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Introduction

This paper presents a detailed description of the head muscles of Agkistrodon pisci-
vorus. Like all viperids, this species possesses a jaw mechanism, intricate in design,
that is adapted for injection of venom and subsequent swallowing of the prey. The
descriptions in this paper serve as a basis for future comparisons to other viperids
and for an understanding of the function and evolution of viperid jaw mechanisms.

Many early treatments of snake jaw musculature are still significant contributions; they are also
historically important as the major reference sources for subsequent workers. Among these early
treatments are Ducks (1827), p’ArToN (1834), OWEN (1866), HorrMaN (1890), GorrERT (1899),
Hacer (1906). More recently, treatments of non-venomous snake jaw musculature have appeared
that are in part or entirely descriptive (ANTHONY and SERRA 1950, Cowan and Hick 1951, ALBRIGHT
and NELsoN 1959, FrazzerTA 1959, 1966, GiBson 1966). One of the earliest works on venomous
snakes is by KATHARINER (1900) who described the lateral jaw musculature of several viperids.
Prrsavix (1922) includes some anatomical descriptions in her book on poisonous animals and venoms.
In a series of papers, Rapovaxoié (1928, 1935, 1937) describes osteological, myological, and some
blood and nervous system aspects of the snake head in the major families of poisonous and non-
poisonous snakes. BocarT (1943) discusses fang modifications in elapids and suggests taxonomic
implications. Several papers by DULLEMEIJER (1956, 1958) contain anatomical description and com-
parisons as well as a discussion of functional and evolutionary aspects of viperid jaws. The paper
by BorrT and EwErr (1964) includes anatomical information, but is mainly important for its discussion
and clarification of viperid jaw function. Though Kocurva’s two papers (1958, 1962) discuss function
they are primarily signifieant for their comparative anatomical contributions. Work by Lusoscu
1933) stands even today as an important contribution to the subject of throat muscles in snakes.

1 Part of a dissertation sumbitted in partial fulfillment of the requirements for the degree o
Doctor of Philosophy, Department of Zoology, University of Iilinois, Urbana, Illinois (USA).
2 This study was carried out in the laboratory of T. H. FRAZZETTA.
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LANGEBARTEL's 1968 monograph contains descriptions of throat muscles in a variety of venomous
and non-venomous snakes.

As well as contributing information on head morphology, several papers have also been instru-
mental in establishing and promulgating anatomical nomenclature; LAKIJER (1926) is propably most
important among these. He compared the lateral head musculature between reptilian groups and
established a system of naming muscles based principally upon subdivisions of the trigeminal and
facial nerves. Haas used this system in his work (1930, 1931, 1938, 1952, 1968) and amended it
to emphasize the supposed homologies between the adductor mandibulae externis muscles. Kocuva
(1962) changed and simplified some of the terminology and, in my judgment, made the muscle
nomenclature more manageable, at least for descriptive purposes,

Terminology

The primary purpose of this papor is anatomical description of and not evolutionary derivation
of jaw muscles. Thus, T use Kocuva’s (1962) muscle nomenclature because it avoids the use of
terms such as “la”, “Ib”, and the like with their implied and probably incorrect (Kocuva 1963)
homologies. Kocrva’'s terminology is used throughout this paper for the lateral jaw musculature
with only these differences — the term M. cervico-mandicularis is used in place of the term M. re-
tractor quadrati for the muscle that runs obliquely downward from the cervical region to the retro-
articular process of the mandible and to the distal, lateral kaob of the quadrate. The term M. re-
tractor quadrati is instead used here for the muscle that originates in the skin, passes forward
beneath M. cervico-mandibularis, and inserts by a slender tendon to the quadrate. This aligns the
muscle nomenclature more nearly with LuBosci’s earlier (1933) terminology.

LANGEBARTEL recently (1968) studied the throat muscles of many snakes. T use much of his
nomenclature for the throat musculature, but with some necessary changes. The muscle he terms
transversus branchialis (tb) is actually the M. transversus hyoideus and is called such in this paper
(Horrmax 1890). The term M. transversus branchialis is used here in the sense of ALBricuT and
NELson (1959, pp. 212-213).

For muscle synomony, Kocuva (1962) and LANGEBARTEL (1968) should be consulted.

Materials and Methods

The muscle descriptions are based upon formalin preserved and frozen specimens. The formalin
preserved heads of seven adult cottonmouths (Agkistrodon piscivorus piscivorus) were dissected
completely. Recently sacrificed and frozen heads of two adult 4. p. leucostoma were examined for
details of the lateral jaws and throat musculature. All specimens examined in this study were
obtained from a reptile supply dealer (Snake-A-Torium, Florida) and ranged in length from 45 cm
to 90 em. Dissections were done under a stereomicroscope at 7 x magnification.

Venom gland (Figs. 1, 2, 3)

The venom gland is situated on the side of the skull immediately behind the orbit.
It is wrapped in a capsule of fibrous connective tissue and is fastened securely by
short connective tissue ties, sheets of fascia and especially by three strong ligaments
each inserting on one of the three corners of the triangular shaped gland.

The ligamentum quadrato-glandulare holds the top corner of the gland. Coanective tissue fibers
along the surface of the venom gland capsule converge at the dorsal apex of the gland to form this
shiny, chord-like ligament. Tt passes upward toward the articulation between the quadrate and supra-
temporal bones and attaches at three sites: to the profundus near its origin along the lateral edge
of the expanded end of the quadrate, to the quadrate, and to the joint capsule of the supratemporal-
quadrate articulation.
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The ligamentum quadrato-maxillare arises from a small forwardly directed prominance on the
lateral surface of the retroarticular process of the mandible. It runs forward as a thin ribbon oy
fibers passing over the profundus muscle and attaches to the posterior corner of the gland by liga-
mentous fibers that invade the gland’s connective tissue capsule. Just behind the large venom
gland, tho ligamentum quadrato-maxillare is joined by a short but strong ligamentous tic emorging
from the dermis at the corner of the mouth (Fig. 10). In some species of snakes, an anterior con-
tinuation of the ligamentum quadrato-maxillare is present reaching from the venom gland to the
maxilla (Kocrva 1962). In Agkistrodon, however, such a continuation is absent.

The ligamentum transverso-glandulare runs from the lateral side of the pterygoid bone to the
anterior basal corner of the venom gland. Attachement to the pterygoid begins at the pterygoid-
ectopterygoid articulation and extends forward a short distance along the pterygoid (Fig. 12). The
ligament is thin and flattened, and its fibers slant outward as it runs to the base of the venom gland
attaching near the gland’s anterior corner.

Other attachments hold the gland and its duct in position. At the lower posterior angle of the
gland the connective tissue capsule gathers into a short tie that fastens this corner of the triangular
shaped gland to the middle of the profundus muscle. A whitish sheet of loose connective tissue wraps
the lower anterior angle of the venom gland to the pterygoideus muscle. The base of the venom gland,
duct, and accessory gland are bundled in a coat of soft fascia that also attaches to the nearby ptery-
goideus muscle and dermis.

The duet of the venom gland is slightly coiled. Tt is carried forward in loose connective tissue
from the gland to the maxilla where it dips downward to empty into the base of the fang. A swelling
is present in the duct immediately behind the maxilla. This is the accessory venom gland (KocHvA
1958, p. 26). The accessory venom gland is also dressed in a tough connective tissue capsule and
secured by fibrous ties to the surrounding tissues.

Lateral jaw musculature

Partly upon the basis of nervous innervation (LARJER 1926) and upon embryolo-
gical development (KocHva 1963), most of the lateral jaw musculature can be
divided into two major groups: the adductor mandibulae and constrictor I dorsalis
complexes. The adductor mandibulae muscle complex is composed of an anterior
group of muscles including Mm. superficialis, levator anguli oris, pseudotemporalis,
and pterygoideus and a posterior group that includes Mm. medialis, compressor
glandulae, profundus, and posterior.

The constrictor I dorsalis muscle complex includes Mm. levator pterygoidei, re-
tractor pterygoidei, retractor vomeris, protractor pterygoidei, and protractor qua-
drati.

M. adductor mandibulae externus superficialis (as) (Figs. 3,1, 4,5, 9, 10)

This wide, strap-like muscle originates from the lateral projection and body of the parietal bone.
The lateral projection of the parietal is a shelf-like extension that forms the posterior roof over
the eye and is tipped by the small postorbital bone. Specifically, the superficialis takes origin from
a low crest that first courses medially along this parietal shelf, then curves abruptly backward to
run lengthwise along the parietal, and finally, near the posterior end of the bone, bends obliquely
inward nearly to the dorsal midline of the parietal. This last, short, oblique part of the crest serves
as one of the sites of origin for the medialis muscle. However, the rest of the parietal crest is the
surface from which the superficialis muscle takes origin.

The superficialis, covered by the venom gland along most of its length, courses downward from

the crest of the parietal bone. Soon after emerging from beneath the venom gland, its parallel myo-
fibers cease and the muscle itself continues only as a thin membrane-like aponeurosis that sweeps
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Fig. 1. Lateral view with skin covering lower jaw on right side freed and folded through mouth (arrow) to expose
underlying musculature

over the profundus and compressor glandulae to insert along an extended low ridge that runs along
the ventral bend of the mandible.

M. levator anguli oris (lao) (Fig. 1)

This muscle is a slender ribbon-like muscle originating along the parietal crest. Its fibers part
from the deep, medial fibers of the superficialis, run downward beneath the superficialis, and pass
along the anterior edge of the medialis. Upon rounding the corner of the mouth (angulus oris), its
flattened outer surface makes contact with the dermis and thus begins its insertion in the skin.
The fibers spread slightly as they follow the curve of the mandible extending the area of insertion
along the underlying dermis of the lower lip. Near the anterior tip of the mandible it passes over
the elongate salivary gland and ends by attachment to the dorsal surface of the gland.

M. adductor mandibulae externus medialis (am) (Figs. 4,1, 2, 3, 5, 9, 11)

Distinct and easily separable from its neighbors, this strap-like muscle arises just posteriorly to
the superficialis along parts of the parietal and supratemporal. Most of its superficial fibers arise
from the oblique section of the parietal crest immediately behind the section occupied by the
superficialis. These fibers are joined posteriorly by a second bundle of fibers arising from the posterior
part of the supratemporal and from the rounded proximal end of the quadrate above its point of
articulation with the supratemporal. A third tributary of fibers arises from the dorsal edge of the
supratemporal and joins with the undersurface of the musecle.

Proceeding downward beneath the superficialis, the medialis becomes applied to the medial,
anterior surface of the compressor glandulae to share with it part of a short attachment tendon. It
is through this short tendon that the medialis inserts on the lateral surface of the mandible.

M. compressor glandulae (cg) (Figs. 1-5)

In Agkistrodon, this muscle is distinet and easily isolated from neighboring muscles. Its fibers
are parallel and form clusters of ribbon and cord-like bundles. It is implicated in venom ejection
by its close association with the venom gland, but may likewise be partner with other musecles in
jaw closure. Its site of insertion lies on the lateral and ventral surfaces of the mandible. A small
foramen in the surangular bone, through which the mandibular branch of the trigeminal nerve exits,
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Fig. 2. Venom gland and neighboring muscles. The M. compressor glandulae (eg) attaches in part to the venom gland
by a bread aponeurosis (vg ap) that is lifted from the surface of the gland by forceps to show points of attachment
more clearly

Fig. 3. Latero-anterio-dorsal view of head. The venom gland’s duct has been cut and the gland swung backward
and pinned into the position shown so that the underlying muscles can be seen

opens in about the middle of the ares of insertion. Fibers of compressor glandulae attach directly
to the periosteum, except at the posterior edge of the muscle which here forms a short tendon that
disappears into the anterior tip of the mandibular fossa. The posterior edge of the muscle fits into
an elongate groove formed medially by the posterior and laterally by the profundus muscles. The
mandibular branch of the trigeminal nerve can be seen to pass across the posterior and slip between
it and the profundus at their line of contact.

Followed dorsally from its insertion, the compressor glandulae bows around the corner of the
mouth, past the posterior angle of the triangular shaped venom gland, across its top apex, and ends
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Fig. L. Lateral view of head muscles. Venom gland and attachments have been completely removed except for two

short pieces of ligaments, one still attached to the retroarticular process of the mandible and a second to the quadrate«

supratemporal articulation. The M. adductor mandibulae externus superficialis (as) and M. compressor glandulae
(cg) have been cut and deflected to expose underlying muscles

Fig. 5. Lateral view of head muscles. Quadrate-supratemporal articulation has been severed thus allowing outward
rotation of the quadrate (top arrow) and lower jaw (lower arrow). The M. adduetor mandibulae internus pterygoideus
(pg) has also been cut

abruptly on the anterior side of the gland in a thick tendinous blanket of connective tissue. This
covering wraps over the front side of the gland to fuse with the gland’s own connective tissue
capsule.

M. adductor mandibulae externus profundus (ap) (Figs. 1-7, 9, 12)

This musele’s size and affiliation with companion muscles give it a speeial importance. It arises
from the dorsal, lateral, and ventral surfaces of the quadrate (Fig. 9). Though most of its fibers
are long and parallel, a partial pennate construction is suggested by the presence of a superficial
tendon with emanating oblique fibers. Passing downwards, the muscle increases in bulk as more
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Fig. 6. Lower jaw showing areas of muscle attachment.
A. Medial view of left mandible. B. Lateral view of right mandible
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Fig. 7. Posterior region of mandible showing areas of attachment.
A. Dorsal view. B. Ventral view. C. Posterior view of the retroarticular process
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Fig. 8. Latero-posterio-dorsal view of skull showing muscle attachments

Fig. 9. Quadrate bone from dorsal (A) and ventral (B) views showing areas of muscle attachment

fibors, arising from the quadrate, join the main musecle mass. It is thickest mid-way along its length
at the angle of the jaw. Beyond this point the muscle flatteas, spreads across the outer surface of
the mandible, and inserts along an extensive area of the bone. Some of the muscle’s inner fibers
spill into the anterior part of the mandibular fossa inserting directly along the interior side and
rim of this fossa. However, most fibers continue past this first point of attachment and insert directly
to the floor of an elongate depression that lies below the outer rim of the mandibular fossa.

The muscle participates in several unique affiliations with companion muscles and tissues. Its
upper half is four sided: its medial side rests on the deep posterior muscle; its anterior side, together
with the posterior musclp, forms the elongate groove occupied by the posterior edge of the com-
pressor glandulae; its posterior and lateral sides are covered by a shiny, fibrous tendon from which
some of its own muscle fibers arise. This tendinous coat of the profundus also serves as a surface
of origin for fibers that slant backward to contribute to the posterior depressor mandibulae. The
middle of the profundus is fastened to the posterior angle of the venom gland by a short cord formed

from strands of connective tissue.
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M. adductor mandibulae posterior (apo) (Figs. 4, 5, 9)

The mutual exchange of fibers occasionally occurs between the posterior and profundus so the
two musclos are not neatly separable. The mandibular branch of the trigeminal nerve passes across
the outer face of the posterior near its anterior base of insertion slipping between it and the more
superficial profundus. Although both heads of the posterior, lateral and medial, are joined at their
origin, they can be peeled apart and their respective origins estimated. Both arise from the ventral
surface of the quadrate, but the lateral head arises along the entire length whereas the medial head
arises only along the distal half of the quadrate.

The posterior, composed of parallel fibers, drops downward from its origin as a flat, broad, and
fairly thick curtain toward the mandible. The mandible’s coronoid process cleaves the muscle into
two insertion heads that spread over its outer and inner surface. The lateral head attaches to the
lateral face of the coronoid process and to the sides, floor, and posterior outer rim of the mandi-
bular fossa. The medial head inserts on the rim of the coronoid process itself and across its inner
surface.

M. pseudotemporalis (pst) (Figs. 4, 5, 6)

The prootic bone bears a roughened depression that is raised along its anterior rim into a crescent
shaped ridge. The rounded, proximal end of the supratemporal bone fits into the concave face of
this ridge. It is from the middle and lower convex surface of this ridge that the pseudotemporalis
originates. Its fibers are parallel and form a slender ribbon-like muscle that travels downward in
front of the cranial foramen for the maxillary branch of the trigeminal nerve, across the lateral
surfaces of the Mm. levator pterygoideli and pterygoideus, and beneath levator anguli oris aad me-
dialis. The muscle widens just before inserting directly to a short section of a ridge that itself lies
in front of and at the base of the coronoid process.

M. adductor mandibulae internus pterygoideus (pg)
and M. adductor mandibulae internus pterygoideus accessorius(pga)
(Figs. 10, 1, 4, 5, 10, 12, 13)

The pterygoideus is an elaborate muscle. Some of its fibers bunch together into distinctive tracts
and some form complex, interconnections with each other. Also, it is with the pterygoideus that the
accessorius is closely associated. Description can be difficult and is often confusing to follow. Thus,
a brief introduction is given to help clarify the general arrangement and attachments of these muscles
before considering their specific structures.

The pterygoideus originates on the ventral surface of the retroarticular process. From its origin,
it bends inward beneath the maudible and proceeds directly forward to insert by two heads — one
to the ectopterygoid and the other to fascia coating the maxilla. The accessorius is applied to
the inside curvature of the pterygoideus as a muscular lining and accompanies the pterygoideus as
both muscles bend inward beneath the mandible. The accessorius originates from fibers of the
pterygoideus and from the medial side of the mandible just below its point of articulation with
the quadrate. The accessorius inserts along the ventral, posterior surface of the pterygoid bone.
It is concealed by other muscles and connective tissue. To be seen distinctly, the surrounding ptery-
goideus must be separated from its insertion and peeled back to thus reveal the accessorius.

The pterygoideus is a curious muscle. Anteriorly, it divides into two heads that insert separatoly
on two different bones. The dorsal head inserts on the ectopterygoid. This insertioa site is along
the posterior border of a laterally projecting prominence, the articular knob (Fig. 11B), that serves
as a major point of articulation with the base of the maxillary bone. Insertion on the ectopterygoid
is by both a tendon and by direct muscular attachment. The tendon begins forming about halfway
along tho length of the pterygoideus on its lateral surface. The shiny fibers of the tendon pass for-
ward and upward to insert on the articular knob of the ectopterygoid. Muscular fibers of the ptery-
goideus attach to this tendon and also insert next to it (medially) directly on the ectopterygoid
(Fig. 11 B, C).



Fig. 10. Lateral view of head with skin loosened and pulled forward to expose underlying museles. Attachment of
ligamentum quadrato-maxillare (Iqn) to the skin is also shown. The neuro-mandibularis (nm) has been cut and deflected

Fig. 11. Pterygoideus muscle. Portions of the lateral musculature are cut and removed to expose the M. adducto

mandibulae internus pterygoideus (pg) in figure A. Figures B and C show the muscle with the lower jaw rotated

outward (arrow) to better reveal attachments. Three cross-sectional views of the muscle are shown in B. In C, the

two small solid triangles indicate prominences on the retroarticular process and below the articular notch (an) that
serve as points of origin for the pterygoideus muscle; t, tendon; g, glandulae
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The ventral hoad of the pterygoideus muscle inserts on the maxilla via a soft, strong connective
tissue fascia that covers the maxilla and fang (Fig. 11B). A shiny tendon develops ventrally on
the pterygoideus and moves laterally as it passes forward in the company of fibers that form the
ventral head (Fig. 11B, cross-section). Most of the ventral head’s fibers attach to this tendon,
but some continue anteriorly and insert with the tendon on the connective tissue fascia surrounding
the base of the maxilla. Thus the force of muscular contraction is passed to and distributed upon
the maxilla and fang by the coat of strong fascia.

The pterygoideus originates from the posterior end of the mandible. The mandible receives the
quadrate in a C-shaped “‘articular notch”. The origin of the pterygoideus begins beneath this notch
and extends backward along the entire ventral surface of the retroarticular process (Fig. 7B). On
the medial side of the mandible, below the articular notch and continuing on to the retroarticular
process, is a crescent-shaped ridge. The two ends of this ridge form prominences from which strong
tendons arise and spread a short distance over the surface of the pterygoideus (Fig. 11C).

The pterygoideus has another unusual feature — the pars glandulae. This is a small wedge-shaped
gathering of fibers located midway along the ventro-lateral surface of the M. pterygoideus. Fibers
of the pars glandulae converge into a narrow tendon that passes along the side of the pterygoideus
and inserts on the anterior base of the venom gland (Fig. 11, 12).

The accessorius takes origin from the crescent-shaped ridge carried on the internal, posterior part
of the mandible and from the M. pterygoideus. As described above, the ends of this ridge are raised
into prominences - an anterior prominence and a posterior prominence at the tip of the retroarti-
cular process. The accessorius begins its origin immediately behind the anterior prominence and
continues backwards along the ridge. About halfway along this crescent, the site of origin turns
into the M. pterygoideus (Fig. 11C). The fibers of the accessorius arise from this muscle and share
with it a short tendon arising from the surface of the retroarticular process.-The muscle passes
forward and spreads across the posterior undersurface of the pterygoid bone. A central ridge runs
along the pterygoid bone and is bordered on either side by two fossae — one lateral and one medial
(Fig. 12). Some of the muscle fibers attach to the top of this central ridge, but most fiad a point
of insertion along the sides or floors of the fossae. The area of insertion in the medial fossa is smaller
than the area of attachment in the lateral fossa. The area of insertion in the lateral fossa extends
forward to overlap the posterior insertion of M. levator pterygoideus. Consequently, the advancing
fibers of accessorius weave through the hindmost fibers of levator pterygoideus to find a site of
attachment along the pterygoid bone (Fig. 12).

M. levator pterygoidei (Ip) (Figs. 5, 3, 4)

Tt is concealed by several of the muscles in the adductor mandibulae series, but itself is the
most superficial member of a group of internal musecles that act primarily upon the pterygoid bone.
It originates immediately beneath the thin site of origin of the superficialis in a concave attachment
fossa on the caudal surface of the postorbital process of the parietal bone. The area of origin includes
this attachment fossa, base of the postorbital process, and a small area of the parietal forming the
side of the brainease. Tt is a stocky, column-like muscle composed of parallel fibers that run obliquely
backward and downward to insert on the middle, upper and lower surfaces of the pterygoid bone
and on the lateral base of the ectopterygoid at its point of articulation with the pterygoid. On the
underside of the pterygoid, its lateral muscular fibers fill a lateral fossa that is, in part, shared
with the anterior fibers of the accessorius muscle, whereas its medial fibers insert on the pterygoid’s
middle, upper surface.

M. retractor pterygoidei (rp) (Figs. 5, 1, 3, 4)

This is a short but fairly sizeable muscle composed of parallel fibers. It originates in a fossa
pressed into the lower side of the braincase just in front of the prootic bone and below the origins
of levator pterygoidei and pseudotemporalis. This fossa is hollowed out of the parietal near its suture
with the basisphenoid. The retractor pterygoidei passes obliquely forward and downward to insert
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Fig. 12. Ventral view of skull with M. adductor mandibulae internus pterygoideus (pg) pulled laterally to better
reveal deeper muscles. The middle portion of ligamentum transverso-glandulare (1tg) has been removed

on several bones. Tts posterior fibers insert on the dorsal, anterior edge of the pterygoid bone and
across its articulation with the palatine bone. Its anterior fibers insert most firmly to the apex,
trailing edge, and lateral shallow fossa of the triangular palatine process. Other anterior fibers
collect into a bundle that inserts along a raised dorsal ridge on the medial, articular knob of the
ectopterygoid bone. Fibers of the retractor pterygoidei attach directly to the periosteum, except
along the pterygoid for here insertion is mostly tendinous.

M. retractor vomeris (rv) (Figs. 5, 12)

Slender, somewhat cord-shaped, and tapered toward its insertion, this muscle arises from the
dorsal surface of a wing-like lateral projection of the parasphenoid bone. Its myofibers, semipennate
in arrangement, obliquely join a superficial tendon that courses forward and slightly inward, past
the anterior apex of the parasphenoid, and insert on the posterior, dorsal edge of the vomer.

M. protractor pterygoidei (pp) (Fig. 12)

Both right and left M. protractor pterygoidei muscles originate in an aateriorly narrowed con-
cavity pressed into the fused para- and basisphenoid bones. Both muscles are separated along
their sites of origin by a prominent median keel, the sphenoid keel.

From its origin on the fioor of the braincase, the muscle passes backward and downward, widening
into a thick strap-like muscle. Upon nearing its site of insertion, however, the muscle narrows to
insert in a trough-shaped groove in the upper surface of the pterygoid bone. This site of insertion
is behind levator pterygoidei and extends backward to the posterior end of the groove and out-
ward to the medial and lateral curved edges of the pterygoid bone. No fibers attach to the quadrate.
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M. protractor quadrati(pq)

A ventrally directed central process of the basioccipital serves as a supportive post for attachment
of much of the neck musculature. The post’s anterior, lateral side carries a low, crescent-shaped
ridge from which the protractor quadrati arises by a fan-shaped tendon. The tendon is strong at
its origin on the ventral tip of the post, but thins into a weak membranous sheet as it spreads along
the low ridge on the side of the post. The muscle is ribbon-like and slips caudally between the
protractor pterygoidei and the deeper neck musculature to insert directly on the posterior half of
the quadrate along a narrow strip on the bone’s medial edge.

M.retractor quadrati(rq) (Figs. 1, 3, 4, 5, 9, 10)

This small, inconspicuous muscle is concealed beneath the M. cervico-mandibularis. It is half
muscle fiber and half tendon. Tt originates in the dermis, behind the angle of the jaw, through
several strings of muscle fibers. The muscle, formed by the confluence of these fibers, runs forward
and slips under cervico-mandibularis. It soon narrows into a long tendon that passes to the medial
eadge of the quadrate, and finds attachment just below this bone’s articulation with the squamosal.

M. depressor mandibulae (dm) (Figs. 1, 3, 4, 5)

This muscle is predominantly pennate and separable into two distinct heads at its origin. The
medial head is slender and takes origin in the connective tissue fascia covering the quadrato-supra-
temporal joint and by a tendon from the crzst of the parietal. However, its large, lateral head arises
in a cap of tendinous connecitve tissue that covers the proximal end of the quadrate. Passing down-
ward, the depressor mandibulae increases in size as it is joined by muscle fibers that originate in
the shiny, tendinous coat over the posterior surface of the profundus.

All fibers of the depressor mandibulae share a common site of insertion. The muscle, passing
beneath cervico-mandibularis, narrows slightly and inserts on the dorsal, curved outer surface of
the retroarticular process of the mandible. The superficial fibers insert by a short tendon, but the
deeper fibers join directly to the periosteum.

M. cervico-mandibularis (cm) (Figs. 10, 1, 3, 4, 5)

This muscle is easly distinguished from neighboring musecles. It arises as a sheet of parallel
fibers on the dorsal mid-line in the cervical region. Its superficial fibers originate along the dorsal
mid-line in a tough, thick connective tissue fascia that occupios a furrow hetween both sides of
the epaxial musculature and that fastens to the tips of the vertebral spines. Its deeper fibers ori-
ginate in a short, but wide continuous aponeurosis that in turn arises on the neural spines of vertebrae
six through nine.

The muscle narrows as it approaches the angle of the jaw. It passes over the distal end of the
quadrate where a few fibers of depressor mandibulae attach to its inside surface. It inserts by a
short tendon to the latoral knob on the distal end of the quadrate, to the retroarticular process of
the mandible, and to the dermis above the ligamentum quadrato-maxillare.

M. constrictor colli (cc) (Fig. 13)

The constrictor colli is present. 1t originates in the dermis on the side of the snake and slants
downward in an anteroventral course. It inserts on the hyoid and on the posterior tendinous inscription
beneath the angle of the jaw.

Throat musculature

The throat musculature is quite variable, and perhaps as a consequence a variety
of terms are applied to the same muscles. Also in the literature the anatomical
descriptions often treat the muscles differently. For instance, the first three muscles
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Fig. 13. Ventral view of throat musculature. The middle of M. constrictor colli (ce) has been cut but its attachment
on the skin is shown

here described — M. costo-mandibularis, neuro-mandibularis, and branchiomandibu-
laris — are sometimes treated as one composite muscle with three parts (e. g. neuro-
costo-mandibularis of ALBRIGHT and NELsoN 1959) and at other times treated as
separate muscles with their own integrity (e. g. LANGEBARTEL 1968). Whatever the
cause, the result has been the build up of an extensive synonomy around each muscle
that can be found reviewed by LANGEBARTEL (1968).

M. costo-mandibularis (cos) (Figs. 13, 1, 4, 5, 10)

The ends of the ribs carry paddle-shaped cartilage dises. This muscle’s lateral fibers take origin
from the first through fourth and its medial fibers from the fifth through eight rib tips and associated
dises. Near the first rib, the ribbon-like slips of its lateral fibers are crossed by one of two tendinous
inscriptions. This posterior inscription marks a point of union between the muscle’s lateral fibers
and M. neuro-mandibularis. A few medial fibers of costo-mandibularis insert on the hyoid, but most
continue farther forward. Upon nearing the angle of the jaw, the parallel flow of both lateral and
medial fibers is interrupted by another tendinous inscription. This anterior inscription, like the
posterior, meanders into the M. neuro-mandibularis above, but unlike the posterior marks the major
terminal line of insertion for the costo-mandibularis and neuro-mandibularis. This anterior inseription

22 Morph. Jb. 119/3
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Fig. 14. Ventral view of deep throat muscles. The left M. branchiomandibularis is pinned to the side; portions from
the M.intermandibularis posterior (imp) and M. transversus branchialis (tb) are removed to reveal deeper muscles.
On the right side, most of the M. intermandibularis anterior (ima) is removed

also serves as the site of attachment for the branchiomandibularis that continues forward to the

mandible.
M. neuro-mandibularis (nm) (Figs. 10, 1, 3, 4, 5, 13, 14)

This muscle takes origin along the middorsal cervical region arising behind M. cervico-mandi-
bularis directly from the tips of the neural spines and the supraspinous ligament. This broad, sheet-
like muscle courses downward and forward narrowing slightly behind the angle of the jaw. Near
the first rib, it is crossed by a posterior tendinous inscription part of which serves as a junction
of its ventral fibers with the lateral fibers of M. costo-mandibularis. The neuro-mandibularis con-
tinues downward into the throat region to torminate on an anterior tendinous inscription along
which it and the costo-mandibularis jointly insert. The branchiomandibularis arises on this same

inscription and continues forward, unaccompanied to the mandible.

M. branchiomandibularis (bm) (Figs. 13, 14)

The line of union between M. costo-mandibularis and M. neuro-mandibularis is marked by an
anterior tendinous inscription that also serves as the line of insertion for M. branchiomandibularis.
Additionally, this musele’s medial fibers insert along the hyoid and central raphe. The posterior,
lateral corner of the muscle, covering the pterygoideus, thins into a membrane-like aponeurosis.
Except for this corner, most of the branchiomandibularis is a broad muscular sheet of parallel fibers
that can be traced forward across the floor of the buccal cavity to its origin along the ventral surface
of the mandible by a strong aponeurosis permeated with many tendinous strands.

M. intermandibularis anterior (ima) (Figs. 13, 14)

This short muscle is composed of three parts. Pars anterior arises from the ventral, medial surface
of the anterior tip of the dentary just below the site of origin of genioglossus. Its fibers run inward
and insert on a connective tissue sheath that coats the medial surface of this muscle and through
which it attaches on the ventral midline.

Pars posterior takes origin on the ventral surface of the dentary immediately behind the origin
of pars anterior. Its fibers pass to the ventral midline and here insert securely in the dermis between

the pair of epidermal chin scales.
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Judging by its position, the pars glandulo-mandibularis (‘‘constrictor’” of LANGEBARTEL 1968,
p- 82) is an apparent derivative of the intermandibularis. It arises on the anterior tip of the dentary
and proceeds backward over the lateral side of the sublingual gland to insert on the posterior, dorsal
surface of this gland very near the insertion of protractor laryngeus.

M. transversus branchialis (tb) (Figs. 13, 14)

This muscle has two parts, pars mucosalis and pars glandularis (“dilator” of LANGEBARTET. 1968,
p. 82). The pars glandularis is a long, narrow slip of muscle. From its insertion on the posterior
corner of the sublingual gland, it can be traced backward over the M. genio-glossus and M. genio-
trachealis then around, inward, and bencath these muscles to attach below them on the median
raphe, It shares this attachment with the anterior fibers of pars mucosalis.

Pars mucosalis arises from the buceal membrane of the floor of the mouth as a delicate, thin
muscular sheet. Tt passes inward, narrowing slightly and attaches to the membrane-like median
raphe along the ventral midline. This attachment is dorsal to and continues behind M. intermandi-
bularis posterior.

M. intermandibularis posterior (imp) (Figs. 13, 14)

This muscle takes origin along a low ridge on the surangular bone just above the posterior tip
of the three-sided angular bone. It passes rostrad and inward inserting first on the ventral midlino,
then on the posterior border of the intermandibularis anterior (pars posterior). Tn some species,
this musecle has two distinct parts — pars anterior and pars posterior (Cowax and Hick 1951). How-
ever, in Agkistrodon only the pars anterior is present.

M. transversus hyoideus (th) (Fig. 13)

It arises along the inner edge of the cornua and slants inward where, with its fellow from the
opposite side, it inserts in the modian raphe midway between the cornua of the hyoid. The trans-
versus hyoideus occupies only the anterior third of the hyoid and is replaced in the middle and
posterior regions of the hyoid by a connective tissue membrane.

M. hyoglossus (hg) (Fig. 14)

This muscle retracts the tongue. It is paired, extends along the tongue, and contributes to the
bulk of the organ. It originates on the cornua of the hyoid and inserts in the tissue of the tongue.
It is sheathed in a coat of thick connective tissue.

M. genioglossus (gg) (Fig. 14)

Just above the origin of the intermandibularis anterior (pars anterior), along the inside bend
of the anterior tip of the dentary, this musclo takes origin. At first cord-like in appearance, it runs
caudally and inward, flattening upon contact with the tongue; now ribbon-like, it becomes embedded
in the connective tissue sheating of the hyoglossus muscle, passes along the sides of the tongue
capsule, and finds firm attachment on the posterior part of the tongue which is protracted by this
musele.

M. hyo-trachealis (ht) (Figs. 13, 14)

This thin, flat muscle takes origin on the dorsal surface of the composite neuro-costo-mandibularis,
very near the posterior tendinous inseription below the angle of the jaw. Extending forward and
inward toward the trachea, it becomes applied to the floor of the bucecal cavity. It passes over
genio-trachealis and inserts in front of it on the intrinsic laryngeal musculature.

M. genio-trachealis (gt) (Figs. 14, 13)

This slender strap of parallel muscle fibers takes origin on the inside bend of the dentary imme-
diately dorsal to the origin of genio-glossus. Passing backward and inward toward the trachea, it

22+
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widens slightly, crosses benocath hyo-trachealis, and inserts immediately behind this muscle on the
side of the trachea. The line of insertion begins on the sixth cartilaginous ring and slants downward

to the ventro-lateral surface of the thirteenth ring.

\
’ ’ M. protractor laryngeus (pl) (Fig. 14)

This musele is easily overlooked and was first deseribed by KarrsTroM in 1952 who found it in
| colubrids (Natriz taxispilota, Thamnophis ordinoides) and a viperid (Agkistrodon piscivorus) but not
in the boid Charina bottae. I have located it in the viperid Crotalus viridis and colubrid Elaphe

obsoleta, and confirm its absence in Charina bottae.
In Agkistrodon, it is very weakly developed and embedded in connective tissue. This delicate

| muscle arises from the anterior end of the larynx and runs forward to attach along the posterior

corner of the sublingual gland.

Summary

The lateral jaw and throat musculature of the head of the cottonmouth snake (Agkistrodon
piscivorus) are described in detail. Each muscle is treated individually and its position, attachments,
and association with neighboring structures described and illustrated. Such a morphological study
of head musculature is intended to serve as a basis for future comparisons to other viperids and
for understanding the displacement patterns of the ‘“movable’” bony elements in the cottonmouth
skull.
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’ Key to Abbreviations

ac vg accessory venom gland
am M. adductor mandibulae externus medialis
apo M. adductor mandibulae posterior
ap M. adductor mandibulae externus profundus
as M. adductor mandibulae externus superficialis
bm M. branchiomandibularis
ce M. constrictor colli
cg M. compressor glandulae
’ ch cornu of the hyoid
cm M. cervico-mandibularis
cos M. costo-mandibularis
’ dm M. depressor mandibulae
ec ectopterygoid bone
| f frontal bone

’ g pars glandulae of peterygoideus (pg)
gg M. genioglossus
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imap
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pl
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pa
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v
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tbm
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M. genio-trachealis

=

. hyoglossus

=

. hyo-trachealis
intermandibularis anterior (pars anterior)

intermandibularis anterior (pars posterior)

B EA

. intermandibularis anterior (pars glandularis)
M. intermandibular posterior

articular knob

levator anguli oris

M. levator pterygoidei

ligamentum quadrato-glandulare

ligamentum quadrato-maxillare

ligamentum transverso-glandulare

maxilla

M. neuro-mandibularis

M. adductor mandibulae internus pterygoideus
M. adductor mandibulae internus pterygoideus accessorius
M. protractor laryngeus

M. protractor pterygoidei

M. protractor quadrati

M. adductor mandibulae internus pseudotemporalis
quadrate

M. retractor pterygoidei

M. retractor quadrati

M. retractor vomeris

salivary gland

sublingual gland

M. transversus branchialis

M. transversus branchialis (pars glandularis)

M. transversus branchialis (pars mucosalis)

M. transversis hyoideus

trachea

mandibular branch of trigeminus nerve (V)
venom gland

venom gland aponeurosis
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