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Abstract: Previous studies of relationships among the subspecies of snapping turtles (Chelydra serpentina)
based on morphological and osteological characters bave been inconclusive. We investigated relationships
among the four currently recognized subspecies using restriction endonuclease fragment patterns of mtDNA
and protein electropboresis. Sixteen six-based recognizing restriction endonucleases yielded 90 variable frag-
ments that define 11 different baplotypes. Individuals of the two North American subspecies, C. s. osceola and
C. s. serpentina, are closely related, differing by a maximum of 0.5% sequence divergence. The Central Ameri-
can subspecies, C. s. rossignonii and C. s. acutirostris, are more distinct, both from each other (a minimum of
1.7% sequence divergence) and from the North American samples (an average of 4.45% sequence diver-
gence). The degree of allozymic variation among the four subspecies was found to be limited and could not
be used to diagnose the four recognized subspecies. The mtDNA data presented bere support the species-level
distinctness of C. s. rossignonii and C. s. acutirostris from each other and from a C. s serpentina-C. s. osceola
complex. The recognition of three distinctive groups of Chelydra ratber than one widespread polytypic species
bas important conservation implications because it focuses attention on the poorly known middle and South
American species.

La conservacion genética de la tortuga Chelydra serpentina

Resumen: Estudios previos sobre las relaciones entre las subespecies de la tortuga Chelydra serpentina, basa-
dos en caracteres morfologicos y osteologicos no ban sido concluyentes. En el presente estudio investigamos la
relacion entre cuatro subespecies reconocidas en la actualidad usando patrones de fragmentos de endonu-
cleasas de restriccion de ADN mitocondrial y electroforesis de enzimas. Dieciseis endonucleasas de restriccion
que reconocen 6 bases proveyeron 90 fragmentos variables que definen 11 baplotipos diferentes. Los individ-
uos de dos especies de Norte América, C. s. osceola y C. s. serpentina, estdn relacionados estrechamente, difi-
riendo en un maximo de 0.5% de divergencia de secuencias. Las especies de América Central, C. s. rossignonii
y C. s. acutirostris, son mas distintas entre st (con un minimo de 1.7% de divergencia de secuencias) y distin-
tas del complejo C. s. serpentina-C. s. osceola. El reconocimiento de tres grupos distintivos de Chelydra en lugar
de una especie politipica de amplia distribucion tiene importantes implicaciones para la conservacion, de-
bido a que enfoca la atencion en las especies menos conocidas de Meso y Sud América.

Introduction

It has become evident that taxonomic decisions can in-
fluence estimates of biodiversity (Collins 1991) and the
direction of conservation activities (Daugherty et al.
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1990). Collins (1991) was specifically concerned with
“diluting the species concept” and “obfuscating the evo-
lutionary diversity” of taxa by the overuse of the subspe-
cies category for allopatric and morphologically distinct
populations. But application of the evolutionary species
concept (Wiley 1981) as advocated by Frost and Hilis
(1990) does not exclude nonmorphological evidence.
Avise (1989) highlighted the significance of molecular
genetic techniques in systematics and its relevance to
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conservation. For example, genetic data helped Daugh-
erty et al. (1990) clarify the taxonomic status of species
and subspecies of the tuatara (Spbenodon) and reach
the conclusion that conservation efforts had been inef-
fective in preventing the demise of unique populations
and an entire subspecies because of the taxonomically
opaque concept of a monotypic S. punctatus. Lovich
and Gibbons (1996) used this example and others to ac-
cent the difficulties presented to conservation efforts by
“covert” species—unacknowledged taxa hidden by in-
sufficient study or a confused taxonomy.

Systematists have begun to make other specific recom-
mendations for incorporation of taxonomic and phylo-
genetic information into conservation planning. Vane-
Wright et al. (1991) has proposed an objective measure
of taxonomic diversity for prioritizing conservation ef-
forts. The measure they promote contains information
on both taxonomic rank (phylogenetic position) and
species diversity. Stiassny (1994) has suggested how the
relative position of taxa in a clade can be used to identify
geographic areas of high priority for conservation.

Chelydra serpentina is the sole survivor of a genus
with a long fossil history in the Tertiary, and Chelydra is
considered the basal clade among three monotypic gen-
era of Gaffney’s (1975) Chelydridae. In addition, Gaffney
(1984a, 1984b) has hypothesized that the Chelydridae is
the basal clade among extant cryptodires, a subordinal-
level group accounting for approximately 80% of living
turtle species.

The common snapping turtle is exemplary of a group
of long—lived vertebrates in which life-history parame-
ters constrain populations from responding to sustained
harvesting of adults and juveniles (Congdon et al. 1994).
In spite of a long history of harvesting over the species
range, C. serpentina is still a prominent component of
many North American freshwater ecosystems. Chelydra
serpentina has one of the greatest latitudinal ranges of
any New World reptile, distributed nearly continuously
from southern Canada through the eastern two-thirds of
the United States and from southeastern MeXico to pa-
cific Ecuador (verson 1992). It has also been introduced
into the western United States. Four subspecies are rec-
ognized in all recent taxonomic references (Wermuth &
Mertens 1977; Pritchard 1979; Gibbons et al. 1988; Iver-
son 1992), distributed as follows: C. s. serpentina, of
Canada and the eastern United States; C. s. osceola, of
peninsular Florida; C. s. rossignownii, distributed from
southeastern Mexico to Honduras; and C. s. acutirostris,
ranging from the Honduras-Nicaragua border region to
Ecuador (Feuer 1966, Gibbons et al. 1988, Iverson
1992). The range of Chelydra s. serpentina is geograph-
ically separated from that of C. s. rossignonii by a gap
extending from southern Texas through northeastern
Mexico. Chelydra s. osceola and C. s. serpentina are
known to intergrade in northern Florida (Feuer 1971).
Most of Central America is poorly collected, so any pos-
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sible gap between the ranges of C. s. rossignonii and
C s. acutirostris remains undocumented (Feuer 19606).
All four subspecies bear a strong resemblance to each
other, the distinguishing characteristics being subtle
shell morphometric parameters, epidermal tubercula-
tion, and skull features.

Other authors have suggested that the subspecies are
barely worth recognition and that they should be
viewed as merely local demes or populations of the
widespread C. serpentina (Carr 1952; Medem 1977).
This view was supported by Frair (1972), who did not
detect any electrophoretic mobility differences in serum
proteins from the two North American subspecies, al-
though his Figure 1 indicates some differences between
the proteins of the North American and Central Ameri-
can subspecies. At the other extreme, Richmond (1958)

. and Ernst and Barbour (1972) suggested that one of the

subspecies, C. s. osceola warranted full species recogni-
tion.

In contrast to the wide distribution and abundance of
the North American subspecies, the Central American

A Chelydra
Platysternon
Macroclemys
I w P (%)
B 1 2 50
2 1 25
2 1 25
5 4

Figure 1. Hypotbesized phylogenetic relationships
among the three monotypic genera of the Chelydridae
(Gaffney, 1975) (A) and the topology in A annotated
with taxonomic information content (1), standardized
taxonomic weight (W), and the percentage (P) contri-
bution of each W to the total cladogram’s laxonomic
weight (Vane-Wright et al., 1991) (B). I equals the
number of taxonomic groups to which each terminal
taxon belongs. W is calculated by dividing the total
cladogram’s information content by individual I val-
ues, then standardizing these weights by dividing by
the lowest weight so that the smallest W equals one. P
values may not sum to 100% due to rounding error.
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subspecies appear more restricted in these respects.
Several workers have commented on the scant distribu-
tion records and restricted range in countries from Mex-
ico to Panama (Schmidt 1946; Duellman 1963; Smith &
Smith 1980; Moll & Dodd 1985; R.C. Vogt, personal
communication), although Medem (1977) remarked that
the species was “not uncommon” in Pacific Colombia.
Given that so little is known of population sizes, ecol-
ogy, or even distribution of the Neotropical subspecies
of C. serpentina, not much commentary on the conser-
vation status of those populations is possible, but the
taxonomic status of this polytypic species is relevant to
the setting of conservation priorities.

The purpose of our study is a preliminary assessment
of genetic divergence of mtDNA and allozymes among
population samples from the four currently recognized
subspecies of the common snapping turtle. Hedrick and
Miller (1992) specifically suggested that these two mo-
lecular genetic techniques may complement one an-
other in investigations of population differentiation. Our
goal is to evaluate the current taxonomy in light of these
genetic data and, in turn, to determine the significance
of this taxonomy for setting conservation priorities.

Methods

Material Examined

Institutional abbreviations for voucher specimens follow
the recommendation of Leviton et al. (1985). The letter
in parentheses refers to the specimen samples in Tables
1, 3, 4. Chelydra serpentina acutirostris. Ecuador: Esmer-
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aldas, Concepcion, Finca la Esperanza, USNM 281873
(A), USNM 281874 (B). Chelydra serpentina rossigno-
nii. Mexico: Veracruz, vicinity of Tlacotalpan, USNM
291913 (O); vicinity of Los Tuxtlas Mountains, USNM
291914 (D). Chelydra serpentina osceola. Florida: Or-
ange County, 2 miles N Oviedo, USNM 322767 (E); Sem-
inole County, 4 km NE Oviedo, CM 129873 (H), Lake
Jessop, CM 129874 (I); Dixie County, 4 km NW Sham-
rock, CM129875 (J). Pet trade, TCWC 70359 (F). Chely-
dra serpentina serpentina. Illinois: Union County,
Shawnee National Forest LaRue-Pine Hills Ecological
Area, Otter Pond, USNM 322768 (L); Wabash County,
near Mt. Carmel, no specimen (M); Williamson County,
no specimen (N); White County, Norris City, no speci-
men (Q), Norris City Reservoir, INHS 10758 (R), INHS
10759 (S). Missouri: Mississippi County, 1.6 km SW Illi-
nois state line on route 60-62, INHS 10760 (K). Okla-
homa: Cleveland County, pond on University of Okla-
homa campus TCWC 69619 (0), TCWC 69651 (P). Pet
trade, TCWC 70360 (G).

Mitochondrial DNA

Total genomic DNA was extracted from 19 snapping tur-
tles that included representatives from the geographic
range of each of the four commonly recognized subspe-
cies (Table 1). The DNA was digested with the following
16 hexanucleotide-recognizing restriction enzymes:
Apal, Apall, BamHl, Bcll, Bglll, EcoRl, Hindlll, Hpal,
Kpnl, Ndel, Pstl, Pvull, Scal, Stul, Xbal, Xmnl. Frag-
ments of the digested DNA were separated by electro-
phoresis through agarose and transferred to a support
membrane by Southern blotting (Southern 1975). The

Table 1. Collecting locality and composite haplotypes for the 19 C. serpentina sampled for mtDNA.

Sample Subspecies Location Composite baplotype*
A C. s. acutirostris Ecuador: Esmeraldas AAAAAAAAAAAAAAAA
B C. s. acutirostris Ecuador: Esmeraldas ABAAAABAAAAABBAA -
C C. s. rossignonii Mexico: Veracruz AAABBBABABAACAAB
D C. s. rossignonii Mexico: Veracruz ACABBBCCABAADCAB
E C. 5. osceola FL: Orange Co. ADBCCCBDBCABEBBC
F C. s. osceola Pet Trade ADBCCCBDBCABEBBC
G C. s. serpentina Pet Trade % ADBCCCBDBCABEBBC
H C. s. osceola FL: Seminole Co. A BDBCCCBDBCABEBBC

I C. s. osceola FL: Seminole Co. ADBCCCBDBCABEBBC

J C. s. osceola FL: Dixie Co. ADBCCCBDBDABEBBC
K C. s. serpentina MO: Mississippi Co. ADBCCCBABCABEBCC
L C. s. serpentina IL: Union Co ADBCCCBDBCABEBCC
M C. s. serpentina IL: Wabash Co ADBCCCDDBCABEBCC
N C. s. serpentina IL: Williamson Co. ADBCCCDDBCABEBCC
O C. s. serpentina OK: Cleveland Co. ADBCCCBDBCABEBCC
P C. s. serpentina OK: Cleveland Co. ADBCCCBDBCABEBCC
Q C. s. serpentina IL: White Co ADBCCCDDBCABEBCC
R C. s. serpentina IL: White Co. ADBCCCPDBCABEBEC
S C. s. serpentina IL: White Co. ADBCCC!DBCABEB;C ’

L 4 o

*Fach letter in the baplotype represents a different restriction pattern for the following restriction enzymes: Apal, Apall, BamH]I, Bcll, Bglll,

EcoRI, HindIIT, Hpal, Kpnl, Ndel, Pstl, Pvull, Scal, Stul, Xbal, Xmnl.
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