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Habitat Differences in Body Size and Shape of the Australian Agamid Lizard,
Lophognathus temporalis

SeBASTIAN IGLESIAS,! CHRIs TRACY, GAVIN BEDFORD, AND KEITH CHRISTIAN

Research Institute for Environment and Livelihoods, Charles Darwin University, Darwin, Northern Territory 0909, Australia

ApsTRACT.—Body size and morphology are important traits that can strongly influence the life history of an organism. One important factor
affecting these traits is habitat. Urbanization has resulted in the significant modification of many habitats, and thus, it may be a factor affecting
the body size and morphology of species living in the urban environment. In this study, we compared body size and morphology in urban and
bush populations of the lizard Lophognathus temporalis in and around Darwin, Australia. We made monthly measurements of invertebrate
abundance and soil moisture during one year to compare seasonal variation in resource availability between habitats. We also collected all
matter excreted by L. temporalis during their first four days in captivity as an index of food consumption in the field. We found that male L.
temporalis were larger than females and that urban L. temporalis were larger than bush L. temporalis. Males had longer front limbs, hind limbs,
and tails than did females; and in urban populations, they also had larger heads. Urban L. temporalis had longer front and hind limbs than did
bush L. temporalis, although head size and tail length were similar for both groups. Resource availability was seasonally more stable in urban
habitats than in bush habitats, and urban L. temporalis consumed more than bush L. temporalis all year round. We conclude that differences in
resource abundance between habitats may be an important factor contributing to the morphological differences between urban and bush-

dwelling L. temporalis.

Habitat is a strong factor influencing the morphology of an
organism (Losos et al., 1997; Malhotra and Thorpe, 1997;
Sumner et al., 1999; Tracy, 1999; Boback, 2006). In animals with
short life spans, changes in morphology can occur over a
relatively short period of time (<200 years; Phillips et al., 2006;
Carroll et al., 2007; Ghalambor et al., 2007; Witte et al., 2008).
Anolis lizards, for example, exhibit significant changes in
morphology within 10-14 years of first colonizing an island
(Losos et al., 1997). Urbanization has led to the dramatic
alteration of habitat worldwide. For species that live within the
urban environment, this may in turn lead to noticeable changes
in the morphology of that species (Prosser et al., 2006). Lizards
are common inhabitants of many urban environments (Chris-
tian et al., 1999b; Koenig et al., 2001, 2002; Prosser et al., 2006),
and some species are able to adapt quickly to changes in habitat
(Losos et al., 1997; Sumner et al., 1999). Thus, lizards are ideal
study animals for investigating the effects that living in a novel
environment may have on morphology over time.

Lophognathus temporalis is a medium-sized agamid lizard (SVL
100 mm; Cogger, 2000) that can be readily found in the urban
environment of Darwin, Australia (Blamires and Christian,
1999; Christian et al., 1999b). Lophognathus temporalis can also be
found in natural bush habitats like seasonally inundated
paperbark swamps (Melaleuca sp.) and open savannah wood-
land across Northern Australia (Cogger, 2000). Darwin is
located in the wet—dry tropics of Northern Australia and
experiences seasonal patterns of annual rainfall, with most of
the rain occurring during the wet season (December through
March) and little or no rain occurring during the dry season
(June through August) (Ridpath, 1985). In natural bush habitats
in and around Darwin (including paperbark swamps), water
becomes scarce and even absent during the dry season causing
many tropical reptiles to reduce their activity during this season
(Christian et al., 1996, 1999a; Kennett, 1999). We hypothesized
that artificial watering systems may afford urban dwelling L.
temporalis a seasonally more stable habitat, in terms of food and
water availability, than natural bush habitats. Further, we
predicted that this difference between urban and bush habitats
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may result in differences in size between urban-dwelling L.
temporalis compared to their natural bush-dwelling counter-
parts.

To test our predictions, we collected body-size measurements
for L. temporalis, from urban populations and natural bush
populations, over two years in and around Darwin. As part of
our study, we also tested for differences in resource availability
between urban and bush habitats by sampling invertebrate
abundance and monitoring soil moisture content at several sites.
We also collected all the feces excreted by L. temporalis during
their first four days in captivity as an index of feeding levels in
urban and bush populations of this lizard.

MATERIALS AND METHODS

Field Sites—Between December 2005 and February 2007, 305
lizards were captured by hand and by noose using a modified
fishing pole, from urban sites and bush sites in and around
Darwin, Australia. Sites were considered “bush” if they received
no artificial irrigation and were at least 2 km, but typically much
further, from the nearest source of artificial irrigation. Sites were
considered “urban” if they were situated within Darwin city and
received periodic artificial irrigation.

Bush sites included Mickett creek (S12°24'39”, E130°56'37"),
Howard Springs (S12°27'39”, E131°04'26”), Howard River
(512°27°21", E131°03'11") and Gunn Point (S12°26'53”,
E131°08'23"). Bush sites were characterized by seasonally
inundated Melaleuca sp. swamps and open savannah wood-
lands and were dominated by tall grass (Sorghum sp.) and
Pandanus (Pandanus spiralis). Water in the swamps was present
only during the wet season (December through March) and
during the wet—dry transition (April through May).

Urban sites included the Darwin Royal Botanic Gardens
(S12°26'45”, E130°50'17"), Fannie Bay Gaol gardens (512°25'30”,
E130°50'17"), Charles Darwin University (5S12°24'39”,
E130°56'37"), and a council park in the suburb Coconut Grove
(512°23'44”, E130°51'16"). Urban sites were characterized by
landscaped gardens with large open areas of lawn (Digitaria
didactyla, Paspalum notatum), numerous palms (Archontophoenix



298 S. IGLESIAS ET AL.

alexandrae, Carpentaria acuminata), and some trees (Calophyllum
inophyllum, Plumeria rubra).

Study Animals.—Lizards were brought back to the lab within
12 h of capture, and body mass was measured to the nearest 0.01
g with an electronic balance. Snout-vent length (SVL), forelimb
length (FLL), hind-limb length (HLL), and tail length (TL) were
measured to the nearest 1.0 mm using a ruler. Head width (HW)
and head length (HL) were measured to the nearest 0.01 mm
using digital calipers. Only sexually mature adults were included
in this study. Female lizards with a SVL > 70 mm were
considered adults, based on the smallest gravid female we
captured. Male lizards that had a SVL > 80 mm were considered
adults, based on a previous study (Christian et al., 1999b).

The lizards were held in cloth bags and kept inside constant
temperature cabinets at 30°C for four days. All feces produced
by the lizards, from the time of capture through their first four
days in captivity, were collected and dried at 60°C to constant
weight. The dry mass of the feces was measured to the nearest
0.01 g with an electronic balance, to be used as an index of the
amount of food consumed by each lizard in the field (Avery,
1971). The use of this index is limited because some prey items
may be more completely digested than others; thus, the amount
of feces produced underestimates the actual amount of prey
consumed. Nonetheless, given that the diet of lizards in urban
sites and bush sites is similar (S. Iglesias, pers. obs.) and that our
interest lies not in determining actual feeding levels but rather
in comparing feeding levels between these groups, we believe
the use of this index is justified. The mean mass of feces excreted
by animals was calculated for each of the following tropical
seasons: dry season (June through August), dry—wet transition
(September through November), wet season (December
through March), and the wet-dry transition (April through
May).

At the conclusion of experiments, lizards were returned to
within 5 m of their point of capture and released. Lizards were
marked with a number on their ventral surface using a felt-
tipped pen before release, to reduce our rates of recapture. The
marker lasted for at least one month during the wet season and
up to three months during the dry season.

Resource Abundance—From June 2005 to May 2006, we also
measured invertebrate abundance and soil moisture each month
at two city sites and two bush sites. Lophognathus temporalis is
primarily an insectivorous lizard (Cogger, 2000); thus we used
invertebrate abundance as an index of food availability for
lizards in each habitat. Invertebrate abundance in trees and on
the ground was sampled using a converted leaf vacuum that was
fitted with a thin nylon mesh bag to collect all the material
sucked up by the vacuum during sampling. Each tree sample
consisted of 50, 3-5-sec suction bursts, each made within a 2-m
wide and 40-m long belt transect of trees and shrubs at each site.
Each ground sample consisted of 50, 3-5-sec suction bursts of an
arc approximately 1 m in diameter swung 0.1 m above the
ground along a 40-m transect at each site. Samples were brought
back to the laboratory and frozen no more than 4 h after
sampling. The samples were later removed from the freezer, and
the invertebrates collected were counted and classified to the
level of order. Tree samples and ground samples were combined
into a single monthly sample for each site. Invertebrates deemed
too small to be considered a prey item for L. temporalis (<0.001 g)
were not included.

Soil moisture was measured each month in three randomly
chosen areas within two urban sites and two bush sites using a

Theta Probe soil moisture sensor (Measurement Engineering
Australia, Inc.).

Statistical Analysis—All size data were log transformed prior to
statistical analysis. Log mass, log SVL, and body condition index
results of all L. temporalis captured were analyzed using a two-
factor ANOVA to test for sex and habitat differences. The body
condition index was calculated using: Body condition = mass/
snout-vent length® x 10° (Romero and Wikelski, 2001). Linear
measurements (log HW, log HL, log FLL, log HLL, log TL) of all
L. temporalis captured were compared using a two-factor
ANCOVA with sex and habitat as factors and log SVL as a
covariate, to determine differences in body shape.

We tested for differences in maximum size between habitats
using log mass and log SVL of the largest 20% of the lizards
captured at each site in a nested ANOVA with site and habitat
as factors. By using the largest 20% instead of the means of all
the lizards captured, problems associated with sampling bias
and small sample sizes are minimized, resulting in a more
accurate estimate of maximum size (see Stamps and Andrews,
1992; Tracy, 1999).

The mean amount of feces excreted by all lizards captured
was log transformed and analyzed using a three-factor
ANCOVA with sex, habitat, and season as factors and log
lizard mass as the covariate to compare the amount of feces
excreted by bush and urban L. temporalis when mass effects
were accounted for.

Invertebrate abundance was compared using two-factor
ANOVA to test for habitat and seasonal differences. Monthly
soil moisture in each habitat was compared using repeated-
measures ANOVA.

The homogeneity of slopes assumption was tested prior to
analysis wherever ANCOVA was used. All tests were per-
formed using the SuperANOVA statistical package (Abacus
Concepts, Inc.).

All reported means are arithmetic means *+ standard error,
unless otherwise stated. Differences in means were considered
statistically significant when P < 0.05.

REesuLTs

Maximum Body Size—Both habitat and site were significant
factors affecting maximum body mass and SVL in male L.
temporalis (Table 1). However, despite significant variation among
sites, there was no overlap in the maximum body masses
attained by male L. temporalis from urban sites (60.0-75.5 g)
compared to those from bush sites (30.0-49.6 g) and no overlap in
the maximum SVL attained by male L. temporalis from urban sites
(121.0-128.6 mm) compared to those from bush sites (101.3-116.3
mm; Table 2).

Both habitat and site were significant factors of maximum
body mass in female L. temporalis (Table 1). However, although
habitat was a significant factor of maximum SVL in female L.
temporalis, site was not (Table 1). As was the case with males,
despite significant variation among sites, there was no overlap
in the maximum body masses attained by female L. temporalis
from urban sites (23.8-32.6 g) compared to those from bush sites
(19.6-19.7 g) (Table 2). Maximum SVL was greater in female L.
temporalis from urban sites (94.5-103.9 mm) than in female L.
temporalis from bush sites (84.5-87.5 mm) (Table 2).

In the comparisons that follow, we pooled our results into two
groups, urban and bush L. temporalis. We used all the body-size
data we collected for all the lizards we captured to examine the
effects that habitat type has on mean body size and morphology
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TaBLE 1. Results of nested ANOVAs (site nested within habitat) for
the largest 20% of Lophognathus temporalis in urban and bush sites.
Habitat is a significant factor affecting maximum body size across all
groups.

Dependent
variable Sex Source df F P
Mass Males Habitat 1 17.19 0.010
Site(Habitat) 5 20.46 <0.001
Error 38
Females Habitat 1 10.17 0.033
Site(Habitat) 4 6.05 0.003
Error 19
SVL Males Habitat 1 7.05 0.045
Site(Habitat) 5 16.63 <0.001
Error 38
Females Habitat 1 14.34 0.019
Site(Habitat) 4 2.76 0.058
Error 19

in these lizards. Although we acknowledge the limitations of
this approach (i.e., variability attributable to site is assumed to
be minimal), small sample sizes from some of our study sites
precluded other types of analysis. However, given that there
was a significant effect of habitat on maximum mass and SVL in
L. temporalis, even when site effects were taken into account
(Table 1), and also that there was no overlap in maximum body
mass or maximum SVL between urban and bush populations of
L. temporalis (Table 2), we believe these comparisons to be
reasonable and valid.

Mean Body Size, Body Condition, and Morphology—Mean body
mass and mean SVL were significantly greater in urban L.
temporalis than in bush L. temporalis (Table 3). Urban males were
on average 1.7 times heavier and 1.1 times longer than bush
males, whereas urban females were on average 1.4 times heavier
and 1.1 times longer than bush females (Table 4). Sex is also a
strong factor affecting size in these lizards. Male L. temporalis had
significantly greater mass and SVL than did female L. temporalis
(Table 3). In urban habitats, males were 2.3 times heavier and 1.3
times longer than females, whereas in bush habitats, males were
1.9 times heavier and 1.2 times longer (Table 4).

The body condition index of urban L. temporalis was
significantly higher than that of bush L. temporalis (Table 3).
The interaction between habitat and sex was significant.
Although urban males had a better body condition index than
did urban females (P < 0.001), bush males and bush females
had similar body condition indexes (P = 0.108).

TaBLE 3. Results of two-factor ANOVA (habitat and sex as factors)
for each of three analyses: mass, SVL, and body condition index of
Lophognathus temporalis in urban and bush habitat.

Dependent
variable df F P
Mass Habitat 1 61.81 <0.001
Sex 1 0.02 <0.001
Habitat x sex 1 3.84 0.051
Error 301
SVL Habitat 1 5728 <0.001
Sex 1 0.021  <0.001
Habitat x sex 1 1.75 0.187
Error 301
Body condition index = Habitat 1 22091 <0.001
Sex 1 3017 <0.001
Habitat x sex 1 7.36 0.007
Error 301

Head size (HL and HW) was similar between urban and bush
L. temporalis (Table 5). Male L. temporalis had longer heads than
did female L. temporalis, and in urban habitats, males also had
wider heads than did females (P = 0.021), although in bush
habitats HW was similar between the sexes (P = 0.154).

Urban L. temporalis had longer limbs (FLL and HLL) than did
bush L. temporalis, and males had longer limbs than did females
in both habitats (Table 5). Tail length was similar between urban
and bush L. temporalis, but males had longer tails than did
females in both habitats (Table 5).

Feces Excreted —During their first four days of captivity, urban
L. temporalis excreted more feces than did bush L. temporalis, even
when differences resulting from body mass were taken into
account (Table 6). Males and females from both habitats excreted
similar amounts of feces; however, season had a significant effect
on the amount of feces excreted by all groups (Table 6). The
season X habitat interaction was also significant indicating that
the effect of season was not the same in both habitats. Lizards in
each habitat excreted the most feces during the wet season.
However, urban lizards excreted the least amount of feces during
the dry season, whereas bush lizards excreted the least amount of
feces earlier, during the wet—dry transition (Fig. 1). Further
analysis showed that urban lizards excreted similar amounts of
feces during the wet season and the wet—dry transition (P =
0.164).

Invertebrate Abundance—Insect abundance was not significant-
ly affected by season in urban habitats (F3,0) = 271.694, P =
0.606). However, insect abundance was significantly affected by

TapLE 2. Maximum body masses and SVL of adult Lophognathus temporalis in four urban sites and three bush sites. Values are the means of the
largest 20% of lizards captured at each site = SE. Despite some variation attributable to site, there was little overlap in maximum body mass and SVL
between lizards from urban sites and those from bush sites. Superscript letters represent significant differences between the means for each trait

between sites (i.e., down each column).

Males Females
N Mass (g) SVL (mm) N Mass (g) SVL (mm)

Urban sites

Darwin Botanic Gardens 8 64.79 = 1.78° 121.8 = 1.6 5 28.92 + 0.99? 101.0 = 1.6*

Fannie Bay Gaol 13 7550 = 1.37° 128.6 = 1.0° 8 32.64 = 0.90° 103.9 = 0.9

Charles Darwin University 6 63.34 = 3.53% 121.0 = 2.3° 2 26.78 + 0.79%¢ 945 + (0.5°

Coconut Grove 3 60.03 = 2.232 121.7 + 3.8¢ 2 23.83 *+ 0.03¢ 96.0 = 1.0°
Bush sites

Mickett Creek 4 49.63 = 1.32¢ 116.3 = 1.1¢ 0

Gunn Point 8 35.48 + 1.324 105.9 + 1.0¢ 2 19.69 =+ (.83 87.5 + 2.6°

Howard Springs 3 29.97 + 0.61° 101.3 + 0.9° 2 19.59 + 2.784 84.5 + 3.5°
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TasLE 4. Means * SE and ranges of body size measurements for Lophognathus temporalis from urban and bush habitats. Range is given in
parentheses. Superscript letters represent significant differences between the means for each trait between each group (i.e., across each row).

Urban males Bush males Urban females Bush females
(N = 151) (N = 60) (N =71) (N =23)
Mass (g) 47.60 * 1.33° 27.81 + 1.17° 20.44 + 0.82° 14.88 + 1.11¢
(12.90— 84.20) (11.55-52.80) (9.6338.65) (8.33-26.70)
Body condition index 33.27 + 0.39° 28.92 + 0.42 28.51 = 0.37° 27.30 = 0.61°
(20.04-47.82) (23.94-35.64) (21.72-36.05) (22.19-33.19)
Snout-vent length (mm) 1111 = 1.1° 97.5 = 1.1° 88.3 = 1.1° 80.7 = 1.74
(80-136) (82—114) (72-108) (70-95)
Head length (mm) 28.49 + 0.29° 25.09 + 0.43° 21.69 + 0.34° 19.99 + 0.52°
(19.76-36.60) (17.47-35.56) (12.39-28.82) (16.19-26.34)
Head width (mm) 18.26 + 0.21% 15.46 *+ 0.25%P 13.42 + 0.18 12.50 + 0.31
(11.49-23.11) (11.32-19.88) (10.32-17.15) (9.93-15.43
Fore limb (mm) 463 + 0.3° 415 + 0.5° 37.5 + 0.4° 345 + 0.6
(35-55) (33-49) (31-42) (30-40)
Hind limb (mm) 91.4 + 0.5° 824 = 0.8° 75.0 = 0.7° 69.3 = 1.24
(74—105) (67-95) (63-84) (60-79)
Tail length* (mm) 317.4 + 2.6 287.0 + 3.8° 253.2 = 3.0° 237.8 = 5.4
(227-380) (223-360) (204-299) (198-277)

*Lizards with damaged or regenerated tails were excluded. The actual number of lizards used in tail measurement were as follows: N = 137 for urban males, N = 60 for

bush males, N = 63 for urban females, and N = 20 for bush females.

season in bush habitats (F20 = 4.766, P = 0.011), with insect
abundance being highest during the wet season and lowest
during the dry season.

Within each season, insect abundance was significantly
greater in urban habitat compared to bush habitat (dry: F 10)
= 6.18, P = 0.032; dry—wet transition: Fg 19y = 5.82, P = 0.037;
wet: F314) = 5.14, P = 0.040; wet—dry transition: F(; 5y = 8.56, P
= 0.026).

Soil Moisture.—A two-factor ANOVA of soil moisture, with
habitat and season as factors, showed that there was a significant
effect of habitat (F 136 = 78.16, P < 0.001) and season on water
availability (F136) = 12.50, P < 0.001). The habitat x season
interaction was also significant (Fz136) = 5.61, P = 0.001).
Although soil moisture did not vary with season in urban
habitat, soil moisture did vary significantly with season in the
bush habitat. In bush habitat, soil moisture was highest during
the wet—dry transition and lowest during the dry season (Fig. 2).

Discussion

Lophognathus temporalis in urban sites were larger than those
in bush sites. Urban males were, on average, 71.2% heavier and

TasLE 5. Results of two-factor ANCOVA (habitat and sex as factors)
of log-transformed linear body measurements of Lophognathus
temporalis, with log SVL as a covariate.

Dependent
variable Source df F P

Log HL Habitat 1 <0.01 0.994
Sex 1 9.63 0.002
Habitat x sex 1 0.25 0.621

Log HW Habitat 1 3.58 0.059
Sex 1 <0.01 0.858
Habitat x sex 1 8.53 0.004

Log FLL Habitat 1 8.39 0.004
Sex 1 37.03 <0.001
Habitat x sex 1 0.01 0.916

Log HLL Habitat 1 12.41 <0.001
Sex 1 48.14 <0.001
Habitat x sex 1 <0.01 0.952

Log TL Habitat 1 0.17 0.683
Sex 1 17.07 <0.001
Habitat x sex 1 0.05 0.817

13.9% longer than were bush males, and urban females were on
average 37.4% heavier and 9.5% longer than were bush females
(Table 4). Body condition was similar between urban and bush
females; however, body condition in urban males was better
than in bush males. Lophognathus temporalis from urban sites
have longer FLL and HLL than their bush counterparts do
relative to their SVL. HW, HL, and TL however are not
significantly different, suggesting that with the exception of
limb length, body shape is similar between urban and bush
lizards. Food is directly linked to growth, and for most lizards,
limited food availability corresponds to a reduction in growth
(Griffiths and Christian, 1996; Zufiiga-Vega et al., 2005). Insect
abundance in bush habitat was affected by season, with the
greatest abundance occurring during the wet season and the
least during the dry season. This result is consistent with those
of a previous study of invertebrate abundance conducted in
Darwin (Griffiths and Christian, 1996) and with other studies
conducted in similar tropical systems (Denlinger, 1980; Woinar-
ski and Tidemann, 1991). Invertebrate abundance was greater in
urban habitat compared to bush habitat during each season.
Also, although invertebrate abundance was affected by season
in bush habitat, invertebrate abundance was seasonally stable in
urban habitat. Our results suggest that food availability may
play a role in the observed size differences between urban and
bush populations of L. temporalis.

TaBLE 6. Results of three-factor ANCOVA (habitat, sex, and season

as factors) of the amount of feces excreted by Lophognathus temporalis

during their first four days of captivity, with log body mass as a

covariate.

Dependent

variable Source df F P

Log feces  Habitat 1 8.05 0.005
Season 3 4.57 0.004
Sex 1 1.95 0.164
Season x habitat 3 414 0.007
Habitat x sex 1 1.467 0.227
Sex x season 3 0.33 0.802
Sex x habitat x season 1 0.17 0.683
Error 250
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corrected using ANCOVA) by Lophognathus temporalis = SE, during four
tropical seasons. Solid lines represent all lizards from urban habitat and
dashed lines represent all lizards from bush habitat.

When mass effects were taken into account, the amount of
feces excreted by urban L. temporalis was greater than that
excreted by bush L. temporalis (Table 6). This result further
supports our hypothesis that food availability may be an
important factor contributing to the size differences between
urban and bush populations of L. temporalis.

Other factors contributing to the observed size differences
between urban and bush populations of L. temporalis may be
related to seasonal water availability. The natural bush
environment in the tropics undergoes dramatic changes in
water availability during the wet and dry seasons (Griffiths and
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Christian, 1996; Christian et al., 1999a,b). By comparison, the
urban environment with its year-round access to artificial
watering systems is less variable in terms of seasonal
fluctuations in water availability. This was reflected in our soil
moisture results, which showed that soil moisture in urban
habitat did not vary seasonally and was consistently higher
than in bush habitat except during the wet—dry transition when
soil moisture was similar in both habitats. It should be noted
that, in the year in which we conducted our soil moisture
measurements, the rainy season occurred late, and heavy rains
fell during March and April (i.e., between the end of the wet
season and the start of the wet-dry transition). In most other
years, soil moisture in city and bush sites is likely to be most
similar during the wet season (December through March) only.

We encountered L. temporalis with much greater frequency in
urban sites than in bush sites, and this is reflected in the number
of animals caught in each habitat (Table 4). Although we did not
measure capture effort directly, we do know that we typically
spent much less time collecting equal or greater numbers of L.
temporalis in urban sites (30 min to 1 h) than in bush sites (24 h).
This difference suggests that urban populations of this lizard
may be denser than bush populations. Larger body size is
sometimes favored in high density populations because of the
enhanced competitive ability afforded by large body size
(Calsbeek and Smith, 2007). This trend is especially pronounced
when resources (food and water) are not a limiting factor. Thus,
higher population densities in urban L. temporalis may also be a
factor contributing to their larger body size compared to those
from bush populations.

It is interesting to note that urban L. temporalis had longer
limbs than did bush L. temporalis. Lizards from open terrestrial
habitats tend to have longer limbs than do those from more
densely vegetated habitats (Melville and Swain, 2000; Herrel et
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Fic. 2. Seasonal soil moisture in urban (unshaded) and bush habitats (shaded). Values are means * SE, and units of soil moisture are m® of H,O
per m® of soil. Equivalent lowercase letters indicate no significant difference at the P < 0.05 level using ANOVA and Fisher’s LSD posthoc tests.
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al., 2002; Schulte et al., 2004). This difference may represent
adaptive plasticity, because locomotor ability benefits from long
legs in open terrestrial habitats and from short limbs in dense
vegetation (Melville and Swain, 2000). Urban sites in this study
were more open and less densely vegetated than bush sites;
thus, habitat differences in vegetation may help explain the
difference in limb lengths observed between urban and bush L.
temporalis.

Darwin is a relatively young city, having been founded in
1869. Assuming that (a) the modern urban habitat in Darwin is
approximately 100 years old (although in reality it is probably
less, with respect to widespread irrigation) and (b) that L.
temporalis becomes sexually mature after one year (K. A.
Christian, pers. obs.) then we can also assume that any changes
observed in urban dwelling L. femporalis have occurred over 100
generations or fewer. Thus, urban L. femporalis may represent
another example of an animal rapidly evolving (Phillips et al.,
2006; Carroll et al., 2007; Witte et al., 2008). Further work on this
species, such as common garden and translocation experiments,
are encouraged and will go a long way toward helping us to
determine whether the differences in size between urban and
bush populations of L. temporalis have their origins in genetics or
phenotypic plasticity.

In summary, L. temporalis is a sexually dimorphic lizard that
can be found in both urban and natural bush habitats. Urban
populations of this lizard have greater mass, longer SVL, and
longer FLL and HLL than do bush populations. Urban males
also have better body condition than do bush males, although
females from both habitats have similar body condition.
Habitat effects on morphology are most pronounced and
readily observed in males. The reason behind the differences
in size we observed between urban and bush populations of
this lizard remain unclear; yet the answer may be related to
differences in food and water availability, which were more
abundant and seasonally stable in urban habitats compared to
bush habitats. High population densities of this lizard in urban
sites may also be a contributing factor to the observed size
differences; however, these explanations, which are not an
exhaustive list, remain as hypotheses to be tested in additional
studies.

Urbanization of the natural environment impacts on native
wildlife (Dickman, 1987; Dickman and Doncaster, 1987; Fearn et
al., 2001; Shine and Koenig, 2001; Prosser et al., 2006). However,
the impact is not always negative, and some animals actually
benefit from living in the modified urban environment (Fearn et
al., 2001). Given that L. temporalis is larger and possibly more
numerous in urban populations than in bush populations, then
L. temporalis can be considered yet another example of a
successful invader of the urban environment.

Acknowledgments.—We thank the numerous field volunteers
that assisted with lizard capture: G. Iglesias, M, Iglesias, L.
McArthur, B. Phillips, J. Smith, S. Reynolds, L. MacKay, M.
Gray, L. Arroyo, A. Rodriguez, P. Meson and B. Gémez. We also
thank L. Hutley for technical assistance with soil moisture
measurements and R. Peng for technical assistance with insect
sampling. Work was funded by a Charles Darwin University
Postgraduate Scholarship (UPRS) and partially funded by
Australian Research Council (grants DP0559093 and
DP0879851 to KC and CT). Work was done under permits from
the Parks and Wildlife Commission of the Northern Territory
(19980, 22864, and 25538) and Charles Darwin University
Animal Ethics Committee (A04035).

LiTERATURE CITED

AVERY, R. A. 1971. Estimates of food consumption by the lizard Lacerta
vivipara Jacquin. Journal of Animal Ecology 40:351-365.

Bramirges, S. J., aND K. A. CHRISTIAN. 1999. Seasonal water loss of the
lizard Lophognathus temporalis in the wet-dry tropics of northern
Australia. Amphibia-Reptilia 20:211-215.

Bosack, S. M. 2006. A morphometric comparison of island and mainland
boas (Boa constrictor) in Belize. Copeia 2006:261-267.

CaLsBeek, R., aND T. B. SmitH. 2007. Probing the adaptive landscape using
experimental islands: density-dependent natural selection on lizard
body size. Evolution 61:1052-1061.

CarroLL, S. P, A. P. Henpry, D. N. Reznick, anp C. W. Fox. 2007.
Evolution on ecological time-scales. Functional Ecology 21:387-393.

ChrisTiaN, K. A., B. GReeN, AND R. KENNET. 1996. Some physiological
consequences of estivation by freshwater crocodiles, Crocodylus
johnstoni. Journal of Herpetology 30:1-9.

ChrisTiaN, K. A., G. S. Beprorp, anD T. 1. Schurtz. 1999a. Energetic
consequences of metabolic depression in tropical and temperate-
zone lizards. Australian Journal of Zoology 47:133-141.

CurisTiAN, K. A., G. S. BEpForD, B. GreeN, A. D. GrirriTHS, K. NEWGRAIN,
AND T. Scrurtz. 1999b. Physiological ecology of a tropical dragon,
Lophognathus temporalis. Austral Ecology 24:171-181.

Cocaer, H. G. 2000. Reptiles and Amphibians of Australia. Reed New
Holland, Sydney, New South Wales.

DENLINGER, D. L. 1980. Seasonal and annual variation of insect
abundance in the Nairobi National Park, Kenya. Biotropica 12:100-
106.

DickmaN, C. R. 1987. Habitat fragmentation and vertebrate species
richness in an urban environment. Journal of Applied Ecology 24:
337-351.

DickmaN, C. R., anp C. P. Doncaster. 1987. The ecology of small
mammals in urban habitats. I. Populations in a patchy environment.
Journal of Applied Ecology 56:629-640.

FEARN, S., B. ROBINSON, B. SaMBONO, AND R. SHINE. 2001. Pythons in the
pergola: the ecology of "nuisance” Carpet Pythons (Morelia spilota)
from suburban habitats in south-eastern Queensland. Wildlife
Research 28:573-579.

GHALAMBOR, C. K., J. K. McKay, S. P. CarroLL, AND D. N. Reznick. 2007.
Adaptive versus non-adaptive phenotypic plasticity and the
potential for contemporary adaptation in new environments.
Functional Ecology 21:394-407.

GrirriTHS, A. D., anD K. A. CHRrisTIAN. 1996. Diet and habitat use of
frillneck lizards in a seasonal tropical environment. Oecologia 106:
39-48.

HEerreL, A., J. J. MEYERS, AND B. VanHOOYDONCK. 2002. Relations between
microhabitat use and limb shape in phrynosomatid lizard. Biological
Journal of the Linnean Society 77:149-163.

KenNETT, R. 1999. Reproduction of two species of freshwater turtle,
Chelodina rugosa and Elseya dentata, from the wet—dry tropics of
northern Australia. Journal of Zoology 247.

KOoENIG, J., R. SHINE, AND G. SHEA. 2001. The ecology of an Australian
reptile icon: how do Bluetongue Lizards (Tiligua scincoides) survive in
suburbia? Wildlife Research 28:215-227.

. 2002. The dangers of life in the city: patterns of activity, injury
and mortality in suburban lizards (Tiliqgua scincoides). Journal of
Herpetology 36:62—68.

Losos, J. B.,, K. I. WarnErm, anp T. W. SchHoener. 1997. Adaptive
differentiation following experimental island colonization in Anolis
lizards. Nature 387:70-73.

MALHOTRA, A., AND R. S. THORPE. 1997. Size and shape variation in a
lesser Antillean anole, Anolis oculatus (Sauria: Iguanidae) in relation
to habitat. Biological Journal of the Linnean Society 60:53-72.

MELVILLE, ]J., AND R. SwaIN. 2000. Evolutionary relationships between
morphology, performance, and habitat openness in the lizard genus
Niveoscincus (Scincidae, Lygosominae). Journal of the Linnean
Society 70:667-683.

Puiuies, B. L., G. P. BRowN, J. K. WEBB, AND R. SHINE. 2006. Invasion and
the evolution of speed in toads. Nature 439:803.

Prosser, C., S. HubsoN, AND M. B. THomPsoN. 2006. Effects of urbanization
on behavior, performance, and morphology of the Garden Skink,
Lampropholis guichenoti. Journal of Herpetology 40:151-159.

Rippath, M. G. 1985. Ecology in the wet—dry tropics: how different?
Proceedings of the Ecological Society of Australia 13:3-20.

Romero, L. M., aND M. WikeLski. 2001. Corticosterone levels predict
survival probabilities of Galapagos marine iguanas during El Nifio
events. Proceedings of the National Academy of Sciences 98:7366—-
7370.




BODY SIZE AND SHAPE IN LOPHOGNATHUS TEMPORALIS 303

ScHurte, J. A., 11, J. B. Losos, E. B. Cruz, anp H. NUNEz. 2004. The
relationship between morphology, escape behaviour and micro-
habitat occupation in the lizard clade Liolaemus (Iguanidae:
Tropidurinae: Liolaemini). Journal of Evolutionary Biology 17:
408-420.

SHINE, R., AND ]J. KoeniG. 2001. Snakes in the garden: an analysis of
reptiles “rescued” by community-based wildlife carers. Biological
Conservation 102:271-283.

Stamps, J. A., AND R. M. ANDREws. 1992. Estimating asymptotic size using
the largest individuals per sample. Oecologia 92:503-512.

SUMNER, J., C. MoRITZ, AND R. SHINE. 1999. Shrinking forest shrinks skink:
morphological change in response to rainforest fragmentation in the
prickly forest skink (Gnypetoscincus queenslandiae). Biological Con-
servation 91:159-167.

Tracy, C. R. 1999. Differences in body size among chuckwalla
(Sauromalus obesus) populations. Ecology 80:259-271.

WittE, E., M. WELTEN, M. HEEMSKERK, I. VAN DER StaPp, L. Ham, H. RUTJES,
AND J. WANINK. 2008. Major morphological changes in a Lake Victoria
cichlid fish within two decades. Biological Journal of the Linnean
Society 94:41-52.

Woinarskl, J. C. Z., anD S. C. TibEMANN. 1991. The bird fauna of
deciduous woodland in the wet—dry tropics of northern Australia.
Wildlife Research 18:479-500.

ZUNIGA-VEGA, J. J., R. I. Rojas-GoNzALEZ, J. A. LEMos-EsPINAL, AND M. E.
PErez-TrEjO. 2005. Growth ecology of the lizard Xenosaurus grandis in
Veracruz, México. Journal of Herpetology 39:433—443.

Accepted: 6 May 2011.



