'*^" ^'^ median 'apoTn" (fJ1, n. M.) of the dorsal border of the occipital foramen and/o^amenor edge of the first intertergite. [141 I4" fir"? .ndsecond external rotators of the head]
""^

antL/^dgf^l/^Llt^ SS^lli^-n/^^

ve?ace?vi.x].
'

'
'^' '"tersegmental muscle of the

8. 77;^ Third Rotator of the Head, originates from thppronotum just m front of the distal end of the pleuronTnd isn erted mto the ventral edge of the interpleurite ["44 secondmtersegmental mu.scle of the veracervix]
9, 10. The Fourth and Fifth Rotators of the Head Bothongmate from the interpleurite and are inserted into th^median apodeme (Fig. 1 A \n of thrL i u ^

"^

19 r\ c '°7"1'^' '""'^'^' °f the veracervix].
1^. i ne beventh Rotator of the Head Ctvi..;^ a

tergite. [Ho. first dorsoventral muscle of the veracerv;::].
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(b) Stemo-pleural.

13. The Cruciate Rotators of the Head, originate from the
anterior edge of the procoxae and are inserted into the narrow
anterior portion of the interpleurite of the opposite sides.
[134, the seeond sternal muscle of the veracervixj.

Voss, ('05), regarding the cervical interpleurite as a sternal
selente, describes Vi as a longitudinal sternal muscle, and 6
to 12 as dorsoventral muscles. I have followed Cramjiton ('17)m regarding the interpleurite as a pleura! sdente, in which case
these muscles are sterno-pleural uud noto-pleural respectively.

The several rotators working in pairs function as elevators
and depressors.

III. MUSCLES OF THE THORAX.

A. The Prothorax.

LONGITUDINAL MUSCLES.
(a) Sternal.

XIII. The First Prosternal Muscle (Fig. 21) is a flat unpaired
median muscle which originates in the posterior edge of the
median entosternite spira of the prothorax, and is inserted into
the anterior edge of the spira of the mesothorax. A retractor
of the thorax. [102].

14. 14a. The Second Prosternal (Figs. 20 and 21). Prom
the median entosternite, into the anterior side of the base of the
coxa. A weak extensor of the coxa. [103|.

15. The Third Prosternal (Fig. 20). From the prothoracic
spira obliquely backwards into the distal section of the meso-
furca. [104].

16. The Fourth Prosternal (Fig. 20). Origin, base of pro-
thoracic furca; insertion, mesothoracic furca near 15. [105]

17. The Sixth Prosternal (Fig. 20). Origin, furca near 16-
insertion, mesothoracic spira. [107].

IS. The Seventh Prosternal (Fig. 20). From the spira
into the base of the furca. [lOS],

The Longitudinal Prosternal muscles are retractors pulling
the prosternite and tresosternite together and bending the head
and prothorax downwards. Th.' Longitudinal Pronotals are
the antagonist muscles of the prosternals.
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(b) Dorsal.

XIX. The First Pronotal Muscle (Fig. 20). From thepostcnor edge of the pronotum near the mtdian hnc'TnTo heinflexcd postenor border of the neck membrane. [100]
10. 20. The Third Pronotals (Figs. 20. 21). From thefirst intersegmental sclerite into the median ridge of hepronotum. [111. no].

^ ^"^

DORSOVENTRAL MUSCLES
(a) Tergo-steraal.

.f fv!" P" P>'othoracic Intersegmental Muscle. From the baseof the furca mto the outer angle of the first intersegmental
sclente. Rotator of the thorax. [112].

r^f^meniai

(b) Noto-subcoxal.

if.r.^~\u
^^' ^"'^ Dorsoventral Muscle of the Prothorax (Fi- ''O)From the pronotum immediately behind the distal end c' theepimeron mto the trochantin by a long flat tendon A sironecorneal muscle. An extensor of the coxa.* [113]

"^
'^"^""^

(c) Noto-cozal.

23, 23a. The Second Dorsoventral (Fig. 20). Origin inthe pronotum immediately above the distal end of the pleuron

into L"''\'"° ^T'^'"'"
'""'"'^ ^^^'^-"t headsrin^en on

rLor%rr"°;.^ti4t ^'^ ^°-^^ '^ ^ '^-^ ^^^" ^^"^-

side^i'f ^t""'
^^^-^^'^ ^«''''-«^ (Fig. 21). From the posteriorside of the pronotum into the latero-caudal edge of he coxaby a broad tendon. Two heads-24 is a stout bellied musdewhile 24a is quite slender. Flexor of the coxa. [121]

(d) Noto-trochanteric.

25. 25a-25e are the six heads of a complex muscle insertedby a common tendon into the inner angle of the base of hetrochanter. Together they form the eftensor of the t°murThe^rigins of the various heads are noted in their prop:r places

'--^^'^^'^^ral^^o^fitZ'^^^^^^ P- the Jie
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25b. The Sixth (a) iMteral (Fi^. 21) oriRinates from the
lateral anterior edge of the pronotum. This muscle takes asharp bend, passmg between the pronotum and the pleuron. andenters the coxal cavity on the posterior side of the entosternite.

HorfnL ^t'
^'^*'^' ^""'^^"""^ (FiKS- 20, 21) originates in the

dorso-lateral portion of the pronotum just behind the posterioredge of the epimeron. [117].
'

PLEURAL MUSCLES.
(«) PleuTo-pedal.

25. The Fourth Lateral (Fig. 20). Origin the distal
anterior edge of the inner face of the episternum.

'

[1 19].
25a. The Fifth Dorsoventral (Figs. 20. 21) originates fromthe inner face of the epimeron. [115].

nP.ft'i^ '^'''f
'^ ^ short muscle originating in the epimeron,near the ventral end. quite close to the leg. At its point o

d st^l S'h' VL^''"""^
^'°«^Jy between the epimeron and the

distal blade of the entosternite.

25e. This also is a very short muscle originating in the

figuredr^
" entopleurite opposite the origin of 25c. (Not

26. The Fourth Lateral (Fig. 21). Origin, from the epi-sternum, by a curved head bending round the distal end of theentopleunte; insertion, by tendon into the latero-anterior edgeoftheco.^a. Extensor of the coxa. [118].

27. The Fifth Lateral (Fig. 21). From the inner face ofthe episternum near its attachment to the ventral edge of thepronotum. into the lateral angle of the trochantin. [?120].

(b) Noto-pleural.

ci, 'T^Y"^'
^''^ Dorsoventral Muscle (not figured), is a very

short, but strong muscle binding the pleuron closely to thepronotum. ^ y <~<j une

(c) Stemo-pleural.

XXIX. The Furca-entopleural Muscle (not figured) also

pfeurite^'ilsS ''' '"''^ '°^'"" °' ^'^ '""'^ ^' 'h^ -^"
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STERNAL MUSCLES.
(«) Sterao-pedal.

2.S. The First Pedal Muscle of the Prothorax (Fiir 21)From the base of the furca into the antt-rior border of the
coxa. Extensor of coxa. [127].

21). The Second Pedal Muscle (FiR. 20). From the furcanear its base mto the posterior border of the coxa. Flexor ofthe coxa. [128].

30. The Third Pedal Muscle (Fig. 21). From the furcaabove the leg cavity into the meso-caudal edge of the coxaAn adductor and flexor of the coxa. [129].
' '

31 The Seventh Pedal Muscle (Fig. 21). From the spira
into the posterior border of the coxa. Probablv a weak flexoror rotator, but of little functional importance." [131]

B. The Mesothorax.

LONGITUDINAL MUSCLES.
(a) Sternal.

of
14~'

[m]
"^'"""^ '^^'^'"''''"^l ^J"^cle (Fig. 21). Homologue

33. The Third Mesosternal (Fig. 20). Homologue of 15.

[68]^"*'
^^' ^'"''* ^'"'"""'^ (F'«- 20). Homologue of 16.

(b) Dorsal.

35. The First Mcsomtal Muscle (Fig. 21). A broad flitmuscle near the dorsal median line originating fron. th n^otergite of the metathorax and inserted into the anterior borderof the mesoseutun.. This and the next are retractors of thethorax drawing the nieso- and meta-tergites together [00]
30. The Second Mesonotal (Fig. 20). Similar to 35 inongin, but inserted into tue first intersegmental sclerite. Lieson the inner (ventral) side of 35. [70].

XXXVI. The Third Mesonotal (Fig. 21). An oblinne
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DORSOVENTRAL MLSfXKS.
(«) Tergo-steraal.

(b) Noto-cozal.

3S. 38a. 77rc First and Sixth Dorsoventrals (Fig. 20) Oriirinby two heads from the lateral side of the ante ior border of Vhe'

with parajlel fibres, the o^l^^S,:^^^^ ^^ttendon ,s broad at Us base, narrowing into a long linear process

Jf^s"T;r "^ ^^ ' "' ^^^" ^'•"^^^ base of the tendon that

Isct %^'-^TV' 't "''r^'
^"^-^'-^^ (^^- the hollogou

Thi^L'^'"^t wo<
^'".'''' "'"^ ^"'""''* Dorsoventrals (Fig 20)The inner hoa.l (39) originates in the scutum, not very f^ fromth. medum hne the outer (39a) near the posteroSe a edg^of the .scutum above the posterior notal wing process Thetendon. ,nsorted into the posterior side of the coxa is bilobedone lobe be,n, broad and short and the othern™ spatutte^

lorn'm 1 t \ c

''•""" ''""'''^^ b^^y- >« attached to thelongated lobe (cL (5(). ,i()a. Fig. 30). Voss describes lehon.o ogous metathoracic muscles, but states that tSese muscles

other Kn', 't",''""

"--thorax of Gryllus domesticus ITlitooth.r hand. I have been unable to find his second dorsoventra^

v^^Tz :^;r
"^^^"^""^"^ - "--'^-- "^ ^- ^^^.

(c) Noto-trochanteric.

(?f'ou)^'\
'^''" ^'^'^ Dorsoventral and the Third Lateral

origin "0/39 4,rr'
'" /'^

"^--f
"tum just laterad of theorifcm of 39. 40a is a pleuro-pedal muscle originating in the
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I'LKIRAL MlSCLFS
(a) Pleuro-pedal.

«ltntc. L sually biceps or digastric. Elevator of thn ,

'"""'"^

also elevMor of the coxa. (7!» S()J

"^''^'^'o"^ "^ the teamen.

4"'""
Ju'I^^'f

^'"'«'- ^'''' «»'«ve. [81].4J. The I'ourtk La,. ral (Fill 'n) Pmn, fi
the mesoepi.sternum. bv tendon In o f^-^^"/

J^^' "PP-.edge of

of the coxa. Extensor of the coxa 8of
''^'"°-—- -de

_
43. The Fifth Lateral (Fjk. 22) From th,. ^r,; ,

chant-n. and ... .^
^ ^^'Z

^^^^He coia! [83!^°

edge of the cox into the ub;hr JaT n
P^^^^^"-^''^^^^''^!

tegmen. Flexor of the coxa. S^^'"'"-
^' -- -' the

45. (See Tergo-sternals above).
46. (See Sterno-pleurals below).

(b) Noto-pleunl.

47. TAe Eleventh Lateral Mmcle (Jf\<, 9l^ u
anterior side of the oleural .vinL t ^ -^^ ^^- ^'"""^ ^^e

48. The Twelfth Lateral Muscle (Fm on u f
posterior side of the pleuril uim/, r ^ -^^

'

' ^''^'^ ^^e
just above the subalar pL" KUt^ZT"" " ;""' "^'"^^
of the tegmen. [89]. °"^ mnsi:\c.

! epressor

49. The Ninth Lateral Muscle (Fn^ 01, r«
face „, ,he c«opk.„ri,c vcn rad If "lire iriTnS « ""^'Tpos,c.„or „„,a, „i„, p,«,„,. ^, cU,,rcLr„(Th:'.etr°|S6)!
(c) Stemo-pleural.

sclcrite behind the second "p,r.-,de|loi]"'
'"""'•«"'«"'•"
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4«. The Fourteenth Lateral Muscle (Fir. 21 B). From the
procoxalo into tho hasalar scliTite by the same tendon as 38
Found only in the mall*. Klevator of the tt-Kmon. [in|.

LI. The Furca-entopleural Muscle (not fiRured), From the
inner sides of the entoslernal jxuket into the ventral p.-wess of
the entopleiirite. Binds the two ])nK-esses together. [1(H)).

STKRN.M. MUSCLKS.
Sterno-pedal.

.')2. The First Pedal Muscle of the Mesollumix (Fij;. 21).
Orij^in, hy three heads from (]) tlie base of the entosternite.

(2 and .'{), the stermini iinnu-diately in front of the entosternite;
iiistrtion into th<' anterior ed^je of the coxa. Extensor of the
coxa. 1«):{].

LI I. The Smnlh Pnhil Muscle (Fi^. 21 1. From the
median entosternite, into the posterior edjje of the co.\a. Flexor
of the coxa. ['.)'.»1.

•)3. The Seeoml Pedal Muscle (Fi^. 2(t). From the laleral

entosternite above the intur an^jle of tlie le^ into the posterior
ed^;e of the lej; adjacent to the insertion of .'}<». Flexor of the
coxa. (U4].

54. The Third Pedal Muscle (FiR. 21). From the posterior

edse of the entosternal i)ocket into the meso-caudal side of the
edge of the coxa. Flexor and adductor of tlie coxa. (<>')).

55. The Fifth Pedal Muscle (Fig. 21). From the posterior
edge of the distal end of the entosternite into the postero-
lateral border of the coxa. Adductor of the coxa. [i)7].

LV. The Fourth Pedal Muscle (Fig. 21 B). From the
entosternite near the origin of 54, into the trochanter by the
same tendon as 40. Extensor of the femur. [96].

C. The Metathorax.

LONGITUDINAL MUSCLES.
(a) Sternal.

LVI. The First Melasternal Muscle (Figs. 20 and .S2).

Originates from the posterior side of the base of the entosternite
near the median line and runs backwards above the first four
abdominal sternites. It has three insertions into the lateral

end of the anterior edge of the third, fourth and fifth sternites
respectively. A ventral retractor of the abdomen. [34].
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LVII. LVIIn. The Second and Third Metasternal Muscles
(Figs. 20 and 32). From the posterior side of the base of the
entosternite into the parasternal plate. Depressor of the
abdomen. (.3.')].

60. The Fourth Metasternal (Fijj. 20). From the posterior
side of the entosiornal ijocket. intf) the parasternal plate.
Retractor of the sternum. (30).

(b) DofMl.

57. The First Mvlariolal Muscle (FiR. 20). From the
anterior ed^e of ilie first abdominal termite into the ento-
termite of the metasciitum. Parallel and a Ijacent to f^e median
line. In the lonR-winKed female this muscle is often very
stronKly develojH>d. (Fi^. 2S). [37J.

DORSOVKNTRAL MUSCLES.
(a) Tergo-stemals.

')S. The Metathoracic Itilirsegmetttal Muscle (Fijj. 20).
From the distal end of the entosternite into the first abdomrnal
termite between the first and second dorsal Ionj;itudin;il muscles.
Homolonue of 21 and 37. Rotator of the thorax. [41].

(b) Noto-coxal.

Sn. 59a. The First and Sixth Dorsoventral Muscles of the
Mctathorax (Figs. 20 and 31). Extensors of the coxa. Homo-
logues of 38 and 38a, q. v. [42, 47].

(50, 60a. The Third and Fourth Dorsoventrals (Figs. 20 and
30). Flexors of the coxa. Homologues of 39, 39a, q v
(44, 45].

(c) Noto- trochanteric.

61. (61a). The Fifth Dorsoventral and the Third Lateral
(Figs. 20 and 29). Extensors of the femur. Sec 40 40a
[46, 50].

PLEURAL MUSCLES.
(a) Pleuro-pedal.

Ola. See above. [50].

62. The First and Second Lateral lusclcs of the Mctathorax
(Fig. 21). See 41. Elevator of wing [48, 49].

63. The Fourth Lateral (Fig. 21). Homologue of 42 q. v.
151].
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64. The Fifth Lateral (cf. FIr. 22). The HonioloKue of 43
The precoxale is not developed as a separate sclerite in the
metathorax, so this nmscle has but two insertions, into the
trochantin and the coxa. [7^2].

(m. The Sixth Lateral (FiR. 21). HomoloKue of 44 This
muscle IS inserted quite distinctly into th. coxa and not into
the epiineron as is the case in G. domesticus (Voss). Depressor
of the winj,'. (53|.

(b) Noto-pleural.

m. The Seventh Lateral (Fig. 21). Orisin, from the
epimeron, a short distance dorsad of its middle; insertion into
the posterior subalar plate. Depressor of the winj;. [:A\.

67. The Turlfth Lateral (Fig. 21). The homolosue of
48 q. V.

fiS. The Elaruth Lateral (Fis. 21). From the anterior side
ot the pleural wing process into the anterior ani,de of the ba.se
of the wiUK, just in front of the anterior notal wini? process
Elevator of the wing. [58].

(c) Stemo-pleural.

/XT
^^'^^'"^- ^^"' F"rca-entot>leural Muscle of the Metathorax

(Not figured). Homologue of LI, q. v.

I*'

STERNAL MUSCLES.
Stemo-pedal.

69. The First Pedal Muscle of the Metathorax (Fig 20)From the anterior side of the base of the entosternite into the
inner anterior edge of the coxa. Adductor and extensor of
the coxa. [60].

70. The Second Pedal Muscle (Fig. 20). Homologue of 53
q. V. [61].

71. The Third Pedal Muscle (Fig 21). Homologue of 54
[62J.

72. The Fifth Pedal Muscle (Fig. 21). Homologue of
5.). [()4].

LXXII The Fourth Pedal Muscle (Not figured, cf. Fig
21 B. LV). Homologue of LV.
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THE MUSCLES OF THE LEGS.
(Plate V.)

The variot,s muscles of the coxa as well as the larRc extensors
of the feniur which originate in the thorax have already been
described. The following muscles lie entirely within the lee
segments. ^

(a) Coxo-trochanteric Muscles.

The First Intracoxal Extensor of the Femur (Figs. 23 and 25
1 ext. fern.) ,s a stout muscle with slightly converging fibres'
It originates from the anterior side of the basal border of thecoxa and is inserted into the trochanter just in front of the
msertion of the large noto-trochanteric extensors

The Second Intracoxal Extensor of the Femur (Figs. 23 and 25
2 ext. fem.) is a conical muscle originating from the ventral edge
of the base of the coxa and inserted by the same tendon as the
noto-trochanteric extensors into the ventral edge of the
trochanter. ^

The Third Intracoxal Extensor of the Femur (Figs. 23 and 26
3 ext. fem

) onginates from the posterior face of the coxa and
is inserted into the trochanter behind the insertion of the
noto-trochanteric extensor.

The First Flexor of the Femur (Figs. 23 and 26, 1 fl fem )onginates in the dorsal edge of the coxa, and in the first andsecond legs, is inserted by a tendon into the dorsal edge of thebase of the trochanter. In the hind legs it is inserted into thebase of the femur at the dorsal edge of the femoral opening.
The Second Flexor of the Femur (Figs. 24 and 26. 2 fl fem ) is

legs this flexor is a simple conical muscle, originating from theventral side of the basal end of the coxa and running diagonal^

fsTmor'
'°""

/,"
the metathoracic leg the sLnd'fle'or

IS a more powerful multiceps muscle. One head originatesfrom the posterior face of the coxa, one from the ventral edge
of^the anterior face, and three from the oasal edge of the anterior

(b) Trochantero-femoral Muscles.

small muscle onginating from the ventral side of the base ofthe trochanter and inserted into the ventral side of the base of
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K*

The Anterior Flexor of the Femur (Fij;. 26. ant. fl.) is a broad
flat muscle with parallel fibres. It oriRinates from the basal
edge of the anterior face of the trochanter and is inserted into
the anterior face of the femur. These two muscles are not
present in the small trochanter of the hind legs,

(c) Femoro-tibial Muscles.

The Extensor of the Tibia (Figs. 23 and 25, ext. tib.) In the
large leaping hind leg this muscle originates from the entire
dorsal two-thirds of the inner surface of the femur. It is a
pseudo-penniform muscle sending short oblique fibres into the
long spatulate tendon by which it is inserted into the dorsal
edge of the base of the tibia.

In the first and second legs (Fig. 25. ext. tib.) f extensor
IS much weaker. The tendon is shorter and the fibres originate
chiefly from the basal end of the femur, though some spring
from near or beyond the middle of the segment.

The Flexor of the Tibia (Figs. 23 and 25, fl. tib.) originates by
two heads from (1) the ventral side of the base of the trochanter
and (2) the proximal end of the ventral side of the femur. It
IS a conical muscle and is inserted into the ventral proximal edge
of the tibia by means of a long linear tendon.

(c) Tibio-ursal Muscles.

The First Extensor of the Tarsus (Fig. 23, 1 ext. tar.) is very
similar to the extensor of the tibia in the hind leg. It lies in the
ventral half of the tibia, and is inserted into the proximal end
of the first tarsal segment.

The Second Extensor of the Tarsus (Fig. 23, 2 ext tar )
originates from the dorsal .side of the tibia near the'femoro-
tibial articulation. It is a short conical muscle and is inserted
by a long filamentous tendon, running through the greater part
of the tibia and tarsus, into the ventral edge of the third tarsal
segment.

The second tarsal segment, projecting as it does backwards
and forwards beneath the first and third, limits the flexing of
the tarsal .segments, so that this muscle extends the entire
tarsus outwards in a .straight line with the tibia.

The Flexor of the Tarsus (Fig. 23, fl. tar.) originates in the
dorsal face of the tibia a short distance from the articulation
with the femur. It is inserted by a flat tendon into the first
tarsal segment.



1920] Du Porte: Muscular System of Gryllus 37

(A) Tarsal Muscles.

The Extensor of the Second and Third Tarsal Segments (Fig. 23,
cxt. tar.j) lies in the dorsal side of the first tarsal segment. It
originates in the proximal end of the segment and is inserted into
the dorsal proximal edge of the second segment. When this last
is extended it pulls the third segment with it so that the two
segments move together.

The Extensor of the Claws (Fig. 23, ext. ung.) originates from
the proximal end of the dorsal side of the third tarsal segment
and IS inserted into the base of the claws by means of a tendon,
which forms a bridge between them on the dorsal side

The Flexor of the Claws (Figs. 23 and 27, fl. ung.) originates
on the ventral side of the third segment opposite the origin of
the extensor. Connected with the base of the claws on the
ventral side is a prominent apodeme (Fig. 27, ap.ung.) at the
end of which the flexor is inserted by a long narrow tendon.

IV MUSCLES OF THE ABDOMEN.
(Plate VI, Figs .32-.30.)

A. First Abdominal Segment.

LONGITUDINAL MISCLKS.
(a) sternal.

73. The First Ventral Muscle (Fig. 32). From near the
antero-lateral edge of the first sternite, into the anterior edge
of the second sternite. [2()].

74. The Second Ventral (Fig. r,2). From the lateral side
of the first sternite into the inner angle of the parasternal
plate. [27].

(b) Tergal.

75. The First Dorsal Muscle (Fig. 32). Two straiglit flat
muscles lying in the tergum near the median line. They
originate from the posterior edge of the tergite and are inserted
into the anterior edge of the second tergite. [28].

76 The Second Dorsals (Fig. 32). Origin contiguous to
that of to; m.sertcd into the lateral end of the anterior edee of
the second tergite. [20].

The longitudinal muscles arc retractor muscles of the
abdomen.
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DORSOVENTKAL MUSCLES.
Tergo-stenud.

.A "'f P' ^^""^"^ Dorsoventral (Fig. 32). From the lateraledge of the tcrgite near the posterior end. into the lateral angle
of the parasternal plate. [31].

PLEURAL MUSCLES.
Sterno-plevjal.

.nH^ff J'" ^'^°""

i

'*' -^^"'""'^ ^P'K- 32). From the lateralend of the antenor edge of the parasternal plate into the closing

museirar'"'"''''
'*''' '''^"'^^^' ^°^^'-

1=^2. Lateral stigmatal

wifh^7S P' ^\T^ ^'^"^'^ "^ '*' ^^"''^' (^^K- 32) originateswith 78 froni the parasternal plate and is inserted into thepleural membrane just behind the sniracle. Present only inthe first and second abdominal segme, , . [32, Lateral stigmatal

B. The Second Abdominal Segment.

c^ ,
TRANSVERSE MUSCLES.

Sternal.

n.,-/^?' r?u
'''""'''' ^'^"^''-"^ ^^^'^cle (Fig. 32). From the

niiddle of the parasternal plate of one side across the anterior

side [17]

^^ '^^'"'^^ '"*° *^^ parasternal plate of the other

, . „ .
LONGITUDINAL MUSCLES.

(a) Sternal.

81. The First Ventral Muscle {¥\g.-i2). From behind the
anterior margm of the second stcrnite into the anterior margin
of the third sternite. [13].

^

.A ^''f I^'
^''"'"^ ^'"""^^ ^^''''^' (^'g- 32). From the mesal

sternite [Z^'"''''"""
^''^''' '"'° '^' ^"''"°' ""^^^ "^ '^' ^hird

(bj Tergal.

_ 83 The First Dorsal Muscles (Fig. 32). Homologous with
to and similariy arranged.

^2K K*!
^"^"'"^ ^'"'"^ ^^''''^'' (P'«- 32). Homologous

with ,b, but origmate near the transverse medi-il line and not
in the antenor margin of the second tergite.
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nORSOVrCNTRAL MrSCLKS.
Tergo-sternal.

8"). The First Dorsnvctitral Muscle (Fij,'. 32) From the
anterior end of the lateral edge of the tergite into the para-
sternal plate miniedialely behind the insertion of the tereo-
sternal of the first sejjment. [;j(l].

As stated before, the musculature of the parasternal plate
indicates that this sclerite is composed of detached portions of
the first and second sternitcs. Mu'-.cles 5(», LVII 74 77 78
and 79 appear to belong to the first sternite, while the others
belong to the second. Voss, however, described 85 as an inter-
segmental muscle, a mistake no doubt due to the fact that the
anterior tergosternals not being developed in anv other segmentm G. domesticus, he failed to trace the homology.

8G. The Second Dorsmrntral (Fig. 32). A straight parallel-
hbred muscle originating from the posterior end of the lateral
edge of the tergite and inserted into the corresponding region
of the sternite. [18].

PLEURAL MISCLES.
(a) Noto-pleural.

87. The Fourth Lateral Muscle (Fig.
postero-lateral angle of the tergite into the
sclerite of the second segment. [22].

88. The Fifth Lateral Muscle (Fig. 32).

32). From the
posterior pleural

Origin as in 87;
insertion into the first pleural sclerite of the third segment. [23]

(b) Sterno-pleural.

S9 The First Lateral Muscle (Fig. 32). From the para-
sternal plate into the pleural membrane in front of the spiracle
\ OSS regards this as the first and second laterals. The large
third pleural sclerite (ps,) of the third segment probably results
from the fusion and enlargement of the sclerites of the second
and third segments, in which case 92 is probablv the homologue
of the second lateral of the succeeding segments'and I have thus
regarded it. [19, 20].

90, 91. The Dilators of the Spiracles { Fig. 32). Homologues
of 78 and 79, and similarly placed
and /3].

[25, lateral stigmatal
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92. The Second Lateral (Fig 3'>^ -p.^^ ,.

plate into tho antcTo-vontral e^e of tlu ,h.V, , '^^f^'T"^^
of the third segment fM 'i'th V., .

''^"^''.•''^^"ral selerite

.
93. ThemrdLat^i'^'^''^;r'"^-

mto the second p-eurai scierite "^i ;l;;!se 'X^Jliier'^^"""^

C. The Third to Sixth Segments of the Female;
Third to Eighth of the Male.

Sternal.
TRANSVERSE Ml SCLES.

attach.™. »re „.„. „.,. ^^„o.rJSi:l^^^^;,, '"

(^. S, ,

LONC.ITIDINAL MfSC LES.
(a) Sternal.

side of the sternum nnri ,...f ^ r
'^••^^'' "^^ "i the lateral

(b) Dorsal.

.S.3, S4. The First and Second Dorsals. (See above).

Tergo-stemal.
""^-^-^'^-^^-^'^ Mt sri.Es.

-^^totheeorresp-d[^e^l:nri^--t^^^^^

!».S. r//e Dorsoventral Sternal CPnr •io\ u ,

and 80. Similar to Qt hnt i!
^ t'' "o"io'oKue of 77

segment.
[.^J

'' ''"' '-''"« '" ^he posterior end of the
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PLEURAL MISCLKS.
(a) Noto-pleural.

99. The Fourth Lateral Muscle. HonioluKut- of 87, q. v. M
100. The Fifth Lateral. HomoloKuc of 88. q. v. [10].

(b) Sterao-pleural.

The sternoploural muscles (101 to 105) all originate from the
lateral border of the sternite in succession from the anterior to
the posterior end of the .sclerite. They are inserted into the
pleural .sclentes or into the spiracle, as follows:

101. 7^Ae F/rj/ Z^/cra/, into the first pleural sclerite. [G]
102. The Second Lateral, into the third pleural sclerite [7'
108. The Dilator of the Spiracle, into the process of the bow

of the spiracle. [11].

104. The Third Lateral, into the second pleural sclerite [8]
105. The Third (a) Lateral, with 104 into the second pleural

sclente.

Functions of the Foregoing Abdominal Muscles. The longi-
tudinal muscles are retractors of the abdomen. The ventral
and dorsal working together telescope the segments The
ventral bend the body downwards, while the dorsal act as their
antagonist muscles, bending the body upwards. The tergo-
sternals and laterals are expiratory- muscles, and pull the sternum
and tergum together. Those of either side working alone may
act as rotators of the abdomen.

THE EXTREMITY OK THE AnDOMEN.

In both sexes ten dorsal segments, including the suranal
plate (Figs. .3, 3;}, 35, P. S.) can ho readilv distinguished On
the ventral side, however, there are onlv eight in the female and
nine in the male, including the subgenital plate. A study of the
musculature as described below will show, apart from other
evidence, that in the female the supra-genital plate, Iving above
the ovipositor is the sternite of the ninth segment, and in both
sexes the podical plates (P. P.) are the divided halves of the
tenth .sternite.



42 Annals Entomological Society of America [Vol. XIII,

D. The Seventh A hdominal Segment of the Female.

Sternal.

l()(i. The Retractor of the Vaaina (?!«. 33) is a flat narallel-hbred nn:sclo oriKinatiiiK from the antero-lateral angle of theseventh sternite and inserted into the dorsal side of the vaeina
at US junction with the oviduct. A suspensor and retractor
of the vagina. The muscle probably helps to force the egg outby elongating the vagina, thus reducing its lumen and exerting
pressure on the egg. ^

107. The Adductor of the Subgenilal Plate (Figs. 33 and 34)A rectus muscle having its origin adjacent to and immediately
in front of luo. It ,s inserted into the lateral end of the anterior
border of the eighth sternite or subgenital plate. Homologous
with the second sternals.

The other muscles are similar to those of the preceding
segments. ^ *

E. The Eighth Segment in the Female.

LONGITUDINAL MUSCLES.
(Pig. U.)

There are no longitudinal muscles in the eighth sternites.Ihe tergal muscles occupy the entire tergum except the median
line, and all extend from the anterior to the posterior bordershowing no differentiation between the first and second dorsals!

DORSOVENTRAL MUSCLES.
(a) Tergo-stemal.

frnJ.?^ 1?" ^^''''5''';f^^ Subgenital Plate (Fig. 34) originatesfrom the lateral end of the anterior process of the eighth tergite
runs obliquely ventrad. and is inserted into the antero-laterai
angle of the subgenital plate.

(b) Noto-gonapophysal.

109. The First Depressor of th Ovipositor (Fig. 33) is a
arge. <^trong, conical muscle origin? ing from the inner face of
the anterior process of the eighth tergite and running obliquely
ventrad to be inserted into the ventral process of the ventral
gonapophysis.

cui-im
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F. The Ninth Segment.

, , c. ,
LONGITUDINAL MfSfLES.

(a) Sternal.

t>,/n"; '^^'''^"""f
''''""'«/ ^FiK- 35;. A rectus muscle fromthe anterior lateral an^le of the subsenital plate, the ninth

terK.te. This muscle npparently enlarges the anal openingFound in the male cnly.
i ^""^^•

(b) Tergal.

Similar to the eighth segment.

DORSOVENTRAL MISCLES.
(a) Tergo-stemal.

111. The Indirect Elevator of the Oinpositor (FiL' .34) A
straight muscle from the anterior edge of the ninth tergiteinto the supragcmtal plate or ninth sternite.

(b) Noto-gonapophysal.

112. The Second Depressor of the Ovipositor (Figs. ;j;{ and
34) IS a strong muscle originating from the entotergite of theninth segment. It is inserted into (1) the vemral process of thedorsal gonapophysis and (2) the median process of the trans-

gra;orhy;er""'"'
^'^ "'"^^^^ p"-"^'^^^^^ °^ ^^^' ^- '^--i

113. The Third Depressor of the Ovipositor (Fig [U) a
stout, conical musclf

.
also originates from the inner face ^,f theanterior process (entotergite) of the ninth tergite. It lies onthe inner side of the second depressor and is inserted into theventral process of the dorsal gonapoi)hvsis.

• ^I."*" P^ '''"' ^'«'«''"' "/ the Ovipositor (Figs. 33 £.nd 34)
is a short broad muscle originating from the lateral anterior e.leeof the nmth tergite and inserted into the ventral face of thedorsa. nrocess of the dorsal gonapoi)hysis.

STERNAL MISCLES.
(a) Male Genital Muscles.

rPiJ-^'- ^'^'f J«-'^"''-^''0'
Muscle of the Spermatophorv Cup

(Figs, oo and .50
.
a short muscle fn.ni the latero-aniericr angleof the suhgemtal ].lale into the ventral valve of the .pernri-tophore cup at Us junction with the ductus eiaculaiorius
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116. The First Retractor of the Spermatophore Cup (Fijfs
3o and 3(i) oriKinates from thi- anterior end of the ventral valve
at Its junction with the ductus, runs obliquely round the cud
and IS niscrted into the lateral si.le of the dorsal valve at the
l)osteru)r end where the chitinous plates are ^iven off.

117. The Second Retractor of the Spermatophore Cup (Figs
3.) and :ifi) ,s sunilar to the first retractor in oriKin and insertion
and lies between it and the cup.

/K-^^^o- ^^^ ^''"'"'' "^ "" '^^""'^' "f '^^ Spermatophore Cup
(Mks. 3., am 'Mi), a very short, straight muscle having its originon the dorsal sule of the dorsal valve and its insertion adjacent
to that of the retractors.

1 19. The Constrictor of the Spermatophore Cup (Figs. 35 and
. (.) lorms a muscular tunic cnering the outer surface of the
dorsal valve of tlie spermatophore cup. The action of this
muscle and of the retractors forces the siK-rmatophore out of the
CUJ).

(b) Female Genital Muscles.

120. The Protractor of the Ovipositor (Fig. 33) is a short
stout muscle which originates from the j)rocess of the supra-
genital plate (P. S. C.) and is inserted into the inner face of the
ventral process of the dorsal gonapophysis. Pulls the ovi-
positor backwards.

121. The Lateral A bductor of the Conapophvses (Fig. 33) also
originates from the supragcnital process and is' inserted into the
dorsal process of the ventral gonapophysis. It pulls the two
gonajK.physcs of one side apart from those of the other side at
the same time enlarging the genital orifice which lies between the
bases of t he vent ral gonaphyses. It also elevates the ovipositor.

THE MKCHANICS OF THE OVIPOSITOR.

The two plates on each side are enabled to work together
(I) by a tongue and groove joint which runs along their entire
ength and (2) by the interlocking of the dorsal processes,
(fig. .{).

The ovipositor is a lever of the first order, the inner processes
being the force arms, so that an upward or downward pull on
these processes, respectively depresses or elevates the external
plates Similarly an inward pull (the transverse beam being
the fulcrum in this case) separates the right and left plates
•externally. '
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6". The Tenth Segment.

I-ONGITLUINAL MlSCLES.
(a) Sternal.

122. The Ventral Muscle (?!«. 3.-,) is a short flat nuisclc
lyitiK across the. innc-r i-nd of the pt-dical phitc. I'rohahly thehomoK-uc- of the hrst ventral muscle of the anterior segments.
(b) Tergal.

12H. The Dorsal Muscle (Fij;. 3.-)). a honioloKi.e of the first
dorsals ot the anterior segment lies near the me.lian line of the
si.n.nal plate, stretching from the. .-inter^.r to the posterior
borders of the sclente. This and ,he preceding pull L e.l.vsof the anus forward, pn.l.ably aiding in the ejection of the

DORSOVKNTRAI. MISCLKS.
(a) Tergo-stemal.

124. The First Dorsoirntral
( FiK. ;!.-,). From the lateralsue of the anterior cd«e of the suranal plale into ,he anteriortdge of the pod.cal plate near the insertion of the first ventral

of the mnth segment. Pulls down the podical plate. cnlarL-ine
the anal orifice. ^

.

J-'-'^ f''^^
Second Dorsoventral (Fi«. :5.j). From near thehmder end of the .suranal plate into the podical plate a short

distance in front of its hinder border. Closes the anal orificeby bringing the edges of the suranal and j.odical plates together,

(b) Noto-cercal.

12(). The Adductor of the Cercus (Figs. 34 and 3.-)). From
the median line of the suranal plate int., the inner side of thebase ot the cercus.

127. The Depressor of the Cercus (Fig^. :;4 and .3.",). From
the anterior edge of the suranal plate into the ventral side of
the base of the cercus.

128. The Elevator of the Cercus (Figs. 34 and 35) originates
laterad of the ongin of the depressor and is inserted into the
dorsal edge of the cercus.

129. The Abductor of the Cercus (Figs. 34 and 35). From
the antenor edge of the lateral portion of the suranal plate into
the outer edge of the cercus.
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V. THE MUSCLES OF THE SPIRACLES.
TiiK MKsoriK.KAnc- Sr.K.xn.K (FIk. 'M) lies tran.v.rsclv

in the pleural tiu'inhram- luliind tin- protlioranc loir Thfanunor l,p is o.mp.,sc-,l „f a hn.n.I v.ntn.l (a. 1..) an.l a narrow
«lotsal a. 1., scUnto. Tw„ tracheal rhamh.-rs .,,xn into tlu-
vosul.uli. and iHlwtrn tho two c-l.anilKrs th.ro is a thickctu-d
chit nioiisst'pt urn W. t.)

i^'-mu

7V/r /.VrW r^rr/zrvw,- //,,. Mcsotltoracic Spiracle (Fig 37
oc., sp.) oriK.nat.-s near thr antcri-.r niar.-in of tlu- .pistornun,'
ot tho mosothorax and is insortod into the vvntral anterior
valve. It eloses the orifice of the spiraele l,y puIiinK the anteriorhp aKamst the posterior.

m it nor

The Second Orclusor of the Mesotltoracic Spiracle (Fit; S7oc., sp.) on^inates from the ventral selerite of the anterior linand IS inserted mto the anterior side of the ehiiinous septum
betvyeen the two tracheal chan.hers. It closes the dorsal cham-ber by pidhnK its anterior m<l posterior walls to^-i-ther Thereseems to be no mechanism for dosing the ventral chamlxT apartfrom the first occlusor.

'

TiiK Met.\th<>k.\( ir Si.iR.\(LK (FiKs. 3S and 39) has acrescent shaped anterior lip (a. 1.) an.l a somewhat sickle-shaped
posterior lip (,,. !.) with an expanded ventral end. There is but

thickeninK which serves for the insertion of an occlusor muscle
The First Occlusor of the Mctathoracic Spiracle (Fij; 38oc, sp.) orif^Mnates from the outer border of the posterior lipand IS inserted into the anterior lip. It closes the spiracle by

pulling the two valves together.
^

The Second Occluso, of the Mctathoracic Spiracle (Fig 3q
(K-., .sp.) has the same origin as tlie first, but is in.serted intohe chit.nous thickening of the wall of the tracheal chamber
It closes the chamber l)y i.uIIJmk its walls together.

Thk AI.I.OMINAL Sfiraci.ks (Figs. 40 and 41) have atriangular posterior valve and an arcuate anterior valve. Each

ieHion^'Tt:' ":'r'""^%"'!«^'
'^^^'^ ^^^th minute chitinous pro-

ections. The ridge of the anterior segment is the "bow" ofLandois. and bears near its ventral en.l an inward proiecting
process, the closing Uvir or peg.

.i«-c-unK
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The Oi'lusor of the Ahdomimil Si>ir,ul,s iV\-< 411 n.l U ,„•

IK.st»n,.r t.lj^c. „t til.. inanK'ular |..,st.Ti..r v..lv . It is ir ,.rt.-d

tho I...W ,I,,wn ;,^-aiii>t ilir otlar lip.
' ' ^

7V/.- /;//„/f,r .U/MT/r 'Fi«s. 40 an.i 41, .|. >p. Fin •{•' l(n>:.n,mau.s ,rom the la...ral ..i,. ,.f the ab-inn-in I si.nii, oinjniMTtf.! .nto the exfre.ne ventral end of the .\n.nv' lever

V!. TFIE MUSCLES OF THE VISCERA.
The Gwstrktnr Muscles of the Oesophaau, nnd Crop form amuscular tunu- con,pnse.l of a single la/er of circular n.tdes
I he Constrictor Muscles of the Profentriculus (Fit; 4'> c n, )

asminr'"^' f
'"^'

'""''J''"""
™^''' '^""^'^^'"« '" ^^^ thickeslpart oas many as ten layers of eircular muscles.

The Dilator Muscles of the Protentrkulus {Fin. 42 d m ) ires.tuatecl wnhm the cavity of each median too h. The ed^e nreauched at the bases of the outer barbated lobe's ear the

pun the epthehal Olds outwards towards the muscular tunicthus cnlarKUiK the lumen of the proventric-ulus
n- Constrictors of the Mesenlcron form a sint-le Kuct ofcircular muscles. ^ i'i>ir ot

7-/,r Dilators of the Mescleron are longitudinal ,>u,scles^veral^«roups of which he alon, this or.an .nUside the":;::!£

usua;!^^i;:^rtiS^f
^''•'""'^'^^^•^^^^

The Dilators of the Rectum (Fi^'s. 4;j and 44, d ,„ ) Thereare s,x groups of dilator n.u.scles in the reetutu, whic ori. t^t^t^fron. the body wall as follows: The two dorsals Von, t' e • tUcS red«e of he tenth termite-, one on eac-h side of tlu. nu li n inthe ,wo laterals fro.n the lateral side of the ante o l'!;! of t, Jsame sclcTtte. m front of tlie cerci; the two ventrals , the nn erem the latero-anterior processes of the eighth ster t i„ tl efemale from the base of the .ntral Konap.M-hvses in he 4 '

.

between the ventral and <k
,
processes. SLcIw.' the. ,cup
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enters the nrti-.ni, lu'liind its niiddlo, on tlu- line where the
primary epithelial f.^lds are in eontaet with the nuiseular tunic
I he muscles of each K'nuip then separate-, running backwards and
forwards alon^ tins line an<l extending from the anus to the
junction ot the colon and rectum.

The Sust>c„sorium of the Crop ami Gastric Caecum is a thin
muscle on^inatinK from the anterior border of the pronotum near
the median line. Dne branch enters the latero-dorsal wall of the
crop near its middle and runs backwards towards the pro-
ventriculus; another branch is inserte.l at the apc.x of the caecumand divides into .everal smaller bundles which run backwards
torming the lonj^itudinal nniscles of the caecum.

The Alary Muscles of the Heart. There are ten of these
delicate fan-shaped muscles, one in the mesothorax. one in the
metathorax, and one in each of the ei^ht anterior abdominal
scRments. They onjjinate in the dor.sal diaphragm near themedian ire beneath the heart, and are inserted near the lateralend of the anterior border of the several tergites
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REFERENCE LETTEKING.

I'M!

A], A;, etc.— Al>i!nmin:il sogments.
Alnl.—AKilucinr imisck'.
A.I.—A.I.luctor Muscle.
A. I. .—Lateral .i|i<i,U-iiie (if the .iors.il

h(in!er of the occipital foramen.
a. 1.—Anterior valve of tlie ripiraele.
A. M.— .Meilian dorsal apodeme of the

liase ..f the head.
a. n. p.—.\nteriornotal wins process.
ant.—Antenna.
ant. tl.—.\nterior flexor of tlie femur.
ap.—Aixideme.
1>. s.— Basalar sclerite.

Ci' ^i-—t'ardo, first and second seg-
ments.

^\'T\.—Veracervix or neck region.
c. hyp.—The compressor of the hvpo-

pharv-nx.
c. m.—Constrictor (circular) muscles of

the digestive tract.
Cox.—Coxa.
Cs.—Cercus.
e. t. — Chitinous thickening of the

tracheal wall,

fill ilj.^Internal dorsal proces.ses of the
ilorsal ami ventral gonapoplivses
resjiectively.

dep.— Depressor muscle.
d. m.— Dilator muscle.
d. sp.— Dilator of tlie spiracle.
el.- -Elevator muscle.
Em.— Epimeron.
Ep.—Epistemum.
q>.— Entopleurile.
Ei)h.— Epipharynx.
eph. m.—Epipharyngeal muslce.
es.—I.atcral enlostemite (furrai.
es. m.— .Median entosternite (s[)inai.
cxt.—Extensor muscle.
ext. a. s.— Extensor of the antennal seg-

ment.
cxt. p. s.—Extensor of the pal|>al seg-

ment.
E- A.—.Anterior foramen tif head.
feni.—Femur.
F. I.,—Lateral foramen of head.
rt.—Flexor muscle.
ti. a. s.--Flexor of theantenn.il s<'gnient.
li. g.— Flexor of the galea.
fl. p.—Flexor of the paljius.
fl. |i. s.— Flexor of the palpal segment.
F. O.—Occipital foramen.
Fs.—Fnrcastemite.
G.—Gcna.
Gal.—Galea.
<i. D.— l)ors;il gonapophvsis.
GI.-;-Glossa.

G. \'.—\'entral gonapophvsis.
hyp.—Hyjiopharynx.
ini. inj.— Intersegmenta'ia.
i. p.— Interiileurite of the veracervix.
i. St.— Interstemites of the veracervix.
i. tg. -Intertergites of the veracervix.

I.ac — I.;uinia.
I.l', II'.— I.al.ium.
l.iir., llir.— Lal'nim.
1. d.—Lateral dilator of the ncsophagus.
t;i. an'.—Antennal muscles.
Md., • d.—M;in,lil,le.

Mx., nix.—Matilla,
Oe. -Ocellus.
oc.—Occlusor muscle.
' 'es.—( 'esopliagus.
P. .\« P. .\,—.Anterior tergal processes

(entotergites) of the eighth and
ninth abdominal segments.

Pc\.— I'rec(jxale.

P. G.— Postgena.
Pgl.— Paraglossa.
Ph.— Pharynx.
p. 1.— Posterior valve of spiracle.
PI. mb.— Pleural membrane.
p. n. p.— Posterior notal wing process.
P. P.—Podical plate.

p. p.—Pleural wing process.
pr. <!.- Precerebral dilators of oesoph-

agus and pharynx.
P. S.—Suran.il pl.ue.

p. s.—Pleural sclerites of abdomen.
Pscl.— Postscutellum.
P. S. G.— Process of the supragenital

plate,
ps. p -Parasternal plate,
pst. d.—Pos:cerehral dilators of the

oesophagus,
r. hyp.—Retractor of the hypopharvnx.
r. lb.—Retractor of the labium,
sa. p.—Subalar plate.
Se,—Sculutn,
Sel.—Sculellum.
sp.—Spiracle.
sp. c.—Spermatophore cup.
Ss.—.Spinastemite.
St.—Stipes.
Sin.—Sternum,
t.—Tendon.
T- \-—.Anterior arm of the tentorium,
tar.—Tarsus.
T. C. Central plate of tentorium.
I- e.—Tran.sverse chitinous beam con-

necting tlie ventral processes of the
t wo dorsal gona|)ophyses.

tend.—Tendon.
Tg.—Tergite.
Jib—Tibia.
'•" P.— Posterior arm of tentorium,
tr.—Troeh.antin.
Troc.—Trochanter,
ung.—Claws.
vi, vj— Internal ventral processes of the

dors.ll and ventral gonapophyses,
resf)eetively.

vag.—Vagina.
\'J-—Ventral dilators of the oesophagus.
Vs.-V eraslernite.
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EXPI.AWTinx OF FIGURES.

Plate I.

Fig. 1. Pl:,n of par: <,f tlu" inniT r\v.hx si.!e ..f fl,e skoieton .showinj; tVe ciiI,,skcIo'al
structures .-ukI the ;itt;iclinicnt of thp muscles. E.xtemnl sclerites r.-e
(lotteil, the intem.i! scjerites .in<l processes are sSa.Ied 1-1, ick ferrLms
are cross-hatcJie-l .-iit! t'-e .-.ttachment of the muscles outline.l with

Fig
Fig.

Fig.

Fig.

Fig.
Fig
Fig.

Fig.

Fig.

Fig.

0.

Fig. 12

Fig. i:!.

Fig. 14.

Fig. 1,5.

Fig. 10.

Fig. 17.

Fig. IS.

Fig. 19.

ilottd lines

Vw'V. U.

ycntrr>cau.!,-il view -.f the ejiicraniu n showing' the tentorial plat^-s
Inner viou- ot the ri;,'ht half ..f tlie extremity of ,he fenv.le .-.hdomen
l.ie tnandiMes an-l their muscles. On the left siJe several layers of the

a,
, uc or are remoyeii to show the tendons, on the right side the

a.liluetor is cut across to show its thickness
Front view of the head with the lal.rum, clypeus an-1 front removed to

an'ril ^rr?' ' "V ;"
"'''"'-•<"" "f "'? ™n'liMes, the ann'enal muscles.md tlie dilators of the oesophagus and pharvnx.

Longitudinal section thrriugh the head.
The muscles of the lal rum!
I.ongitudin.al .section through the lateral side of ti,? lal.rum. civoeus and

part of the front. .
i "^

Same through Jie median line.
I.ongitudinal section thrrugh tlie basal joints of the antenna
I ortion of front of he.-.d showing the antennal muscles.

Pl.ATK III.

'^ex^;^;\'f^^r'^^r;'[\i:t';;:;,^!s:^'"'"'"
''"' '"'^-^^

S^o? thi^ri^a
'1':' '""' "'" ""^ •^''•"'" ^"'^ «"'^'^ -«-"—-J-

External muscles rf the maxilla.
Caudal view of the head with the integument of the mentum and iuh-mentum removed exposing the lal.ial and maxillary muscles
Ihf muscles ol the latiium.
The cervical ir- cles.

Extem.il cor\ Kal musc'es.

Plaip: IV.

Fig. 20. The inner layer of thoracic mu.scles, right side
Fig. 21. (.\) The outer layer of thoracic muscle. (B • Tlie outer laver ( f the

mesothoracic muscles of the male.
uur i.im r (.t tne

Pl.ATI- \.

Fig. 22. The articulation of the mesothoracic ley with tie ei.jsternum and thestemutn showing the tifth lateral muscle of the n-sothorax
Inner side of the .mtcrior face of the riKht met.itl-or.acic leg

U.Z]r\^V'\
!'"','"''''

r'
"H-tatl'oracic leg with the extensors of thetemur removed to show the tlexors.

Anterior face of left mesothoracic leg.
Posterior face of the coxa and trochanter of tie s.ime.
\ entral view of the claws ami their llexing api>aratus
hnlarged n:,.tatl-oracic longitii.linal dorsal muscle of lungwinged rcmale.he nototrochanteric extensor of the lemur.
\hc not'-iMxal (lexor.

The notocox.-il extensor.

Fig. 23.

Fig. 21.

Fig. 2,5.

Fig. 2(i.

Fig. 27.

Fig. 2>^.

Fig. 20,

Fig. ,'iO.

Fig. .SI.
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WE VI.

Fig. 32. The muscles of the first five abdommal segments. In segments 3 and 4
r- 90 .''"^.''""P^enfals are removed to expose laterals.
lig. .«. Muscles of the extremity of tlie female, inner layer
t ig. J4. Same, outer laver.

Fig. .3.V

Fig. HO.

Fig. ;i7.

Fig. .38.

Fig. 39.

Fig. 40.

Fig. U.
Fig. 12.

Fig. 43.

Fig. 44.

Pi ATI- VI r.

Muscles uf the extremity of the male.
Lateral view of the .spcrmatophore cup and its muscles.
Inner view of the mesothoracic soiracle.
Inner view of the mctathoracic spiracle.
Same witli the first occlusor removed.
Inner view of an abdominal spiracle, open.
Same, closed.
Transverse section through one fold of the proventriculus.
1 r.insverse section of tlie rectum.
External view of llic -cctum.

••.
1''

Is

'
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