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Preface

Omne of the most interesting vertebrates to study in comparative anatomy
is the turtle. Some may think it either too difficult for class dissection
or too atypical a reptile to be included in the course.  Actually it requires
but little dissection — mainly removal of the ventral armor (plastron) and
breaking away of sutficient of the dorsal armor [carapace) to enable visual-
ization of internal parts. Furthermore, the turtle is one of the most readily
available and inexpensive of North American reptiles. Except for its
armor is it an excellent example of a vertebrate whose anatomy is inter-
mediate hetween that of a typical amphibian and that of a typical bird.

This manual is intended as a laboratory guide to the dissection of the
turtle. Numerous labeled drawings are included so that the student may:

{1) progress rapidly and intelligently;

(2) make fewer errors in dissection;

(3} have ready access to correctly lubeled drawings for review; and

(4) save valuable ime which will be spent reviewing for oral quizzes
covering his dissections and in making additonal dissections.

It is suggested that laboratory grades be based upon quality of dis-
section as well as performance on orval quizzes. Students will generally
appreciate not being required to make their own drawings, and grading will
be more equitable when those having artistic ability are given no better
chance for high grades because of making superior drawings. The time
required of laboratory instructors may be reduced since oral quirzes can
be given during the laboratory period and becavse students will have
fewer questions owing to the labeled drawings,

This method of lahoratory study encourages more careful dissection
and observation and requires further use of the specimen dissected cach
time the student appears for an oral quiz. It is further suggested that
instructors require students to demonstrate structures called for, rather
than pointing them oot for the student to name.

Constructive criticism and suggestions for the improvement of this
manual will be gratefully received by the author.

L. M. Ashley.
College Place, 1954



Introduction

Painted turtles or terrapins are commonly used
in the study of the anatomy of the turtle. Turtles
are teptiles belonging to Phylum CHORDATA,
subphyllum Vertebrata, class Reptilia, orders Che-
lonia or Testudinata, families Chelydridae or
Testudinidae, genera Chelydra, Chrysemys, or
Pseudemys and to any ome of several different
species, Since a variety of species and genera
are sold for dissection it is not always possible to
ohtain the scientific name of the turtles purchased
without the use of a key and even then it must
first be known just where the specimen was col-
lected in order to know what key to use.

Before beginning to dissect you should become
familiar with the following suggestions regarding
laboratory work:

1, When possible, separate organs without cut-
ting {blunt dissection),

2. Use teasing needles, probes, etc., in prefer-
ence to scalpels or scissors, whenever possible.

3. Ask questions only when they cannot be
answered by reading your manual,

4, When you really need help do not hesitate
to call upon the instructor for assistance.
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% Variation is the rule in nature, therefore,

you may expect to find differences in the anatomy
of certain muscles, blood vessels, ete., from time
to time. Marked deviations from the normal
should be called to the attention of the instructor
so that they may be demonstrated before the
entire class,

The drawings in the manual represent the usoal
condition to be found in terrapins and in painted
turtles but in most respects the anatorny of these
forms is the same as that of all turtles and even
tortoises, with minor exceptions.

6. You will profit by looking about at some of
the dissections of other students from time to time
but remember to do your own dissection so well
that vou can satisfactorily demonstrate any struc-
ture called for in the oral quizzes.

7. In addition to the usual dissecting tools it
is desirable to have a cheap pair of pliers or a pair

of bone shears for breaking off pieces of carapace
when dissecting.



~ CHAPTER |

External Anatomy and Exoskelefon

Study the external form and structure of your
turtle. Its longitudinal axis is relatively shorter
than that of most vertebrates but its transverse axis
is much greater. The body is so constructed as to
he well adapted to life either on land or in the
water. Although slow-moving on land it can
swim rapidly and, its vital organs are well pro-
tected by dorsal and ventral shields, the carapace
and the plastron,

A. HEAD,

Ohbserve its reptilian form, the strong bony skull
and jaw giving ample protection to the special
sense organs. Note the covering of the head—is it
naked, scaled, or with well-marked head shields?
Is the jaw and throat region similarly covered?
On the tip of the snout find the anterior nares, a
pair of openings leading into the air passages of
the respiratory tract. Observe the horny beaks

MUCHAL SCUTE
Plplhl PLATE

covering the jaws., Are each of these pointed
anteriorly in the midline? The homn is epidermal
in origin and forms part of the exoskeleton. Ex-
amine the eyelids, both upper and lower, and find
the nictitating membrane in the anterior comer
of each eye. Next find the tympenic membrane
{eardrum) on either side just behind the angle of
the jaw. If this is not externally evident wait
until the anatomy of the anterior part of the
mouth is described (see Chapter IV} when it can
be located by probing from within outwards.

B. NECK.

Turtles have long necks but they are especially
long in snapping and in soft-shelled turtles. Note
the skin covering the neck of your turtle and
determine whether it is smooth or wrinkled and
whether it is loose or tight.
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Fig. 2—Carapace, ventral view

Fig. 1—_Glnpl.m, dorsal view



C. TRUNK.

The trunk contains the main visceral mass of
the body. It is made firm and rigid by the large

hony carapace above, and the almost flat plastron
below., Carapace and plastron are strongly united
on each side by bony bridges varying in width

D. LIMBS.

Forelimbs and hindlimbs are alike supplied with
five toes each. The toes (digits) cach exhibit a
claw except the fifth (little) toes on the hindfeet,
The legs are supplied with powerful muscles
{Chapter ITT) in order to provide for rapid swim-
ming, or walking on land. Spread apart the toes
of a fore and hind-foot noting the webbing of
skin between the toes.

E. TAIL.

This appendage is short in the painted turtle-

{Chrysemys) but is rather Jong in the snapper
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with the species. Homy shields (scutes) 'cover
these rigid structures externally forming the major
portion of the exoskeleton. Learn the name and
location of epch kind of scute, and bony-plate
{endoskeleton) of the carapace and of the plastron,

Figs. 14.

(Chelydra). The rounded anal opening appears
on the ventral side near the base of the tail.

F. SUMMARY.

The body surface is covered with either a tough
dark skin or with homy plates or shields. Homy
plates cover jaws, carapace, plastron and bridges
—skin covers the remaining surfaces. External
orifices of mouth, nostrils (nares), and anus pro-
vide necessary openings for the digestive and the
respiratory tracts



CHAPTER i
Skeletal Systems (The Endoskeleton)

The first part of the skeleton, the exoskeleton,:
was considered in Chapter I. The endoskeleton
is the second part of the skeletal system. It is
derived partly from cartilage by replacement of
cartilage by bone, and partly from membranes or
connective tissues, by intramembranous ossifica-
tion. For the study of the endoskeleton it is neces-
sary to have available specially prepared skeletons,
Both articulated and disarticulated skeletons are
desirable. First study the articulated skeleton
after which study separate bomes, if these are
available,

The study of the endoskeleton requires a knowl-
edge of various bony fusions or joints, Skull bones
are firmly united by immovable suture joints
(synarthroses), Such joints consist of more or less
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interlocked toothed edges of the bones thus united.
Joints may be slightly movable {amphiarthroses),
or freely movable (diarthroses) as in the limbs,

Certain smaller or larger holes (foramina)
through bones will be noticed, Only the major
foramina will be mentioned in this manuval. Other
features of bomes include such projectons as
spines, ED:I'I!:!:.-‘!EE, tuberosites, and other so-called
processes of bones, These are specifically men-
tioned only when they seem to be of special im-

portance in comparative anatomy.

The endoskeleton consists of two divisions, the
axial skeleton consisting of the skull, vertebrae,
and ribs, and the appendicular skeleton consist-

ing of the limb hones together with the girdle

PREFROMTAL ~-oormvrmeron

Fig, 6-Turtle skull, dorsal



bones. The girdles serve to attach the limb bones
to the body or to the axial skeleton,

The hony plates of the carapace and plastron
have been noted in Chapter L

AXIAL SKELETON

A. SKULL. This consists of two portions, the
cranium {(brain case) and the visceral skeleton,
that is, the bones and cartilages of the upper jaw,”
the suspensorium of the lower jaw, the lower jow
itselt, and the hyoid apparatus.

1. CRANIUM. Study the dorsal and lateral
aspects of the skull, figs. 5-8, and learn the names
of the bones shown by identifying them on your
turtle skull. Next study the ventral skull bones,
figs. 9 and 10. The alligator skull is also shown
for comparison with the turtle skull.
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1 LOWER JAW. Study figs. 11 and 12 and  bones of the skull and of the jaw. Skulls from
identify the named bones on your skeleton. A young turtles should reveal suture joints better
bright light and & good hand lens may be needed  than those from old turtles,
tn reveal some of the suture joints between the
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3, HYOID BONE. Normally found within the
muscles of the tongue and neck, this bone de-
rived from the second pharyngeal arch consists
of an unpaired median body and two pairs of
postero-laterally directed horns, the anterior and
the posterior horns, fig. 13.

B. VERTEBRAL COLUMN AND RIBS, fig, 13.

1. CERVICAL VERTEBRAE.  Eight verte-
brae are present in the neck. These can be with-
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drawn beneath the carapace by the contraction
of powerful neck museles to be described in
Chapter 1II. Observe the articulating processes
(zygapophyses) of these large vertebrae. Notice
the first cervical vertebra or atlas. It has little or
no body or centrum because this has been added
to the second vertebra, the axis, and forms the
odontoid process of the latter. The odontoid pro-
cess serves as a pivot about which the atlas may
turn from side to side. The remaining six cervical
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Fig. 13—Axial and appendicular skeletons, ventral
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vertebrae are similar in structure and are typical
of vertebrae in general.

2 DORSAL OR THORACIC VERTEBRAE.
Ten of these lie candal to the cervicals, - The dor-
sal vertehrae are firmly fused dorsally with the
vertebral plates of the carapace. These wverte-
brae consist of slender centra whose processes,
except in the first, have been poorly developed.
The first dorsal vertebra exhibits strong lateral
processes curving abruptly ventrad to articulate
with the eighth cervical vertebra,

3. RIBS. Each dorsal vertebra gives rise to a
rib on each side. The ribs develop together with
the costal plates of the carapace with which they
fuse as thin bony ribbons which may reach lat-
erad as far as the marginal plates. Anteriorly
the ribs arise at right angles from the interverte-
bral joints but posteriorly they arise from stubby
lateral bases of the vertebrae and project postero-
laterally from the centra. Some variation from
this pattern may be seen in different species of
turtles, Notice that the first pair of ribs, being
shorter and smaller, fuses with the second pair,

a short distance from vertebrae ome and two of
the dorsal group.

4. SACHAL VERTERRAE, Dorsal vertebrae
eleven and twelve are the sacral vertebrae and
are not fused with the carupace. The first ex-
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Fig. 14=Pectoral girdle, posterior

hibits enlarged ribs, somewhat pyramidal in shape,
whose expanded distal ends are fused to the ilia
of the pelvie girdle.

5. CAUDAL VERTEBRAE. From twenty-
Five to thirty caudal vertebrae generally are pres-
ent, Like the cervicals, the caudals are free from
the carapace and are moved, in life, by a number
of slender tall muscles. Cawdal vertebrae four,
five, and six gemerally have longer rib-like pro-
cesses projecting from their centra at right angles.
On the first and seventh caudals these processes
are exceptionally short. On the remainder they
are further reduced or are entirelv absent. Be-
ginning with the eighth caudal vertebra secondary
ventral processes, arising on the sides of the een-
tra posteriorly, fuse at their tips to form a canal
throngh which the candal artery and vein pass.
On the dorsal side each vertebra gives rise to a
pair of lateral articulating surfaces {zygapophyses).
Processes are reduced greatly or are lacking from
the most caudal tail vertebrae whose cenlra are
very slender.

APPENDICULAR SKELETON, figs. 13-15,

The pectoral girdle unites the forelimb, and the
pelvic girdle unites the hindlimb, to the axial
skeleton, These unions permit the turtle to bear
the weight of head, neck, trunk, and tail upon the
limbs when walking.
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Fig. 15—Pelvic girdle, anterior



A PECTORAL GIRDLE AND FORELIME.
The pectoral girdle of turtles lies between the
carapace and the plastron and is attached via the
scapula to the vertebral column.

1, SCAPULA. The longest, straightest hone of
the pectoral girdle —also the most dorsal one.
It 15 united proximally by a small cartilage to
the first dorsal vertebra being attached at the
angle between the first dorsal vertebra and the
first rib. At the distal end of the scapula find the
acromial proeess (pre-coracoid) projecting anter-
iorly at right angles from the scapula.

2. CORACOID, the third part of the pectoral
girdle, Tt also lies at right angles to the scapula
but is not fused to it as is the acromial process.
The coracoids are joined by cartilage at their
medial marging, The distal end of each coracoid
is united by a ligament to the broad flattened
end of the acromial process.

3. GLENOID FOSS5A. A cavity formed by
the union of scapula, acromion, and coracoid. It
receives the head of the humers to make the
shoulder joint.

4 HUMERUS, the bone of the arm. In addi-
tion to its head note the two proximal tuberosities
separated by a groove, and the neck below the
head, and the heavy curved shaft expanded dis-
tally for the articulation of the foreleg bones, the
racliuy and the ulna.

5. BRADIUS, the smaller of the foreleg bones.
It iz about the same length as the ulna but is
more slender.

6. ULNA, the larger bone of the foreleg. De-
termine which of these hones, radius and ulna,
is medial and which is lateral in position,

7. CARPALS, the wrist bones as a group. Dis-
tally the ulna articulates with two bones, a lateral
tlnare bearing a small knob on its side and a
medially placed intermedian (intermediate) which
lies between the ends of the radius: and ulna.
Distal to the radius is the radiale which may be
fused to the bone lying medial to it —the cen-
trale,

8. CARPUS. A carpal bone appears at the
base of each metacarpal or bone of the forefoot
(hund or manus).

9. PHALANGES, the bones of the toes (digits).
There are two phalanges each in the first and fifth
toes.  All the others have three phalanges apiece,
In each toe the distal phalime hone fovme o olaw
which is capped with a homy covering.

B. PELVIC GIRDLE AND HINDLIMB. Like
the pectoral girdle, the pelvic, too, is composed
of three pairs of bones. These are more fHrmly
united than in the case of the pectoral girdle. The
pelvic girdle is also housed within the turtle “shell”
betwen the carapace and the plastron posterdorly.

1. ILIUM, the most dorsal bone of the pelvie
girdle. Each ilium serves to unite the pelvic
girdle to the vertebral column. Each is a stout
bone, flattened proximally where it fuses with the
pyramidal-shaped end of the first sacral rib on
either side of the first sacral vertebra.

2. PUBIS, antero-ventrally placed and medially
fused with its mate of the opposite side. The

10

pubes form a triangular horizontal shelf, the apex
of which is cartilaginous and is directed cephalad.
This portion is sometimes termed the epipubis.
Laterally each pubis exhibits a large pectinesl
process for attachment of muscles, Postero-later-
ally each pubis is fused to an ilivm as well as to
an ischium to form the acefabulum socket in which
the head of the femur articulates thus forming
the hip joint.

3. ISCHIUM, the third bone of the pelvic
girdle, 'The ischia also fuse together in the mid-
line and mite with the fused ilia anteriorly, On
either side of this union is a large round hole, the
obturator foramen. Each ischium exhibits a tub-
erosity projecting caudad. These processes are
for the attachment of muscles,

4. FEMUR, the thigh bone. It resembles the
humerus, having similar tuberosities and a some-
what larger head.

5. TIBIA AND FIBULA, the bones of the
leg, The stronger one is the tibia —its proximal



end is club-shaped but this is not true of the 8. PHALANGES, the bones of the digits. Like
fibula which is more slender throughout. those of the forelimb there are two each in the
& TATSALS. the sakle Dos: are s - s first and fifth but three each for the other digits.

Zhesnt ; The distal phalanx of the little toe is very small,
ber. Cansiderable fusion of more numerous em- being included within the web of the foot, there-

bryonie bones has occurred here. fore, there is no claw on the little toe.
7. METATARSALS, the five bones of the foot
— one for each digit.

11



CHAPTER 1ii

MI;ISCUI'CH' System

The muscular system, as studied in anatomy,
includes only the somatic or striated skeletal
miscles. Heart muscle and visceral muscle be-
long largely to the circulatory and digestive sys-
tems respectively. The skeletal muscles of the
turtle have not been as thoroughly studied as have
those of some vertebrates, however, most muscles
presented in this chapter can be readily identi-
fied with the aid of the table of origins, inser-
tions, and functions together with the laheled
drawings. This method, it is believed, will per-
mit the identification and the learning of more
muscles in a given amount of time than is pos-
sible with the ordinary style of laboratory manual.
The student should he prepared to pass one or
more oral examinations on his dissection of this
sysbem.

STRUCTURE OF A TYPICAL MUSCLE.

Most of the named muscles of the body wall
{soma) consist of more or less spindle-shaped
bundles of microscopic fibrils, These bundles
have a thicker middle portion, the belly, and two
rather slender ends, one of which, the origin is
more or less immovable and the other, the in-
sertion which is more or less movable. White
glistening tendons generally attach a muscle at
each of its ends to a bone or to a Hgament. Liga-
ments hold bones together, their fibers blending
securely with the fibrous periosteum which covers
the bones, Since tendons generally attach muscles
to bones their fibers blend with the periostewmn
at one end and with the muscle fibers at the other.

Along their sides adjacent muscles are held to-
gether by connective tissue or intermuscular fascia,
Subcutaneous fascla unites superficial muscles
with the overlying skin. Broad sheets of con-
nective tissue covering flat muscles such as the
oblique and transverse abdominals, in most high-

er vertebrates, are termed aponewroses. These
muscles are not very evident in turtles owing to
their being firmly attached to the plastrom.

Care must be exercised in “dissecting” muscles
for one must aveid cutling them but mather they
must be separated by tearing away the inter-
musenlar fascia by means of the back side of a
scalpel blade, the scalpel handle, or a strong probe
or seeker. Every muscle identified should be
thus fully separated from its fellows and its origin
and insertion identified by means of the tables
and diagrams. Be sure to break away the cara-
pece wherever it interferes with your progress.

If at any time it becomes necessary to cut or
to remove a muscle in order to identify others be-
neath it, you should cut across the belly of the
muscle so that it can later be studied by merely
bringing together the cut ends.

PREPARATION OF THE TURTLE FOR
THE STUDY OF MUSCLES.

The muscles of the head, neck, limbs, and tail
can readily be exposed merely by skinning these
parts. In order to study the more proximal limb,
neck, and tail muscles, however, as well as those
of the trunk it will be necessary to remove the
plastron. If this has not been previously done
you must cut through each of the bridges uniting
the carapace and plastron. Next cut through the
skin where it joins the plastron and the latter
can now be easily removed. A bone saw, hack
saw hlade, or strong bone shears will suffice for
this job of hone cutting. CAUTION: The muscles
aclhering to the dorsal side of the plastron should
he cut off close to the plastron in this case,

IDENTIFICATION OF MUSCLES.
Rather than reading a detailed description of
each muscle it will be possible to save much time



by referring to the tables of the muscles given action of each muscle may be leamed as it is
below. These may be wsed in connection with  identified. Figs, 16-20.
the illustrations so that the origin, insertion, and
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CHAPTER IV

Digestive and Respiratory System

If by chance the muscular system has been
omitted, then the plastron will now need to be
removed. If the bony bridges joining plastron
to carapace have not been previously cut, this
should be done now as directed in the foregoing
chapter.

A. PERITONEUM AND COELOM.

1. Parietal perittmeum, a tough thin membrane
covering all visceral organs and forming an inner
lining for the plastron and carapace, where they
surround the visceral cavities. Muscle layers are
ahsent or much reduced in the ventral body wall
since the plastron fully supports this region in
most turtles, The muscles of the girdles and Iimbs
are present as usual,

2, Pericardial sae, a trisngular sac continuous
with the parietal peritoneum in the ventral mid-
line just posterior to the pectoral girdle. This
sac encloses the heart and is termed the parietal
pericardium while the thin outer covering of the
heart itself is the visceral pericardium,

4, Pericardial cavity, a portion of the original
coelom lying between the parietal and visceral
layers of the pericardium and surrounding the
heart. Remove the ventral portion of the parietal
pericardium thus exposing the heart but preserve
the dorsal portion of the sac for future reference.

4, Ventral abdominal veins. These large ves-
sels form a letter H-shaped design in the ven-
tral peritoneum. Their posterior limbs arise from
the pelvie girdle and their anterior limbs enter
the right and left liver lobes, respectively. A
branch from each anterior limb extends antero-
laterally to the pectoral girdle on its own side. A
cross anastomosis (transverse abdominal vein) will
be noted midway between the apex of the pelvie

18

girdle and the posterior borders of the liver lobes.
Cut away the ventral peritoneum but leave the
vessels intact. Now cut both ventral abdominals
just posterior to the cross anastomosis and reflect
the anterior limbs forward so that the abdominal
viscera may be clearly seen.

5. Plenroperitoneal cavity, the space exposed
by removing the ventral parietal peritoneum, This
space includes most of the visceral organs,

8. Coelom, the pericardial and the pleuroperi-
toneal cavities.

B. VISCERA AND MESENTERIES,
Figs. 21 and 22,

Break away the sides of the carapace (use bone
shears or pliers) between the fore and hind legs
to tacilitate viewing the viscera. Various masses
of yellowish-green fot and more peritoneum may
be removed. The form, color, and relationships
of the following organs should be learned.

1. Liver, a brown gland —the largest in the
body. Its left lobe nearly covers the stomach and
extends to the right, dorsal to the ventricle of
the heart. It expands into the right and largest
lobe which covers part of the small and large in-
testines.  An extension of the left lobe lies dorsal-
Iv in the lesser curvature of the stomach. If the
specimen is a female, ovaries containing eggs of
various sizes and of spherical shape will be seen
lyving just posterior to the liver and against the
dorsal body wall.

2, Hepatic mesenteries, in which the anterior
limbs of the ventral abdominal veins are con-
tained, are short mesenteries umiting the right and
left liver lobes to the ventral peritoneum. These
mesenteries correspond to the faleiform ligament
seen in most vertebrates.
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3. Transverse septum, a membrane formed of
the parietal peritonenm dorsally and of the under-
lying dorsal wall of the pericardium. It lies in an
oblique plane owing to the more caudal position
of the heart in turtles {the heart lies farther an-
terior in fishes @nd in amphibians),

4. Coronary ligament, an attachment of the
liver to the transverse septum. Follow the parietal
peritoneum as far anteriorly as possible and ob-
serve its continuity with the dorsal portion which
forms the inner lining of the carapace, Note also
the eonnections between the ventral and dorsal
peritoneum in the region of the pelvic girdle.

5. Esophagus {gullet), a slender tube umiting
the pharynx with the stomach. Tt may be seen
in part by lifting the left liver lobe far over to the
right. Tt joins the stomach at a point just dorsal
to the left atrium of the heart.

6. Stomach, a curved tubular digestive organ
leading into the small intestine. The stomach is
much greater in diameter than either the esopha-
gus or the intestine.

7. Gastrohepatic ligament, a short mesentery
attaching the stomach all along its lesser curva-
ture to the left lobe of the liver,

8. Duodenom, the first part of the small intes-
tine. It begins where the stomach ends just dor-
sal to the bridge of liver which connects the left
and right liver lobes,

9. Hepatoduodenal ligament, a mesentery unit-
img the duodenum with the right hepatic lobe along
the middle of its dorsal surface.

10. Pancreas, a long slender pale gland lying
along the duodenum at the attachment of the
hepatoduodenal ligament.

11. Pancreatic duct. This is fairly stout and
passes from the pancreas into the duodenum about
ome half centimeter from the right end of the

pancreas. Tease away the pancreas at this point
and identify this duct.

12. Gall bladder, the bile reservoir. It is
greenish colored and lies on the dorsal side of the
right liver lobe near its right border.

13. Bile duct {ductus choledochus), & short
stout duct which empties the gall bladder into

the duodenum. It can be easily identified and
traced to its termination.

14, Small intestine proper, that part of the small
intestine beyond the duodenum, beginning at the
sharp curve posterior to the right border of the
right liver lobe. It forms several coils and termin-
ates by empting into the beginning of the large
intestine, the caecum. The right ovary may now
be removed, if necessary, to facilitate tracing the
small intestine,

15. Dorsal mesentery (mesentery proper), This
attaches the intestine to the dorsal midline of
the body cavity. Lift the intestine enough to
demonstrate this mesentery.

168. Mesodoodenum. This is fused to the hepa-
toduodenal ligament so that the two are indis-
tinguishable, Both of these structures are messn-
terles.

17. Mesogaster, a separate mesentery distin-
guishable from the gastrohepatic ligament. Tt
connects the greater curvature of the stomach
with the dorsal midline of the body cavity.

18. Colom, the large intestine. Trace the small
intestine to its junction with the caecum (begin-
ning of large intestine) located in the posterior
right gquadrant of the visceral cavity.

19, Mesocolon, the mesentery of the colon.

0. Cloaca, the terminal portion of the alimen-
tary canal. It opens to the exterior via the anus,
Cut out the anterior mid-portion of the pelvic
girdle, using bone shears, and trace the colon,
noting its ascending, transverse, and descending
limbs, to the cloaca. The transverse colon will be
found to be fused to the mesogaster. A thin-
walled bilobed wrinary bladder will be seen just
dorsal to the pelvie girdle.

21, Spleen, a spheroid vascular gland whose
functions include destruction of old red blood
cells, salvaging hemoglobin, the manufacture of
certain kinds of white blood cells, and other
specialized duties. It lies in the mesocolon just
anterior to the caescum but is dorsal In position,
hence careful search in the mesocolon may be
required in order to find it



C. ORAL CAVITY AND PHARYNX, fig. 23.

Force open the jaws and cut the soft tissue
hack through the angles of the jaws until the
mouth can be opened enough to see the beginning
of the esophagus., A probe can now be passed
through the entire esophagus into the stomach.
Lifting the stomach over toward the right side
will facilitate passage of the probe.

1. ©Oral {(buccal) cavity, the space enclosed by
the jaws. Note the homy beaks which cover the
jaws. Ohbserve the relationship between this hom
and the skin of the nostril, face, and neck.

2, Beak. True teeth are lacking in turtles but
the horny beaks extend into the mouth and de-
velop tooth-like ridges paralleling the edges of
the heaks. Compare these for upper and lower
jaws.

3, Anterior nares (nostrils), two small open-
ings in the tip of the snout. These lead hack
through the nasal passages which open om the
roof of the mouth as the:

4. Posterior nares, These ‘can best be found
by passing a slender probe back through the nos-
trils and nasal passages where their openings will
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be seen just posterior to the bony plate of the
upper beak and in a depression bounded antero-
laterally by a Y-shaped ridge of soft tissue,

5. Tongue, a triangular papillated fleshy struc-
ture in the floor of the buccal cavity which is
firmly attached along its entire length.

6. Pharynx, a eavity extending from the pos-
terior border of the tongue (its base) to the be-
ginning of the esophagus.

7. Laryngeal elevation or prominence, a raised
portion of the floor of the pharynx just behind
the base of the tongue.

5. Glottis, a slit-like opening in the center of
the laryngeal elevation. It opens into the simple
larynx. '

9. Auditory (Eustachian) tube, a small canal
leading from the roof of the pharynx to the middle
ear cavity. Both tube and cavity are derivatives
of the first pharyngeal pouch. (The openings
into the auditory tube may have been damaged
when cutting back through the angles of the
jaws.) Find the slit-like opening of one of these
tubes and probe it to the cavity of the middle
ear. A dise of skin (tympanum) covering this
cavity may thus be identified. Cut away this
dise and view the cavity beneath it,

D. RESPIRATORY DUCTS AND LUNGS, figs.
24 and 25,

1. Larynx. The upper end of the respiratory
duet. It leads into the trachea below and opens
above into the pharynx via the glottis. Find a

pair of arytencid cartilages, one on either side ot
the larynx. These support wedge-shaped flaps
on either side of the glottis and serve to regulate
the size of this opening. A ring-shaped cricoid
cartilage lies posterior to the glottis, It is wide
ventrally but narrow dorsally,

2. Trachea, a connection of the larynx with the
bronchial tubes which enter the lungs. Slit open
the glottis and anterior part of the trachea along
the mid-ventral line and notice that the glottis
opens into a spherold chamber anterior to the
first cartilaginous ring of the trachea — this is the
cavity of the larynx. Now slit open the skin of
the neck along the ventral midline, Spread the
skin and muscles apart and trace the trachea to
its bifurcation into the right and left bronchi.

3. Bronechus, a branch formed by the bifurca-
tion of the trachea. There are two main branches,
a right and a left. 'With a curved flexible probe
follow the left bronchus as far as you can. Re-
tlect the stomach and large intestine to the right,
open the peritonenm over your probe and note the
lungs.

4. Lungs, reddish spongy respiratory organs
lying against the carapace on each side just pos-
terior to the pectoral girdle, Open the left lung
by a lateral incision passing to the left from vour
probe. Study the texture of the lung, observing
its air pockets or alveoli and the tough connective
tissue strands which separate them. Note the
relationship between peritoneum and lung in both
its anterior and posterior regions, Is the lung en-
tirely retroperitoneal or does part of it extend into
the pleuroperitoneal cavity?



Fig. 24—Respiratory systems, lateral view
{nos, as those in Fig, 25),
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'CHAPTER V

Circulatory System

The heart, arteries, and veins are the gross
features of the cirenlatory system and they should
be dissected with great care and leamed as com-
pletely as possible. Do not cut any sizeable vessel
unless directed to do so. Follow directions care-
fully and preserve all possible structures for sub-
seqquent study.

A. THE HEART, figs. 26-29.

The heart lies within a pericardial sac the ven-
tral wall of which should have been removed in
the study of the digestive system and mesenteries,
The transversely expanded ventricle whose blunt-
ly rounded apex points caudally is the most con-
spicuous part, but dorsal to this lie the two atria
separated by an interatrial septum apd the sinus
venosus which lies dorsal to the atria.

1. Ventricle, the main muscular pump of the
heart. It sends blood to all parts of the body in-
cluding the lungs, Sever the thin ligament at-
taching the apex of the ventricle to the posterior
pericardial wall (this is probably a remmant of
the embryonic ventral mesentery), lift the apex
cephalad and note the connections between ven-
tricle, atria, and sinus venosus. Return the ven-
tricle to its place and notice the large caval veins
entering the sinus and the large arterles leaving
the anterior side (base) of the ventricle,

2. Right atrium. This receives vemous blood
from the sinus venosus and empties it into the
ventricle via the right atric-centricular valve.

3. Left atrum. It receives arterial blood via
the pulmonary veins from each lung and empties
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it into the ventricle via the left atrio-ventricular
valve where it mixes but slightly with the systemic
venous blood which largely goes to the lungs for
oxygenation. Further mixing of arterial and ven-
ous blood is avoided by the spongy interventri-
eular septum.

4. Sinus venosus. It receives blood from the
systemic veins of the entire body excepting the
lungs. Four large veins, to be described below,
empty their contents into the sinus.

B. VENOUS TRUNKS OF THE HEART, figs.
30 and 31.

In addition to the two pulmonary veins which
empty into the left atrium there are four large
veins supplying venous blood to the sinus. Dis-

place the ventricle cephalad to expose the sinus
and identify the following veins:

L. Left precaval (anterlor vena eava), swings
around the border of the left atrium and enters
the sinus.

2. Left hepatic. It drains the left liver lobe
from which it appears in the brdge of liver and
terminates at the left angle of the sinus venosus.

3. Posteaval (posterior vena cava), a very large
vessel draining the body caudal to the heart, It
emerges from the right liver lobe and enters the
right angle of the sinus.

4. Right precaval (anterior vema cava), It
enters the sinus just anterior to the entrance of
the posteaval. It may best be seen by pressing
the heart toward the left. The precavals drain
blood from the anterior regions of the body.
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C. ABDOMINAL AND RENAL PORTAL
VEINS, figs. 31, 3la, and 32.

Geveral different arrangements may be found in
the venous system, particularly among the veins
tributary to the abdominals.

1. Abdominals, a pair of vessels arising on
gither side of the pelvic girdle and passing
cephalad to disappear into the liver lobes. A
cross anastomosis sometimes termed fransverse
abdominal cein will be seen just in front of the
pelvic givdle. These veins were noted wnder the
digestive system.

3 Pectoral veins. These veins arise in the pec-
toral girdles and drain into the abdominals at
points near the liver, one on either side.

3. Pericardial veins. Each abdominal vein re-
ceives one of these from the pericardial sac short-
ly before entering the liver.

4 Vesicle vein, a small vein which arises from
the bladder and umites with the abdominal vein
of its own side just dorsal to the transverse ab-
dominal. Since the tributaries of the ventral
veins are all paired, it will be necessary to de-
seribe only those on the left side from here on.
1§ the veins on the right are better injected than
thase on the left they may be followed instead.

5. Pelvic vein. It drains the pelvie girdle into
the abdominal vein which it joins midway be-
tween the apex and the base of the girdle. It
passes ventrally over the pelvic muscles. One
pelvic vein may be much larger than the other,

Now limber up the hind leg on the side you
are following by alternate flexion and extension,
ahduction and rotation until the leg can be held
towards the ventral midline, Cut through the
skin next to the carapace, from the thigh back to
the tail, being careful to spare important blood
vessels. Remove the skin from the leg and tail
and trace the abdominal vein laterally along the
base of the leg.

6 Crural vein, One which arises from medial
thigh muscles and unites with the abdominal
just caudal of the pelvie vein {or it may unite
with the femoral just before reaching the abdom-

a7

inal or it may unite with the external fliac from
which a connection is made to the abdominal).

7. Lipoidal or adipose vein. It arises from fat
in the groin and enters the abdominal just candal
of. or beside, the crural. It may be larger than

the crural.

8. Femoral, a large vein from the dorso-lateral
side of the thigh. It enters the abdominal about
one and one half inches beyond the union of the
crural and the abdominal, Trace the femoral vein
into the leg by separating the muscles.

9, External iliac, a short vein extending from
the union of ahdominal and fernoral veins to the
junction of the renal portal and epigastric veins,
Figs. 31 and 3la. The external ilinc receives sev-
eral small veins from the abdominal wall,

10, Epigastric vein. It parallels the epigastric
artery along the curved edge of the carapace and
enters the external iliac vein (or it may enter the
portal) at & point where the latter tums at right
angles posteriorly to run between the earapace
and the upper thigh. Clear away loose tissue and
break off the carapace all around the postero-
lateral margin (use bone shears or pliers).

11. Ischiadic vein, a tributary to the renal por-
tal vein. The ischiadic receives the two following
veins as tributaries,

12. Candal vein, & continuation of the ischiadic
along the side of the tail.

13, Cloacal vein. It drains the cloaca and
anal reglon and unites with the caudal thus form-
ing the ischiadie.

14. Renal portal. Find the vein at the junc-
tion of the epigastric and external fliac veins and
trace it anterodorsally where it penetrates the
plenroperitoneum and enters the kidney, the latter
lying in a retroperitoneal position, ie. dorsal to
the pleuroperitonenm. It will be necessary to fum
the viscera cephalad and to eut through the pleuro-
peritoneum transversely at a point midway be-
tween heart and pelvic girdle so as to carry the
left lung forward in order to obtain a clear view
of the kidney which lies against the carapace pos-
tero-dorsally and near the midline. Remove the
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plewroperitoneum covering the kidney so as to be
able to see all vessels in this region. The renal
portal may also recelve small veins from the cara-
pace and from the muscle mass just posterior to
the kidney. Veins from the carapace may also
enter the kidney directly om its dorsal surface.

1% Yertchral vein, the anterior one of two
branches from the renal portal at its point of con-
tact with the kidney. The wvertebral passes
cephalad dorsal to the arches of the ribs which
fuse with the carapace a short distance lateral to
the vertebral columm,

168. Imtercostal veins. These enter the verte-
brals, on either side, meeting them at the inter-
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costal spaces, They are sometimes injected poor-
ly or not at all.

17. Marginocostal vein, the anterior continua-
tion of the epigastric vein. It serves to connect
the intercostal veins peripherally along the mar-
gin of the carapace. The marginocostal also
makes connection with the shdoming] vaing sama
distance caudal to the heart.

18, Hypogastric vein, the posterior branch of
the renal portal. It passes caudad over the ven-
tral side of the kidney to the bladder while re-
celving branches from the rectum, cloaca, and
male genitalia,
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D. HEPATIC PORTAL SYSTEM, figs. 33 and 34,

This system of veins carries venous blood from
stomach, small intestine, pancreas, spleen, and
gall bladder into the liver where many important
functions are performed such as glycogen storage,
removal of certain blood pigments, and detoxifica-
tion of the blood. Identify and leamn the follow-
ing veins of the hepatic portal system:

1. Hepatic portal, Tt passes from left to right
along the dormsal side of the liver lobes. It sends
many branches into the liver tissue and receives
the right and left ventral abdominal veins as tri-
butaries in addition to the branches listed below.

2. Gastric veins. They enter the left portion
of the hepatic portal from the stomach and are
small but numerous—at least five or six may be
readily seen.

3, Anterior pancreatic veins. Two or three of
these may be seen passing from the pancreas to
the hepatic portal vein just to the right of the
median bridge of liver tssue.

4, Cystic veins, tributary to the hepatic portal
from the bile duct and from the gall bladder.
Since these are quite small they may not be in-
jected and thus they may be difficult to see,

3. Posterlor pancreatic veins, tributary to the
hepatic portal from the right end of the pancreas.

fi. Duodenal vein, the long branch to the hepa-
tic portal which drains the duodenum,

Now trace the hepatic portal posteriorly through
the substance of the panceras to a point dorsal to

the mesentery of the caecum where the dark speri-
cal spleen should be found.

7. Splenic veins, There are several which
pass from the spleen into the hepatie portal.

8. Inferior mesenteric vein, It pusess along
the dorsal surface of the large intestine receiv-
ing hlood from numerous small veins in the in-
testinal wall,

8. Common mesenteric trunk. This is joined
near the caeeum by the inferior mesenteric. Six
more mesenteric veins converge in the mesenteries

to form the common trunk which enters the hepa-
tic portal just posterior to the spleen.

E. THE SYSTEMIC YEINS, figs. 30-32,

The tributaries of the four venous trunks noted
above (B) will now be studied. These trunks with

their tributaries constitate the sysiemic veins.
Since the branches of the precavals are alike on
the two sides you need only follow them on one
side beginning at the precaval of that side. Those
on the left should be traced unless they are better
injected on the right. Identify as many as pos-
sible of the following veins:

1. Thyroscapular vein, just anterior to the peri-
cardial sac. The precaval receives four tributaries,
the most medial of which is the small thyroscapu-
lar, which receives a small thyroid vein from the
gland of that name which is located at the bi-
furcation of the large arteries just in front of the
heart and another, the scopular vein from the
sibscapular muscles in the shoulder region.

2. Internal jugular vein. This joins the precaval
just lateral to the thyroscapular and runs along
the side of the neck into the head to enter the
floor of the skull. It accompanies a large artery
(carotid) and a nerve (vaguns) in its course along-
side the neck. From the esophagus it receives a
network (plexus) of small esophageal veins. An-
teriorly, the internal jugular leaves the base of the
skull where it also anastomoses with the external
jugnlar, later to be deseribed.

3. Subclavian vein, the third and largest of the
four tributaries to the precaval. It parallels the
side of the neck but lies dorsal to the internal
jugular,

4. Axillary vein. As the subclavian turns to-
ward the axilla (armpit) it Is termed the axillary
vein and shortly it proves to be formed of two
large branches {3 and 6 which follow),

5. External jugular vein, the branch coming
from the head and neck. It anastomoses with the
internal jugular where the latter enters the skull,
Several vertebral veins enter the external jugular
at intervals as it parallels the dorsolateral side of
the neck. The anterior-most vertebral vein joins
it near its unlon with the axillary and also con-
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nects with the vertebral vein previously described
unger the renal portal system as arising near the
articulation of the last cervical and the first thor-
acic vertebrae,

6, Brachial vein. Tt drains the foreleg and con-
tinues into the axillary. The brachial is a little
smaller than the external jugular,

7. Scapular vein, the fourth tributary of the
precaval. Tt is the most dorsal and the most lateral
of the four tributaries under discussion. It drains
the muscles of the scapular region. The left hepa-
tic vein has been described. The postcaval vein
was also identified but not its tributaries. These
will now he described.

5. Hepatic veins. Many of these enter the
posteaval from yarious parts of the liver. Pune-
ture the posteaval just ouside the sinus venosus
and pass your probe within this vein to the liver.
Dissect liver tissue to reveal hepatic veins. Now
find the postcaval where it enters the liver poster-
iorly to the right of the hepatic portal vein, Free it
from the membranes (serosa of liver and pleuro-
peritoneum) which bind it between liver and lung
and trace it to its bifurcation between the kidneys.
These are the roots of the posteaval which are
made up of the following veins:

9. Renal veins. These drain the kidneys into
the two roots of the posteaval,

10, Genital veins. Several of these also emerge
from the kidneys bringing venous blood from
the gonads and their ducts.

F. AORTIC ARCHES, figs. 35 and 36, also 26-29,

The conus arteriosus of the turtle looks like
three large arteries extending cephalad from the
ventricle, Clear away loose tissue so as to be
able to separate and identify them from left to
right as:

I, Pulmonary artery, the left trunk. Tt takes
venous blood from the right ventricular chamber
amd, upon forming right and left branches, distrib-
utes it to each lung,

Left aorta, the middle trunk. It curves
dorso-laterad and unites with the right aortic arch
posteriorly and in the dorsal midline.

¢

=,
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3. Right aorta, the third trunk comprising the
conus arteriosus, It is covered ventrally by the
large brachiocephalic branch which it gives off

just after leaving the ventricle.

4. Brachiocephalic (innominate} artery, men-
tioned above. It is the main arterial trunk supply-
ing branches to the forelimb, neck, and head. It
bifurcates to form two large branches each of
which gives off two branches in close succession.
Just anterior to the branchings is a round reddish
thyroid gland. Clear away loose tissue from these
vessels,

3. Coronary arteries. The small vessels which
may be seen arising from the brachiocephalic and
conrsing over the surface of the heart.

6. Subclavian artery. The right and left sub-
clavians are the large branches formed by the
bifurcation of the brachiocephalics.

7. Thyroid arteries. These arise from the sub-
clavians near the arigins of the latter and nourish
the circular thyroid gland,

8, Ventral cervical artery. A given subclavian
sends several small arteries to the ventral surface
of the neck. The largest of these is the ventral
cervical artery. Ventral cervicals also supply
branches to the neck muscles, trachea, esophagus,
and thymus glands — yellowish tissue masses lat-
eral to the ventral cervical arteries.

8. Axillary artery, the continuation of the sub-
clavian where it loops sharply dorsal from a point
ventral to the scapula, It uwspally trifurcates to
form the three following arteries:

10. Brachial artery, the continustion of the
axillary. Tt arises where the axillary bends lateral-
ly on itself,

11. Vertebral artery, a large branch of the axil-
larv which runs dorso-mesad to send branches be-
tween the dorsal ends of the fused ribs as the
intercostal arterles which parallel the sutures of
the costal plates and anastomose laterally with
the marginocostal artery. Vertebral arteries may
exbend anteriorly from the axillary, as well as
posteriorly.

12. Dorsal cervical artery. This arises from the
axillary near its junction with the brachial, or it



may be a branch of the vertehral at a point rough-
ly ventral to the anterior margin of the carapace.
The dorsal cervical obviously supplies muscles,
skin, and other tHssues on the dorsal side of the
neck, -

18, Commnon carcbid adtery. This passes oe-
phalad along the ventral side of the neck (it may
cross the subelavian). The carotid may form a
loop in the neck if the latter is withdrawn between
carapace and plastron. Notice small branches
to the thymus gland from the carotid. Anterior
to this point it continues cephalad in company
with the vagus nerve and the internal jugular vein.
The carotid enters the head via a foramen located
just anterior to the auditory area of the skull

G. AORTIC ARCHES AND THEIR
BRANCHES, figs. 35 and 38.

The right and left aortie arches each eurve later-
ally and dorsally as they leave the ventricle. Trace
the left arch, separating the left Jung from the
stomach (if this was not previously dome) and
tuming the stomach ventrally and to the rght.

The left arch passes to the left of the esophagus
and dorsal to the stomach and liver where it forms
three large branches.

1. Gastric artery. This supplies the cardiac
region of the stomach where it hifurcates forming
ventral and dorsal gastric arteries, the former sup-
plying the lesser curvature and the latter supply-
ing the greater curvature of the stomach,

2, Coeliac artery. It branches an inch or less
from the left aortic arch to form the following
two arteries:

3. Anterior pancreaticoduodenal (to the left end
of the pancreas). It supplies the pyloric end of
the stomach and part of the liver and branches to
the right, sending numerous small arteries into the
pancreas, duodenum, and liver.

4. Posterlor pancreaticoduodenal, the second
branch of the coeliac. It supplies the right end
of the pancreas, duodenum, liver, and, as the
cystic artery the gall bladder.

5. Anterior mesenteric artery, the third branch
of the left aorta. This passes posteriorly in the

center of the intestinal mesenteries where it sub-
divides into numerous branches which radiate
through the mesentery to all parts of the small in-
tostine.

8. Posterior mesenteric artery, one of the
branches of the superior mesenteric which cone

tinues to the large intestine which it accompanies
all the way to the cloaca where it sometimes
anastomoses with one of the common iliac arteries,

7, Junction of right and left aortae. This can
be seen an inch or less posterior to the point at
which the antedor mesenteric artery originates
from the left aorta, To facilitate tracing the aorta
the posteaval vein may be removed. Trace the
right aorta to its origin in the ventricle of the heart,
The only branch from the right aorta is the brach-
iocephalic, noted above.

8. Dorsal aorta, the unpaired posterior part of
the aorta which continues caudad in the dorsal
midline just ventral to some prominent longitud-
inal bands of muscle to which small arteries are
supplied from the aorta.

9. Genital arteries [(ovarian in females and
spermatic in males). One or more arises from
the aorta to supply arterial blood to each gonad.

10. Renal arteries (two or three to each kidney
as the aorta passes between them). These are
rather small and are revealed by removing con-
nective tissue along the aorta between the kidneys.

11. Epigastric artery. This leaves the aorta
just dorsal to the kidney which should be separ-
ated from the carapace and together with the
gonad turned toward the opposite side. Follow
the epigastric artery laterally to the place where
the renal portal vein enters the pleuroperitoneal
cavity. At this point the epigastric branches,
sending an artery anteriorly along the border of
the carapace to join the marginocostal artery
which also follows the margin of the carapace,

12. Common iliac artery, one of two branches
of the dorsal aorta just posterior to the origin of
the epigastric. Each common iliac promptly di-
vides into an internal and an external iliac.
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15. Imternal iliac. Tt sends branches to the
reproductive organs, pelvic region and bladder,
but its largest branch is the:

14. Haemorrhoidal artery. This supplies the
large intestine, passing cephalad along its side.
It may be larger on one side than on the other,
one giving more blood 1o the large intestine while
the other, being smaller, permits additional blood
to enter the pelvic organs via the internal iliac.

15, External ilisc, a wvessel that divides soon
after leaving the internal iliae. It sends a larger
ventral branch through the pelvic region giving
off small arteries to the pelvic musculature,

16, Femoral artery, the continuation of the ex-
ternal ilisc into the pelvic area and to the thigh

17. Sciatic artery, one which passes dorsad
from the external iliae to the sacroilize joint, tra-
verses a nerve dorsally and turns ventrad into the
thigh following the medial side of the ilium as it
leaves the pelvic area. This ix the principle ar-
tery of the leg. Bone cutters will be useful in
tracing this artery as well as in tracing the femoral,

18. Middle sacral or candal artery, a continua-
tion of the dorsal aorta caudal to the origins of
the common iliacs. It supplies the dorsal side of
the cloaca and the tail region.
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CHAPTER VI

Urogenital System

Remove all but the posterior-most ene inch of
the large intenstine, all of the small intestine and
the stomach. (If you desire to retain these organs
simply reflect them anteriorly after cutting the
large intestine an inch anterdor to the anus and
severing the mesenteries along the intestinal tract.)

A. FEMALE, figs. 37 and 38.

1. Owaries, previously noted as large egg-filled
sacs on each side in the posterior pleuro-peritoneal
eavity, Note the yellow eggs in various stages of
development (eggs may all be very small in young
females),

2, Mesovarinm, the mesentery of the ovary.
This vascular membrane supports the ovary by
attachment to the kidney peritoneum.

3. Oviduct (Mullerian duct), a broad white
coiled tube lying along the posterior side of each
ovary. Adjacent to the ovary its cephalic end
opens as the ostbum. Carefully search for the
ostivm where the mesovarium splits near the an-
terior end of the oviduet. Compare with am-
phibian and elasmobranch. The posterior end of
the oviduct opens into the antero-lateral wall of
the eloaea, ventral to the rectal opening.

4. Urinary bladder, a large bilobed sac nar-
rowing posteriorly where it empties into the cloaca
between the two oviducts. Open the bladder
ventrally and observe the texture of its inner sur-
face, then pmobe its neck posteriorly until your
probe enters the cloaca ventral to the ovidueal
openings, NOTE: If not previously opened the
cloaca should now be slit postero-anteriorly and
a little to the left of its mid-ventral line, but first
the midregion of the pelvic girdle must be re-
moved with bone shears. Avoid damage to the
cloaca which is generally blackish along its ven-
tral side.

aT

3. Cloaca, a cylindrical chamber opening via
the anus posteriorly and receiving the contents

of the oviducts, bladder, and large intestine or
rectum,

8. Accessory urinary bladders, thin sacs on
either side of the cloaca to which they are at-
tached laterally and at a point posterior to the
oviducts. They are known to carry water in
females for use in softening the earth while nest-
digging. To find these you should first clear
away the connective tissue along-side the cloaca.
Slit and probe one of these bladders so as to see
its opening into the cloaca.

7. Clitoris, a series of dark thickenings in the
ventral wall of the cloaca. This mass is homolo-
gous to the male penis.

8. Kidneys {(metanephrod), previously identified
as lobed structures closely flattened against the
postero-dorsal wall of the pleuroperitoneal cavity
on either side. On the ventral side of each kid-
ney may be seen the remal portal vein and its
tributary, the internal iliac vein.

9. Ureter (metanephric duct), a tube which lies
just dorsal to the renal portal vein. This vein
should be carefully removed over the ventral face
of the kidney so as to disclose the ureter. Make
a small slit in the ureter opposite the kidney and
pass a slender probe through it to its eloacal ori-
fice which lies just anterior to that of the oviduct.

B. MALE, figs. 39 and 40.

Expose the cloaca, if not previously done, as
directed for the female wrogental system, A-4
above, but open it by slitting it up one side to
avoid injury to the penis, Observe the opening
of the rectum dorsally and that of the urinary
bladder ventrally into the cloaca at its anterlor
end.
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1. Penis, a dark mass visible through the ven-
tral cloacal wall. A penis is not present In anam-
niotes but does occur in reptiles, also in some
birds, and in all mammals, Attached to the ven-
tral cloacal wall are muscles which rétract the
penis. Iis eversion is achieved by vascular en-
gorgment of the paired corpora cavernosa penis,
rounded spongy tissue masses projecting laterally
at each side of the neck of the bladder from the
anterior cloacal wall. Its midlongitudinal urethral
groove terminates caudad in a heart-shaped glans

peris,

3. Kidneys, previously seen as lobed organs
Hattened against the postero-dorsal walls of the
pleuroperitomeal cavity.

3. Testes, male gonads. Each testis is a spheri-
cal organ of yellowish color attached to the ventral
side of each kidney by a mesentery termed the
mesorchium,

4. Epididymis, a dark, elongated structure of
coiled tubules, one of which lies postero-lateral
to each kidney. Each testis receives, in its anter-
ior pole, a series of minute efferent ductules from
the testis of its own side, These ductules convey
sperm cells from testis to epididymis and they
traverse the mesorchium en route. Efferent duct-
ules and epididymis are derived from embryonic
mesonephric tubules and ducts.

3. Ductus deferens (deferent ductule), derived
from the mesonephric duet also. It is much coiled
anteriorly where it may be termed the epididymi-
dal duct. Remove its peritoneal covering and un-
coil it posteriorly, thus tracing it to its cloacal
arifice which lies cephalad of, and hasal to, the
bulbs of the corpora cavernosa. These bulbs,
which when the penis is retracted extend craniad
along either side of the bladder-stalk, are the an-
terior swellings of the corpora cavernosa. Filling
of the corpora cavernosa with blood from the in-
ternal iliac vein causes erection of the penis at
the time of mating. The walls of the urethral
groove meet dorsally to form a duct for the
passage of spermatozoa,

6. Ureters. These convey urine from kidnevs
to the cloaca. The ureters lie on the kidney's
ventral face and may be seen by removing the
epididymis from the kidney, Each wreter is a
short uncoiled tube the cloacal orifice of which
is just anterior to that of the ductus deferens of
the same side. These openings are at the anterior
end of the wrethral groove,

7. Accessory bladders. As in the female, A6
above. Find and probe these bladders to dis-
cover their openings into the cloaca.
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CHAPTER ViI

Nervous System

The brain and spinal cord are relatively smaller
in the turtle than in animals with cartilaginous
skeletons such as the shark. However, a careful
study of the nervous system of the turtle is hoth
interesting and profituble owing to its higher de-
gree of development and complexity. Care must
be exercised in opening the skull as well as in re-
moving the brain lest important structures be dam-
aged or destroyed. A pair of hone shears will he
useful in removing the top of the skull {skull cap).
This permits study of the dorsal view of the brain
without its being disturbed, This view should,
therefore, be stadied before the ventral and lat-
eral surfaces are examined,

THE BRAIN
A. DORSAL SURFACE, fig, 43.

This 'is clearly seen only after complete re-
moval of the skull “cap,” as directed above, and
the meninges now to be described,

1. Meninges, membranes eovering the brain
and spinal cord.

2. Dura mater, a tough membrane lying be-
tween the brain and the skull.

b. Pia mater, a thin membrane which intimate-
by covers the brain surface to which it is closely
adherent.

¢. Subdural space, & narrow space lying be-
tween the two above membranes, It is criss-
crossed by numerous membranous cords passing
between the dura and the pia maters.

d. Peridural space, a narrow space lving be-
tween the skull and the dura mater.

Remove as much as you can of the dura mater
from the dorsum of the brain.

2. Cerebral hemispheres, a pair of conspicuous
swellings forming two halves of the cerehrum,
the largest of the several regions of the brain,
The hemispheres are separated midlongitudinal-
Iy by a deep superior longitudinal fissure. Tn
turtles they are relatively much larger than those
of fishes and amphibians. The lateral surface of
each hemisphere is extended to form a flattened
temporal lobe,

a. Olfactory bulbs or lobes, a pair of elongated
triangular anterior extemsions from the cerebral
hemispheres. These bulbs each receive an ol
factory nerve from an olfactory sac, (one sac on
either side in the nasal cavities).

b. Choroidal sac, a very thin sac adhering to
the dura mater, It is often torn off when removing
the dura. This “sac” lies hetween the posterior
ends of the cerebral hemispheres where it forms
a choroidal roof for the diencephalon.

. Fineal body (epiphysis), a small body lying
upon the choroidal sac to which it is attached.
It lies in the triangle formed by the posterior
separation of the cerebral hemispheres.

Remove the choroidal sac and note the cavity
of the diencephalon which is a shallow depression
in the brain floor just caudad of the cerebral
hemispheres,

3. Optic lobes, a pair of prominent subspheri-
cal bodies just caudad of the cavity of the dience-
phalon. They form a large part of the midbrain
region being important centers in the visual sys-
bem.

4. Cerebellum, a posteriorly projecting pair of
lobes which overhang the anterior end of the
medulla oblongata. The cerchellum is relatively
smaller than that of selachians (elasmobranchs)



but larger than that of amphibians. It functions
as the principal eenter of equilibrium and muscu-
lar coordination of the brain,

5. Medulla oblongata (hindbrain), a°caudally
tapering region continuous with the spinal cord
posteriorly,

a. Tela choridea, a thin roof of the fourth ven-
tricle or cavity of the medulla. The tela choroidea
is similar in structure and function to the choroid
roof of the diencephalon, each serves to secrete
nutritive cerebral Huid into the cavities (ventricles)
of the brain,

b. Somatic sensory columns, the dorsal mar-
gins of the medulla.

o, Aurlcular lobes, small lobations of the cere-
bellum representing the anterior continuations of
the somatic sensory columns. These columns con-

vey sensations to the cerebrum amd ecerebellum
trom outside the body and from the body wall,

d. Somatic motor columns, fiber bundles paral-
leling the midventral groove in the floor of the
medulla and conveying impulses for museukar con-
traction from the cerebrum and cerebellum to the
somatic muscles,

6. Cranial nerves, figs. 41-43. In the turtle,
as in amniotes in general, there are twelve pairs
of cranial nerves instead of but ten pairs as in
anamuiotes. . You should memorize both the num-
ber and the name for each of the cranial nerves,

I. Olfactory nerves. There is one from each
olfsctory sac to each olfactory bulb. They carry
impulses for the sense of smell.

IL. Optic nerves, These will be seen after
cutting through the olfactory nerves and lifting
the anterior end of the brain slightly. Optic
nerves are rather stout trunks which carry visual
impulses from the eves to the optic lobes. These
nerves enter the cerebrum ventrally on either

sicle.

III. Ocuolomotor nerves. They leave the floor
of the midbrain just anterior to the trochlear
nerves (IV), They are visible enly after pressing
the cerebral hemisphere away from the skull. The
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oculomotor nerve can be further traced by loosen-
ing the eyeball ventrally and lifting it so as to
reveal the loose tissues between the eyeball and
the orhital floor, Bemove loose connective tissuc

down to the glandular tissues s0 as to be able to
see these nerves, Usually adherent to the E}’-El:u“
is a portion of the maxillary branch of the tri-
geminal (V). Loosen this nerve from the eye-
hall, cut the pyramidal muscle, lift the eye up-
wanrds and mediad, then cut the inferior and ex-
ternal rectus muscles between and above which
will be found the heavy white trunk of the optic
nerve {II). The oculomotor nerve contacts the
ventral side of the optic nerve and supplies the
four following extraocular muscles: superior, in-
ferior, and anterior rectus, and infedor oblique,

1V. Trochlear nerves, On the dorsal side of
the midbrain, in the dorsolateral angles between
oplie lobe and cerebellum, will be seen the small
trochlear nerves. By pressing the cerebral hemi-
spheres away from one orbit a trochlear nerve
will be seen to pass behind the oculomotor toward
the orbit which it enters.

Cut the superior oblique muscle at #s insertion
on the eyeball and look beneath this muscle to
find the trochlear nerve which inmervates it. An-
other nerve running medial to the trochlear is
the ophthalmic branch of the trigeminal (V).

V. Trigeminal, the thickest of the cranial
nerves. These originate from about the middle of
the ventral wall of the medulla and pass laterad
to enter a large semilunar ganglion located in a
fossa in the medial wall of the skull. From the
ganglion, on either side, three branches pass an-
teriorly one above another. From above they
are the ophthalmic distributed to tissues around
the eyes, the maxillary innervating the face, and
the mandibular distributed to the lower jaw, Un-
cover the ophthalmic and maxillary nerves by re-
moving an eyeball without injury to these nerves,
Sever the nerves lying anterior to the trigeminal
and raise the brain gently drawing it toward one
side to reveal the ophthalmic nerve. This nerve
may now be traced anteriorly into the olfactory sac.
Traced from the orbit to the brain the ophthalmic
enters the skull, travels in company with the troch-



lear nerve between the dura mater and the skull
and enters the semilunar ganglion from which its
fibers, as part of the main trigeminal trunk, pass
into the brain. The maxillary nerve traced pos-
terforly comes from two branches, oné passing
below the orbit and the other coming up diagonal-
vy across the floor of the orbit to join its mate at
the posterior orbital wall. From here the maxil-
lary passes between muscles to enter the skull
At this point it is joined by the mandibular branch
coming up from the lower jaw. The trunk formed
by the union of these two nerves enters the skull
through a foramen and promptly joins the semi-
lunar ganglion from which its fibers parallel those
of the ophthalmic as they pass into the brain,

VI. Abducens nerves, these spring from near
the midventral line medial to the roots of the
facial (VII}) and acoustic (VIII) nerves. Do not
attempt to see the abducens until after the re-
muoinder of the eranial nerves have been traced.

VII. Facial nerves. These arise in company
with the acoustic (VIII) nerves from the lateral
wall of the medulla and just posterior to the tri-
. geminal roots, They at once separate into the
facial nerve passing through the capsule of the in-
ner ear anteriorly and the acoustic next to be de-
scribed, The facial soon passes rostrad out of
the skull over the anterior horn of the hyoid bone
and innervates muscles between the hyoid and the
lower jaw, In order to further trace the seventh
a5 well as the ninth, tenth, and twelfth nerves
procesd as follows: remove the skin and adjacent
muscles from the hyoid bones on the ventral side
of the head, locate the anterior and posterior horms
of the hyoid, and identify the nerves mentioned
above, in tum, as described below,

VIII. Acoustic (auditory} nerve. It arises in
company with the facial and passes promptly into
the inner ear capsule to divide into an acoustic
branch to the cochlea and a vestibular branch to
the semicireular canals and vestibule.

IX. Clossopharyngeal nerve. It arises as sev-
eral small roots just posterior to the acousticofacial
roots on the lateral walls of the medulla. These

nerves exit from the skull by passing through the
posterior wall of the ear capsules and forward
between the two horns of the hyoid on either side
to supply adjacent muscles as well as the lining
of the mouth and pharynx.

X. Vague nerve. It cpringe from coveral voot
lets along the side of the medulla just posterior
to the ninth nerve roots, These two nerves leave
the skull together with the eleventh and twelfth
nerves. Now locate the vagus (vagosympathetic)
trunk in the neck and follow it into the skull by
dissecting longitudinally through the floor of the
mouth and pharyox into their cavities,. Tum back
the two flaps formed by this incision and remove
the muecous membrane from the roof of the
pharyngeal eavity,. Here the hypoglossal nerve
(twelfth) will be seen passing ventral to the vagus.
At about this point the vagus enters the superior
cervical sympathetic ganglion from which several
nerves emerge, some (or one) of which enter the
skuil and medulla as the vagus roots,

X1, Spinal accessory. Like the vagus the spinal
accessary is formed from several roots which
emerge from the posterior medulla to exit from
the skull in company with the vagns. The ac-
cessary nerves supply motor impulses to the

muscles of the necl.

XII. Hypoglossal nerves. These emerge from
the posterior medulla near the mid-ventral suleus.
They can best be seen by first cutting the roots
of the vagi and accessories on one side so as to
uncover them. Traced rostrad into the throat the
hypoglossal supplies motor fibers to muscles of the
anterior hyold horn and to the tongue,

B. Ventral view of the brain, fig. 41, Removal
of the brain from the skull is reguired in order
to study the ventral (basilar) surface. First, gent-
Iy lift the olfactory bulbs and (if not done before)
cut the optic nerves which lie side by side just
beneath the bulbs.

1. Optic chissma, a fusion of the two optic
nerve trunks beneath the olfactory bulbs. A par-
tial crossing of nerve fibers to the opposite side oc-
curs at this point.



2. Infundibulum, a median thin saceular de-
pression of the diencephalic floor just posterior
to the optic chiasma. Attached by a slender
thread-like stalk is the ventrally placed:

3. Fituitary body (hypophysis), a vellowish en-
docrine gland about half the size of the infundi-
bulum. It is firmly seated in a bony cavity, the
homologue of the mammalian sella turcica (Turk's
saddle). Owver the pituitary body is a thin mem-
brane, the diaphragma sellae which should be torn
with 4 teasing needle passed around the hypophy-
sis. Now the hypophysis may be loosened under-
neath and lifted out. It is difficult to avoid break-
ing the infundibular stalk in this dissection,

C. Lateral view of the brain, fig. 42,

Study the lateral surface of the brain and identi-
fy each of the parts that were identified on the
dovsal surface. Notice exactly from what part of
the brain each of the twelve pairs of cranial nerves
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Fig. 42—Brain, lateral

arises, Determine the relationships hetween pit-
uitary body, infundibulum, and diaphragma sellae.
Can you identify the mammilary body which is
a slight bulge from the posterior wall of the in-
fundibulum just dorsal to the pituitary body?
Notice also the temporal lobes, optic lobes, and
the cerebelliom,

D. Median sagittal section, fig. 44,

Section the brain midsagittally with one clean
stroke of a long-bladed knife. This should give
a smooth-cut surface which will show details bet-
ter than would a ragged surface. Study the in-
ternal structures of the brain. Cut open a hemi-
sphere and observe its cavity or ventricle. (The
first two ventricles are in the two hemispheres, the
third is largely in the diencephalon and the fourth
is partly beneath the cerebellum and partly within
the medulla oblongata). In each case, compare
the size of the ventricle with the thickness of the
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Fig. #4—Brain, midsagittal

wall of that part of the brain containing it. Try
and find a communication between the first two
ventricles and the third ventricle, These small
openings are the foraming of Monro. Observe the
cerebral agueduct (agueduct of Sylvius) which
comnects from the posterior end of the third ven-
tricle to the anterior end of the fourth ventricle,
The agueduct traverses the length of the midbrain
which lies between the inferior portions of the
optic lobes. Further open and observe the cavity
of the optic lobe and note the cavity of the cere-
bellum just posterior to it. The cavity of the
fourth ventricle continues, much redoced in size,
down the center of the spinal cord as its central
canal. This canal is so small as to be almost micro-
seopic in size.

Additional features of the midsagittal section
are;

1. The pallium (roof) of the cerebral hemi-
spheres.

2. Corpus striatum, a large mass projecting up
from the floor of each lateral ventricle. This mass
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contains groups of brain eells (nuclei or “ganglia™)
of the eerebrum,

3. Epithalamus, the entire roof of the dience-
phalon. This roof is largelv overlain by the cere-
bral hemispheres.

4. ‘Thalamus, a bulge from each lateral wall of
the diencephalon. It includes important neurones

for relaying sensations from the body to the cere-
brum.

5. Hypothalamus, the ventral part of the di-
encephalon, It inchades the infundibulum, hypo-
physis, and mamillary bodies,

8. Optic ventricles, the cavities of the optic
lobes, These open into the third ventricle,

7. Choroid plexus, a delicate mass of tissue
extending from the wall of each of the ventricles.
Note carefully the relations between chorold
plexus and the ventricle wall in each case, Are
these relations identical?



THE SPINAL NERVES

These nerves are attached to each side of the
spinal cord by sensory (dorsal) roots and by motor
(ventral) roots, fig. 45. There are typically nine
pairs of cervical spinal nerves in the neck and ten
pairs of thoracie spinal nerves in the trunk. In
goneral a pair of these nerves is developed for each
vertehra in the series.

1. Brachial plexus, the fibers of the sixth,
seventh, and eighth eervicals plus a small branch
from the first thoracic. These nerves anastomose
freely in the region of the axilla to form the
brachial plexus of nerves, This plexus supplics
three main nerves to the foreleg, namely the dorsal
radial, the ulnar and the median.

2, Lumbosacral plexus, the eighth, ninth, and
tenth, thoracic nerves together with the two sacral
nerves.  These anastomose to form the laombo-
sacral plexus which innervates the posterior ap-
pendage on either side. This plexus is located
medial to the ilium and from it fibers of the eighth
and ninth nerves scatter out to muscles and skin
along the outside of the thigh. Fibers from the
tenth amd two sacral nerves form three sciatic
nerves passing among the posterlor thigh muscles
to the leg and foot.

AUTONOMIC NERVOUS SYSTEM

The antonomic nervous system mediates viscero-
motor and viscerosensory impulses to the spinal
cord, via commumicating rami, and brain but is
devoid of all voluntary eontrol — it is therefore, in
a sense, an automatic system, fig. 45.

1. Anterior head trunk, a group of nerve fibers
arising from the trigeminal (fifth) cranial nerve.
These fibers anastomose to form the sphenoid
plexus as they progress toward the intra-orbital
nerve, They continue candad as a slender trunk
which parallels the long axis of the skull. This
nerve turns around the ear (otic capsule} which
it leaves via an aperture just above the lower jaw
articulation. It next extends below the glosso-
pharyngeal nerve and passes between the carotid
artery amd the vagus and hypoglossal nerves at
which point it receives a small trank formed by

branches from hboth the facial {seventh) and
glossopharyngeal (ninth) nerves.

2. Superior head trunk.  This is formed by a
group of fibers which enter the sympathetic trunk
from the glossapharyngeal nerve, This trunk con-
tinues caudad receiving additional sympathetic
fibers from the vagus, accessory, and hmag!ﬂmnl

[HETVIES.

" 4. Posterior cervical trnk, a more caudal
bundle which receives its fibers largely from the
vagus and first cervical nerves,

4. Middle cervical trunk, This is found at the
point where the sympathetic trunk branches from
the vagus. Posterior to this point the sympathetic
trunk passes dorsal to the brachial plexus.

5. Inferlor cervical ganglion, a spindle-shaped
ganglion (enlargement) a little distance candad
of the point of origin of the middle cervieal trunk.

6. Second inferior ganglion, another ganglion
on the sympathetic trunk, It lies a little candad
of the first inferior cervical ganglion and from
the second ganglion there arise several fine nerves,
Caudal to this lies the first spinal ganglion close to
which, and on the sympathetic trunk, lies the next
sympathetic ganglion. Between these two ganglia
are strands of communicating fibers (rami com-
municantes), Posterior to this the main trunk
forms one or two ganglis close to cach spinal
ganglion and sends at least one communicating
branch {ramus communicans) to the latter. To
simplify tracing these nerves you may remove en-
tirely the lung on the side which you are following,

SPECIAL SENSE ORGANS

A, THE NOSE.

Contained within the nose are the olfactory
gense organs, Within the anterior nares are the
nasal sacs (previously described) which contain
the olfactory mucous membranes which are sen-
sory for smell. A median septum separates the
right and left nasal passages and olfactory sacs.
This septum is stiffened by means of a thin bony
plate covered by softer tissues. A nasal concha
(turbinal) projects from the posterior wall of each
nasal cavity. The concha is homologous with the



mammalian nasal concha or hurbinate bone. A
prominent unnamed fold arises from the floor of

each nasal cavity.

The olfactory mucous membrane containg spec-
ial “neurcepithelial cells” capable of receiving
smell sensations. The olfactory nerves (previous-

MInDLL CERVICAL GARILION

INFERIOR CERYHAL SARGLIDN

RAMUS COMMUNHANS --

SMmAL CORD

ly described) transmit smell impulses to the ol-
factory bulbs of the cerebrum.

B. THE EYE.

Turtle eyes are small but if care is exercised
they can be dissected and will provide good prac-
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tice in minute dissection —of great value to a
surgeon. The anatomy is very similar to that of
the shark eye. Cut through the skin around the
eye and remove the bone between the two eyes
with bone shears, Identify the following struc-
tures:

1, Interorbital septum, a bony partiion be-
tween the two orbits. An artery runs along either
side of this septum.

2, Harderian gland, a small gland whose func-
tion is still disputed. One of these lies on the
antero-dorsal side of each eveball,

3. Lacrimal gland, the tear gland. It is larger
than the Harderian gland and it lies against the
ventral surface of the eyeballl Remove the lacri-
mal gland so0 as to expose more fully the eye
muscles and the eyeball.

4. Pyramidalis muscle, a flat muscle covering
the antero-ventral surface of the eve.

5. Extra-ocular muscles. These lie outside the
eychall and their contractions control the move-
ments of the eyeball (Intra-ocular muscles also
exist for the purpose of adjusting the focus of the
eve by changing the lens curvature). Looking di-
rectly at the pupil of the eve the extra-ocular
muscles will be seen to insert on the eyeball as
follows: the superior rectus inserts dorsally, the
inferior rectus, ventrally, the medial (snferior)
rectus posteriorly.  These four rectus muscles take
their origin together near the center of the depth
of the orhit. The superior obligue muscle ex-
tends from the interorbital septum to the dorsum
of the eye while the inferior obligue originates
oni the interorbital septum and inserts on the
ventral surface of the eye. Observe the tro-
chlear nerve passing over the medial rectus on its
way to the superior oblique and the ophthalmic
branch of the trgeminal accompanying the tro-
chlear as it (ophthalmic) passes into the nasal

region.

8. Lens. Remove the eyeball and cut off its
dorsal side. The lens will be seen within as a

whitish subspherical object just back of the pupil
and iris, It is rounded toward the reting and is

somewhat flattened toward the pupil.

7. The optic “coats” These are the outer,

tougher sclera, the middle, darkly plgmented and
vascular chorold coat, and the inner, light sensi-
tive retina whose many nerve fibers converge at
the optic papilla to form the optic nerve.

8. Optc humors, In the anterior and posterior
chambers, on either side of the iris and between
the comea and the lens, is the agueous humor,
The jelly-like vitreous (glassy) humor fills the
large chamber behind the lens.

C. THE EAR.

The turtle ear consists of two parts — middle
and intemal. The middle ear lies just medial to
the circular tympanic membrane which is just
caudal to the angle of the jaw. The internal ear

lies medial to the middle ear and is surrounded
by a bony capsule.

1. Columella, a slender straight bone attached
at one end of the posterior-central region of the

tympanic membrane and at the other end to the
medial wall of the middle ear cavity,

2. Opening of auditory tube, a slit-like open-
ing bounded by raised folds located ventral to
the inmer end of the columella. This leads into the
auditory (Eustachian) tube which can he probed
and found to open into the side of the mouth
cavity.

The details of the inner ear are essentially the
game as those of the shark’s inner ear which
should have been previously studied, therefore,
the inner ear of the turtle will not he described
in this manual. (Dissection of the inmer ear is
far more simple and satisfactory in the shark,
Squalus sp.).
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hypohyals to the first branchial. This arch, too, is composed of two
cartilages on each side, the more medial being ceratobranchial 1: the
more lateral epibranchial 1. The next two arches (branchial arches
numbers 2 and 3) are greatly reduced and at first sight appear to con-
sist only of epibranchials 2 and 3. On closer examination, however, you
will see a small cartilage (ceratohranchial 2) thab sanneels hem with
the first branchial arch. The branchial arches support the three external
gills. The two gill slits pass on either side of the second branchial arch.
A small, median basibranchial 2, which is generally partly ossified,
extends caudad from the base of the first branchial arch.

The last two branchial arches do not contribute to the hyoid apparatus and will
not be seen. There is some doubt as to their fate, but traces of them may persist, A
raphe in one of the branchial muscles, which contains a few cartilage cells, mav
represent a part of the fourth branchial {sixth viscaral) arch. It is also probable that
the rest of this arch plus the last arch have contributed to the lateral cartilages of the
larvngotracheal chamber,

Head Skeleton of the Reptile

In many ways the skulls of certain living reptiles are better examples of a primi-
tive tetrapod skull than is that of Necturus. The skull of the snapping turtle, Chely-
dra, is described and illustrated in Figures 4-12 to d-14 and an illustration of an
alligator's skull (Fig. 4-11) is included for comparison.

Figure 4-11. The alligator skull. A, dorsal view; B, ventral view: O, lateral and
medial views of the lower jaw. (From Homer, The Vertehrate Body.)

{A) General Features of the Skull

Examine a skull of Chelydra. Teeth are absent and are replaced
functionally in life by a horny beak ensheathing the jaw margins. The
dermal roof and palate can be seen swrrounding the small, partly os-
sified chondrocranium. The originally paired nares-have united to form
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one opening at the surface of the dermal roof, but the nasal cavities
remain distinet; they open into the mouth by paired internal nostrils
{choanae) located at the front of the palate. The orbits are situated Far
forward, for the snout is short. The dermal roof in the temporal area
has been “eaten away,” or emarginated, from behind in most turtles
but is complete in the sea turtles. Although this emargination is related
to the bulging of the powerful jaw muscles, it is not comparable In lts
relationship to the temporal fenestrae of other reptiles, Turtles are
usually considered to have the complete (anapsid} temporal region of
primitive amphibians and reptiles. In any case, one can easily visualize
the nature of such a roof by looking at the turtle. A pair of large
posttemporal fenestrae can be seen in a posterior view of the sea turtle
skull between the dermal roof and otic capsule. They are present in
other turtles, too, but the loss of the overlving dermal roof in this
region makes them less apparent,

The palatal bones have united solidly with the underside of the
braincase, so interpterygoid vacuities are absent The pair of large
~subtemporal fenestrae can be seen hetween the palatal bones and the

lateral margins of the dermal roof. Two pairs of infraorbital fenestrae
can be found in the palate beneath the orhits,

Examine the back of the skull and note the position of the middle
ear. It is quite close to the jaw joint. It has also heen partly encased
and constricted by bone, so that it appears as an hourglass-shaped
cavity. The expanded lateral portion of the cavity lying dorsal to the
jaw joint-is the middle ear or tympanic cavity proper; the expanded
medial portion, known as the tympanic recess, contains an extention of
the perilymphatic system of the inner ear (Fig. 4-12). The reduced
cranioquadrate passage lies in the foor of the tympanic recess.

-

(B) Composition of the Skull

The dermal elements along either lateroventral margin of the roof
are a very small premaxilla ventral to the external naris, a large maxilla
continuing beneath the orbit, a jugal posterior to this, and a
quadratojugal just anterior to the middle ear cavity. The jugal enters
only the posteroventral comer of the orbit. The middorsal elements are
a pair of large prefrontals posterior to the naris and dorsal to much of
the orbit; a pair of small frontals that do not enter the orbit in Chely-
dra; and a pair of large parietals that extend to the prominent, middor-
sal, oceipital crest. Each parietal also sends a wide Hlange ventrally that
covers & part of the brain not covered by chondrocranial elements. Two
other dermal elements complete that portion_of the roof situated be-
tween the dorsal and marginal hones. A large postorbital (sometimes
considered to be a postfrontal) lies between the orhit and temporal
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Figure 4-12. Diagrammatic vertical section through the ear and adjacent parts of a
turtle skull. Abhreviations: a, articular; ¢, columella or stapes; cist per, perilvmphatic
cistern; de, endolymphatic duet and sac; ec, extracolumella; [, lagena: ¢, quadrate; s,
sacculus; sac per, perilymphatic sac; sin per, pericapsular sinus; o, utriculus; IX, X,
cranial nerves. (From Romer, Osteology of Reptiles, University of Chicago Press.)

emargination, and a squamosal forms a cap on the extreme posterodor-
sal corner of the skull.

Dermal bones also make up the palate. The very front of this
region is formed by palatal processes of the premaxillae and maxillae.
A median vomer (a fusion of originally paired elements) is located
posterior to the premaxillae, and palatines lateral to the vomer. The
internal nostrils enter on each side of the front of the vomer in most
turtles. But in the sea turtles, and a few others, the vomer and palatines
have sent out Hanges that unite with each other to form a small secon-
dary palate ventral to the primary palate. This pushes the openings of
the internal nares caudad. The IEbt of the palate is formed by a pair of
large pterygoids.

The chondrocranium surrounds the base, some of the sides and the
posterior portion of the brain, but it fails to cover the rest of the brain,
which is covered instead by dermal bones of the roof and by the epi-
ptervgoid (see later). Four bones surround the foramen magnum — dor-
sally the supraoccipital, which forms the occipital crest; laterally the
paired exoccipitals; and ventrally the basioceipital. The occipital con-
dyle has begun to shift from its primitive position on the basioccipital
to the exoccipitals. Since distinct portions of it are borne on all three of
these hones, the condyle is tripartite. In a dorsal view an opisthotic can
be seen extending laterally from the supracccipital and exoccipital to
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the squamosal. A prootic is situated anterior to this. The only other
ossification of the chondrocranium is the basisphenoid, which can be
seen ventrally lving between the ptervgoids anterior to the basioe-
cipital. The dermal parasphenoid has united with it.

The posterior part of the palatogquadrate has ossified as the
guadrate. This bone occupies the posteroventral corner of the skull,
extending from the jaw joint dorsally to the squamosal. Most of it
passes anterior to the middle ear, but a part of it EOES l]ﬂﬁtﬂ]'iﬂl' fo thE
ear. A very slender, rodlike stapes may be seen extending from the
tvmpanic cavity proper to the otic capsule, It passes through a small
hole in the quadrate and crosses the tvmpanic recess. Tts median end is
enlarged to form a foot plate that fits into the oval window. The central
portion of the palatoquadrate has ossified as the epipterygoid. This
bone helps to fill in a gap in the side of the chondrocranium. It is
difficult to see, but occupies a small triangular area hetween the ptery-
zoid and ventral flange of the parietal anterior to a large prootic fora-
men for certain cranial nerves (the trigeminal and abducens).

(C) Lower Jaw

Compare the lower jaw of Chelydra with Figures 4-13 and 4-14,

Suprapcoipital

Farietal

eqr cavity

Stopes
Quadratajugal
Quadrafe
FE= Anguler
Dentory Pterygoid' 'Suronguiar
Figure 4=13. Lateral view of the skull and lower jaw of the snapping turtle, Chely-

dr.

The posterior end of Meckel’s cartilage has ossified as the articular and
can be recognized by its smooth articular surface. The rest of the carti-
lage remains unossified, but it can often be found in the adult lying
in a groove on the medial surface of the jaw, The largest of the dermal
elements is the dentary. Most of the lateral surface of the jaw is formed
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Jjugal

Figure 4=14. Snapping tur-
tle skull and lower jaw. Upper,
dorsal view of the skull; lower,
posteromedian  view of the
lower jaw.

Dpisthatic

Supracceipita

Articwlar
Prearticuior

Dentory Angular

by the dentary, but a small surangular lies on the lateral surface she-
tween the dentary and articular. The front half of the medial surface is
also formed by the dentary, but three additional elements form the
medial surface posteriorly—a coronoid dorsally; a prearticular ventral
to it and bridging the groove for Meckel's cartilage: and an angular
beneath the prearticular and forming the ventral border of the jaw, A
bit of the coronoid and angular can also be seen from the lateral sur-
face.

{D) Hyeid Apparatus

Study the hvoid apparatus of the turtle and observe that it consists
of a median body (eorpus) from which horns (cornua) project laterally.
The corpus develops from the fusion of the basihyal and frst two
basibranchials. Most of it ossifies, but the front remains cartilaginous.
A slender lingual process projects from its anterior end into the tongue.
The two pairs of large, ossified horns represent the Krst and second
ceratobranchials. In some cases a trace of the frst epibranchial may be
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o THE APPENDICULAR SKELSTON
Appendicular Skeleton of Necturus

As explained in the preceding chapter, Necturus is neotenic and
parts of its skeleton are unossified. This is trug for many parts of the
girdles and appendages. Since it iz an aguatic animal, it does not use

its limbs much and they do not need to be as strong as those of a
terrestrial species.

(A) Pectoral Girdle and Appendage

Examine the pectoral girdle on a skeleton of Necturus, comparing
it with Figure 5-4, A. The two halves of the pectoral girdle overlap
slightly ventrally but are not united. On each side an ossifed scapula

‘extends dorsally anterior to the glenoid cavity (a depression for the
articulation ofithe girdle with the humerus). The scapula is capped by
a suprascapular cartilage. The ventral part of the girdle remains unossi-
fied and may be called the coracoid plate. A procoracoid process, not to
be confused with the anterior coracoid bone of other tetrapods, extends
forward from the coracoid plate. A coracoid toramen, for vessels and
nerves, may be seen in the coracoid plate ventral to the scapula.

Study the pectoral skeleton, noting first the position of the dif-
ferent segments of the limb and the preaxial and postaxial surfaces (see
page 36). A single bone, the humerus, extends from the glenoid cavity to
the elbow joint. Two bones of approximately equal size compose the
forearm—a radius on the preaxial (medial) side, and an ulna on the
postaxial (lateral) side. The manus consists of a group of six cartilaginous
carpals in the wrist, four ossified metacarpals in the palm of the hand and
the ossified phalanges of the digits or toes. The individual carpals are
usually not distinet in dried skeletons. Naote that only four toes are
present, a number- characteristic of living amphibians. It is uncertain
whether this is a retention of the condition found in many - primitive
amphibians, or whether it resulted from the loss of a toe present in certain
five-toed, primitive amphibians. In any case, the consensus is that the
toes present are homologous to the second through the 6fth toes Of
amniotes. What is the phalangeal formula?

(B) Pelvic Girdle and Appendage

Each half of the pelvic girdle has a namow ossified ilinum that
extends dorsally from the socket for the leg articulation (acetabulum) to
attach on a single sacral rib and vertebra. Ventrally there is a broad
puboischiadic plate, which contains a pair of ossified ischia posterior]ly
and a pubic cartilage anteriorly. An obturator foramen, for a nerve of
the same name, may be seen in the pubic cartilage. Note that the
pelvic girdle, together with the sacral rib and vertebra, forms a ring of
bone around the posterior end of the trunk. The passage through this

ring is called the pelvic canal. Structures that lead to the cloaca pass
through this canal. '
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Study the pelvie limb, noting its position and its preaxial and post-
axial surfaces. A femur forms the upper segment ‘of the limb; a tibia
and fibula are contained within the shank (the former lying along the
preaxial surface); and the pes consists of a group of six cartilaginous
tarsals and ossified. metatarsals and phalanges. The individual tarsals
cannot be distinguished in dried skeletons. Many salamanders have
five toes, but Necturus has only four, the most medial probably being
homologous to the second toe of amniotes. What is the phalangeal

formula?

Appendicular Skeleton of the Turtle

Although the appendicular skeleton of the turtle is specialized in
some respects, certain primitive features can be seen better in it than
in the appendicular skeleton of Necturus.

{A) Pectoral Girdle and Appendoge

Examine a mounted skeleton and an isolated pectoral girdle of the
turtle (Fig. 5-5). The endoskeletal pectoral girdle, which has an

Acromion

Glenoid cavity
Anterior coracoid

Figure 5-5. Lateral view of the left pectoral girdle of the snapping turtle, Chelydra.
Anterior is toward the left.
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unusual triradiate shape, is located between the bottom (plastron} and
topsshell(carapace); hence; it lies partly beneath the ribs. This is a
feature peculiar to turtles. The dorsal prong of the endoskeletal girdle,
which articulates with the carapace, represents the ceapulns tho antosn.
ventral prong, a part of the scapula known as the acromion; and the
expanded posteroventral prong, the anterior= coracoid. In  liferthe
acromion. is. connected’ by a ligament to the entoplastrali plate of the
plastron and the scapula by a ligament to the carapace. An acromiocors-
coid ligament may be seen extending between the tips of the acromion
and coracoid, A glenoid eavity is present for the articulation of the armi,
The entire girdle rotates forward and backward during locomotion, and
also during breathing movements of the animal.
\ Parts of the dermal girdle are present but are incorporated in the
anterior plates of the plastron. Examine a plastron in which the epider-
mal scutes (lamina) have been removed and the dermal plates exposed
(Fig. 5-6). The front of the plastron is formed by a pair of epiplastra,
posterior to which are a median entoplastron and three additional
paired plates —hyoplastra, hypoplastra and xiphiplastra, All these plates
represent in part an ossification in the dermis of the skin of the under-
side of the body. But during embryonic development the originally
separate primordia of the clavicles and interclavicle become incorpo-
rated in the first three plates, which are therefore compound plates.
The epiplastra include the paired clavicles; the entoplastron includes

Epiplastron

Entoplastron

Hyoplastron

Hypoplastron

Kiphiplastron

Figure 5-6. Ventral view of the plastron of the snapping turtle. The epidermal
scutes have been removed.
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the interclavicle, The remaining plastral plates may include the gagtra-
lia of early amphibians and reptiles. In these primitive tetrapods the
gastralia were riblike rods of dermal bone found on the ventral ab-
dominal wall. They were remnants of the piscine dermal scales and
may have had a protective function, They are retained in a few living
reptiles — Sphenodon, crocodiles and, possibly, turtles. t
Study the pectoral appendage {Fig. 5-7). How does the 1m51hcr_n of
the limbs of a turtle compare with that of one of the early amphibians

Figure 5-7. Duarsal view of the loft pectors]l appendage of the snapping turtle.

or reptiles (labyrinthodont or cotylosaur)? Identify the preaxial and post-
axial surfaces. The long bones of the appendage are a:humerus in the
upper arm and a ﬁ{ﬁéiaqd ulna in the forearm. The proximal end of
the humerus has a round head that fits into the glenoid cavity and two
prominent enlargements (processes) for the attachment of muscles. Of
the forearm ‘bones, the radius is the one on the preaxial {anterior or
medial) surface. Bothsradius and ulna are about-equal in size, but the

ulna tends to extend over the distal end of the humerus, whereas the
radius, articulates on the underside of the end of the humerus. As in
primitive tetrapods generally, both the radius and ulna articulate with
the wrist bones and there is no distal radioulnar joint.

The manus consists of a group of carpals in the wrist, a row of five
metacarpals in the palm, and the phalanges in the free parf of the toes.
There are five toes, the first being the most medial, What is the phalan-
geal formula?

The carpus of the turtle is very similar to that of more primitive
tetrapods, and the individual components should be identified. The
carpals can be grouped into a proximal and distal row. The proximal
row consists of three hones—an ulnare adjacent to the ulna, an inter-
medium lying between the distal ends of the radius and ulna, and an

i LI
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elongated element distal to the radius and intermedium, which repre-
sents a fusion either of two centralia or of a centrale and radiale (Fig.
5-8). The distal row consists of five distal carpals wlhich are numb-:—_:red
according to the digit to which they are related—distal carpal 1, distl

carpal 2, etc. In addition there may be a small sesamoid bone on the
lateral edge of the carpus. Sesamoid bones develop in the tendons of
muscles and are rather variable. However, the one on the lateral edge
of the wrist adjacent to the ulnare is consistent enough to he given a
name —the pisiform.

Figure 5-8. Diagrams of the left carpes (top row) and tarsus (hottomn row) of a
labyrinthodont (A, D), primitive reptile (B, E), and mammal (C, F), to show the homagl-
ogies between the elements. Roman numerals indicate the metapodials of the digits;
Arabic numerals the distal carpals and tarsals. Other abbreviations: a, astragalus; o,
centralia; ca, caleaneus; cu, cuneiform in carpus, cuboid in tarsus: ee, external cunei-
torm (ectocuneiform); enc, internal cuneiform (entocuneiform); f, ibulare; F, fibula; §,
int, intermedium; lu, lunar; me, middle cuneiform (mesocuneiform): mg, magnum;
nav, navicular; pis, pisiform; rle, radiale; s¢, scaphoid: ¢, tibiale; T, tibia; td, trapezaid;
tz, trapezium; ule, ulnare; un, unciform. The terminology for the mammalian CATRS
and tarsus is that used in comparative studies, not the Nomina Anatomica of humian
anatomy. (From Romer, The Vertebrate Body.)

(B) Pelvic Girdle and Appendage

Study the pelvic girdle of the turtle on 2 mounted skeleton and
from an isolated specimen (Fig. 5-9). Each half of the girdle consists of

R N e
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Figure 5-9. Lateral view of the left side of the pelvic girdle of the snapping 1 rtla,
Chelydra. Anterior is toward the left.

a dorsal ilium that inclines posteriorly and articulates with two saorg]
ribs and vertebrae, an anteroventral pubis, and a posteroventral i5-
chium. All three elements share in the formation of the -acetabulum,
the socket for the leg articulation, Pubis and ischium of-opposite sides
unite by a symphysis, An-epipubic cartilage, which may-be.partly os-
sified, extends forward in'the midventral line from the pubic bones.
Both the pubis and ischium have a lateral process that is directed
ventrally and, in life, rests on the plastron. A large puboischiadic fenes-
¢tra, which developssin association with- the origin of a muscle, lies
between the pubiz and ischivin on each side. A separate ohturator
foramen seen in many lower vertebrates is not present in turtles since

the obturator nerve also passes through the puboischiadic fenestra,!®

* The terminology and homology of the various pelvic openings are un-
fortunately confused. In mast amphibians and reptiles an obturator foramen
{pubic foramen) for an obturator nerve perforates the pubis anteriar to the
acetabulum (Fig, 5-4. C). The rest of the puboischiadic plate is solid. In
some reptiles (lizards) an additional opening, known as the puboischiadic
fenestra (thyroid fenestra), develops hetween the pubis and ischium in
association with the origin of certain pelvic muscles. In mammals the fe-
nestration of the puboischiadic plate includes both the primitive obturator
foramen and the puboischiadic fenestra. Such an opening is aleo termed an
obturator foramen. The firtle would seem to parallel this condition, hut
most authorities call the opening a puboischiadic fenestra,
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Examine the pelvic limb, noting its position and its preaxial and
postaxial surfaces (Fig. 5-10). The long bone of the thigh is the femur®
Its proximal end bears a round head that fits into the acetabulum, and
two prominent processes for the attachment of muscles. The long
bones of the shank are the tibia and fibula, the former being the larger
and more anterior or medial." 5

The pes consists of a group of tarsals in the ankle region, a row of
five metatarsals:in the sole of the foot, and phalanges in the free part of
the five digits' What is the phalangeal formula? The metatarsal of the
fitth toe is flat-and broad rather than round and elongate like the-
others..

The individual tarsals should be studied and compared with
- Figure 5-8, D. There is a row of four distal tarsals next to the metatar-
sals. The fourth distal tarsal is larger than the others and is associated
with the fourth and fifth toes. All the remaining elements of the tarsus
tend to fuse into a single bone, but one can often see the lines of union
between the three major elements: astragalus (tibiale, intermedium and
proximal centrale), distal centrale and calcaneus (tibulare). Sometimes
the calcaneus remains distinet. The main ankle joint of the turtle, as in
many reptiles, is a mesotarsal joint, for it lies between the large proxi-
mal element{s) and the distal tarsals,

Mesciarsal joind

Meatotarsal

FPhalany
Figure 5-10. Dorsal view of the left pelvic appendage of the snapping turtle,

MAMMALS

The appendicular skeleton of mammals is much better suited than that of primi-
tive tetrapods for terrestrial locomotion. Note the position of the limbs beneath the
body on a mounted skeleton of the cat, How has the changed position of the limhs
come about? Where are the original preaxial and postaxial surfaces now located ?



