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A standardized series of embryonic stages for the
emydid turtle Trachemys scripta

Eli Greenbaum

Abstract: Interspecific comparisons of embryological development in turtles have been confounded by differences in
morphology, number of stages, and relative detail of information provided for stages. To mitigate this problem for the
family Emydidae, the largest family of turtles, a 27-stage scheme is presented for Trachemys scripta. Because the earli-
est stages of development are comparable across all turtle taxa, only the latter portion of development (stages 12–26) is
emphasized. Stages are defined on the basis of forelimb and claw morphological criteria described previously for
Chelydra serpentina.

Résumé : La comparaison interspécifique du développement embryonnaire chez les tortues est difficile à cause des
différences dans la morphologie, dans le nombre de stades et dans la quantité d’informations disponibles sur chaque
stade. Pour résoudre ce problème chez les Emydidae, la plus grande famille de tortues, j’ai conçu un schéma en 27
étapes, présenté ici pour Trachemys scripta. Comme les premières phases du développement sont semblables chez tou-
tes les tortues, l’emphase est mise sur la dernière partie du développement (stades 12–26). Les stades sont
définis en fonction de critères morphologiques concernant les pattes antérieures et les griffes, critères déjà utilisés pour
Chelydra serpentina.

[Traduit par la Rédaction] 1370
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To standardize developmental comparisons across taxa,
previous workers have suggested using measures of body
size, chronological age, and morphological stage (Hall and
Miyake 1995). Because of disparate sizes and timing of devel-
opment associated with different taxa or experimental condi-
tions, interspecific comparisons are obfuscated or impossible
when measurement or absolute chronological age data are
used without other information (Greenbaum and Carr 2002).
Morphological stages of development, such as those of tadpoles
(Gosner 1960), utilize discrete changes in morphological features
through time, thereby affording relative comparisons among
taxa regardless of species, incubation temperature, hydric
conditions, or other variable factors that affect embryological
development. When specific taxa do not conform to all crite-
ria for a given stage, one can identify changes that are useful
for studies of sequence heterochrony (Smith 2001).

Prior to the formal description and standardization of embry-
onic developmental stages in turtles, researchers used mea-
surement ranges to describe approximate ages of embryos
(Risley 1933). Ewert (1985) expended considerable effort to
stage embryos of turtle taxa from papers published before
the advent of staging criteria, using both external and internal
morphological characteristics. In recent studies of embryo-
logical development of turtles, interspecific comparisons were

hampered by the use of staging schemes with disparities in
(i) number of stages; (ii) choice of morphological criteria for
stages; and (iii) detail of morphological description. Yntema
(1968) used 27 stages of development to describe a morpho-
logically based staging sequence for the turtle Chelydra ser-
pentina. Similar schemes, also with 27 stages, have been
described for the trionychids Apalone spinifera (Greenbaum
and Carr 2002) and Pelodiscus sinensis (Tokita and Kuratani
2001), the carettochelydid Carettochelys insculpta (Beggs et
al. 2000), and the testudinid Testudo hermanni (Guyot et al.
1994). However, Mahmoud et al. (1973) described 23 stages
of development for the emydid Chrysemys picta, and 31-stage
schemes were developed for sea turtles (Crastz 1982; Miller
1985; Renous et al. 1989).

Because the morphology and number of stages described
for C. picta (Mahmoud et al. 1973) are incongruent with the
well-established scheme for C. serpentina (Yntema 1968),
most recent studies of embryonic freshwater turtles have used
Yntema’s (1968) criteria to stage embryos. However, com-
paring most turtles with the staging criteria for C. serpentina
is difficult because of disparate morphology; for example,
trionychids lack carapace scutes and testudinids have highly
modified claws. Comparisons are also confounded by the
limited morphological descriptions of later Yntema (1968)
stages and the subjectivity of choosing which morphological
features are most important for delimiting stages, especially
in the case of species that simultaneously display character-
istics of two stages of C. serpentina. Some researchers avoid
these issues by giving a range of Yntema (1968) stages;
Cherepanov (1995) used this strategy in a study of shell
development in P. sinensis. Most investigators of turtle de-
velopment cite Yntema’s (1968) staging scheme without ad-
dressing the ways in which development in their taxa differs
from that in C. serpentina (Crews et al. 1991; White and
Thomas 1992). Because different authors stress different sets
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of morphological criteria, the resulting stages frequently are
inconsistent among studies and there is no way to compare
them.

To address this problem with the Emydidae, a frequently
studied and speciose family of turtles, a scheme of morpho-
logical stages for Trachemys scripta is presented. It is as-
sumed that developmental stages 0–11 are common to all
turtles, based on features of T. scripta that are similar to
those of other turtle taxa (Guyot et al. 1994; Greenbaum and
Carr 2002). Therefore, the latter portion of development,
when the distinctive emydid and species-specific features are
developed, is emphasized herein. In keeping with the estab-
lished criteria of Yntema (1968) for C. serpentina, a 27-
stage scheme is presented. Although it is beyond the scope
of the present paper to design a staging scheme for all tur-
tles, the descriptions herein are designed to be maximally
comparable across related taxa of turtles. Forelimb morphol-
ogy is the primary criterion for delimiting stages because it
is easily tracked through the latter half of development and
is highly conserved among most turtle taxa.

Materials and methods

For this study, 235 eggs of T. scripta were collected in
June 2000 from a commercial turtle breeder (Concordia Tur-
tle Farms, Wildsville, La., U.S.A.). All clutches had been
laid within 24 h of egg collection. The dorsal surface of each
egg was marked with pencil to indicate individual and clutch
numbers, placed inside a plastic box containing damp sand,
and transported by truck to the Animal Care Facility of
The University of Kansas in Lawrence. Eggs were rinsed in
a dilute solution of bleach to sterilize the outer shell and
then placed in small plastic boxes containing a 1:1 (by mass)
vermiculite:water mixture and incubated at 27.0 ± 1.0°C using
a DBS-1000 thermal-regulation system (Helix Controls, San
Diego, CA 92128, U.S.A.). Because T. scripta has temperature-
dependent sex determination, this temperature yields mostly
males (Ewert and Nelson 1991); to date, however, no staging
schemes have identified sex-specific morphological staging
criteria, and the onset of secondary sexual characteristics
occurs post hatching in most turtles (Greenbaum and Carr
2001). Eggs were checked every 3 or 4 days, thereby allow-
ing some air exchange in each box. For sampling develop-
mental stages, I randomly removed eggs from clutches and
euthanized the embryos by immersion in a 0.2% solution of
3-aminobenzoic acid ethyl ester (MS 222, Sigma, St. Louis,
MO 63178, U.S.A.; AVMA Panel on Euthanasia 1993); em-
bryos were removed from the yolk and preserved. Embryos
were fixed in 3% buffered (4 parts monobasic sodium phosphate
monohydrate : 6 parts dibasic sodium phosphate anhydrate)
formalin for a minimum of 24 h, rinsed in deionized water
for 24 h, and transferred to 70% ethanol for long-term stor-
age at the University of Kansas Natural History Museum
(Simmons 1995).

A total of 140 embryos were harvested from the eggs (104
are included in this study; KU 291395–291498), and at least
one turtle from each clutch was allowed to hatch for use in
later studies. The remaining 58 eggs either were infertile or
the embryos died in situ of unknown causes. Measurements
of external morphology (head width, crown–rump length,

and carapace length) were made with dial calipers to the
nearest 0.1 mm. These measurements are defined as the
maximum straight-line distance between the lateral margins
of the eyes, from the top of the head to the base of the tail,
and from the anterior edge to the posterior edge of the cara-
pace, respectively. Crown–rump length was not measured
after stage 20 because the embryo slowly loses its curved
position in the egg after this stage. Carapace length was not
measured before stage 16 because the carapace is not fully
formed prior to this stage. Embryos were stained with Lugol’s
muscle-stain solution (Presnell and Schreibman 1997) to im-
prove the visibility of microscopic structures. Photographs
were taken with a digital camera mounted on a stereo dis-
secting microscope.

Between stages 11 and 26, forelimb morphology and claw
morphology were selected as criteria for staging embryos;
this set of criteria is comparable to all later stages in Yntema
(1968). The claws are described in lateral aspect; they were
studied by shining a bright light through the translucent digit
(Greenbaum and Carr 2002). The duration of each stage for
these specimens was calculated by plotting each staged em-
bryo on a time line (in days) for each clutch of eggs. For
each clutch, the average number of days between stages was
calculated; the final value for each stage was the average of
all the clutch calculations. Because the only two hatchlings
at stage 26 were not associated with a clutch number, it was
not possible to calculate the duration of stages 25 and 26.

Lateral views of whole embryos at stages 12–26 are pre-
sented to allow general comparisons with previous staging
studies. Embryos are illustrated in the order in which morpho-
logical characters are described below: (i) head; (ii) forelimb;
(iii) carapace; (iv) plastron; (v) tail.

Results

Embryo size and duration of stages
The following descriptions are based upon examination of

104 embryos of T. scripta between stages 11 and 26. Head
widths, crown–rump lengths, and carapace lengths of all em-
bryos are shown in Table 1. Durations of most stages (Ta-
ble 2) increased as development progressed. However, the
average duration decreased in stages 13, 15, 18, 21, and 24;
in each of these cases the decrease in duration was followed
by an increase, the largest of which was 7.03 days at stage 23.

Staging criteria
Through stage 23 of embryological development of T. scripta,

the developmental features described are congruent with
Yntema’s (1968) staging criteria for C. serpentina. More-
over, the terminology used by Yntema (1968) in describing
the frontal, mandibular, maxillary, and nasal processes of
younger embryos is conserved here; “processes” refers to the
most anterior points of the developing frontal bone, lower
jaw, upper jaw, and proboscis of the embryo, respectively.
Beyond stage 23, all of the criteria described are unique to
T. scripta, although comparisons can easily be made with
similar structures illustrated for C. serpentina (Yntema 1968).
The distinctive criteria described for each stage are relative
to the previous stage of development. To facilitate compari-
sons across taxa, external morphological characteristics are
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emphasized for staging whole embryos (Figs. 1–3). By em-
phasizing external features of forelimb morphology as the
primary set of criteria for staging turtle embryos, equivalent
stages from other studies could be compared with the 27-
stage scheme of Yntema (1968); the results of this compari-
son are shown in Table 3.

Stage 12 (Figs. 1A, 4A, 13A): The pupil is outlined by a
faint white ring; a vertical white line connects the ventral
margin of the pupil outline to the adjacent margin of the eye
(Fig. 4A). The occipital protuberance is distinct and notice-
ably higher than the distinct frontal process. The anterior
border of the maxillary process has passed the anterior bor-

der of the mandibular process. Pharyngeal slits are present.
The limb bud is about three somites wide and slightly shorter
than wide. The axis of the limb is oriented posteroventrally
(Yntema 1968). There is a minute genital protuberance be-
tween the hind limbs (Fig. 13A).

Stage 13 (Figs. 1B, 4B): Pigmentation of the retina is evi-
dent, and the pupil is completely white (Fig. 4B). The fron-
tal process is indistinct. The occipital protuberance is less
distinct and much lower than wide. The maxillary process
encroaches on the anterior border of the eye. The maxillary
process limits a well-demarcated nasolacrimal groove poste-
riorly and leads to a deep olfactory pit (Yntema 1968). The
forelimb bud is slightly longer than wide and has a more
caudal orientation than ventral (Yntema 1968).

Stage 14 (Figs. 1C, 4C, 13B): The margin of the pupil is
distinct from the retina (Fig. 4C). The occipital protuberance
is slightly higher than the anterior portion of the head. The
anterior end of the mandible is located at the level of the
center of the eye. The maxillary and lateral nasal processes
are fused (Yntema 1968). The pharyngeal slits are closed ex-
cept that one may persist in some specimens. The forelimb
axis has a caudal orientation and is in an early paddle stage
(Yntema 1968). The genital protuberance is significantly larger
(Fig. 13B).

Stage 15 (Figs. 1D, 4D): The occipital protuberance and
the anterior portion of the head are equal in height (Fig. 4D).
The anterior end of the mandible lies near the level of the
anterior border of the eye. Pharyngeal slits are absent. The
digital plate is well formed and digital grooves are absent
(Yntema 1968). Pigment cells are scattered from the base of
the forelimb down to the base of the digital plate. An irregu-
lar longitudinal ridge is present on the flank of the embryo
dorsal to the forelimb; the ridge extends from the base of the
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Stage Duration (days)

11 2.00 (1)
12 3.69 ± 2.50 (7)
13 2.76 ± 0.88 (7)
14 3.80 ± 1.49 (10)
15 3.71 ± 1.04 (11)
16 3.77 ± 0.99 (11)
17 3.88 ± 1.01 (12)
18 3.76 ± 0.99 (11)
19 4.35 ± 1.71 (12)
20 4.90 ± 1.86 (12)
21 4.34 ± 0.95 (12)
22 4.58 ± 1.35 (14)
23 7.03 ± 3.16 (13)
24 6.05 ± 2.46 (8)
25 —
26 —

Note: Values are given as the mean ± standard
error; numbers in parentheses are sample sizes.

Table 2. Durations of Yntema’s (1968) stages
in T. scripta incubated at 27.0 ± 1.0°C.

Stage Head width (cm)
Crown–rump
length (cm)

Carapace length
(cm)

11 0.11 (1) 0.57 (1) —
12 0.16 ± 0.04 (7) 0.72 ± 0.16 (7) —
13 0.19 (1) 0.68 (1) —
14 0.30 ± 0.02 (8) 0.86 ± 0.09 (8) —
15 0.43 ± 0.04 (10) 1.06 ± 0.07 (10) —
16 0.49 ± 0.03 (6) 1.18 ± 0.14 (6) 0.74 ± 0.06 (6)
17 0.54 ± 0.02 (4) 1.29 ± 0.05 (4) 0.85 ± 0.04 (4)
18 0.55 ± 0.03 (4) 1.70 ± 0.14 (4) 1.02 ± 0.14 (4)
19 0.58 ± 0.01 (3) 1.73 ± 0.17 (3) 1.12 ± 0.08 (3)
20 0.62 ± 0.03 (7) 2.30 ± 0.29 (7) 1.52 ± 0.19 (7)
21 0.65 ± 0.04 (5) — 1.66 ± 0.04 (5)
22 0.66 ± 0.01 (5) — 1.85 ± 0.10 (5)
23 0.71 ± 0.03 (12) — 2.06 ± 0.11 (12)
24 0.76 ± 0.04 (18) — 2.54 ± 0.20 (18)
25 0.79 ± 0.03 (11) — 2.57 ± 0.22 (11)
26 0.82 ± 0.03 (2) — 2.75 ± 0.25 (2)

Note: Values are given as the mean ± standard error; numbers in
parentheses are sample sizes.

Table 1. Measurements of embryos of Trachemys scripta at
stages 11–26 incubated at 27.0 ± 1.0°C.

Yntema
(1968);
this study

Chrysemys picta
(Mahmoud et al.
1973)

Sea turtles
(Miller 1985)

Lepidochelys
olivacea
(Crastz 1982)

11 10 15 9
12 11 16 10
13 12 17 11
14 13 18–19 12
15 14–15 20–21 13–14
16 16 22 15
17 17 23 16
18 18 24–25 17–18
19 19 26 19
20 20 27 20–25
21 21 28 26–28
22 21 28 26–28
23 22 29 29
24 22 29 29
25 22 30 30
26 23 31 31

Note: Guyot et al.’s (1994), Beggs et al.’s (2000), Tokita and
Kuratani’s (2001), and Greenbaum and Carr’s (2002) stages are equivalent
to those of Yntema (1968); Renous et al.’s (1989) and Billett et al.’s
(1992) stages are equivalent to those of Miller (1985).

Table 3. Equivalent stages of embryonic turtle development from
different studies.
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forelimb to the base of the hind limb, and represents the lat-
eral demarcation of the carapace. In lateral view the dorsal
profile of the embryo is irregular (Fig. 1D). Indistinct dorsal
creases signal the development of carapacial scutes. The in-
testinal loop is herniated in some specimens. The genital
protuberance continues to enlarge.

Stage 16 (Figs. 1E, 4E, 9A, 13C): The beak is beginning

to form (Fig. 4E). The anterior end of the mandible lies ante-
rior to the anterior border of the eye. An incipient tympanum
is present posteroventral to the eye (Fig. 4E). The digital
plate is relatively large, has a smooth periphery, and has
slight indications of digital ridges (Yntema 1968). The lat-
eral ridge of the carapace has become thicker and the ante-
rior edge of the carapace is present (Fig. 9A). Ribs are

Fig. 1. Photomicrographs of Trachemys scripta embryos in lateral view. (A) Stage 12 (KU 291403). (B) Stage 13 (KU 291404).
(C) Stage 14 (KU 291405). (D) Stage 15 (KU 291413). (E) Stage 16 (291421). (F) Stage 17 (KU 291430). Scale bars = 1 mm.
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visible beneath the carapace of some individuals (Fig. 9A).
The intestinal loop is herniated in all specimens. A crease is
present just posterior to the genital protuberance (Fig. 13C).

Stage 17 (Figs. 1F, 4F, 9B, 11A, 13D): The white line
connecting the pupil to the ventral border of the eye is inter-
rupted and less distinct, or absent (Fig. 4F). The mandible has
grown anteriorly but does not make complete closure with

the upper jaw. The caruncle is indicated by a small white
bump on the anterior surface of the upper jaw. The margin
of the digital plate is slightly serrated. Each of the five digits
is represented by a ridge (Yntema 1968). Ribs are visible be-
neath the carapace in all individuals (Fig. 9B). There are
slight indications of the marginal scutes. The margins of the
bridge and plastron are indicated by ridges (Fig. 11A). A
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Fig. 2. Photomicrographs of T. scripta embryos in lateral view. (A) Stage 18 (KU 291438). (B) Stage 19+ (KU 291435). (C) Stage 20
(KU 291439). (D) Stage 21 (KU 291442). (E) Stage 22 (KU 291455). (F) Stage 23 (KU 291459). Scale bars = 2 mm.
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crease is present on the posterior and lateral borders of the
genital protuberance (Fig. 13D).

Stage 18 (Figs. 2A, 5A, 9C, 11B, 13E): The lower eyelid
is evident (Yntema 1968). The white line connecting the pu-
pil to the lower border of the eye is absent and scleral
papillae are visible (Fig. 5A). The lower jaw makes complete
closure with the upper jaw. The digital plate has obvious
digits that protrude along the margin of the plate (Yntema
1968). The borders of the marginal and vertebral scutes are
distinct; the pleural scutes are faint (Fig. 9C). The border of
the plastron is more distinct and the borders of the plastral
scutes are weakly indicated (Fig. 11B). The axillary, infra-
marginal, and inguinal plates are weakly indicated. A fold of
the vent surrounds the urogenital papilla, and a space be-
tween the posterior border of the papilla and posterior bor-
der of the vent is evident (Fig. 13E).

Stage 19 (Figs. 2B, 5B, 6A, 7A, 9D, 11C, 13F): Scleral
papillae are indistinct (Fig. 5B). Digits II–IV project beyond
the webs for a distance slightly greater than their thickness
at the web (Figs. 6A, 7A; Yntema 1968). All scutes of the
carapace, bridge, and plastron are distinct (Fig. 9D, 11C). A
dorsal keel is present along the midline of the carapace

(Fig. 9D). The distance between the posterior borders of the
papilla and vent is increased (Fig. 13F).

Stage 20 (Figs. 2C, 5C, 6B, 7B, 9E, 11D, 14A, 15A): The
nictitating membrane is present in some specimens (Fig. 5C).
The dorsal margin of the lower eyelid reaches or crosses the
level of the lens. Digits II–IV project beyond the webs for a
distance about twice their thickness at the webs (Figs. 6B,
7B; Yntema 1968). Vague indications of scales are present
on the dorsolateral surfaces of the forelimbs; slight de-
marcations between the digits and webbing are indicated
(Fig. 6B). There is a horizontal crease on the ventral side of
the forelimb along the posterior side of the palmar surface
(Fig. 7B). Pigmentation occurs along the middle and lateral
sides of the vertebral scutes, on most of the pleural scutes,
and between the marginal scutes (Fig. 9E). The urogenital
papilla varies from being slightly prolapsed from the vent to
visible within the gaping orifice of the vent (Fig. 14A). The
dorsal surface of the tail has a ridged midline keel (Fig. 15A).

Stage 21 (Figs. 2D, 6C, 7C, 9F, 11E, 14B, 15B): The
lower eyelid encroaches on the pupil. There is a prominent
groove between each digit and its associated webbing on the
forelimb buds (Fig. 6C; Yntema 1968). The scales on the

Fig. 3. Photomicrographs of T. scripta embryos in lateral view. (A) Stage 24 (KU 291495). (B) Stage 25 (KU 291471). (C) Stage 26
(KU 291498). Scale bars = 3 mm.
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dorsolateral surface of the forelimb are more salient, and
there are vague indications of scales on the dorsal and
dorsomedial surface of the forelimb (Fig. 6C) as well as proxi-

mal to the horizontal crease on its ventral surface (Fig. 7C).
Under high magnification the midline of the carapace appears
rugose. The ventral opening has closed, thereby obscuring the
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Fig. 4. Photomicrographs of selected cranial structures of T. scripta embryos in lateral view. (A) Stage 12 (KU 291403). The black
arrows point to the white ring of the eye and pharyngeal slits, the upper white arrow indicates the occipital protuberance, and the lower
white arrow indicates the frontal process; max, maxillary process; md, mandibular process. (B) Stage 13 (KU 291404). (C) Stage 14
(KU 291405). The white arrow indicates the occipital protuberance. (D) Stage 15 (KU 291413). The white arrow indicates the occipital
protuberance. (E) Stage 16 (KU 291421). The black arrow points to the incipient tympanum and the white arrow indicates the forming
beak. (F) Stage 17 (KU 291430). The arrow points to the incipient caruncle. Scale bars = 1 mm.
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urogenital papilla (Fig. 14B). Faint outlines of scales are
present on the tail, which is lightly pigmented (Fig. 15B).

Stage 22 (Figs. 2E, 6D, 7D, 8A, 10A, 11F, 15C): The
lower eyelid has crossed the ventral border of the pupil in all
specimens examined. The head region is more pigmented.
The scales covering the dorsal forelimb are distinct and ex-

tend to the proximal border of the webbing (Fig. 6D). Small
circular scales are present, but indistinct, on the palmar
surface of the forelimb. Scales proximal to the horizontal
fold are more distinct (Fig. 7D). Pigmentation of digits IV
and V is increased. When backlit, the digits are opaque ex-
cept for a clear sheath on the ventral sides of some specimens
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Fig. 5. Photomicrographs of selected cranial structures of T. scripta embryos in lateral view. (A) Stage 18 (KU 291438). The arrow
points to scleral papillae. (B) Stage 19+ (KU 291435). (C) Stage 20 (KU 291439). The arrow points to the nictitating membrane.
(D) Stage 23 (KU 291459). The arrow points to the incipient caruncle. (E) Stage 26 (KU 291498). The arrow points to the caruncle.
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(Fig. 8A). Pigmentation of the pleural and vertebral scutes is
greater (Fig. 10A). Scales on the tail are increasingly distinct
(Fig. 15C).

Stage 23 (Figs. 2F, 5D, 6E, 7E, 8B, 10B, 12A, 15D): The

upper and lower eyelids are separated by a slit in the fixed
specimen (Yntema 1968). The caruncle varies from being
cream-colored to mostly transparent (Fig. 5D). There is a
discernible pattern in the dorsal pigmentation of the head

Fig. 6. Photomicrographs of forelimbs of T. scripta embryos in dorsal view. (A) Stage 19+ (KU 291435). (B) Stage 20 (KU 291439).
(C) Stage 21 (KU 291442). The white arrow points to the claw/webbing demarcation and the black arrow to incipient scales. (D) Stage
22 (KU 291455). (E) Stage 23 (KU 291459). (F) Stage 24 (KU 291495). (G) Stage 25 (KU 291471). (H) Stage 26 (KU 291498).
Scale bars = 1 mm.
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between the eyes and on the beak. Scales on the dorsum of
the forelimb are more distinctly defined and larger, and some
scales overlap (Fig. 6E). Proximal areas of the forelimb are
more heavily pigmented. The palmar surface is completely

covered with small circular scales. The scales proximal to the
horizontal crease are larger and better developed (Fig. 7E). The
whitish ungual phalanx is vaguely discernible from the claw
(Fig. 8B). The carapace is more pigmented and bears an
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Fig. 7. Photomicrographs of forelimbs of T. scripta embryos in ventral view. (A) Stage 19+ (KU 291435). (B) Stage 20 (KU 291439).
The arrow indicates the approximate position of the horizontal crease. (C) Stage 21 (KU 291442). The arrow indicates large scales
posterior to the horizontal crease. (D) Stage 22 (KU 291455). The arrow indicates large scales posterior to the horizontal crease.
(E) Stage 23 (KU 291459). (F) Stage 24 (KU 291495). (G) Stage 25 (KU 291471). (H) Stage 26 (KU 291498). Scale bars = 1 mm.
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irregular yellowish line along its midline. Small ocelli are
forming around the borders of the marginal scutes (Fig. 10B).
The carapacial scutes are more rugose. There is sparse pig-
mentation on some plastral scutes (Fig. 12A). Scales on the
tail are more distinct and pigmentation has increased (Fig. 15D).

Stage 24 (Figs. 3A, 6F, 7F, 8C, 10C, 12B, 14C, 15E):
There is a crease between the external nares (Fig. 14C). The
entire head is pigmented, including the ventrolateral margin
of the mandible. The periphery of the claws is translucent;
the ungual phalanx is distinct and tapering, but the distal tip

Fig. 8. Photomicrographs of backlit claws of T. scripta embryos in lateral view. (A) Stage 22 (KU 291455). (B) Stage 23 (KU
291459). The arrow points to the ungual phalanx. (C) Stage 24 (KU 291495). The arrow points to the ungual phalanx. (D) Stage 25
(KU 291471). (E) Stage 26 (KU 291498). Scale bars = 1 mm.
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is obscured by the rough, opaque distal tip of the claw
(Fig. 8C). Pigmentation is evident at the bases of the forelimb
claws (Figs. 6F, 7F). Pigmentation of the carapace and limbs
has assumed a recognizable pattern of stripes (Fig. 10C).
Distinct ocelli are present on the scutes (Fig. 12B). The

plastron is obviously rugose (Fig. 12B). The loop of the gut
is withdrawn (Fig. 12B). The scales of the tail are distinct;
the entire tail has pigment (Fig. 15E).

Stage 25 (Figs. 3B, 6G, 7G, 8D, 10D, 12C, 14D): The
crease between the nostrils is longer ventrodorsally and the
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Fig. 9. Photomicrographs of carapaces of T. scripta embryos in dorsal view. (A) Stage 16 (KU 291421). (B) Stage 17 (KU 291430).
(C) Stage 18 (KU 291438). (D) Stage 19+ (KU 291435). The arrow points to the vertebral keel. (E) Stage 20 (KU 291439). (F) Stage
21 (KU 291442). Scale bars = 2 mm.
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nares are open (Fig. 14D). The ungual phalanx and claw are
distinct. The distal tip of the ungual phalanx is evident within
the translucent claw. The claw is longer, therefore the dis-
tance between the apex of the claw and the tip of the bone is
slightly greater (Fig. 8D). Pigmentation of the embryo resem-

bles that of hatchlings: the carapace and skin are greenish
but relatively pale (Fig. 10D). The plastron is now yellowish
cream except for the dark ocelli on each scute (Fig. 12C).

Stage 26 (Figs. 3C, 5E, 6H, 7H, 8E, 10E, 12D): The
caruncle is a sharp, spikelike structure (Fig. 5E). The trans-
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Fig. 10. Photomicrographs of carapaces of T. scripta embryos in dorsal view. (A) Stage 22 (KU 291455). (B) Stage 23 (KU 291459).
The arrow points to developing ocelli on the marginal scutes. (C) Stage 24 (KU 291495). (D) Stage 25 (KU 291471). (E) Stage 26
(KU 291498). Scale bars = 5 mm.
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lucent sheath around the claw and ungual phalanx has re-
ceded around its periphery (Fig. 8E). The carapace is dark
green with a light, creamy peripheral border (Fig. 10E).

Discussion

In showing a general increase in size with age, T. scripta

embryos are comparable to other turtle taxa. Webb et al.
(1986) and Guyot et al. (1994) documented a plateau of
growth toward the end of development in C. insculpta and
T. hermanni, respectively. Durations of stages in this study
and other staging schemes are generally comparable, although
there are more average decreases in stage durations for
T. scripta. Greenbaum and Carr (2002) listed durations of

Fig. 11. Photomicrographs of plastrons of T. scripta embryos in ventral view. (A) Stage 17 (KU 291430). The herniated intestinal loop
is visible and the arrow points to the incipient anterior border of the plastron. (B) Stage 18 (KU 291438). (C) Stage 19+ (KU 291435).
(D) Stage 20 (KU 291439). (E) Stage 21 (KU 291442). (F) Stage 22 (KU 291455). Scale bars = 1 mm.
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stages for A. spinifera at 26.0 and 31.0°C; at the former tem-
perature, which is closest to the 27.0°C incubation tempera-
ture for T. scripta, the duration increased until stage 21,
decreased until stage 22, and then steadily increased until
hatching. In C. insculpta incubated at 30°C there was a
gradual increase in stage duration until stage 18 and then an
increase again from stage 19 until hatching (Beggs et al.
2000). Yntema’s (1968) durations of stages for C. serpentina
at 20°C were constant from stages 11 to 12, increased slightly
at stage 13, and remained constant until stage 24, when there
was another slight increase, and then a small decrease at
stage 26.

The staging scheme described for T. scripta was designed
to be as congruent with the 27-stage criteria of Yntema
(1968) as possible. In T. scripta, all stages prior to stage 12
resemble those of other species at early stages of development.
To avoid subjective comparisons with the staging schemes of
Yntema (1968) and other studies (Mahmoud et al. 1973;
Greenbaum and Carr 2002), I chose forelimb morphology as
the primary criterion for designating a stage of development.
Forelimb morphology, including development of the digits,
scale formation, claw and ungual phalanx morphology, and
relative progression of pigmentation, can be followed easily

through the stages of development and thus these are the
most promising criteria to use for comparisons across taxa.
Eyelid morphology is useful for a narrower range of stages,
but the distance between the eyelids is so variable within
stages that it is useless without additional criteria. Moreover,
preservation may fix the position of an eyelid lower than in
life, therefore this criterion must be applied before the em-
bryo is fixed in formalin. In addition, carapace and plastron-
scute development, urogenital-papilla morphology, cranial
changes, and pigmentation are of limited utility because of
the limited number of relevant stages and high levels of
variability.

Comparison of staging schemes for other families of
turtles

To facilitate comparisons of 27-stage schemes for C. serpent-
ina (Yntema 1968), A. spinifera (Greenbaum and Carr 2002),
P. sinensis (Tokita and Kuratani 2001), C. insculpta (Beggs et
al. 2000), and Testudo graeca (Guyot et al. 1994) with the
23-stage scheme for C. picta (Mahmoud et al. 1973) and the
31-stage schemes for sea turtles (Crastz 1982; Miller 1985;
Renous et al. 1989), I applied Yntema’s (1968) morphologi-
cal criteria to these descriptions. Forelimb morphology was
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Fig. 12. Photomicrographs of plastrons of T. scripta embryos in ventral view. (A) Stage 23 (KU 291459). The arrow points to the her-
niated intestinal loop. (B) Stage 24 (KU 291495). The arrow indicates the absence of the herniated intestinal loop. (C) Stage 25 (KU
291471). (D) Stage 26 (KU 291498). Scale bars = 2 mm.
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the primary criterion used to construct equivalent stages;
however, characteristics of eye morphology, shell morphol-
ogy, and pigmentation, in decreasing order of importance,

were also employed. These features were chosen because they
can be compared easily across taxa. A suite of morphological
features is necessary because previous staging schemes vary
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Fig. 13. Photomicrographs of genital protuberances and urogenital papillae of T. scripta embryos in ventral view. (A) Stage 12 (KU
291403). The arrow points to the genital protuberance adjacent to the hind limb. (B) Stage 14 (KU 291405). The arrow points to the
genital protuberance adjacent to the hind limb. (C) Stage 16 (KU 291421). The arrow indicates a crease just posterior to the genital
protuberance. (D) Stage 17 (KU 291430). (E) Stage 18 (KU 291438). The arrow indicates the demarcation of the vent crease surround-
ing the urogenital papilla. (F) Stage 19+ (KU 291435). The arrow indicates a space between the posterior border of the urogenital pa-
pilla and posterior border of the vent crease. Scale bars = 1 cm.
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in their detail of description and illustration. The results of
these comparisons are summarized in Table 3, and all sub-
sequent comparisons between staging studies in this paper
refer to Yntema (1968) stages or equivalents derived from
the table. Renous et al. (1989) presented a similar table of
equivalent stages but stressed a different set of morphologi-
cal criteria; thus, Renous et al.’s (1989) table is slightly dif-
ferent from Table 3. Staging comparisons among different
taxa are difficult to make because of disparate morphologies,
heterochrony, and possible homoplasy; perceived differences
between staging schemes may be a result of disparate levels
of character descriptions and not heterochrony (Table 4).
Tokita and Kuratani (2001) presented a table of develop-
mental patterns of turtle families but the sequences were
aligned according to relative time of oviposition to hatching
(0–100%), which may not be congruent with comparisons of
equivalent stages.

The first stage of T. scripta that differs from the criteria of
Yntema (1968) is stage 12. At stage 12 of C. serpentina and
A. spinifera the pharyngeal slits have disappeared (Yntema
1968; Greenbaum and Carr 2002), but P. sinensis has visible
slits until stage 14 (Tokita and Kuratani 2001) and T. scripta
retains at least one pharyngeal slit until stages 14–15. Yntema

(1968) does not mention urogenital-papilla development but
the incipient genital protuberance noted for T. scripta at
stage 12 herein is congruent with the structure noted for
T. graeca at the same stage (Raynaud and Pieau 1985). A
similar structure is present at stage 12 in the tortoise T. her-
manni (Guyot et al. 1994). A genital protuberance does not
occur in A. spinifera until stage 13 (Greenbaum and Carr
2002). In Lepidochelys olivacea (Crastz 1982) and Dermochelys
coriacea (Renous et al. 1989) the genital protuberance does
not appear until stage 14. Because these structures are noted
as identical in both sexes of the emydid Emys orbicularis
(Pieau 1974), and sexual differentiation does not occur until
stage 19 in most groups of turtles (Wibbels et al. 1994;
Greenbaum and Carr 2001), it is inappropriate to associate
these structures with either sex. To be compatible with the ter-
minology used by Greenbaum and Carr (2002) for A. spinifera,
I designate the structure as a genital protuberance until the
crease of the vent surrounds the structure, which then be-
comes a urogenital papilla.

At stage 14 of T. scripta the mandibular process is as far
anterior as the center of the eye, but Yntema (1968) noted
that this structure is “inconspicuous” in C. serpentina. Tokita
and Kuratani (2001) noted the “mandibular arch” had reached

© 2002 NRC Canada

1366 Can. J. Zool. Vol. 80, 2002

Fig. 14. Photomicrographs of structures in T. scripta embryos. (A) Urogenital papilla at stage 20 (KU 291439). (B) Sealed vent at
stage 21 (KU 291442). (C) Narial cavities and crease at stage 24 (KU 291495). (D) Open narial cavities and crease at stage 25 (KU
291471). Scale bars = 2 cm.
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the posterior margin of the lens at this stage in P. sinensis.
The subequal heights of the anterior portion of the head and
occipital protuberance at stage 15 of T. scripta occurs earlier
than in A. spinifera (stage 17; Greenbaum and Carr 2002),
and based on illustrations, seems to occur earlier than in
P. sinensis (stage 18; Tokita and Kuratani 2001), C. serpentina

(stage 18; Yntema 1968), or C. picta (stage 19; Mahmoud et
al. 1973). Mahmoud et al. (1973) noted that the frontal pro-
cess is incipient at stage 15 in C. picta, and that the beak is
extended anteriorly at stage 16 as it is in T. scripta.

Detailed descriptions of the development of the genital
protuberance and formation of the urogenital papilla are
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Fig. 15. Photomicrographs of tails of T. scripta embryos in dorsal view. (A) Stage 20 (KU 291439). The arrow points to the central
keel. (B) Stage 21 (KU 291442). (C) Stage 22 (KU 291455). (D) Stage 23 (KU 291459). (E) Stage 24 (KU 291495). Scale bars =
1 mm.
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lacking in most papers describing staging. The appearance
of a cloacal crease around the periphery of the urogenital
papilla of A. spinifera at stage 15 (Greenbaum and Carr
2002) agrees with Raynaud and Pieau’s (1985) description
of the resorption of the cloacal membrane at this stage in
T. graeca. Miller (1985) first noted a urogenital “promi-
nence” in sea turtles at stage 14, and based on the descrip-
tion, this seems to become a urogenital papilla at stage 16.
Compared with these taxa, T. scripta develops relatively
slowly (Table 4), because the cloacal crease does not sur-
round the genital protuberance until stage 18, at which time
the urogenital papilla is first recognized. Miller (1985) noted
that a urogenital papilla protruded from the vent in sea tur-
tles at stage 18. In addition, T. scripta lacks the trilobed uro-
genital papilla that is present in A. spinifera (Greenbaum and
Carr 2002); the space between the papilla and the vent crease
is not mentioned for any other taxa. Although Mahmoud et
al. (1973) reported a distinct cloacal region at stage 17 and
again at stage 19, it is not clear from the text or illustrations
if they are referring to a urogenital papilla or a developing
genital protuberance. Guyot et al. (1994) illustrated a “penis”
for T. hermanni at stage 17.

The development of the lower jaw of T. scripta at stage 16

is slightly accelerated compared with that of A. spinifera,
P. sinensis, C. serpentina, and C. insculpta at the same stage
(Table 4). The occipital-lobe bifurcation described for A. spini-
fera at stage 16 was not noted in embryos of T. scripta at any
stage. The onset of carapace pigmentation noted in
T. scripta at stage 20 occurs relatively late, in contrast to
most other turtle taxa (Table 4); in sea turtles, carapace pig-
mentation first occurs at stage 19 for L. olivacea (Crastz
1982), stage 18 for D. coriacea (Renous et al. 1989), and
stage 18 for other sea turtles (Miller 1985).

Caruncle formation seems to be highly conserved among
turtles; the structure appears first between stages 17 and 18
in all chelonian taxa examined (Table 4; Crastz 1982; Miller
1985; Renous et al. 1989). The presence of scleral papillae
in T. scripta does not seem to be a useful staging characteristic:
the structures are noted at stage 18 in some specimens, but
not in subsequent stages. Yntema (1968) notes the presence
of scleral papillae at stage 16 of C. serpentina and their dis-
appearance at stage 20. Carettochelys insculpta also devel-
ops scleral papillae at stage 16 and they persist until stage 21
(Beggs et al. 2000). Greenbaum and Carr (2002) noted the
appearance of scleral papillae at stage 16 in some speci-
mens of A. spinifera, and their disappearance by stage 21.

Character and stage Trachemys scripta (this study)
Chrysemys picta (Mahmoud et al.
1973)

Apalone spinifera (Greenbaum
and Carr 2002)

Lower jaw
14 Reaches midline of eye — —
15 Encroaches on anterior border of eye — Reaches anterior edge of pupil
16 Reaches just beyond anterior border of eye — Reaches anterior margin of lens

17 Progresses anteriorly Ranges from reaching lens to anterior
edge of eye

—

18 Complete closure with upper jaw Reaches beyond anterior edge of eye Complete closure with upper jaw
19 — Extends between eye and frontal

process
—

20 — Development complete? —

Caruncle
17 First evident — —
18 — First evident First evident

Carapace pigmentation
15 — — —
16 — — —
17 — — First evident
18 — — —
19 — First evident —
20 First evident — —

Urogenital papilla
12 Genital protuberance noted — —
13 — — Genital protuberance noted
14 Genital protuberance has increased in size — Forms three lobes
15 — — Vent crease forms around papilla
16 Cloacal crease incipient — Protrudes from vent
17 Cloacal crease still incipient but developing “Cloacal region” distinct —
18 First evident — —
19 — Noted as distinct (again) —
20 Varies from prolapsed to visible within

crease
— —

21 Withdrawn into cloaca Structure inconspicuous —
23 — — Withdrawn into cloaca; vent

closed

Table 4. Comparison of stage-specific morphological development in freshwater and terrestrial species of embryonic turtles.
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Pelodiscus sinensis develops 10–13 scleral papillae at stage
17 and they remain visible until stage 20 (Tokita and Kuratani
2001). Mahmoud et al. (1973) mentions the appearance of
scleral papillae at stage 19 in C. picta and their disappear-
ance at stage 20; in D. coriacea they appear at stage 18 and
disappear at stage 19 (Renous et al. 1989). Complete closure
of the mandible with the upper jaw occurs by stage 18 in
T. scripta and A. spinifera (Greenbaum and Carr 2002), but
the lower jaw of C. serpentina continues to grow until at
least stage 19 (Yntema 1968). Mahmoud et al. (1973) noted
that jaw development in C. picta continues through stage 19.
These authors do not mention the jaw again, so development
is probably complete between stages 20 and 21, a pattern
commensurate with that of L. olivacea, in which jaw devel-
opment is complete at stage 20 (Crastz 1982).

The preaxial dorsal folds appear in C. serpentina at stage
21 and are elaborated over the forelimb until stage 24 (Yntema
1968). These folds appear earlier at stage 19 in A. spinifera
and become more distinctive at later stages (E. Greenbaum,
personal observation), but do not spread across the forelimb
as in other turtle taxa (Greenbaum and Carr 2002). In
C. picta, skin folds first occur between stages 21 and 22 and
cutaneous papillae are mentioned at stage 26, but little addi-

tional information can be gleaned from the illustrations of
the forelimb between stages 20 and 26 in Mahmoud et al.
(1973). In the extent of scale formation and distribution of
scales on the forelimbs, T. scripta is not comparable to taxa
in previous studies because of poor documentation of this
feature. However, a clear progression in the complexity of
the scales and their distribution on the forelimb of T. scripta
can be used as the primary criteria, in conjunction with claw
morphology, for staging this and other species.

The longitudinal maxillary crease noted in A. spinifera be-
tween stages 20 and 22 is absent in the other chelonian taxa
studied (except P. sinensis) because it is associated with the
lips, which are restricted to the family Trionychidae (Tokita and
Kuratani 2001; Greenbaum and Carr 2002). Tokita and Kuratani
(2001) noted the appearance of the upper and lower lips at
stage 19 of P. sinensis. The disappearance of the urogenital
papilla into the sealed cloaca is well documented for A. spini-
fera between stages 21 and 23; the position of the structure
was not correlated with age or sex (Greenbaum and Carr
2002). Risley (1933) noted that in all individuals of Sternotherus
odoratus between 11.0 and 14.0 mm in carapace length, the
“phallus” was withdrawn into the cloaca. Because sexual differ-
entiation has not yet occurred at these sizes, these embryos
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Pelodiscus sinensis (Tokita and
Kuratani 2001)

Carettochelys insculpta (Beggs et al.
2000)

Testudo hermanni (Guyot et al.
1994)

Chelydra serpentina (Yntema
1968)

Reaches posterior margin of lens — — —
— Extends to posterior edge of eye — Reaches posterior edge of eye
Reaches just beyond choroid fissure Encroaches on posterior edge of lens Reaches posterior border of lens Encroaches on posterior edge

of lens
Reaches anterior border of eye Reaches just beyond anterior edge of lens Reaches anterior margin of eye Reaches just beyond anterior

edge of lens
— Reaches frontonasal groove Nearly complete —
Reaches just beyond anterior border

of eye
— — Development complete?

— — — —

Not documented
First evident — — First evident
— — First evident —

— — — First evident
— — — —
— — — —
First evident — — —
— First evident — —
— — First evident —

Not documented Not documented Not documented
— — “Penis Anlage” noted —
— — — —
— — “Penis bud” noted —
— — — —
— — — —
— — Noted as distinct —
— — — —
— — — —
— — Still obvious —

— — — —
— — — —
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are estimated to be stages 17–18. Mahmoud et al. (1973)
noted that the “bulge of the cloacal region is no longer
prominent” at stage 21, but it is not clear whether this refers
to the descent of the urogenital papilla into the vent as noted
for T. scripta in this study. Resorption of the herniated loop
of the gut occurs at stage 24 in T. scripta, one stage later
than in C. serpentina (Yntema 1968). From stage 24 on,
none of Yntema’s (1968) criteria can be used to stage T. scripta
embryos; however, the staged forelimb and claw illustrations
of C. serpentina are consistent with the forelimb criteria for
T. scripta.

Candling has been used to estimate the stage of embryos
inside eggs, and has the advantage of being both widely
applicable across taxa and non-invasive, an important con-
sideration for endangered species (Ewert 1985; Beggs et al.
2000). It is hoped that a staging scheme which can incorporate
all turtles will be forthcoming; such a scheme would allow
unprecedented comparisons of turtle developmental biology.
Because forelimb morphology spans stages 11–26 and is
highly conserved among most turtle taxa, it is likely that an
all-inclusive turtle-staging scheme would be based on this
set of criteria.
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