GASTROINTESTINAL ANATOMY
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Fig. 170. Longitudinal section of the duodenum.
The common bile duct opens into the duodenum at
a papilla (termed the Ampulla of Vater). The
common bile duct extends from the gallbladder to
the duodenum.

Fig. 171. Longitudinal section through the liver
and gallbladder. The walls of the gallbladder are
removed dorsally to expose the common bile duct
to the duodenum.
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GASTROINTESTINAL ANATOMY

Figs. 172aand 172b. \entral
view of the posterior viscera.
The rectum (collapsed here)
narrows asit joinsthe cloaca.
The urinary bladder, seen
just abovetherectum, enters
the cloaca ventrally. The
dorsally-located  kidneys
produce urine that travels
though the ureters to enter
the dorsal cloaca. Several
renal veins are exposed
medial to the kidney. The
testis of this immature male
is still attached to the

peritoneum (and is located
anatomically ventral to the
kidneys).
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The rectum empties into the cloaca (Fig. 171), a
chamber that aso receives the urine from the
kidneys, eggs or sperm, and connects ventrally into
the urinary bladder. The cloaca empties to the
outside via the cloacal opening or vent. Each
function of the cloacais associated with aregion into
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which the products empty. The coprodeum received
feces from the rectum. The urodeum is associated
with the urinary papillae and the opening of the
urinary bladder. The proctodeum isthe most distal
region and is associated functionally with copulation
and structurally with proximity to the genital ducts.



GLANDS

Glands

Glands are often lobular and may have ducts or are
ductless. They are involved the in production of
peptides and steroids, which can form skin coatings
(waxes), enzymes, or hormones. Glands are either
formed in the skin and its related structures
(ectodermal in origin) or from deeper within the
body (mesodermal in origin). Glands are discussed
below by region and function, when known.

The salt (lacrimal) gland (Figs. 81 and 172) isthe

largest gland in the head and is found dorsal and
medial to the eye. These glands are large in all sea
turtles, but are especially hypertrophied in
Dermochelys (Fig. 172). The salt gland is
responsible for removal of excess salt from the body.
Anterior to the eye, there is a small Harderian
gland, associated with lubricating the eye.

Sea turtles, like most aguatic lower vertebrates,
appear to lack oral glands.
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Figs. 172a and 172b. Dorsal view of the salt gland and braincase of a
leatherback. The extremely large salt glands dominate the skull space lateral to
the braincase and dorsal, medial, and posterior to the eye. The brain has been
removed leaving the braincase with the sella tursica retaining the pituitary gland.
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The ductless pineal gland (epiphysis) is a dorsal
extension of the brain; it connects indirectly to the
dorsal surface of the braincase, it islocated deep to
the frontoparietal scale in cheloniids and the "pink
spot” in Dermochelys (illustrated in the Nervous
System, Figs. 193-194, 196, 198-201). It is
responsible for modulating biological rhythms.

The pituitary gland (hypophysis) is found in a
cavity, the sella tursica in the floor of the braincase
(Nervous System, Fig. 190). The pituitary is composed
of two parts, the neurohypophysis (infundibulum)
and the adenohypophysis. The neurohypophysis
produces releasing hormones (e.g. oxytocin) and
release-inhibiting hormones (e.g. antidiuretic
hormone), while the adenohypophysis produces
growth hormone, prolactin, thyroid-stimulating
hormone, gonadotropins, adrenocortacoids, and
melanophore-stimulating hormone.

More posteriorly are severa glands derived from
pharyngeal pouches of the embryo. These ductless
glands are the thyroid, thymus, parathyroid, and
ultimobranchial bodies. All are located in the
ventral neck and upper body. The thyroid gland can
be located medially to the the acromion processes
(Figs. 75 and 173) by tracing aong the
brachiocephdic trunk where it gives rise to thyroid
arteries (soon after its bifurcation to form the
subclavian arteries). Thethyroid arteries“frame” the
single thyroid gland that is encased in connective
tissue (Fig. 173). Thethyroid isround and is often
coated with athin layer of fat. Infresh specimens, it
is bright red. However, in turtles that have been
frozen, then thawed, or that have started
decomposing, it may become brown. It is gelatinous
in texture in fresh and fresh-frozen animas. In
decomposing carcasses, it liquifies. The thyroid is
involved with increasing oxygen consumption when
reptiles exceed their preferred body temperatures,
and it functions in gonadal maturation.

The thymus glands can be located by tracing along
the subclavian arteries and palpating for a dense,
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laterally elongated structure (Figs. 174-175). There
isagray to pink thymus gland on each side of the
body that is composed of small lobes. It is usually
associated with fat. The thymus glands are more
dense and compact than the fat. They are often
easiest to find by palpating. The thymus glands
play arole in immune responses. In chronically ill
animals this gland is frequently thin and diffuse.

Fig. 173. Thyroid gland in
ventral view, medial to the
acromion processes. The
thyroid is the dark, round
structure at the tip of the
pointer. The heart has not
been exposed yet. Anterior istoward the top of the
figure. The two acromio-coracoid ligaments
extend posteriorly from the acromion process.
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Fig. 174. Ventrolateral view of the neck structures.
Positions of the trachea (with cartilaginous rings)
and esophagus to the animal's right provide
landmarks. The head is removed; anterior is
toward the top of the picture. The lobular right
thymus gland is at the bottom of the picture.

The parathyroid and ultimobranchial bodies are
difficult to identify and can only be distinguished
from one another histologicaly (Fig. 176). They
are very small and located along the carotid and
ventral cervical arteries. Generally, the parathyroid
glands are the more anterior glands and the
ultimobranchial bodies are more posterior. They
are brown or dark pink in color. They are best

-\ e
Fig. 175. Ventral view of the two thymus glands,
just below the fingertips, are located adjacent to
the subclavian arteries. They are anterior to the

heart and lateral to the thyroid gland (seen as the
smooth oval tissue anterior to the great vessels).

located by feeling for the round, dense glands,
then using careful dissection. The two kinds of
glands have antagonistic functions. The
parathyroid gland releases parathormone, which
stimulates the mobilization of calcium and
phosphorus from storage (usually bones). The
ultimobranchial body releases calcitonin, which
lowers blood levels of calcium and phosphorus.
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Figs. 176a and 176b. Ventral view of an ultimobranchial body (or parathyroid)
and thymus gland. The carotid and ventral cervical arteries are the best
landmarks for locating the parathyroid and ultimobranchial glands. The glands
tend to be associated with the connective tissue on the dorsal surfaces of the
arteries. Typically, 2-4 glands are present on each side. The large thymus gland,
deep to the subclavian artery, is seen near the top of the picture.
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Theliver isthelargest visceral organ and islocated
ventrally, but deep to the pectoral skeleton and
peritoneum (Fig. 177). It isdark brown to reddish
brown and composed of two |obes joined by one or
more connecting strips of hepatic tissues. Theright
lobe houses the gallbladder on its ventral surface
and istypically larger than the | eft lobe (Fig. 177).
Theliver is highly vascular; it receives blood from
the hepatic portal vein and the hepatic artery.
Blood from the body drains from the liver via the
hepatic veins to the sinus venosus.

The liver contains many bile ductules and
hepatocyte cords. The hepatocytes manufacture
bile which drains via bile ductules into the
gallbladder.

liver
right lobe

The left and right lobes are located lateral and
dlightly dorsal to the heart. Both lobes receive
blood from the hepatic portal system.

The gallbladder stores bile which is then
transported via the common bile duct to the
duodenum in response to the presence of fats. Bile
contains the enzymes involved with fatty acid
breakdown.

The liver plays a mgjor role in carbohydrate and
protein metabolism aswell asin removal of toxins
from the blood. Blood from the stomach and
intestines percolates through hepatic tissues where
carbohydrates, amino acids, and peptides are
broken down. Other liver cells make serum
albumin and a number of clotting factors.

- A rﬂ ™
Fig. 178. Dorsal view of
the duodenum (at top) with
the pancreas, spleen (at
arrow), and a portion of
the liver's right lobe.
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Pancreas. The pancreas is located along the
duodenum just past the stomach (Fig. 178-179). It
is a smooth and thick tissue that extends as an
irregular strip past the common bile duct and often
ends at or just past the spleen. It ispink to yellow
orange in color. The pancreas is a digestive gland
as well as an endocrine gland and produces

Fig. 177. The long narrow pancreas is seen just
below the duodenum (at arrow) in this loggerhead
dissection. It isencased in the mesentery. Alarge
artery in the mesentery is seen supplying branches

pancreatic polypeptides which stimulate flow of
gastric juices in the stomach. Other pancreatic
cells produce insulin which assists in the
metabolism of glucose. Some pancreatic cells
produce glucagon which stimulates the breakdown
of glycogen to increase blood glucose levels.
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Rathke's glands are located deep to the
inframarginal scutes in Lepidochelys (Figs. 180-
181) and in the posterior axilla and anterior-most
inguinal regions in Eretmochelys and Chelonia
(Figs. 182-183). Rathke's glands have not been
identified in Caretta and Dermochelys. While
prominent, they show no change with reproductive

to the proximal and distal pancreas. The dark,
oval spleen is seen below the pancreas, above the
loops of small intestines.

condition or season. Their function is unknown.
The secretions of the glands have been
hypothesized to play various roles including
intraspecific communication, anti-fouling, and/or
anti-microbial function.
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Figs. 180a and

inframarginal
scutes
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or Rathke's pores associated with each inframarginal scute. The pores lead to the Rathke's
gland. In mature turtles, with fully developed plastron bones, the ducts from these pores are
surrounded by bone. They leave foramina (holes) in the hyoplastron and hypoplastron bones.
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Figs. 18la and 181b.
When the plastron is
removed, the gray-green
Rathke's gland and its
ducts are exposed.
Each duct leads to an
inframarginal (Rathke's)
pore. The gland is
typically embedded in
fat. It extends thelength
of the inframarginal
scutes from the axilla
to the anterior extent of
the inguinal region.
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Rathke's pores and Rathke's glands are also found  anterior-most inguinal scales. The pores typically
in Chelonia mydas and Eretmochelys imbricata.  do not extend to the inframarginal scutes (Figs.
They are restricted to the posterior axilla and the  182-185).
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Figs. 182a and 182b.
Rathke's pores in a
hawkshill. The posterior
Rathke's pore in this
hawkshill isfound in the
anterior-most inguinal
scale.

pore

| Figs. 183a and 183b.
.| Anterior Rathke's pore
1 in a green turtle. The
1 anterior Rathke's pore
. in this green turtle is
=1 found in the most
| posterior and lateral
axillary scale.
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Figs. 185a and 185b. Posterior Rathke'sporein a
green turtle. The posterior Rathke's pore in this

green turtle is found in the most anterlor and
lateral inguinal scale.
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The adrenal glands (Fig. 186) are paired, tan to
pink in color and are located lateral to the dorsal
aorta, usually anterior to therenal arteries. They are
usualy medial to, and just anterior to, the kidneys.
The adrenal glands develop from the anterior
(crania) poles of the embryonic kidneys. The
paired adrenals are elongated along the anterior-
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posterior axis and oval in cross section. They are
composed of two intermingling tissue types:

interrend

that produce steroids

(corticosterone) and chromaffin bodies that produce
catecholamines such as adrenaline (epinephrine and
norepinephering). Unlike mammals, these tissues
are not organized into adistinct cortex and medulla.
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Figs. 186a and 186b.
Adrenal glands. Thisdorsal
view of the adrenal glands
shows their elongate shape
and their position just
anterior and medial to the
kidneys. The adrenal arteries
are not clear in this
dissection. The left adrenal
iscrossed by a costal artery.



NERVOUS SYSTEM

Nervous System

The brain or central nervous system (CNS) of
seaturtlesislongitudinally arranged along the mid-
line of the skull (Fig. 187). The brain is housed in
atubular braincase, composed anteriorly of thefol-
lowing bones. ethmoid, epiotic, prootic, opisthotic,
basisphenoid, laterosphenoid, and otic (Figs. 26
and 30). Posteriorly it is completed by the basioc-
cipital, exoccipital, and supraoccipital. It isroofed
by the parietal and frontal bones (Fig. 25).

Two tissue layers, the meninges, cover the brain.

Figs. 187a and 187b. Exposed brain and cut
meninges. The anterior and posterior extent of the
dura mater and a vascular portion of the lep-

The outer menix (singular) is the tough dura
mater. A more delicate leptomenix (sometimes
termed the pia mater) lies directly on the brain's
surface (Fig. 187). There are both subdural
(beneath the dura mater) and epidural (above the
dura mater) spaces within the brain case.
Epimeningeal veins occupy some of the epidural
space. The brain is bathed in clear cerebral spinal
fluid produced by the tela choroidea, a vascular
region of the brain (Fig. 187).
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Fig. 188. Parasagittal section of the brain and airways. The section though this green

turtle head shows the tight epidural space and the more voluminous subdural space
surrounding the brain. Because this cut is to the right of the midline, the cerebral
ventricles and part of the cerebellar ventricle can be seen. The nasopharyngeal duct,
part of the respiratory system, can be seen passing from the olfactory sacs to the

internal choane.

Traditionally, the brain (Fig 189) is described by
three regions that are initially demarked during
development: the forebrain, midbrain, and
hindbrain. The following combinations of
external and internal landmarks roughly identify
these divisions. The forebrain extends from the
nose to the posterior cerebrum. The midbrain
extends from the eye to the posterior aspect of the
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optic lobes. The hindbrain extends from the ear to
the posterior cerebellum. Theseregions, inturn, are
subdivided topographically and/or histochemically
into principal divisions: telencephalon and
diencephalon of the forebrain, mesencephalon of
the midbrain, metencephalon and myelencephalon
of the hindbrain (Fig. 189).
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Figs. 189a and 189b. Leatherback brain showing major regions and landmark structures.
The brain is demarcated into its major regions and principal divisions.

The divisions of the brain and their major
components are as follows.

Telencephalon: crania nerve I, (olfactory nerve),
olfactory bulbs, cerebral hemispheres, lateral
ventricles.

Diencephalon: hypothalamus, thalamus,
infundibulum and pituitary, pineal, optic chiasma,
crania nerves|I-I11 (optic and oculomotor nerves).

Mesencephalon: optic lobes, third ventricle,
cerebral agueduct, crania nervelV (trochlear nerve).

Metencephalon: cerebellum, anterior part of
medulla, fourth ventricle, cranial nerves V-X
(trigeminal, abducens, facial, statoaccoustic,
glossopharyngeal, and vagus, respectively).

Myelencephalon: most of medulla, cranial nerves
XI1-X11 (spinal accessory and hypoglossal).
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The brain forms as a tube during sea turtle
development. It then undergoes considerable
regional speciaization, torsion, and expansion to
form the structures found in adult turtles. Remnants
of the nerve tube cavity persst as the lateral
ventricles of the cerebra hemispheres, the third

Figs. 190a and 190b. Ventral surface of a ridley
brain. This brain is viewed from the posterior
aspect of the skull and is reflected anteriorly and
dorsally. Only the optic and olfactory nerves are
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ventricle and cerebral aqueduct, and the fourth
ventricle of the cerebellum and medulla (Fig. 188).

Most of the cranial nerves arise ventrally and
laterally, and are easiest to observe when the brain
isremoved (Figs. 189-191).
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still attached to the head. The cut pituitary can be
seen in the sella tursica in the floor of the brain
case, while the infundibulum is removed with the
rest of the brain.
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Figs. 191a and 191b. Ventrolateral view of a loggerhead brain without the olfactory nerves.
The size of the brain of mature and maturing turtles is remarkably small for the body size.
This brain froma 72 cm SCL loggerhead is just less than 10 cm long.

Specific landmarks identifying the parts of the
brain differ slightly across cheloniids and, even
more when compared with Dermochelys (Figs.
192-202). Among the cheloniids, the brain is
closest to the skull roof in Lepidochelys kempii.
It is furthest from the skull roof in adult Caretta
caretta and Eretmochelys imbricata.

Scalation patterns on the lateral head and the posi-
tion of the ear provide species-specific landmarks
for some structures (Fig. 192). The brain of the
leatherback is housed deeply, except for the pineal,
which extends dorsally in a cartilaginous cone-like
chamber adjacent to the pink spot on the middorsal
surface of the head (Figs. 201-202).
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Eretmochelys imbricata
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Fig. 192. Brain landmarks for marine turtles. leatherback, in this drawing, is based more upon
Overlays of brain positions are shown for 5 species.  the shape of the braincase because of the poor
The position of the head scales, the eye, and theear  condition of all leatherback brains examined. The
provide some reference points for identifying the  landmarks shown are accurate for large turtles,
position of the brain, which variesin dorsal-ventral  however the brains of hatchlings and juveniles are
position with species. The brain position of the  disproportionately larger.
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Figs. 193a and 193b. Parasagittal view of a loggerhead head. The brain, airways, oral
cavity, and esophagus are exposed. The interorbital septum is intact and the optic nerve
is seen passing through its foramen. There is a large subdural space, above the cerebrum
and olfactory nerve, in loggerheads.
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Figs. 194a and 194b. Parasagittal cut through the head of a subadult
loggerhead, close up. The positions of the brain, its parts, and the large
subdural space containing cerebral spinal fluid relative to the dorsal skull are
clear. The lateral ventricles are not exposed by this cut; the third ventricle and
cerebral aqueduct are seen ventral to the optic lobe. The cerebellar ventricleis
part of the 4th ventricle. Ventrally, the infundibulum leads to the pituitary
(dorsal to the palate). The pituitary is housed in a bony socket, the sella tursica.
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Figs. 195a and 195b. Parasaglttal cut through an immature green turtle head. Thisview
shows the spatial relationships of the CNSto other head structures. The brain islocated close
tothedorsal skull. The cut removed part of the interorbital septum so that the eye muscles
are exposed dorsal to the palate and posterior to the olfactory sac. The intact olfactory
nerve can be seen extending to the olfactory sac.
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Figs. 196a and 196b. Parasagittal cut through a subadult green turtle head (close up).
Thebrainislocated very closeto the dorsal skull in green turtles. Thelateral ventriclesare
just exposed by the parasagittal cut; part of the cerebral aqueduct is seen within and
ventral to the optic lobe. The cerebellar ventricle, part of the fourth ventricle, is exposed.
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Figs. 197a and 197b. Parasagittal cut through the head of an immature Kemp's ridley.
The anterior half of the brain is flexed slightly dorsally in this species.
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Figs. 198a and 198b. Parasagittal cut near the midline of a juvenile Kenp sridleyturtle
(close up). The cerebral hemispheres are closer to the skull roof bonesin ridleys than in
the other cheloniid species. The cut was positioned o that the optic chiasma (at the
posterior end of the optic nerve) was bifurcated. The pituitary is not seen in this section.

136 The Anatomy of Sea Turtles



NERVOUS SYSTEM

Wy supraoccipital crest

‘\\\\\\\\ﬁ\@&\ﬁ\\‘é cerebellum pineal

Wi edulla < \‘ optic lobe
N“‘ \\\\\\\

inal s e G i | i cerebrum
mgllllinges ‘\\\\\\\%\-\W w“\ : ) Py “‘W
! - C@ \\\\@ \\% O N —

= olfactory bulb
Sl k.\ \

e P~

Rty

W ) SN .
x\}:‘:» e SN\

« \§ \ q ,.M@.‘ \\ \\\\\\ / i N oltactor
\ - YA y
\\\\‘\\ @Mptlc nerve \ __/\\\% \, nerve
\\‘N 6\\\\\\\\> O nasal
trachea oM Wy .

S

Fos Q‘Y‘Y’b
W .
Byl

2 “\’\\‘ AN /
R et
m} };\t‘@g‘\ . /

0
YCEs

v
esophagus Y

R A T AN
T i
" W —
,\\:\.__—-\“_,——/__.//' I "

b glottis

Figs. 199a and 199b. Parasagittal section through a hawksbill head. The brain
is not as closely positioned to the skull roof in hawksbills as in other cheloniids.
The pineal gland is clearly exposed in this dissection. Other parts of the brain are
partially decomposed so their structure is slightly collapsed. The partial collapse
makes the spinal meninges more distinct. The trachea and oral cavities are
clearly exposed. The esophagus is collapsed in this specimen.
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Flgs 200a and 200b. Parasaglttal cut near the midline of a subadult hawkshill
turtle (close up). The subdural space is relatively large in the hawkshills. In this
dissection, the medulla was diced so a portion is displaced ventrally to an abnormal
position. Sructures from other systems are clearly exposed in this dissection. The
tongue, glottis, and trachea are shown with the supporting hyoid skeletal structure.
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Figs. 201a and 201b. Midsagittal section of an adult leatherback head. The brain-
case is largely cartilaginous around the dorsal and anterior aspects of the fore-
brain and midbrain. The parietal and frontal skull bones cover this cartilaginous
portion of the braincase. The brain is partially decomposed and has collapsed. The
extremely hypertrophied salt gland is visible where a portion extends medial to the eye.
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Figs. 202a and 202b. A midsagittal cut of an adult leatherback head (close up). The
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largely cartilaginous positions of the braincase are typical of leatherbacks.
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Fig. 203. Dorsal views of the brains of hatchling and juvenile turtles shows the negative allometric

growth of the brain relative to the size of the head. Hatchlings have disproportionately large brains.

The relative sizes of parts of the brain vary through
ontogeny. The brain is proportionately larger in
hatchlings and juveniles than in subadults and
adults (Fig. 203). The olfactory nerves become
proportionately longer and the cerebral
hemispheres, optic lobes, and cerebellum are
proportionately smaller in subadult and adult turtles.

Peripheral Nerves -- The spinal nerves form the
peripheral nervous system. They leave the spinal
cord as paired dorsal and ventral nerve roots and exit
the vertebrae viainter vertebral foramina. Thedorsd
nerves are composed of somatic and visceral sensory
nerve fibers and may contain motor fibersaswell; the
ventral roots are generally composed of both somatic
and viscer al motor nervefibers. These nervesfunction
as the autonomic nervous system. The autonomic
nervous system of turtles has both sympathetic and
parasympathetic components. However, these are
not anatomically segregated as "thoracolumbar"
sympathetic and "craniosacral" parasympathetic
regions as in mammals. Hence, nerves arising
along the length of the spinal cord may have both
sympathetic and parasympathetic components.

Two networks of interconnected spinal nerves, the
brachial plexusand sacral (= lumbosacral) plexus,
are associated with control of the limbs. They are
poorly described in the literature on seaturtles. In
cheloniidsthey are formed by ventral nerve roots and
their branches. The brachia plexus (Figs. 204-206)
arises at thelevel of cervical vertebraeVI-VIIl insea
turtles. These cervica nervesform acomplex network
innervating the pectoral, arm (humerus), and flipper
muscles (Table 1) aswell as sending branchesto the
respiratory muscles. Most musclesreceive innervation
from more than one branch of the plexus. A ventra
branch of nerve VI makes alarge contribution to the
median nerve. Nerves VII & VIII give rise to the
inferior brachial nerve, which immediately divides
to form the superficial radial nerve and the deep
radial nerveto the anterior shoulder and dorsd flipper.
Next, the supracoracoideus, subscapular, and
ulnar nervesarise and travel to those pectoral muscles
and the ventral side of the flipper. The deltoideus
nerve arises primarily from nerves (VI and VII).

There are no descriptions available for the brachia
and sacral plexuses of Dermochelys.
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Fig. 204. The brachial plexus of a hawkshill. The brachial plexus arises from the most
posterior cervical vertebrae. Its nervesinnervate the pectoral musclesand flippers. The
carapace and connective tissues have been removed to provide this posterodorsal view
of the brachial plexus. Its3 rami arisefromtheintervertebral foramina and immediately
undergo a seriesof divisonsand interconnectionsto formthe nerves of the brachial plexus.

tractor ulnar nerve inferior
radii muscle brachial nerve
: triceps
humeral head

deltoideus

pectoralis
major muscle

Fig. 205. Branch of the brachial plexus of a hawkshill (ventral view). The inferior
brachial nerve of the brachial plexus travels along the ventral and anterior aspect of
the flipper. The ulnar nerve is seen branching off. The other main nerve of the arm,
the median nerve, is deep to the inferior brachial nerve and cannot be seen.
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The sacral plexus (Figs. 207-208) arises as 4
(sometimes 5-6) rami (branches) from spinal
nerves XVI1I-XXI, located on the last dorsal and
sacral vertebrae. These nerves interconnect and
subdivide several times as they send nerves to the
inguinal, pelvic, and hind leg muscles (Table 1).
Many muscles receive multiple innervations. The
more posterior nerves roots give rise to the

Fig. 206. Diagram of the right brachial plexus
based upon cheloniids. The three roots of the
brachial plexus and their interconnections to the
flipper and shoulder musculature are shown.
Branches to ventral muscles go to the pectoralis,
biceps superficialis, biceps profundus, and the
deltoideus Larger branches are shown as thicker
lines. The most distal branches are not shown.

obturator nerve, going to the ventral pelvic
muscles, and the ichiadicus nerve, which runs
media to the ilium and then divides to form the
peroneal and sciatic nerves. The anterior two
nerve roots interconnect provide major
innervations (via crural, femoral, and tibial
nerves) to the inguinal muscles, thigh adductors,
and leg extensors.
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Fig. 207. Thesacral plexus
of a hawksbill. This lateral
view of the sacral plexus
shows four roots giving rise
to the interconnecting
nerves that innervate the
hind limb and respiratory
muscles of the inguinal
region. The most posterior
branch of the sacral plexus
extends posteriorly, medial
to the ilium, and then
travels along the posterior
hind limb. It gives rise to
the sciatic, tibial and
peroneal nerves that
crural @ innervate many of the distal
nerves & | hind limb muscles.

Fig. 208. Diagram of the right sacral plexus
(lateral view) based upon cheloniids. The roots
of the sacral plexus and their interconnections
to the pelvic, inguinal, and hind limb
musculature are diagrammed. Thicker lines
represent larger branches. The most distal
branches are not shown. The lone branch
medial to the ilium is the oburator nerve to the
ventral pelvic muscles.
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Brachial Plexus Innervations
Inferior brachia nerve Tractor radii
Superficial radia nerve Latissmus dorsi
Deep radial nerve Latissimus dorsi

Supracoracoideus
Testoscapularis

Supracoracoideus nerve

Supracoracoideus
Pectoralis major
Biceps brachii (profundus and superficialis)

Subscapular nerve

Subscapularis

Axillary (= Deltoideus) nerve

Deltoideus (ventral parts)
Brachialis

Radia nerve

Latissimus dorsi

Teres major

Tractor radii

Triceps brachii (humeral head)
Respiratory muscles

Ulnar nerve

Deltoideus (dorsal head)
Latissimus dorsi
Subscapularis

Extensor radialis

Medial flipper muscles
Extensors of digits

Median nerve

Coracobrachialis
Flexor carpi ulnaris
Flexors of digits

Sacral Plexus

Innervations

Crural nerve

Inguinal muscles
Thigh protractors (Triceps femoris complex)

Femoral nerve

Puboischiofemoralis
Dorsal hip muscles

Obturator nerve

Ventral hip muscles
Caudi-ilioformoralis

I schiotrocantericus

Adductor femoris

Flexor tibialis (internus & externus)
Pubotibialis complex

I schiadicus nerve

Posterodorsal hip muscles

Sciatic nerve

Gastrocnemius
Iliofemoralis
Ventrolateral foot extensors

Peroneal nerve

Triceps femoris (ambiens, femorotibidlis, Iliotibialis)
Gastrocnemius
Foot flexors

Tibial nerve

Flexor tibialis (internus & externus)
Ambiens

Pubotibialis Inguinal muscles

Foot extensors

Table 1. Major innervations by the nerves of the brachial and sacral plexuses. Nerves are named using
mammalian nerve terminology.
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Sense Organs

Chemical, visua, acoustic, and vestibular senses
of seaturtles are concentrated in the head.

Thetongue (Fig. 209) isamuscular organ covered
by a mucous membrane. Taste buds are present but
are poorly characterized. The tongue lacks obvi-
ous lymphoid tissue at its posterior, as is seen in
mammals.

The nose includes external nares leading to an
olfactory (nasal) sacs. The olfactory sac communi-
cates via the nasopharyngeal duct to the internal
choanae (internal nares; Figs. 195 and 210). The
olfactory sacs and choanal folds are covered with a
ciliated sensory epithelium. The olfactory epitheli-
um, located posterodorsally in the nasal cavity, is
innervated by the olfactory nerve leading to the
olfactory bulb (Figs. 189, 193-201). The
vomeronasal organ (Jacobsen's organ) of turtlesis
not typica in its structure. This specialized sense
organ, usually associated with detection of airborne
and substrate-borne odor molecules, is not recessed
in a separate pit as in snakes and some lizards. It is
widely distributed anterolaterally and ventraly in

salt gland

inner ear
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the olfactory sac. The vomeronasal organ is distin-
guished from olfactory epithelium by region and
histological characteristics rather than gross
appearance. It is innervated by nerves running to

P~

.}\ glottis

Fig. 209. Dorsal view of the tongue of the Kemp'srid-
ley. Thetongueismuscular and attached to the floor
of the mouth. The surface is grosdy smooth. The
epitheliumis covered in small, short, flat papillae.

Fig. 210. The sense organs of a
eye green turtle. The nares lead to
O large pigmented olfactory sacks.
There are several choanal folds
on thewalls of the olfactory sac,
which lack bony supports. The
olfactory sac leads, via the
nasopharyngeal duct to the
internal choanae. The olfactory
nerveiscut in thisdissection and
has fallen ventrally. The inner
cavity iscut ventral to the brain;
the cochleais also cut and part
IS exposed at the ends of the
inner ear pointers. The middle
ear islocated morelaterally and
henceis not seen in this view.

olfactory



SENSE ORGANS

the accessory olfactory bulb (effectively the dorsal
part of what is grossly called the olfactory bulb).

A series of small spike-like papillae line the
lateral margin of the internal choane in C. mydas.
These papillae are absent or poorly developed in
other species.

The anterior tissue lining the naresis highly vascular
and erectile in adult sea turtles. It appears not to

have a sensory function but instead has the ability
to seal the nostrils when the turtles are submerged.

The eyes of sea turtles are round and housed in
bony orbits. The eye is protected by dorsal and
ventral lids. The ventral lid is continuous with the
conjunctiva, which forms its inner surface. The
nictitating membrane, at the anterior and ventral
corner of the eye, also is continuous with the
conjunctiva (Figs. 198-200).

Figs. 211a and 211b. Eye and
lids of aloggerhead. The eyes
are located dorsally and
anterolaterally. They have
overlapping fields of view
(hence, binocular vision). The
dorsal and ventral lids are
keratinized and mobile. The
secondary lidisalso keratinized
but not mobile. The cornea,
not labeled, is a clear portion
of the sclera that overlies the
iris and pupil. Palpebral
scales arefound in the margins
of the ventral lid in cheloniids,
but not in Dermochelys.
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Figs. 212a and 212b Leatherback eye. The lids of the Ieatherback eyes are
positioned as more anterior and posterior lids than dorsal and ventral lids.
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Fig. 213. Leatherback eye dissection. The lids of this leatherback eye were removed
to show the extent and position of the nictitating membrane.
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The wall of the eye (or globe) is composed of 3
major layers. the sclera, uvea, and retina,
surrounding the viscous vitreous body. Theeyeis
supported medialy by cartilage and laterally by
scleral ossicles (Figs. 82-84). The outer-most
layer is the sclera. The eye muscles attach to the
sclera (Figs. 215-216). The superior oblique
muscle inserts dorsally and it is innervated by the
trochlear nerve. The superior rectus muscle
attaches posteriorly. Ventral to these musclesisthe

retina

coroid
(of uvea)

superior
rectus

superior
oblique

Harderian
gland

medial
rectus

- salt gland
<= ANTERIOR - (cut)
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inferior
oblique

attachment of the internal rectus muscle.
Anteriorly, the pyramidalis muscle extends from
the eye to the eyelids and nictitating membrane.
Deep and ventra to the pyramidalis muscle are the
inferior oblique and inferior rectus muscles. The
external rectus muscle is located posteriorly and
ventrally and isinnervated by the abducens nerve.
The superior rectus, inferior rectus, inferior oblique
and internal rectus muscles are al innervated by
the oculomotor nerve.

Fig. 214. Sagittal section
of a loggerhead eye. The
eyeis cut into medial and
lateral halves. The retina
and back of the eye are on
the left. The inside of the
iris, lens, and pupil arein
the middle of the photo.
Part of the vitreous body
. was removed and placed
LT o the righ.

lateral
rectus

external
rectus

Fig. 215. Lateral view of a loggerhead
left eye. The extrinsic eye muscles are
extended radially in this picture to show
their relative insertion points. Normally
their origins would converge on the
interorbital septum.
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Fig. 216. Loggerhead | eft eye (medial
view) showing extrinsic eye muscles.
The extrinsic eye muscles are
responsible for eye movements. Also
shown is the Harderian gland, which
lubricates the eye and a portion of the
salt gland (an organ primarily
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The sclera, often termed the "white of the eye" in
vertebrates, is partialy pigmented in most sea
turtles. The sclera is clear at the front of the eye;
there it is termed the cornea. Interna to the sclera
is the uvea, composed of the choroid, tapetum
lucidum, ciliary body, and theiris (Fig. 199). The
choroid is pigmented and extends from the iristo the
retina. It includes the reflective material (tapetum
lucidum) that is responsible for "eye-shing’. The
reflective materiad enhances the eye's senstivity
under low light conditions. The ciliary body (not
shown), is responsible for changing lens shape
during visua accommodation. It extends from the
choroid near the front of the eye, to the attachments
that suspend the lens. Theirisis pigmented brown
or black and extends from the choroid across the
front of the eye. The limbus (= limbas) isthe tissue
between the cornea and the sclera. Because the
cornea and sclera are continuous with one another,
the limbus represents a trangitional zone that is
usualy described histologicaly (not labeled in the
figures). The free border of theirisformsthe edge of

responsible for salt excretion and
maintaining water balance). The
retractor muscle surrounds the optic
nerve and positions the eye deeply or
shallowly in the orbit.

the pupil. Thelensisstrongly curved in seaturtles
(Fig. 214). It is suspended behind the pupil and iris
by "ligaments' attached to striated muscles of the
ciliary bodies. The chamber of the eyeisfilled with
a clear viscous liquid, the vitreous body.

The eyes are photoreceptors that are capable of
color and shape discrimination. The retina is the
sensory layer of the eye; it detects color aswell as
brightness. The retinais composed of several cell
layers and includes several types of rods and
cones, each containing photopigments.

The ears of sea turtles are responsible for hearing
and equilibrium. Each ear consists of an externa
tympanum covered by a tympanic scale that
stretches across the otic notch (= auditory canal)
formed by the quadrate, quadratojugal and
sgquamosal bones (Fig. 28). There is middle and
inner ear but no outer ear. The middle ear is
involved in sound transduction while the inner ear
functions in sound reception and the detection of
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position and acceleration. The middle ear contains a
single ear bone, the stapes (= columella). The stapes
extends from the tympanum via an extrastapedial
process of cartilage (Fig. 217), through the
tympanic cavity and recessus cavi tympani, to
articulate via an expanded footplate (also cartilage)
on the vestibular window of the cochlea (Fig. 218).
A Eustachian tube extends to each middle ear from
the mouth near the jaw joints (Fig. 165).

tympanum

The inner ear of turtles is composed of the cochlea
and 3 semicircular cands, all of which are encased
in bone. The cochlea is involved in sound
transduction and is innervated by the auditory
nerve; it transmits sound information to the brain.
The semicircular canas sense the head's position
and movement by detecting changesin acceleration
in the three planes. One cana resides in each plane
(sagittal, coronal, and axial) in each ear.

Fig. 217. The tympanum of a ridley ear. The
tympanic scale has been removed to expose the
tympanum and the distal-most aspect of the
extrastapedial process (at arrow).

tympanic cavity

stapes
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recessus cavi

brain

Fig. 218. Ventral view of a ridley
ear. The coronal section exposes
the tympanic cavity (= the otic
notch of a skull) and, more medially
the recessus cavi tympani. The
footplate of the stapes articulates
with the vestibular window.

cochlea

tympani
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Urogenital Anatomy

The urogenital system (UG) is made up of the
kidneys, ureters, gonadsand their ducts, theurinary
bladder, and derivatives of the genital papilla
(penis or clitoris) in the floor of the cloaca. The
kidneys function in removal of nitrogenous wastes
(excretion) and maintaining water and electrolyte
balance (osmoregulation). The ureters transport
nitrogenous wastes to the cloacawhereit either drains
into the urinary bladder or is eliminated. The gonads
(ovariesor testes) produce gametes and their ducts

Excretory System. The kidneys are paired, lobular,
elliptical red structures that are located
retroperitoneally (between the peritoneum and the
shell). Sea turtle kidneys are metanephric,
meaning (1) they arise from the posterior part of
the nephric ridge in the embryo and (2) the kidney
tubules are drained by ureters (metanephric ducts).
The ureters extend from the kidney, through the
peritoneum and empty into the dorsal cloaca on
each side. Ureters are located on the ventral

gonadal duct

rectum

urinary bladder

/I

S

gonad
carapace

.

urogenital
papilla

anus

Z.

i

plastron

urinary bladder

)
~

accessory

7

urodeum vent

genital papilla

Fig. 219. Diagram of the Urogenital System. The
relative positions of the kidneys, gonads
(undifferentieted for diagrammatic purposes),

transmit eggs or sperm to the cloaca. They are
reproductive structures. The urinary bladder
functions in water and urine storage. The cloacais
the common chamber into which the ureters,
gonadal ducts, rectum, and bladder empty. The
cloaca leads to the outside of the body viathe vent.

accessory ducts, urinary bladder, rectum and
cloaca are shown. Anterior isto the l€ft.

surface of each kidney. They drain uric acid,
ammonia, and water to the cloaca. Each ureter
enters the cloaca with a gonadal duct via a
urogenital papilla inthe urodeum portion of the
cloaca (Figs. 219 - 220).
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urogenital
papilla
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Fig. 220. Lateral view of the cloaca of an irrmate h

awksbill. Thelateral wall of

urinary
bladder

the cloaca has been cut away to show the urogenital papillae fromthe oviductsand
ureters, the opening to the urinary bladder, and the dorsally positioned anus from
the rectum. The urinary and genital ducts enter the cloaca adjacent to one another
infemales. They are small and located asthelateral walls of the urogenital papillae.

The kidneys of sea turtles lack a distinct cortex
and medulla. Sea turtle nephrons are composed
of a renal capsule, proximal tubule (which is
linked to water transport and protein synthesis), an
inter mediate segment (function unknown), distal
convoluted tubule (responsible for fluid
reabsorption) and collecting tubule (draining to
the ureters). Thereisno loop of Henle asis found
in  mammalian nephrons. Unlike higher
vertebrates, marine turtles retain the ability to
form new functional nephrons as they mature (and
perhaps throughout life).

Blood flows through the kidneys from afferent
vessels entering (renal arteries and iliac veins),
and efferent vessels leaving (renal portal and renal
veins) the kidneys. Water and mineral waste (a
filtrate) is removed from the blood at the renal
corpuscle (glomerulus plus renal capsule).

The urinary bladder is a highly elastic, single,

154 The Anatomy of Sea Turtles

sack-like structure located along the midline of the
pelvis. It opensviaasingle opening to the ventral
floor of the cloaca (Figs. 219-221). The bladder is
located ventrally and urine, water, and sometimes
other waste products may enter it via the cloaca.
Thisanatomical position and the connection of the
cloaca to the outside sometimes allows materials
other than urine (e.g., fecal material, parasites, or,
in females, eggs) to enter opportunistically.

Sea turtles have two small accessory urinary
bladders connected to the urinary bladder; each
located lateral to the neck of the urinary bladder
and dorsal to the pubis (Fig. 221). They are seldom
filled and often are missed in dissections.

Gonads. The gonads of both species are located
dorsally in the body cavity, posterior to the lungs,
and ventral to the kidneys and peritonea wall
Figs. 222 and 223).
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accessory
urinary
bladder

Figs. 222a and 222b. Testes of an immature green
turtle. Thetestesare attached to the peritoneal wall
by their flat dorsal surface. Lateral and dightly

Fig. 221. Dorsal view of the
urinary bladder and dorsal pelvis
of amaleloggerhead. The empty
urinary bladder and accessory
bladders are shown free of
connective tissues. The ilia are
found laterally; the sacral and
proximal caudal vertebrae are

present dorsally.

The sacral

plexusis exposed in part.
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dorsal to each testes is an epididymis, which leads
to a vas deferens. The surface of the testis is smooth
in immature turtles.
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Figs. 223a and 223b. Ovaries of an immature
green turtle. The ovaries are attached to the
peritoneal wall by their lateral edges. The surface

Female. Thefemale reproductive tract consists of
paired ovaries, oviducts (aso called Millerian
ducts), and the suspensory ligaments or
mesenteries (mesovarium, mesosalpinx, and
mesotubarium). The ovary and oviduct change
in size and composition with age and between
breeding and nonbreeding seasons.

The crania pole of the ovary is located just

posterior to the lung and extends posteromedially
toward the cloaca. Along its media and dorsal
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of theovaryisgranular. Lateral totheovaryisthe
immature oviduct, which is suspended by the
mesotubarium.

surface, it is attached by the mesovarium to the
peritoneum that overlies the kidney (Fig. 224)
Another ligament, the mesotubarium, extends from
the ovary to the oviduct. The oviduct lieslateral to
the ovary and extends anteriorly, before curving
medialy and ending in a funnel shaped opening,
the ostium. The ostium, which receives ovulated
follicles, is supported by the mesosalpinx. There
are no tubules connecting the ovary directly to the
oviduct. The posterior end of each oviduct joinsthe
urodeum of the cloaca (Fig. 225).
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Figs. 224a and 224b. Ovary and accessory ducts of a juvenile green turtle,
(ventral view). This immature ovary has a granular surface. Itsfollicles have not
yet added significant amounts of yolk. The immature oviduct is a thin, flat tube
supported in the mesentery (mesotubarium). Engorged renal arteries and veins
can be seen extending from the kidney, anatomically dorsal to the ovary, and
toward the midline.
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Figs. 225a and 225b. Immature ovary and oviduct (ventral view). The immature
ovary is thin and located more medially than the oviduct. The immature oviduct
extends anteriorly then turns posteriorly. The ostium is formed at the expanded end.
The oviduct, mesotubarium, and mesosal pinx are reflected laterally.
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In hatchlings,
distinguish from testes. If histology is unavailable,
the attachment of the mesovarium to the ovary
edge and the lack of a coiled vas deferens suggest
that the gonad is an ovary.

and start to accumulate bright yellow yolk. In

sexually mature turtles, mature follicles tend to

cluster along the cranial aspect of the ovaries.

Immature follicles are most concentrated in the

the ovaries are difficult to

In older turtles, the
gonad will be pink and will have a grainy texture
as small follicles become more distinct. As turtles
approach maturity, some follicles increase in size

posterior third of the ovary. Mature turtles that
have nested previously will have large follicles
that are ~2-3cm in diameter and scars from
previously ovulated follicles, corpora albicans
(Fig. 226). Recently ovulated follicles leave active
scars, each is called a corpus luteum. The corpus
luteum becomes a corpus albicans after it ceasesto
produce the hormone progesterone. The ages of
corpora abicans are difficult to judge, however
larger ones are generally more recent than smaller
ones. It is safest to use this information smply to
determineif the turtle had nested previously or not.

Flgs 226a and 226b. Eggs, folllcles, and corpora
albicans in a reproductively active loggerhead.
This oviduct holds shelled eggs. Above the oviduct
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are several sizes of maturing follicles and the
scars (corpora albicans) remaining from the sites
of ovulated follicles.
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The oviduct of immature turtles is a thin walled
tube (Figs. 224-225). As females mature, the walls
of the oviduct thicken and the lumen increases in
diameter. It appears folded along its length when
not active (Fig. 227). The oviduct can be described
functionally (but not in gross structure) as having 5
regions. the ostium (or infundibulum), aglandular

SR

\'\‘\\\

\\\\‘

distal &
oviduct <& %
S

\\ ‘ -1\

segment, magnum, shell gland, and vagina. The
ostium remains thin-walled but increases in size
(Figs. 228-229). The oviduct of mature femalesis
muscular and mobile. It is assumed that the ostium
migrates across the ovary surface collecting the
ovulated follicles.

Figs. 227a and 227b.
Mature oviduct of a
leatherback. The mature
oviduct has a large
lumen and the walls
have undulatory folds.
The mesosalpinx and
mesotubarium enlarge to
accommodate the mature
structures. The distal
ends would normally
enter the cloaca. The
proximal end is the site
of the ostium.
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proximal
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Figs. 228a and 228b. The ostium of an immature oviduct. The ostiumis flattened when
not active; the funnel-shaped opening is small in young turtles.
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Figs. 229a and 229b. The ostium of a mature
oviduct. The ostium of this leatherback's oviduct
is large, funnel-shaped and thin walled. The base

In preparation for nesting, an entire clutch of
follicles matures and ovulates together. Once in the
ostium, each follicle travels past the aglandular
segment and into the magnum (anterior glandular
region) where it is coated with layers of abumen.
After about 3 days, the follicles pass to the shell
gland where the protein and carbohydrate shell
membrane (chorion) and the aragonite shell matrix
are secreted. The shell calcification takes about 6 to
7 days. Eggs pass to the vagina where they remain
until deposition, several days later. During
deposition, the posterior oviduct allows eggsto pass
to the cloaca, then out the vent into the nest. The
cloacaforms atubular orifice in nesting turtles. The
structures that form this "egg tube" are unknown.

Males. The male reproductive tract consists of
paired testes, epididymi, deferent ducts (vas
deferens = ductus deferens), suspensory ligaments
(mesorchium from the body wall to the testis),
and asingle penis. Mullerian ducts may persist as
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of the ostium opens into the aglandular part of the
proximal oviduct.

a par of smal, flat, thin-walled tubes in some
males. When present, they are located along the
lateral body wall (suspended by a mesotubarium)
from the duct to the testis or peritoneum overlying
the kidney. They will often extend toward the
anterior third of the body, lateral to the lung.

The tedtis is fusiform shaped (Fig. 222). The
crania pole islocated just posterior to the lung; it
extends posteromedially toward the cloaca. Along
itsdorsal surface, it is attached by the mesorchium
to the peritoneum overlying the kidney. The testis
is light tan or yellow in some species and gray to
pink in others. Sperm are produced in the testis
and are conveyed via very small efferent ductules
to the epididymis, which lies lateral or
posterolateral to the testis. The vas deferens leads
from the epididymisto the cloaca at the base of the
penis, demarked by the cor pra cavernosum (Fig.
222). The testis, epididymis, and vas deferens
change in size and form with age and between



UROGENITAL SYSTEM

breeding and nonbreeding seasons (Fig. 230).
Testes in mature breeding males are often twice as
long as their diameter and filled with white fluid
(sperm and accessory gland fluid).

The genital papilla elongates into the penis during
maturation. The penis is retracted except during
mating, trauma, or death; it liesin the ventral floor
of the cloaca. It is composed of a pair of corpora
cavernosa and a "urethral groove' (= sulcus

urethral groove

spermaticus; Fig. 231). During mating, the corpora
cavernosa are supplied with blood via the
hypogastric and internal iliac veins. When erect,
the walls of the urethral groove meet dorsaly to

| Fig. 230. Mature loggerhead
testis and accessory ducts
(posteroventral view). The

testes, epididymis, and vas
deferens in a mature male
during breeding season. The
vas deferens lead to the base of
the penis in the ventral floor of
the cloaca.

cloaca

form a functional tube through which sperm and
fluids pass. Some species have ornamented
structures (e.g., spines or flaps that have a
triradiate form) on or near the glans penis at the
distal tip (Fig. 232).

Fig. 231. Adult loggerhead penis
(dorsal view). The marine turtle
penisis part of the ventral floor
of the cloaca. The two corpora
cavernosa function in penile
erection and elongation. The
urethral groove, between the two
caver nous bodies conveys sperm
during mating. The penis is
completely housed within the
cloaca when not erect.

corpus
cavernosum

cloacal floor
and musculature
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Fig. 232. Tail and penis of a Kemp'sridley.
The long tail and distally positioned vent
are distinctive of adult male turtles. This
animal has a semi-erect penis with a
subterminal horn on the ventral |obe of the
glans penis. Not all species have
ornaments on the penis. Generally,
maturing males have a more distally
positioned vent than a female of the same
body size. However, not all males start
maturation at the same size, so the
combination of tail length and cloacal
position should be used with caution when
identifying the sex of the turtle.

Fig. 233. Tail of an adult female Kemp's
ridley. The short tail and cloaca located
proximally are characteristic of females
and immature males. This female
protruded the cloacal opening asisseenin
nesting turtles.
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Sexual dimorphism. Adult females differ little in
external morphology from large, immature males.
Typically, females have a short tail and the cloacal
opening (vent) is located roughly half way
between the tip of the tail and the plastron’s anal
scute (Fig. 232). Within the cloaca, the genital
papillaremains small as the clitoris on the floor of
the cloaca. (Fig. 219).

In the Western North Atlantic, femal e loggerheads
mature at an average SCL of 92 cm (range: 75-104
cm). Green turtle females mature and nest at an
average SCL of 97 cm (range: 83-113 cm) and
leatherback females are about 155 cm CCL (very

few nesting females have been measured on U.S.
beaches). The minimum size of a nesting female
leatherback in the USVI was 133 cm CCL.

Adult males are characterized by a long tail with
the cloacal opening near the tip, and strongly
curved claws on the second digit. During breeding
season, a decornification of the plastron occurs
along and to each side of the midline (Fig. 233).
The plastron becomes increasingly vascular and
edematous. Male leatherbacks, have slightly
concave plastrons. There is no evidence of
decornification or increased plastral vascularization
during leatherback breeding season.

Fig. 234. Sexually mature male ridley. Male sexually
dimorphic characteristics include an elongated
tail, long curved claws, and, during breeding
season, the midventral plastron becomes soft.
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INDEX

A

abdominal scutes, 1-2, 4, 31

abdominal vein, 72, 74- 75, 79, 100, 101

abductors, 59-61

abducens nerve, 127-128, 150, see crania
nerves

accessory urinary bladder, 153-156

acoustic nerve, 151, 152

acetabulum, 54-56, 152-155

acromion processes, 35-37, 51-52, 59, 61-63,
74-75, 111, 116

adductor femoris, 71, 73, 145

adductors, 56, 60, 65, 68, 70-73, 143

adenohypophysis, see pituitary

adrenal arteries, 78, 83-84

adrenal gland, 42, 84, 106, 124

afferent renal vessels, 154

aglandular segment, 160, 162

airway, 105-107, 109

albumen, 162

abumin, 119

alveolar surface, 26-27

ampulla of Vater, 111, 113

anal scutes 1-2, 4, 31

anatomical position, 1

anatomical terminology, 1

angular, 9, 11

anterior pancreatic veins, 103

anterior pancreaticoduodenal artery, 78, 80

anterior subscapular arteries, 77, 141

aortas, 37-38, 74, 76, 83, 117, 124, 156,

arteries, 37-38, 41-42, 59, 62-63, 74, 76-86,
95,101, 103, 105, 116 - 118, 124, 154, 156

astragalus, 56-58

atlas, 9, 44-45, 136, 139

atria, see atrium

atrium, 38, 74, 121

auditory candl, 9, 11, 151

auditory nerve, 152

axial muscles, 68

axial skeleton, 43

axillary artery, 38, 77

axillary nerve, 145

axillary scale, 122

axillary vein, 79, 85

axis, 9, 45, 139

azygos artery, 86

azygos vein, 79, 85-86

B

basisphenoid, 9, 12, 125

BD, see body depth

beak, see rhamphotheca

biceps brachii, 59, 61-63, 65, 67, 86, 145
biventer cervical, 68, 87, 89-93
bladder, 40-41, 153-155

body depth, 31

brachia artery, 77, 99

brachial plexus, 59, 64, 141-143, 145
brachial vein, 79, 85

brachiocephalic artery, see brachiocephalic
trunk

brachiocephalic trunk, 38, 74, 76-78, 116,

brain, 8,42, 105, 115-116, 125-141, 146, 152

braincase, 8-9, 12, 41, 115-116, 125, 130,
139-140

bronchi, see bronchus

bronchus, 40-41, 85, 105-107

C

calcaneum, 56-58

carapace scutes, 1-2, 4-8, 26-27, 102

carapace length, 28-29

carapace width, 28, 30

carapace, 1-2, 4-7, 26-30

Caretta caretta, 4, 6-7, 16-17, 25, 27, 41-
46, 50-51, 55, 71, 80, 86, 92, 94, 97, 101,
106, 108, 112, 120, 125, 129-132, 147,
150-151, 155

carotid artery, 69, 70, 76-78, 80, 117-118, 136

caudal artery, 83-86, see vertebral artery

caudal veins, 79, 102

caudal vertebrae, 45-46, 155

cavernous bodies, 161

cavum arteriosum, 74, 104

cavum pulmonae, 74, 104

cavum venosum, 74, 104

CCL, see carpace length

CCLmax, see curved carapace length

CCLmin, see curved carapace length

CCW, see curved carapace width

central nervous system, 125-141

centrale, 52-54

cerebellum, 42, 126-129, 131-141

cerebral aqueduct, 126-128, 132, 134

cerebral hemispheres, see cerebrum

cerebrum, 42, 127, 129, 131-141

cervical vertebrae, 9, 44-45, 66, 80, 94,
141-142

Chelonia mydas, 4-5, 13-15, 25-26, 46, 94,
98, 104, 110, 112, 119-121, 122-123,
126, 130, 133-134, 146, 156-157

Cheloniidae, 2

Cheloniids, 2-5, 11, 26-27, 35, 42, 46, 49,
51-53, 55, 62, 64, 71, 88, 104, 106, 110,
116, 129, 136-137, 141, 143-144, 147

choroid, 151

ciliary body, 151

circulation, 41, 74-104

circulatory system, 41, 74-104

CIRCUM, see circumference

circumference, 32

claws, 1-2, 5-7, 52, 165

clitoris, 154, 164-165

cloaca, 32, 39-42, 75, 83, 102, 108, 114,
153-154, 157, 160, 162-165

cloacal veins, 79, 102

CNS, see central nervous system

cochlea, 146, 152

coeliac artery, 78, 80, 82

collecting tubules, 154

colon, 39-41, 108, 111-112, 114, 121, 158

columella, see stapes

common bileduct, 39, 108, 111-113, 119-121

common cardinal vein, see precava

common carotids, 77-78

common iliac arteries, seeiliac arteries

common mesenteric vein, 79, 100, 103

cones, 151

conjunctiva, 147, 149

coracoid processes, 35-37, 51-52, 59, 61-
64, 66-68, 74-75, 100, 111, 114

cornea, 147, 151

corporus abicans, see corpora albicans

corporus luteum, see corpora luteum

corpora albicans, 159

corpora luteum, 159

corpus albicans, see corpora albicans

corpus luteum, see corpora luteum

corpus cavernosum, 162-163

cortex, 154

costal arteries, 78-79, 83, 124

costal scutes, see lateral scutes

costal veins, 78-79, 83, 10, 102

crania nerves, 42, 68, 98, 127-129, 131-
140, 150-151

crural nerve, 143-145

crural veins, 79, 100-101

CT images, 43, 50

curved carapace length, 28-29

curved carapace width, 30

curved plastron length, 31

D

deferent ducts, see vas deferens

dentary, 9, 11, 23, 44, 68, 131-132, 135

dermal ossicles, 49

dermochelyid, 4-5

Dermochelyidae 4-5

Dermochelys coriacea, 4-5, 23-25, 42,
107-108, 111-112, 115, 127, 129-130,
139-141, 148-149, 160, 162, 165

descending vena cava, see precava

diencephalon, 126-127

digital arteries, 77-78

digital veins, 85

distal convoluted tubule, 154

dorsal aorta, 41, 78, 80, 83-86, 124, 156

dorsal brachial vein, 78

dorsal muscles, 65-67, 87-93, 102

duodenal veins, 79, 100, 103

duodenum, 39, 80, 82, 108, 111-113, 119-121

dura mater, 42, 125, see meninges

E

ear, 109, 126, 129-130, 146, 151-152
efferent ductules, 162

efferent renal vessels, 79, 154
entoplastron, 50-52

epididymi, see epididymis
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epididymis, 156, 162-163

epigastric arteries, 78, 83-85, 102

epigastric vein, 79, 102

epimeningeal veins, 125

epiphysis, see pineal

epiplastron, 50

Eretmochelys imbricata, 4, 6-7, 21-22, 25-
26, 46, 94, 105, 108, 112, 120, 122, 129-
130, 137-138, 142, 144, 154

epiphysis, see pineal

esophageal arteries, 77-78

esophageal veins, 98

esophagus, 38-39, 69-70, 77, 83, 98, 108-
111, 117, 131, 135, 137-140

ethmoid, 125

Eustachian tube, 109, 152

excretory system, 153-155

external iliac arteries, 78, 84

externdl iliac vein, 100, 102

external jugular vein, 83, 85-98

external nares, 146, 148

externa rectus muscle, 150

extrastapedial process, 152

eye muscles, 150-151

eyelids, 147-149 see lids

eyes, 42-43, 59, 115, 125-126, 130, 133,
146-151

F

facial nerve, 68-69, see crania nerve

femoral scutes, 1-2, 4, 30

femoral artery, 78, 84, 101

femoral nerve, 142-145

femoral vein, 79, 100

femur, 55-58, 70

fibula, 55-58, 70

flexor tibiais, 71-73, 101-102, 144-145

flippers, 2, 5-7, 31-32, 35, 37-38, 43, 51-54,
59, 61-62, 65-67, 77, 99, 141-143, 145

follicles, 41, 157, 159-160, 162

fontanelles, 46, 48, 50

foot extensors, 71, 145

forebrain, 126-127, 139

forelimb muscles, 62, 65

fourth ventricle, 127, 132, 134, 138

frontal bone, 9, 125, 131, 139

frontal scale, 3

frontoparietal scale, 3, 116

G

gallbladder, 39-40, 80, 113, 119

gastric artery, 78, 80-82

gastric vein, 79, 82

gastropulmonary ligament, 106, 111
genital papilla, 153-154, 163

genital papillae, see genital papilla
glandular segment, 160-162, see oviduct
glenoid fossa, 51-52

glomerulus, 154

glossopharyngeal, 68, see cranial nerves
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glottis, 38, 44, 105, 108, 134-140
gonadal arteries, 78, 83-84

gonadal ducts, 85, 153, see vas deferens,
oviducts,41, 156-163

gonadal veins, 79, 100

gonads, 40-42, 83, 85, 100, 153, 155, 159
great vessels, 35, 37-38, 76-77, 80, see
aortas, pulmonary trunk

greatest length, 29, see carapace length
green turtle, see Chelonia mydas
gubernaculum cordis, 37, 38, 74, 76
gular, 4

H

haemorrhoidal artery, 78, 85

Harderian gland, 114, 150-151

hawksbill, see Eretmochelys imbricata

head length, 30

head scales, 3, 130

head width, 30

heart, 35, 37, 38, 72-80, 85, 104, 111, 116-
117,119

hepatic portal system, 100, 102-103, 119

hepatic portal vein, 85, 100, 102-103, 119

hepatic vein, 79, 100, 119

hepatopulmonary ligament, 106

hind limbs, 2, 43, 102, 145

hindbrain, 126-127

hip muscles, 71-73, 102, 145

HL, see head length

humeral, 1-2, 4, 31

humerus, 52-55, 59-60, 64, 67, 77, 141, 143

HW, see head width

hyoid, 9, 38, 43-44, 68-70, 95, 105, 109,
131, 138-141

hyoplastron, 50, 121

hypogastric vein, 79, 102

hypoglossd, 68, 127-128, see crania nerves

hypoplastron, 50, 121

hypothalamus, 127

|

identification, 4-8, 13-27, 50-51
ileum, 39, 103, 108, 112

iliac arteries, 78, 84-86

iliac veins, 79, 100, 102, 154, 163
ilium, 46, 54-56, 71, 143-144
imbricate, 7

inferior mesenteric vein, 103
inferior oblique muscle, 150-151
inferior rectus muscle, 150-151
inframarginal, 4-5, 7-8, 34, 64, 120-122
infundibulum (brain), see pituitary
infundibulum (oviduct), see ostium
inner ear, 146, 151-152

interanal, see anal scutes
intergular scute, 1-2, 31
intermediate segment, 154
intermedium, 52-54

internal brachial vein, 79, 85

internal choanae, see internal nares
internal iliac arteries, 78, 84-85
internd iliac veins, 163

internal nares, 10, 13, 21, 22, 109, 146
internal rectus muscle, 150
interparietal scutes, 3

iris, 147-150

ischiadic veins, 102

ischiadicus nerve, 145

ischial tuberosity, 72

ischium, 54-56, 71

J

Jacobsen's organ, see vomeronasal organ

jaws, 3, 6, 8, 9, 13, 16, 18-19, 21, 23, 26-
27,44-46, 61, 71

jelunum, 41, 110, 114

jugal, 9, 11-12

jugular vein, 72, 81, 84, 87-100, 120

K

Kemp'sridley, see Lepidochelys kempii

kidney, 40-42, 83-84, 86, 100, 102, 104,
106, 114, 124, 153-155, 157, 162

L

lamellar bone, 52, 55

large intestine, 38-39, 41, 84, 108

lateral scutes, 1-2, 4-9, 49

lateral ventricles, 132, 134

leatherback, see Dermochelys coriacea

|eft aorta, 38, 40, 74, 76, 78, 80, 82-83, 118

lens, 150-151

Lepidochelys kempii, 4, 7-8, 18, 20, 25, 27,
41, 46, 51, 67, 94, 106-107, 129, 135-
136, 146, 164-165

Lepidochelys olivacea, 4, 7-8, 19-20, 25,
27,67

leptomenix, 125

lids, 147-149

limbus (= limbas), 151

lipoidal veins, 79, 100

liver, 37-40, 74-75, 80-81, 102, 106, 108,
111, 113-114, 119, 121, 157

loggerhead, see Caretta caretta

longus colli muscles, 68, 70, 80, 98

loop of Henle, 154

lumbosacral plexus, see sacral plexus

lung, 38-42, 74, 76, 83-85, 104-107, 156-
158, 162

lymphatic vessels, 74

M

magnum, 160, 162

marginal scutes, 1, 6-7, 28-29, 34, 46, 49,
89-90, 92, 95, 97, 102, 121

marginocostal artery, 77-78, 83

marginocostal vein, 79, 100, 102

maxilla, 9-11, 16-19, 21, 23, 135-136

maxillary, see maxilla
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maximum head length, 30

maximum head width, 30

maximum length, 29

Meckel's cartilage, 11

medulla, see brain or kidney

meninges, 94, 125, 134, 137, 139-140

menix, see meninges

mesencephalon, 127

mesenteric arteries, 103

mesenteric vein, 79, 100, 103

mesentery, 39, 103, 120, 157

mesorchium, 156, 162

mesosalpinx, 157-158, 161

mesotubarium, 156-158, 160, 162

mesovarium, 156-157, 158

metacarpal, 52-54

metanephric duct, 152

metatarsal, 56-58

metencephalon, 126-127

methods for dissection, 32-42

midbrain, 126-127, 139

middle ear, 109, 152

minimum length, 29

Mllerian ducts, see oviducts

muscle function, 59, 145

muscles, 35-37, 43, 52-53, 59-72, 85-87,
90, 92-94, 96-99, 101-102, 107, 132,
141-145, 150-151

myelencephalon, 126-127

N

nares, 9, 10, 13, 21-22, 111, 116, 134, 148-151

nasal sac, see olfactory sac

nasopharyngeal duct, 126, 133, 146

neck flexors, 68

nephrons, 154

nerves, 42, 59, 64, 68-69, 71, 73, 127-129,
141-145

nervous system, 59, 71, 125-145

neural bones, 45, 47-48

neurocranium, 8-9, 12, 115

neurohypophysis, see pituitary

nictitating membrane, 147-150

nostrils, see external nares

notch-to-notch length, see minimum length

over-the-curve length, see carapace length

nuchal bone, 45, 48, 51

nuchal scute, 2, 6-7, 28-29, 49, 89-95, 97

(0]

oculomotor nerve, see cranial nerves

olfactory bulb, 42, 127, 129, 131-140, 146

olfactory nerve, 127-128, 131-132, 134-
141, 146

olfactory sac, 105, 125-126, 131-140, 146

olfactory tracts, 42, see olfactory nerve

olive ridley, see Lepidochelys olivacea

opisthotic, 12, 68, 125

optic chiasma, 127, 132

optic lobes, 42, 126-127, 129, 131-137, 141

optic nerve, 127-129, 131-138, 140, 151,
see crania nerves

orhits, 16, 18-20, 23, 42-43, 147

ostium, 157-158, 160-162

otic notch, 9, 11, 151

ovaries, 41, 83, 153, 156-160, see gonads
over-the-curve measurements, 28-30
over-the-curve length, 28

oviducts, 41, 154, 156-162

P

pdate, 8, 10, 13-19, 21-27, 109, 132-134, 139

palatine, 10, 131

palpebral scales, 147

pancreas, 38-39, 80, 82, 103, 109, 111,
119-120

papilla (esophageal), 110-111, 139-141, 146

papilla (urogentiad), 114, 163, 153-154, 165

parathyroid, 116-118

parietal bone, 9, 11-12, 16, 68, 125, 131, 139

parietal notch, 16, 19, 21, 23

parieta scale, 3, 11-12, 16

pectoral apparatus, see pectoral girdle

pectoral artery, 63-64, 77-78

pectoral girdle, 35, 37, 43, 51, 59-60, 64,
107, 111

pectoral muscles, 36, 59-62, 66, 76-77, 82,
85-86, 100, 111, 121, 141-143, 145

pectoral scute, 1-2

pectoral vein, 63, 79, 86, 100

pelvic girdle, 43, 54-55, 59-60, 107, 114

pelvic muscles, 100, 102, 143-145

pelvic vein, 61, 100

pelvis, see pelvic girdle

penis, 102, 153, 162-164

pericardial sac, 74,

pericardial veins, 79, 100

pericardium, 37-38, 63, 74-76, 111

peripheral bones, 42, 45-46, 48, 50, 64

peripheral nerves, 141-145

peritoneum, 35-37, 40, 74, 76, 100, 106,
114, 119, 121, 153, 157, 162

peroned nerve, 71, 73, 143-145

phalanges, 43, 52-54, 55-58

pia mater, see leptomenix

pineal, 116, 127, 129, 131-132, 134-140

pisiform, 52-54, 67

pituitary, 42, 115-116, 127-128, 131-132,
134, 136, 140

PL, see plastron length

plastron length, 31

plastron,1-2, 4-6, 31-32, 34-35, 42-43, 46,
50-51, 59, 110, 121-123, 165

pleural bones 2, 45, 48, 64

popletial veins, 100-101

pores, 4, 7-8, 35, 121-123

portal systems, 79, 100, 119

postcava, 79, 84, 100

postcentral scutes, 2, 28, see suprapygd scute

posterior muscles, 58-60, 71-74, 102

posterior pancreatic veins, 79, 103
posterior pancreaticoduodenal artery, 80
postorbital bone, 9, 11-12, 18

precava, 76, 79, 85, 88, 98-99
prefrontal bone, 9

prefrontal scale, 2, 4-6

premaxilla, 9-11, 16, 18-19, 21, 131, 134, 139
prootic, 12, 68, 125

proximal tubule, 154

pterygoid, 9-10, 12, 19, 131, 136
pterygoideus muscle, 70

PVTL, seetail length

pubis, 41, 54-56, 59, 61, 111, 154-155
puboischiofemoralis, 71-73, 145
pubotibialis, 71-73, 101, 145
pulmonary artery, 37-38, 74-78, 104-105
pulmonary system, 105-107

pulmonary trunk, 38, 76-78, 84, 104
pulmonary veins, 79, 85, 104

pupil, 147-151

pygal, 45, 48

pyloric sphincter, 39, 81, 108, 111-113
pyramidalis muscle, 150-151

Q
quadrate, 11

quadratojugal, 11-12, 69, 151

R

radial artery, 77-78

radial nerve, 64, 141-143, 145

radiale, 52

radius, 52-54, 59, 67

Rathke's glands, 120-123

Rathke's pores, 8, 35, 121-123

recessus cavi tympani, 152

rectum, 38-41, 102, 108, 112, 114, 153-
154, 163

renal arteries, 78, 83-84, 86, 154, 156

renal capsule, 154

rena corpuscles, 154

rena portal vein, 79, 100, 102, 154

rena veins, 114, 154, 157

respiratory muscles, 59, 62, 64, 141, 142-145

rete system, 85

reting, 150-151

rhamphotheca, 6, 26-27, 30, 131, 132

ribs, 43, 45-51

right aorta, 38, 40, 75-78, 83, 118

rods, 151

S

sacral plexus, 71, 141, 143-145, 155

sacral vertebrae, 45-46, 54-55, 143, 155

sdtgland, 42, 115, 125, 139-140, 146, 150-151

scales, 1-8, 13, 116, 122-123, 151-152

scapula, 37, 51, 52, 59, 64-67, 77, 83, 85,
88, 99

scapular vein, 79, 85, 99

sciatic artery, 78, 84-85, 101
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sciatic nerve, 73, 101, 143-145

scleral ossicles, 43, 150

SCLmax, see carapace length

SCLmin, see carapace length

scutes, 1-2, 4-7, 29, 31, 34, 46, 49, 102,
120-122, 165

SCW, see carapace width

secondary palate, 16-18, 21-23

sellatursica, 115-116, 128, 132

semicircular canals, 152

sense organs, 8, 146-152

sexual dimorphism, 164-165

shell gland, see glandular segment

shell membrane, 162

shoulder muscles, 62, 64, 66-67, 99, 107,
140, 143

sinusvenosus, 38, 74, 76, 79, 85, 100, 111, 119

skull, 8-25, 42-44, 115, 128-129, 132-
140, 152

small intestine, 38-39, 103, 108, 111-112,
120-121

snout, 5, 8, 13, 16, 18, 20-21, 26-27, 42

species identification, 1-27, 50-51

spinal accessory nerves, 127-129, see
cranial nerves

spina cord, 47, 127, 129, 138-139, 141

SPL, see plastron length

splanchnocranium, 8-9

spleen, 39, 82, 103, 108, 119-120

splenial, 9, 11

splenic vein, 79, 103

squamosdl, 9, 11-12, 17, 68-69, 151

standard carapace length, 28

standard measurements, 28-32

stapes, 12, 152

statoacoustic nerve, see cranial nerves,
acoustic nerve

stomach, 38-39, 80-82, 102-103, 106, 108-
112, 119-121

straightline carapace lengths 28-29

straightline measurements, 28-31

subclavian arteries, 38, 76-78, 99, 115-118

subclavian vein, 79, 84, 88

sulcus spermaticus, see urethral groove

superficial limb retractors, 61, 72

superior mesenteric artery, 78, 80

superior oblique muscle, 150-151

superior rectus muscle, 150-151

superior vena cava, 85, 88, see precava

supernumery scales, 3

supracaudal scute, 2, 28, 49

supraoccipital, 9, 16, 30, 68, 70, 125, 131,
134, 137, 139

supraocular scales, see scales

suprapygal bone, 45, 48

suprapygal scutes, see supracaudal

T

tail length, 32, 164
tail, 46, 68, 72-73, 83, 85
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tapetum lucidum, 151

tarsals, 56, 57

taste buds, 148

tela choroidea, 125-126, 131-132

telencephalon, 126-127

temporal bone, see squamosal

temporal scale, 3

tendons, 59, 64-65, 67-68, 71, 101

terminology, 1, 85, 145

testes, see testis, gonads

testis, 40-41, 82, 100, 114, 153, 156, 159,
162, 163, see gonads

thalamus, 127

third ventricle, 127, 132, 134

thoracodorsal artery, 99

thymus, 35, 38, 76, 116-118

thyroid artery, 38, 76-78, 116

thyroid, 35, 37-38, 76-77, 85, 116-117

thyroscapular vein, 79, 85

tibia, 57-58

tibial nerve, 71, 143-145

tibial vein, 100

TTL, seetail length

tongue, 38, 44, 68, 105, 108-109, 131, 133,
135-136, 138-140, 146

tools, 33

trachea, 37-41, 69- 70, 76, 95-96, 105-106,
109, 111, 117, 131, 133, 135, 137-139

transverse branch, see transverse cervical

branch

transverse cervical branch, 87, 94-95

transverse cervical muscles, 68, 86-97

trigeminal nerve, 68, 127-129, see cranial
nerves

trochlear nerve, 127, 150, see cranial nerves

tympanic cavity, 152, see otic notch

tympanic scale, 3, 151

tympanum, 151-153

U

ulna, 52-54

ulnar artery, 77-78

ulnar nerve, 141-143, 145
ulnare 52-54

ultimobranchial bodies, 116-118
ureters, 41-42, 114, 153-154
urethral groove, 163

urinary bladder, 40-41, 114, 153-155, 158
urinary papilla, 114, 153-154
urodeum, 114, 153, 157, 160
urogenital papilla, 153-154
urogenital system, 41, 153-165
uvea, 150-151

V

vagina, 160, 162

vagus nerve, 98, 127-128, see crania
nerves

vas deferens, 41, 156, 159, 162-163

vascular circumflex, 85

veins, 79, 82, 85-98, 100-104, 114, 119,
125, 153, 157, 161, 163

ventral cervical arteries, 77, 95, 117-118

ventral hip muscles, 71-73, 145

ventral muscles, 59-60, 62, 65, 107, 143

ventral neck muscles, 68-69

ventricle (of brain), 126-128, 132, 134,
136, 138

ventricle (of heart), 38, 74-77, 102-104,
111, 118, 121

vertebrae, 47-48, 141-143, 155

vertebral arch, 45, 47

vertebral artery, 78, 84-85, 95

vertebral body, 9, 45, 47

vertebral branches, 83, 88-96

vertebral column, 41-42, 45, 102, 106-107

vertebral scutes, 1-2, 4, 6, 8, 49

vertebral vein, 79, 88-89, 93, 102

vesicular veins, 78, 100

vestibular, 146, 152

vision, 147-151

vitreous body, 150

vomer, 10, 18-19, 21

vomeronasal organ, 146

VTTL, seetail length

X
xiphiplastron, 50



