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Abstract. The spatial srructure of'a desert lizard community located in the state of' Sonora, N.E. Mexico, 
was studied in October 1982 and June 1983. The cornmunity is cornposed of' 17 species, and we analyzed 
the habitat partitioning and rnicrohabitat utilization of' 12 species recorded along two transects. We f'ound 
that habitat and microhabitat selection plays a determining role in organizing this lizard community and its 
ecological meaning is discussed. 

Introduction 

Understanding the ecological determinants of community organization has grown into 
one of the major aims of ecological research (Schoener, 1974; Barbault, 1981; Strong 
et al., 1984; Diamond and Case, 1986). After a period dominated by the MacAr- 
thurian way of thinking, in which competition was assumed to be the sole force produc- 
ing resource-partitioning patterns, the issues now appear to be more complex. Real 
communities are now believed to range from collections of species assembled 
predominantly by chance to deterministic systems (Price, 1984; Strong et al., 1984; 
Wiens, 1984; Barbault, 1985); here the analysis of lizard communities has greatly con- 
tributed to this change of emphasis (Schoener, 1968, 1975, 1977; Pianka, 1973, 1986; 
Sage, 1973; Mellado et al., 1975; Fuentes, 1976; Mellado, 1980; Barbault and Maury, 
1981; Ortega et al., 1982; Roughgarden et al., 1982; Case, 1983; Barbault et al., 
1985; Moermond, 1986). 

It was initially thought that large-scale comparisons between independently-evolved 
lizard communities offered the best chance of elucidating the processes that structure 
these communities (Pianka, 1986). Other studies adopted a more detailed approach, 
emphasizing the effect of habitat heterogeneity, operating across a range of spatial 
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scales, on population dynamics (Barbault and Maury, 1981; Ortega et al., 1982; 
Roughgarden et al., 1982; Wiens, 1984; Barbault et al., 1985; Toft, 1985). 

Conceived in such a way, the central aim of this paper is to decribe the habitat parti- 
tioning in one of the most arid areas of Mexico, as part of a more general comparative 

study of desert lizard communities. 

Material and methods 

The study area 

Fieldwork was carried out in the driest part of the Sonoran Desert (El Pinacate, 
31 ON51' N, 112O51' W) at elevations below 1300 m. Annual precipitation varies 
between 64 mm and 200 mm; rainfall patterns are highly unpredictable. Vegetation is 
typically a microphyll scrub, but is very diversified over the studied area (Ezcurra et 
al., 1982), including 3 main biotic communities (Shreve and Wiggins, 1964). 

The entire lizard community of El Pinacate contains 17 species (censuses made in 
various years by González-Romero over an area of 100 km2) but only 12 were observed 
in this study: Iguanidae: Callisaurus draconoides, Crotaphytus collaris, Dipsosaurus dorsalis; 
Gambelia wislizeni, Phrynosoma m 'calli, Phrynosoma platyrhinos, Sauromalus obesus, Sceloporus 
magister, Urna notata, Urosaurus ornatus, Uta stansburiana; Teiidae: Cnemidophorus tigris. 

Most of the species involved in this study are insectivorous, two are herbivorous 
(Dipsosaurus dorsalis and Sauromalus obesus) while Crotaphytus collaris and Gambelia wislizeni 
are carnivorous (Pianka, 1986). 

Methods 

After initial surveys by one of us (A. González-Romero) in 1980 and 1981, two study 
sites were censused during 11 days in October 1982 and 12 days in June 1983. Seven 
types of habitats were distinguished along two transects: mountain, mountain slope 
matorral or bajada, lava flows and dunes in the Sierra Blanca transect; river-shore 

matorral, dunes and matorral in the Rio Sonoyta transect (fig. 1). 
Each habitat was censused for lizards by conducting random one-hour walks at 

various times from sunrise to sunset, keeping a distance of 7 m between each of us and 
searching for lizards within this 7 m-wide path (Ortega et al., 1986). When a lizard was 
observed the following data were recorded: species, hour and microhabitat. Twelve 
kinds of microhabitats were distinguished: ground, ground under shrub, ground under 
tree, sand, sand under shrub, within sand, rocks, lava, fallen branches, shrub basis, 
tree, crevice. 

Habitat and microhabitat nich breadth were calculated using a diversity measure: 
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Figure 1 .  Lizard species distribution alorig the two topographic gradierits. 

where p; is the proportion of individuals found in the ith substrate or habitat. A stan- 
dardized measure B, was also calculated to range between O (only one sort of habitat 

used) to 1 (equal frequencies over al1 the habitats) 

where N is the number of kinds of microhabitats considered. 

Habitat and microhabitat niche overlaps between species were measured using 
Pianka's index (Pianka, 1973): 
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where Pi,j and8Pik are the frequencies of utilization of the iih habitat or microhabitat by, 
respectively, the jth and kth species. 

As emphasized by Ricklefs and Lau (1980), there are no simple statistical methods 
for calculating the confidence of limits of such estimates, but this does not impede the 
interpretation of our results. 

Results 

Spatial distribution of the species 

Among the five most common species recorded in the area, three, Uta stansburiana, 
Cnemidophorus tigris and Disposaurus dorsalis are widely distributed while the other two, 
U m a  notata and Callisaurus draconoides appear to be limited to a small number of habitats, 
sand dunes and river shore matorral, respectively (fig. 1). 

The significance of the results for the less frequently recorded species is more dif- 
ficult to assess, as they may seem lacking from one habitat because of a low probability 
of encounter. However, observations gathered in another way (A. González-Romero, 
personal observations; censuses made outside the optimal time considered here or out- 
side the transects) allow us to state that, in this area, Sceloporus maglster is strictly confin- 
ed to forested river banks, Sauromalus obesus to lave flows, Crotaphytus collaris to moun- 
tain slopes and Gambelia wislizeni to bush-landscapes (matorral or  fixed dunes) near the 
dryed out Sonoyta river. 

The results are summarized by calculating the spatial niche width of the main 
species (table 1) and plotting the range of values in figure 1. Microhabitat or  substrate 
utilization are presented in table 2. Because the species distribution over the micro- 
habitat range did not change significantly from 1982 to 1983, the data for the two 

Table 1 .  Habitat nichc breadth ( R )  for thc 12 spccics in 1982 (7  habitats samplcd) and 1983 (6 habitats 
sampled) and mcan standardizcd habitat nichc brcadth (B,) .  

spccics counted H countcd R Rs 

Uta stansburiana 
Cnemidophorus 1icri.i 
U m a  nulata 
Calliiaurus draconoides 
Dipsosaurus dorsalis 
Sceloporus ma,yisier 
Phryno.roma m '(:al11 
Phry~rosoma plalyrhinos 
Crotaphytus cullari,i 
Gambelia wislizeni 
Sauromalus obp.sus 
Urasaurus ornatus 
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sampled periods were pooled in table 2. Uta stansburiana and Cnemidophorus tigris are 
generalists while most species are restricted to well defined microhabitats: Uma notata to 
sandy substrates, Sceloporus magister and Sauromalus obesus to basaltic flows and Dipso- 
saurus dorsalis to zones covered with bushes. 

Abundance of main species and community structure 

Censuses realized along the transects during the hours of major activity of diurna1 
lizards (Ortega et al., 1986) should give us rough estimates of population densities. 
The average distance walked per hour was 3600 m,  which corresponds to a sighted sur- 
face of 25,200 m? Densities calculated in this way (table 3) are minimal densities 
(mean number of active individuals per ha). 

Uta stansburiana reaches relatively high densities in al1 habitats along the Sierra Blan- 
ca transect. It is absent from sand dunes. The species is found at low densities at Rio 
Sonoyota (table 3). 

However, before comparing lizard community structures between the different 
habitats it is necessary to consider the real significance of the densities given in table 3. 
A detailed study carried out under similar ecological conditions in the Chihuahuan 
Desert (Maury and Barbault, 1981) evidenced that abundances calculated from cen- 
suses during periods of maximal lizard activity correspond to approximately half the 
real densities (measured by mark-recapture methods on quadrats) for "sit and wait" 
species but only to one quarter for the widely foraging Cnemidophorus species (un- 
published data). Hence, in order to make our estimates more comparable between 
species, the estimated abundances for Cnemidophorus tigris were "corrected" by 
multiplying by two (figure 2). 

Sierra Blanca habitats are dominated by one or two species, U m a  notata on the dunes 
and the pair Uta stansburianalCnemidophorus tigris elsewhere. Sonoyta communities are 
enriched by a common species near the river bank, Callisaurus draconoides, here Uta 
stansburiana densities drop sharply, suggesting a competitive interaction. 

Overlap of spatial niches 

Spatial niches overlap values between the main species are presented in terms of 
habitat utilization (table 4) as well as microhabitat utilization (table 5). Since these two 
measures are not independent we cannot use their product to estimate overlap values 
between the paired-species. However, taking the two separate measures into account it 
is evident (table 4 and 5) that the only large spatial overlaps are between Uta 
stansburiana and Cnemidophorus tigris. 

Discussion 

This descriptive study of the general patterns of habitat and microhabitat use in the El 
Pinacate lizard community indicates some salient features that deserve further atten- 
tion. 
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Table 3 .  Minimum abundanccs per ha of the main specics and ovcrall abundances for al1 thc censuscd 
spccies in 1982 (tirst line) and 1983 (second line). 

Sierra Blanca Rio Sonoyta 

species Mountain Lava purea River Kivcr 
b, ,. Bajada Duncs 

'ts~s flows Larrea dunes duncs 
- 

Lita 7.8 9.8 10.9 1.3 1 .O 0.4 
slansburiann 9.6 11.0 7.7 O. 1 0.5 0.3 

Cnemidophorus 1.2 1.2 2.3 0.3 0.4 1.7 
tu.; 0.9 1.7 1.3 0.1 0.7 0.4 

Dipsosaurus 
dorsalis 

Sceloporus 
ma@ster 

Al1 specics 9.0 11.3 13.9 10.2 3.9 7.1 12.5 
11.6 12.8 9.2 9.5 5.2 10.0 

" not ccnsused in 1983. 

Habitat partitioning and c o m m u n i ~  organization 

First, the overall community appears to be spatially subdivided into different subsets of 
three or four common species (fig. 1). Coexisting species within each of these sub- 
groups are further ecologically separated by differential utilization of microhabitats as 

well as complementary foraging strategies or feeding preferences (well known for most 
of these species: see Pianka, 1986). For example the matorral subset at Sierra Blanca 
has ecologically complementary species (fig. 1): Cnemidophorus tigris, known to suc- 
cessfully exploit a wide range of environmental elements by a distinctly different forag- 
ing behavior relative to Iguanid species (Pianka, 1966); Uta stansburiana, a sit-wait in- 
sectivore most frequently found beneath shrubs, and Dipsosaurus dorsalis, a large her- 
bivorous species. At Rio Sonoyta, over the same kind of habitat along the river bank, 

U. stansburiana occurs in low densities while Callisaurus draconoides reaches high densities 
(fig. 2).  Sceloporus magister is described here as being limited to trees edging the river 
bank. 

Microhabitat or substrate specialization 

Habitat partitioning results from substrate specialization of the species. Most of them, 
in fact, show various substrate specificities (table 3). Such specializations are well- 
known in lizards (Pianka, 1966, 1986) but they are not necessarily nor likely to be com- 



8 A. Gonzálcz-Rotiicro, A. Ortcga, R. Rarbault 

Table 4.  Habitat nichc sitnilarity valucs bctwccn thc main spccics in 1982 (lirst linc) and 1983 (sccond line). 

Cnemidoplrorus Uma Call i~aurus Dipsosaurus Sceloporus 
tigris nolala draconoides dorsalis magister 

Ula 
stansburiana 

Cnemidophoru~ 
ligris 

Uma 
nolala 

Callisaurus 
draconoides 

Dipsosaurus 
dorsalis 

Table 5. Microhabitat nichc similarity valucs betwccn thc main species. 

Cnemidophorus Urna Callisaurus Dipsosaurus Sc~loporus 
. , 

1zfrt.r nolala draconoides dorsalis magister 

Ula slansburiana 0.939 0.011 0.780 0.777 0.081 
Cnemidoplrorus iigris 

0.007 0.  888 0.720 0.082 
Umo nolala 

0.039 0.017 O 
0'allz.iaurui draconoides 

0.508 0.026 
Dtpsosaurus dorsalis 

O.  186 

petitively induced phenomena as previously discussed (Barbault and Maury, 198 1; 

Ortega et al., 1982; Barbault et al., 1985). In fact, lizards may depend strongly upon 
close substrate adaptation to avoid predators, to thermoregulate efficiently or to be suc- 
cessful in mating and defending territories. Thus, substrate selection and specialization 
may be a response evolved to cope with a complex combination of various selective 
pressures, and not only with the pressure exerted by interspecific competition (Ortega 
et al., 1982). 

What  about competition? 

The scarcity of Uta  stansburiana in the river bank matorral suggests a competitive exclu- 
sion effect. This habitat, characterized by a well developed bush vegetation, should be 
very favourable to side-blotched lizards (which is not the case of the Larrea matorral, 
due to the too scarce vegetation), so their scarcity could be tentatively attributed to the 
high densities of Callisaurus draconoides. This so-called zebra-tailed lizard is known to be 
an occasional predator of small vertebrates (Pianka, 1986) and it might easily catch the 
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Figure 2. Mean numbers OS individuals per ha lor the most common species recorded along the two 
transects during the hours of highest activity ( x 2 for Cnemidophorus, see text for explanation). 

hatchlings of Uta as well as compete for insects with adult-sized individuals. However, 
the only way to assess firmly the effect of Callisaurus draconoides is to experimentally ex- 
clude it from the area, an experiment which remains to be made. A similar situation 
was found in the Chihuahuan Desert, where the sparse Uta stansburiana population 
observed in the matorral of Larrea and Opuntia was ascribed to a diffuse competition ex- 
erted by the other lizard species, and particularly by the most abundant one, 
Cophosaurus texanus (Barbault and Maury, 1981), an ecological counterpart of the zebra- 
tailed lizard. 

Conclusions 

This rich lizard community appears to be composed of ecologically diversified species. 
If the occurrence of a competitive exclusion from some habitats of Uta stansburiana by 
Callisaurus draconoides cannot be discarded, most of the features of the spatial organiza- 
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tion of the community result from the proper dynamics of each population. Thus, as 

already emphasized for other lizard guilds (Barbault and Maury, 1981; Ortega et al., 
1982; Barbault et al., 1985) a close association with a well defined substrate or micro- 
habitat is an essential factor in the ecology and fitness of most species, constraining in 
return their distribution within and between habitats and indirectly determining the 
apparent ecological organization of the whole community. Moreover, the ecological 
complementarity of the patchily coexisting species should allow a more efficient use of 
the available space, so that resource exploitation should be optimized. Thus, as a by- 
product of habitat and substrate selection, interspecific competition is minimized. 
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hatchlings of Uta as well as compete for insects with adult-sized individuals. However, 
the only way to assess firmly the effect of Callisaurus draconoides is to experimentally ex- 
clude it from the area, an experiment which remains to be made. A similar situation 
was found in the Chihuahuan Desert, where the sparse Uta stansburiana population 
observed in the matorral of Larrea and Opuntia was ascribed to a diffuse competition ex- 
erted by the other lizard species, and particularly by the most abundant one, 
Cophosaurus texanus (Barbault and Maury, 1981), an ecological counterpart of the zebra- 
tailed lizard. 

Conclusions 

This rich lizard comrnunity appears to be composed of ecologically diversified species. 
If the occurrence of a competitive exclusion from some habitats of Uta stansburiana by 
Callisaurus draconoides cannot be discarded, most of the features of the spatial organiza- 
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tion of the community result from the proper dynamics of each population. Thus, as 
already emphasized for other lizard guilds (Barbault and Maury, 1981; Ortega et al., 
1982; Barbault et al., 1985) a close association with a well defined substrate or micro- 
habitat is an essential factor in the ecology and fitness of most species, constraining in 
return their distribution within and between habitats and indirectly determining the 
apparent ecological organization of the whole community. Moreover, the ecological 
complementarity of the patchily coexisting species should allow a more effícient use of 
the available space, so that resource exploitation should be optimized. Thus, as a by- 
product of habitat and substrate selection, interspecific competition is minimized. 
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