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Abstract
An investigation of skull, shell, and

foot osteology of Chrijsemijs showed
McDowell's (1964) criteria for the sub-
genera of Chrysemys to be invalid when
applied to populations in the southern
United States, Mexico, and South and
Central America. McDowell's synony-
my of Psendemys with Chrysemys is

valid.

The evidence also indicates that the
turtles currently included in Chrys-
emys scripta actually represent three
distinct species groups: (1) C. scripta
including C. s. scripta, C. s. elegans,
C. s. troosti; (2) C. gaigeae including
C. s. gaigeae, C. s. taylori, C. s. hiltoni;

(3) C. ornata, C. callirostris, and per-
haps C. dorbigni.

I. Introduction

Recently we studied large numbers of

fossil and extant specimens of Chrysemys
(Pseudemys). In order to understand the

phylogenetic relationships of the fossil

forms, it became necessary to clarify the

osteological relationships of the extant tur-

tles of the genus Chrysemys, particularly

those in the eastern United States. Most
previous workers have based their taxonom-

ic allocations of these turtles on color and

color patterns; osteological comparisons

were usually limited to the skull. The de-

gree of conservatism and parallelism exhib-

ited by turtles militates against the use of a

single superficial character, such as color,

to determine taxonomic relationships. An
ideal taxonomy reflects phylogeny and thus

depends on fossil evidence. Color, color pat-

terns, and most soft anatomy are not part

of the fossil record. Few workers since Hay

( 1908; have attempted a comparative os-
teology of emydine turtles. Because of the
lack of such studies, and the fact that large
numbers of fossil turtles are now known,
our investigation was wholly osteological,

dealing with features of the skull, shell, and
feet. Most characters used in this study are
also present in the known fossil species.

We examined over 20 characters in the
following extant and fossil species or races.

Fossils are denoted by an asterisk. The num-
ber of specimens examined and their geo-
graphic origin is shown in parentheses:
Chrysemys concinna suwanniensis ( 20, Flor-

ida), C. c. concinna (1, Georgia), C. c.

hieroglyphica (1, Tennessee), C. s. scripta

(20, Florida, Georgia, Alabama), C. s. ele-

gans (20, Texas; Coahuila, Mexico), C. s.

troosti (6, Kentucky), C. s. gaigeae (12,
Chihuahua, Mexico), C. s. taylori (2, Coa-
huila, Mexico), C. J-. callirostris (13, pur-
chased), C. s. ornata (10, Tabasco, Mexico;
Vera Cruz, Mexico; Honduras), C. p. picta

(9, Georgia, Pennsylvania, New York),
C. p. marginata (12, Tennessee), C. r. rubri-

ventris (10, New Jersey, Massachusetts),

C. alahamensis ( 1 , Alabama ) , C. nelsoni

(20, Florida), C. platymarginata* (20,
Florida), C. injlata* (6, Florida), C. carri*

(20, Florida), C. williamsi* (20, Florida),

Echmatemys tvyomingensis* (1, Wyoming),
C. jloridana peninsularis (20, Florida).

We are indebted to the Chicago Natural

History Museum, U. S. National Museum,
University of Kansas Collections, Carnegie

Museum, and the University of Florida Col-

lections of the Florida State Museum for

specimen loans. The work was partially sup-
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ported by a grant from the American Philo-

sophical Society (Penrose Fund) to F. L.

Rose. In particular we wish to thank Dr.

Walter Auffenberg for his advice and en-

couragement during this investigation.

II. Character Analysis

N/icbal hone.—The nuchal scilte under-

lap is defined as the length of that part of

the nuchal scute lying on the ventral sur-

face of the nuchal bone. In C. scripta and

C. nelsoni the scute sulci are well defined.

In C. floridana the posterior border is less

clear, but the lateral borders are well de-

fined. In C. concinna all the ventral sulci

are poorly defined and particular care has

to be taken not to confuse a more posterior

scar marking the skin attachment with that

indicating the posterior border of the scute.

These data are compared by dividing the

length of the nuchal scute underlay x 100

by the maximum nuchal bone length. The

resultant ratios ( Fig. 1 ) show that C. scripta

has the greatest amount of underlay (x:=

31.7) and C. concinna the least (x=6.7).

In this regard C. nelsoni is closer to C.

scripta than to either C. concinna or C. flori-

dana. The Mexican, Central and South

American races of C. scripta are more simi-

lar to C. floridana than C. scripta (C. s.

gaigeae, x=:11.7; C. s. ornata, x=17.5).

The nuchal bones of Chryseniys scripta

and C. nelsoni have a rugose dorsal surface

compared with the generally smooth sur-

face in C. concinna, C. floridana and C.

picta. In C. concinna the posterior medial

edge of the second marginal scute sulcus

occurs on the nuchal bone in 85% of the

4 8 12 16 20 24 28 32 36

Figure 1. Nuchal scute underlap. C,
Chrysemys conchiva; F, C. floridana; N,
C. nelsoni; S, C. scripta. The nuchal scute
underlap is the length of that part of the
nuchal scute lying- on the ventral surface
of the nuchal hone X 100 divided by the
maximum nuchal bone length. Vertical line

= mean; horizontal line — range; white
rectangle ~ one standard deviation.

specimens examined. None of the C. scripta

have the sulcus of the second marginal scute

on the nuchal bone; however, it is present

on 36% of the C. nelsoni and 21% of the

C. floridana. The scute areas of the nuchal

bone in North American C. scripta are

strongly sculptured ( Table 1 ) , those of C.

floridana. C. concinna, C. scripta ornata, C.

s. callirostris, C. s. gaigeae are weakly sculp-

tured.

Gular scute oi'erlap.—The gular scute

overlap is defined as the length of that part

of the gular scute lying on the dorsal sur-

face of the epiplastral lip at the mid-line.

When the measurement x 100 is divided

by the nuchal bone length there is no sig-

nificant difference between C. scripta and

L. 11 elSOI?/
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Figure 3. Plastral width/length. C,
Chrysemys conciviia; F, C. floridava ; N,
C. nelsoni; S, C. sci-ipta. Method of pre-
sentation as in Figure 1.

flat and turned upward gently at a point

even with the axillae. In C. scripta, C. nel-

soni and C. floridana the epiplastron turns

abruptly upward and the plastron is convex
in the vicinity of the hyo-hypoplastral su-

ture; thus, when placed on a flat surface

only a small portion of the plastron touches

the surface.

The anterior end of the epiplastron in

C. scripta and C. nelsoni is abruptly trun-

cated and forms a thick epiplastral lip which
is overlapped dorsally by the gular scutes.

In C. concinna and C. floridana the anterior

end of the epiplastron is rounded and the

epiplastral lip is not raised and thick. The
Mexican, Central and South American races

of C. scripta also have poorly developed epi-

plastral lips.

The posterior end of the xiphiplasrron is

acutely notched (Table 1) in all the forms

examined, except in C. s. scripta, C. s.

troosti. C. s. elegans. In these and in some
C. pieta. the notch is shallow. The fossil

species C. carri and Echmatemys ivyoming-

ensis; living C. s. scripta, C. s. elegans, C. s.

troosti. C. nelsoni, C. ruhriventris, and C.

picta have a pronounced overlap of the

femoral scute onto the dorsal surfaces of the

hypo- and xiphiplastra. The femoral scute

overlap is restricted in the other species and

races.

Pygal projection.—In all of our C. scripta.

C. nelsoni and C. picta the posterior tip of

the pygal projects ventrally nearly 90 de-

grees (Table 1). In 43% of the C. flori-

dana and 7% of the C. concinna the pygal

is ventrally directed, but the inclination is

slight, not approaching the 90 degree ven-

tral angle of C. scripta, C. nelsoni, and C.

picta.

The pygal of C. scripta is narrow distally.

The width of the distal end divided by the

width of the proximal end of the pygal

shows that C. scripta has the narrowest dis-

tal width (x=:0.94;. The pygal of C. flori-

dana (x=:1.44) is more flared than that of

C. concinna (x:=1.32). Chrysemys nelsoni

is intermediate between C. scripta and C.

floridana or C concinna ( Fig. 4 )

.

.8 1.0 1.2 l.i l.(,

Figure 4. Posterior pygal width/anterior
pygal width. C, Chrysemys covc.mna; F,
C. floridana; N, C. nelsoni; S, C. scripta.
Method of presentation as in Figure 1.

Shell weight.—When comparing C. nel-

soni to C. ruhriventris we noted a great dif-

ference in bone thickness of the respective

shells which was reflected in the shell

weights. The weight of the dried shell was
plotted against the carapace length ( Figs.

5 and 6). The shell of C nelsoni proved

much heavier than that of comparable sized

C ruhriventris (Fig. 5). A similar relation-

ship exists between the shell weights of C. s.

gaigeae, C. s. taylori, and the North Ameri-

can races of C. scripta, the latter having a

heavier shell (Fig. 6).

Maxilla-quadrat ojugal junction.— Mc-
Dowell (1964) stated that members of the

C. floridana group and C. nelsoni-ruhriren-

tris group have a strong sutural union be-

tween the maxilla and quadratojugal (:=Mc-

Dowell's squamosal) bones; this union being

absent in C. scripta and C. picta. All of the

C. scripta from North, Central, or South

America that we have examined lacked this

union; however, 50% of the C. nelsoni,

17% of the C. floridana, and 30% of the

C. concinna also lacked this union on one

or both sides of the skull.

Width of nares.—The narial opening of

C. picta and North American C. scripta is

small compared to the other species of

Chrysemys. When the narial width x 100

is divided by the skull length ( tip of snout

to a line even with the posterior tips of the

supratemporals) C. scripta has an average of
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Table I

Comparison of Characters in Chrysemys

Long gular scute overlap

Wide, thick, rectangular
epiplastral lips

Humeral-pectoral sulcus

behind endoplastron

Wide femoral scute overlap

Expanded xiphiplastron

Acute notch at posterior
end of plastron

Rugose plastron

Long nuchal scute underlap

Sculptured scutal areas
on nuchal bone

Strong peripheral bone
notching

Acute ventral projection
of pygal bone

Rugose carapace

Wide upper and lower tri-

turating surface

Well developed ridge on
upper triturating surface

Cusps on upper triturating
ridge

Median symphysial ridge on
lower alveolar surface

Flat ventral surface of
mandible

Notched premaxilla

Narrow nasal opening

Maxilla and squamosal united
in more than 50% of specimens
examined

Number of phalanges in
fifth toe

* * *

— — — + + + + + + + + —
— — — + + + + + + + + —

+
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species. In this respect C. scripta is closer

to C. floridana and C. condnna than to C.

nelsoni (Fig. 9). We found a similarly

broad triturating shelf which includes the

vomer in Graptemys. Thus far no exhaus-

tive work has been done on the food habits

of C. nelsoni or C. rubriventris to determine

12 14 16 18 20 22 24

Figure 9. Alveolar width. C, Chrysemys
concinna; F, C. floridana; N, C. nelsoni;
S, C. scripta. Alveolar width is the distance
from the anterior tip of the premaxilla to
the posterior edge of the anterior median
triturating surface X 100 divided by the
skull length. Method of presentation as in

Figui-e 1.

whether the broad shelf in these species is

used for mollusk crushing as in Graptemys.

The upper triturating surface has a well

developed longitudinal ridge cusped on its

anterior end in C. floridana, C. concinna, and

C. nelsoni (Table 1). McDowell uses this as

one of the features separating the subgenera
Fseudemys and Trachemys. Trachemys usu-

ally lacks these cusps. In C. concinna, how-
ever, the cusp is often reduced, while in

Chrysemys scripta neither the ridge nor cusps

are strongly developed (although by no
means entirely absent). In this respect the

Neotropical and the North American C.

scripta are similar to each other.

The lower triturating shelf has a median
longitudinal ridge in members of the nel-

soni-ruhriventris section of Pseudemys and
one lingually positioned in the floridana

section of Pseudemys, and in Chrysemys, and
Tracheynys. A ridge from the dorsal anterior

tip of the mandibular symphysis back to the

median anterior border of triturating shelf

occurs in C. floridana, C. concinna, and C.

nelsoni. Chryse?nys picta, and both tem-
perate and Neotropical C, scripta lack this

ridge. Chrysemys nelsoni and C. rubriven-
tris also have a much wider, lower alveolar

surface than in other species of Chrysemys.

Shell depth.—Shell depth is defined as

the depth of the shell through the center of

the third neural bone x 100 divided by the

carapace length. Carapace length is defined

as the distance along the mid-line from the

anterior end of the nuchal bone to the pos-

teriormost end of the carapace. The data

show that the shell of C. concinna is flatter

than that of the other species (Fig. 10).

34 38 42 46 50

Figure 10. Shell depth. C, Chrysemys
conciuna; F, C. floridana; N, C. 7ielsoni;

S, C. scripta. Shell depth is the depth of
the shell throug'h the center of the third
neural bone X 100 divided by the carapace
length.

Carapace peak.—Viewed laterally the cara-

pace rises to a peak on the mid-line before

sloping toward the pygal. In C. concinna

the peak occurs on either the third neural

(56%) or the fourth (44%). The peak
shifts posteriorly in C. floridana, C. nelsoni,

and C. scripta respectively. In the latter the

peak usually is on the fifth neural (60%)
(Fig. 11).

Phalanges in the fifth toe.—McDowell's
definition of the subgenus Trachemys in-

cludes the presence of three phalanges on
the fifth toe; four in Pseudemys (Table 1).

We found that the fifth toe of C. concinna

has three phalanges; C. floridana, two;

North American C. scripta, two or three;

C. picta, two; C. s. ornata, three; C, terrapin,

two (from Grand Cayman, B.W.I. ). The
terminal phalanx apparently ossifies late in

ontogeny in these turtles. We are investi-

gating the foot arciiirecrurc of these turtles

in more detail.

Posterior pterygoid extension.—The pos-

terior end of the pterygoid extends back to
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Figure 11. Carapace peak. On the left is the per cent of shells peaking on the neurals
indicated at the bottom. C, Chrysemys concinna; F, C. floridana; N, C. nelsovi; S, C.
scripta.

the level of the exoccipital in some Trach-

emys, but not in Chrysemys or Pseudemys.
In all emydines the posterior pterygoid ex-

tension increases in length with age, with

its most posterior position occurring in large

C. scripta.

Constriction of first vertebral scute.—An
unconstricted first vertebral scute is a fea-

ture used by McDowell to separate the sub-

genus Chryse?iiys from the subgenus Trach-

emys. In our specimens it is unconstricted in

67% of the C. picta and 100% of the adult

C. scripta gaigeae.

III. Discussion

McDowell (1964), in a review of the

aquatic Testudinidae, recognized three sub-

genera under the genus Chrysemys: Pseud-

emys, including the floridana and rubriven-

tris groups; Trachemys (the scripta com-
plex), and the monotypic Chrysemys. His

subgeneric criteria were based on skull os-

teology and foot architecture. We concur

with McDowell that all the species currently

listed under Pseudemys are best placed in the

genus Chrysemys on the basis that none of

the characters said to separate them (Gal-

breath, 1948; Hay, 1908) are here consid-

ered to be of generic rank. Additionally Zug
(1966) showed that the members of Pseud-

emys and Chrysemys have a very similar

penial morphology.

The close relationship between C. picta

and C. scripta is the best argument for con-

sidering Pseudemys synonymous with Chrys-

emys. The primary differences between the

two species occur in the shell. The cara-

pace of C. picta lacks a dorsal ridge and

notched posterior peripheral bones. The
pleural bones of old individuals of C. picta

may have a rugose pattern superficially

similar to that of North American C. scripta.

However, the rugosity of C. picta consists

of thick, deep, longitudinally curved ridges,

much more strongly developed and more
numerous on the distal portion of the pleural

bones than on the proximal portions. In

C. scripta the ridges are thinner and com-
paratively equal in development and abun-

dance over all of the pleural bones, giving

a rugose appearance to the entire carapace.

Chryse?nys scripta and C. picta are similar

in the nuchal scute underlap, gular scute

overlap, femoral scute overlap, number of

phalanges on the fifth toe, and general skull

features. Apparently the primitive emydine

skull was similar to that of C. picta or C.

scripta, and not C. nelsoni, C. alabamensis,

or C. rubriventris as theorized by McDow-
ell. McDowell assumes emydine evolution

through forms with wide triturating sur-

faces such as ocair in C. alabamensis and C.

nelsoni. However, we have shown elsewhere

(Rose and Weaver, 1966) that C. nelsoni

arose from a narrow-jawed ancestor. In ad-

dition, specimens of the extinct genus

Echmatemys. here believed ancestral to the

remaining North American emydines, have
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Figure 12. Proposed phylogeny of Chrys-
emys. Echmatemys, Chrysemys williamsi,

and C. carri are fossil forms. W.I. indicates

the West Indian species of Chrysemys.

narrow triturating surfaces. Other skull fea-

tures we consider primitive include the fol-

lowing: the mandibles lack a median, in-

ternal symphysial ridge, are rounded ven-

trally; and have a narrow triturating surface

with a median longitudinal ridge, but no

appreciable development of cusps; the max-
illae are provided with a narrow triturating

shelf to which the vomer does not con-

tribute; the narrow nasal opening; and a

notched premaxilla. Most of these features

occur in the North American C. scripta.

The skull of the closely related C. nelsoni

is modified from this basic design. That it

has been modified from a picta or scripta-

like skull is shown by a fossil iaw found
within the shell of a specimen of the Plio-

cene C. carri (Rose and Weaver, 1966).
This mandible is practically identical to that

of large, Recent C. scripta scripta.

We feel that the turtles currently placed

in C. scripta comprise three species groups:

(1 ) C. s. scripta, C. s. elegans. C. s. troost^.

all of North America; (2) C. s. gaigeae.

C. s. taylori. C. s. hiltoni, found in the Rio
Grande valley and northern Mexico: and

(3) C. s. ornata, C. s. calliiostris and per-

haps C. dorbigni, found in southern Mexico
and Central and South America (also see

Williams, 1956). We believe that species

groups 2 and 3 are quite distinct from C.

scripta. In particular our analysis indicates

that groups 2 and 3 are more closely related

to C. floridana and /or C. coneinna than to

C. scrip'a. Chrysemys scripta ornata and
C. s. callirostris are similar to C. floridana

and/or C. concinna in the extent of the nu-

chal scute underlap and gular scute over-

lap, the number of phalanges on the fifth

toe, the absence of doubly notched posterior

peripheral bones, the relatively narrow plas-

tron with a well developed posterior bone,

the relatively narrow plastron with a well

developed posterior notch, and the shape

of the epiplastral lip. Until these popula-

tions are studied in greater detail we pro-

pose that they be considered distinct at the

species level, and be designated as C. ornata.

C. callirostris, and C. gaigeae. Tentatively

we include C. s. taylori and C. s. hiltoni in

C. gaigeae.

The Pliocene species C. williamsi also

has many characters in common with its

probably derived species, C. concinna, C.

floridana, C. ornata, and C. callirostris. It is

quite distinct from contemporary species in

the same geographic area, C. carri and C.

inflata (Rose and Weaver, 1966; Weaver
and Robertson, 1967). Chrysemys inflata

is unquestionably a member of the evolu-

tionary line leading to North American C.

scripta, while C. carri is similar to both C.

scripta and C. nelsoni. suggesting an even

earlier common ancestor for both scrit>ta

and nelsoni (Rose and Weaver, 1966).

Thus the genetic separation between the

tropical turtles now considered races of C.

scripta and extant North American C. scrip-

ta has existed at least since the Pliocene.

The living Chrysemys scripta as defined

above, shares with the nelsoni-rubriventris

group a ventrally projecting pygal bone,

long nuchal scute underlap, long gular scute

overlap, rugose carapace, keel on posterior

neural bones, well defined and truncated

epiplastral lip, wide posterior plastron, and

notched upper jaw. The two groups differ

primarily in posterior peripheral notching

and the architecture of the triturating sur-

faces. The taxonomic question thus resolves

itself as to what species or races are to be

included in the subgeneric framework pro-

vided by McDowell. The features used by

McDowell to define the subgenera of

Chrysemys are invalid. Of the four char-

acters he uses to distinguish the subgenera

Pseudemys and Trachemys, two, the den-

tarv shape and anterior triturating cusp, are

sufficiently variable to render their validity

as subgeneric criteria questionable. The re-

maining two characters, the number of plia-

langes on the fifth toe and the nature of

the maxilla-quadratojugal junction, are com-

pletely invalid as used by McDowell. A
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firm union between the maxilla and quad-
ratojugal does not occur consistently in C.

floridana. in C. nelsoni, or C. concinna as

claimed by McDowell. Similarly we found
members of both subgenera Trachemys and
Chryseniys to have both two and three pha-

langes in the fifth toe and none with four

which McDowell stated for the subgenus
Pseudemys. Furthermore, McDowell's ar-

rangement is contrary to the fossil evidence

showing that C. nelsoni and C n^briientris

are more closely related to C. scripta than

to C. floridana and C. concinna. We feel that

present knowledge concerning the Mexican,
Central and South American, and West In-

dian forms is insufficient to delimit ac-

curately subgenera of the genus Chryseniys.

Though C. floridana and C. concinna are

presently regarded as separate species (Con-
ant, 1958; Carr, 1952) the data upon which
this interpretation rests has never been pub-
lished. These populations, originally listed

as races under C. floridana, were raised to

species rank by John Crenshaw in an un-

published manuscript (Crenshaw, 1955).
Our evidence fully supports this division at

the species level. However, we find no evi-

dence of hybridization between C. concinna

and C. floridana as reported by Crenshaw

(1955, 1965).

The gaigeae-taylori populations of the

Rio Grande valley area are more difficTjlt to

interpret than populations of the ornata

complex in South and Central America.

Some individuals of C. gaigeae resemble C.

scripta (sensu strictu) by having doubly

notched peripherals and a median carapace

keel, although the latter is weakly devel-

oped. Generally the carapace is smooth, but

when ridges do occur they are on the distal

ends of the peripheral bones, as in C picta.

Chryseniys gaigeae is notable in that the

first vertebral saite in all of our specimens

is unconstricted, a feature seen elsewhere

only in some C. picta. The remarkable thin-

ness of the shell of C. gaigeae and C. taylori

also contrasts strongly with the North
American C. scripta (Fig. 6).

Table 1 summarizes 21 of the characters

used in our analysis. Thirteen of these are

present in 5 or more of the extant species

or races studied. These thirteen are con-

sidered to be "primitive," or generalized

features of the genus Chryseniys. Of these

Echniatemys has 9; however, the nature of

several characters in this extinct genus re-

mains unknown. The Pliocene C. carri, C.
iL'illia7iisi and C. platymarginata each have
9, 2, and 9 primitive characters respectively.

Fossil and Recent C. picta and C. scripta

have 9 and 12, respectively, of these fea-

tures; fossil and Recent C. nelsoni, 11. It is

noteworthy that C. concinna, C. floridana,

C. gaigeae, and C. ornata have only 5 or less

of these features, attesting to the modifica-

tions from the ancestral condition.

Obviously all of the characters used in

this study do not have equal value. In addi-

tion, some characters are linked to others.

For example, the gular scute overlap seems
to be linked with the nuchal scute underlap
and perhaps the femoral scute overlap with
the xiphiplastral width. Our rationale for in-

cluding such characters lies in the consider-

able extent we have relied on fossil evi-

dence in our interpretations. Extinct spe-

cies are often represented by elements that

have poorly diagnostic characters. These char-

acters, however, may be linked to others

which are known to be highly diagnostic.

We feel, however, that most of the char-

acters listed in Table 1 are significant in

determining evolutionary trends and rela-

tionships within Chryseniys. The most sig-

nificant features, in our opinion, are those

shown in Figures 1-10.

These data indicate that there are two
major evolutionary lines in the Recent New
World Emydinae. Chryseniys concinna, C.

floridana, C. ornata. C. callirostris, and pos-

sibly C. gaigeae form an "advanced" line,

while North American C. scripta. C. nelsoni,

and C. picta constitute a "primitive" line.

The two lines were already distinct by the

Pliocene, as witnessed by the presence of

C. williamsi and C. carri in a single deposit

in Florida (Rose and Weaver, 1966). The
advanced evolutionary line is here referred

to as the floridana group and the primitive

evolutionary line as the scripta group.

The large amount of fossil material makes
possible a summary of evolutionary trends

within Chryseniys. A hypothetical phylog-

eny is shown in Figure 1 1

.

Scutes.—The nuchal scute underlap, gular

scute overlap, and femoral scute overlap

have become reduced in the floridana line.

The extant condition was present in the

earliest fossil known of that group, C. icil-

liamsi. The scutal over- and underlaps re-
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mained long in members of the scripta line

( Figs. 1 and 2 ) as in the fossil Echmatemys.

Peripheral bones.—Notching of the pos-

terior peripheral bones ( Table 1 ) appeared

in both the floridana and scripta groups,

but was virtually absent in Echniate^nys.

The most pronounced notching occurs in

North American C. scripta, where periph-

erals 7-11 on each side are doubly notched.

Posterior peripheral bone notching also oc-

curs in the floridana group, particularly in

C. concinna, but the bones are singly

notched. The posterior peripherals of the

floridana group become horizontally flared,

and thus provide a streamlined form most

highly developed in C. concinna. The scripta

group maintains a primitive unstreamlined

shell shape.

Pygal bone.—The sides of the pygal bone

are parallel in the Pliocene C. ivilliamsi and

Recent C. ornata. expanded posteriorly in

C. floridana and C. concinna. They are par-

allel in C. scripta, but posteriorly expanded

in some C. nelsoni, and C. rubriventris. In

both evolutionary lines median posterior

pygal notching became well developed.

Plastron.—Primitively the plastron was
expanded laterally both anteriorly and pos-

teriorly, as in Echmatemys. Such expansion

was maintained in the scripta group, but not

in the floridana group where the plastron

became narrow ( Fig. 3 ) . In the scripta

group the plas'^ron tended to become rugose

and C. nelsoni and C rubriventris developed

extreme plastral rugosity (Table 1 ).

Phalanges.—A reduction from 3 to 2 pha-

langes on the fifth toe has occurred in both

cvokitionary lines. Behavioral differences

have probably influenced this character.

Carapace Rugosity.— Both evolutionary

lines developed a more rugose carapace than
their respective fossil ancestors (Table 1).

The increase in rugosity became most pro-

nounced in the scripta line (Weaver and
Robertson, 1967).

Mandible.—The mandible of Echmatemys
was rounded ventrally and had a narrow
triturating surface with a thin longitudinal,

lingually positioned ridge. A median, an-
terior, internal, symphysial ridge was miss-
ing. This type of mandible persisted in ex-
tant C. scripta and C. picta, but was pro-
foundly modified in C. nelsoni where the
triturating surface became greatly expanded
and a median symphysial ridge developed.

In the floridana line C. ornata had a lower

jaw with a narrow triturating shelf, C.

floridana and C. concinna developed wider

trimrating surfaces as well as a median
symphysial ridge. Ventrally the mandibles

of C. floridana and C concinna became
somewhat flattened as they did in some large

North American C. scripta. In both lines

this represented a modification of the an-

cestral condition.

Cranium.—The primitive emydine cra-

nium was probably similar to that of C.

scripta and C. picta. In these two species

the quadratojugal and maxillary bones are

separated by the jugal. Both evolutionary

lines evolved a firm union between these

bones in some of their members.

A notched premaxillary (Table 1) and a

relatively narrow nasal opening were primi-

tive features which were maintained in the

scripta line.

IV. Summary
In order to determine the phylogenetic

significance of recently discovered fossil

emydine turtles, over 20 osteological com-
parisons of 14 extant and fossil species were
made. McDowell's subgeneric concept of

the genus Chrysemys was then compared
with the data accumulated. Our results

showed that:

( 1 ) McDowell's use of Chryse^nys to in-

clude species currently listed in Pseudemys
is considered valid.

( 2 ) McDowell's subgeneric classification

of Chrysemys is shown to be invalid. Chrys-

emys scripta is to be restricted to only the

North American races, C. s. scripta, C. s.

troosti, C. s. elegans. The Mexican, Central

and South America turtles previously con-

sidered races of C. scripta comprise two dis-

tinct species groups. In particular, C. ornata

and C. callirostris (of William's ornata sub-

series, 1956) are more closely related to C.

floridana and C. concinna than to C. scripta.

Chrysemys nelsoni, C. rubriventris, and prob-

ably C. alabamensis are more closely related

to C. scripta than to C. floridana and C,

concinna.

(3) Two evolutionary lines occur in

Chrysemys, an advanced line including C.

concinna. C. callirostris, C. floridana and C.

ornata and a conservative line including C.

scripta, C. nelsoni and C. picta. The fossils

presently available show that the separation
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between these two evolutionary lines has

existed since the Pliocene.
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