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Eric R. Pianka 

Some Intercontinental 
Comparisons of Desert 
Lizards 

Independently evolved lizard assemblages from three continents are de-
scrihrd and cmnparrd, with particular reference to species richness 
and patterns of resource utilization. Both differences and similarities 
are examined. Lizard diversity is relatively low on flat land study sites 
in the Mojave and Sonm·an Deserts of western North America (six to 11 
species), intennediatr in the Kal.ahari Desert (r·eally a semidesert) of 
southern Africa (11 to 17 species), but quite high in the Great Victoria 
lJcsert of western Australia (jl ·um. 15 to 4Z species). lJctailcd ccolusical 
work enables quantifzcation of patterns of utilization of micro habitat 
and prry resource stntrs. 01'rrnll dil'e7·sifJ' (?{resources ZL..<>ed b)l entire 
.·w un?fh wws 1 •a rics h,l' con I in en t, a l tlum/{h not m·ccssaril}' in direct con-
cordance -.,vith lizard diversity. Certain species arc specialists and oth-
ers generalists, but average niche breadth is similar on all three 
continents, bothfiw dirt and microhabitnt. Cntde cozmtcrparts that oc-

similar niches in dijJerent lizard faunas, or "ecological equiva-
lents," can be idcntifi.cd. 

Basically similar ecological systems have arisen more or less indepen-
dently in similar climates at widely divergent localities around the 
planet. One of the n1ore striking exan1ples is so-called chaparral, a 
drought-resistant, evergreen, tough-leaved type ofvegetation, found in 
five geographically disparate regions that share a unique winter-wet, 
sumrner-dry clirnate: around the Mediterranean Sea, along the south-
enunost edge of Africa, in southwesten1 Australia, in central Chile, and 
also in parts of southwestern California. Chaparral plants are broadly 
similar in growth form, but different species have apparently arisen in-
dependently in each of the regions (DiCastri fsy:J Mooney 1973). Such con-
vergent evolutionary responses to similar physical environments has led 
to the n.·cognition ofbiomes (Allee et al. 

Ecologically cmnparable species that occupy similar niches in differ-
ent regions are known as ecological equivalents (Grinnell1924, Hesse et 
al. 1937). Among desert lizards, one of the prime examples involves ad-
aptations to loose sand (Mosauer 1932). Under such circumstances toe 
lmnellae have been enlarged to form fringed toes (Figure 1, right) so 
they can "swim" in the sand, and snouts have become flattened to shov-
el-shaped noses. Fringed toes have evolved independently in five differ-
ent lizard fmnilies (probably several times in each): agamids, iguanids, 
lacertids, skink..c;;, and geckos. Examples of three such sand-swimming 
lizards are: anAn1erican desert fringe-toed iguanid Umascoparia (Fig-
ure 1), a Sahara Desert skinkScincus scincus, known as a sandfish (Fig-
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fi.trther when species richness is considered (Pianka in press). In the 
Nor·th Atnerican wann deserts, flatland study areas support from six to 
11 species of lizards, depending on the complexity of the vegetation 
(Pianka 1967, in press). In the Kalahari, between 11 and 17 species of 
desert lizards coexist on various study sites (Pianka 1971b). In the Great 
Victoria Desert of western Australia, lizard species richness on various 
study areas reaches its apogee, varying from 15 species to a phenomenal 
42 species (Pianka 1969, in press). Reasons for these differences in diver-
sity are complex and are considered below. 

Tahlc> 1. Nmuh(•rs of SJ)('d(•s of Lizards in Uiff(•rl'nt Famili(•s Found in 
Sympah}' on Desert Study Sites 

North America 
Spp.l Family 

Li7..ard Family Site Total 

Agamidae 
Cha me le on tidae 
( ;ekkonidae 
I klodcnnalidac 
Ip;u:midm• :3-B D 
Lan·r·lidae 
Pygopodidae 
Scincidae 
Teiidae 1 1 
Varnnidae 
Xantusidae 1 

Total* 4-11 13 

*Based on actual stru(r' site dntn (not givm). 

Metllods 

Kalahari 
Spp.l Family 
Site Total 

1 1 
1 1 

4-7 7 

:3-5 7 

3-5 6 

12-18 22 

Australia 
Spp.l Family 
Site Total 

2-8 11 

5-9 13 

1-2 3 
6-18 28 

1-5 5 

18-42 61 

To gather data on the ecological relationships of these lizard faunas re-
quired ·walking thousands ofkilmneters through 30-odd study sites ob-
serving lizards. Study areas vary in size from half a square kilometer to 
several square kilometers. Study sites are spaced over hundreds ofkilo-
zneters (znaps can be found in Pianka in press). Average distances to the 
nearest other study area for North America, the Kalahari, and Australia, 
in that order·, are 190, 61, and 87 km, respectively (standard deviations, 
G3, 31, and 120). Five fi.tllyears were spent in the field between 1962 and 
1979 and nearly 12 person-years collecting data on lizards (sites were 
visited repeatedly over essentially the entire seasonal period oflizard ac-
tivity). Snakes, birds, and mammals observed were recorded, and, in 
some cases, collected. Microhabitat and tizne of activity were recorded 
for n1ost lizards encountered active aboveground. Body temperatures 
and air temperatures were measured for most active lizards. Whenever 
possible, lizards were collected so that their stomach contents and re-
pr·odu<:tive condition could he assessed later in the Iabonttmy. Resulting 
coiiections ofsome 4000 Nol'lh Amedcan, mor·e tlwn 5000 Kalalwri, and 
nearly GOOO Australian specin1ens, representing some 90 species, are 
permanently lodged in the Los Angeles County Museum of Natural His-
tmy, the Museum ofVertebrate Zoology of the UniversityofCalifomia at 
Berkeley, and the Western Australian Museum in Perth. 

In all three desert-lizard systems, the same 15 basic microhabitats 
were recognized: subterranean (for unknown reasons, no subterranean 
lizards live in the North American deserts), open sun, open shade, grass 
sun, grass shade, bush sun, bush shade, tree sun (on ground beneath), 
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UJ't' 2). and :1 Namib lkscrt l:u:crtid 1\porosaun1 anchil'lm· (Figltn• :3). 
Appropria!ely selected "natural experiinents" n1ay actually allow a 

liznited zneasure of c,onh·ol over prehistoric phenomena such as the 
Plcistoccnc between independently evolved 
tws on.'liJTing in an .. vvith compm·able present-dny climates and vege-
tation structures presuznably reflect such prehistoric ( Orians 
Solbrig 1977). Natural variation is also frequently very useful because 
experirnental rnanipulation of ecological systen1s is often extremely diffi-
cult nnd therefot·e iznpractical. For exmnple, a fruitfi..tl natural experi-

menl on competition may exist when a species ol-clll·s both with and 
without a potenti<tl compditor in simil<tr habitats in diff(·n·nt parts of its 
geogt·aphic range. Such situntions have been considered analogous to 
reznoval-addition experirnents, and, if chosen and studied with enough 
care, niche shifts can sonwtinws be related to the underlying effects ofin-
tez·specific cmnpetition. Cmnparing ecological systerns known to be in-
dq>cndent but basically cmnparable has smnetiines helped ecologists to 
assess the predictability of evolutionmy pathways. just how determ.inis-
tic is the outcmne of the evolutionary response of a particular body plan 
in a given envirorunental regime? 

Over the past two decades, the author has exmnined various aspects of 
the ecology oflizanls in \vm·m deserts ofthn·e continents: western Nm·th 
An1erica (the Mojave and Sonoran Deserts), southern Africa (the Kala-
hari Desert), and western Australia (the Great Victoria Desert). Lizards 
hm·e evolved independently fnm1 pat·tially difli.·t·cnt stocks in each of 
these three continental desert-lizard systezns, and it proves instructive 
to examine the extent ofecological siinilarity as well as the degree oflack 
of convergence. 

Taxonorrtic Ricllness 
At the highest taxonmnic level, the three systerns are siinilar in diversity, 
"vith five fiunilies oflizards represented in each; however, the identities 
of these five families vmy aznong continents (Table 1) -only Gekkoni-
dac occurs in all three. Ofthe 15 recognized f[unilies of extant lizards, 11 
are represented in these three different continental desert-lizard sys-
tezns. At the generic level, North Aznerica and the Kalahari are sin1ilar 
with 12 nnd g-<·ne1·n, respectively, vvhen·ns Austntlin shows double 
the divc1·sity (24 g'l'IH'I'H). Intercontinental dif1C..•t·cnces map;nified still 
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tJ'l'l' shade (on ground beneath), othet· sun, other shade, low sun(:$ 30 
em aboveground), low shade, high sun, and high shade (> 30 cm 
abovcground). F(w. son1e purposes, finer tnkrohabitat resource states 
were Lizards <it an interface 'between two or more microhabitats 
were usually assigned fractional representation in each. Only undis-
tudwd li7.ards were used in analyses of 1nicrohabitnt utilizntion. 

InzmHlvsis ofstomw:h the s<lllH' 20 very <.Tude prey c<ttl'g'<>-
des \Vetx.:distinguishcd on all continents. Uoth volume and nmnbcr of 
prey iteins were esti1nated for each ofthese categories (the resulting data 

consist of nearly half a million individual food items). 
Niche breadth was estin1ated for both diet and microhabitat for all 

species using proportional utilizations by volutne in a siinple index of di-
versity (Siinpson 1949). Resource diversity, based on the overall utiliza-
tion by an entire saurofauna, was estiinated siinilarly. 

A Inajor virtue of these data is that identical methods and the same re-
source categories were used by a single investigator in each of three con-
tinental desert-lizard systems, enabling meaningful intercontinental 
comparisons. This unique body of data thus nllows f..'lirly det-ailed ana-
lyses ofpattcn1s of resource utilization and conununity structure in these 
independent saurofaunas. Moreover, both dietary and microhabitat 
niche breadths and overlaps can be esti1nated as well as species diversi-
ties and the spedt·n ofrcsomTcs actually exploited by cntin' lizani fim-
nas vmying vvidely in nu1nber of species. Still another diinension that 
can be profitably exploited is area-to-area variation in species utilization 
patterns (Pimlka in press). 

Results 
Considcrnble fidelity in n1icrohabitatutilization is evident. Many species 
St'}WJ'att' out usingjust the above 15 vet}' crude microlwbitat categodes. 
For example, smne species frequent open spaces between plants to the 
virtual exclusion of other microhabitats, whereas other species stay 
much closer to cover. 

Desert lizards vmywidcly in their modes of thermoregulation (Pianka 
in p1·css). Smne species, particularly noctunwl ones such as 1nost geck-
os, exhibit relatively passive "thennoconfonnity," with their body 
temperatures mirroring ambient thermal conditions. Other species, 
pm·ticulnrly active diurnal heliot-henns, show considerable precision in 
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Figure 2. Scincus scincus, a Sahara 
Desert skink !mo-wn locall)' as the 
smu!flsh. 3. Aporosaura anchictac, 
a sand-swimming lacertid lizard 
from the Namib Deser·t of southwest 
Africa. 



4. I;nch dnltmt point repre-
.•wnts tlw lt·nst-sqwtl'l'S lilll'llr 
sion of bad)' temperntzwe against air 
tempe1Y11ure.fiw a ,r.:i1•en species(?{ des-
ert li-z.nnl (tintn Sil't'll ill Pin11kn ill 
pn·ss). Sm11plc ,o;i-:.·t'8 m·t• ,o;uh-
.o;tantinl (11/t'llll N = 14.'>; dnta 011 a 
loin/ of' 11 .924 indil'idtwl liN11Yis 
Jl't'l'l' ,;,o;t•tl to lllnl,·e tl1is plot). Tlu· m·-
dinale repn·scnts the spectrum of 
tltcnllm·c.e,lilntm)' tactics rnn,(!,ing 
.finm ncti1 •e (,.;lope 
of u·ro) to entire(!' passil'e thenllo-
corifonnit)' (slope of one). Tlze intrigu-
ing "irttlTcept" t?{tlte intercepts 
(38.8°C) nppro.l'imntes the point t{ 
inter·sectiml t?(all 82 n:(!,)·cssion lines 
nnd prc.o;unwh(J' represents nn innnle 
desi.._Q,)I constraint irnpost;d b)' liull'd 
plz.J•siolofr!• nnd metnboli..c;m. El'ell so, 
tltis statistic J'al'ies among tnxn, 

on(l' 2.9.4°C in f.CJ spe-
cie,.; t!(noctunwl geckos to :m. I°C in 
13 spt•cit•s t?(tliunwl ngm11id,o;. (In 
ut ha di11rnal .._{!,)'Oilps. s11ch as skinks 
and i,(!,WIIIids, it is about 36.5 to 
.1-;cc.) 
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their body lempentlun·s by l)('h:tviontlnH.'<IIlS. Line:tr regres-
sions of body te1nperature mnong individual lizards on ambient air tem-
perature in such species are often fairly flat with slopes not appreciably 

' diflerent frmn zero (Huey Slatkin 1976, Pianka in press). In contrast, 
1·egressions ofbociy temperatures against air temperatures for thermo-
conft>rmei'S are steep, with slopes that do not diner significantly fi'mn 
one (Pianka in press). Other species display intennediate slopes and 
ther·n1or·eg'lllatory tactics. Various species can be placed on a unidimen-
simwl, linear, lhermm·eg·ulation continuun1 (Figure 4). The remarkably 

' 1 

good fit to a transcendent straight line dod not seen1 to be a statistical ar-
tifact, but rather a reflection of an innate Rhysiological design constraint 
on the vertebrate body plan. Positions 1f different species along this 
spectrum reflect a great deal about theirtmplex activities in both space 
and time, and are correlated with patte s of microhabitat utilization. 

Considerable consistency in diet is also evident among species. For ex-
ample, some species eat virtually nothi g but termites, whereas others 
never touch them. Moreover, diets ofm9'hY species change little in space 
or tizne (Pianka in press). Indeed, usingjust the 20 very czude prey cate-
gories (Figure 5) allows reasonably clean separation of many pairs of 
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lizard species on the basis of foods eaten (Pianka in press). When prey 
itexns are analyzed by either ntunber or size, separation of pairS of liz-
ards is substantially less than when the proportional representation of 
each food categocy by volume is used. For some purposes, much finer 
prey categories could be used. Termites were identified to species and 
caste for Kalahad lizards. Siinilarly, prey were identified to the finest 
possible categories for a subset of the Australian data (for example, ants 
and termites were placed into various size and col or categories by family 
to generate son1e ant and 5H tennitc rcsom-ce states). (These vety de-

Table 2. Estimated Diversity ofFoods Eaten (by Volume) by the Entire Lizard 
.Fauna at Ead1 Site 

North America Kalahari Australia 

Slec runcl nh•('l'.'dt,,· Site rnnd Sit,• rnud Ol\'crsity 

I 4.25 A 5.64 A 7.39 
L 4.17 B 5.24 D 7.65 
(; G. 54 D 5.45 E 3.74 
V 6.05 G 5.60 G 4.66 
s 4.75 K 4.15 L1 3.48 
r G.G1 L 2.44 Lz 4.28 
M 7.32 M 5.97 M 6.50 
T 8.50 R 1.93 N 7.86 
\1\f G. 51 T 2.77 R 5.19 
c ().G4 X 5.()4 y G.14 

Mean G.13 4.48 5.69 
Standard 

deviation 1.38 1.54 1.64 

tailed data are however only ofliinited utility for con1parative purposes.) 
Only a relatively few foods dmninate the diets of these lizards. Prey re-

source spectra are broadly similar an1ong continents (Figure 5), al-
though notable quantitative · differences occur. Beetles, termites, and 
insect larvae dominate the North American diet; termites, beetles, and 
ants fonn the bulk of the diet Kalahari lizards. In Australia the five 
lllOSt iiuportant food categories, in decreasing order ofvolmnetric un.: 
portance, are: vertebrates, terrfites, ants, grasshoppers plus crickets, 
<md beetles. Note that the smne t\1ree categories- tern1ites, beetles, 
and nnts- constitute in all three continent<ll desert-
lizard systexns. Tennites assun1e a disproportionate role in the Kalahari, 
as do vertebrate prey in Australia (this is largely a reflection of the diets 
ofvaranid lizards). The overall d fversity of foods consumed by all spe-
cies of lizards is actually greates · in the least diverse North American 

luwest in the Kalahmi lizards, and intennediate in Austra-
lia (Table 2). Estimates of prey iversity for different study areas cor-
relate with various measures ofth variability in average annual precipi-
tation, and prcstunably priinmy >roductivity (Pianka in press). 

Niche breadth, for both diet an microhabitat, does not correlate with 
smnple size (Pianka in press), an "ndication that smnples are adequate 
to characterize patterns of resourc utilization among species. Frequen-
cy distributions of niche breadth fl r diet and microhabitat are shown in 
Figure 6. Intercontinental in niche breadth is slight and sel-
dom statistically significant. Foo specialized species tend to exhibit 
natTow rnicrohabitat niche br·eadt (Pianka in pt·ess). 

The ecological cmnposition of the saurofaunas of these sites is surn-
xnarized in Table 3. Numbers of species with different modes of life 
differ mnong sites within continents as well as between continental 
systems. Mm·c tlum t\vicc liS nwny species of diurnHl ground-dwelling 
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lizards occur on a typical Australian site than on an average site in the 
North Atncrican and Knlahari deserts; however when expressed as a 
per·centnge of the totnl lizard diurnal gnmnd-dwelling species 
constitute a full 74% of the North A1neiican saurofimna, compared with 
only 43% of the Kalahari lizard fauna and 51% of the lizard species on a 
typical Great Victoria Desert site. Intercontinental variation in the abso-
lute nutnber of species that forage by sitting and waiting for their prey 
(Pianka in press) is slight, but the absolute number of widely foraging 
species increases rather markedly from North America to the Kalahari to 
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B- roilches (Biattaria) 
Ce - cent i P('rh:'s 
Co- beetles (Colcopteril) 
D- flies (Diptera) 
E- insect eggs ilnd pupae 
G- grasshoppers and crickets 
H- bugs (Hemiptera and Homoptera) 
I- termites (lsopteril) 
Lp- butterflies <1nd moths (Lepidoptera) 
Lv - .1 ll ins<'ct l.ltWIP 
M- 111<1ntids and philsmids 
N- adult Neuroptera (ant lions) 
P- plant material (floral, vegetative) 
Se- scorpions 
So- solpugids (absent from 1\ustrillia) 
Sp- spint'rs 
U- miscell,lneous arthropods, includ-

ing unidentifieci ones 
V- all vertcbr,lte material including car-

rion and sloughed lizard skin 
W- wasps and other non-ant hymen-

opterans 

5. Co111pnrison ofpn:J' re-
source spectra b,l' l'olwne in each of 
the th1·ee continental dese1·t-lizard 
SJ'Stems and in all three systems 
combined. All individual lizards of 
all species ore pooled to pmvide a 
single snmple fiw ench spstem; thus 
nlnmdnnt or lmgc species llm •e s)·cat-
e1' ll'cight than rare or smnll -specit•s. 

Prey Resource States 
' . 

Australia (Table 3). When expressed as a percentage of the total sauro-
fauna, only about 16 to 18% are diurnal sit-and-wait foragers in the 
southern he1nisphere deserts (an average of 2.4 species in the Kalahari 
and 5.3 species in Australia), whereas a full60% of the North American 
lizards (average, 4.4 species) fall into this category because diversity of 
the latter desert -lizard systexn is low. The percentage contribution of all 
diurnal species, both ground-dwelling and arboreal, to the total fauna 
declines as the ntunbcr oflizard species increases (i.e., nocturnality in-
creases). Arboreal, subterranean, and nocturnal species are all conspic-
uously more prevalent in the two southern hemisphere deserts than they 
are in North A1nerica; subterranean lizards and arboreal nocturnal spe-
cies are entirely Inissing frmn the North American saurofaunas, yet con-
tribute three or four species to an average site in the two southern 
heznisphere deserts (Table 3). Number of arboreal lizards and 
their percentage contribution to total lizard fauna both tend to increase 
with number of lizard species (Table 3). Arboreal lizard species are 
however less well represented on structurally simple sites with low liz-
ard diversity, even within the very diverse Australian saurofaunas. 

Discussion 
The heightened relative importance ofnocturnality among lizards in the 
Kalahari and Great Victoria Deserts could be a consequence of any or all 
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of at least three diflcrent (1) Various desert systetns could difter 
in diversity and abundance of available resources at night, such as noc-
turnal insects. (i) ;n North Atnerica, other taxa such as spiders might fill 
the ecological role of arboreal nocturnal lizards. Differences in species 
nun1bers or densities of insectivorous and camivorous snakes, birds, 
and xnmnxnals n1ight also play a cxucial role. (3) Effects of the Pleisto-
cene glaciations are generally acknowledged to have been stronger in 
the northern hexnisphere, which must certainly have influenced the evo-
lution of nocturnal lizards. However, in at least the southernxnost parts 
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of the Sonoran Desert of North Axnerica, present-day climates are easily 
adequate for nocturnal lizards (Pianka in press). The eublepharine 
gecko Coleonyx thrives as a nocturnal terrestrial lizard in the Sonoran 
and Mqjave Deserts, occurring as far north as lat 37° (some geckos reach 
cmnparable southern latitudes in Australia). As Hutchinson (1959) ex-
pressed in a slightly different context, "if one ... species can [exist in the 
nocturnal terTestrial niche], ... why can't rnore?" The absence of an ar-
boreal gecko frmn the flatland deserts in the southern Sonoran Desert is 
also most puzzling, particularly since the rock-dwelling, climbing 
gecko Ph)'llodact) 1lus .ranti occurs nearby. A tree- or sh1ub-cliinbing 
gecko species might well be able to invade tllis desert region if given an 
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Figurr 6. O!Jsrn'('(/nichr hrrndths 
for food and micro habitat resources 
among various species in each of the 
three continental desert-lizard 
S)'S/('11/S . 
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opportunity. Without such <m intr·oduction, either accidental or dclibcr·-
atc, all such interpretations rcnwin speculative. 

Various factors, such as degree of isolation and available biotic stock 
(particularly those of potential prey, predators, and competitors) have 
clearly shaped these lizard faunas in other ways. Certain ecological roles 
occupied by nonlizard taia in North America and the Kalahari have 
hccn usuq>cd by Australian desert lizards. Thus Austn.tlian pygopodid 
and varanid lizards clearly replace certain snakes and mammalian car-
nivores, taxa that are impoverished in Australia. Numbers of species in 

Tahlc 3. Numbers ofSpedcs of Lizards with Various Basic Modes of Life 

North Atuerica Kalahari Australia 
Mode of Life* Mean Range % Mean Range % Mean Range % 

Diu mal G.:1 4-n m> fl.2 7-10 f>G 18.1 9-25 60 
'lhTt'slrinl !).4 4-7 74 !l.!'i-7.!) 4.1 1!'i.4 !'i4 

Sil-11nd-w11il 4.4 ()() 2.4 l.!l - 2.!) 1(; !l.:l 2 - 7 w 
Widely foraging 1.0 1 14 4.0 3-G 27 10.1 4-12 36 

A1·borenl 0.9 0-3 12 1.9 1.5-2.5 13 2.7 0-5.5 9 
Nodt111lill 1.0 0-2 14 !l.1 4-G 35 10.2 fi-13 36 

'1 ('ITt.'S( rict} 1.0 0-2 14 :ts 3-5 24 7.G G-9 27 
Ad>Ort'al 0.0 - 0 l.G O.!'i-2.!'i 11 2.7 1-4 9 

Subterranean 0 .0 - 0 1.4 1-2 10 1.2 1-2 4 
All (('n'('S(Tial G.4 4-fi nn 9.fi 9-11 G7 23.0 1!'i-31.5 78 
All 0.9 0-3 12 3.5 2-5 24 5.4 1-9 18 

Total 7.3 4-11 100 14.7 11-18 101 29.6 18-42 100 

•&mi-arhorcal species are assigned half to arboreal and lwlfto terrestrial categories. 
Totals and percentages arc based on actual studp site data (not given). 
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various vertebrate taxa found on study sites are smnmarized in Table 4. 
There are more species of snakes on sites in the North American deserts 
than there are on the other continents, although species richness of Aus-
tralian "snakes" becomes similar when adjusted by addition of legless 
snakelike pygopodid lizards to the real snakes. just as pygopodids ap-
pear to replace snakes, varanid lizards in Australia are clearly ecologi-
cal equivalents of carnivorous mammals such as the kit fox and coyote in 
North America. Mammal-like and snakelike lizards contribute from 
one to eight (usually only four) species on various Australian study sites 
and therefore represent a relatively minor component of the overall in-
crease in nun1bers oflizard species on that continent. Nevertheless such 
usurpation of the ecological roles of other taxa has clearly expanded the 
variety of resources (or overall niche space) exploited by Australian des-
ert lizards (Pianka 1969, 1975, 1981, in press). 

In addition to such conspicuous replacements of one taxon by anoth-
er, Inore subtle cmnpetitive interactions between taxa doubtlessly occur, 
particularly between lizards and insectivorous birds. Fewer species of 
g'rounci-chvelling insectivorous birds occur in Australia than in the Kala-
hari, which may reduce competition between lizards and birds in Aus-
tralia. With increases in the total number of species ofbirds plus lizards, 
the number oflizard species increases faster than bird species in Austra-
lia, whereas, in North America and the Kalahari, bird species richness 
increases faster than lizard species richness (Pianka 1971b, 1973, in 
press). Reasons for these differences among continents are elusive, but 
one factor rnay be that very few birds migrate in Australia, both because 
of its isolation and its limited areas at high latitude. In contrast, a fair 
number of migrant bird species periodically exploit the North American 
and African deserts. Lizard faunas of the latter two desert systems could 
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well be adversely influenced by intennittent but still regular cmnpetitive 
pressures frmn these insectivorout' avian migrants. 

The effect of the cbmposition of prey taxa on the cmnposition ofsauro-
is illustrated by the conspicuous and diverse tennite fauna of 

southern Afi"ica, which has apparently Htcilitatcd the evolution of ter-
mite-specialized species of skinks, lacertids, and geckos. Indeed, by vol-
unle, tennites con1prise a full41% of the diet ofKalahari lizards, but, by 
contrast, they constitute only about 16% of the overall diet of the entire 

in western North Atnerica and only about 18.5% of the diet 

t :rk H. l'in11k11 

of the lizards ofwestern Australia (Pimlka in press). 
Ntnnerous n1ore elusive interactions between taxa doubtlessly occur. 

For instance, one reason that the Australian deserts support such rich 
lizard faunas could involve reduced predation pressures from snakes, 
raptors, and carnivorous nwn1n1als on that isolated continent (however, 
many Australian lizards, both varanids and pygopodids, do prey upon 
other lizards). Similarly, the higher incidence of arboreal and nocturnal 
lizanl species in the Kalnhari and Australia con1pared with North 
i\nH .. 'I·ica could \Veil be 1·dated to fimd<mu.·ntal differences in the niches 
occupied by other members of these con1n1unities, including potential 
cmnpetitors mnong arthropods, snakes, birds, and mammals. 

The physical structure of the vegetation profoundly influences the 
emu position of liznrd f.aunas too. In North Ainerica, sites with greater 
spatial hete1·ogcncity of vegetation support nwre species than do sites 
with sitnpler vegetation. The Inere existence of the unique hummock 

Table 4. Spedes Densities ofVarious Vertebrates on Desert Study Areas 

North Anu•rka Kalahari Austr·alia - ·- ----
Ta.'\:on Mt;•an Range l\'lcan Range l\'lean Range 

All liznnis 7.4 4-11 14.7 11-18 29.8 18-42 
Pygopociid li.z:tt·cis 1.7 0-3 
All binls 7.B 3-1(i 22.B 1!l-40 
C ;mtttul-f(mtging 

insectivorous birds 7.3 4.5-11.7 4.8 2.8-5.8 
Snakes 4.5 2-9 2.2 1-6 3.6 1-3 
Small mammals 5.3 4-8 1.5 1-3 

Site totals• 25.0 14-40 G:3.2 3G-80 

•Total.<> nrr !Jnsrd 011 actual stud)' sitr data. (not gil'rn). 

NC;R/ AUTUMN 

Anim nls Animnlsf{t:) l!lll!l.John l:t'dndt 

F(gw·c 7. Moloch horTidus, m · the 
"111ountain dct'il," mz ant-specialized 
Australian a,'t};amid. 8. The desert 
horned lizard Phrynosoma platy-
rhinos, a North American iguan id 
tlwt is n crude of 
Moloch. 
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f'i_r?,}trl' 9. A No,.tll Amcdcnn (<!,}lmlid, 
the z..t'/wn-tnilf'd liz..n,.d Cnllismtms 
dmconoides. It is a den iz..en tilt' 
open spaces between plants. 10. 
Ctenophon.1s cristatus, a long-legged 
ogmnid c?( Austmlin. 

!)()() 

grnss plnnt life in Australin (Beard 1976) is a f.'lctor contributing 
to lizard diversity on that continent (Pianka 1969, 1973, 1975, 19l31, in 
press). A pure "spinifex" (Triodia) grass flat supports at least 16 species 
of lizards (perhaps as many as 20), including six or seven species of 
Ctenotus skinks. These grass tussocks are extraordinarily well suited for 
lizard inhabitants, providing not only protection from predators and the 
elements, but a rich insect food supply as well. Certain lizard species ap-
pear to spend almost their entire lives within dense Triodia clumps, 
while other lizards exploit the edges. Still other species forage in the 

jen and IJcs Bartlett 

open spaces between tussocks but rely on spinifex clumps for escape in 
emergencies. The latter species tend to have longer hind legs 
than the forn1er (Pianka in press) and are presurrably faster runners-
a trade-off exists, however, since long-legged open-dwelling species 
must move clumsily through dense vegetation short-legged spe-
cies litcrnlly swin1 thnmgh it with ease. 

Lizard of sh1ub desert sites on each of 
cmnpared in Table 5. The structure of the consisting of low 
microphyllous chenopod shrubs, is virtually identical on these three 
sites, chosen to control vegetative structural cmhplexity (plants of the 
globally distributed genus Atriplex occur on all lthree areas). On North 
A1nerican sites, only five species oflizards are p1esent (a sixth species is 
added in the south). The Kalahari site lizard species where-
as an Australian sh1ubby area in a dry lake-be presumably sustains a 
fl.tll 1R species (Pianka 19G9, 1971b, 19R1). Th . differences be-
tween continents are traceable to non-lizardlik.J lizards and to noctur-
nal species. Four gecko species are nocturnal in the Kalahari while eight 
species of geckos and skinks are active at night on the Australian site 
(only one nocturnal lizard species exists on sputhern North American 
sites). Insectlikc species (Ma!Ju)'ni'nric,gata 8'1"l?'iJ, a mam-
nwl-like lizard (Varanus gouldi), and a wormlike subterranean skink 
(Lerista muelleri) further expand the lists in tpe southem hemisphere. 
Nu1nbers of species of truly lizardlike lizards are both diurnal and 
terrestrial (or semi-arboreal) are much more comparable among the 
three continents: North America (five species), alahari (eight species), 
and Australia (seven species). 

Effects ofhistorical variables such as the glaciations could 
also be considerable, but are exceedingly difficult to evaluate. The North 
American deserts are generally acknowledged to be of relatively recent 
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geologic origin (Axelrod 1950), although subdesert conditions must 
have J>I'CV<tiled ih the D'encral raDion Iona before the oridin of true des-• " " . ;:., ;:.,· 
erts. During the upper Tertiary, Arnerican deserts expanded but then 
becarne restricted to northern Mexico and the extreme southwestern 
United States with the onset of the Pleistocene glaciations. Presumably 
these deserts expanded rapidly to their present boundaries with the re-
treat ofthe glaciers about 10 000 years ago. The sands ofthe Kalahari are 
largely ofeolian origin and were fonned and originally distributed dur-
ing the Tertimy, but later were redistributed in the Pleistocene by both 

wind and water. Lancas 'er (1979) presents evidence for a widespread 
hurnid period in the Kala 1ari during the late Pleistocene. Kalahari sand-
ridges probably assume roughly their present distribution during drier 
periods over the last 10 00 years; the subsequent stabilization of the 

Table 5. Lizard Faunas o t Chenopodeaceous Shrubby Sites 

North America Australia 

Uta stonslmrinnn 
l'l11 :1 '' wsolllll plnJ.l'rh i nos 
Crotnph.J'IIIs tt•isli-z·f'lli 

Callisaums drac01wides 

Coleonyx variegata 

l\11llwl 'll Of'cidclltnlis 
lu8llhris 

E. namaquensis 
E. lfneo-ocellata 
J\qt jlllfl hispidn (':') 
Mo!lHl.l'fl sI rin .'n 

Me )ioles suborbitalis 
Idutotropis squmnulosa 
Mabuya l'arie,gata 

ColopzLs wahlbergi 
Ptenopus garru lus 
Chond ·odoct,l'lus nn.Q,lilifc,· 
Pnch) • hlcl)'lus en pen si..<> 

Clc11olus sclw111hwgkii 
C. Icon//(/ nli i 

Cterwphorus isolepL<> 
Moloch lwrridus• 
Ctcnoplwrus illcn11is 
C. re/ icul at us 
C. scutulatus 

Menetia s·re;Ji* 
Lerista rrwclleri* 
Vanwus ,guuldi 
Rhy nchoedura ornata 
Diplodacty lus conspicillatus 

J'r, ·tchn.llis 
Hctcronul ia binuci 
Diplodactylus strophurus 
Gclz,vra varicgnta 
Egernia i1wrnala 
Eremiascincus richardsoni 

/\lriplPx occw·s on all thrre sites. appro.rimate ecological equi11alents a re al(c;ned hor-
i-::.ontnll.t ·· Noclunwl spt'cil's nrt' lislt't In tlw /wtlmll lltl[f"c!f'tnhlr. 
•Not actual/) ' collected 011 the area, bz l c.lpccted to vccurlht'I'C based on autccvlosical cvl!-
siderations and occurrences 011 othe al'tas. 
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Figure 11. The leopard lizard Crota-
phytus wislizeni, a North American 
iguanid that specializes on other liz-
ards in the southern part<> of its 
geographic range. 12. The conver-
gent, Australian Vanmus eremius. 
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13. The i\1/s-
lralian skink Ctenotus. 14. The 

Knlalwri lacertid Nucras. 

[)02 

S<llldridp;cs by Vt'gt'IHtioll suggests that tl slight <lllldior<ttioll of the c)i-
nwte nwy have taken place in rnore recent tirnes. So-called Kalahari 
sands are widespread in southern Africa, occurring well beyond the 
confines of the currently recognized Kalahari semi desert. Dry to very dry 
conditions have probably prevailed in most of this area since the middle 
to th<' <'lld oftlw Tertimy althoup;h some workers hav<' 
suggested otherwise. Views as to the age and history of the Australian 
deserts are also varied and conflicting. Wood (1947) postu-
lated a "Great Aridity" during the Pleistocene following the last glacia-

holh , Erit' R. l'innkn 

tion, but others have argued for a rnuch greater antiquity for at least 
portions of the continent (Bowler 1976, Bowler et al. 1976, 
Kemp 1981). Australian sandridges appear to be exceedingly ancient 
(Bowler 1976). 

The impact ofhistory on these desert-lizard systems has clearly been 
profounci, hut it is ovC'dy f.acile, even glih, to assert that the Australian 
deserts are rnore diverse than other deserts siinply by virtue of antiquity. 
The Narnib Desert in southwestern Africa is ancient (Ward et al. 1983) 
and supports an extremely rich beetle fauna but yet has only a moderate 
diversity of lizards. Clearly, ecological factors promoting coexistence, 
such as resource diversity and climatic predictability, are of vital impor-
tance (Pianka 1981, in press). 

Organisms that fill similar ecological niches in different, indepen-
dently evolved biotas are tenned ecological equivalents (Grinnell1924). 
Smne such convergent evolutionmy responses oflizards to the desert en-
vinnunent, although impe1fect, are evident across the three continents 
(Pianka 1975, in press). For exmnple the Australian and North Ameri-
can deserts both support a cryptically colored and thomily armored ant-
specialized species: the agamid Moloch horridus (Figure 7) exploits this 
ecological role in Australia (Pianka {jy:.l Pianka 1970), while its counter-
part, the iguanid Ph1)'110soma platyrhinos (Figure 8), occupies this role 
in North Arnerica (Pianka {jy:.l Parker 1975). No Kalahari lizard has 
adopted such a life-style. Interestingly enough, a morphometric analysis 
den1onstrates that Moloch and Ph1ynosoma are actually anatomically 
closer to one another than either species is to another member of its own 
lizard fauna (Pianka in press). 'Also, both North America and Australia 
have long-legged species that frequent the open spaces between plants: 
Callisnurus drnconoidcs in North America (Figure 9); Ctcnophorus 
scutulatus, C. cristatus (Figure 10), and C. isolepis in Australia; and 
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Crotoph)'llls ll'isli.zcni in Nodh America (Figltre 11) as well as the Inc-
dium-sized lizard-eating lizard eremius in Australia (Figure 
12). Active, widely foraging lizards occur in all three deserts: teiids 
(Crzcmidophorus) in North Atnerica, skinks (Ctenotus) in Australia 
(Figure 13), and lace:":"tids (NuCT·as) in the Kalahari (Figure 14). Two 
convergent nochtrnal geckos, both often found in close association with 
tennitaiia, are shown, one on the cover ofthis issue (the KalahariPachy-
dactylus capensis) and the other in Figure 15 (the Australian Heterono-
tin hinoci). A few Kalahari-Australia species pairs are also crudely 

Eric R. Pinnkn 

convergent: For cxmnple, the subtcrntnec:nl skitlks 7) 1plzlosaurus and 
Lerista are roughly similar in their anatomy and ecology, as are the 
setniarboreal agamid lizards Agarna hispida and Pogona minor. 

Although pairs of approximate ecological equivalents can be identi-
fied based on similar patterns of resource utilization, relatively few con-
vergences are apparent among all three continents. Ecologies of 
putatively convergent species pairs inevitably differ markedly when 
scrutinized (Pianka 1971a, Pianka &; Pianka 1970). In fact, the differ-
ences in the ccologies oftnost lizard species mnong the three continental 
dcscrt-li7.anl systcn1s m·c nntch mm·e striking than are the similm1tics. 
It is easy to nwkc too n1uch of convergence and one n1ust always be wary 
ofin1posing it upon the system under consideration. 
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