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morphological features: presence of a lor-
ilabial scale row, a high number of supra-
labial and temporal scales, and dorsal scale
rows. Species of Bogertophis also possess
unique chromosome numbers (B. rosaliae,
2N = 38; B. subocularis, 2N = 40). Also,
Bogertophis lacks a left lung but does pos-
sess a left lung orifice which distinguishes
it and the other members of Lampropeltini
from the outgroup species and Elaphe
which always possesses a left lung. How-
ever, Bogertophis is similar to North
American Elaphe in the short length of
the intrapulmonary bronchus and most
other aspects of its biology. This evidence,
combined with that of other workers, sup-
ports the new generic allocation made by
Dowling and Price (1988).

The comparisons of the hemipenis, body
form, scutellation, and scale microder-
matoglyphic patterns made by Dowling
and Price (1988) suggested that Bogerto-
phis and Pituophis are more closely relat-
ed to each other than either is to Elaphe.
However, the immunological distance
study of Dowling et al. (1983) showed that
E. obsoleta and P. melanoleucus differ by
an immunological distance of only three
while E. obsoleta and B. subocularis differ
by 23, a distance equal to the difference
between E. obsoleta and L. getulus. The
visceral survey of my study shows that Pi-
tuophis has a longer intrapulmonary bron-
chus than Elaphe and Bogertophis, which
suggests that Pituophis may be directly
derived from the New World Elaphe-Bog-
ertophis group.

The clade formed by Pituophis, Ari-
zona, Lampropeltis, Rhinocheilus, Cem-
ophora, and Stilosoma is unambiguously
supported by the presence of an undivided
anal plate.

Pituophis and Arizona have long been
thought to be closely related because of
their high degree of morphological simi-
larity (Cope, 1875). They were differen-
tiated only by two aspects of scalation: Ar-
izona has paired prefrontal scales and
smooth dorsal scales whereas Pituophis
usually has four prefrontals and keeled
dorsal scales (Klauber, 1946). Hemipenial
differences are slight (Klauber, 1946), and
Walls (1934), who studied eye structure in

snakes, stated: “The diurnal genus Pituo-
phis stands very close to Arizona and is
probably the genus from which the latter
was derived. Arizona can thus be thought
of as a Pituophis which has become ge-
nerically distinct partly as a result of
changes accompanying its tendency to-
ward nocturnality.” My study shows that
Arizona and Pituophis are quite similar
and closely related but morphologically
more divergent than previously thought.
Arizona and Pituophis differ in other mor-
phological features besides those already
mentioned. Pituophis is highly polymor-
phic in the condition of the left lung; it
may have a left lung, lack a left lung but
still posses a left lung orifice, or sometimes
may have no remnant of a left lung. I
examined the condition of the left lung in
museum specimens from throughout most
of the geographic range of Pituophis and
thus most of the subspecies. The condition
of the left lung showed no apparent tax-
onomic or geographic correlation, with
variation evident even within populations.
Arizona lacks a left lung and may or may
not have a left lung orifice. Arizona has
only one apical pit on its scales; Pituophis
and the rest of the Lampropeltini (except
Rhinocheilus) have two. Arizona has an
elliptical pupil; Pituophis and the rest of
Lampropeltini have a round pupil. While
these data suggest that Arizona is inter-
mediate between Pituophis and the more
recent members of the radiation, Dowling
and Maxson (1990) hypothesized that
Elaphe, Pituophis, and Arizona are closely
related and are distinct from the “kings-
nake” group, and they suggested that these
genera last shared a common ancestor in
the late Miocene, about 20 MYA based on
immunological distance. However, the au-
thors did not present immunological dis-
tance data on the relationship between Ar-
izona and Pituophis.

The “kingsnake” clade formed by Lam-
propeltis, Rhinocheilus, Cemophora, and
Stilosoma is distinguished from the other
members of the radiation by two syna-
pomorphies, ventral scales with a rounded
as opposed to an angulate shape and a
round body shape as opposed to a “loaf”
shape. Blanchard (1921) described two
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natural groups within Lampropeltis: the
getulus group which includes L. calligas-
ter and L. getulus, and the triangulum
group which includes L. mexicana, L. py-
romelana, L. triangulum, and L. zonata.
The only new evidence from my data set
to lend support to Blanchard’s hypothesis
is the condition of the left lung in these
species. Earlier statements that members
of Lampropeltis lack a left lung (Cope,
1895; Underwood, 1967) are in error. The
specimens of L. calligaster and L. getulus
that T examined do lack a left lung, but
the members of the triangulum group may
or may not have a left lung.

My data support earlier suggestions that
the genera Cemophora, Stilosoma, and
Rhinocheilus are derivatives of, or closely
related to, Lampropeltis (Dessauer et al.
1987; Dowling and Maxson, 1990; Dowl-
ing et al. 1983). Dowling and Maxson
(1990), based on a single specimen, found
that Rhinocheilus had an immunological
distance of 29 from L. getulus, and they
suggested that Rhinocheilus may be a
member of a different clade. The results
of my study do not support this suggestion,
and the position of Rhinocheilus should be
reassessed.

The two highly specialized snakes Cem-
ophora and Stilosoma are united in this
analyses by the reduction in supralabial
scales and dorsal scale rows. These char-
acter states simply may be consistent with
their fossorial nature and small size, there-
fore homoplasy cannot be ruled out. Stilo-
soma extenuatum is morphologically di-
vergent and is distinguished by several au-
tapomorphies. Stilosoma completely lacks
apical scale pits and a loreal scale, and it
has a single nasal scale and an extremely
slender body. Also, Stilosoma, alone with-
in the Lampropeltini, completely lacks any
remnant of a left lung. Based on immu-
nological distance data, Dowling and Max-
son (1990) concluded that Stilosoma and
Cemophora evolved from within Lampro-
peltis, with Stilosoma and Cemophora dif-
fering from L. getulus by immunological
distances of six and nine, respectively, while
L. getulus differed from L. calligaster by
an immunological distance of 11.

Members of Lampropeltini are an im-

portant part of the New World herpeto-
fauna and have received considerable re-
search attention in all aspects of their bi-
ology. They are morphologically and eco-
logically variant, they occupy a diversity
of habitats, display a considerable range
of adult body sizes, colors and patterns,
diets, and behaviors, and show both re-
stricted and wide ranging distributions.
Despite this, many questions remain, es-
pecially in terms of their evolutionary re-
lationships such as (1) what are the rela-
tionships both within the New World
Elaphe clade and for the entire genus, (2)
what are the intrageneric relationships of
Lampropeltis, (3) what is the exact rela-
tionship of Lampropeltis, Cemophora,
Rhinocheilus, and Stilosoma, and (4) which
are the true sister groups to Lampropel-
tini? Answers to these questions will make
the ecological, behavioral, and physiolog-
ical data sets that are available for these
species interpretable within an evolution-
ary framework and also will help to elu-
cidate further a phylogenetic understand-
ing of these well known colubrid snakes.
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APPENDIX I

Character Descriptions

(1) Intrapulmonary bronchus length.—The intra-
pulmonary bronchus was defined as the continuation
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of the trachea posterior to the orifice which leads into

the left lung (Fig. 3). The intrapulmonary bronchus

length was measured as a proportion of SVL following
Wallach (1985, 1991). A total of 290 snakes was dis-
sected to obtain intrapulmonary bronchus lengths and
to record left lung condition (Appendix II). I was able
to score intrapulmonary bronchus length on 250 spec-
imens. Though the data are continuous in nature, four
discrete character states were easily determined (Fig.
4): absence of the intrapulmonary bronchus was found
in all the outgroups and Senticolis and is considered
the ancestral condition (0), with short (1), interme-
diate (2), and long (3) the derived character states.
Character states were arranged in a linear transfor-

mation series or “‘minimally connected” (Slowinski,
1993).

(2) Left lung condition.—Most snakes have a large
right lung system which extends far down the body
and a highly reduced left lung system (Cope, 1894).
The left lung may or may not be present. When the
left lung is present, it is connected to the trachea by
a short bronchus just caudad to the heart (Fig. 3). If
the left lung is absent, the small orifice that was the
entrance to the lung may still be present though cov-
ered by a piece of tissue. Some snakes possess no
remnant of a left lung. A total of 264 snakes was
scored for left lung condition, and three character
states were determined: left lung present (0), poly-
morphism in left lung condition (1), and left lung
absent (2). The character states were ordered in a
linear transformation series or “minimally connect-
ed” (Slowinski, 1993). A left lung was found in all
the outgroup species and is considered ancestral. Sev-
eral species displayed polymorphism in left lung con-
dition, and one showed intra-population variation (Pi-
tuophis melanoleucus). 1 have scored this condition
as a separate character state (rather than allocating
both “presence” and “absence” character states to
each of these species in the analyses) because I in-
terpret the polymorphism as an intermediate con-
dition.

(3) Number of supralabial scales.—The most typ-
ical number of supralabial scales is six or fewer (0),
7-9 (1), or 10 or more (2). Character state (1) was
determined to be ancestral with character states (0)
and (2) derived states. The character states were as-
signed this way so that they could be ordered in a
linear transformation series or “minimally connect-
ed” (Slowinski, 1993).

(4) Loreal scales.—The ancestral condition of the
loreal scales is present (0) and the derived condition
is absent (1).

(5) Temporal scales.—The ancestral condition for
the most typical number of anterior temporal scales
is 1-2 (0) and the derived condition is three or more
(1)

(6) Lorilabial scales.—The ancestral condition of
the lorilabial scales is absent (0) and the derived con-
dition is present (1).

(7) Rostral scale.—The ancestral condition of ros-
tral scale shape is round and unmodified (0) and the
derived condition is a large and/or pointy rostral scale
(1).

(8) Supralabial contact with eye.—The supralabial

scales are in contact with the eye (0) or are separated
from the eye by lorilabial scales (1)

(9) Anal plate.—The anal plate is divided (0) or
single (1).

(10) Dorsal scales.—The dorsal scales are either
keeled (0) or smooth (1).

(11) Ventral scale shape.—The ventral scales are
angulate in shape (also called “notched” or “keeled”)
at the lateral edges (0) or are rounded (1).

(12) Midbody scale rows.—The most typical num-
ber of midbody scales rows is 17-20 (0), 21-28 (1),
or 29 or more (2). Character state (1) was determined
to be ancestral with character states (0) and (2) de-
rived states. Character states were ordered in a linear
transformation series.

(13) Apical pits.—The number of apical pits per
scale is 2(0), 1(1), or 0(2).

(14) Body shape.—The body in cross section is
“loaf” shaped with a flat ventral surface (0) or is round
(1).

(15) Ecotype.—The snakes are either primarily ter-
restrial (0) or fossorial (1) in nature.

(16) Chromosome number.—The chromosome
number is 2N = 36 (0) or 2N > 36(1). Data were
obtained from Becak and Becak (1969), Bury et al.
(1970), Baker et al. (1971, 1972), Gilboa (1975), and
Trinco and Smith (1972).

(17) Origin of hemipenis retractor muscles.—The
large paired hemipenis retractor muscles originate
from bands of fascia which attach to caudal vertebrae
(Dowling and Savage, 1960). The point of orgin was
recorded as the caudal vertebrae number posterior to
the vent on which the muscles attach. Character state
details are presented elsewhere (Keogh, 1995). Three
characters states where determined: (0) 38 or more
caudal vertebrae, (1) 33-37 caudal vertebrae, or (2)
32 or fewer caudal vertebrae. Character states were
treated as unordered.

APPENDIX 11

Museum Specimens Examined

In Group.—Arizona elegans (KU 2335, 3560,
20785, 20793, 22843, 62900, 68897, 69160, 80938,
90836, 126865, 176664; FMNH 563, 6201, 26036,
26130, 47088, 47087). Bogertophis rosaliae (KU
185646). Bogertophis subocularis (KU 82076, 174801—
174802, 175565, 175566, 176729-176732, 182076,
182761). Cemophora coccinea (KU 60973-60974,
69906, 137761, 143767, 197235, FMNH 427, 3388,
8574-8575, 21556, 21987, 22665, 40767, 48443, 48444,
53677, 53678, 65160, 135178). Elaphe bairdi (KU
28092; LSUMZ 34528-34529, 36567). Elaphe flavi-
rufa (FMNH 153563, 153565; LSUMZ 271, 5388,
33159, 33565, 33709). Elaphe guttata (KU 18529,
45355, 55377, 55378, 61003, 61004, 61007-61008,
68912, 68913, 81976, 81978, 92702, 145868, 145869,
154029, 154481, 159778, 159779, 170627, FMNH
34843, 194503, 194504, 194507). Elaphe obsoleta (KU
2462, 8441, 19107, 22671, 68914, 69657, 82066, 82074,
92703, 97832, 105906, 144775, 145876, 187742,
197241, 197242, 214400, 214410-214412). Elaphe
vulpina (KU 8078, 68916, 82077, 82079, 176735,
193597, FMNH 3060, 19171, 19271, 21621, 38068,
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38090, 38241, 41851). Lampropeltis calligaster (KU
6608, 13873, 24559, 144793, 154428, 176761, 185823~
185825, 209642, 214450, 214451; FMNH 46403,
53073, 62085, 62086). Lampropeltis getulus (KU 5541,
6637-6639, 48926, 48927, 68922, 126868, 182245,
182290). Lampropeltis mexicana (KU 174807, 174944,
175568, 180258; LSUMZ 33880, 36634, 37490). Lam-
propeltis pyromelana (KU 182303, 206852; FMNH
810, 2575, 2703a-b, 38069). Lampropeltis triangul-
um (KU 8379, 21834, 30053, 33225, 55403, 61029,
61030, 82205, 84671, 145886, 174622). Lampropeltis
zonata (KU 6641, 50423, 50424; FMNH 1426, 26121;
LSUMZ 38688). Pituophis melanoleucus (KU 23103,
27727, 70880, 83117, 83119, 83122, 83141, 83145,
87752, 95960, 102968, 137653, 157984, 174631,
179553, 204081; FMNH 626, 69434, 69435, 95334—
95335). Rhinocheilus lecontei (KU 8499-8501, 13815,
61109, 61110, 61112-61113, 61115, 73620-73622,
73624, 73625, 78916, 91427, 97836; FMNH 26785,
28496, 48807, 55009). Senticolis triaspis (KU 70856,
70858, 73503, 78938, 80749-80751). Stilosoma ex-

tenuatum (FMNH 3389, 38016-38017, 38018, 48434,
48438, 48440).

Outgroups. —Coluber constrictor (KU 17723,
17927, 81151, 92701, 129657, 130305, 214372, 214374,
216156, 218615). Elaphe quadrivirgata (AM 101001,
101005, 101167, FMNH 73964, 200615, 200616).
Elaphe quaturolineata (AM 133; FMNH 130811).
Elaphe radiata (AM 119626, 120387, FMNH 15303,
15304, 15307, 15308). Elaphe rufodorsata (AM
117831; FMNH 11435, 11438, 11445, 24915). Dry-
marchon corais (AM 92941; FMNH 165511). Gon-
yosoma oxycephala (AM 97028, FMNH 71603,
121435, 131718, 148965). Masticophis flagellum
(FMNH 95234-95236, 95238). Masticophis lateralis
(AM 112237, FMNH 2911, 21547, 25863, 33797).
Masticophis taeniatus (AM 107740). Ptyas mucosus
(AM 131512; FMNH 199725, 199726, 199728, 199730,
199731). Thamnophis sirtalis (KU 83927, 83928,
83930, 83933, 170643, 171156, 192185, 203839,
207180, 207181).





