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ABSTRACT 

Geographical, ecological, and structural relationships of 

Cnemidophorus inornatus Baird, C_. uniparens Wright and Lowe, 

and C. velox Springer were investigated. Sympatric contacts in 

ecotonal habitats between woodlands and grasslands were found to 

occur between two or all three of the sibling species in Arizona, 

Chihuahua, and New Mexico. The analysis of morphological features 

was centered on statistical samples drawn from sympatric popula

tions of two or all three of the species. The possibility of sympatric 

hybridization between C. inornatus and C. uniparens is discussed. 

vii 



INTRODUCTION 

The present investigation was undertaken in an attempt to 

clarify the relationships between Cnemidophorus inornatus Baird, 

Cl. uniparens Wright and Lowe, and C. velox Springer. These three 

comprise a striped, unspotted, sibling subgroup of the sexlineatus 

group of the genus Cnemidophorus. At various times they have been 

treated as though they belonged to the same species, and even to the 

same subspecies under several specific names. Both C?. velox and C. 

uniparens are uniparental species. 

Burger (1950) revived the name C^. inornatus, which he applied 

to not o n l y  w h a t  i s  c u r r e n t l y  r e f e r r e d  t o  a s  C .  i n o r n a t u s  b u t  a l s o  t o  C .  

uniparens and at least the type and individuals from the eastern part of 

the geographical range of C^ velox. Using other specimens of C?. velox 

from Utah, however, he described C^ sacki innotatus. In 1955, Lowe 

established the specific status of C. velox, though at that time there 

was a hiatus of about 150 miles in the known geographical ranges of jC. 

inornatus and C!. velox. Wright (1965) reported the two in sympatry in 

central New Mexico and further augmented their distinctiveness with an 

analysis of variation in taxonomic characters for both species in New 

Mexico. 
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On the rediscovery of _C. arizonae Van Denburgh (1896) in 

Cochise County, Arizona, (= C. inornatus), Wright and Lowe (1965a) 

described JC. uniparens which was formerly referred to as "C. 

arizonae" (Duellman and Zweifel, 1962; Lowe, 1964). Both species 

occur in sympatry in Cochise County. They referred the name C. 

arizonae to the distinctive, relict race of C_. inornatus occurring in 

the vicinity of Willcox Playa (i. e., C_. inornatus arizonae). 

In addition to verifying the species relationship of JC. inornatus, 

C. uniparens, and C. velox, the material obtained in the present investi

gation has enabled an analysis of variation in taxonomic characters 

centered upon the utilization of specimens drawn from sympatric con

tacts between two' or all three species in Arizona, Chihuahua, and 

New Mexico. 



MATERIALS AND METHODS 

Field collections, examination of habitats, observation of activity-

patterns, and other aspects of behavior were made in 1961-1965. 

In all, 119 specimens of C. inornatus, 164 of uniparens, and 

38 of C. velox from sympatric contacts were examined. For statistical 

analyses, eight samples of C!. inornatus-C. uniparens population 

contacts and two C?. uniparens -C. velox contacts were used. In most 

cases each sample was taken from a single locality, but in some cases 

specimens were pooled necessarily from closely adjacent localities to 

comprise a sample. 

Variation in several taxonomic characters were analyzed by 

conventional statistical methods (Simpson, Roe, and Lewontin, 1960). 

The methods for character analysis used were as described originally 

by Lowe and Zweifel (1952) for scales around mid-body, paravertebral 

scales, and femoral pores; Zweifel (1959) for the ratio paravertebral 

scales/ scales around mid-body; Wright and Lowe (1965b) for interlabial 

scales; and Lowe and Wright (1964) and Wright (1965) for prearial scales. 

Appropriate modifications in analysis utilized are those described by 

Wright and Lowe (1965b) and Wright (1965). 
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Specimens Examined 

All specimens examined in the analyses are from sympatric 

contacts. They are all deposited in the Department of Zoology, 

University of Arizona (UAZ, all specimens cited from Arizona) or the 

Museum of Southwestern Biology., University of New Mexico (MSB, all 

specimens cited from Chihuahua and New Mexico), except for a series 

at The Chicago Academy of Sciences (C. A. S.). The place names in 

capital letters are given name designations for the samples analyzed. 

Arizona.--Cochise Co,; S. WILLCOX: 1.3 mi (by rd, Ariz. 

186) SE Willcox - C. inornatus (5435, 5445); 2. 6 mi (by Ariz. 186) SE 

Willcox - C. inornatus (5436, 5448-51); 4. 0 mi (by rd) SE Willcox, on 

old rd. to Dos Cabezas - C. inornatus (5444, 5446-47, 5476); 4.5 mi 

(by rd) SE Willcox - C. inornatus (5460-62); 4. 8 mi (by rd) SE Willcox -

C?. inornatus (5477-88, 6719-20), C. uniparens (5463-75, 6715-16, 

6718); ca. 4 mi S and 3 mi E Willcox - inornatus (13707-08, 13711-

16), C. uniparens (13709-10); Vicinity of Jet. Ariz. 186 and Kansas 

Settlement Rd., 5.8 mi (by rd) SE Willcox - C. uniparens (5452-59, 

6717); near Jet. Ariz. 186 and Kansas Settlement Rd., ca. 5.7 mi (rd) 

SE Willcox - C. uniparens (14009-14). N. WILLCOX: Willcox Playa, 

N. end of Bisbee Ave., N. of Willcox - C. inornatus (13717-22, 

10915-16, 10918), C. uniparens (10917, 13723-27). Yavapai Co.; 

YAVAPAI: Peoples Valley - C. uniparens (C.A.S. 3371, 3387, 3444-46, 

3448-54, 3456-63); 6 mi SE (rd) Prescott, - _C. velox (5406, 5516-19); 



ca. 7 mi SE Prescott - C. veiox (5360,5368, 5372, 14208-09). 

Chihuahua. - - CHIHUAHUA: 3.5 mi N (rd) Jet. Canyon Santa 

Clara Rd and Mex. 45 - C?. inornatus (8236-39), C. uniparens (8224-30, 

8235); 16. 9 mi N (nd) Jet. Canyon Santa Clara Rd. and Mex. 45 - C. 

inornatus (7648-53, 8066, 8068), C^ uniparens (8069-71); 9. 3 mi S (rd) 

El Sueco - C^ inornatus (8240), C. uniparens (8231). 

New Mexico.--Grant Co.; GRANT: Junction Hwys. 61 and 180 

- C. inornatus (10460-67, JWW 1684 in MSB), C. uniparens (8015-21, 

8061-62). Luna Co.; NUTT: 4. 3 mi N (rd) Nutt - C. inornatus 

(7906-08), C_. uniparens (7909-11); 1. 9 mi N (rd) Nutt - C. inornatus 

(7914-15), C_. uniparens (7912-13); 3. 4 mi E Nutt - C. uniparens (7905); 

0. 3 mi N (rd) Nutt - C?. uniparens (7916-20); 4. 5 mi W (rd) Nutt (7923-26). 

W, HATCH: 11.5 mi W (rd) Hatch - C. inornatus (7893-7902), C. uni

parens (7903-04). LUNA: 4.4 mi N (rd) Jet. Hwys. 180 and 26 - C:. 

inornatus (8059-60), C. uniparens (9057-58); 2.6 mi S (rd) Jet. Hwys. 

61 and 180 - C. inornatus (9026-30), C. uniparens (8022-25); 5. 5 mi S 

Jet. Hwys. 61 and 180 - C. uniparens (8031-39); 8. 6 mi S (rd) Jet. Hwys. 

61 and 180 - C. inornatus (8045-46), C. uniparens (8040-44); 11.6 mi 

S (rd) Jet. Hwys. 61 and 180 - C. inornatus (8052), C?. uniparens 

(8047-51); 15. 6 mi S (rd) Jet. Hwys. 61 and 180 ~ C?. inornatus (8053-56). 

Socorro Co.; SOCORRO: 9 mi W and 2 mi N Socorro - C!. inornatus 

(7779), C. uniparens (7760-63, 7838), C. velox (7764-65); 11 mi W and 

1.5 mi N Socorro - C. inornatus (7777); Transect, 11 mi W and 1.5 mi 
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N to 9.7 mi W and 1. 3 mi N Socorro - (2. inornatus (7798-16, 7818-19, 

7838), C. uniparens (7817); Transect, 8 mi W and 2 mi N to 9. 5 mi W 

and 1. 3 mi N Socorro - C. inornatus (7792-93), C. uniparens (7768-76, 

7780-91, 10422-33), C. velox (10449-59); 8 mi W and 2 mi N Socorro -

C. uniparens (7756-59, 7766-67, 7778); Transect along Water Canyon 

A r r o y o ,  9 .  6  m i  W  a n d  0 .  4  m i  N  t o  8  m i  W  a n d  0 .  6  m i  N  S o c o r r o  -  C .  

uniparens (7835, 7837, 7693-94), C^. velox (7820-34, 7836); Junction of 

Water Canyon Rd. and Hwy. 60 - C^. inornatus (7750-51). 



RESULTS 

Geographical and Ecological Distribution 

Cnemidophorus jnornatus. -- This is the most widespread of the 

species under consideration (Fig. 1). It is distributed geographically 

from southern Durango and western Nuevo Leon through much of 

Coahuila, Chihuahua, and Trans-Pecos Texas to northwestern New 

Mexico and as far west as southeastern Arizona (Fig. 1). Over this 

geographical area these lizards are distributed in a variety of habitats 

from subtropical thornscrub through deserts crub, pinyon-juniper-

grass, and into short-grass plains. In the areas under consideration 

herein they occupy primarily the latter habitat. 

There is an overwhelming amount of evidence concerning the 

gradual reduction of plains grassland in the Southwest (Gardner, 1951; 

Dittmer, 1952) and the replacement of it with desert grassland and 

desertscrub. These changes are also apparent in the distribution of 

C. inornatus, since in the western parts (southwestern New Mexico and 

southeastern Arizona) of its geographic range, the populations are dis

junct and discontinuous. They occur in what may be termed islands of 

plains grassland surrounded by desert-grassland and desertscrub. In 

the former, C_. uniparens is abundant; thus it can be said that the geo

graphical range of uniparens has been expanding at the expense of 
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that of C. .inornatus. 

The two species, C^. inornatus and C. uniparens, occur in 

sympatry in areas of Chihut*hu^, New Mexico, and Arizona (Fig. 1). 

Table 1 is a Sumjnary of the localities of sympatry and the numbers of 

specimens from each locality used in the analyses that follow. 

Cnemidophorus inornatus occurs in sympatry with C. velox in several 

areas in central and northern New Mexico. The area of sympatry 

treated herein is in Socorro Co., New Mexico, where all three species 

are sympatric (Table 2). 

Cnemidophorus uniparens. - -This species is widely distributed in 

central and southeastern Arizona, southwestern and central (along Rio 

Grande valley) New Mexico, vicinity of El Paso, Texas, most of north

western Chihuahua, and northeastern Sonora. Over this geographical 

area the species inhabits principally xeric grassland (desert-grassland). 

It occurs in sympatry with C_. velox at both the northeastern 

(Socorro Co., New Mexico) and northwestern (Yavapai Co., Arizona) 

margins of its geographical range (Fig. 1 and Table 2). 

Cnemidophorus velox. --This species is distributed geographically 

from southern Utah, west-central and southwestern Colorado to central 

Arizona and New Mexico. Over this geographical area it inhabits 

woodland (primarily 



TABLE 1. Data reductions for samples of Cnemidophorus inornatus 
and C. uniparens drawn from populations at sympatric 
contacts in Arizona, Chihuahua, and New Mexico. 



TABLE 1 

SAMPLE SAB SPY SPV/SAB x 100 FP ILS 

S. Willcox 
C. inornatus 

C. uniparens 

64. 2 - 0. 69 
(57-72) 
N = 31 

69. 0 + 0. 61 
(63-75) 
N = 27 

9 . 7  +  0 .  2 0  
(7-12) 

36 
6.7 t 0. 16 

(5-8) 
32 

15.01 t 0. 303 
(12. 1-17.9) 

31 
9.54 + 0. 199 
(7.6-11.5) 

27 

30.2 t 0.46 
(27-38) 

27 
34.8 t 0.35 

(28-37) 
30 

21. 6 * 0. 57 
(15-30) 

31 
17. 1 t 0. 62 

(10-24) 
30 

N. Willcox 
C. inornatus 

C. uniparens 

61. 9-1.42 
(56-68) 
N = 9 

69. 8 t 0. 75 
(68-72) 
N = 6 

9.7 10. 35 
(8-11) 

9 
6. 0 t 0. 26 

(5-7) 
6 

15.64 - 0.469 
(14. 1-18.3) 

? 8. 60 : 0. 328 
(7. 4-10. 0) 

6 

30.0 " 0.41 
(28-32) 

9 
35. 2 t 0.49 

(34-37) 
5 

19.7 I 0.87 
(15-23) 

? 21.8 - 0.48 
(21-24) 

6 

Chihuahua 
C. inornatus 71. 4 * 1. 40 

(65-77) 
N = 8 

C. uniparens 68. 1 t 0. 42 
(64-71) 
N = 17 

8 . 6 -  0 .  5 3  
(6-11) 

8 
6. 6 t 0.15 

( 6 - 8 )  
17 

12. 00 - 0. 635 
(9.2-14.2) 

8 
9.62 t 0. 199 

(8.5-11.2) 
17 

31.6 - 0.62 
(29-35) 

8 
35. 0 + 0. 31 

(32-37) 
17 

17. 0 - 0. 68 
(13-20) 

8 
17. 3 t 0. 77 

(1.1-23) 
16 

Nutt 
C. inornatus 64. 0 - 0. 55 

(62-65) 
N = 5 

9 . 0  t  0 .  6 3  
(7-10) 

5 

14.00 _ 0. 916 
(10.9-15.6) 

5 

33.8 I 0.49 
(33-35) 

5 

20.8 I 0.85 
(18^23) 

5 



SAMPLE SAB 

C. uxiiparens 71.6 t 0. 71 
(67-78) 

Grant 

Luna 

N = 15 

C. inornatus 62. 3 - 1. 57 
(52-68) 

N = 9 
C. uniparens 73. 3 1" 0. 35 

(69-78) 
N = 9 

W. Hatch 
C. inornatus 60. 2 t 0. 48 

(54-65) 
N = 10 

C. uniparens 75, 76 
N = 2 

inornatus 63. 2 1 0.85 
(59-71) 

N = 14 
C. uniparens 71.5 1 0. 73 

(67-76) 
N = 18 

-Continued 

SPV/SAB x 100 FP ILS 

8.87 + 0.248 36.7 - 0.56 20.9 - 0.41 
(7.0-10.8) (34-41) (18-23) 

15 15 15 

15.18 1" 0. 735 31.7+0.50 17.6 + 1. 02 
(12. 3-18.7) (30-35) (13-22) 

9 9 9 
8.49 + 0.995 37.7 - 0.71 20.4 + 0.56 

(7.1-10.0) (34-41) (19-23) 
9 9 9 

14.16 + 1.334 31.8 t 0.75 20.9 + 1.26 
(10.3- 18. 7) (29-34) (16-29) 

10 10 10 
9. 3, 10.5 36, 39 23, 23 

2 2 2 

15.49 t 0.824 31.6 - 0.31 18. 4 0.52 
(9.7-23.8) (27-37) (15-22) 

14 14 14 
9 .  3 2  t o .  1 9 7  3 6 .  9  t o .  6 8  1 9 .  9 ^ 0 .  5 0  

(8.0-10.4) (32-41) (16-23) 
18 17 18 



TABLE 2. Data reductions for samples of C. uniparens, velox 
and C. inornatus drawn from sympatric populations in 
Arizona and New Mexico. 



TABLE 2 

SAMPLE SAB SPV SPV/SAB x 100 FP ILS 

Socorro 
C. inornatus 63. 0 t 0. 72 7.3 + 0.18 11.49 1 0.272 32.7 ±0.40 16. 6 ±0.38 

(56-71) (6-10) (9.0-14.9) (29-36) (11-23) 
N = 27 28 27 28 28 

C. uniparens 69.3 + 0.31 5.3 + 0.11 7.55 + 0.147 33. 9 ±0.23 16.6 ±0.30 
(65-75) (4-7) (5.5-9.5) (30-38) (11-21) 
N = 50 50 50 50 50 

C. velox 72.6 + 0.46 8.4 ±0.14 11.51 ± 0.179 30.4 1 0. 23 9. 1 - 0.50 
(66-78) (7-10) (9.7-13.6) (28-33) (4-14) 
N = 29 29 29 29 29 

Yavapai 
C. uniparens 60.8* 0.42 6.6 + 0.11 10.84 ± 0.179 35.4 ±0.30 14.6 ±0.57 

( 5 9 - 6 3 )  ( 6 - 7 )  ( 9 . 5 - 1 1 . 7 )  ( 3 3 - 3 9 )  ( 1 1 - 1 9 )  
N = 20 20 20 20 20 

C. velox 78. 2 ± 0.80 9. 6 ± 0. 38 12.21 ± 0.637 37. 3 ±0.47 12. 7 ±1.84 
(74-83) (8-11) (10.3-14.3) (35-39) (9-16) 
N = 9 9 9 9 9 
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pinyon-juniper), chaparral, and encinal habitats. Habitats of sym-

patric contact with C. inornatus and C. uniparens are ecotones between 

woodland and grassland. 

Scales Around Mid-Body (SAB) 

Cnemidophorus inornatus. - -The SAB counts for the specimens 

comprising the samples of this species represent the near extremes for 

the species. * The Chihuahua Sample with a mean of 71.4 is the upper 

extreme, and the 60.2 for the W. Hatch Sample is the lower. Aside 

from the Chihuahua Sample all of the means range between 60 and 65. 

The extremes in range are from 52 to 77. No clines are apparent 

(Table 1). 

Cnemidophorus uniparens. - -The SAB counts for tfye samples of 

C^. uniparens represent the extremes known for the species. The lowest 

counts are from the Yavapai Sample (mean = 60. 8) and the highest from 

the Grant Sample (mean = 73. 3). The overall range is from 59 to 78 

(Tables 1 and 2). No clines are apparent, but there appears to be a 

1. Within the geographical range of C. inornatus under consi
deration herein, there are three distinctive races: one is C. i. 
arizonae Van Denburgh (Wright and Lowe, 1965a) and two others are 
presently being described by Lowe and Wright (1965)--one from 
central and southwestern New Mexico, and the other from central 
Chihuahua. 
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general increase in SAB counts in the vicinity of the Continental 

Divide in southwestern New Mexico and a decrease both east and west, 

especially apparent toward the west. 

Cnemidophorus velox. - -The two samples of velox under 

consideration are from the southeastern and southwestern margins of 

the geographical range of the species, and this is reflected in the SAB 

counts. The Socorro Sample with a mean of 72.6 is significantly 

lower in SAB than the Yavapai Sample with a mean of 78. 2. In spite of 

the difference in SAB, they are typical for the species when their 

respective geographic origins are considered (Lowe, 1955; Wright, 

1965). 

Comparisons. - -Cnemidophorus inornatus and C .  uniparens 

from sympatric contacts are relatively distinct in terms of SAB counts. 

Cnemidophorus uniparens has consistently higher counts than (3. 

inornatus. The only exception to this is the Chihuahua Sample of C^ 

inornatus that has higher values for SAB than many samples of C. 

uniparens and all samples of C. inornatus (Table 1). With the above 

exception the means for (2. uniparens range between 66 and 74; where

as, means for samples of C. inornatus range from 60 to 65. There 

is, however, considerable overlap in the ranges for the counts in the 

two species. 

The samples of C!. uniparens and C .  velox from sympatric 

areas are significantly different from one another. The samples from 
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the Socorro area approach one another in SAB count, with a difference 

of only 3. 3 in the means, and they show considerable overlap in ranges. 

On the other hand, the two Yavapai Samples are quite different, with no 

overlap in the ranges (separated by 10 scales). 

The samples of the C. velox-C. inornatus contact (Socorro) 

under consideration indicate that the two species are quite distinct in 

SAB counts, the means being separated by 10, but there is consider

able overlap in the ranges for the counts. The C. uniparens SAB mean 

for the sample from the Socorro area is intermediate between that of 

C. inornatus and C. velox but slightly closer to the latter. 

Scales Between the Paravertebral Light Stripes (SPV) 

Cnemidophorus inornatus. - -In the geographical area under consi

deration, the SPV counts for C_. inornatus are generally lower than for 

the species elsewhere. The means for samples range from 7.3 (Socorro) 

to 9. 7 (Willcox Playa). The range is from 6 to 15. There appears to 

be a dine from the vicinity of the Rio Grande Valley west to Willcox 

Playa with increasing numbers of SPV. This apparent cline may be a 

reflection of the once more widespread interbreeding population of 

approximately 100 years ago. 

Cnemidophorus uniparens. - -Counts for SPV for C. uniparens 

are relatively uniform throughout the geographical range of the species. 

The extremes in sample means are from 5. 3 (Socorro) to 6. 6 
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(Chihuahua) with an overall range of from 4 to 8. No clines are 

apparent. 

Cnemidophorus velox. - -The SPV counts for the two samples of 

C. velox under consideration are higher than for the species in general 

(Wright, 1965). The means are 8.4 (Socorro) and 9. 6 (Yavapai) with 

an overall range of from 7 to 11. Duellman and Zweifel (1962) re

ported 7.7 (5 - 10, N = 55) for the species based on a composite 

s a m p l e  o f  s p e c i m e n s  f r o m  t h r o u g h o u t  t h e  g e o g r a p h i c a l  r a n g e  o f  C .  

velox. 

Comparisons. - -There is little overlap between C. inornatus 

and C. uniparens in SPV values even though C. inornatus within the 

geographical area under consideration has some of the lowest values 

f o r  t h e  s p e c i e s ,  a n d  t h u s  a p p r o a c h i n g  t h e  v a l u e s  f o r  t h e  S P V  i n  C .  

uniparens. The means for SPV counts for the two species are signifi

cantly different in all samples from sympatry. 

The two samples of C?. velox have SPV means of 8. 4 (Socorro) 

and 9. 6 (Yavapai), which average approximately 3 scales higher than 

the means for sympatric C. uniparens. The (T. inornatus sample from 

the Socorro area has SPV values that fall intermediate between those of 

C?. velox and C. uniparens, but all three samples are significantly 

different from each other. 
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Ratio (SPY/SAB x 100) 

Cnemidophorus inornatus. --All of the samples of C. inornatus 

have ratio means higher than 11.0 with the means ranging from 11.49 

(Socorro) to 15. 20 (Willcox Playa), The overall range is from 7. 6 

(Chihuahua) to 23.8 (Luna) and 20.0 (Willcox Playa). The clinal trend 

that was apparent for the SPV is even more apparent in the ratio. 

Again there is a gradual increase from the Rio Grande Valley westward 

to Willcox Playa. 

Cnemidophorus uniparens. --All the means for the ratio for 

samples of C. uniparens are below 11.0, and with the exception of the 

Yavapai Sample (10. 84, which also had exceptionally low values for 

SAB) all means are below 10.0. The lowest mean (7. 55) for the ratio 

was obtained from the Socorro Sample. The overall range is from 5. 5 

to 11.7. 

Cnemidophorus velox. - -The means for the two samples of C^ 

velox are 11.51 (Socorro) and 12. 21 (Yavapai). The overall range is 

from 9. 7 to 14. 3. These values are relatively high for C. velox, since 

further to the north no sample was found to have a mean higher than 

10.5 (Wright, 1965). 

Comparisons. - -The difference in the ratio between C. inornatus 

and C. uniparens is consistent throughout the geographical area under 

consideration with the means falling on either side, of 11 b 01 



The Socorro Sample of C. inornatus and C_. velox have nearly-

identical means for the ratio, and the entire range for the ratio for 

C. velox falls within that of C. inornatus. 

Femoral Pores (FP) 

Cnemidophorus inornatus. - -The means for FP for the samples 

of C!. inornatus range from 29. 9 (Willcox Playa) to 33. 8 (Nutt). The 

overall range is 26 - 36. There are no definite cliries apparent, but 

there is a net decrease in the numbers of FP from the Rio Grande 

Valley area westward to Willcox Playa. 

Cnemidophorus uniparens. --The FP means for samples of C. 

uniparens range from 33. 9 to 37. 7 with a general tendency for the 

means to approximate 35. The overall range is 30 to 41, No clines 

are apparent. 

Cnemidophorus velox. - -The two samples of C .  velox have 

highly significant differences between their means. 

The Socorro Sample has a mean of 30. 4 and the Yavapai Sample 

of 37. 7. The overall range is. from 28 to 39, but the two samples do 

not overlap in the ranges for the count. 

Comparisons• - -All of the means for FP in sympatric samples 

of C. inornatus and C. uniparens are significantly different (excepting 

the small sample of C; inornatus from Nutt) with C_. uniparens having 

consistently higher values. 
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The Yavapai Sample of _C. velox has significantly higher num

bers of FP than the sympatric C. uniparens, but the Socorro Sample of 

C. velox has significantly lower values than the sympatric jC. uniparens. 

The Socorro Sample of C. inornatus is intermediate between the sym

patric C. uniparens and C_. velox in FP, but significantly different from 

both. 

Inter labial Scales (ILS) 

Cnemidophorus inornatus. --Earlier I reported that 98. 6 percent 

of specimens examined had more than six (right side of the head) inter-

labial scales (Wright, 1965). The findings in this analysis are consist

ent with the previous^ even though treated slightly different. In this 

analysis the ILS of both sides were summed and treated statistically. 

The range in ILS for all specimens examined is from 11 to 30 (Table 1). 

The means range from 16.6 (Socorro) to 21.6 (S. Willcox). There is a 

general tendency for the means to approximate 19.0. 

Cnemidophorus uniparens. - -The overall range in the summed 

ILS is from 10 to 24 with the means ranging from 14. 6 (Yavapai) to 21. 8 

(N. Willcox). 

Cnemidophorus velox. --Wright (1965) reported 94. 8 percent of 

specimens from New Mexico as possessing less than six ILS (right side). 

The findings in the present analysis involving material from Arizona 

and New Mexico are slightly different, where roughly 63 percent of the 
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specimens possess less than six. The Yavapai Sample is the most 

divergent in having 66. 6 percent with more than six., yet with nine or 

less in all. The Socorro Sample has 31 percent of the specimens with 

more than six interlabial scales. 

The overall range for the summed ILS is from 4 to 16, and the 

means from 9.1 (Socorro) in the east to 12. 7 (Yavapai) in the west. 

Comparisons. --Cnemidophorus inornatus and (T. uniparens do 

not differ appreciably in ILS. In many cases the ILS of sympatric 

samples have nearly identical means. The sample of.C. uniparens with 

the lowest ILS (Yavapai) is significantly different from only those 

samples of C_. inornatus with higher values for ILS, but this is likewise 

true for other samples of C. uniparens. 

At the Socorro sympatric locality C. inornatus and C_. uniparens 

have the same mean number of ILS, and both are significantly higher 

than in the C. velox sample. On the other hand, the means from the 

Yavapai sympatric ̂ samples of C_. uniparens and C. velox are not sig^-

nificantly different. This same C_. velox sample is likewise not 

significantly different from the Socorro Samples of C. inornatus and C. 

uniparens, but it is significantly different from samples of both species 

with higher means further to the south. 
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Mesoptychial Scales 

Cnemidophorus inornatus. - -The mesoptychial scales of C. 

inornatus consist of several rows of slightly enlarged, circular in out

line scales bordering the gular fold (Wright, 1965). These scales grade 

rather smoothly anteriorly into the gular scales with no marked size 

change. 

Cnemidophorus uniparens. - -The mesoptychial scales of C. 

uniparei^s are greatly enlarged and angular (actually more triangular 

with the bases anterior). These scales grade relatively smoothly into 

the scales on the throat, but the latter in turn are sharply differentiated 

from the more anterior gular scales. The largest gular scales border 

directly on the smallest throat scales, establishing a distinct and 

abrupt change in size. 

Cnemidophorus velox. - -The mesoptychials of C_. velox are 

enlarged, angular scales bordering the gular fold, and grade only 

slightly into the granular scales of the throat. There is, however, no 

marked size change between the gular and throat granules, although a 

size difference does exist (Wright, 1965). 

Comparisons. Cnemidophorus inornatus is markedly different 

from either C_. uniparens or jC. velox because of the possession of more 

granular mesoptychial scales. By contrast, the difference in this 

feature between C. uniparens and C. velox is subtle, with the sharp 

size change in the throat-gular granules in C. uniparens being 
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somewhat more distinctive. 

Postantebrachial Scales 

Cnemidophorus inornatus. - -The postantebrachial scales of 

C. inornatus correspond relatively closely to the "granular" category 

of Duellman and Zweifel (1962). The major difference is that these 

scales are not entirely uniform in size. 

Cnemidophorus uniparens. - -The postantebrachial scales of C. 

uniparens correspond closely to the "enlarged" category of Duellman 

and Zweifel (1962). In addition, however, the scales are not only 

enlarged and angular, but are more rectangular with the long axes of 

the scales being transverse to the axis of the forelimb. 

Cnemidophorus velox. - "Postantebrachial scales of C. velox are 

most similar to the "slightly enlarged" category of Duellman. and Zwei

fel (.1962),, but are perhaps slightly more angular. 

Comparisons. ~ - Cnemidophorus inornatus and C. uniparens are 

are quite distinct in terms of postantebrachial scales,, being essentially 

at the opposite ends of the spectrum in scale size and. shape. In addition, 

C. inornatus is more distinct from C_„ velox than C^ velox is from C. 

uniparens in this feature of scutellation. 

Preanal Scales (PAS) 

Cnemidophorus inornatus. - -Of the 119 specimens examined for 

PAS, only 13 possessed more than three enlarged preanal scales (10.9 
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percent). The remaining 106 had preanal scales numbering from one 

to three, with only a single specimen having one and nine specimens 

with two (PAS Type 2 of Lowe and Wright, 1964). In all, 80. 7 percent 

have three (PAS Type 1) enlarged preanal scales. The total range is 

from one to six. 

Cnemidophorus uniparens. - -Preanal scales in 140 of the 163 

specimens examined number three or less (85. 9 percent), and 24 

possessing two (14. 7 percent). Specimens having three enlarged PAS 

number 116 (71. 2 percent). The total range in PAS is from two to four. 

Cnemidophorus velox. - -Of the 38 specimens examined, only 

eight had three PAS (21.0 percent) with none having less than three. 

The total range in PAS is from three to six, with four being the most 

common (19 specimens). 

Comparisons. - - Wright (1965) reported that C_. inornatus in New 

Mexico typically has three or less PAS (91. 9 percent of 135 specimens) 

and jC. velox typically has more than three (85. 2 percent of 108 speci

mens). The findings in this investigation are consistent with the previous 

findings for these two species. Cnemidophorus uniparens has PAS num

bers more, similar to C_. inornatus, but with a higher percentage of 

individuals with the Type 2 condition. 
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Hybridization 

That hybridization is possible between uniparental and biparental 

species of Cnemidophorus was shown by Wright and Lowe (1965b). In 

that analysis sympatric hybridization between C. inornatus and C. 

neomexicanus was demonstrated to occur in several areas in the Rio 

Grande Valley of New Mexico. In the analysis of the hybrids, hybrid 

indices were computed for several essentially nonoverlapping features 

(i. e., SAB^SPV, FP, spots, circumorbital scales and aspects of color 

and color pattern). Cnemidophorus neomexicanus is morphologically 

distinct from C. inornatus, and when hybrids are produced they are 

conspicuous. The morphological differences between C. inornatus, C. 

uniparens, and C. velox are not great however, and most characters 

are essentially overlapping to some degree, rendering eyen the detection 

of hybrids difficult. 

In the present investigation no specimens were found that could 

be considered hybrids of C?. inornatus and C. velox, and no hybrids 

between these two species further to the north were reported by Wright 

(1965). 

The possibility of hybrids between C_. uniparens and C. velox is 

obviously remote, since males are not presently known with certainty 

for either species. Four specimens were acquired in the course of this 

investigation that may be considered hybrids of C^. inornatus and C. 

uniparens. These are MSB 7922 from 0^ 3 mi N Nutt, and MSB 7794-96 
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from the transect locality of 8 mi W and 2 mi N to 9. 7 mi W and 0. 3 mi 

N Socorro, all in New Mexico. The one specimen from the area of Nutt 

is a male, and two of the three from the Socorro-area are males (7794, 

7796). All three of the Socorro specimens are juveniles of approximately 

the same size, and they were collected within a few feet of each other. 

Oh cursory examination, these four possible hybrids would be 

allocated to C. uniparens on the basis of color pattern, postantebrach-

ial scales, and mesoptychial scales. However, as no males are as yet 

known for this parthenogerietic species, their taxonomic status should 

be more carefully considered. 

Approximately 600 specimens of C. uniparens have been examined 

from non-sympatric localities in Arizona, Chihuahua;, New Mexiico, and 

Sonora, and as yet no males have appeared. The only areas where 

possible males have been found are in areas of sympatry with C. inor-

natus; this renders their status as males of G. \iniparens to be indeed 

questionable. 

While in such an instance it is impossible to ascertain which 

individuals were the parent or parents of the specimens in question, the 

arithmetic means of the variable characters of the two species are 

utilizable for calculation of hybrid indices. The hybrid index used is 

that of Hubbs, .Hubbs, and Johnson (1943). 

SAB. - -All four specimens have counts that are low and that are 

either equal to or less than the lowest counts for C. uniparens, when 
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compared with the samples with which they occurred. The hybrid 

indices for SAB range from zero percent (Nutt) to 31 „ 7 percent 

(Socorro), where C. inornatus is set equal to 0 percent and C. uni-

parens to 100 percent. 

SPY. --The counts are most;similar to those of C. uniparens 

and are either equal to or less than the lowest counts observed for C. 

inornatus at the respective localities. The hybrid indices range from 

less than zero «0) percent (Nutt) to 35 percent (all three from 

Socorro), where C. uniparens equals 0 percent and C. inornatus 100 

percent. The ratios (SPV/SAB) for the specimens correspond closely 

to what would be expected judging from the color pattern, with the 

values slightly closer to those of C. uniparens. The hybrid indices are 

8 percent (Nutt), 44, 52, and 42 percent. 

FP. - -The hybrid indices for femoral pores are quite variable 

with one specimen at 0 percent, one at 100 percent, one at 25 percent, 

and one at 75. 8 percent; these average roughly 50 percent (C. uniparens 

at 100 percent). Hybrid indices for interlabial scales were not calcula

ted because the specimen from Nutt has ILS that is less than the mean 

for either jC. inornatus or CL uniparens and at Socorro the means for 

the ILS for the samples of both species are the same. The possible 

hybrid specimens from Socorro have individual values for ILS that are 

either higher or lower than the identical means of the two species. 



Color. --The color (i_.e. , blueness) of the tail and ventral 

surfaces is slightly more similar to C. inornatus in the possible 

hybrids. It is possible that, if males do occur in C. uniparens, they 

may be bluer than the females (as is the case in C. inornatus). 

Aside from the SAB indices, none of the features identifies 

the four specimens as hybrids, and their status remains questionable. 

It is possible that males of C. uniparens as well as hj^brids are re

presented by the four, with the single specimen from Nutt being the. 

best candidate for the male. If indeed some are hybrids, then there is 

the possibility that other specimens that have been allocated to C. 

uniparens may also represent hybrids, with their hybridity masked by 

the possession of features of scalation more similar to those of C. 

uniparens. This problem is examined again under Discussion, below. 



DISCUSSION 

Habitats 

The two best known areas of sympatric contact are near 

Socorro in New Mexico and at Willcox Playa in Arizona. 

Socorro. - -The habitat consists of a broad alluvial plain 

coursing downward from the bases of the Magdalena Mountains on the 

south and southwest and Polvadera Mountain on the east and northeast. 

The drainage is to the east by way of Nogal Canyon to the Rio Grande 

just north of Socorro. Of the three species considered here, only 

C. uniparens occurs in the Rio Grande Valley proper, with only C. 

velox occurring to the west (i_.e., vicinity of Magdalena). Cnemido-

phorus inornatus occurs semi-isolated farther to the north, but it has 

not been found farther south on the west side of the Rio Grande between 

the Socorro-area and the vicinity of Hatch. In this area C. uniparens 

is abundant, and C. velox is absent. 

The dominant vegetation of the alluvial plain of the Socorro area 

consists of three primary associations: 1) extensive stands of apache 

plume (Falugia) along the numerous shallow arroyo courses that dissect 

the plain as they extend downward from the woodland zone above, 2) 

stands of cholla (Opuntia), snake weed (Gutierezzia), and sparse 

perennial grasses on the immediate sloping sides of the arroyos, and 

28 
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3) stands of grass-snakeweed on the flatter areas between the arroyos. 

Cnemidophor'us velox is commonest in the stands of apache plume, C. 

uniparens most common along the slopes of the arroyos in the sparsely 

vegetated areas, and C. inornatus in the flatter, grassy areas. 

Willcox. - -The sympatric-area near Willcox is located essentially 

along the northeast margin of Pluvial Lake Cochise, where the pre

vailing winds have deposited extensive sand dunes. The westward slope 

of the dune area (facing the Playa) has essentially escaped the invasion 

of mesquite that is prevalent to the south of the dune area and back 

towards the Dos Cabezas Mountains. Hence the northeast margin has 

remained as an essentially plains grassland habitat. Within the dunes 

themselves, the vegetation is sparse and consists largely of grasses, 

purple sage (Dalea formosa), Ephedra, Atriplex, and Artemisia.,. 

The sample for the sympatric contact at S. Willcox consists of 

lizards collected along a transect from the vicinity of Willcox townsite 

to approximately six miles southeast of Willcox. This transect begins 

in plains-grassland, runs along the west margin of the dune area, 

crosses the dune area at its southern end, and enters extensive stands 

of mesquite at the southeastern end of the transect* The lizards 

collected along this transect are CI. inornatus along the northwestern 

part, both CI. inornatus and C. uniparens in the mesquite-invaded 

grassland, and C_. uniparens in the mesquite stands at the southeastern 

end. 
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Others (Arizona, Chihuahua, and New Mexico). - -The habitat 

relationships between these three species in other areas of sympatric 

contact were found to be consistent with the findings at the Socorro and 

Willcox areas. That is, each is a situation where two or more major 

habitats (woodland, grassland, desert-grassland) are contiguous (Fig. 

1, map), and provide conditions that are essentially ecotones between 

them. 

Scutellation 

Cnemidophorus inornatus and C. uniparens are separated 

readily on the basis of postantebrachial scales and mesoptychial condi

tions, and C_. uniparens is separable from C. velox on the basis of the 

values for the Ratio. The postantebrachials and mesoptychials of C. 

velox are of intermediate structure between those of C_. inornatus and 

C. uniparens; the Ratio values for C!. velox are also generally inter

mediate. 

Over the entire geographical area considered here, the three 

species cannot always be separated on the basis of SAB, SPV, Ratio, 

FP, or ILS. There is, however, a general tendency for C. inornatus 

to have lower counts for SAB, higher ones for SPV, higher SPV/SAB, 

and lower FP than C. uniparens. The notable exceptions to this are 

the Chihuahua Sample of C_. inornatus and the Yavapai Sample of C. 

uniparens, with higher and lower SAB, respectively. 
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Cnemidophorus velox, on the other hand, tends to have higher 

counts for SAB than either C_. inornatus or C. uniparens, especially 

in areas of sympatric contact. 

Color Pattern 

No specimens of uniparens examined has a distinct middorsal 

stripe but only a slight "tick" in the occipital region. By contrast, 

all specimens examined of C_. velox, in sympatry with C. uniparens,, 

have a distinct middorsal stripe. Where the two species occur in 

sympatry, they can readily be separated on this feature alone (this is 

also reflected in the values of SPV and the Ratio). However, C. velox 

further to the north (in Arizona, Colorado, and New Mexico) essentially 

lack the mid-stripe (Wright, 1965). 

The number of stripes in C_. inornatus ranges from a little 

more than six to as many as eight, with the majority of specimens 

having seven. Only one specimen has eight distinct stripes (MSB 

8059, with SPV of 15 and SPV/SAB x 100 of 23. 8), but several speci-

2 
mens have a partially divided mid-stripe. 

2. This refers to the sympatric populations analyzed and 
represented here. Individuals of the species C. inornatus have as many 
as twelve stripes at some localities, including the type locality 
(Villa de Garcia, Nuevo Leon, Mexico). 
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Hybridiz atio n 

One important aspect in the consideration of the relationship of 

C. inornatus and C. uniparens is that of the analysis of non-sympatric 

populations in close proximity to sympatric populations. Some infor

mation concerning such populations was reported by Wright and Lowe 

(1965b) for two samples of C. inornatus and by Wright and Lowe (1965a) 

for a sample of both C_. uniparens and C_. inornatus. The three samples 

of C. inornatus are: 1) 8. 4 mi W (rd) Hatch, Dona Ana Co., New 

Mexico (N = 44); 2) 9 mi E La Joya, Socorro Co., New Mexico (N = 25); 

and 3) Willcox Playa, 2 mi W present center of Willcox, Cochise Co., 

Arizona (N = 31, part of hypodigm of C. inornatus arizonae). 

The Hatch locality is less than 15 miles east of the Nutt and W. 

Hatch sympatric localities. The La Joya locality is at approximately 

the same latitude as the Socorro sympatric area, but is across the Rio 

Grande Valley from it. The Willcox Playa Sample was collected about 

midway between the two sympatric areas reported here, but is slightly 

to the west. 

These three samples have essentially the same means and 

ranges for the various variables as the adjacent sympatric samples of 

C. inornatus, i_.e., SAB (Hatch - 61. 4, 53-70; La Joya - 62. 5, 52-70; 

and Willcox-Playa - 64.2, 55-72); SPV (Hatch - 8.4, 6-12; La Joya -

7. 3, 4-10; and Willcox Playa - 9. 7, 8-12); SPV/SAB x 100 (Hatch -

13 .8 ,  12 .  2 -15 .  3 ;  La  Joya  -  11 .7 ,  5 .  9 -14 .  5 ;  and  Wi l l cox  P laya  -  15 .  2 ,  
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11.8-20.0); FP (Hatch - 31.4, 27-37; La Joya - 32. 1, 29-35; and 

Willcox Playa - 29.9, 26-34); and ILS (Hatch - 19.6, 12-29; La Joya -

16.6, 11-22; and Willcox Playa - no data available). The above clearly 

indicates that there are no differences in the sympatric populations of 

C. inornatus and C. uniparens owing to the presence of C. uniparens, 

and in the case of the La Joya-Socorro samples to the presence of C. 

velox. 

The sample of C. uniparens (N = 24) reported by Wright and 

Lowe (1965) is from Fairbank, Cochise Co., Arizona. This locality is 

approximately 40 air miles WSW from the nearest sympatric contact of 

C. uniparens and C. inornatus (vicinity of Willcox). It is of interest 

that this locality apparently was a Sympatric contact for the two species 

in 1894, but was no longer in 1913 nor is it today (Wright and Lowe, 

1965a). This sample consists of the holotype and paratypes of C. 

uniparens. 

The Fairbank Sample (mean 66.3, range 61-71) further indicates 

the general reduction in SAB from the vicinity of the continental divide 

toward the west culminating with the Yavapai Sample in central Arizona 

(60. 8). This also represents a net mean reduction of approximately 

three scales from the Willcox-area samples of C. uniparens. The 

difference between these populations of CL uniparens cannot, of course, 

be attributed to the presence of C?. inornatus in sympatric contact in the 

vicinity of Willcox, nor to C_. velox in Yavapai County. 



SUMMARY AND CONCLUSIONS 

A total of 119 specimens of C_. inornatus, 164 of C. uniparens, 

and 38 of C_. velox from sympatric populations was analyzed. These 

sympatric contacts total seven for C. inornatus and C. uniparens in 

Arizona, Chihuahua, and New Mexico, one for C_. uniparens and C. 

velox in central Arizona, and one for C. inornatus-C. uniparens-C. 

velox in central New Mexico. These contacts occur in ecotonal habitats 

between desert-grassland (C. uniparens), plains grassland (C. inornatus), 

and pinyon-juniper woodland (C_. velox). 

Variation in taxonomic characters analyzed by standard statisti

cal methods for single.frequency distributions, indicates that C. 

inornatus generally has lower values for SAB, higher SPV, higher 

SPV/SAB x 100, and lower FP than C_. uniparens. Cnemidophorus 

velox, on the other hand, has higher values for SAB, SPV and SPV/SAB 

x 100 than does C_. uniparens. Of the three species, C_. velox tends 

to have lower values for ILS and higher ones for PAS, with both C. 

inornatus and C. uniparens having approximately the same values and 

numbers for both. 

Where sympatric, C. uniparens and C. velox are quite1 distinct 

in color pattern, with C!. uniparens having essentially six stripes and 

C. velox with seven. Cnemidophorus inornatus most commonly has 

34 
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seven stripes, but both six and eight striped individuals also occur. 

In features of scutellation, C. inornatus is the most distinct 

with granular postantebrachial and smaller mesoptychial scales. 

The postantebrachials and mesoptychials of C. velox are essentially 

intermediate between those of C_. inornatus and CJ. uniparens, but 

these scales are more similar to the enlarged and angular conditions 

of those in C^. uniparens. 

No males were found to occur, at least conclusively, in either 

C. uniparens or C. velox, although three male specimens similar to C. 

uniparens were obtained. These specimens and an associated female 

were taken from areas of sympatry, and may actually represent hybrids 

between _C. uniparens and C_. inornatus, No evidence for hybridization 

between C. inornatus and C. velox was found. 
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