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A B ST R A C T

With the announcement by Maslin (1 9 6 2 )  that several species of the 
teiid lizard genus C nem idophorus  apparently reproduce parthenogenetically, 
cam e the possibility of new studies comparing the variability o f superficially 
similar bisexual and unisexual forms. The present study presents a detailed  
comparison of the variability exhibited by the bisexual C nem idophorus  
inornatus  Baird, where genetic recombination is possible, and the unisexual 
C nem idophorus volex  Springer, where genetic recombination is ( sensu strictu ) 
theoretically im possible. It was undertaken to test the hypothesis that bisexual 
species are more variable than unisexual species and to provide a more objective 
means for distinguishing C. velox  and C. inom atus.
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Analyses of color pattern and four meristic characters, for seven population 
samples of velox and five samples of inornatus, demonstrate that, in general, 
inornatus is the more variable species. However, several populations of velux 
exceed inornatus in the variability of two characters. Statistically significant 
differences are found within each species, but biological differences do not 
appear to w arrant taxonomic revisions.

C. velox  and C. inornatus are sympatric at sites fourteen miles north of 
Gallup, McKinley County, one mile north of Aztec, San Juan County, and four 
miles southwest of Santa Fe, Santa Fe County, New Mexico.

The anterior extension of sublabial scales and the relative size of post- 
antebrachial scales constitute characters which objectively separate all speci­
mens of velox  and inornatus used in this study.

INTRODUCTION

Maslin (1962) reported the possibility of parthenogenesis occurring in six 
species of the lizard genus Cnem idophorus. The evidence for this hypothesis 
was based on the observation that males were virtually absent from all series 
examined. Only three males, representing two of these species, were discovered 
in the course of M aslin’s study. One of the males was identified as an example 
of Cnemidophorus tesselatus. The other two were striped, non-spotted whip- 
tails from northwestern New Mexico and had to be allocated to either C. velox  
or C. inornatus. C. velox  had been collected previously from the northern 
third of New Mexico, but at the time of M aslin’s (1962) report, the northern 
distributional limits of inornatus were thought to be over 100 miles south of 
the site from which the males had come. On this basis, the two males 
(U CM  6579-6580) were allocated to C. velox. if these were actually specimens 
of velox, they represented the only males found in M aslin’s examination of 
104 individuals of this species. While this was a large series in total numbers, 
the two males were from an isolated sample of only three lizards and left some 
doubt as to their proper identification.

Subsequent to M aslin’s paper (1 9 6 2 ), populations of inornatus were re­
ported from northern New Mexico by H arris (1 9 6 3 ). As this new information 
reduced the value of a geographical criterion for the taxonomic allocation of 
the small sample containing the males, a m ore critical examination seemed 
desirable.

The taxonomic characters that, in part, enabled Lowe (1955) to recognize 
the specific, rather than subspecific, status of velox  and inornatus are based 
upon average differences. Because of the broad overlap in ranges of variation, 
these characters are inadequate for a confident segregation of a mixed sample 
of museum specimens. This is particularly true if the sample is from the 
northwestern periphery of the inornatus range, where this species apparently
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attains its largest size. The application of objective characters to this and 
additional samples from the northwestern N ew  M exico site reveals that velox  
and inornatus  are sympatric at this location. The two male “ve lox” reported 
by M aslin (1 9 6 2 )  are reallocated to C. inornatus. This corroborates the sug­
gestion advanced by Gehlbach (1 9 6 5 :2 9 3 ,3 2 1 )  that these two males might 
represent inornatus  sympatric with velox.

Mayr (1 9 6 3 :4 1 0 )  pointed out the need for comparative studies of pheno­
typic variation in unisexual and bisexual animals. The purpose of this paper 
is to present such an analysis. It is assumed that the relative variability of 
velox  and inornatus  is partially influenced by their different modes of repro­
duction. If this assumption is correct, the study provides an indication of the 
evolutionary potential of these two species.

M A T E R IA L S A N D  M ETH O DS

To facilitate an analysis of geographic variation, 189 specimens of 
C nem idophorus velox  and 166 specimens of C. inornatus  were grouped into 
twelve population samples (see Fig. 1 ) . Samples of velox  are indicated by 
numerals; inornatus  by letters. Inclusion of specimens into a particular sample 
was based upon geographical proximity, and in some instances, upon avail­
ability of corridors which could permit contact of local populations if they 
were not, in fact, already part of the same population. A lthough the term  
population may not be strictly applicable to unisexual forms, such as velox, 
it is herein used to denote a group of individuals from the same general geo­
graphic area.

The samples are not intended to define the geographic limits of velox  and 
inornatus  distribution, nor do the gaps between samples necessarily indicate 
that these species do not occur in the intervening areas. The samples were 
chosen on the basis of availability of material that might show interpopulational 
variation patterns in the transect region. Certain samples are too small to 
accurately reflect the variability of the populations from which they were 
taken. These small samples were included in the study when they represented 
an important feature (e.g ., sym patry), or partially characterized a previously 
unreported population.

The ve lox  samples (1 -7 )  roughly form a north-south transect through the 
eastern portion of this species range, located in Colorado and New M exico. Five 
samples of inornatus  (A -E ) were used for interspecific comparisons. These 
samples are from northwest, north-central, and south-central N ew  M exico, 
Trans-Pecos, Texas, and central Chihuahua, M exico. Because of the size of the 
Chihuahua sample ( E ) ,  and its central position in the range o f inornatus, it 
was at first thought to be representative of the intraspecific variation which  
could be expected within this species. But the extrem ely high coefficients of
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Approximately 80 miles to 1 inch 
50________100_______160_______ 20U Milfs

F i g u r e  1. Localities o f C nem idophorus velox (large dots) and C nem idophorus 
inom atus  (sm all dots) used in this study. Samples o f velox are denoted by the 
num erals 1-7, and samples of inom atus  by the letters A -E. Sites at w hich sym patry 
has been established are indicated by arrows.
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variation for several characters suggested that a cryptic species might be 
m ixed with the inornatus  representatives of this sample. This proved to be the 
case, and individuals of an undescribed, all-female species* were segregated 
from this sample. Ultimately, 45 individuals o f this new form were separated 
from samples 7, C, and E.

Samples are hom ogeneous only in representing one o f the two species. The 
velox  samples are com posed entirely of fem ales with the exception of sample 
1, which includes a single male (U C M  2 0 5 0 3 ) .

A  statistical test, “2-sided” Student’s t (Sim pson, R oe, and Lewontin, 
1 96 0 ), for significance of differences was calculated for all adjacent samples 
for each meristic character employed. This test was also applied to two sym- 
patric populations of velox  and inornatus  (5  and A; 6 and B ) .  A  null 
hypothesis, that there was no difference between the means of the samples 
tested, was used. The hypothesis was rejected if the probability of the obser­
vation was less than five percent.

Samples were grouped as follows:

C. velox

Sample 1 —  54 specimens from central Garfield County, central M esa County, 
and western D elta County, Colorado.

Sample 2 —  25 specimens from southwestern M esa County, western M ont­
rose County, and western San M iguel County, Colorado.

Sample 3 —  16 specimens from east-central San Juan County, Utah and 
central Montezuma County, Colorado.

Sample 4 —  17 specimens from central La Plata County, Colorado and 
eastern San Juan County, New M exico.

Sample 5 —  8 specimens from western M cKinley County, N ew  M exico.
Sample 6 —  58 specimens from eastern Sandoval County, northwestern and 

west-central Santa Fe County, N ew  M exico.
Sample 7 —  11 specimens from south-central Sierra County, N ew  M exico.

C. inornatus

Sample A —  14 specimens from western M cKinley County, N ew  M exico. 
Sample B — -56  specimens from west-central Santa Fe County, N ew  M exico. 
Sample C — -1 0  specimens from central D ona A na County, N ew  M exico. 
Sample D — ■ 16 specimens from southeastern Culberson County, Texas. 
Sample E  — -7 0  specimens from central Chihuahua, M exico.

^Recently described as Cnemidopltorus uniparcns by Wright and Lowe (1965).
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TA X O N O M IC  C H A R A C TE R S

Objective characters which can be used to distinguish between individual 
specimens of ve lox  and inornatus  are the anterior extent of the sublabial 
scales and the relative size o f postantebrachial scales. The relative degree of 
blue pigmentation on the tail and ventral surfaces is useful in the field. Four 
meristic characters and one ratio are tested for their diagnostic value and used  
to analyze the relative degree of variability expressed by the two species.

C o l o r  a n d  C o l o r  P a t t e r n

C. ve lox  and C. inornatus  are among the few  species o f the sexlineatus  
species group which exhibit alm ost no ontogenetic change in color and color 
pattern. The basic pattern of both species consists o f six com plete white or 
yellowish stripes on a dark, unspotted dorsum. Certain individuals or popu­
lations may have a seventh vertebral stripe. This stripe is usually less distinct 
than the others and som etimes is discernable only in alcohol. In addition to 
the primary stripes, most individuals of velox  have a distinct stripe on the 
side of the neck, extending from the ventro-posterior border of the tympanum  
to the shoulder. Northern populations o f velox  have the neck stripe joined to 
the dorsolateral by a vertical white bar bordering the tympanum posteriorly.

Hatchlings are more brilliantly patterned than adults due to a greater con­
trast between the light stripes and black dark fields. The dark fields between  
the stripes tend to lighten from black in the subadults to a grayish or brownish 
appearance in the adults. This slight color metamorphosis appears to result 
from a progressive diminution of m elanin in the anterior halves, or entire 
margins, o f the dorsal granules. Only a few scattered granules are involved  
in juveniles, more granules becom ing bicolor with increased growth. This 
color change is less pronounced on the anterior body regions, and throughout 
ontogeny the flanks are always less heavily pigmented than the other dark 
fields.

Certain inornatus  populations exhibit a high variability in dorsal color and 
color pattern. Four color-morphs were represented by the adult inornatus  of 
sample B. These specimens were either (1 )  medium gray in all dark fields 
except the flank; (2 )  light, brownish-gray in all dark fields except the flank; 
or had (3 )  a progressive transition from black paravertebral fields, dark gray 
dorsolaterals, gray laterals, to light gray flank fields; (4 )  a striking contrast 
of black paravertebral and dorsolateral fields and light, copper-shaded lateral 
and flank fields.

One salient feature of the dorsal color pattern of these species is the vari­
ability in degree of vertebral stripe developm ent (see Table 1 ) . The size 
separation used, in Table 1 follows A xtell’s (1 9 6 1 )  interpretation that adult 
inornatus have a body length of 50 millimeters or longer. This length was
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T a b l e  1. V ertebral Stripe V ariation in C nem idophorus velox  and C. inornatus. 
6 =  no vertebral stripe; 6+  =  vertebral stripe on nape only; 6+ +  =  vertebral 
stripe extending past axillae but no t to rum p; 7 =  vertebral stripe complete.

Sample Body Length N  Frequency

6 6 + 6+ + 7

1 under 50 mm. 16 0% 19% 31% 50%
1 over 49 mm. 38 21% 18% 16% 45%
2 under 50 mm. 6 no/ U 0 50%, 33%, 17%
2 over 49 mm. 19 l f , 0 ‘, 0 37% 26% 11%
3 under 50 mm. 3 0% 0 % 0% 100%
3 over 49 mm. 12 17% 17%, 25% 41%
4 under 50 mm. 7 0°/ u /(> 29% 14% 57%
4 over 49 mm. 10 0°' w /O 60% 20% 20%
5 under 50 mm. 2 0%, 50% 0 % 50%
5 over 49 mm. 6 0% 50% 33% 17%
6 under 50 mm. 35 20% 74% °/0 0 %
6 over 49 mm. 23 22% 52% 170/ 1 ' /o 9%
7 under 50 mm. 0
7 over 49 mm. 1 I 55% Q Of y  /o 27% 9%
A under 50 mm. 2 o°/u /c> 0% 50% 50%
A over 49 mm. 12 1 7 lT/ 1 ' /o 0% 8% 75%
B under 50 mm. 4 0 ° ' U /o 0°/' U / O 0°/ u /O 100%
B over 49 mm. 52 0°,■' / o 0°/ U / 0 0°/ u /o 100%
C under 50 mm. 6 0 °' W O u /o 17% 83%
C over 49 mm. 3 33% 0% 0 % 67%
D under 50 mm. 5 0 % 0%, 0% 100%
D over 49 mm. 1 1 o % 0% 0% 100%
E under 50 mm. 12 0 % 42% 25% 33%
E over 49 mm. 58 2 % 19% 21% 58%

arbitrary for velox  and was chosen only to facilitate comparisons. Axtell (1961: 
151) recognized four . . fairly homogeneous geographic populations . . 
of inornatus, based upon the number of stripes. Difficulty arises with this ar­
rangement when an attempt is made to place those specimens with an abortive 
vertebral stripe into either the six or the seven-striped category. Only inornatus 
samples B and D  were homogeneous for this character, all individuals having 
seven complete stripes.

The vertebral stripe of velox hatchlings may exist in several conditions; (1 )  
complete from occiput to rump; (2 )  disrupted into short segments from occiput 
to ramp, as in the hatchlings of certain C. exsanguis populations; (3 )  partially 
developed, extending past the axillae but ending anterior to rump; (4 )  partially 
developed, just on the nape; or (5 )  absent altogether. Adult velox  specimens 
exhibit all of these patterns, but the frequencies in both hatchlings and adults 
vary according to population.
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The four striping patterns are represented in all velox  samples except 4 and 5. 
These two samples lack individuals with no vertebral stripe. There is an alter­
nation in the northern samples (1 -4) between a predominance of individuals with 
seven complete stripes and a predominance of individuals with the vertebral 
stripe slightly developed on the nape. Southward, the highest frequency is 
stablized at the latter pattern in samples 5 and 6, and shifts to the six-striped 
pattern in sample 7.

A ll of the inornatus samples have the highest frequency for seven complete 
stripes. The eastern samples (B  and D ) are homogeneous for this character, 
and sample D  can be allocated to C. inornatus heptagram m us Axtell on the 
basis of scutellation as well. The three western samples (A , C, and E ) are 
composed of predominantly seven striped individuals, but A  and C also contain 
individuals with no vertebral stripe and representatives with the vertebral stripe 
terminating anterior to the rump. Sample E contains individuals exhibiting all 
four degrees of vertebral stripe development.

D ean and Stock (1 9 6 1 :1 2 6 )  were hesitant in allocating whiptail lizards from 
the Navajo Reservoir Basin of New M exico to velox because many of their 
specimens had a blue venter. Although there is a possibility that inornatus 
specimens were included in their series, a light blue ventral coloration is not 
unusual for velox. The ventral surfaces of living velox  range in color from white 
or light blue to bluish-gray. The ventral coloration of live inornatus is ordinarily 
darker than velox  but more variable, being either white (in  some fem ales), light 
blue, medium blue, or bluish-gray. The blue pigmentation is usually pronounced, 
especially in adult males.

A t a contact zone in McKinley County, New Mexico (samples 5 and A ) ,  all 
but two of twenty-two individuals, of a mixed sample, could be allocated on the 
basis of tail color alone. The tail coloration of the inornatus specimens was an 
intense blue-violet for both sexes, with the exception of light blue in one male 
and blue-gray in one female. This obvious difference in tail color was not evi­
dent between the two species at the Santa Fe County site (samples 6 and B ) ,  
because the inornatus specimens lacked any indication of violet pigmentation. 
Hatchlings and juveniles of both species normally have a blue tail. This color 
may persist in the adults or fade to various shades of gray.

S u b l a b i a l  S c a l e s

I follow Smith’s (1 9 4 6 :2 6 )  definition of sublabials as the scales extending 
anteriorly between the infralabials and chinshields. The distance these scales 
extend anteriorly serves to separate all velox  and inornatus specimens examined. 
In inornatus, the sublabials extend anteriorly past the posterior suture of the 
third infralabial. In velox, these scales do not extend past the middle of the 
fourth infralabial.
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P o s t a n t e b r a c h i a l  S c a l e s

The relative size of the scales covering the posterior surface of the forearm 
readily separates individuals of velox  and inornatus. Duellman and Zweifel
(1 9 6 2 )  characterize both velox  and inornatus as having slightly enlarged post- 
antebrachials. These species actually have a significant difference in the size of 
these scales. C. inornatus has postantebrachials that vary from being granular, 
in some males, to very slightly enlarged in the majority of specimens. The scales 
are distinctly enlarged in velox, although obviously smaller than those of C. 
exsanguis.

F e m o r a l  P o r e s  ( F P )

In C nem idophorus  systematics, the mean number of femoral pores is often 
so similar for different species, that its primary usefulness is as an indicator of 
intraspecific variation. It has been the custom for several years to combine the 
counts for both femora, because the number of pores often differs for each of 
the two legs.

There are no obvious geographic trends in the number of femoral pores, and 
overlap of ranges of variation, for both species, is virtually complete (see 
Table 2 ) .  The highest mean number of femoral pores is in the northern m ost 

sample of velox. Sample 5 velox, sympatric with sample A  inornatus, has the 
lowest mean number of pores of the velox  samples. The low coefficient of vari­
ation for this sample could indicate that the variability characterizing this popu-

T a b l e  2 .  V ariation in the N um ber of Fem oral Pores in C nem idophorus velox
and C. inornatus.

N  =  sam ple size; M  =  m ean; SD =  standard deviation;
SE =  standard  error; C V  =  coefficient o f variation

Sample N Range and F requency M SD SE CV
28 29 30 31 32 33 34 35 36 37 38 39 40

1 52 1 3 7 8 17 10 2 4 34.8 1.6 0.2 4.6
2 20 2 5 7 6 33.5 1.4 0.3 4.2
3 15 1 1 1 2 6 1 3 33.7 1.8 0.5 5.3
4 15 1 1 2 2 1 3 3 1 1 33.1 2.6 0.7 7.8
5 7 1 2 4 31.4 0.8 0.3 2.5
6 57 1 5 14 13 21 2 1 33.0 1.3 0.2 3.9
7 11 1 3 3 1 2 1 33.4 1.8 0.5 5.4
A 12 3 3 2 2 1 1 32.8 1.3 0.4 4.0
B 50 1 4 6 7 8 2 9 4 5 2 1 1 33.8 2.6 0.4 7.7
C 8 1 1 1 2 2 1 33.6 1.9 0.7 5.6
D 14 1 3 6 4 31.1 1.4 0.4 4.5
E 66 1 1 9 11 11 9 8 5 5 5 1 32.8 2.4 0.3 7.3
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T a b l e  3. Com parisons of M ean N um ber of Fem oral Pores Between A djacent 
and Sym patric G roups of C nem idophorus velox  (N um erals) and C. inornatus 
(L etters), t =  S tudent’s t value; P  =  probability. A n observation is regarded 

as statistically significant if the probability is 5 percent or less.

Samples t P

1 and 2 3.1 .01-.001
2 and 3 .375 .8 -.7
3 and 4 .727 .5 -.4
4 and 5 .318 .8 -.7
4 and 6 .212 .9 -.8
5 and 6 3.1 .01-.001
5 and 7 2.8 .02-.01
6 and 7 .857 .4 -.3
5 and A 2.6 .02-.01
6 and B 2.0 .05-.02
7 and C .222 .9 -.8
A  and B 1.3 .2
A  and C 1.1 .3 -.2
B and C .208 .9 -.8
C and D 3.4 .01-.001
D  and E 2.5 .02-.01

lation is not adequately represented, because of the small sample size. There 
might also be an intense selection pressure at this site, which is producing or 
accompanying a decline in population density (see Ford, 1 9 6 4 :1 2 ). An indi­
cation of the relative sizes of the velox  and inornatus components is given under 
the Sympatry section of this paper.

Intraspecific differences, which are statistically significant, exist between three 
pairs of adjacent velox  samples and between two pairs of adjacent inom atus  
samples (see Table 3 ) .  Interspecific differences are significant between samples 
5 and A , and 6 and B, but not between the adjacent samples 7 and C.

C. inornatus is the more variable species in the number of femoral pores, but 
sample 4 velox  has the highest variability for any single sample.

D o r s a l  G r a n u l e s  A r o u n d  M i d b o d y  (G A B )

This character is based on the number of dorsal granules included in a 
single row around midbody, a point visually picked approximately midway 
between axillae and anterior margin of thighs. The number of such granules 
has proven to be relatively constant within a species. Zweifel (1 9 5 9 )  has re­
viewed the history and use of this character as a means of elucidating relation­
ships within several species groups of C nem idophorus.
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There is a general trend of high to low counts from north to south through 
the transect (see Table 4 ) .  A ll velox  samples exhibit a low variability for this 
character. The mean difference between adjacent samples of velox  from Colo­
rado and northwestern N ew  M exico (1 -4 )  is only 1.1 granules. Between 
sample 4 and populations immediately to the south (samples 5 and 6 ) ,  there 
is a latitudinal separation of approximately 40 miles (see Fig. 1 ) . A n abrupt 
step and change in values occurs somewhere in this short distance. The counts 
become stabilized at a lower mean number of granules in samples 5-7. These 
three southern samples of velox  have a mean difference of only 0.3 granule. 
But there is a three granule difference between means of samples 1-4 and 
samples 5-7. The statistical significance of this geographic shift in frequencies 
is indicated in Table 5 between samples 4 and 5, and samples 4 and 6. N o  
statistical significance was demonstrated for the other adjacent samples of velox  
tested.

A ll inornatus samples exceed velox in variability, as is indicated by the higher 
coefficients of variation in Table 4. The high intraspecific variation within 
inornatus is illustrated in Table 5, where three of the five pairs of adjacent 
samples have a statistically significant difference between the means.

Interspecific tests reveal a high statistical significance between samples 6 and
B, 7 and C, but none between 5 and A . Because of the extensive overlapping 
of ranges of variation, the G AB has but limited usefulness in separating these 
two species. This is particularly true for those geographical areas where their 
ranges approach or contact one another.

D o r s a l  G r a n u l e s  O c c i p u t  t o  R u m p  (O R )

This character is of special interest, because Lowe (1 9 5 5 )  emphasized it in 
demonstrating the species relationship of inornatus and velox  and the validity 
of the latter. Zweifel ( 1 9 5 9 ) ,  Duellman and Wellman (1 9 6 0 ) , and Duellman 
and Zweifel (1 9 6 2 )  have proposed that the dorsal granule counts indicate 
relative granule size. Scatter diagrams made by a graphical plotting of individual 
G AB counts against individual O R counts, for the corresponding specimens, 
disclosed little if any correlation between the two characters. Several samples 
were checked in this manner; thus, granule size might not be the factor expressed 
by this character. The G AB counts involve fewer and more regularly disposed 
scales, are more conservative of time, and arc subject to a lower counting error.
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T a b l e  4 .  V ariation in the N um ber o f D orsal G ranules A round  M idbody in 
C nem idophorus velox  and C. inornatus. N  =  sample size; M  =  m ean; SD =  
standard deviation; SE =  standard error; C V  =  coefficient o f variation.

Range Sample Frequencies

1 2 3 4 5 6 7 A B C D E

57 1
58 1
59 1 2
60 1 1
61 1 3 1 1 3
62 1 5 3 3
63 1 5 1 1 8
64 3 1 4 2
65 1 6 1 7
66 1 3 2 1 8 1 1 6
67 2 1 1 2 6 1 6 1 2 8
68 4 1 1 1 7 1 2 2 1 9
69 4 5 2 1 8 2 1 5 1 1 7
70 3 1 1 1 5 2 2 5 5
71 6 3 1 11 4 1
72 8 3 2 2 8 1 1 1
73 14 2 3 4 2 1 2 3
74 5 4 3 3 1 1 2 1
75 2 1 3 1
76 2 1 1 2 1
77 3
78 1
79
80 1 1

Sample N M SD SE CV
1 53 72.0 2.5 0.3 3.5
2 21 71.8 2.8 0.6 3.9
3 14 73.6 3.2 0.9 4.3
4 16 72.4 2.3 0.6 3.2
5 8 69.0 2.6 0.9 3.8
6 58 69.6 2.8 0.4 4.0
7 11 69.3 1.9 0.6 2.7
A 14 67.8 4.2 1.1 6.2
B 55 66.2 3.6 0.5 5.4
C 9 63.1 3.9 1.3 6.2
D 13 64.4 4.1 1.1 6.4
E 64 66.4 3.3 0.4 5.2
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T a b l e  5. Com parisons of M ean N um ber of G ranules A round M idbody Between 
A djacent and Sym patric G roups of C nem idophorus velox (N um erals) and C. 
inornatus (L etters), t —- S tudent’s t value; P  =  probability. A n observation 
is regarded as statistically significant if the probability is 5 percent o r less.

Samples t P

1 and 2 .308 .8-.7
2 and 3 1.7 .1
3 and 4 1.1 .3-.2
4 and 5 3.2 .01-.001
4 and 6 3.6 <.001
5 and 6 .571 .6 :5
5 and 7 .273 .8-.7
6 and 7 .333 .8-.7
5 and A .757 .5-.4
6 and B 5.6 <.001
7 and C 4.5 <.001
A and B 1.4 .2-.1
A and c: 2.6 .02-.01
B and C 2.4 .02
C and D 2.7 .01-.001
D and E 1.9 .1-.05

Despite these factors, the OR counts provide a distinction between velox  and 
inornatus that is not attained with the G AB character.

A  linear count was made of all granules from the first unkeeled rump scale 
to the enlarged occipitals. The midline was followed as closely as possible, but 
the granules of this region arc often irregularly arranged, and lateral deviations 
must be made to avoid skipping scales. Unexpected deviations such as the 
extremely low count of 148 granules for an individual of sample 6 velox were 
rechecked carefully.

The general geographic pattern of this character in the velox  samples is one 
of alternating low and high mean values, from north to south in Colorado and 
northwestern N ew  M exico. There is an eastward shift from a high mean in the 
latter region (sample 5 ) to stable and lower means in central and southern New  
M exico (see Table 6 ) .  In contrast, the means for the inornatus samples are 
remarkably uniform, and no significant differences in the number of these 
granules are demonstrated for the adjacent samples (see Table 7 .)  The differ­
ences between all velox  and inornatus samples are highly significant. C. inornatus 
is the more variable species in the OR character.



14 U n i v e r s i t y  o f  C o l o r a d o  S t u d i e s

T a b l e  6. V ariation in the N um ber of D orsal G ranules, O cciput to  R um p, in 
C nem idophorus velox  and C. inornatus. N  =  sam ple size; M  =  m ean; SD =  
standard deviation; SE =  standard error; C V  =  coefficient of variation.

Range Sample Frequencies

1 2 3 4 5 6 7 A B C D

142-144 2
145-147
148-150 1 1 1
151-153 1 2
154-156 2 5 1
157-159 2 3 2 1
160-162 1 5 2
163-165 1 2 4 10 1 3
166-168 2 1 1 1 4 4 1
169-171 2 8 2 5
172-174 7 2 4 2 1 9 1 1 2 1
175-177 13 4 1 3 1 17 5 1 4 1 1
178-180 10 6 2 1 9 2 1 3 1
181-183 4 1 3 7 3 7 1 1 1
184-186 4 2 1 2 1 3 1
187-189 1 2 1 1 2 1
190-192 1 1
193-195 2
196-198
199-201 1

Sample N M SD SE C'V

1 43 177.4 5.6 0.8 3.2
2 20 181.8 7.6 1.7 4.2
3 15 177.0 6.2 1.6 3.5
4 16 180.6 4.4 1.1 2.4
5 8 182.2 5.5 2.0 3.0
6 58 175.6 6.2 0.8 3.5
7 11 176.0 3.7 1.1 2.1
A 13 164.7 7.8 2.7 4 T
B 48 165.6 10.2 1.5 6.2
C 9 163.8 7.6 2.5 4.6
D 14 164.8 9.8 2.6 5.9
E 48 166.3 9.3 1.3 5.6

E

?
3
3
3
3
7
8
6
3
4
1
3
1
1
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G r a n u l e s  B e t w e e n  P a r a v e r t e b r a l  S t r i p e s  ( P V )

The number of dorsal granules separating the paravertebral stripes at midbody 
gives an indication of the relative spacing of these stripes. Zweifel (1 9 5 9 :6 7 )  
observed that in using this character, “The counts of two or more populations 
are not directly comparable unless the numbers of scale rows around the body 
are highly similar in the populations . . and, if the circumferential counts 
are substantially different, the spacing of the stripes may be due to scutellation 
differences and not to color pattern. The G AB counts for both inornatus and 
velox appear to be sufficiently similar to permit inferences to be drawn from an 
analysis in which this character is utilized.

The means for the velox  samples are fairly uniform, and no geographic pat­
terns are obvious. The most divergent sample is 6 (see Table 8 ) .  One in­
dividual from this sample has the paravertebral stripes fused at midbody. It was 
given a count value of 0 and included in the analysis because two other lizards, 
taken alive from this population, have the same pattern.

There is a trend, in the inom atus  samples, of progressively higher means from 
north to south, then a sharp drop to a low mean number of granules in the 
southernmost sample. This is complicated by an indication of east-west trends 
of variation, with lower means characterizing the western samples (see Table 8 ) .

The variability of velox, for this character, has a pattern of low variability in 
the northern samples (1 -3 )  and a high variability in the southern samples (5 -7 ) .

I Aiti . i i  7. Com parisons of Mean N u m b e r  o i Dorsal G ranules, Occiput lo R u m p ,  
Between A djacent and Sym patric G roups of C nem idophorus velox  (N um erals) 
and C. inornatus (Letters), t =  S tudent’s t value; P =  probability. A n observation 
is regarded as statistically significant if t h e  probability is 5 percent o r less.

Samples t P

1 and 2 2.6 .02-.01
2 and 3 2.0 .05
3 and 4 1.9 . 1 -.05
4 and 5 .771 .5-.4
4 and 6 3.0 .01-.001
5 and 6 2.8 .01-.001
5 and 7 2.9 .01-.001
6 and 7 .203 .9-.8
5 and A 5.5 <.001
6 and B 6.2 <.001
7 and C 4.6 <.001
A and B .296 .8-.7
A and C .273 .8-.7
B and C .510 .6
C and D .769 .5-.4
I) and K .532 ,6-. 5
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T a b l e  8. V ariation in the N um ber of D orsal G ranules Separating Paravertebral 
Stripes at M idbody in C nem idophorus velox  and C. inornatus. N  =  sam ple size; 
M  =  m ean; SD =  standard deviation; SE =  standard error; C V  =  coefficient of 
variation.

Sample N  Range and Frequency M  SD SE CV

0* J1 2  3 4 5 6 7 8 9 10 11 12 13

1 53 1 16 25 1 1 6.9 0.8 0.1 11.6
2 24 3 12 8 1 6.3 0.8 0.2 12.7
3 15 3 9 2 1 7.1 0.8 0.2 11.3
4 17 12 2 2 1 6.6 1.1 0.3 16.7
5 8 1 3 2 1 I 5.8 1.3 0.5 22.4
6 58 1 1 2 22 13 12 6 1 4.9 1.4 0.2 26.8
7 11 3 1 3 4 5.7 1.3 0.4 22.8
A 14 1 1 5 5 1 1 7.4 1.4 0.4 1 S.%.
B 56 i 2 11 14 12 13 3 8.5 1.3 0.2 15.3
C 9 1 2 4 1 1 9.7 1.8 0.6 18.6
D 15 2 4 1 4 4 11.1 1.7 0.4 15.5
E 67 1 2 5 16 16 16 5 5 1 7.1 1.6 0.2 22.5

“Paravertebral Stripes fused at m idbody.

Sample 4 bridges the two groups with an intermediate CV value. C. inornatus 
samples A  and C, from the western portion of the transect, have a relatively 
high variability; whereas, the eastern samples B and D  possess a lower variability. 
Sample E  inornatus has the greatest variability for this species, but this is 
equaled or surpassed by velox  samples 5-7.

The interspecific differences were all statistically significant, as were the intra­
specific differences between all adjacent samples of inornatus, and several of the 
adjacent velox  samples (see Table 9 ) .

While this character is suitable for an analysis of geographic variation and 
variability, it is obvious from Tabic 8 that its use in demonstrating the specific 
status of these two forms is restricted to certain populations.

G r a n u l e s  B e t w e e n  P a r a v e r t e b r a l  S t r i p e s  x  1 0 0 / G r a n u l e s  

A r o u n d  M i d b o d y  (P V /G A B )

Use of this ratio was proposed by Zweifel (1 9 5 9 :6 7 ) .  It is allegedly a better 
character than the PV  alone, because in the ratio, “ . . . the separation [of the 
paravertebral stripes] is related to the circumference of the body and divorced 
from variation in the size of the scales.” This character has not previously been 
applied to either velox or inornatus.

Combination of the two characters demonstrates little that was not shown by 
the PV alone. A ll data on trends of variation, variability, intraspecifie and
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interspecific differences, discussed under the PV  character, are also applicable 
here. Both sets of parameters and values parallel one another (see Tables 
10 and 1 1 ).

Table 12 presents data reductions which characterize the velox  and inornatus 
used in this study.

T a b l e  9. Com parisons of M ean N um ber o f G ranules Separating Paravertebral 
Stripes Between A djacent and Sym patric G roups of C nem idophorus velox 
(N um erals) and C. inornatus (L etters), t =  Student’s t value; P  =  probability. 
A n observation is regarded as statistically significant if the probability is 5 per­
cent o r less.

Samples t P

I and 2 3.1 .01-.001
2 and 3 3.4 .01-.001
3 and 4 1.4 .2-.1
4 and 5 1.5 .2-.1
4 and 6 4.7 <.001
5 and 6 1.6 .2-.1
5 and 7 .154 .9-.8
6 and 7 1.7 .1-.05
5 and A 2.6 .02-.01
6 and B J4.7 <.001
7 and ( 5.5 <.001
A and B 2.8 .01-.0 0 I
A  and C 3.3 .01-.001
B and C 2.4 .02-.01
C and D 4.6 <.001
D  and E 8.8 <.001
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T a b l e  10. V ariation in N um ber of G ranules Separating Paravertebral Stripes 
X 100 /N um ber o f G ranules A round M idbody in C nem idophorus velox  and C. 
inornatus. N  =  sample size; M  =  m ean; SD =  standard deviation; SE =  stand­
ard error; C V  =  coefficient of variation.

Range Sample Frequencies

0.0-0.9
1 . 0 - 1.9

2 .0- 2.9
3.0-3.9
4.0-4.9
5.0-5.9
6 .0 - 6.9
7.0-7.9
8 . 0 - 8.9
9.0-9.9

10.0-10.9
11.0-11.9
12.0-12.9
13.0-13.9
14.0-14.9
15.0-15.9
16.0-16.9
17.0-17.9
18.0-18.9
19.0-19.9
20.0-20.9
21.0-21.9

1 2
15 10 3
24 8 8

6 3
7

5 7 A

I 1
9

2
15
7

12
13
5

4
3
4

C

2 
6 
8 

1 1 
10 
10 

7

mple N M SD SE CV

1 53 9.5 0.9 0.1 9.5
2 21 8.6 0.9 0.2 10.5
3 14 9.3 0.7 0.2 7.5
4 16 9.2 1.6 0.4 J 7.4
5 8 8.3 1.7 0.6 20.5
6 57 7.1 1.9 0.2 26.8
7 1 1 7.1 1.9 0.3 26.8
A 14 1 1.0 2.1 0.6 19.1
B 55 12.8 1.8 0.2 14.1
C 9 15.3 2.6 0.9 17.0
D 13 17.8 2.5 0.7 14.0
E 64 10.8 2.3 0.3 21.3

D

1
2

4
5

I I
II 
12
8
4
4
1
I
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T a b l e  11. Com parisons of N um ber of G ranules Separating Paravertebral Stripes 
X 1 0 0 /N um ber o f G ranules A round M idbody Between A djacent and Sympatric 
Samples of Cnem idophorus velox (N um erals) and C. inornatus (L etters), 
t =  S tudent’s t value; P  =  probability. A n observation is regarded as statistically 
significant if the probability is 5 percent or less.

Samples t P

1 and 2 4.4 <.001
2 and 3 2.5 .02-.0 I
3 and 4 .231 .9-.8
4 and 5 1.3 .2
4 and 6 4.1 <.001
5 and 6 1.6 .2-.I
5 and 7 1.4 .2-.1
6 and 7 0.0 1.0
5 and A 3.2 .01-.001
6 and B 16.8 <.001
7 and C 8.2 <.001
A and B 3.3 .01-.0 0 I
A and C 4.3 <.001
B and C. 3.7 <.001
C and D 5.5 <.001
D and E 10.0 <.001

T a b l e  12. G rand  M eans for Taxonom ic C haracters U sed in an Analysis of 
C nem idophorus velox  and C. inornatus. A  =  E ach locality treated as a separate 
entity; B =  All individuals treated as a single sample. F P  =  fem oral pores; 
GAB =  granules around m idbody; O R  =  granules from  occiput to rum p; 
PV  =  granules separating paravertebral stripes at midbody.

C haracter N Range A B

F P 177 28-38 velox 33.3 ±  0.4 velox 33.6
150 28-40 inornatus 32.8 ±  0.4 inornatus 33.0

GAB 181 64-80 velox 71.1 ±  0.6 velox 71.1
155 57-76 inornatus 65.6 ±  0.9 inornatus 66.1

OR 171 148-200 velox 178.6 ±  1.3 velox 177.7
132 143-190 inornatus 165.0 ±  2.1 inornatus 165.6

PV 186 0*-10 velox 6.2 ±  0.3 velox 6.1
161 3-13 inornatus 8.8 ±  0.4 inornatus 8.1

P V  X  100 180 0.0-13.7 velox 8.4 ±  0.3 velox 8.4
GAB 155 4.7-21.0 inornatus 13.5 ±  0.5 inornatus 12.4

“Paravertebral stripes fused at niidbocly.
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SY M PA T R Y

The lack of information regarding geographical contact of velox  and inornatus 
has been pointed out by Maslin, Beidleman, and Lowe (1 9 5 8 :3 4 1 ) , Duellman 
and Zweifel (1 9 6 2 :2 0 6 ) , and Gehlbach (1 9 6 5 :2 9 3 ) . I can now report three 
sites at which these species are sympatric. One site is located fourteen miles north 
of Gallup, McKinley County, New M exico. Specifically, the collecting area is 
immediately north of the Toh La Kai Trading Post, west of U.S. 666. The site 
has been visited four times by University of Colorado Museum personnel. On 
10 June 1953, one female velox  and two male inornatus were collected by Dr. 
T. Paul Maslin. The second visit was made on 11 June 1964, but the day was 
cool and cloudy and only a few Sceloporus were active. The second sample was 
secured on 3 July 1964 and consisted of four velox  and eight inornatus. I 
collected one additional velox  and four inornatus on 2 September 1964.

The site consisted of five or six acres of relatively flat basin land, enclosed 
in a pocket by cliffs and rock outcrops on the south, west, and north (see Fig. 2 ) .  
The northern cliffs approach U.S. 666, then retreat to the northwest. The sub­
strate was composed of hard packed clay, with scattered patches of loose sand 
and soil. A n arroyo extended eastward and paralleled the south cliffs. A t its 
head in the southwestern cliffs, there was a small cave containing standing water 
on the last three visits. None of this water reached the arroyo or surrounding 
habitats.

The dominant vegetation was composed of short grasses (heavily grazed by 
sheep) and scattered shrubs, predominantly big sagebrush ( A rtem isia  tridentata) 
and snakeweed ( Gutierrezia sarothrae), with a lesser abundance of rabbitbush 
( Chrysotham nus nauseosus) and apache plume ( Fallugia paradoxa). A  slight 
ecotone was evident between the Plains Life Belt* to the east, and Roughlands 
Life Belt* to the west, as widely scattered pinyon ( Pinus edulus) was encroach­
ing upon the area from the broken highlands west of the site proper.

Both species were taken from the hard pack, especially around rodent burrows 
at the bases of shrubs, but the majority of the specimens came from a sandy area 
adjacent to a broken rock slope at the western margin of the flat land (shown at 
the right in Fig. 2 ) .  On two separate occasions, investigation of the surrounding 
countryside for about one-fourth mile in each direction located additional repre­
sentatives of these species only to the northwest, on flats adjacent to the cliffs. 
The species ratio, from specimens obtained, is approximately two inornatus for 
each velox. Each lizard seen was shot, and only two or three individuals were 
known to have escaped capture. N o collecting bias is thought to be involved.

The distribution of inornatus throughout the transect region is highly disjunct. 
This seems to be especially true in the northwestern periphery of its range. 
Gehlbach (1 9 6 5 )  made extensive collections in McKinley and Valencia

^Characterized for this region by Gehlbach (1965:249-252).
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F i g u r e  2. Site o f sym patry between C nem idophorus velox  and Cnemiclophorus 
inornatus, fourteen  miles north  o f G allup, M cK inley County, N ew  M exico. Photo 
depicts a view to the southwest.

Counties, N ew  M exico, and mentioned no additional specimens of inornatus 
from this region, other than the two males previously reported by Maslin (1 9 6 2 ) .

The largest specimens of each species from this site are shown in Fig. 3. 
Gehlbach (1 9 6 5 :2 9 0 )  noted that inornatus from western New M exico does not 
exceed 67 millimeters in snout-vent length. Five of the fourteen inornatus from 
the site exceed this length, the largest specimen having a snout-vent length of 
72 millimeters.

Other reptiles collected at the site include Crotaphytus collaris baileyi, Scelo­
porus graciosus graciosus, S. undulatus elongatus, and Urosaurus ornatus wrighti. 
Gehlbach (1 9 6 5 )  reported extensive intergradation between subspecies in this 
region, but the taxa listed above were not checked for possible intergrades. N o  
amphibians were seen on any of the visits to the site.

The northernmost distribution records for inornatus were reported by Harris
(1 9 6 3 )  from the San Juan Basin of northwestern New M exico. The range of 
inornatus in this area was restricted to grassland areas south of the San Juan 
River. C. velox  also occurs in this area, but no contact zones between the two 
species were discovered. I have just recently examined a small series of speci-
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A B C D

F i g u r e  3.  Largest specimens of C nem idophorus velox and C. inornatus from  a  
site fourteen miles north of G allup, M cK inley County, N ew  M exico. (A ) C. velox, 
SVL 80 mm .; (B) C. velox. SVL 78 m m .; (C ) C. inornatus. male, SV L 70 m m .; 
(D ) C. inornatus, female, SVL 72 mm.

mens catalogued as C nem id o p h o ru s ve lo x , from the Museum of Comparative 
Zoology at Harvard University. Two of the specimens (M CZ 62448  and 624 4 9 )  
are recorded as having come from one mile north of A ztec (San Juan County), 
New Mexico. These specimens establish another instance of sympatry. MCZ  
62448 is a representative of ve lo x , but MCZ 62449  is a specimen of inornatus. 
The characteristics of these two specimens are as follows: MCZ 62448 , C. ve lo x  
— postantebrachial scales enlarged; sublabial scales extend anteriorly to posterior 
suture of fourth infralabial; stripes, 7; femoral pores, 38; granules around mid­
body, 83; granules occiput to rump, 190. MCZ 62449 , C. inornatus— Postante­
brachial scalcs slightly enlarged; sublabial scales extend anteriorly to middle of 
third infralabial; stripes, 7; femoral pores, 37; granules around midbody, 69; 
granules occiput to rump, 167.

On 18 July 1965, ve lo x  and inorna tus  were found sympatric at a site approxi­
mately four miles southwest of Santa Fe, Santa Fe County, New  M exico. Im ­
mediately south of the junction of U.S. 85 and N .M . 10, a wide, dry arroyo 
extends east-west and is spanned by both highways. The arroyo bed and margins 
constituted the habitat for both species. Three hours of collecting produced 62  
inornatus  and eight ve lox  specimens. Of these, 56 and four respectively were 
available for study. The four ve lo x  specimens have scale counts that are well
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within the ranges of variation exhibited by three samples from areas northwest 
of the site. A ll four groups were combined to form sample 6.

Excluding scutellation, the principal difference between the two species from 
the site is in the degree of vertebral stripe development. A ll of the inom atus  
specimens have a complete vertebral; whereas, two of the velox have the stripe 
developed only on the neck, and the other two have the stripe terminating anter­
ior to the rump.

The dominant vegetation consisted of rabbitbush ( Chrysotham nus nauseosus) 
interspersed with scattered stands of western wheat grass ( Agropyron sm ith ii). 
The substrate was predominantly sandy, and the highest population density of 
inom atus  occurred where the sand was loose.

Whether or not a microhabitat preference existed for velox  was difficult to 
discern, although the specimens collected by me came from the arroyo margins, 
where shrubs predominated. Even there, both species were taken from the same 
cluster of shrubs. One undisturbed velox  was basking two feet off the ground in 
a shrub when collected. C. inornatus readily climbed into the shrubs when dis­
turbed, and one individual was observed actively foraging, climbing and making 
its way through the branches.

C. inornatus was the most abundant species, followed by Sceloporus graciosus,
C. velox, and H olbrookia m aculata approxim ans. One M asticophis flagellum  
completes the forms taken.

Maslin, et al. (1 9 5 8 :3 4 2 )  observed that both velox and inornatus are less 
abundant in regions where their ranges approach one another. This situation was 
evident at the McKinley County site, but at the Santa Fe County site, inom atus  
was extremely abundant. The low density of velox, at the latter site, indicates 
that this habitat is sub-optimal for this species.

DISCUSSION

A  high individual variation within a population provides a greater probability 
that certain individuals will survive should an environmental change produce new 
selection pressures. Of the two species considered here, inornatus, in general, 
possesses the greater variability. But when individual samples and characters are 
considered, certain velox samples exceed all inom atus  samples in variability.

In any discussion of sexual vs. asexual reproduction, it is generally agreed that 
sexually reproducing organisms have the potential for a greater variability because 
segregation and recombination of various genes from the population gene pool is 
a normal result of this process. That considerable variability might also be found 
in unisexual organisms was considered by Mayr (1 9 6 3 :4 1 0 ) :  “Since each indi­
vidual and the clone to which it gives rise remain permanently independent of all 
related clones, one would expect, owing to mutation, a steady genetic divergence 
between clones, ultimately resulting in high variability in the parthenogenetic 
‘species’ . . . When this reasoning is applied to velox, difficulties are immedi­
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ately evident. For an organism that has to rely upon mutation for its variability, 
the triploid endowment of velox  (Pennock, 1965) would appear to place it 
under a severe disadvantage. Most spontaneous mutations occurring in well- 
studied organisms appear to be recessive. To result in expression, recessives in a 
triploid such as velox  might have to occur in a double dose, or possibly in a triple 
dose, at the same locus in chromosomes of the same individual. Without complex  
cytogenetic activity, this remains an extremely remote possibility. However, the 
mutation of one gene changes the genetic background of an individual, regardless 
of whether penetrance is fully realized or not. The effect of the total genotype 
producing a selection differential could account for the divergence of groups of 
velox. The lack of detailed genetic, cytogenetic, and ecological data makes 
speculation on the causal factors of velox  variability premature.

Sympatric species of Cnem idophorus  often exhibit the greatest morphological 
differences within the area of sympatry, with these differences being less pro­
nounced in other parts of their range (e.g ., sexlineatus and gularis; sexlineatus 
and tesselatus; J. Martin Walker, unpublished data). This phenomenon of 
character divergence is thought to be produced in other organisms by the intense 
selection pressure of competition within the zone of contact (Mayr, 1 9 6 3 :8 2 ). 
To establish if sympatry produces such differences in velox  and inornatus, the 
sympatric samples 5 and A , and 6 and B were compared with the allopatric 
groups 7 and C. Within the contact zones, there is a reinforcement of differences 
in number of femoral pores and number of granules separating the paravertebral 
stripes; there is a character convergence in the number of granules around 
midbody. In the number of granules from occiput to rump, one pair of sympatric 
samples was less, one more divergent than the allopatric samples.

S P E C IM E N S  E X A M IN E D

This study was based on the examination of 189 specimens of velox and 166 
of inornatus; only these individuals are listed below. Comparative material 
examined, from localities outside of the study area, included 42 velox  and 17 
inornatus.

Catalog numbers without prefixes refer to University of Colorado Museum  
specimens; B Y U  =  Brigham Young University, Provo, Utah; UI =  University 
of Illinois, Museum of Natural History, Urbana, Illinois; MCZ =  Museum of 
Comparative Zoology, Harvard University, Cambridge, Mass.

S a m p l e  1
Co l o r a d o : Garfield Co.: 9.8 mi. W  
G rand  Valley (10785 , 10786); 4 mi. N 
Silt, H arvey G ap (1 9 6 9 8 ); 6 mi. N 
Rifle (1 9 6 9 9 ); U na (23946, 2 3 9 4 7 ).

M esa Co.: C olorado N ational M onu­
m ent (6023 , 9359, 9654, 20145, 
24905*, 2 4 9 08 -24910* ); C olorado N a ­
tional M onum ent, N o T horoughfare 
C anyon (1 8 1 3 8 ) ; Saddlehorn area

♦Laboratory hatchlings derived from eggs laid by females from the indicated localities.



M o r p h o l o g i c a l  V a r i a t i o n  i n  T e i i d  L i z a r d s 25

(20501, 2 0 5 0 2 ); 8 mi. W  G rand  Junc­
tion (2 0 5 0 3 ) ; W hitew ater (22136); W  
Fruita bridge, Colorado River, south 
bank (2 3 9 4 5 ) ; 21 mi. S G rand  Junc­
tion (25601 , 2 5 6 0 2 ); G rand  Junction 
(B Y U  12493); N o T horoughfare C an­
yon (U I 5 3 247 ). Delta Co.: 4 mi. N W  
Cedaredge, “C edar Breaks” (7138- 
7 1 4 3 ); D om inguez Canyon (19823, 
19824, 2 7 2 4 4 ); 16 mi. N W  D elta, 
Dominguez Canyon (21069, 2 1 0 7 0 ); 
20 mi. N  Delta, D om inguez Canyon 
(2 1072-2 10 8 4 ); 2 mi. S L azear(258  15- 
25820).

S a m p l e  2
Co l o r a d o : M esa Co.: along Little D o­
lores River, 20 mi. W SW  G lade Park 
(6 0 2 2 ) ; D olores River, along Colo. 
141, extrem e southern M esa Co. (1358);
1 mi. SE G atew ay (6 5 6 3 ). M ontrose  
Co.: San M iguel River C anyon, about 
3 mi. N U ravan (1335 -1 3 3 7 ); Dolores 
River at bridge on Colo. 141, N  U ra­
van (1 3 5 7 ) ; gravelly benchland above 
San M iguel River, 14 mi. N W  N aturita 
(1 3 8 5 ) ; 10 mi. N N aturita , river 
benches on D olores River (3 1 8 2 ) ; 3 
mi. N W  Paradox (1 7 3 3 2 ) ; Bedrock 
(1 7 3 5 7 ) ; 1 mi. S Bedrock (17358, 
17360, 17362); 7.4 mi. SSE Mesa- 
M ontrose County line, Colo. 141 
(2 5 6 0 3 ). San M iguel Co.: Joe Davis 
G ulch, Dolores River (4 5 1 ) ; 10 mi. 
N W  G ypsum  G ap, H am m ’s Canyon 
(4 3 2 0 ) ; 1.5 mi. N  G ypsum  G ap (432 1, 
4 3 2 2 ); G ypsum  G ap (4323, 4325, 
4327-4330 ).

S a m p l e  3
Co l o r a d o : M ontezum a Co.: 5 mi. SW 
Tow aoc ( 1313); M cElm o Creek, 5 mi. 
W  Cortez (4331-4333, 4336, 4337, 
4339-4341); 10 mi. SW Towaoc (9360); 
16 mi. SW M ancos (1 0 4 0 5 ) ; 3 mi. S, 

3 mi. W  Yellow Jacket, Reed Ranch 
( 1 1330, I 1825); Mesa Verde N ational 
Park, Main C am p (1 8 7 4 3 ); Mesa 
Verde N ational Park (BY U  125).

u t a h : San Juan Co. : 12 mi. S M onti- 
cello, Devil’s C anyon, U tah 47 (6 5 6 2 ).

S a m p l e  4
Co l o r a d o : La Plata Co.: F t. Lewis 
College campus, D urango (2 1 5 4 9 ). 
n e w  M e x i c o : San Juan Co.: Farm ing­
ton (135, 135); 0.5 mi. S Colo, state 
line, below Redm esa, La Plata Co., 
Colo., along N .M . 17 (1 3 0 5 ) ; 7 mi. E 
Blanco (7250-7259); 43 mi. SE Bloom­
field (7260 , 7 2 6 1 ); 34 mi. SSE Bloom­
field 7 2 6 2 ); 1 mi. N  A ztec (M CZ 
6 2 4 4 8 )— data included in Sympatry 
section only.

S a m p l e  5
n e w  m e x i c o : M cK inley Co.: 14 mi. 
N  G allup, Powell’s T rading Post (6578);
2 mi. E New M exico state line, W  U.S. 
66 (18644, 18645); 14 mi. N  Gallup, 
W U.S. 666 , N  T oh La K ai Trading 
Post (25548, 25551, 25555, 25558, 
2 5 814 ).

S a m p l e  6
n e w  M e x i c o : Sandoval Co.: 3 mi. 
N  Pena Blanca (22817-22822, 23343, 
24831-24861, 24897*, 2 4 8 9 8 * ); 8 mi. 
SW  Espanola, N .M . 4 and Rio G rande 
River (29457, 29470); Bandelier N a ­
tional M onum ent, Tyounyi Ruin 
(29458 -29469 ). Santa Fe Co.: 4 mi. 
SW Santa Fe, junction of U.S. 85 and 
N .M . 10 (29538 -29541 ).

S a m p l e  7
n e w  M e x i c o : Sierra Co.: vicinity of 
Caballo Reservoir Dam (25609, 25610, 
25612-25614, 25616-25618, 25621- 
25623 ).

S a m p l e  A
n e w  m e x i c o : M cK inley Co.: 14 mi. N  
G allup, Powell’s Trading Post (6579, 
6 5 8 0 ); 14 mi. N  G allup, W  U.S. 666 , 
N  Toh La Kai Trading Post (25547, 
25549, 25550, 25552-25554, 25556, 
25557, 25810-25813).

’̂ Laboratory hatchlings derived from eggs laid by females from the indicated localities.
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S a m p l e  B
n e w  M e x i c o : Santa Fe Co.: 4 mi. SW 
Santa Fe, junction of U.S. 85 and N .M . 
10 (29480 -29537 ).

S a m p l e  C
n e w  M e x i c o : Dona A na  Co.: College 
Ranch (2 5 5 3 2 ) ; Las Cruces (2 7 2 0 1 ) ; 
near Mesilla D am  (27202); 1 mi. S 
D ona A na (27203); Bill M ontoya farm , 
near D ona A na (2 7 2 0 4 ) ; W  Levee Rd., 
0.5 mi. S U.S. 70, Las Cruces (2 7 2 0 6 ); 
Las Cruces (2 7 2 0 7 ) ; 4 mi. W  Las 
Cruces (2 7 2 0 8 ) ; along Rio G rande 
(2 7 2 0 9 ).
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S a m p l e  D
t e x a s : Culberson Co.: 20 mi. E  V an 
H orn  (14382 -14397 ).

S a m p l e  E
M e x i c o : Chihuahua: 50 mi. N  C hihua­
hua (city), highway 45 (12547 -1 2 5 5 2 ); 
9 mi. N  C hihuahua (c ity ), highway 45 
(12555, 12558, 12560, 12564, 12565); 
18 mi. S G allego (22679 , 22680, 
22683-22686, 22688-22692, 22694- 
22696, 22698-22711, 22713-22715, 
22717, 22719-22722, 22724, 22726- 
22736, 22739-22743, 22745-22750).

D ata on M CZ 62449, C. inornatus, is 
included in Sym patry section only.
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