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Ecological Dynamics of Australian Desert
Lizards: or, the L-Area Revisited

Grant Recipient: Eric R. Pianka, Department of Zoology, University of Texas,
Austin, Texas.

Grants 1977, 1829: For a study of ecology and diversity of desert lizards in West-
ern Australia.

During postdoctoral studies in the Great Victoria Desert of Western
Australia in 1966-1968, 1 discovered what are very probably the richest
lizard faunas on Earth (Pianka, 1969a). One red sandridge site supports
at least 40 different species of lizards! In addition to a diverse fauna of
fairly typical lizards, these include small nearly legless subterranean
skinks, snake-like pygopodids, as well as very intelligent mammal-like
varanid lizards. Areas in the Kalahari semidesert of southern Africa,
practically identical in their basic climate and general physiognomy (but
markedly different in their biota) support fewer than half as many species
of lizards (Pianka, 1971). How do so many different species of lizards par-
tition resources and manage to coexist in the Australian deserts? Some
preliminary results and ideas have been offered (Pianka, 1969a, 1969b,
1971, 1973, 1975, 1981).

A major goal of the present research was to assess the stability of
these lizard assemblages and to try to determine how duplicable earlier
results might be. For example, I wanted to find out whether resource us-
age patterns were stable. I also hoped to better characterize the resources
used by apparently rare species.

SreCIES RICHNESS

With the help of funding from the National Geographic Society (in-
cluding the generous loan of a four-wheel-drive Toyota Landcruiser field
vehicle), I returned to the Great Victoria Desert from June 1978 through
March 1979. Little change was evident on study areas. More than 3000
new lizard specimens were collected along with supporting field data:
Sample sizes for most species, including many “rare” ones, were dou-
bled, greatly increasing my confidence in estimates of resource usage.
Two sites were chosen for detailed study, one of which (the “L-area”)
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had been examined on the previous expedition. A second study site,
“Red Sands,” was found to support at least 42 different species of desert
lizards, including the fabulous perentie Varanus giganteus (the second
largest living species of lizard, penultimate only to the Komodo monitor
Varanus komodoensis). In the remainder of this report, I focus on the L-
area.

This large lizard collection (now lodged permanently in the Western

Australian Museum in Perth) was shipped back to Texas, where the liz-
ards were measured and dissected. Reproductive status was determined
(sex, testes length, egg number, and egg volume). Stomachs were re-
moved and contents measured and identified. Prey, largely insects, were
assigned to some 275 different food categories by type, color, and size.
For example, ants and termites were placed into size and color categories
by family to generate some 97 ant and 58 termite resource states (here I
examine a condensed version of this data set, using just 19 prey catego-
ries). Data matrices of utilization coefficients by lizard species were con-
structed and analyzed with the aid of a computer. The diversity of foods
eaten (“dietary niche breadth”) was calculated for each species and di-
etary overlaps were computed for all possible pairs of species. A compa-
rable analysis of microhabitat use patterns was also undertaken.
Estimates of both dietary and microhabitat niche breadths are uncorrelat-
ed with number of lizards, an indication that sample sizes are adequate to
characterize patterns of resource use. These data were compared with
other information gathered earlier. Considerable species-specificity and
substantial fidelity in the use of food types and microhabitats is evident
among many of these Australian desert lizards. For example, some spe-
cies are termite-specialists whereas others virtually never eat termites;
still other species eat ants to the exclusion of other prey. Diet and micro-
habitat utilization patterns of most species, even those of generalists such
as the gecko Heteronotia binoeii, proved to be remarkably consistent in
time. Also, in site-to-site comparisons, each species is typically its own
closest neighbor in niche space. Tables 1 and 2 summarize results ob-
tained for eight relatively abundant species in the L-area in 1966-1968 and
again in 1978-1979 (overall estimates based upon all the specimens of
each species collected on all study sites are still more conservative, vary-
ing relatively little between 1966-1968 and 1978-1979). Some shifts in re-
source use were also evident in certain species in the L-area.

On the L-area, 530 lizard specimens representing 27 species were col-
lected in 1966-1968. Tracks of the wary, large monitor Varanus gouldi were
regularly noted although no specimens of these elusive lizards were
sighted. The spinifex gecko Diplodactylus elderi was listed as “highly ex-
pected on the basis of geographic range, habitat, autecology, and micro-
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g Three Families) of Lizards on the L-area in 1966-1968 and in 1978-1979

(Percentages, by Volume)

Crypto-

Diets of Eight Species (Representin

TasLE 1.

Rhynchoe-
dura
Ornata
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Variegata

Ctenotus
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% % CHANGE IN

ComposrrioN COMPOSITION  RELATIVE
PrEY CATEGORY 1966-1968 1978-1979 IMPORTANCE
Centipedes 0.3 1.2 + 4.0
Spiders 1.2 0.7 - 1.7
Scorpions 1.5 1.7 + 1.1
Ants 5.5 12.4 + 2.3
Wasps 0.6 0.6 1.0
Grasshoppers and crickets 13.3 7.5 - 1.8
Roaches 2.5 29 + 1.2
Mantids and phasmids 0.2 0.4 + 2.0
Neuropterans — 0.1 (+)
Beetles 3.1 4.4 + 1.4
Termites 50.4 41.8 - 1.2
Hemipterans 1.2 1.6 + 1.1
Diptera 0.01 0.7 +70.0
Lepidoptera 1.2 0.4 - 3.0
Insect eggs and pupae 0.2 0.1 - 20
All insect larvae 5.7 1.0 - 57
Miscellaneous arthropods 1.8 3.0 + 1.7
Vertebrates 5.2 18.3 + 3.5
Plant materials 6.0 1.4 - 43
Total volume of food (cc) 249.1 477.5
Diversity of foods eaten 3.48 4.28

by all lizards

Although there is no reason to suspect that availability of microhabi-
tats should have altered appreciably over the decade between my two
visits, the following summarizes data on microhabitat utilization of the
entire L-area saurofauna in 1966-1968 versus 1978-1979.

The fraction of lizards first sighted in the sunshine at the edge of por-
cupine grass tussocks increased fourfold whereas those observed in grass
shade decreased. Overall diversity of microhabitats used by all individ-
uals of all lizard species declined.

A simplistic first hypothesis might be that abundance fluctuates di-
rectly with prey availability. If so, doubling the availability of ants would
be expected to lead to doubling the density of myrmecophagous species.
Likewise, abundance of termite-specialists would be expected to “track”
termite availability. Provided one can assume that values in the above
tabulation reflect real changes in availability, this hypothesis is easily
tested and rejected: Moloch horridus, an obligate ant-specialist, decreased
by a factor of three even though ants increased more than twofold. Also,
although termites decreased slightly (from 50% to 42%) in the overall diet
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% % CHANGE IN
MICROHABITAT UtrLizATION  UTILIZATION RELATIVE
C:ﬁcom{ 1966-1968 1978-1979 IMPORTANCE
Subterranean 1.2 1.9 +1.6
Open sun 14.4 18.6 +1.3
Grass sun 6.8 30.8 +4.5
Bush sun 0.1 0.2 +2.0
Tree sun 1.0 0.4 - %g
Other sun 0.8 0.8 2.5
Open shade 14.9 5.9 - 22
Grass shade 28.5 20.5 - 1.2
Bush shade 0.7 0.6 - 1.4
Tree shade 2.3 1.6 - .1
Other shade 34 1.6 -2,
Low sun 1.5 1.7 +1.1
Low shade 9.4 6.0 -1.6
High sun 2.1 1.8 -1.2
High shade 13.0 7.5 -1.7
Total no. of lizards 516 1423
Diversity of microhabitats 6.36 5.37
used by all lizards

of all lizards, the relative abundance of an obligate termite-specialist Di-
plodactylus conspicillatus increased by 50% (.anot.her .termlte-spec.lahst,
Rhynchoedura ornata, fluctuated in the opposite direction, dgcreasmg to
about 40% of its former abundance). A related observation of interest can
be made for Ctenotus calurus, the species that increased the most dramati-
cally (450%): This tiny blue-tailed skink almost doubled its consumption
of termites from 1966-1968 to 1978-1979 (from 44.3% to 8}.2%), in spite of
the fact that termites decreased in the overall diet of all lizards. The frac-
tion of insect larvae in its diet fell from 51.3% to only 2%, whereas in the
overall diet of all lizards, larvae decreased from 5.7% to 1.0%.

Yet another interesting, although unfortunately rare, species is the
flap-footed legless lizard Pygopus nigriceps, a pocturnal denizen of dt'he
open spaces with an unusually high consumption of scorpions (the 1el’;
by volume of 16 individuals consisted of 34% scorplon.s).. In the overa
diet of all lizards, the importance of scorpions was trivial and did not
change appreciably (only 1.5% to 1.7%). Nonetheless, Pygopus declined
drastically in relative abundance from 1.5% to a mere 0.2%.

CONCLUSIONS

Dietary and microhabitat niche breadths, and changes therein, are
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TABLE 3: Lizards Collected in the L-Area, Their Abundance, Diet, and
Microhabitat and Relative Change Between Collecting Trips

1966-1968 ey
- 1978-1979 RELATIVE
SpECIES NO. % No. % ABUNDANCE
Amphibolurus inermis 9 1.70 5 0.32 -5.30
A. minor 8 1.51 12 0.77 -1.96
A. isolepis 55 10.38 530 33.87 +3.30
Moloch horridus 9 1.70 9 0.58 -2.90
Varanus eremius 3 0.57 13 0.83 +1.46
V. go.ulfii tr — 4 0.26 +
V. tristis 6 1.13 18 1.15 +1.02
Ctenotus ariadnae 5 0.94 11 0.70 -1.34
C. caluru's 11 2.08 147 9.39 +4.50
C. grandis 45 8.49 39 2.49 ~-3.40
C. helenae ‘ 53 10.00 31 1.98 -5.05
C. pt?nthe.rmus 8 1.51 21 1.34 -1.13
C. piankai ' 2 0.38 3 0.19 -2.00
C. quattuordecimlineatus 46 8.68 183 11.69 +1.35
C. schomburgkii 7 1.32 40 2.56 +1.94
Cryptoblepharus boutoni 27 5.09 53 3.39 -1.50
Egernia kintorei 1 0.19 0 — X
E. mo'rnutu 2 0.38 2 0.13 -2.90
E. striata 37 6.98 68 4.35 -1.60
Lerista bipes 6 1.13 53 3.39 +3.00
L. muelleri 0 — 6 0.38 +
Menetia greyii 3 0.57 4 0.26 -2.20
Morethia butleri 0 — 1 0.06 +
Delma fraseri 0 — 4 0.26 +
Linlis burtonis 2 0.38 2 0‘13 -1.10
Pygopus nigriceps 8 1.51 3 0.19 - 7:95
Diplodactylus conspicillatus 6 1.13 27 1.73 +1.50
D. stenodactylus 0 — 1(2) 0'06 +
D. elderi 0 — 4 0.26 +
Gehyra variegata 114 21.51 202 12.91 -1.67
Heteronotia binoei 1 0.19 1 0.06 - 3-17
Nephrurus levis 6 1.13 4 0.26 - 4.35
Rhynchoedura ornata 50 9.43 64 4.09 - 2.31
Total no. 530 + tr 1565
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TABLE 3.—{(continued)
DieT MICROHABITAT
1966- 1978- 1966-  1978-
SPECIES 1968 1979 CaANGE 1968 1979 CHANGE
Amphibolurus inermis 4.33 289 -15 1.80 500 +2.8
A. minor 3.50 3.51 1.0 3.84 3.90 +1.02
A. isolepis 4.48 319 -14 2.01 238 +1.2
Moloch horridus 1.00 1.00 1.0 1.69 3.16 +1.9
Varanus eremius 1.41 2.14 +1.5 4.03 289 -14
V. gouldi 2.77 2.44 -1.1 1.55 3.60 +2.3
V. tristis 1.34 146 +1.1 1.92 213 +1.1
Ctenotus ariadnae 1.42 133  -1.07 2.94 1.86 -1.6
C. calurus 2.17 130 -1.67 1.97 258 +1.3
C. grandis 1.85 1.25 -1.47 1.52 202 +1.3
C. helenae 1.99 1.80 -1.11 1.70 1.86 +1.1
C. pantherinus 1.30 1.04 -1.25 1.47 1.65 +1.1
C. piankai 3.57 147 -2.43 2.00 1.00 -2.0
C. quattuordecimlineatus 5.51 1.55 -3.55  1.49 210 +1.4
C. schomburgkii 1.01 1.30 +1.29 3.38 3.36 -1.01
Cryptoblepharus boutoni 7.59 7.97 +1.05 5.07 3.63 -1.4
Egernia kintorei 1.44 — — 1.00 — —
E. inornata 1.17 1.00 -23 5.47 267 -21
E. striata 1.34 1.97 +1.5 4.63 510 +1.1
Lerista bipes 3.83 1.90 -2.0 1.00 1.28 +1.3
Lerista muelleri — 3.58 — — 1.39 —
Menetia greyii 2.00 129 -1.55 2,57 1.60 -1.6
Morethia butleri — 1.00 —_ — 2.00 —
Delma fraseri — 1.92 — — 1.00 —
Lialis burtonis 1.13 — — 1.00 2.00 +2.0
Pygopus nigriceps 1.49 1.47 -1.01 1.28 200 -1.6
Diplodactylus conspicillatus 1.00 1.02  +1.02  1.80 231 +1.3
D. stenodactylus - 1.00 — — 1.00 —
D. elderi — 2.47 — — 1.00 —
Gehyra variegata 3.64 7.57 +2.1 2.36 274 +1.2
Heteronotia binoei 1.80 1.00 -1.8 1.00 1.00 1.0
Nephrurus levis 5.30 — — 2.67 3.00 +1.1
Rhynchoedura ornata 1.01 1.07 +1.06 1.33 1.14 -1.2
MEeaN 2.55 2.13 1.51* 230 2.32 1.46*
STANDARD DEVIATION 1.68 1.71 0.60* 1.27 1.10 0.45*

*Based on absolute values
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summarized in Table 3 (right side). The “compression hypothesis” as-
serts that microhabitats tend to be more labile than diets (MacArthur and
Pianka, 1966; MacArthur and Wilson, 1967; Schoener 1974; Schoener et
al., 1979). This hypothesis does not seem to be supported by the present
data. The average magnitude of observed change in niche breadth (irre-
spective of sign) among all species was similar for foods (1.51) and micro-
habitats (1.46). Average food niche breadth declined slightly (2.55 to
2.13), whereas average microhabitat niche breadth remained approxi-
mately constant (2.30 versus 2.32). Variance in niche breadth among spe-
cies was lower in microhabitat than in diet.

A related prediction of optimal foraging theory is that diets tend to
contract when foods are abundant but expand when foods are scarce.
One might also expect relative abundance of consumers to vary directly
with prey abundance. Of the 7 species that increased in relative abun-
dance, food niche breadths decreased as predicted in 4, increased in 2,
and stayed constant in 1 (the termite-specialist Diplodactylus conspicilla-
tus).Two species changed little in relative abundance and their food niche
breadth remained fairly constant. Of the 15 species that declined in abun-
dance, diets expanded (as expected) in only 2, contracted in 6, and
changed little among 7 others (the latter include both food specialists and
food generalists).

These data may also be exploited to test the hypotheses that abun-
dance of ecologically similar species fluctuate either in phase with one an-
other, or out of phase with one another—more so as compared with
ecologically more dissimilar species. The first hypothesis emerges from a
noncompetition argument asserting only that species track resources,
whereas the second suggests beneficial or detrimental coactions among
species such as might arise from interspecific competition.

In an effort to perform such a test, I computed the direction and mag-
nitude of changes in relative abundance among all possible pairs of spe-
cies. Using lumped data from both visits, overall ecological similarity was
estimated as the product of dietary overlap times microhabitat overlap.
The relative change in the abundance of each pair of species was ex-
pressed as the ratio of the change in each (ANj/AN;). No correlation
emerged from comparison of this matrix of changes in abundance versus
the above-mentioned matrix of overall ecological similarity, either among
all 33 species (r = -0.011) or using just 11 species for which sample sizes
are more adequate (r = -0.001). Nor do the elements in the matrix of
changes in abundance correlate with dietary overlap (r = +0.006). While
these negative results are less than satisfying, at least they seem to sup-
port neither of the above hypotheses. Rather, they suggest either that
stochasticity in this system is considerable or that abundance of each spe-

cies varies more or less independently of the abundance of other species.
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