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Karvotypic Studies of Thirty-Eight Species of
North American Snakes

Ropent J. Bakrer, GrEG A. MENGDEN AND Janies ], BuLL

Chromosomal data are presented for 110 specimens representing 38 spe-
cies of North American snakes. Karyotypes are divided inco three categories.
Category 1 contains species from the Colubridae (subfamilies Colubrinae
and Xcnodontinae) and che Crotalidae. Cacegory IT contains only Elaphe
subocularis of the subfamily Colubrinac, and category III contains species
from the colubrid subfamily Natricinae. The category 111 karyotype is
believed to be derived, and it may help delimic the Natricinac line of
evolution. Ol the 30 species where females were studied, 21 exhibited
heteromorphism. Only 13 of 22 species of the Colubridae revealed obvious
heteromorphism, whereas all eight crotalid species were heteromorphic,

INTRODUCTION

THE problems of determining phylogenetic
affinities of snake taxa based on more
clussical studies are a poor [ossil record and
a low number of uselul morphological char-
acters, In such cases, it is important to have
karyological and biochemical data as an ad-
junct to the morphological approach. From
a genetic standpoint the gross anatomical,
karyological. and biochemical aspects are re-
lated and interdependent in varying degrees,
and ir is likely that data from each of these
will reveal valuable insights inte the evolu-
tion of snakes. In the final analysis it will
he a synthesis of data from all levels that
will result in the most probable estimate
of the phylogeny of Serpentes.

We present new karyological data from 110
specimens  representing  thirty-eight  species

and comment on patterns of chromosomal
evolution found in North American snakes.

Karyolypic data for snakes were reviewed
by Becak and Becak (1969). A summary of
the chromosomes of North American colu-
brids was presented by Bury et al. {I14970).
Previously, the chromosemes of 19 species of
North American colubrids and 3 species of
North  American crotalids have been re-
ported. Of these, females have been studied
for sex chromosome heteromorphism in only
six species.

METHODS AND NATERIALS

Specimens were collected from  natural
populations and karyotyped from in vive
cultures ol blood utilizing injections of
Phytohemagglutinin and Velban (Baker et
al, 1971) or from bhone marrow cultures
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TaBLE 1. CHROMOSOMAL DaTa FOR 38 SPICIFS ©F NORTIL AVIRICAN SNAKDS.

Het, = indicates if

heteromorphism s found in females. Pro = indicates size of pair that is heteromorphic in females.
M = metacentric, Sm o= submetacentric, 51 = subtelocentric, A = acvocentric, ¥ = doubtiul, N.A —

number of arms.

Macro:
Taxa 2n feies e Z W Iet. Ir Micro N.A.
Colubridac
Subfamily Colubrinae
Arizona elegans 36 | 1 Sm S5t ves 4 16:20) 50
Coluber constrictor 36 0 ; Sm Sm ves + 16:20 a0
Llaphe guttata 36 3 2 Sm Sm yes 4 16:20 50
E. obsoleta 96 2 3 Sm St yes 1 16:20 50
E. subocularis 40 1 [ St St ¥es 3 18:22 +
Lampropeltis calligaster 36 0 1 — — no - 16:20 30
I.. getulus 36 1 2 — — ? - 16:20 30
L. mexicana 36 1 0 — — -— - 16:20 30
Masticophis flagellim 36 6 3 Sm Sm yes + 16:20 i)
M. taeniatus 36 0 1 Sm 5t ves | 16:20 Bl
Phyllorkynchus decurtatus 36 1 0 — — — - 16:20 S0
Pituophis melanoleucus 36 4 0 — — — - 16:20) B
Salvadora graliumiae 36 0 1 — — ¥ 1 16:20 50
5. lineala 36 2 0 — — — - 16:20 S0
Subtamily Xenodontinae
Heterodon nasicus 36 1 1 Sm A yes 4 16:20 52
Subfamily Natricinac
Natrix erythrogaster 36 2 1 — — H B 32:4 68
N. harteri 36 2 3 Sm St yus i 31:2 68
N. rhombifera 36 2 1 — - no 5 34:2 G5
Storeria dekayi 36 1 2 sSm St Y510 4 36:0 72
Thamnophis couchi 36 1 1 — — no - 34:2 70
T. cyriopsis 36 0 1 — — no - 342 70
T. elegans 36 L ! — — no - 34:2 70
T. marcianus 36 7 5 S oSmor v yes i 34:2 70
T. proximus 36 0 6 Sm Sm ves 5 34:2 7
T. radix 56 0 I Sm A yes i 56:0 72
T. rufipunctatiis 36 1 0 — — — - 32 70
T. sirtalis 3G 0 1 — — no - 342 Yl
Crotalidae
Aghistrodon bilineatus 36 1 0 — — —- - E6G:20 hg
A, contertrix 36 3 2 Sm A yes + 16:20 2
A, piscivorus 36 2 2 Sm M yes 1 16:20 52
Crolalus atrox 36 2 4 Sm St yes 4 16:20 52
€. basiliscus 36 ¢ | Sm Sm 3OS 4 16:20 52
€. horridus 36 0 i Sm Sm YO§ 4 16:20 32
C. lepidus 36 2 t Sm St yes S 16:20 n2
G. molossus 36 2 1 Sm St ves t [6:20 52
C. wiridis 30 2 2 Sm St yes 1 16:20 52
C. scutulatus 36 1 0 — — — - 16:20 32
Nisturus catenalus 36 1 0 — — — ~ 16G:20 a2

utitizing only Velban. Chromaosomes were
obtained from larger snakes by using rib
hone marrow after a nine-hour incubation
with Velban (injection rate as described hy

Baker et al..

flushed from

19713, "I'he bone marrow

the ribs and treatecd

Wwis

as for

mammalian bone marrow (Baker, 1079), A
minimum of five clearly definable ¢hromo-
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Karyotypes of: 1. Female Adrizona elegans, 2.
Female Celuber constrictar, 3. Male Elaple
alsolele, -t Male Elaphe subocularis, 5A, Fourth
Lngest paiv of a female £, obsoleta, showing
heteromophism, 5B, Fourth largest pair of a
female £, gutfata, 5C, Fourth and fifth largest
paiv of w wale Pituophis melanolencus, See also
Fig, # and text for cxplanation. 5D. TFourth
Lavgest paiv of o female Crotafus vividis.

some sprexds were analyzed lor each speci-
men (in all but six specimens, ten or more
spreads . were studied). Sex chromosomes
were determined by comparing  idiograms
preparcd  tram enlarged  photomicrographs
ol chromosomes {rom males and females.
These results from photographs were com-
pared witle other spreads. Number of arms
(NA) was caleulated by giving a value ol
two to cach nmctacentric. submetacentnic, or
subtelocentric chromosome and a value of
one to each acrocentric or microchromosome
of the male complement, The W chromo-
some iy the most variable element, and
atilizing the male karyotype climinates this
variation.  The terms metacentric, subnmeta-
centric, subtelocentric, and acrocentric are
used as defined by Parton (1967).

Rrsurrs anp DiscussioN

Chromosomal data for 38 species of Notth
American snakes that were studied are sum-

Karvotvpes of: 6, Female Lampropellis calli-
gaster, 7. Female Masticophis flagellum, 8. Fe-
wale M. taeniains, 9. Male Piluophis melano-
fenrus, see also 5C, 10, Male Selvadora lineata.

marized in Table 1. Females were esamined

1 3 specics. Spccil'ic locality, sex, and mu-
setmn number of snakes are given under
“specimens examined,” We present our data
by photomicrographs (Figs. 1-33). This
makes a separate description for most spe-
cies unnecessary; however, where clarifica-
tion is needed, it is presented in the follow-
ing discussion.

At least partial karyotypes are shown for
all species studied except Lam propeltis gel-
uius, L. wexicana, Plyllovhynchus decuria-
Lus. Salvadora grahamiae, and Crotalus molos-
sus. Karyotypes of Lampropeilis getulus and
Phiyllorhynchus decurtalus ave given by Bury
et al. (1970) and Crotalus molossus by Baker
et ul. (1971). The chromosomes ol Lampro-
peltis mexicana and L. getulus are indistin-
guishable from those shown for L. calligaster
{Fig. 03, and the chromosomes ol Salvadorn
grakamiae are indistinguishabie Irom those
shown lor S0 fineata (Fig. 10). Our data
agree with prior descriptions of karyotypes
for: dArizana elegans, Lampropeltis getulus,
Pituophis melanolencus, Phyllorhynchs de-
curtatus, Coluber constrictor (ltom Bury et
al., 1970y, aud Natrix rhiombifera (from van
Brink, 1959).

No indication ol <hromosemal variation
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Karyotypes of: 11. Male Heterodon nasicus,
12. Female Natrix ervihrogaster, 13. Female
Natrix harteri, 14, Female N. rhombifera, 15,
Female Storeria dekayi,

within individuals was noted. In individuals
having microchromosomes, the number ap-
peared to be constant with minor variations
being best explained as a technical problem.

Since u small sample sizc was available
from cach locality. and since in only a few
cases were specimens of the same species
examined from widely separated localities
{scc  specimens  examined), the possible
amount of populational and geographic
variation revealed by our samples ts minimal.

The only indication of populational varia-
tion found in our studies was a consistent
lieteromorphism in pair five in one of two
male Pitwophis melanoleucus from the same
locality in California (Figs. bc and ). Based
on the experience of one of us (Baker) such
problems in recognizing homologous pairs
from photographs of somatic chromosomes
are not rare. Vherefore, no significance is at-
tachied to this case except that if the same
degree of variation had been found in a
female it probably would have been at-
tributed to ZW heteromorphism.

There are four cases where our data re-
veal possible geographic variation. In
Thammnophis marcianus, [rom Texas a fe
male from Lorenzo, Crosby Co., a female
from DPlainview, Hale Co., and a female

10y 16
FE &0 5% %8 28 52 anaa
KN B8 E5 Al Sx pnanhn on -*

17
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xK ¥R AA An AR Ex AN eg ma o

18
ax
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W 20
AR &% XX X& 32 an xa

AR
AR 25 AK 4N Ak MR AB Ng =x -

Karvotypes of: 16, Female Thamnophis
couchi, 17. Female T. cyrtopsis, 18. Female T,
elegans, 19. Female T. marcianus, 20. Female 71,
proximus,

from Dcuver City, Yoakum Co. had an
acrocentric W (Fig, 19, Two females col-
lected near Fort Davis, Jett Davis Co., had a
submetacentric W. A female Storeria dekayi
from QOuachita Parish, Lowisiana, had a dis-
tinctly heteromorphic fourth or filth chro-
mosome pair. whercas a female of this spe-
cies from Robert Lee, Coke Co., Texas. had a
homomorphic karyotype. The third possible
case of geographic variation is based on a
comparison of our data with that from an
abstract of a report of the dhivomosomes of
Elaphe obsoleta (Fischman et al., 1968). All
five of our E. obsoleta had the sixth pair
acrocentric with the remainder of the macro-
chromosomes being biarmed (Fig. 3). Fisch-
man et al. (1968} reported a similar karyo-
type for £. carinaia; however. they found
pair cight to be acrocentric in I o. obsolela
and pair six to be metacentric. Our speci-
mens are from the subspecies F. 0. lind-
fietmeri {four individuals) and E. o. bairdi
{one individual). The fourth possible ex-
ample involves Crotalus wviridis. All macro-
elements were biarmed in our samples (Fig.
81). as was the case in ull crotalids studied
by us. However, the three smallest pairs of
macrochromosomes were reported by Mon-
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chromosoemes of u male 4. filineatus.
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roe (1962) to be acrocentric in two sub-
species from  the northwestern .S, The
technique used by Monroe was the older,
more diflicult, squash type, and this may
account for this varfation. On the other
hand, his description of the other aspects of
the karyotvpe ol C. vividis was accurate, and
this variation may he real. In two of the
four cases described above, the variation in-
volved only the W chromosome. The mam-
malian Y (analogous to the reprilian W) is
also the most variable chromesome for that
class.

For comenience ol discussion the karvo-
types of North American snakes studied by
us are arranged into three categories.  As
cach category is presently defined. to change
the karyvotype of one category into that of
any other would require 4 minimum of {ive
rearrangements. From the review by Becak
and Becak (1964 it is obvious that there are
other categories of shake karyotvpes and that
in some cases the limits of categories will
overlap because of intermediate Karyotypes.
It is also evident thar the evolutionary sig-
nificance of a “category” varics and we do
not imply any fixed taxonomic value to this
classitication.

In eategory 1 (Sce Figs. 1-11 and 24-33)
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30
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U u 31
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26. Karvotype of female Agkisirodon piscivorus.
Macrochromosomes  of: 27, Female Crotalus
alraox, 23 Female €. basiliscus, 29, Female €.
horridus, 30. Female €. lepidus, 31. Male C.
wiridis see also 5D,

the diploid number is 36, and the karyotype
1s readity divisible into 16 macrochromo-
somes and 20 microchromosomes. The NA
value is 50 or 52, Where they can be deter-
mined, the sex clements are clearly the fourth
largest pair. The Z chromosome is never
longer than 5(1 % of the length ol the long-
est autosome, LThe second category has a
diplotd number of 40 with 18-20 macro-
clements and 20-22 microchromosomes. The
NA svalue is 11, The sex chromosomes are
the third largest pair, and the general size
ol the sex elements relative ro the largest
autosonte is like that described for category
I. The third karvotypic group has a diploid
number ol 36. but the karvotype is not
veadily divisible into macro- and micro-
chromosomes, although the smallest pair is
no larger than the microchromosomes of
species from categorics one and two. The
NA value is 68 to 72, 'The sex chromosomes
generally appear to be the {ifth largest pair,
but in some cases may he the fourth pair as
the size of these two pairs is almost identical.
The length of the Z element is always greater
than 709 of the length of one ol the largest
pair of autosomes. At least eight of the ten
smmallest pairs are distinctly biarmed, and in
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Macrochromosomes of: 32,
scufulatus.  Karyotype of 33
caleratus.,

sone cases {as Storerie, Fig. 15, and Tham-
nophis radix, Fig. 21} all are biarmed.

Karyotypic category | is characteristic of
tuna examined {rom the colubrid sublamilies
Colubrinae and Xenodontinae as well as
all species ol the Crotalidae. The category
IT karyotype is known from only one species,
Elaphe subocularis, (Fig. 1) which is a mem-
ber of the sublamily Colubrinae. The care-
gory Il karyotype is presently known only
for penera from the colubrid subfamily
Natricinac (Underwood, 1967, considers this
a separate family, Natricidae).

North American colubrid species known
to have category I karyotype are Arizong
elegans (Fig, 1: sec also Bury er al, 1970y,
Caoluber constvictor (Fig. 2 and Bury et al.,
1970y, Elaphe obseleta (Vig. 3), E. gutlaia
(Fig, b}, Lampropeliis getulus (Bury ct al,
1970y, L. calligaster (Fig. 6). L. mexicana,
Masticophis flagelhum (Fig. 7 and Bury et al,,
1970y, M. faeniatus (Fig. 8), Phyllorhynchus
decuriatus (Bury et al, I970), Pituophis
medanoleucus {Fig, 9 and 5¢. and Bury ct al.,
1970y, Saltvadora lineata (Fig. 10). S. gra-
hamine, and Heterodon nasicus (Fig. 11).

All crotalids thus [ar studicd (Monroe,
1962; Ohno, 1967 and Becak and Becak 1969)
liave a category 1 karyotype, with possibly the
greatest variation found in some subspecics
ol Crotalus viridis (Monroe, 1962, sce geo-
graphic variation above). Published data for
other North American crotalids are Crotalus
cerastes (Ohno, 1967y and €. molossus (Baker
ct ak, 1971). Orther specics reported here
are Aghistrodon contortrix (Fig. 24y, 4. be-
lineatus (Fig. 25). A. piscivorus (Fig. 26},
Crotalus atrox (Fig. 27). C. basiliscus (Fig.
28), C. horridus (Fig. 29), C. lepidus (Fig. 30),
C.wividis (Figs. bd and 31), C. seutulatus (Fig.
32), and Swsturus catenatus (Fig. 33), and all
have remarkably similar karvotypes.
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One karvological difference is evident be-
tween the two colubrid subfamilies of cate-
gory 1. All members of the Colubrinae have
an acrocentric sixth pair, wheveas feterodon
nasicus, the only member ol the subfamily
Nenodontinae examined, has the sixth puir
biarnred and subtelocentric (Fig. 11y The
chromosomes of Helevodan plaiyrhines were
reported by Fdgren (1963) as having a dip-
loid number of 104+, We examined a single
spedimen of H. platyrliinos, and lound it to
have a karvotype like Tf. nasicus. Unfortn.
nately. the voucher specimen was misplaced.
and, therefore. this taxeou is not included
here. Al of the crotalids examined me
similar to Heterodon in that the sisth pair
is hizrmed and subtelocentric.

Presence of the category T karvorvpe in two
sublamilics of colubrids as well as the crota-
lids is hest explained by their common ances-
tor having this karvotvpe {however, the pair
six._may or may ot have heen acrocentric)
with subsequent morphological  divergence
hetween the two familics not being accom-
panied by any major oebservable chromosomal
rearrangements.

The similar karvotypes of Felerodon ad
the crotalids suggest a possitility ol a close
relationuship between  the subfamily Xeno-
dontinue of the Colubridac Lo the pit vipers,
Care must be taken not to place too much
cmpliasis on the similarity, as it is not known
il the acrocentric or subtelocentric condition
of pair six is primitive, and because only one
chromosomal rearrangement is required to
derive the Heterodon karvotype from ihe
common North American colubrine karyo-
tvpe.

The only species Tound in category T is
Eliphe subocularis. The potential origing of
this karyotype are discussed by Baker et al.
(19713, and ir is belicved to be derived from
a karvotype like that characteristic of cate-
gory I As such, it would represent a side
branch and not the karyvotype primitive for
the Elaphe group.

The category T karotvpe is dharacter-
istic ol taxa fron the subfamily Natricinae
(Malnate, 1960). It was found in Natrix
erythrogaster {Fig. 12). N. harteri (Fig. 18),
N.vhombifera (Fig. LD, Stoveria dekayi (Fig.
I5Y. Thamnophis couchi (Fig. 16). T. cyrto-
pais (Fig 17, T. elegans (Fig. 18). T. marc-
femiey (Fig, 19), T, proximus (Fig, 20y, T.
vadix (Fig. 21, T. rufipunciatus (Fig. 22),

and T osirtalls (Fig. 23y, There has heen
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considerable discussion concerning the status
and taxa of the Natricinae (Malnate, 1960
and Underwood, T967) and it is possible that
karvotypic data may he vseful in delimiting
this subfamilv. Tt has been hvporthesized
that the karyotype characteristic of the snake
ancestor that gave rise to the Colubridae,
as well as other snakes, was composed of 20
micro- and 16 macrochromosomes with a
prohable diploid number of 36 (Werner.
195%: Singh et al., 1968; Becak and Becak.
1969 Gorman and Gress, 1970; and Baker
et al. 1971: see also above discussion of the
category I karyorype), T this is true, then
the category 11T karyotype represents a de-
rived condition. To evolve such a karyotype
would imaolve changes in at [east eight of
the ten pairs of microchromosomes.  Other
abvious dilferences between our category 1
and T s the sive of the Z elemcent relative
io the longest pair of autosomes. As indi-
cated ahove. in all species of category 1T the
Iength of the 7 is less than 509 of thar of
the longest pair of awtosomes. If the sive
of the Z has remained constant in relation-
ship 1o the total genome (sce support for
this idea in Ohno, 1967, and Becak et al.
19613, then there has clearly heen a reduc-
tion in rhe relative size of the larger auto-
somes in category TH as compared to cate-
gory 1. Therelore, we hypothesize that the
ctegory I karvotype was derived from the
category [ karvotype by a series of uncqual
translocations  between  the macrochromo-
somes and microchromosomes which has re-
sulted in some aof the macrochromosomes be-
ing reduced in size, hut with ar least eighr
pairs ol  microchromosomes increasing in
LY Vsl

The two most important points ave (1)
the category I11 karvotype is derived (not
primitive} and (2) the number and type of
changes required to preduce such a karvo-
tvpe suggest that it is highly improbable that
it evolved on more than one occasion.
Therelove. forms having the category I
Laryofype may be presumed to have de-
scended from a comunon ancestral stock that
diverged {from the main line of snake phylog-
eny, At present we do not feel rhat these
karyotypic data cither support or refute the
idea that the Natricinae may deserve familial
status, Flowever, if additional reveal
the origin of this karyotype. then some light
may he shed on the problem.

Ol the 30 species where females were

data
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studied. consistent hereromorphism was de-
tectedd in 21 species. With the exception of
Salvadora awd Lampropeltis, heteromorphic
sex chromosomes are clearly present in all
category 1 colubrids (rotal of seven species)
where females were studied.  Elaphe sub-
ocularis of the caregory 1I karyotype also
was heteromorphic (Baker et al, 1971). In
catcgory 11, consistent heteromorphism was
found in females but not in males in one of
three species of Nafrix, in one of two fe-
male Storeria dekayi, and three of seven spe-
cies of Thamnophis (a total of five species.
Table 1 and Figs, 12-23). In all eight spe-
cies of crotalids in which we studied females.
as well as in all species reported in the litera-
ture (Becak and Becak. T969), there was
clear heteromorphism in the fourth pair,
Ohno (1967) hypothesized that the crotalids
evolved from an ancestor having established
heteromorphism.  Our data would support
this idea. On the other hand. only 18 of 23
specics of North American colubrids have
lemales which exhibit heteromorphism, The
frequency of rhis dertved condition (hetero-
morphic sex elements) further documents the
advanced position of the crotalids with re-
spect to the colubrids. Our sample indicates
that of the three categorics, category I1T taxa
may have the lowest frequency of hetero-
morphism.

It secms significant that there is consider-
able variation in the W and that the Iength
of the W is always 50% or more of that of
the Z. The smallest Ws in our samples were
found in Thamnephis marcianus and Ag-
kisirodon fpiscivorus. In closely related spe-
cies as well as popularions {rem the sime
spectes, the morphology of the W varics (for
instance. compare the W of Agkistrodon con-
toriviv, Fig. 24, and A. piscivorus, Fig. 26,
and see the ahove discussion of the variation
of the Ws of Thamnophis marcianus and
Stoveria dekayl). In lact, the only consistent
karyotypic difference evident between the
various crotalid specics examined by us jn-
volved the morphology of the W, Our data
suggest that the W is the most actively chang-
ing chromosome in suake karyotypes. Inten-
sive studies will probably reveal several spe-
cies where the W is polymorphic or geograph-
ically variable,

APPENDIX

Specimens examined, Al voucher specimens are de-
posited in the Texas Tech Universits Museom of Her-
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petology, Museum numbers follow  sex,
listed alphabetically by family.

Specics are

Arizona elegans Texas: Winkler Co.,, 8§ km NI of
Kermit on Hwy, 115 (1 male 5136); Lubbock Co.,
8 km NW Lubbock {1 female 5210).

Coluber constrictor California:  Santa Cruz Co., Santa
Cruz, University of California cumpns {1 female
49283,

Elaphe guttata Texas: Lubbock Co., Lubbock {1 male
5183); Wichita Co., Wichita Falls (2 males 5176,
5186, 1 female 5121); Jetf Davis Co,, Davis Moun-
tain State Park (1 femule 5207).

Eiaphe obsolete Texas:  Jelf Davis Co., Duavis Moun-
tain State Park, Indiun Lodge (1 female 3123},
Wichita Co., 2.5 km § of Wichita Falls (2 females
5138, 35188); Gonzales Co., Gonzales (1 male
5160); Wichita Co,, 14 km $ of Holliday (1 male
5182).

Elaphe subocularis Texas: Presidio Co., 16 km N of
Valentine, Clay Miller Banch (1 male 3138). New
Mexico: Eddy Co., 1 km W of Carlsbad Cavemns
(1 femiale 5334 ).

Heterodon nasicus Texas: Croshy Co., 14 km XNE of
Slatom {1 female 51817; Lubbock Co., 24 km NW
Lubbock (1 male 5226).

Lampropeltis calligaster Texas:
Cooper {1 female 5242).

Lampropeltis  getulus  Texus:  Hockley Co., Yellow
House Canvon (1 female 3174); 3 km S of Okla-
homa Flats on FM 1480 {1 male 5116). California;
San Luis Obispo Co,, San Tawis Obispo {1 female
514071,

Lampropeltis mexicana (alterne morph) Texas:  Jeff
Daviz Co., 14 km N of Jet. of Hwys, 17 & 118 on
Hwy. 17 (1 male 4781).

Mastirophis flagellum Texas: Bexar Co,, 5 kim W of
Flmendorf {1 male 5168, 1 female 5167); Mitchell
Ca., 32 km 5 of Colorado River ot Rendellbrook-
Spade Ranch (2 males 3189, 5171; 1 female 5170):
Dickens Ca., 3 kon W of Spur {1 male 5200; 1 fe-
male 5172); Lubbock Co., Lubbock (1 male 51633,
New Mexico: Eddy Co., E boundary of Lincoln
National Park (1 male 5164).

Musticaphis taeniatus Texas: Cameron Co., § km E
Brownsville {1 female 5231).

Natrix erythrogaster Texas: Garza Co,, Double Mowun-
tain Fork of the Brazos River {1 male 5124);
Mason Co.,, 1 km § of the jet. of the Llano and
James Rivers (1 male 3132); Coke Co.,, 2 km §
Robert Lee (1 female 5232),

Natrix harteri Texas: Coke Co., 2 kin S of Rabert Lee
on the Colorado River (2 muales 5157, 5230; 3 fe-
males 5234, 5233, 5236).

Natrix rhombifera Texas: Mason Co, 2 km 5 jef,
Llano and James Rivers (1 male 3153); Webk Co.,
13 ¥m E of Encinal (1 male 5185}); Uyalde Co,
Tvalde {1 female 52279,

Flyllorhynchus decurtatas California:  San Bermardine
Cn,, Palm Springs Depot Rd. {1 male 4923),

Pituophis melanolencus California:  Sun Bernadine Co.,
5 km § Adelanto (2 males 4920, 5202). P. m.
suyi Texas;  Wichita Co., Wichitu Falls (1 male

Delta Co., 3 km §

5130%; Iale Co., 16 km $3W Pluinview (1 male
5220},
Salvadore grahemine Texas: Jeff Davis Co., § km

NE Ft, Davis (1 female 5114 ).

Salcadora lineata Texas: Bexar (lo,, San Antonic (2
males 5137, 5146).

Storeria  dekaeyi Texas: Lubbock Co., Lubbock ({1
male 3199), Louisiana: QOuachita  Parish Wildlife
Refuge (1 female 52013, Texas, Coke Co,, 2 km
S Bobert Lee (1 female 5237},

Thamnophis couchi Californiz:
versity of California campus
male 4927).

Thamnophis eyrtopsis Texas; Presidio Co., 168 kim NV
of Valentine, Clay Miller Ranch {1 female 5156).

Thamnophkis elegans California: Santa Cruz Co., Uni-

Santa Cruz Co., Uni-
1 male 4926G; 1 fe-
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versity of California campus (1 female 4925). New
Mexico: Quay Co., 3 kmm N of Ragland Hwy 18 (1
male 5187 ),

Thamnophis narcicnus Texas:  Bexar Co., San An-
tonin, Stinson Field (1 male 5142); Croshy Co.,
2 km L of Lorenzo (1 {emule 51417: Jeff Davis
Co., 3 km N Fort Davis {4 males 5204, 532006, 5245,
5217 2 females 5205, 5246} Mitchell Co., 32 km
S of Colorade City, Rendellbrook-Spade Ranch (1
male 51921; McCullock Co., 2 kim N of Rochelle
(1 male 3177); Yoakun Co., 5t Lawrence, 24 km
S of Denver City (1 female 5191); Ifale Co., 20
km N Plainview {1 femazle 5238).

Thamnophis proximus Texas: Mason Co., 1 km § jct.
of Janes and Llano Rivers (4 females 5147, 5148,
5149, 3150); Coemal Co.,, 10 km N Hwy 46 an
Bear Creek Rd. (1 female 5203); Kleberg Co., 21
ki S Kingsville (1 female 5233},

Thamnophis radix Kansas: Sherman Co.,
soodland {1 female 5228).

Thamnophis  rufipunctatus  Arizona:
Ouk Creek Canyon. (1 male 4934,

Thamnophis sirtalis New Mexico: Dona Anna Co., 2
km W of Las Cruces on Rio Grande (1 femnale
5151},

Auskistrodon bilincatus Mexico;
lima {1 male 5118).

Agkistrodon  contertrix. Texas:  Angelina Co., Lufkin
Ellen Trout Park Zoo Grounds (1 fewale 5111).
Lubbuck Co., Lubbock, Texas Tech University Cam-
pus on lowd of cedar from Kerrville, Texas (1 male
3127).  Jeft Davis Co., 168 km NE of Ft. Duavis,
Limpia Canyon (1 female 5I38). Missour’; St
Louis Co., 32 ki § of St. Louis on TTwy, 67-61
{1 male 5208). Indiana; Monroe Co. (1 male
5109),

Agkistrodon piscivorus Oklahoma: Love Co., 11 km
NE of Lake Texoma Biological Station (1 female
3110). Texas: Harris Co., Houston (1 male 5163);
Bexar Co, 5 km W Elmendorf (1 female 5230;
1 mule 5209

Crotqius atrox Mexico: State of Nuevoe Teon, 16 km
N of Manterrey (1 male 5125), Texas: Mill Co.,
Goldthwaite (2 females 5115, 5117); Howard Co.,
23 km § of Big Spring (1 male 3162, 1 female
3130): Dickens Ca, 5 km S of Spur (1 {emale
51903,

Crotatus basilivous Mexico:
(T female 5126),

Crotatus horridus Captive born (1 female 5135).

Crotalus lepidus Texas: Jeff avis Co., 3 km N of
jet. of Hwy. 118 and I7T (1 male 5129, 1 female
3128), 23 km NW of jet. of TTwy. 118 and 17 on
Hwyv, 118 {1 male 5779).

Cratalus molossus Texas: Jeff Davis Co., Davis Meun-
tain Stute Park (1 mazle 4921); Val Verde Ca., 2
km W of Comstock on U.S. 90 (I male 5198).
Mexico;  State of Sonora, near Guaymas (1 female
5197).

Crotalus viridis California: San Bernardino Co., Helen-
dule Boy Scout Ranch (1 male 4919). Texas:
Winkler Co., 4 km W of Kermit {1 female 5173);
Glasscock Ca,, 11 knmt § of Carden City on FM
33 (1 female 5145); Howard Co., 23 km S of
Big Spring (I male 5122),

Crotalus scutulatus Texas: Jeff Davis Co., 29 km N
of jet. 17 and 118 on Hwy. 17 (1 male 5166).
Sisturus  catengfus Texas:  McLennan  Co., China

Springs {1 male 5144,

16 km 3§

Coconine  Co.

State of Colima, Co-

State of Colima, Colima
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