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INTRODUCTION 

Eumeces is a large genus of skinks occurring mainly in the Holarctic 

Region. (Fitch, 1970). Eumeces obsoletus occurs throughout the 

central-western United States and northern Me'xico. The northern limits 

are in Nebraska, and Monterrey, Mexico, is the southernmost locality 

(Taylor, 1935). The Colorado River is the western limit, whereas the 

Arkansas and Missouri rivers mark the eastern and northeastern limits of 

distribution. 

Only a few studies have dealt with intraspecific geographic variation 

in reproduction, size and maturity in reptiles (Asplund and Lowe,_1964; 

Ballinger, 1977; Mayhew, l966a,b; Martin, 1973; Michel, 1976; Parker, 1973; 

Pianka, 1970b; Tinkle, 1961; Tinkle and Ballinger, 1972). This has largely 

resulted.in ignoring the ecological interpretation of the evolution of 

life history phenomenon (Mayr, 1961; Ori ans, 1962). The information 

provided by these studies and especially those dealing with intraspecific 

comparative demography of lizards, has resulted in a general appreciation 

of the evolutionary nature of ecological characteristics and has lead many 

workers to challenge the applicability of the r- and K- selection model 

(Ballinger, 1977; Pianka, 1970a; Wilbur et al., 1974; Williams, 1966a; 

Vitt and Congdon, 1978). Lizards are ideal organisms for the study of 

the evolution of life histories, because their life histories conform to 

the general expectations (Gadgil and Bossert, 1970; Wilbur et al., 1974). 

Our present knowledge of comparative demography of lizards suggests: 1) 

life history evolution is responsive to various selective environments, 

demographic and environmental (Williams, 1966a; Tinkle, 1969; Tinkle et 

al., 1970, 1972; 2) intrapopulational differences with respect to life 
histories are consistent with the differences expected between such 



2 

populations, the assumption being that life histories evolve under natural 

selection to maximize population reproductive and/or survival fitness--that 

is, species continuity in a particular environment (Fretwell, 1972; Murphy, 

1968; Shaffer, 1974; Tinkle and Gibbons, 1977). The testing of these 

hypotheses and their application to various groups of reptiles and even 

unrelated taxa will aid in a general understanding of the ecological 

variables that select for diversity in evolution of life histories and 

will allow clarification of the limitations on the r- and K- selection 

model to geographically and ecologically diverse species. 

The role of natural selection on extreme morphological phenotypes 

is not well documented in reptiles, especially lizards; yet they are ideal 

material for evolutionary studies, because their scales can be easily 

quantified (fox, 1975). Each reptilian population has scale patterns and 

numbers unique to itself; scales are fixed early in life and thus are 

genetically determined (Hecht, 1952; Fox, 1975). Variability in 

scutellation largely is a true reflection of genetic variation. Studies 

of ontogenetic variation in scutellation show that variation of the scales 

of juveniles exceeds that of adults (Dunn, 1915; Fox, 1975; Hecht, 1952; 

Inger, 1942, 1943; Klauber, 1945; Mertens, 1947; Stuart, 1941; Underwood, 

1948) and that some juvenile scale patterns are subject to selective 

mortality and are not represented in the adult population. This can be 

interpreted as differential selection against extreme phenotypes resulting 

from differences in duration of exposure of two age groups to the selective 

environmental pressure and/or attrition. The hypothesis is that there 

will be normalizing selection for an optimal number of scales. In a 

natural population, even though there is strong bias towards optimization 

of scale numbers, a skewness towards a specific direction due to 

elimination of the extremes from one end only {directional selection) may 
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occur. This aspect of natural selection applicable to bilateral scales 

is said to occur following drastic changes in the environment (Kettlewell, 

1958) or displacement of an organism to a foreign environment -- e.g., 

a mainland animal to an island (Grant, 1965; Soule(, 1966). The adaptive 

nature of bilateral asymmetry, in relationship to a specific role and/or 

niche has been documented by Soule'(l967), but the instantaneous adaptive 

significance of fluctuating asymmetry is not known (fox, 1975; Van Valen, 

1962). However, this aspect of biology has been used to indicate the 

developmental homeostasis and/or buffering capacity of the developmental 

system (Matter, 1953; Fox, 1975). 

These problems are investigated herein using a vertical comparison 

method (Kurten, 1958). This method allows for documentation of 

instantaneous selective pressure on a single generation by comparing 

juveniles with adults (Sambol and Finks, 1977). This analysis is based 

on the premise that the distribution of phenotypes in the adult population 

when it was in a juvenile stage was the same as that of juveniles under 

comparison. Studies attempting to document directly selective mortality 

of extreme phenotypes (as in birds, Bumpus, 1899; and lizards, Fox, 1975) 

are indeed a useful contribution to our knowledge of natural selection 

and its adaptive function. This study explores in a general way the 

theories pertaining to stabilizing selection and their possible 

significance to lizard populations. This study is based on the Great 

Plains skinks Eumeces obsoletus (Scincidae). For the species, I attempt 

to: 1) determine geographic variation in reproduction, size, maturity and 

scutellation; 2) document natural selection on extreme morphological 

phenotypes; and 3) correlate biological variables (reproduction, size, 

maturity, scales) with some environmental factors (rainfall, temperature, 

latitude and elevation). 
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MATERIALS AND METHODS 

The data presented here were obtained during a study of geographic 

variation in repoduction, size, maturity, and scutellation of all age-size 

classes of museum specimens. The characters used and definitions 

(illustrated in Blair et al., 1957) are: 

1. Dorsals.-- number of scales from posterior edge of the nuchals to 

posterior border of the thigh. 

2. Right and Left supraoculars.-- number of scales adjacent to 

circumorbitals. 

3. Total supraoculars.-- sum of supraoculars on right and left sides. 

4. Ventral scales.-- number of scales along midline from posterior edge 

of the gular scales to the vent. 

5. Upper right and Upper left labials.-- number of scales from rostral 

to (and including) the most posterior elongate scale. 

6. Total upper labials.-- sum of upper labials on right and left sides. 

7. Lower right and Lower left labials.-- number of scales from mental to 

posterior corner of the mouth. 

8. Total lower labials.-- sum of lower labials on right and left sides. 

9. Subdigital lamellae R3.-- number of subdigital lamellae adjacent to 

posterior toe (3) of the right forefoot. 

10. Subdigital lamellae L2.-- number of subdigital lamellae adjacent to 

posterior toe (2) of the left hind foot. 

11. Neck scales.-- number of scales around the neck counted at right 

angles to the body axis. 

12. Midbody scales.-- number of scales around midbody counted at right 

angles to the body axis. 
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13. Right and Left superciliaries.-- number from preoculars to most 

posterior postoculars. 

14. Total superciliaries.-- sum of superciliaries on right and left sides. 

15. SVL (snout to vent length).-- distance from snout to vent. 

16. Axilla-groin.-- distance from insertion of the forelimb (axilla) to 

the insertion of the hind limb. 

17. Head length.-- distance from angle of the jaw to the snout. 

18. Head width.-- width of the head at midlevel of the eye. 

19. Tail length.-- distance from the vent to the tip of the tail. 

20. Hind limb length.-- length of hind limb from base to tip of the 

longest toe, excluding the claw. 

21. Forelimb length.-- length of forelimb from base to tip of the longest 

toe, excluding the claw. 

22. Parietal width.-- greatest width of parietal scale. 

23. Interparietal width.-- greatest width of parietal scale. 

24. Dorsal scale length.-- greatest length of (5) dorsal scales. 

25. Toe size.-- length of the third toe of the forefoot, excluding 

claw. 

26. To~ size.-- length of the longest toe of the hind foot, excluding 

claw. 

The localities were combined arbitarily into northern and southern 

groups. Morphometric characters (SVL, head length, head width, forelimb 

length, hind limb length and tail length) were measured to the nearest 

0.1 mm by means of dial calipers. Meristic characters (scales) of adults 

and immatures were determined with the aid of pins, whereas those of 

juveniles and other characters (superciliaries and subdigital lamellae) 

of all age groups were counted with an aid of an ocular grid in a 

dissection microscope. 
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Fig. 1. Physiographic provinces and latitudinal subdivisions used 

in analysis of data. One is Central Plains (2) Great Plains; (3) 

Southern Rocky Mountains; (4) Basin and Range Province and 

(5) Coastal Plains. 
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Animals were dissected to determine sex. Both preovulatory (~2.0 

mm ovarian eggs with yolk tinge), oviducal eggs and/or yolked follicles 

were counted and measured (length x width) to the nearest 0.1 mm with dial 

calipers. In determining clutch size, it was assumed that all eggs present 

in the oviducts of the lizard represented a single clutch, even though 

this may be obfuscated by reabsorption. The testes of each male were 

measured (length x width) to the nearest 0.1 mm with an aid of a vernier 

caliper. Testes volume was calculated from averages between the larger 

anterior right testis and the lower smaller posterior left testis using 

the formula of the volume of the ellipsoid (Mayhew, 1963). 

V = 4/3 ab2 , 

where i = 1/2 the longest diameter and b = 1/2 the shortest diameter at 

the widest part of the testis. Females were considered to be mature if 

they had large convoluted oviducts, ovarian eggs and/or yolked follicles. 

Those females that met all but the last of the reproductive conditions 

were considered to be mature but quiescent. Mature males had distended 

testes, large convoluted Wolffian ducts normally containing numerous coiled 

seminiferous tubules visible through the tunica. Immatures were 

individuals having gonads distinguishable as males or females but having 

neither distended testes, nor large sperm ducts or yolked follicles. 

Individuals with indistinguishable gonads were treated as juveniles. 

Seven hundred and fifty-seven lizards were examined: Northern --

Colorado (94); Kansas {152); Nebraska (48); Oklahoma (137); Southern 

Arizona (92); New Mexico (60); and Texas (154). These states are in five 

physiographic provinces: 1) Central Plains 2) Great Plains 3) Southern 

Rocky Mountains 4) Basin and range province 5) Coastal Plains (Fig. 1), 

following Raisz (1957). Twenty additional specimens are from Mexico. 
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Several statistical methods are available to relate natural selection, 

reproduction, morphological development and ecological measures. In this 

study linear regression and correlation analysis, were used to relate each 

gonadal and morphological measurement with environmental parameters 

(climatic and geomorphological). One-way analysis of 

variance J£. statistic) was used to measure relative variation between 

populations; coefficient of variability (CV) was used to determine the 

degree of variability of a character. The t-test for independent means 

was used to determine differences between observed means, and matched pairs 

t-test was used to determine fluctuating bilateral asymmetry. Ranges, 

means, standard deviation and/or standard error of the mean are given. 

All calculations were computed by means of micro-statistician programs 

for a Compucorp Model 342. 

Gonadal activity of both sexes was compared to climatic regimes 

(temperature and rainfall) cumulative over a period of thirty years 

(1920-1950) in which a majority of the specimens were collected. Climatic 

data and isobars were obtained from the State Monthly Weather 

Review published by the United States Department of Commerce Weather Bureau 

and Yearbook of Agriculture (1941). 

Only those specimens collected from the same place, same season and 

year were used to determine natural selection on extreme phenotypes. This 

was done to avoid bias resulting from seasonal differences in the intensity 

of selective regimes, as noted by Fox (1975). 

RESULTS 

Geographic variation in clutch size. -- Fifty-six northern lizards 

and 76 southern lizards, contained ova in the oviducts. A between-latitude 

zone t-test with respect to differences in clutch size did not nullify 



Table 1.-- Mean clutch size of Eumeces obsoletus from 5 isothermal zones. Means 
and standard errors of the mean (X ± SE) are given. 

Isotherm zone Latitude (N) Mean clutch size N 

45-50 42 12.25 ± 0.27 21 
(5-18) 

50-55 39 11.94 ± 0.50 35 
(5-20) 

55-60 36 9.36 ± 0.35 30 
(6-18) 

60-65 33 10.00 ± 0.31 20 
(7-19) 

65-70 30 13.14 ± 0.48 26 
(6-15) 

I-, 
·p 



Table 2.-- Summary of sizes of sexually mature Eumeces obsoletus. N = number of specimens, S--
= mean adult SVL; S0 = minimum adult SVL; Sm= maximum adult SVL. Standard errors of the mean 
(X ± SE) are given 

Isotherm 
zones 

45-50 

50-55 

55-60 

60-65 

65-70 

N 

41 

84 

42 

35 

15 

""S" 5o ~m 
(males) 

101.0 ± 1.9 78.5 118.5 

.101.0 ± 1.1 80.8 120.2 

105.3 ± 1.8 83.0 138.0 

92.8 ± 2.2 78.2 133.5 

98.8 ± 3.2 85.2 131.2 

S/S0 N ""S" So Sm "S°"/S o 
(females) 

1.28 26 103.0 ± 1.7 79.8 116.1 1.18 

1.26 23 102.0 ± 2.0 83.0 120.0 1.23 

1.26 35 102.8 ± 1.7 78.1 126.0 1.30 

1.18 19 97.2 ± 2.2 74.0 116.5 1.31 

1.16 39 103.l ± 2.9 77 .8 132.0 1.77 

t: 
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the hypothesis that no between latitudinal zone differences in clutch size 

exist (Table 1). However, comparison of clutch sizes in the northern 

lizards with those in southern lizards revealed that northern lizards have 

8-32 (X = 15.15 ± SE 1.56) eggs and southern lizards have 5-20 (X = 10.9 ± 

SE 0.80) eggs, a difference of 38.99 percent (t = 2.81, p.C::. 0.01). The 

evolution of larger clutch size in the north compared to the south can be 

explained in two ways as stated by Lack (1954), Tinkle (1961) and 

summarized here. Large clutches in the northern lizards are a response to 

reduced growth rates due to a short activity period and delayed maturity, 

both of which select for large females at maturity (Table 2). There is a 

positive relationship between snout-vent length and clutch size. (Fig. 2). 

Even though no statistical differences in egg size exist between the 

northern and southern lizards, the trend is such that northern lizards have 

smaller eggs than do southern lizards (Table 3). The biological 

significance of this phenomenon can be best summarized by referring to Lack 

(1954): "If one type of individual lays more eggs than another type and the 

difference is hereditary, then the more fecund type must come to 

predominate over the other (even if there is over population)-unless for 

some reason the individuals laying more eggs leave fewer, not more, 

eventual descendants". Thus, it can be argued that lizards from the 

northern population and from a large clutch size have survival value over 

those in a smaller clutch (southern population) and may predominate in the 

populations. The smaller clutch size in the south seems to be compensated 

for by early maturity. 

Correlation of clutch size, body size and egg size. -- On the average, 

larger females have larger clutches, and a strong relationship exists 

between the number of ova in the oviducts and the size of the female. 

In northern lizards, this correlation is_!:.= 0.30, P < 0.05 and it is 
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Fig. 2. The relationship of clutch size and snout-vent length in 

38 and 20 lizards from northern and southern localities. The 

regression equations are(-----) Y = - 34.16 + 0.48x (PL0.01) 

and E _ ) Y = - 39.98 + 53x (PL.0.05). 
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expressed by N = 38 females in the regression equation Y = - 39.98 + 

0.58x. Southern lizards showed!:= 0.61, P ~0.01, a strong positive 

relationship expressed by N = 20 females as Y = -34.16 + 0.48x. Thus in 

both northern and southern lizards a consistent and strong statistically 

significant relationship exists between clutch size and snout-vent length 

(Fig. 2). The relationship of clutch size with egg size is a statistically 

significant negative correlation (Fig. 3): For northern lizards!:= 0.81, 

PL. 0.01, the relationship is expressed by the equation Y = - 0.3lx + 

11.15; southern lizards,!:= - 0.68, P~ 0.01, Y = - 1.32x + 19.02. 

Eumeces obsoletus were divided into arbitrary size groups of 78-99 mm 

and 100-132 mm SVL. The clutch size in the first group was 10.14 ± SE 0.73 

in the northern lizards, 9.44 ± SE 1.06 in the southern lizards. 

Comparable data for the second group was 18.85 ± SE 1.89 and 12.09 ± SE 

1.09 respectively. Thus even group-size analysis confirms the fact that 

northern lizards are more prolific than their southern counterparts. 

Apparently some factors other than body size are involved in clutch size 

selection. Overall clutch size in the former exceeds the latter by 34.66 

percent. In northern lizards individuals in the large clutch size group 

have 55.91 percent larger clutches than southern lizards in the smaller 

size group. In the southern, a similar analysis showed a 19.23 percent 

difference. 

Egg laying season, testicular development and size at maturity. --

The egg laying season was delimited by· determining the number of females 

in which ova were present and in what months of the year. The period 

of testicular development was determined by examining the size of testes 

and presence of heavily coiled seminiferous tubules (Table 3). Ovulation 

in both southern and northern lizards begins as early as April and lasts 

until late August. Vitellogenesis was at the peak (April through June), 
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Fig. 3. The relationship of clutch size and egg size in 15 and 17 

lizards from the northern and southern localities. The regression 

equations are E--) Y = - 1.32x + 19.02 (PL0.01} and (-----) 

Y = - 0.31x + 11.15 (P.l0.01). 
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Table 3.-- Ovi~ucal eggs and testicular development in Eumeces obsoletus from the northern and southern 
populations. Ranges, means and standard errors of the mean (x ± SE) are given. 

(northern population) 

month N egg length egg width 

· Apri 1 15 8.53 ± 0.12 8.12 ± 0.17 
(8.1 - 9.00) (7.4 - 8.65) 

May 25 7.3 ± 0.34 6.31 ± 0.26 
(3.3 - 11.0) (2.5 - 9.00) 

June 10 11.89 ± 0.5 8.32 ± 0.16 
(8.2 - 16.59) (7.4 - 9.8) 

July 3 5.42 ± 0.42 5.06 ± 0,45 
(5.4 - 6.4) (5.1 - 6.0) 

August 3 6.1 ± 0.12 4.2 ± 0.02 
(4.8 - 7.1) (4.2 - 5.6) 

September 5 --- ---
October 4 --- ---

(southern population) 

N egg length egg width 

32 7.71 ± 0.22 6.85 ± 0.17 
( 5 . 0 - 10 . 20) ·(4.3 - 8.5) 

17 7.51 ± 0.46 6.61 + 0.38 
(3.0 - 10.5) (2.9: 8.8) 

7 12.73 ± 0.27 9.23 ± 0.13 
(10.7 - 13.45) (8.4 - 9.6) 

10 5.06 ± 0.22 4.2 ± 0.01 
(4.58 - 5.60) (4.0 - 4.51) 

10 3.86 ± 0.65 3.69 ± 0.64 
(4.0 - 5.60) (3.9 - 5.15) 

--- --- ---
--- --- ---

(Northern (Southern 
population) (population) 

mean testes 

volume mm3 
N = 55 N = 62 

127.69 96.26 

102.25 54.20 

44.9 48.90 

22.30 34.16 

49.11 31.50 

--- 40.50 

--- 27.31 

..... 
co 
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and comparable results showed that ovigerous females from the northern 

population have 3.3-16.15 (1 = 9.24 ± SE 0.32, N = 50) and the southern 

population 3.0 - 13.45 (X = 9.31 ± SE 0.31, N = 56) eggs. The male cycle 

showed most activity (sperrnatogene$•ts}. to occur synchronously with 

vitellogenesis. Mean testis volume for the northern population was 

44.4-127.56 mm3 (N = 55) and the southern 48.9-96.26 mm3 (N = 62), 

respectively. Apparently there is no geographic variation in timing of 

ovulation and period of greatest testicular development. The period of 

increased gonadal activity in both northern and southern lizards coincides 

with the period of highest rainfall and temperatures (Fig. 4). A study 

of developmental activity in individual females at the peak of ovulation 

revealed that post-reproductive females, as well as ovigerous females, 

had tiny ovarian eggs (1.0-1.5 mm longest diameter) lacking yolk tinge. 

In gravid females, all ovulated follicles were more or less the same size 

with minor differences, within the range 0.1-0.25 mm, thus revealing the 

fact that E. obsoletus breeds in synchrony throughout its range without 

a possiblity of a second clutch. This lack of repeated ovulation is 

attributed to prolonged incubation in this species (Fitch, pers. comm.). 

Both ovulated eggs and testes regress during July and August, but male 

gonads showed some activity in September and October; no data were 

available for the rest of the year. 

The minimum size of northern females was 78.0 mm (X = 101.8 mm), 

whereas that of the southern males was 78.2 nm (X = 92.83). Comparable 

figures for southern females and northern males are 77.8 mm (X = 103.1 

mm) and 75.45 rrm (X = 101.0 mm), respectively (Table 2). Comparisons 

between latitude and isotherm zones showed that northern female lizards 

attain sexual maturity later and are 125.45 percent the size of their 
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Fig. 4. Graphs showing mean annual temperature (A) and mean 

annual rainfall (B) from four latitudinal subdivisions of North 

America( ..... ) 27230° N; (-·-·-·-) 30235° N; (-----) 36239° N; 

( i 39242° N. 
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Table 4.-- Comparison of sexual dimorphism in 20 meristic and metric 
characters of E. obsoletus 

No. Character t-test 
p 

23 

(adult males versus females) 

1 dorsals L.. 0.05 

2 supraocul ars ns 

4 ventrals L.. 0 .05 

5 upper labials 0.40 

7 lower labials 0.20 

9 subdi gital lamellae R3 0.50 

10 subdigital l amell ae L2 0.50 

11 neck scales L.. 0.05 

12 midbody scales L.. 0.05 

13 supracil i aries L 0.05 

15 SVL (snout-vent length) L 0.05 

16 ax i 11 a-groin L.. 0 .05 

17 head length L.. 0.01 

18 head width L... 0.01 

19 tail length ,t_ 0.05 

20 hind limb length < 0.05 

21 forelimb length <. 0.05 

22 parietal width < 0.05 

23 interparietal width <. 0.01 

24 dorsal scale length .( 0 .05 
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Fig. 5. Comparison of snout-vent length (SVL) of adult I- obsoletus 

from five isothermal zones. Each bar drawing shows range, mean, 

1 standard deviation and 2 standard errors of the mean and n~mber 

of specimens. Males (A) and females (B). 
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southern counterparts in the same size and age class •. A statistical 

analysis revealed a significant difference in the size at maturity between 

the northern and the southern lizards (t-test, PL 0.05). 

Sexual dimorphism.!..!!. body size and scale numbers. -- Sexual dimorphism 

in body size, scale size and scale numbers was documented. Results show 

a weak statistically significant difference in body size (SVL) with respect 

to sex (Table 4). A similar result was obtained for all other metric 

characters (Axilla-groin, head length, head width, forelimb length, hind 

limb length and tail length). All scale counts around the body (dorsals, 

ventrals, neck scales, and midbody scales) showed a statistically 

significant difference with respect to sex. However, the meristic 

characters (labials, subdigital lamellae, and supraoculars) did not show 

such differences. 

Correlation of morphology and weather. An analysis of body size 

(SVL) with temperature (Fig. 5) revealed that males between isotherms 60 

and 70 have a significantly smaller body than those from between isotherms 

45 and 60, (t = 4.06, PL0.001). A similar trend was seen in females. 

Lizards of both sexes are consistently different in body size north and 

south of isotherm 60. For both sexes, lizards from north of isotherm 55 

showed a steady increase in mean snout-vent length at progressively lower 

temperatures (Fig. 5). 

Except for reversals between isotherms 45 and 55, male lizards show 

a steady increase in dorsals from south to north. Ventrals show a steady 

cline from the south to north (Fig. 6). 

The number of dorsal scales of females between isotherms 55 and 60 

are fewer than those in lizards from adjacent thermal areas (Fig. 7). 

A similar cline exists in the number of ventrals in females (Fig. 7). 

However, none of these relationships was found to be statistically 
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Fig. 6. Comparison of do~sals and ventrals off. obsoletus (abcissa) 

(males) from five isothermal zones. See legend for figure 5 for 

explanation of the diagrams. 
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Fig. 7. Comparison of dorsals and ventrals off. obso1etus (abcissa) 

(females) from five isothermal zones. See legend for figure 5 for 

explanation of the diagrams. 
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Table 5.-- Comparison of sample statistic of two populations of E. obsoletus (males) from the southern localities 
(Great Plains pr~vince, region 2) - -- ---- -

Elev-all on 
(4.8-117.8) (1249-2874) 

333.6 m 1913.2 m 
N=84 N=88 

No. character range mean SD CV range mean SD CV t-test F ·f ratio 
p -p 

9 subdigital (9.0-12.0) 10.10 0.82 8.1% (9.0-12.0) 10.8 0.74 6.8% 0.20 0.003 ns 
lamellae R3 

10 subdigital (12.0-17.0) 14.9 1.1 7.3% (14.0-16.0) 14.4 1.30 9.0% 0.20 1.66 ns 
lamellae L2 

15 SVL (73.0-134.0) 98.9 15.1 15.2% (95.0-121.0) 99.7 13.32 13.3% 0.90 0.02 ns 

16 axilla-groin (44.8-81.0) 59.6 10.9 18.2% (53.0-70.0) 58.9 7.60 12.9% 0.90 0.5 ns 

17 head length (16.0-28.0) 18.5 3.3 17 .8% (19.0-24.0) 20.3 2.80 13.7% (0.05 1.13 ns 

18 head width (10.0-25.0) 14.8 3.3 22.0% (13.0-21.0) 15.4 2.80 18.1% 0.40 1.26 ns 

20 hind limb (12.0-28.0) 20.3 4.0 19.7% (20.0-26.0) 20.9 3.10 14.7% 0.90 1.00 ns 

21 forelimb (12.0-24.0) 16.6 3.3 20.0% (15.0-21.0) 16.9 2.7 15.9% 0.90 0.80 ns 

22. parietal width (2.0-5.3) 3.47 0.75 21.0% (1.2-4.9) 3.1 0.85 27.6%(0.01 3.63 ~0.05 

23 interparietal width (2.0-2.2) 1.80 0.39 15.6% ( 1. 5-4. 5) 2.24 0.84 37 .0 {0 .05 8.37 <0.01 

24 Dorsal scale length (0.7-2.6) 1.53 0.42 27.0% (1.4-2.3) 1.51 0.34 22.5% 0.90 0.14 ns 

w 
..i::, 



Table 6.-- Comparison of sample statistic of two populations of adult E •. obsoletus (females) from the northern 
locality (Great Plains province, region 2) -

Elevation 
350-930.2 1270-2400 
717.59 m 1991.25 m 

No. character range mean SD CV N range mean SD CV -N t-test F F ratio 
p - --p 

9 subdittal 
l amel ae R3 

(8.0-12.0) 10.20 0.92 9.01% 22 (9.0-12.0) 11.40 0.96 8.4% 29 ~0.001 12.8 <0.001 

10 subdittal 
l amel ae L2 

(12.0-16.0) 14.03 0.96 6.48% 22 (12.0-16.0) 14.69 1.01 6.87% 29 0.02 6.12 <.0.05 

15 SVL (72.0-120.0) 98.46 11.49 11.0% 40 (88.0-121.0) 105.90 9.62 9.1% 23 0.0 2 6.67 <'._0.05 

16 axil la-groin (40.0-78.0) 61.41 9 .17 14.9% 40 (52 .0-81.0) 63.90 7 .11 11.0% 23 0.20 1.26 ns 

17 head length (10.5-17.0) 16.49 2.14 12.9% 40 (15.0-22.0) 18 .40 1. 76 9.50% 23 L.0.001 4.41 .( 0.05 

18 head width (10.5-17.0) 13.19 2.35 17.85% 40 (11.0-16.0) 14.90 1.66 11.1% 23 L0.01 4.53 .( 0.05 

20 hind limb (10.0-22.6) 17 .18 2.58 15.1% 40 (16.0-22.0) 19 .50 1.64 8.39% 23 0.001 9.24 ( 0.01 

21 forelimb (8.2-18.6) 13.89 2.67 19.2% 40 (13.0-20.0 16.50 2.1 12.6% 23 L0.001 14.01 <0.001 

22 parietal width (1.8-4.2) 3.20 0.53 16.5% 21 (2.6-4.0) 3.47 0.45 13.5% 23 -l.0.01 3.91 ns 

23 interparietal 
width (1.1-2.0) 1.55 0.22 14.1% 21 (1.3-2.0) 1.63 0.23 14.1% 23 ~0.01 2.14 ns 

24 Dorsal scale 
length (0.7-2.1) 1.39 0.29 20.8% 21 (0.9-1.5) 1.50 0.32 21.3% 23 0.40 1.73 ns 

w 
u, 
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significant. 

Correlation of morphology and elevation. -- Nine metric characters 

and two meristic characters were analysed with respect to elevation, using 

samples from a similar latitudinal zone (Table 5 and 6). Both sexes show 

a tendencyfor size (SVL, axi11a-groin, head length, head width, forelimb 

and hind limb length) and scale size (parietal width, interparietal width 

and scale length) to increase at higher elevations (Tables 5 and 6). 

However, only 3 characters of the males (head length, parietal width, and 

interparietal width) showed a statistically significant difference in means 

between higher and lower elevation lizards (t = 2.25, PL.. 0.05; 2.75, PL.. 

0.01; 2.09, PL 0.0,5, respectively). A similar analysis of five characters 

of females (head length, head width, hind limb, forelimb and interparietal 

width) showed t = 3.47, PL 0.001; 2.68 PL 0.01; 3.56, PL 0.001; 3.48, 

PL.... 0.001; 3.68, PL. 0. 01, respectively. In both sexes metric characters 

of lizards from high elevations were on the average 101.8 percent (males) 

and 108.37 percent (females) larger. Meristic characters (subdigital 

lamellae R3, subdigital lamellae L2) tend to increase at progressively 

higher elevations. However, with the exception of subdigital lamellae R3 

of females (t-test P(0.001), no statistically significant difference with 

respect to elevation was found (Table 6). An analysis of variance of two 

characters of males from lower and higher elevation showed statistically 

significant variations (parietal width, Fs = 3.63, P~0.05 and 

interparietal width, Fs = 8.37 PL.0.01). Seven characters of females 

(subdigital lame1lae R3, Fs = 12.8 PL.0.001; subdigital lamellae L2, Fs 

= 6.1, PL.. 0.05; SVL, Fs = 6.67, PL 0.05; head length, Fs = 4.41, PL... 

0.05; head width, Fs = 4.53, PL.. 0.05; hind limb, Fs = 9.24, PL0.01; 

forelimb, F = 14.01, PL0.001) revealed a strong between-population s 
variation (Tables 5 and 6). With the exception of subdigital lamellae 



Table 7.-- Comparison of sample statistic of two populations of adult E. obsoletus (males) from the 
Great Plains province, region 2 - -

36°-39° N 
Latitude: 

39°-42° N 

No. character mean & SD CV N mean & SD CV N t-test F F ratio 
range range p --p 

9 subdittal 10.43 0.72 6.9% 55 10.8 0.67 6.2% 55 L.0.01 2.19 ns 
1 amel ae R3 (9.0-12.0) (10.0-12.0) 

10 subdi1ital 14.0 1.50 10.7% 55 14.0 1.13 7.8% 55 .(0.01 1.28 ns 
1 amel ae L2 (12.0-16.0) (12.0-15.0) 

15 SVL 101.66 16.28 16.0% 65 103.0 7.59 10.4% 65 0.10 3.97 zo.05 
(87 .9-121.0) (87 .1-121.0) 

16 ax i1 la-groin 61.56 13 .15 21.36% 65 63.61 7.76 12.1% 65 a.so 0.76 ns 
(50 .0-79 .O) (48.3-73.1) 

17 head length 18.94 1.72 9.08% 65 19.52 2.37 12.1% 65 0.10 3.98 zo.os 
(15.2-22.5) (15.0-22.9) 

18 head width 16.02 1.99 12.4% 65 16.64 2.57 15.1% 65 0.90 3.70 zo.os 
(12.7-20.0) (13.3-20.6) 

20 hind 1 imb 17.91 
(10.3-22.2) 

1.78 11.0% 65 19.83 2.07 10.43% 65 L... 0.001 10.19 <.. 0.001 
(15.0-23.0) 

21 forelimb 13.03 
(8.2-19.0) 

3.21 24.0% 65 15.5 2.68 17.29% 65 .(0.001 6.15 < 0.01 
(10.0-19.1) 

w ......., 



·Table 7.-- Continued. 

36°-39° N 
No. character mean & so CV N 

range 

22 parietal width 3.66 0.77 21.0% 33 
(2.8-4.8) 

23 interparietal 1.85 0.52 28.0% 33 
width (1.5-3.8) 

24 Dorsal scale 1.73 0.24 13.8% 20 
length (1.3-2.10) 

Latitude: 
39°-42° N 

mean & so CV N 
range 

3.84 0.58 15.1% 33 
(1.3-3.0) 

1.77 0.53 20.6% 33 
(1.3-3 .O) 

1.79 0.39 21.0% 20 
(1.2-2.3) 

t-test · F 
p 

0.50 0.97 

0.50 0.25 

0.50 2.75 

F ratio --p 

ns 

ns 

ns 

w co 



Table 8.-- Matrix of correlation coefficient between 11 characters of adult (male) E. obsoletus 
from Basin and Range Province, region 4 -

15 17 18 19 20 21 22 23 24 25 26 
15 X 0.92** 0.84** 0.03 0.72** 0.33 0.35 0.31 -0.20 0.33 0.20 
17 0.83** 0.02 0.70** 0.83** 0.16 0.02 0.77** 0.67** 0.21 
18 0.11 0.75** 0.77** 0.32 0.39* 0.54** 0.43* -0.29 
19 -0.39* 0.08 -0.04 0.09 0.28 0.23 0.06 
20 0.74** 0.27 0.20 0.68** 0.23 0.06 
21 -0.44* 0.45* 0.71** 0.16 -0.26 
22 -0.47* -0.01 -0.12 -0.13 
23 0.48* 0.03 -0.13 

24 0.16 -0.28 

25 0.08 

w 
U) 
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L2, parietal width, interparietal width (Table 5) and subdigital lammellae 

R3 and scale length (Table 6), both metric and meristic characters of both 

sexes are less variable at higher elevations. Meristic characters (parietal 

width, interparietal width, and scale length) of specimens at lower 

elevations showed 25.53 percent (males) and 39.25 percent (females) greater 

character variation than their counterparts at higher elevations. 

Apparently, selection favors reduction in variation at higher elevation. 

Correlation of morphology and latitude. -- The data used for 

latitudinal analyses were gathered from the relatively uniform Great 

Plains(Region 2) "(Fig. 1). Only three characters (subdigital lamellae 

R3, t = 2.31, PL 0.01; hind limb, t = 3.65, P L0.001, and forelimb, t 

= 4.75, PL 0.001) showed statistically significant differences in means 

between high and low latitude populations. With the exception of head 

length, head width, and scale length, variation decreased at higher 

latitudes. A comparison between lizards from different latitudinal zones 

(Table 7) revealed variation to be 39.07 percent greater at latitude 39° 

than at latitude 42° N. Five characters showed a statistically 

significant variation with respect to latitude (Snout-vent length, Fs = 

3.97, PL 0.05; head length, Fs = 3.98, PLO.OS; head width, Fs = 3.70, 

3.70, PLO.OS; forelimb length, Fs = 6.15, P L0.01, hind limb, Fs = 

10.19, P '- 0.001). 

Character relationships. -- The result of correlation analyses of 

scale size on snout-vent length and number of subdigital lamellae R3 and 

L2 on toe size and also of coefficient of correlations among characters 

15-26 (Table 8) show that lizards of both sexes and from both the northern 

and southern populations have a strong, positive significant relationship 

between scale size and body size. In those from the north, the correlation 
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Fig. 8. The relationship of scale size and snout-vent length in 82 

and 88 lizards (A) from northern and (8) southern localities. 

The regression equations are males, (--) Y - 0.85 + 0.02x 

(PL0.01); females (-----) Y = - 0.91 + 0.02x (P~0.01) and southern 

lizards, males(--} Y = -0.77 + 0.02x (P~0.01); females (-----) 

Y = - 0.49 + 0.02x (P~0.01). 
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between scale size and SVL is r = 0.75, PL 0.01 (males); r = 0.77, PL. 

0.01 (females), expressed in the regression equations (Y = - 0.85 + 0.02x, 

N = 51 and Y = - 0.91 + 0.02x, N = 31), respectively. Comparable results 

on lizards from the south are r = 0.54, ·p L0.01 (males) and r = 0.80, 

PL 0.01 (females), the relationship expressed as (Y = - 0.49 + 0.02x, N = 

38 and Y = - 0.77 + 0.02X, N = 50 (Fig. 8). These analyses confirm the 

fact that large lizards have large scales. A similar analysis on the 

number of subdigital lamellae R3 and L2 showed a weak, but positive, 

relationship to toe size. Northern lizards had r = 0.41, P .(.0.05 (males) 

and r = 0.43, PL 0.05 (females), a relationship expressed in the 

regression equations (Y =-b.22x + 9.02, N = 28 and Y = 0.39x + 7.99, N 

= 31). Southern lizards had r = 0.47, P ..(.0.05 (males) and r = 0.27 (not 

statistically significant) (females); this relationship is expressed as 

Y = 0.43x + 9.33, N = 26 and Y = 0.17x + 12.69, N = 33). Thus the general 

trend is for mean subdigital lamellae to increase with increase in toe 

size. In both sexes and both northern and southern lizards, no 

relationship was found between scale size and scale numbers (analysis 

tested at 5% level of significance). This result suggests that number 

of scales are independent of scale size. Considering all the characters 

studied and resultant coefficients (Table 8), only 12.72 percent of the 

correlation coefficients were significant at 5% level and 25.42 percent 

at 1% level. This means that only 38.14 percent of the characters showed 

statistically significant correlations, and that there is considerable 

independence among characters studied. 

Directional selection. -- Four characters: dorsals, ventrals, 

neckscales and midbody scales of males from both northern and southern 

populations and similar characters of females from southern localities 

as well as ventrals, neckscales and midbody scales of females from northern 



Table 9. Differences in means and variances between adults and juveniles for meristic characters --
males from the northern population (above) and southern population (bellow) 

Adults Juveniles 
No. character mean SD CV N mean SD CV N t-test F F ratio 

p --p 

1 dorsals 56.27 1.57 2. 7% 61 55.5 2.23 4.0% 41 L0.05 4. 2 L0.05 

4 ventrals 61.27 2.60 4.2% 61 58.58 4.49 7.6% 52 L0.01 5.9 <'..0.05 

6 sum upper 
1 abi al s 14.00 0.18 1.28% 61 13.96 0.52 3.72% 51 0.40 0.29 ns 

8 sum lower 
1 abi al s 11.85 0.60 5.06% 61 11.94 0.46 3.83 51 0.40 1.45 ns 

9 subdigital 
lamellae R3 10.25 0.93 9.07% 61 10.53 1.19 11.3% 48 0.90 1.99 ns 

10 subdigital 
1 amel l ae L2 14.04 1.30 9.25% 61 14.41 1.12 7.8% 48 0.20 2.38 ns 

11 neck scales 31.64 1.90 6.0% 57 29.0 2.25 7.7% 32 .(.0.01 6.1 .(0.05 

12 midbody scales 26.78 1.30 4.8% 57 25.9 1.43 5.5% 32 .(.0.01 2.47 ns 

14 sum of super-
cil i ari es 15.47 1.19 7.7% 61 15.3 1.11 7.25% 49 a.so 0.06 ns 

c.n 



Table 9.-- Continued 

Adults Juveniles 
No. character mean SD CV N mean SD CV N t-test F F ratio 

p - -p 

(southern population) 

1 dorsals 57.3 1.60 2.7% 55 55.5 3.51 6.2% 57 <0.01 11.13 ~0.01 

4 ventrals 61.3 2.31 3.7% 52 59.12 3.8 6.4% 55 ~0.001 12.67 L.0.001 

6 sum upper 
1 abi a 1 s 14.40 0.79 5.5% 52 14.21 0.54 3.8% 66 0.20 0~28 ns 

8 sum lower 
1 abi al s 12.01 0.31 2.6% 52 11.86 0.57 4.8% 66 0.50 0.10 ns 

9 subdigital 
1 amell ae R3 10.55 0.72 6.8% 45 10.79 1.59 14.7% 61 0.4 1.18 ns 

10 subdigital 
1 amel 1 ae L2 14.26 1.23 8.6% 45 14.23 1.45 10.1% 60 0.9 0.01 ns 

11 neck scales 31.06 1.68 5.4% 47 29.76 2.22 7.4% 56 L. 0.01 15.3 L.0.001 

12 midbody scales 26.27 1.19 4.5% 47 25.32 1.38 5.4% 56 t.. 0.001 13.68 <'.0.001 

14 sum of super-
ciliaries 15.31 1.40 9.1% 51 15.40 1.48 9.6% 63 0.90 0.28 ns +'> 

0) 



Table 10.-- Differences in means and variances between adults and juveniles for meristic 
characters--females, from the northern (above) and southern populations (below) 

No. character mean SD CV N mean SD CV N t-test F F ratio 
p --p 

1 dorsals 56.42 1.62 2.8% 49 55.6 2.58 4.6% 47 0.10 3.25 ns 

4 ventrals 60.6 1.91 3.1% 49 57.6 4.50 7.8% 58 L..0.001 11.10 L0.01 

6 sum upper 
1 abi al s 14.04 0.36 2.5% 45 13.96 0.49 3.5% 58 0.40 0.80 ns 

8 sum lower 
1 abi al s 11.84 0.47 3.9% 45 11.91 0.46 3.8% 58 0.50 0.54 ns 

9 subdigital 
1 amell ae R3 10.52 1.15 11.3% 44 10.49 1.17 11.1% 53 0.90 0.01 ns 

10 subdigital 
lamellae L2 14.22 1.04 7.3% 45 14.40 1.10 7.6% 52 0.50 0.68 ns 

11 neck scales 31.25 1.83 5.8% 48 29.10 2.30 7.9% 39 0.90 7 .10 <.0.01 

12 midbody scales 26.72 1.19 4.4% 48 25.89 1.55 5.9% 33 0.90 8.50 ..( 0.01 

14 sum of super-
ciliaries 15.42 1.13 7.3% 47 15.32 1.11 7.2% 56 0.90 0.21 ns 

'.I 



Table 10.-- Continued 

No. character mean SD CV N mean SD CV N t-test F F ratio 
p ---p 

(southern population) 

1 dorsals 56.87 1.55 2.72% 58 55.57 3.50 6.2% 57 0.02 6.16 ~0.05 

4 ventrals 60.80 2.32 3.8% 57 59.12 3.88 6.5% 55 0.02 7.47 <0.01 

6 sum upper 
labials 14.15 0.45 3.1% 53 14.20 0.53 3.7% 66 0.90 0.43 ns 

8 sum lower 
labials 11.9 0.52 4.3% 53 11.85 0.57 4.8% 66 0.90 0.82 ns 

9 subdigital 
l amel l ae R3 11.26 0.98 8.7% 45 10.42 1.17 11.2% 61 ~0.001 1.32 ns 

10 subdi git al 
l amel l ae L 2 14.47 1.04 7.1% 44 14.30 1.34 9.3% 60 0.50 0.89 ns 

11 neck scales 31.29 1.29 4.1% 54 29.76 2.22 7.4% 56 i.0.001 7.14 .('0.05 

12 midbody scales 26.27 0.94 3.5% 55 25.32 1.38 5.4% 63 .C0.001 7 .02 .(0.05 

14 sum of super-
ci1 i ari es 15.29 1.14 7.4% 50 15.46 1.50 9.7% 56 0.90 0.73 ns 

.i::,. 
00 
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Fig. 9. Stabilizing selection with respect to sum of upper labials (A) 

and lower labials (B) (males) from the northern and southerm populations. 
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Fig. 10. Stabilizing selection in number of midbody scales (females) 

from (A) northern and (B) southern populations. 
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Fig. 11. Stabilizing selection in number of subdigital lamellae (males) 

from (A) northern and (B) southern populations. 
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Fig. 12. Differential selection in number of dorsals; juveniles, 

immatures and adults from (A) northern and (B) southern populations. 
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populations, showed directional selection. In each case, means of 

characters in adults exceeded those of juveniles (Tables 9 and 10). 

Stabilizing selection. -- Evidence for stabilizing selection was 

gathered by comparing juvenile and adult character variation. Except for 

a few characters, a majority of characters showed greater variation in 

juveniles than adults (Tables 9 and 10). A comparison of character 

variation between adult males and juveniles in both northern and southern 

populations showed 41.77 pe1cent and 49.1 percent greater variation in 

juveniles than in adults respectively. Comparable results among females 

showed 34.03 percent and 45.36 percent greater variation in juveniles than 

in adults. Results also showed that stabilizing selection is more intense 

in the north than in the south. Overall character variation among males 

in the south is 6.33 percent higher than the north. Comparable results 

showed a 12 percent greater variation among southern females than their 

northern counterparts (Table 10). Juveniles from the south had 24.89 

percent greater variation than those from the north. These results show 

that there is differential selection on extreme phenotypes within groups 

of the same age-size classes, inhabiting different geographic zones. These 

results also provide evidence that different environments with different 

levels of attrition may be responsible for shifting scale characters back 

and forth from one generation to another, but doing so in a different 

manner. Five characters (upper labials, lower labials, midbody scales, 

subdigital lamellae and dorsals) were chosen to demonstrate stabilizing 

selection (Figs. 9-12). Stabilizing selection is identified by a narrowing 

of the frequency distribution curve for the character under investigation 

in the older segment. Overall results show that there is a progressive 

elimination of extreme phenotypes during developmental years to adulthood 

(Fig. 12). 



Table 11.-- Differences between right and left side of four 
bilateral characters (right - left) adult animals from the 
northern 1 oca 1 i ty ·· 

(Females) right side:. left side 
N = 106 mean SD P* -
supraoculars 0.01 0.02 0.90 
superciliaries 0.01 0.01 0.20 
upper labials 0.01 0.38 0.20 
lower labials 0.07 0.08 ns 

(Males) 
N = 160 
supraocul ars 0.10 0.02 ns 
superciliaries 0.05 0.07 0.40 
upper 1 abi al s 0.21 0.06 0. 1 
lower labials 0.09 -0.01 0.40 
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Table 12.-- Differences between right and left side of four 
bilateral characters (right - left) adult animals from the 
southern locality 

(Females) Right side.: left side 

N = 175 mean SD P* -
supraocul ars 0.01 0.15 0.90 

superciliaries 0.08 0.13 0.20 

upper labials -0.01 0.02 0.90 

lower labials 0.01 0.03 0.90 

(Males) 

N = 167 

supraocul ars -0.06 0.12 0.20 

superciliaries 0.14 0.14 0.40 

upper labials 0.21 0.07 ~0.05* 

lower labials 0.10 0.17 0.10 

P* probability that the observed mean is different from zero as 
calculated from a matched pairs t-test. 
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Asymmetry. -- An analysis of asymmetry of four characters 

(supraoculars, superciliaries, upper labials. and lower labials) showed 

that only upper labials had a statistically significant difference in means 

and/or departure from central tendency (Tables 11-12). This result being 

the only one of its kind remains suspect and may be a result of an artifact 

of data analysis (see Sokal and Rohlf, 1969). The rest of the bilateral 

characters showed no difference in the number of scales between the right 

and left sides. 

DISCUSSION 

In recent years the study of comparative demography has developed 

from mere description to construction of models upon which hypotheses of 

both ecological and evolutionary nature have been tested. Of the many 

contemporary studies, the following works critically treat the subject 

of life history evolution and geographic clines: Cody (1966), Endler 

(1977), Emlen (1970), Fitch (1970), Levins (1968), Maiorana (1976), Pianka 

(1970a, 1970b), Stearns (1976, 1977), Shaffer (1974), Tinkle (1969), 

Tinkle and Gibbons (1977), Tinkle, Maslin and Clarke (1972), Trivers (1972, 

1974), Wilbur, et al. (1974), and Williams (1966a, 1975). 

Variations that occur in life history characteristics within and 

between populations of the species Eumeces obsoletus are real and of a 

magnitude often observed between species. There are significant 

differences in clutch size, body size and age at maturity. Some 

populations, such as those in Arizona, New Mexico and Texas, are of , 

individuals that mature early and .are small, characteristics traditionally 

associated with an r - selected animal and/or semelparous 1 ive hi story 

(MacArthur and Wilson, 1967), or ab - selected organism (in the sense 

of Hairston, Tinkle and Wilbur, 1970). In other populations, such as those 

in Oklahoma, Kansas, Colorado and Nebraska, relatively larger body sizes 
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and delayed maturity, coupled with parental care suggest a~ - selected 

animal and/or an iteroparous life history. This uncompromising dichotomy 

has been reported in other lizards, including Sceloporus scalaris (Newlin, 

1976). However, to suggest that two evolutionary paths have evolved with 

respect to life history phenomenon in~ obsoletus would be naive because 

rand k are poulation parameters, and to do so would serve to illustrate 

that Stearns (1977) referred to as "the dillemma of a Faustian Empiricist, 

who pursues the basis of his knowledge perhaps a bit too far for his own 

comfort." Thus, such an assumption can not be made, unless we have been 

able to transplant successfully individuals from say south to the north and 

vice versa and in the mean time have acquired evidence to show that life 

history characteristics observed in both northern and southern lizards have 

remained fixed. Presently such variation should be treated as adaptive 

responses to different local ecological and habitat constraints upon the 

same genetic stock, an aspect Nichols et al. (1976) referred to as 

temporally dynamic reproductive strategies (see also Tinkle, 1972; and 

Lindberg, 1976). 

Evidence suggests the hypothesis that life history characteristics 

have evolved under natural selection to maximize population reproduction 

and/or survival fitness in a particular environment. Within population 

variation with respect to life history characteristics has been reported 

in many lizards, such as Sceloporus undulatus (Tinkle, 1972) and 

Cnemidophorus tigris (Pianka, 1970b). The evolution of different clutch 

sizes in the northern and southern lizards has been mainly through 

different body sizes and nutrition. The importance of food on growth rates 

in lizards was emphasized by Stamps (1977) for Anolis aeneus. Delayed 

maturity selects for larger females in the north, hence larger clutches, 

whereas rapid growth and resultant early maturity results into apportioning 
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of energy that otherwise could be used for growth to sustain reproduction. 

Hence the overall result has been that southern females have remained small 

compared to their northern counterparts. But clutch-size evolution through 

varied body sizes is not a universal phenomenon among reptiles. For 

example, there is no relationship betwen body size and clutch size in the 

lizards Callisaurus draconoides (Pianka et~ 1972), Mabuya 

quinquetaeniata (Simbotwe, in press) and the turtle Chrysemys picta (Cagle, 

1954). A comparison among individuals in the same age-size class from 

northern and southern populations revealed that snout-vent length of~ 

obsoletus is not the only important factor selecting for clutch size. 

Corpora adiposa also is an important factor in determining clutch size 

(Hahn and Tinkle, 1965). 

In this study it was found almost exclusively that large females 

carrying large clutches also had large abdominal fat bodies, and vice 

versa. This report concurs with Avery's (1974) study of Lacerta vivipara. 

The popularized argument that large clutch sizes in the north are a 

response to higher mortality (Lord, 1960; Tinkle, 1961) due to predation, 

disease, and prolonged hibernation is erroneous (Williams, 1966a). A 

similar problematic argument was given by Spencer and Steinoff (1968) and 

Smith and McGinnis (1968). These authors postulated that shorter activity 

seasons at higher latitudes reduce the number of times females can 

reproduce, hence selecting for larger litter size each breeding time. 

A lack of further elaboration on this concept is the source of criticism. 

One can argue that whether the number of times a female can reproduce is 

reduced or not is inconsequential in clutch size evolution. What is 

important is the influence reduced activity in the breeding season has 

on the nutritional status of ovigerous females (i.e., ability to accumulate 

enough fat and of course the overall influence of the demographic 
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environment). 

Clutch size and/or litter size of other reptiles, as well as mammals 

and birds, shows similar clines to those seen in E. obsoletus. The 

tendency is for clutch size to increase at progressively higher latitudes 

experiencing cooler climatic conditions (Lack, 1954; Tinkle, 1961). This 

also has been examined in detail in some owls (Murray, 1976). The argument 

for large clutch size in the northern populations of owls has been 

attributed to availability of food (rodents) (Rendall, 1925; Lack, 1947, 

1948, 1954, 1966, 1968; Marsden, 1964; Cody, 1971; and Murray, 1975). 

The importance of adequate nutritional requirements during ovulation has 

been reported in rodents (Jones et.al., 1976; Randolph et.al., 1977; 

Whitford et. al., 1977). Also body size of some animals (Sauromalus) has 

been found to be highly correlated with rainfall, hence food abundance 

(Case, 1976). Latitudinal variation in benthic marine invertebrates 

parallels those of lizards (Thorson, 1950; Mileikovsky, 1971). However, a 

reversal to the general latitudinal trend was reported in the coastal 

fishes (Marshall, 1953) and in the lizard Sceloporus graciosus (Fitch, 

1958; Tinkle, 1973). At the end of the spectrum we see no relationship 

whatsoever between clutch size and latitude (predatory mammals; Vulpes, 

Felis and Mustela; Maiorana, 1976). Largely these results show parallelism 

and convergences between ecologically diverse and distant taxa. 

Vitellogenesis and the largest number of ovigerous females was 

recorded in April through July. Oviposition lasts until late August. 

The period of greatest testicular development coincided with the peak of 

the ovarian cycle. This condition also was recorded in the 

lizard Sceloporus scalaris (Newlin, 1976). The timing of gonadal activity 

is synchronous throughout the species range and is paralleled by most 

North American Eumeces (Fitch, 1970). 
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Numerous examples of sexual dimorphism (too many to document) are 

known among vertebrates. Sexual dimorphism in meristic and metric 

characters was documented in E. obsoletus. However, because scale 

character distribution varies depending on environmental conditions, the 

phenomenon can only be viewed as dynamic and temporal. In other words, 

a scale character found to be sexually dimorphic in subpopulation A does 

not necessarily have to be sexually dimorphic in subpopulation B. However, 

as plastic as this phenomenon may be, we cannot ignore it in taxonomic 

studies. For the species studied, females are larger than males. The 

opposite is true for many lizards (see also Duellman, 1978) 

including Iguana iguana (Fitch et~ 1977) and the African skinks Mabuya 

striata and !i.:_ quinquetaeniata (Simbotwe, 1979, in press). However, Fitch 

(pers. comm.) tells me that depending on where you draw the line for 

the minimum, you are likely to get different results. Hulse (1976) and 

Pe'faur and Hoffmann (1974) reported variations in sexual size differences 

within the same species of mouse (Peromyscus fasciatus). Sexual dimorphism 

in size has been documented and related to various aspects of biological 

importance to an organism (mating behavior, home ranges, predation, 

feeding habits, sex ratios and general resource accruing abilities) 

(Austin, 1976; Bogert, 1972; Schoener, 1968; Selander, 1964, 1972; Wenner, 

1972; Krekorian, 1976; McEachran, 1976; Kushland, 1977; and Myers, 1978). 

But similar studies on E. obsoletus have not been done. 

Body size (SVL) is closely correlated with other metric characters 

and is of some predictive value with respect to these characters. Body 

size and other metric characters increase at progressively higher 

elevation. The most parsimonious explanation for this association is that 

increased evaporative water loss (EWL) at higher elevation selects for 

larger body sizes with low ratio of surface to mass. This may explain 
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the occurrence of a marked reduction in phenotypic variation at higher 

elevations in E. obsoletus. Such body size relationships also have been 

reported in the Pine Grosbeak, Pinicola enucleator (Adkisson, 1977). Also 

relatively larger wing lengths have been reported at higher altitudes 

(Hamilton, 1961; James, 1970). The reason for selecting larger body size 

at higher elevation has been attributed in some cases to heat conservation 

(Adkisson, 1977). The biological significance of large body size at higher 

elevations in I.:_ obsoletus presently is not known. 

Scale size decreases at higher elevations. A similar phenomenon was 

observed by Soul{ (1966). Soulef° and Kerfoot (1972) hypothesed that small 

scales are often less keeled and have small surface areas, hence reduced 

water and heat loss through the integument. This hypothesis has suffered 

because of the experimental tests of rates of pulmocutaneous water loss 

(PWL) and heat transfer provided no evidence of differences between a 

scaleless and normal reptiles of comparable size and age (Licht and Bennet, 

1972). If the rate of P~- and heat transfer are limiting factors at high 

elevation, selection for a low ratio of surface area to mass should result 

in larger individuals of reptiles and especially amphibians at higher 

elevations. Being larger is in fact advantageous for an animal at higher 

elevations, but Trueb (1968) reported that Hyla lancasteri tend to be 

smaller at progressively higher elevations. This should be of interest 

to both morphologists and physiologists and in fact may reveal that factors 

other than body size are important in water retention and heat 

conservation. 

Relationships between various characters was documented in form of 

a matrix of correlation coefficients. Characters generally showed a weak 

correlation. This could reveal occurrence of few genes influencing the 

characters and fewer shared with others and/or less genetic overlap among 
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respective characters (Soule~ et~ 1970; Soule', 1971, 1972). The 

interest biologists have for correlation between characters rests on their 

importance in predicting genetic relationships between phenotypes and the 

predictive value of one character on another in a population, as well as 

causation. Klauber (1945) stated 11 If pairs of characters are found to 

be without correlation in homogeneous local populations but correlation 

be evidence in samples representative of more widely distributed 

populations, we have an indication that such variation are more the result 

of external pressure ••• 11 In obsoletus, numbers of scales have no 

relationship to body size and are fixed early in life. This phenomenon 

has been reported before and was further confirmed by Osgood's (1978) work 

on snakes. 

Except for the aforementioned characters, variation in scales was 

greater among juveniles than adults. Both males and females of E. 

obsoletus at higher elevations showed a lower character variation compared 

to counterparts at lower elevations. A similar latitudinal trend is 

evident. I suspect the source of variation is both intrinsic and 

extrinsic. Kerfoot (1970) and Osgood (1978) independently found that both 

temperature and morphology (costocutaneous muscles) do not affect mean 

scale numbers but affect scale variation considerably. My explanation 

for the existence of significant differences in character variation between 

the northern and southern, lower versus higher altitude lizards, is the 

differential temperature regimes and the occurrence of isolated 

populations. The latter probably are relicts from a time of cooler and 

moister climates in the south while in the northern part of the range 

population density is usually higher and local populations less isolated 

(Fitch, pers. comm.). The desiccating effect of prolonged dryness and 

high temperature conditions at lower elevation and/or at the southern 
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sector of this species range may largely be responsible for increased 

character variation (see also Soul{and Kerfoot, 1972). Similar 

environmentally induced character variation was reported in the 

grasshopper Moraba scurra (White et al., 1963) and in the 

gastropod Cerion (Gould, 1969). The general trend is for selection of 

optimal number of meristic characters, hence selective mortality of some 

extreme phenotypes, during early developmental years in~ obsoletus. 

This aspect also has been recorded in the lizards Uta stansburiana (Fox ------ , 
1975), the West Indian Gecko, Aristelliger praesignis (Hecht, 1952), the 

fossil oyster, Agerostrea mesenterica and Devonian brachiopods Ambocoelia 

umbonata (Sambol and Finks, 1977; Flessa and Bray, 1977), respectively. 

Tinkle and Selander (1973) showed the frequency of genome (MM) at the Est 

- 1 locus declined in successive age-classes in the lizard Sceloporus 

graciosus. Except for a single character, no directional asymmetry was 

documented. A similar situation was reported in the butterfly Coenonympha 

tullia (Soule et al., 1968). The study of fluctuating asymmetry in natural 

populations has been used to predict the buffering capacity of the 

organismal developmental system against accidents during development. Such 

studies also help in determining the overall response of populations to 

such factors as marginality, environmental fluctuations, environmental 

attrition, and enclosed effect of islands versus continental effect at 

the level of the phenotype (Van Valen, 1962; Soule, 1967, 1973). The 

selective advantage of certain phenotypes was documented by Bumpus (1899) 

and Fox (1975). Fox (1975) reported that individuals that survived winters 

were among the majority of lizards affected most by stabilizing selection. 

Selection for an optimal number of scales may be related to nutrition and 

energy expenditure of each individual during hibernation. An individual 

that converts less energy for scale maintenance may increase its survival 
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chances over other individuals. 

The recent frequency of studies dealing with life history evolution 

and geographic variation in natural populations suggest the importance 

of this subject in the understanding of the evolution of biotas and the 

overall measure of persistence of such faunas with time. The importance of 

asking the right questions, and pursuing the right objectives in 

comparative demography has been discussed to a great length (Stearns, 1976, 

1977; Tinkle, 1969; Tinkle et al., 1970; Wilbur et al., 1974). Some 

authors (Gould and Johnston, 1972; Gabriel and Sokal, 1969; Edgren, 1961; 

and Lowentin, 1966) stress the use of certain statistical methods in 

geographic variation studies. The issue on the use of univariate analysis, 

as opposed to the use of multivariate statistics, in the study of 

geographic variation was ~isc~ssed by Levins (1968) and Mariorana (1976), 

respectively. The need to relate temporally dynamic reproductive 

strategies (i.e., strategies resulting from environmental differences) and 

hereditarily determined reproductive strategies is long overdue. Also the 

cases whereby natural selection has favored the 11 yes-if 11 genes of Williams 

(1966a) causing individuals to 11 predict 11 offspring survival by means of 

environmental cues, thus breeding only during periods of favorable 

conditions, such as in Scaphiopus and Perognathus (French et al., 1967, 

1974; Beatley, 1969) should be studied carefully, along with the 

physiological mechanism responsible for warning animals of the 

environmental changes. How all these parameters (environmental and 

physiological) interact and affect the evolution of live history along 

the r - and K - selection continuum Pianka (1970a) should be material for 

future studies in this area of biology. Need to develop a solid ground to 

help us understand the diversity of life histories and extant polymorphism 

in natural populations is indeed necessary because the aforementioned 
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studies are basic in many ways to systematics and to zoogeographic and 

evolutionary studies of populations past and present. 

SUMMARY 

The study of geographic variation in reproduction, size, maturity, 

scutellation and natural selection in Eumeces obsoletus have shown: 

1. Clutch size tends to be larger in the north than in the south. 

2. Northern lizards tend to have small eggs than do southern ones. 

3. A positive correlation exists between clutch size and maternal body 

size, but a negative relationship exists between egg size and clutch 

size. No geographic variation in timing of ovulation exists in this 

species. Both northern and southern lizards ovulate as early as April 

and lasts until late August. 

4. The male cycle showed most activity (spermatogenesis) occurs 

synchronously with vitellogenesis, and the period of increased gonadal 

activity in both the northern and southern lizards coincides with the 

period of highest rainfall and temperature. 

5. There is.noevidence of repeated ovulation among individual females from 

either northern or southern populations. 

6. Individuals from southern populations seem to reach maturity earlier 

and are smaller than their northern counterparts. Generally there is 

evidence for the temporally dynamic reproductive strategies of Nichols 

et al. (1976), thereby supporting the hypothesis that life histories 

evolve under natural selection to maximize reproduction and/or survival 

fitness in a particular environment. 

7. Except for labials, subdigital .lamellae and supraoculars, all 

characters studied showed sexual dimorphism. 

8. Scale numbers showed no relationship to snout-vent length and are fixed 

early in life. 
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9. There is strong tendency for both metric and meristic characters to 

increase at progressively higher elevation and latitude. 

10. Variation in scutellation decreases at higher elevation and higher 

latitude and among adults (compared to juveniles) of both sexes. 

11. There is a strong positive relationship between scale size and 

snout-vent length; a similar but weak relationship exists between 

subdigital lamellae and toe size. 

12. Correlation analysis on characters 15-26 showed that there is 

considerable independence among characters, indicating that these 

characters are of little predictive value in relation to one another. 

13. Directional selection was observed in five characters (dorsals, midbody 

scales, ventrals, neck scales, subdigital lamellae R3); in each case 

adult characters means exceeded those of juveniles. 

14. Except for the characters listed in 13, all characters tested showed 

evidence for stabilizing selection. 

15. Intensity of stabilizing selection increased at progressively higher 

elevations and towards the northern latitudes. 

16. Results show that a systematic elimination of extreme phenotypes during 

development is of survival significance. 

17. Analysis of asyrranetry of four characters (supraoculars, superciliaries, 

upper labials and lower labials) revealed that, except for upper 

labials in males, there is no departure from a central tendency. 
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