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is due to this position. It is controlled by protractor (plb) muscles and
retractor (rib) muscles within the head. The labium of N otonecta or
Oncopeltus, consisting of four segments, is attached to the front of the head
capsule, its mobility depending entirely on the flexibility of the membrane
between segments.

Kemper (1932) states that the abductors and adductors of the Cimex
labium arise on the clypeus. This is not true in more primitive insects, and
is not like the arrangement of the same muscles in Hemiptera, as found by
the writer. The suture (8) between the jugum (Ju) and the maxillary lobes
(Mx) in these insects extends backward on the side of the head to the base
of the antennae (Plate VI, B). In this same region the anteclypeus (Aclp) ,
or tylus, lies in the trough between the loral surfaces (Lo) of the head, clos­
ing tightly the food canal on the upper surface of the hypopharynx (Plate
VI, D). Plate VI, C, represents a cross section posterior to the point where
the first adductor muscles of the labium enter the head; these muscles
originate upon the lower lateral walls of the mouth cavity ahead of point y.
For any muscles of the labium to originate on the clypeus or any other dorsal
area of the head near this region is obviously impossible.

To bring out more clearly the relationships and dissimilarities that exist
between the muscles of the labium, they are classified in the table on page
14, together with the muscles of Cimex, as given by Kemper (1932).

THE MANDIBLE AND MAXILLA OF CICADA

Both the mandibular and maxillary bristles of Cicada arise from the walls
of the bristle pouches. They are enlarged at their proximal ends and both
are forked; the branches of the mandible are longer than those of the maxilla.

The enlarged base of the mandibular bristle lies inside the bristle pouch
just under the overlying edge of the loral plate (Lo, Plate II, D). It is
forked, one arm (ra) proceeding dorsally along the inner walls of the pouch,
giving attachment to the first retractor muscles (1 rmd) that arise on the
dorsal wall of the head; the other arm (pa) extends dorsally at the bottom
of the groove between the lorum and the maxillary plate, its upper end
articulating with the posterior lateral margin of the lorum (Lo) (Snodgrass,
1938). The protractor muscles (pmd) of the mandible originate on the
inner face of the lorum (Lo) and are inserted on a wide, thin apodemal
inflection along this protractor arm (not shown in Plate II, D).

The maxillary lever in Cicada is joined to the maxillary bristle by a
flexible joint allowing considerable freedom of action in the lever, while
the protractor arm of the mandible is a rigid part of the base of the bristle
to which the protractor muscles are attached. The flexible joint lies at point
X (Plate II, E). It is evident, therefore, that the maxilla can be protruded
farther than the mandible.

The inner end of the maxillary bristle serves as a point of attachment
for retractor muscles (Plate II, E, rmx), which originate on the dorsal
walls of the head. A large protractor (2 pmx) originating ventrally on the
inner face of the maxillary plate (Mx) is inserted on the end of the bristle.
The lever (Lvr) of the maxilla is a modification of the wall of the bristle
pouch and extends from the bristle to the posterior edge of the maxillary
plate (Plate II, E, Mx). Apparently this lever serves as a contrivance to
hold the maxilla in line as the bristle moves in and out in the Hemiptera,
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but in Cicada it also serves as a point of insertion for a heavy protractor
muscle (1 pmx) , which originates on the lower maxillary plate with the first
protractor, and for a fine retractor muscle (tm) which originates on the
tentorium.

THE MANDIBLE AND MAXILLA OF HEMIPTERA

The mandibular bristle of Notonecta consists of a modification of the mesal
wall of the mandibular sac. On its inner end is inserted the retractor muscle,
(Plate VIII, D, rmd), the origin of which is on the back of the head at the
edge of the foramen magnum beneath the eye. There is only one protractor
(mdh), its origin being on the inner face of the lorum, its insertion on the
mandibular process (Mdpr).

The mandibular process (Mdpr) is one of the most important landmarks
of the inner head skeleton. It is found in all members of the Hemiptera
thus far studied, and is constant in position. The outward invagination
marking the inward projecting process i~ always just mesad and in front of
the antennal fossa and in Notonecta and Benacus slightly below this point
(Plate-IV, A, B; Mdpr).

In Oncopeltus removal of the upper surface of the jugum will reveal the
mandible and its muscles in place inside the head (Plate VIII, I, Md). The
large antennal base crowds the point of invagination of the mandibular
process (Mdpr) forward. The process is enlarged to form the point of
insertion for the fan-like hypopharyngeal transverse protractors of the
mandible (mdh). These muscles originate on the vertical walls of the food
trough (Plate VIII, I, Lo; and Plate VI, D, Lo), which correspond to the
lora of Cicada and the lateral extension of the upper surface of the hypo­
pharynx in Notonecta (Plate VIII, A, Lo).

In most of the Hemiptera the inner edge of the mandibular sac (Plate
VIII, I) is sclerotized to form a strong bar (Lvr) connecting the process
(Mdpr) with the bristle (Md). This is the lever of the mandible. In Noto­
necta the lever (Lvr) is not heavily sclerotized and thus not so highly
developed as in Oncopeltus and Acrosternum, (Plate VIII, D). In the
latter insects the lever is highly developed and is bent at a sharp angle
near its middle (Plate VIII, I), so that its inner half lies parallel to and

. on top of the mandibular bristle (Md). Plate VIII, K, shows the process
(Mdpr) and lever (Lvr) of Acrosternum after muscles have been removed.
The lever has been lifted by a needle to show the fold in the sac (Md sac)
that begins at this bend of the lever (Lvr) .

In Oncopeltus as in Notonecta the hypopharyngeal-mandibular muscle
is the only mandibular protractor present. In Acrosternum there is a second
protractor of the mandible (Plate VIII, H, J; pmd) inserted on the outer
half of the lever and arising in the anterior extremity of the lobe, the top
surface of which is the jugum (Plate I, D, Ju; and Plate VIII, H, Ju).
The point of insertion of this group of muscles (pmd) on the lever
(Lvr) is revealed if the hypopharyngeal-mandibular protractor muscles are
removed (Plate VIII, J).

Snodgrass (1938) says, "In the Hemiptera both the primary articulations
of the mandible on the subgenal margin of the cranium have been suppressed
to give freedom of movement to the mandibular base; the articulation with
the lorum represents the mesal point of contact between the mandibular base
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16 CORNELL EXPERIMENT STATION MEMOIR 254

and the b'lse of the hypopharynx. The retractor muscle of the hemipterous
mandible (Plate VIII, A, rmd) arising on the vertex is evidently the
adductor muscle of the biting jaw (Plate VIII, B, admd) ; in Cicada the
primitive cranial abductor appears to be represented by a second retractor
muscle (Plate II, D, rmd) arising on the gena and inserted laterally on
the mandibular base. The reduction in size of the mandibular bases in
Hemiptera has exposed the lateral parts of the hypopharynx on the sides
of the head, and the retraction of the mandibles has converted the prim­
itively hypopharyngeal adductor muscles of the mandibles (Plate VIII,
B, mdh) into protractor muscles (Plate II, D, pmd)." (Snodgrass here
does not use "Hemiptera" in the restricted sense, but includes as well the
members of the Homoptera.)

Snodgrass's diagram of the mandible and hypopharynx of the roach has
been included h~re for comparison with the same structures in Notonecta.
The same relations described for Cicada exist in Notonecta. In Notonecta
the hypopharyngeal muscle of the mandibles (Plate VIII, A, mdh) retains
its transverse position in the head. Its origin is on the inner surface of the
loral plate (Lo), an expansion of the upper surface of the hypopharynx
(Hphy). Its insertion is on the mandibular process (Mdpr). Retraction of
the mandible in the head has caused the hypopharyngeal muscle to act as a
protractor of the bristle. It works against the retractor muscle in Notonecta,
instead of with it as in the roach.

A difference between otonecta and Cicada should be pointed out. In
Cicada the hypopharyngeal muscle is inserted directly on the protractor arm
of the mandible. In Notonecta this muscle acts upon the mandibular process
(Plate VIII, A, D; Mdpr), which is connected with the mandible itself by
the lever (Lvr). The lever is a sclerotized bar lying in the inner wall of
the mandibular bristle sac and is connected to the mandible by a flexible
joint. The structure of the mandible, lever, and mandibular process is similar
in all members of the Hemiptera studied and constitutes a fundamental
difference between the mandible of this group and the mandible of Cicada.

Beneath and mesad of the mandible of Notonecta lies the maxilla formed
as a heavily sderotized rod in the membrane of the bristle pouch. The maxilla
is less complex than the mandible. It has a single retractor bundle of
muscles (rmx) originating on the inner wall of the head capsule at the edge
of the foramen adjacent to the mandibular retractor (Plate VIII, C) and
inserted on the mesal edge of the maxillary bristle.

The maxillary segment of the head consists of two parts: the maxillary
plate (Plate IV, B, Mx), the external sclerotized plate beneath the eye,
and a fleshy lobe, probably the galea, not visible because it is covered by
the lower part of the clypeal region of the head and by the labrum. The
protractor muscles (pmx) have their origins on the lower surface of the
fleshy lobe (Plate VIII, C) ; the edge of the lobe is apparently reinforced
by a sclerotized margin extending from the external plate to take the pull
of the muscles. No maxillary lever is present in Notonecta.

Dissections of Oncopeitus made to expose the maxilla reveal it as a
sclerotized bristle which broadens at its inner end (Plate VIII, G, Mx).
The maxillary sac is expanded inwardly to accommodate a curved trans­
verse bar; this is the lever (Lvr) in the membrat:le of the upper surface
of the sac, articulating with the inner side of the maxillary bristle and
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extending to the head wall at a point beneath and slightly caudad of the
compound eye. The lever is bowed and can best be seen from the under
side as shown in Plate VIII, G. The protractor muscle (pmx) originates on
the end of the maxillary segment and is inserted on the broad base of the
bristle. It is encircled by the lever on the under side. The retractors (rmx)
are inserted on the inner end of the bristle and extend to the edge of the
foramen magnum laterad of the mandibular muscles. The arrangement of the
maxilla is similar in Acrosternum; and, except for the more elaborate
musculature, it is similar in Cicada (Plate II, E). The lever (Lvr) of
Oncopeltus at its outer end is joined to the head wall by a series of fibers
(fi) extending from the epidermal layer of the maxillary sac to the epidermal
layer of the head capsule (Plate VII, B). These fibers probably correspond
to tonofibrillae. The inner vertical wall of the sac is formed from the wing
of the hypopharynx (Hphyw). At the line along which the wing approaches
the lower surface of the head and where the sac (Mx sac) bends outward
under the lever, another series of fibers (fi) connects the head wall with
the sac.

Back of the lever, the walls of the sac (Plate VII, D, Hphyw) become
membranous and highly convoluted and the muscles of the salivary syringe
(dlsyr), which in Cicada, Cephisus, and Notonecta are attached to the under
side of the hypopharyngeal wings (Plate II, F, dlsyr; Plate IV, C, and D,
dlsyr), have migrated upon the head capsule.

At the posterior end of the food pump in Oncopeltus (Plate VI, E) a
cross section shows that from here forward the hypopharyngea~ wings
(Hphyw) are joined to the floor of the food pump (Pmp) by fibers (fi)
that support the pump by opposing the pull of the pump muscles (dlbe).
A section taken through the antennal base (Plate VI, D) indicates that the
mandibular and maxillary sacs have merged into the bristle sac (B sac) in
front of the compound eyes and behind the base of the antennae.

The maxillary protractors (pmx) each divide into three bundles near
the region where they attach to the wan of the head (Plate VI, D). The
inner maxillary protractor bundle (a) originates on the wall of the bristle
pouch. The lower bundle (b) (Plate VI, C) fastens to the wall of the
maxillary lobe toward its tip on the lower side, and the upper lateral bundle
(c) has its origin dorsally in the maxillary lobe toward its anterior
extremity (Plate VI, C).

The mandibular and maxillary bristles are hollow, seta-like organs. Out­
side the bristle sac and within the trough of the labium the mandibles (Md)
are on the outside of the bristle bundle (Plate VIII, E, F,), acting as guides
for the maxillae (Mx) within. The mandibles are flanged on their upper
surface in Notonecta, the flange overlying the maxilla on the side facing the
opening in the labial trough. Near the proximal end of the mandible, where
it lies under the labrum, the mesal margin of the flange is ridged (Plate VIII,
F, r). The ridge on each mandible runs in a slot on the inner surface of the
labrum (Plate V, F, r). Evidently these grooves are effective in forcing the
mandibles and maxillae together beyond the point of the hypopharynx. In
Oncopeltus the flange and ridge are not present and the bristles are forced
into a compact bundle in a different way. The 1abrum (Lm) of Oncopeltus
is grooved on its lower surface and fits tightly around the bristle bundle
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(Plate VII, A). Evidently the labral groove forces the mandibles (Md)
and maxillae (Mx) together beyond the end of the hypopharynx.

In Notonecta the bristle bundle (Bb) is flattened and apparently unable
to turn in the labial groove (Plate V, E). In Oncopeltus the bristle bundle
is nearly cylindrical and can turn in the labial groove. Serial sections of the
labium with the bristle bundle in place show the axis of the bristle bundle
to be different in each section. Possibly this indicates that the bristles have
a twisting motion, like that of a drill, as they penetrate the plant tissue
(Plate VII, A, C, E, F, and G; Md, Mx).

SUMMARY

In Cicada and Cephisus, the clypeus is divided into postclypeus and
anteclypeus; the loral plates are exposed at the sides of the clypeus. In
Notonecta the entire clypeus is fused with the front; the loral plates lie
inside the head and are entirely covered. In Benacus, Oncopeltus, and
Acrosternum, the postclypeus is fused with the front; the anteclypeus or
tylus is narrow and lies in a trough between the vertical loral plates.

The lower~lateral surfaces of the hypopharynx are extended into the head
as two divergent trough-like plates. In Cicada and Cephisus' a tentorium
is present and these plates rest on the under surface of the tentorium and
appear to be united closely with it. The dilator muscles of the salivary syringe
:ire attached to their under surfaces.

In other forms studied no tentorium is present. The wings of the hypo­
pharynx extend backward in Notonecta and give support to the inner ends
of the salivary retractor muscles. In Oncopeltus the hypopharyngeal wings
are greatly modified. They become membranous caudally and are attached
to the head wall along their lower edges. The origins of the salivary-pump
retractors are on the head capsule instead of the wings.

The food pump of Cicada represents the cibarial region of generalized
insects; The functional mouth is a tube leading from the cleft between the
anteclypeus and the hypopharynx. The true mouth is the posterior opening
of the food pump into the pharynx which lies above the tentorial bar. .

The muscles of the food pump are the dilators of the cibarium, a large
mass arising in the large clypeal bulge on the front of the head. Behind these
are the pharyngeal dilators. Cephisus and Notonecta are similar. In Noto­
necta and Oncopeltus the frontal nerve and ganglion lie between these two
masses. The pharyngeal dilators reach their greatest development in Onco­
peltus, where they fan out on the upper surface of the pharynx in two parts,
with a longitudinal muscle lying between.

The three-segmented labium of Cicada and of Cephisus is attached to the
neck membrane. The four-segmented labium of the Hemiptera studied arises
from the head capsule at its anterior end. The protractor and retractor
muscles of the labium of Cicada and of Cephisus originate on the posterior
edge of the head capsule under the end of the tentorium. These muscles
do not exist in the Hemiptera; the adductor muscles and abductors, when
present, originate on the hypopharyngeal wings. The muscles of the terminal
labial segment and of the next-to-the-Iast segment in Cicada and in Cephisus
are similar to the muscles. in the same segments in the Hemiptera studied.
Other muscles in the labium differ in the two groups of insects except that
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the first adductor in Cicada and Cephisus is similar in function to the first
adductor in Notonecta and Oncopeltus.

The mandibles and maxillae of the Homoptera and Hemiptera arise from
the walls of the bristle pouches. The protractor muscles of the mandibles in
Cicada are attached directly to the protractor arm and arise on the loral
plates. In Notonecta and other Hemiptera studied they arise on the loral
plates, but are inserted on the mandibular process, a constant feature in the
Hemiptera. The process is joined by a lever to the mandible. In Acrosternum
an additional set of protractor muscles is attached directly to this lever.

The maxillary bristle of Cicada is equipped with a lever attaching to the
head capsule behind the eye, as are the maxillary bristles of Oncopeltus and
Acrosternum. No maxillary lever is present in Notonecta.
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ABBREVIATIONS

mdh = hypopharyngeal-mandibular
muscle

Mdpr = mandibular process
Md sac = mandibular sac
Mth = mouth
Mx = maxilla
Mx sac = maxillary sac
Ocs = occipital suture
Oes = oesophagus
Op n = optic nerve
P = process of labium
pa = protractor arm
Pclp = postclypeus
Phy = pharynx
plb = protractor of labium
pmd = protractor of mandible
Pmp = food pump
pmx = protractor of maxilla
Pphy = posterior pharynx
r = ridge on upper surface of mandible
ra = retractor arm
rao = retractors of mouth angle
rhphy = retractor of hypopharynx
rib = retractor of labium
rmd = retractor of mandible
rmx = retractor of maxilla
Rnv = recurrent nerve
r ter s = retractor of terminal segment
s = suture
Is = dorsal salivary muscle
2s, 3s = salivary muscles of the labium
Sid = salivary duct
Siv = salivarium
Sm = salivary meatus
Stom = stomodaeum
Syr = syringe (salivary)
tm = tentorial retractor muscle of maxilla
Tnt = tentorium
Tr = trachea
trans = transverse muscle
vdlphy = ventral dilators of pharynx
Y = dome-like protuberance in eye of

Benacus

abd = abductor muscle
abmd = abductor of mandible
Aclp = anteclypeus
add = adductor
admd = adductor of mandible
Ant = antenna
antm = antennal muscle
Ap = apodeme
At = anterior tentorial arm
Bb = bristle bundle
B sac = bristle sac
Br = brain
Buc = buccula, or buccal cavity
Cb = cibarium
Clp = clypeus
cplm = compressor of labrum
dlbc = dilator of buccales
dleb = dilator of cibarium
dig = transverse dilators of the groove
dlphy = dilator of pharynx
dlsyr = dilator of syringe
Fd = food duct
fi = muscle fibers
Flpmp = floor of pump
Fr = frons
Fr gng = frontal ganglion
Frn = frontal nerve
g = groove in labium of Notonecta
Gu = gula
Hphy = hypopharynx
Hphyw = hypopharyngeal wings
Hs = hypopharyngeal suspensorium
Ju = jugum
Lb = labium
Lb seg 1 = first labial segment
Lm = labrum
lm phy = longitudinal muscle of pharynx
La = lora
Lvr = lever
m trans = median transverse muscle
Md = mandible
Md b = mandibular bristle
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PLATE VIII
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A. D,arram of NOIoneeta aho.. inr mandibles and hypopharynx.
B. Oiagram of r""ch Ibowing mandibles and hn>opharynx.
C. Maxilla of NOIOlleela.
D. )Iandible of NOlonecla.
E. Cr.,.. section of bristle bundle of Noton""ta beyond end of labrum.
F. Cr",s seclion of bri.t!e bundle in Te'gion of labrum.
G. )laxil1a of Onco~1tu•.
H. Hea,! of Acrosternum di •..ecled to show mandibular muocle. and hypopharynx.
I. Head of OncopeU"s di.uecled to .bow mandible and bYl>Opbarynx.

J_, Head of Acro..ernum dls.o«led f<> show protrsew,s of mandible in....rted on le,-er.
l!: "bndible of ACTo.temurn di• ..ecled 10 show lever and mandibular sac.
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