





Comparative Morphology of the Reproductive
System in Neonate Sea Turtles

We compared the morphology of the
gonads, kidneys and reproductive
ducts of hatchling and posthatchling
loggerheads (Caretta caretta), green
turtles (Chelonia mydas), and
leatherbacks (Dermochelys coriacea)
to identify differences in these
structures that may be useful in
determining sex. Caretta caretta
served as the baseline against which
the other species were compared.
Previous studies identified the value
of using relative gonad size, shape,
gonad attachment and several
paramesonephric duct characters to
discriminate males from females.
These same characters may be used
in C. mydas with some modifications.
The paramesonephric ducts of C.
mydas are less mobile than those in
C. caretta. In D. coriacea gonads and
reproductive ducts are less
developed than the same structures
in the cheloniid species we
examined.

The sex of young sea turtles is difficult
to determine because, as in many
other reptiles with environmental sex
determination, they lack heteromorphic
sex chromosomes. Additionally, they
are not externally dimorphic until near
puberty.

Attempts have been made to visually
distinguish between ovaries and
testes by using gross gonad
morphology*? in untreated gonads or
fixed gonads with glycerin clearing®“.
However, the two techniques failed to
provide consistent results. Some
authors consider gonadal histology to
be the only reliable method to
determine sex in neonate sea turtles*>,
Recently, a laparoscopic study® using
live C. caretta posthatchlings (~ 120 g)
demonstrated that gross gonad and
accessory duct characteristics assessed
together are reliable for sex
identification.

Here we studied the same gross
characteristics used in the laparoscopic
study and assessed their value in dead
hatchlings and posthatchlings using
both unpreserved and preserved
specimens. We verified the reliability of
the characters with histology, and
compared their similarities and
differences in loggerheads (C. caretta),
green turtles (C. mydas), and
leatherbacks (D. coriacea).
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METHODS s

A. Samples

Our samples consisted of hatchling and posthatchling
turtles from Florida, U.S.A. (C. mydas [46.5-88.6 mm
SCL]; D. coriacea [58.4-90.9 mm SCL]), and from Florida
and North Carolina (C. caretta [39.2-48.7 mm SCL])).
Samples sizes were: C. mydas, n = 24; D. coriacea, n =
15; C. caretta, n = 14.

When possible, individuals were observed shortly after
death. All the samples were preserved in 10% buffered
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FIGURES AND TABLES IR

Figure 1. Overview of a sea turtle hatchling
urogenital system: gonad and accessory duct
structures are found caudal to the lung and
attached to the body wall overlying the kidney
(mesonephros and metanephros). The
paramesonephric duct is lateral to the kidney
and is attached to the body wall by a
mesentery that is either wide enough to allow
movement or short so the duct remains
immobile. The paramesonephric duct
becomes the Millerian duct in females and
L | regresses in males.

formalin and examined using a dissecting microscope l Table 1. Structures, characters, and criteria
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B. Sex-specific Characteristics . -

The gonads and accessory ducts (Fig. 1) were compared ;
among the species. Eleven characteristics were considered i
(Table 1). To compare sizes, a scale was positioned inside —

: P ackamac 'Measurement or proportional length or area.
the animal at the gonad level and digital photographs were . SRatobla cheractartstes In Both Chalomidit
taken. The gonad size was measured using Image J and Dermochelidae; *Reliable only in
software (Image J v.1 33u, NIH, USA). — muounsgn | Cheloniidae.
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To verify sex, gonad samples were prepared as paraffin 11| oo
sections (10 pm) and stained with Gill’s hematoxylin and F ‘ 3
i i i i i i 7 % 2 Figure 2. A: Gonad length as function of body
eosin _for llg?_\t microscopy. Sex was identified using . l '- hophmpatrs gl adbeird o
established criteria’ 8 %, E and C. mydas hatchlings. F, female; M, male. In
‘-;;‘“ 8, - b « the C. mydas, the relationship is significant
D' Aﬂalysis i [ (Spearman-Rank Correlation r, = 0.743, p <
= 2 = z e —— T « B 0.05). For C. caretta, r, = 0.529, p < 0.10. B:
Data were compared graphically and statistically. The § | ruemenectn = | Gonad length/body size relationships in D.
i 3 = = 44 & = coriacea varying in age between 1 day and 7
!'EtatiOﬂShlpS bEtween gonad size and bOdy size were t ~ . weeks, Analysis reveals no significant correlation
assessed by Spearman Rank Correlation tests. The . ol " : el body: e . el ferk
sex-specific characters were classified by presence or s ? Sl
absence. .
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We found that gonad size tended to increase with body
size in cheloniid hatchlings; however, the correlation
was statistically significant only for C. mydas

0.832, p<0.05; C. caretta: r, = 0,529, p<0.10).
Gonad size and body size are not related in D. coriacea
(r, =0.35, n.s.), (Figure 2).

Most Florida sea turtle nests are strongly female
biased. As a result, our samples are composed of more
females than males (C. mydas, 23F:1M; D. coriacea,
13F:2M; C. caretta, 9F:5M).

We determined that the morphology of the gonads and
ducts differs between males and females. Four of the
11 gonad and accessory duct characteristics
(paramesonephric duct size, mobility, complete lumen,
and gonad mobility - if it was tightly adhering to the
body wall along its length or not) reliably predicted sex
in both Cheloniidae and Dermochelyidae. Two
additional characteristics (gonad shape and edge
form) were reliable for determining sex only in C.
mydas and C. caretta (Table 1).
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(Spearman Rank Correlation test: C. mydas: r, = '
4

The morphological characteristics that were
sex-specific are detailed in Table 2 and Figure 3 for
each species. Cheloniids tended to be more similar to
each other than to Dermochelys. Character presence
or absence is summarized in Table 3. Gonad size,
color, attachment to the mesentery, and surface
texture (smooth or granular) were unreliable in these
size ranges of turtles.

Figure 3. Gonad and accessory duct gross morphology by sex among the 3 species.
Caretta caretta; female (A), male (B); Chelonia mydas: female (C), male (D);
Dermochelys coriacea: female (E), male (F). Gonad characteristics: Cheloniid females
(A, C) have an irregular gonad shape with a scalloped edge. Dermochelyid females (E)
have long elliptically shaped gonads with smooth edge. Males of the three species have
a regular and fusiform gonad shape with smooth edge (B, D & F). Paramesonephric
duct (PD) characteristics: Females of the three species have a large and complete PD
with complete lumen (A, C & E). Males of the 3 species have a small PD with incomplete
lumen (B, D & F). Cranial is to the right in each picture. The kidney (mesonephros and
metanephros) is used as landmark to locate the gonad. (Scale = 3 mm).
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s Table 2. Morphological
Mo characteristics of the gonads and
accessory ducts by sex and
species. (PD = paramesonephric
duct).
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DISCUSSION AND
CONCLUSIONS =

(1) Cheloniid hatchlings and
posthatchlings (represented by C.
mydas and C. caretta) show greater
differentiation of the gonads and
accessory ducts than do D. coriacea
young. Despite these differences,
several morphological traits are reliably
sex-specific in the three species.

(2) Gonad mobility and accessory
duct characteristics together reliably
identify sex in dead hatchlings and
| posthatchlings of C. caretta, C. mydas
and D. coriacea.

(3) Gonad characteristics used in
previous studies such as size, color,
and granularity were not reliable.

(4) The sex-specific characters we
identify are consistent with several of |
those found to be reliable in
laparoscopic examination of loggerhead
posthatchlings®.

This is the first demonstration of how
these several morphological
characteristics together may be used
to identify sex in deceased neonate
sea turtles.
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