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Lizards may alter their orientation to the sun, or their 
location relative to the sun (e.g. shuttling between sun 
and shade) during the day to maintain a nearly constant 
body temperature (Waldschmidt, 1 980; Middendorf & 

Simon, 1 988 ;  Martin, Lopez, Carrascal & Salvador, 
1 995). Other lizards change habitats on a seasonal ba
sis. For example, Galapagos land iguanas (Conolophus 
pallidus) use a cliff face (protected from wind) in the 
cool season and a plateau (windier) in the hot season 
(Christian, Tracy & Porter, 1 983). Some of these shifts 
involve changing the substrate or perch used (Adolph, 
1 990; Castilla & Bauwens, 1 99 1 )  or even changing the 
amount of incident solar radiation (Carrascal & Diaz, 
1 989; D iaz, 1 992; Martin et al., 1 995). At a larger spa
tial scale, shifts can involve movements between broad 
habitat types (Christian et al. , 1 983 ;  Buttemer & 
Dawson, 1 993) .  In th is note, I consider whether 
substrate use in a population of the striped plateau liz
ard, Sceloporus virgatus, shifts across the activity 
season. In addition, I determine if there are simi lar 

shifts in habitat and slope use, and if striped plateau liz
ards change their use of sunny and shaded 
microhabitats during the activity season. 

The study site in the Chiricahua Mountains of SE 
Arizona (Cochise County) (see Smith, I 996a) was a 1 .2 
km stretch of an east to west creek-bed with north- and 
south-facing slopes. In addition, two habitat types ex
isted on the study site: a woods habitat and a slide 
habitat. The sl ide habitats were open with few trees 
(30% of the study area), whereas the woods habitat had 
several trees and relatively closed canopies (70% of the 
study area). Mean monthly temperatures were obtained 
from the Southwestern Research Station (approxi
mately 1 . 5 km from the study area). 

I made observations on l izard habitat and substrate 
use from June to August, I 992, and from April to July, 
1 993 and 1 994. I recorded the s lope (north-facing or 
south-facing), habitat (woods or s lide), and substrate 
(rock, log or ground) on which an individual was first 
observed, as well as whether the individual was first 
seen in ful l  sun, a sun-shade mosaic, or full shade. Liz
ards were individually marked as they were also part of 
a mark-recapture study (Smith, l 996b ). 

Because I often had several observations per indi
vidual, to maintain independence of observations I 
randomly selected a single observation per individual 
per year to use in the analysis. This is particularly im
portant because individual S. virgatus appear to have 
different preferences for slopes, habitats, and substrates 
(Smith, l 996a). To examine shifts in substrate, habitat, 
slope use, and sun/shade use, I broke down all observa
tions by month (e.g. June, July, August for 1 992; April, 
May, June, July for 1 993 and 1 994). Each year was ana-

TABLE 1 .  Monthly use of slopes (proportion on north-facing slopes), habitats (proportion in woods habitat), substrates 
(proportion on rock substrate), and microhabitats (proportion in full sun) by Sceloporus virgatus in the Chiricahua Mountains of 
SE Arizona. Total number of individuals per month given in parentheses. Statistics reported in text conducted on raw scores, not 
on proportions given here. * indicates that the shift was significant at an a-value of 0.0 1 67 .  

April May June July August 
Slope 

1 992 0.43 ( 1 22) 0.48 ( 1 0 1 )  0.40 (37) 
1 993 0.44 (85) 0.34 (9 1 )  0 .57 (86) 0.49 (45) 
1 994 0 .35  (60) 0.48 ( I  28) 0.48 (73) 0.52 (27) 

Habitat 
1 992 0.68 ( 1 22) 0.67 ( 1 0 1 )  0.65 (3 7) 
1 993 0.70 (85) 0.72 (9 1 )  0.70 (86) 0.58 (45) 
1 994 0.79 (6 1 )  0.68 ( 1 27) 0.63 (7 1 )  0.70 (27) 

Substrate 
1 992* 0.49 ( 1 20) 0.25 ( 1 0 1 )  0 . 1 6  (37) 
1 993* 0 .72 (85) 0.59 (90) 0.49 (84) 0.49 (45) 
1 994* 0 .80 (6 1 )  0.56 ( 1 28) 0 .49 (72) 0.48 (25) 

Microhabitat 
1 992 0 .38 (98) 0 .3 1 (84) 0 .57  (28) 
1 993* 0.63 (78) 0.49 (67) 0 . 1 8  (83) 0.28 (29) 
1 994* 0 .7 1 (58) 0 .41 ( I 1 3) 0 . 1 6  (62) 0 .09 (23) 
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FIG. I .  (A) The inverse relationship between mean monthly 
temperature and the proportion (arcsine transformed) of 
Sceloporus virgatus using rock substrates. See text for 
statistics and equation. (8) The inverse relationship between 
mean monthly temperature and the proportion (arcsine 
transformed) of Sceloporus virgatus using sunny 
microhabitats. See text for statistics and equations. 

lysed separately. Preliminary analyses of males and fe
males separately found no significant differences 
between them (P > 0 .05), thus males and females were 
pooled for this study. I used chi-square tests to com
pare lizard distributions between months within a year. 
I used a corrected a-value of 0 .0513 = 0.0 1 67 to adjust 
for multiple tests on each data set. 

In all three years, habitat use did not shift between 
months (Table I ;  1 992:  df = 2, x2 = 0. 1 3 ,  P = 0.94; 
1 993 : df= 3 ,  x2 = 3 .3 I ,  P = o.35; 1 994: df= 3 ,  x2 = 3 .86, 
P = 0 .28). In 1 992 and 1 994, monthly slope use did not 
differ (Table 1 ;  1 992 : df = 2, X2 = 0.92, P = 0.63; 1 994: 
df = 3, x2 = 3 .7 1 ,  P = 0 .29). In 1 993,  there was a nearly 
statistically significant shift, with fewer individuals us
ing north-facing slopes than expected in May (Table 1 ;  
df = 3 ,  x2 = 9.7 1 ,  P = 0 .02). 

Shifts in substrate use were apparent and significant 
in all three years of the study (Table l ;  1 992 : df = 4, X2 
= 25 .66, P<0 .000 1 ;  1 993 : df= 6, X2 = 25 .44, P=0.0003; 
1 994: df= 6, x2 = 2 1 .37 ,  P = 0.002). In all years, the use 
of rock substrates decreased, while the use of ground 
substrates - and to some extent log substrates - in
creased as the activity season progressed. The 

proportional use of rock substrates (arcsine trans
formed) decreased l inearly with mean monthly 
temperatures (Fig. 1 A; n = 1 1 , r2 = 0.65, P = 0.004; y = 
1 .3 1  - 0.044x). 

Monthly changes in the use of sun, sun/shade mo
saic, and shade microhabitats were not significant in 
1 992, but highly significant in 1 993 and 1 994 (Table 1 ;  
1 992: df = 4, x2 = 9 .60, P = o.048; 1 993 : df = 6, x2 = 
4 1 .8,  P < 0.000 1 ;  1 994: df = 6, x2 = 48 .7, P < 0 .000 1) .  
Individuals tended to use sunny microhabitats in April 
and May, and shaded microhabitats in June and July. 
The proportional use of sunny microhabitats (arcsine 
transformed) was inversely related to the mean monthly 
temperature (Fig. l B; N = 1 1 , r2 = 0 .80, P = 0 .0002; y = 
1 .46 - 0.057x) . 

Sceloporus virgatus show shifts in substrate and 
microhabitat use (i .e. amount of sun), but not in habitat 
and slope use. The evidence presented here suggests 
that substrate and microhabitat shifts are related to ther
moregulation. As environmental temperatures rise 
there is a concomitant decrease in the use of rocks and 
sunny microhabitats. Different perches and 
microhabitats generally provide different thermal and 
microclimatic conditions (Bakken, 1 989), and thus the 
S. virgatus in th is population may change their 
substrate and microhabitat use to maintain a constant 
body temperature throughout the activity season. In
deed, S. virgatus in the Chiricahua Mountains maintain 
a relatively constant body temperature despite widely 
varying air temperatures (Smith & Ballinger, 1 994). 
Using rocks during the warmer months may cause S. 
virgatus to have body temperatures higher than the pre
ferred temperature, as individual S. virgatus on rocks 
tend to have higher body temperatures than individuals 
on ground substrates (Smith & Ballinger, 1 994). 
Therefore, the decrease in the use of rock substrates is 
consistent with a therrnoregulatory function. The shift 
away from sunny microhabitats is also consistent with a 
thermoregulatory explanation, as has been seen in other 
l izards (Van Damme, Bauwens & Verheyen, 1 987; 
Carrascal & Diaz, 1 989;  Castilla & Bauwens, 1 9 9 1  ) .  
Similar shifts on an hourly basis (i .e .  use sunny 
substrates less during the heat of the day) occur in other 
l izard species (e.g. Waldschmidt, 1 980). 

My results, while strongly suggesting a thermoregu
latory explanation for the observed shifts, do not 
exclude the possibil ity that other environmental factors 
are driving the observed substrate and microhabitat 
shifts. First, the shifts may result from the lizards fol
lowing their insect prey as they shift microhabitats or 
substrates. In this case, it would be the insects that are 
thermoregulating and the l izards who are fol lowing 
along. 1 do not believe this is as likely as thermoregula
tion to explain the shift because of the scale of the shifts 
and the foraging behaviour of S. virgatus. The shifts 
observed here occur over a scale of 1 -2 m, much 
smaller than the home range of these lizards (Smith, 
1 995), and S. virgatus are s it-and-wait type foragers 
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that forage from a perch, and may run through other 
substrates or microhabitats to capture prey (pers. abs. ) .  
Thus, the food explanation might be more likely to ex
plain a habitat or slope shift than a substrate of 
microhabitat shift. Another possibility is that these are 
shifts assoc iated with mating behaviour or with fe
males carrying eggs. While possible, the fact that males 
and females did not differ in their shifts in substrate or 
microhabitat (preliminary results mentioned above), 
suggests that the sexes were not behaving differently, 
at least as far as substrate and microhabitat use were 
concerned. Other non-thermoregulatory explanations 
exist, such as the shifts accompanying changes in anti
predator behavior, but no data exist to evaluate them. 

In conclusion, S. virgatus alter their substrate and 
microhabitat ( i .e .  sunny vs shaded microhabitats) use 
throughout their activity season. These shifts appear to 
be closely l inked to environmental temperatures and 
are likely tied to thermoregulation (but other factors 
may be involved: see above). Ultimately, the observed 
shifts may increase daily and seasonal activity periods 
with ramifications for the l izard's  l ife history and ecol
ogy. 
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