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Reptile Responses to Lantana Management in a Wet Sclerophyll Forest, Australia
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ABSTRACT.—Lantana (Lantana camara L., Verbenaceae) is an invasive species of global interest that threatens more than 300 Australian plant

and animal species of conservation significance. Reptiles may be at high risk due to their ground-dwelling habit and reliance on microhabitat
structure. We examined the effects of lantana, and its management, on reptile assemblages in a wet sclerophyll forest in southeast Queensland,

Australia. We compared reptile assemblages across four treatments: (i) manual clearing and herbicide application; (ii) herbicide application

followed by prescribed burn; (iii) untreated lantana thickets; and (iv) wet sclerophyll forest. Plots treated with herbicide and then burned were

structurally more diverse than manually cleared sites and supported a greater diversity of reptiles. No species occurred exclusively in untreated
lantana habitats; however, these plots supported relatively high abundances of rare species, particularly Challenger Skinks (Saproscincus rosei).
Lantana also had a higher species richness compared to manually cleared and sclerophyll forest. The use of lantana as habitat by a number of

species highlights the need to consider the importance of these habitats for fauna prior to implementing management options. Herbicide

application followed by prescribed burning appears to be an ideal approach to manage lantana due to the increased heterogeneity and regrowth
of native vegetation, an option which supported more diverse reptile communities. Our results caution against the whole scale clearing of

lantana from invaded areas, as these habitats continue to support reptile communities including threatened species. Nevertheless, by treating

lantana with herbicide and prescribed fire, reptile community structure might be maintained.

Habitat invasion by exotic weed species is one of the most

globally significant environmental issues affecting biodiversity

of natural ecosystems (Fensham et al., 1994; Thuiller et al., 2005;

Sinden and Griffith, 2007). Exotic weeds alter ecosystem

functioning by modifying habitats, competing with native flora,

and suppressing native fauna, thereby placing additional

pressure on already vulnerable species (Groves et al., 2003;

Thuiller et al., 2005; Gooden et al., 2009b). Lantana (Lantana
camara L., Verbenaceae) is a global weed established in almost

50 countries (Sharma et al., 2007). In Australia, lantana thrives in

numerous forests along the eastern coastline (Day et al., 2003;

Sharma et al., 2007), covering over 5% of Australia’s landscape

(Turner and Downey, 2008). Lantana invasion is listed as a Key

Threatening Process to more than 1,386 Australian plant and

animal species, including over 300 species of conservation

significance, prompting its listing as a Weed of National

Significance (WONS) (Groves et al., 2003; Turner and Downey,

2010).

Few studies have considered the impacts of lantana on

Australian terrestrial fauna, with most studies focusing on birds

(Liddy, 1985; Smith et al., 1998; Goth and Vogel, 2002) and small

mammals (Goosem et al., 2001; Goosem et al., 2006). More

recently, attention has shifted to reptiles, where Turner and

Downey (2010) found that the greatest number of high priority

animal species threatened by lantana were reptiles, through

species displacement, or those ’’considered at risk’’ where more

information is required. A number of reptile species were also

identified as positively affected by lantana; however, fewer

reptiles benefit from lantana compared with birds and

mammals (Turner and Downey, 2010).

Reptiles may be at high risk from lantana due to their ground-

dwelling habit and reliance on microhabitat structure for

foraging, basking, and refuges (Hadden and Westbrooke,

1996; Singh et al., 2002; Fischer et al., 2005). Lantana alters

habitat structure due to its thicket-forming nature (Swarbrick et

al., 1995; Day et al., 2003; Sharma et al., 2007; Gooden et al.,
2009a), potentially affecting reptile microhabitats.

In Australia, lantana has been established for over 160 yr
(Sharma et al., 2005) and may have resulted in landscape
homogenization (Hiremath and Sundaram, 2005; Gooden et al.,
2009b). Reptilian responses to homogenization depend on the
loss of particular habitat features (Fischer et al., 2005; Valentine
and Schwarzkopf, 2009). Maximizing reptilian diversity there-
fore requires the maintenance of habitat heterogeneity at both
the microhabitat and landscape scales (Fischer et al., 2005).
Homogenization by lantana may affect key physiognomic
characteristics that determine reptile occupancy including shrub
complexity, canopy cover, litter cover, coarse woody debris
(CWD), disturbance history (i.e., fire history), and soil charac-
teristics (Hadden and Westbrooke, 1996; Garden et al., 2007).

Notwithstanding the potential impacts associated with
lantana itself, management of this weed may also impact on
natural habitats (Hobbs and Humphries, 1995; Zavaleta et al.,
2001; Gooden et al., 2009a; Valentine and Schwarzkopf, 2009).
Little consideration has been given to the long-term benefits or
the ecological consequences of weed management practices
(Zavaleta et al., 2001; Valentine and Schwarzkopf, 2009). Broad-
scale weed removal can denude habitats (Swarbrick et al., 1995),
significantly affecting microhabitats vital for reptile assemblages
(Valentine and Schwarzkopf, 2009). It is therefore important to
consider the flow-on effects of weed management strategies
before undertaking large-scale clearing or management in order
to minimize the effects on reptiles. While this emphasizes the
need for well-defined adaptive management objectives (Hobbs
and Humphries, 1995; Zavaleta et al., 2001), there are limited
quantitative data available to guide these decisions.

Australian lantana management guidelines advocate an
integrated approach combining the conventional methods of
(i) chemical control, (ii) manual removal, and (iii) control by fire
(Day et al., 2003; NHT, 2003; Stock et al., 2009). While this
approach may lead to more ecologically desirable outcomes for
vegetation communities (Day et al., 2003), the potential
implications of these integrated approaches for faunal commu-
nities, particularly reptiles, is poorly understood.

Here, we examined the effects of lantana and its removal on
reptile assemblages in a wet sclerophyll forest by comparing
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two integrated management approaches in a small-scale
experimental field study. We firstly tested the hypothesis that
lantana-invaded habitats support depauperate reptile commu-
nities and, secondly, that lantana management which reduces
the structural integrity of habitat would reduce reptile diversity.

MATERIALS AND METHODS

Study Site and Treatments.––This study was undertaken in
Curramore Sanctuary (2984005600S, 15284402300E), a 175-ha Aus-
tralian Wildlife Conservancy (AWC) reserve reaching 661 m
elevation and located on the western edge of the Blackall Ranges,
southeast Queensland, Australia (Fig. 1). Curramore is a forest
mosaic dominated by wet sclerophyll forest communities (EPA,
2008). It is primarily tall, open forest with Sydney bluegum
(Eucalyptus saligna) or flooded gum (Eucalyptus grandis), open
forest of grey ironbark (Eucalyptus siderophloia), grey gum
(Eucalyptus propinqua), and white mahogany (Eucalyptus acme-
noides), and some pockets of simple notophyll vine forest usually
with Bangalow palm (Archontophoenix cunninghamiana) (gully
vine forest) on Cenozoic igneous rocks and near coastal hills on
Mesozoic to Proterozoic igneous rocks (EPA, 2008). The sanctuary
is surrounded by the human-transformed habitats of the Maleny
Plateau. Lantana has been present at Curramore for over 50 yr (P.
Stanton, pers. comm.) and, since acquisition by AWC in 2003,
there have been concerted efforts to re-establish the natural
habitats as functional ecosystems. Current management strate-
gies have combined herbicide spraying, manual clearing, and
prescribed burns.

This study was limited by existing weed management
practices undertaken by land managers. We therefore used
space-for-time substitution (Pickett, 1991; Tyre et al., 2000;
Krebs, 2003; Croft et al., 2010) in a small-scale experimental
study to investigate the effects of two lantana treatments on
reptile assemblages in a wet sclerophyll forest. The experimental
design utilized two lantana treatment types as well as a control
(existing untreated lantana thickets) and reference site (undis-
turbed wet sclerophyll forest). Treatments consisted of a
manually cleared, herbicide-sprayed site and a site that was
herbicide-sprayed along with prescribed fire.

Treatments were not replicated at the landscape scale owing
to site and management constraints; therefore, six replicate plots

were used within each treatment area (totaling 24 plots)
consisting of approximately 0.25 ha and separated by
18–115 m. This distance was considered sufficient for indepen-

dence, since small skinks are known to rarely travel distances
further than 20 m (Fischer et al., 2004). Treatment application
was conducted by AWC using a staged approach to the

management of lantana at Curramore; manual clearing and
herbicide application occurred 6–9 months before the initial
reptile surveys, with the herbicide–prescribed fire treatment

completed 6 months before the study. Manual clearing was by
machete and herbicide (10% glyphosate) using a modified gas-
propelled spray gun that allowed for large-scale use. Spot-

spraying was used as a follow-up treatment to limit regrowth
(Totland et al., 2005). The burn treatment had a similar herbicide
application followed by a dieback period of between 3–6

months before a low intensity fire was applied in September
2007.

Reptile Surveys.––Reptile abundance and composition were
assessed at each site using pitfall traps and time-constrained
passive searches during five surveys in April, May, September,

October, and November 2008. Each survey included three trap
nights and three searches per plot. Pitfall trap arrays consisted of
two 20-L plastic buckets per plot, equating to 12 traps per

treatment. These were buried flush with the ground at both ends
of a 10-m drift fence which stood 25 cm high, supported by
galvanized metal rods (5 mm thick) and buried 5 cm below the

ground (Singh et al., 2002). We placed pitfall traps in the center of
the plots and the fence followed local topography. In the
untreated lantana control, we cleared a 1-m wide track through

the center of the lantana thicket to facilitate trap setup and future
access. We also cleared two additional tracks for searches and

habitat surveys.

To complement the pitfall trapping, passive searching was
implemented along two 25-m transects at each plot for 20

person-minutes. To eliminate bias in visibility among the
different treatment types, searches were conducted within
1–2 m of the observer to standardize the results (as was

consistent with the visibility experienced along the tracks within
lantana plots). We identified all observations to species where
possible (Wilson, 2005). However, unidentified reptiles were

assigned to a single, non-specific group (Singh et al., 2002)

FIG. 1. Map of study area, Curramore Sanctuary, showing the location within the east coast distribution of Lantana camara in Queensland (CHAH
2010).
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called ‘‘litter skinks’’ in order to compare the relative
abundance of reptiles among sites.

Habitat Attributes.––We measured twelve habitat attributes
potentially influencing reptile communities, and most-likely
affected by weed management, along three 25 m transects placed
randomly at least 4 m apart and that followed the local
topography (Magnusson et al., 2005) on each plot. Using a
randomized quadrat survey, we measured understory plant
(<0.5 m high) and litter cover by placing ten quadrats (1 m2)
spaced at least 1 m apart along transects (sensu Garden et al.,
2007). We categorized the composition of the understory cover
into ground vegetation (herbs, grasses, sedges, and ferns), shrubs
(vines, shrubs, and seedlings), surface litter (leaf, bark, and
twigs), palm frond litter, or lantana. We determined cover using
visual estimates to the nearest percent within the quadrat for each
category and then calculated the percentage cover of each
category per plot.

We quantified the proportion of CWD and rocks at each site
using a line-intercept method (Sutherland, 2006). We defined
CWD as dead and decomposing woody material and included
stumps and roots (Turner, 2007). Only rocks >8 cm intercept
length were measured, based on a calculation of the range and
mean reptile size from surveys 1 and 2 (mean = 30.2 cm [SD 6

10.5 cm]; range = 12–60 cm) and personal observations from the
pilot study (D. Virkki, pers. obs.).

Light availability, aspect, elevation, and soil characteristics
were measured using point surveys. Light penetration through
the canopy was measured from the start, center, and end of each
plot transect using a light meter at two heights; above shrubs
(2 m) and below shrubs (20 cm). Aspect (8) and elevation (m
A.S.L.) were measured from two points (12 m apart) at each site
using a compass and GPS, respectively. We determined soil
attributes by taking three 120-mL samples (10 cm of top soil) per
plot from the center of each transect. Each sample was classified
separately according to McDonald et al. (1998) using a bolus
and ribbon test to determine the soil type and mean silt and clay
content.

DATA ANALYSIS

Reptile Communities.––Reptile abundance data were standard-
ized as number of captures/hour (i.e. captures/24 h for pitfall
traps) and data from both searches and pitfall traps were pooled.
Unidentified reptiles were only analyzed in comparing overall
relative abundances among treatments. In all analyses, all
Lampropholis skinks that were identified to species were analyzed
separately as well as pooled into a group called ‘‘Lampropholis
spp.’’ which included both unidentified and identified Lamp-
ropholis individuals.

Trends within treatment type were consistent over time;
therefore, we pooled the data across all survey periods to
increase statistical rigor. A dissimilarity matrix of reptile
composition (captures/hour) data of all species using Bray-
Curtis distance measures was created (Brown, 2001; Clarke and
Gorley, 2006). Reptile species that explained most of the
variation in the composition data were determined using
BIOENV (Clarke and Gorley, 2006).

Effects of Treatment.––Total reptile abundance (captures/hour)
and species richness were compared among treatments using
one-way analysis of variance (ANOVA) (Zar, 2007). We analyzed
treatment effects on reptile composition using analysis of
similarities (ANOSIM) on the dissimilarity matrix of reptile data
(Brown, 2001; Clarke and Gorley, 2006). We undertook additional

pairwise post hoc analyses in order to determine which of the
treatments were statistically different before displaying these
treatment patterns using non-metric multidimensional scaling
(MDS) plots (Clarke and Ainsworth, 1993; Clarke and Gorley,
2006). On the MDS plots we also displayed correlated (r > 0.5
correlation using Pearson’s correlation) (Clarke and Warwick,
1994) reptile species as vectors in order to show any patterns in
the composition of reptiles among treatments. We also made
individual species comparisons among treatments using one-way
ANOVA for species identified as being influential in previous
analyses.

Determinants of Reptile Communities.––Habitat attribute data
were normalized (subtract mean and divide by standard
deviation) (Clarke and Ainsworth, 1993; Clarke and Gorley,
2006) prior to comparing the habitat attributes matrix among
treatments using ANOSIM and pairwise post hoc tests. We
generated a non-metric MDS from a Euclidean dissimilarity
matrix (Clarke and Ainsworth, 1993) and displayed correlated
habitat variables (Pearson’s r > 0.5; Valentine and Schwarzkopf,
2009) as vectors in order to show patterns in the habitat attributes
among treatments. We further analyzed differences in habitat
attributes among treatments using one-way ANOVA and least
significant difference (LSD) post hoc tests (Gentle and Duggin,
1997).

To determine habitat characteristics important to reptiles, we
explored meaningful statistical relationships between reptile
assemblages and habitat attributes using BIOENV, which is
commonly used to relate environmental variables to faunal data
matrices (Norkko et al., 2000; Urbina-Cardona et al., 2006). We
found the best combination of habitat attributes that correlated
significantly (a = 0.05) with reptile composition (captures/hour)
by running 1,000 permutations. Individual influential reptile
species were used to investigate relationships with habitat
attributes using stepwise multiple regression analyses (Hadden
and Westbrooke, 1996; Lindenmayer et al., 2009).

RESULTS

Reptile Communities.––During the five survey periods, we
observed a total of 739 individual reptiles of 15 species (four
Elapidae, one Pythonidae, eight Scincidae, one Typhlopidae, and
one Varanidae; Table 1). A total of six species were not found in
lantana, four of which were observed only once including the
Small-eyed Snake (Cryptophis nigrescens), Yellow-faced Whip-
snake (Demansia psammophis), Rough-scaled Snake (Tropidechis
carinatus), and Proximus Blind Snake (Ramphotyphlops proximus)
(Table 1). Most of the variation in reptile composition was
explained by Lampropholis spp. (94.4%) and Challenger Skinks,
Saproscincus rosei (4.0%) for an accumulative total of 98.4%
(BIOENV, P < 0.01).

Effect of Treatment.––Species richness was significantly higher in
burned and untreated lantana plots than in manually cleared
plots (one-way ANOVA, F = 3.30, df = 3, 20, P < 0.05) (Fig. 2a);
however, overall richness was similar (Table 1). Significantly
higher reptile numbers (captures/hour) were observed in
manually cleared sites, and sclerophyll forest had significantly
lower captures (one-way ANOVA, F = 6.54, df = 3, 20, P < 0.01)
(Fig. 2b). It was possible to discriminate among treatments based
on the reptile composition of all species, which also differed
significantly (ANOSIM, R = 0.344, P < 0.001) with three highly
correlated (r > 0.5) species (Lampropholis spp., S. rosei, and
Murray’s Skink [Eulamprus murrayi]; Fig. 3). Similar trends were
also observed from single species analyses, where Lampropholis
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spp. abundance was significantly higher in cleared sites than in

all other treatments and lower in sclerophyll forest (one-way

ANOVA + LSD post hoc, F = 8.49, df = 3, 20, P < 0.01), and

significantly higher abundances of S. rosei were observed in

untreated lantana (one-way ANOVA + LSD post hoc, F = 8.85,

df = 3, 20, P < 0.01).

Determinants of Reptile Communities.––The four treatment types

had distinctive habitat structures (ANOSIM, R = 0.48, P < 0.05;

LSD post hoc, P < 0.05) due to a gradient of differing habitat

attributes (Fig. 4), with 10 attributes contributing to these

significant differences (Table 2). Untreated lantana was dominat-

ed by the weed in the understory, therefore having very low

ground vegetation cover and an open canopy above which

affected light availability (Fig. 4; Table 2). Sclerophyll forest sites

were very dense and structurally diverse, with the lowest light

availability, highest palm frond litter cover, and silt content in the

soil (Fig. 4; Table 2). The burned sites were heterogeneous, with

the highest CWD cover, and generally had a dense understory

layer due to regenerative growth demonstrated by high cover

values for both ground vegetation and shrubs (Table 2). This

regenerative growth was of native species, with very little re-

establishment of weeds recorded, especially of lantana (Table 2).

The manually cleared sites had lower shrub cover than the
burned sites and the highest light availability below shrubs,
highlighting the openness of the sites near the ground (Fig. 4;

Table 2).

Habitat attributes that best explained reptile composition

were the combination of palm frond litter and silt content in the
soil, which explained 57.8% of the variation in the data

(BIOENV, P < 0.01). Both palm frond litter and silt content
had significantly higher values in the undisturbed forest sites
(Table 2), suggesting an overriding influence of this habitat type.

Multiple regressions also detected significant correlations with
habitat attributes for the most influential species. Lampropholis
spp. were significantly correlated with clay content in the soil
(multiple regression, r2 = 0.52, F = 25.76, P < 0.001) and,
importantly, S. rosei was significantly correlated with lantana

cover, reflecting its high abundance at these sites (multiple
regression, r2 = 0.60, F = 33.43, P < 0.001).

DISCUSSION

Determinants of Reptile Communities.––The observed differences

in habitat structure among the sites could be attributed to lantana

TABLE 1. Abundance of reptile species observed over the course of this study showing total recorded abundance (T) and captures/hour (C/H) per
treatment as well as abundance per plot (1–6) within each treatment.

Elapidae Pythonidae Scincidae

Cryptophis
nigrescensa

Demansia
psammophisa

Hemiaspis
signata

Tropidechis
carinatusa

Morelia
spilota

Cyclodomorphus
gerrardii

Eroticoscincus
graciloidesb

Eulamprus
murrayi

Eulamprus
tenuis

Lampropholis
spp.

Lantana
T 0 0 1 0 4 1 3 8 0 95
C/H 0 0 0.003 0 0.8 0.003 0.008 0.417 0 19
1 0 0 0 0 3 0 0 0 0 22
2 0 0 0 0 0 0 0 5 0 7
3 0 0 0 0 0 0 0 0 0 31
4 0 0 0 0 0 0 1 1 0 5
5 0 0 1 0 0 1 1 0 0 19
6 0 0 0 0 1 0 1 2 0 11

Burned
T 1 1 1 1 0 1 2 0 1 104
C/H 0.003 0.003 0.003 0.003 0 0.003 0.006 0 0.003 20.8
1 0 0 1 0 0 1 0 0 0 31
2 1 1 0 0 0 0 1 0 0 23
3 0 0 0 0 0 0 0 0 0 16
4 0 0 0 0 0 0 1 0 0 19
5 0 0 0 1 0 0 0 0 0 5
6 0 0 0 0 0 0 0 0 1 10

Cleared
T 0 0 2 0 0 1 1 1 0 213
C/H 0 0 0.006 0 0 0.003 0.003 0.003 0 42.6
1 0 0 0 0 0 0 0 0 0 49
2 0 0 2 0 0 1 0 1 0 23
3 0 0 0 0 0 0 1 0 0 28
4 0 0 0 0 0 0 0 0 0 44
5 0 0 0 0 0 0 0 0 0 25
6 0 0 0 0 0 0 0 0 0 44

Sclerophyll
T 0 0 0 0 3 1 0 9 3 33
C/H 0 0 0 0 0.6 0.003 0 0.814 0.206 6.6
1 0 0 0 0 0 0 0 0 0 19
2 0 0 0 0 1 1 0 0 0 4
3 0 0 0 0 1 0 0 1 0 2
4 0 0 0 0 0 0 0 0 2 3
5 0 0 0 0 1 0 0 2 1 3
6 0 0 0 0 0 0 0 6 0 2
a Species only observed once during the survey period.
b Species classified as rare under the Nature Conservation Act 1992 (Queensland).
c Total number of individuals including only those identified to species (excluding Lampropholis spp. and unidentified litter skinks).
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invasion, as noted in previous studies (Swarbrick et al., 1995;
Gentle and Duggin, 1997; Sharma et al., 2007), or as a result of
ongoing management of lantana. Distinct reptile communities
were observed at Curramore Sanctuary among treatments, and
those were influenced by local habitat structure.

The correlations found among reptiles and habitat attributes
may be a response to lantana, as noted for S. rosei, but it is also
possible that these responses are due to historical vegetation
and habitat patterns as well as to lantana management. The
importance of complex ground substrates for reptiles (Letnic et
al., 2004; Garden et al., 2007) is in line with the high correlation
of palm frond litter with reptiles detected here, as litter provides
important refuges (Brown, 2001; Kanowski et al., 2006). The
association with palm frond litter, specifically, has not been
previously identified but is likely to mirror the importance of
the cover and depth of other forms of litter, as shown by other
studies (Brown, 2001; Kanowski et al., 2006; Valentine et al.,
2007; Valentine and Schwarzkopf, 2009; Mott et al., 2010). The
prevalence of silt in sclerophyll forest may not be directly
important to reptiles but may be an artifact of the closed nature
of these habitats, which have been shown to have higher
quantities of silt (Islam and Weil, 2000).

Lantana habitats at Curramore supported a diverse reptile
assemblage, highlighting its value as an important habitat.

Disturbed habitats (i.e., weedy or with weed-treatment appli-
cations) with canopy gaps may enhance reptile populations,
particularly Lampropholis species as ubiquitous generalists that
use disturbed areas and have a preference for cleared areas and
forest edges (Wilson, 2005; Kanowski et al., 2006). Lantana
thrives in canopy gaps with increased sunlight (Fensham et al.,
1994; Swarbrick et al., 1995; Gentle and Duggin, 1998; Day et al.,
2003), which may also confer an increase in available sunlight
for use by basking reptiles, either in small gaps in the lantana or
for reptiles that may climb the plants (Irschick et al., 2005;
Downes and Hoefer, 2007). Members of the genus Lampropholis
were abundant in untreated lantana, cleared, and burned sites
and may have preferred the treatment sites because of the
reduction in canopy cover caused by lantana clearing.

Two rare species, S. rosei and Elf Skinks, Eroticoscincus
graciloides, (as classified under the 1992 Nature Conservation
Act of Queensland) recorded at Curramore usually inhabit
rainforest and wet sclerophyll forest with a very restricted range
in southeast Queensland (Wilson, 2005). There were both
recorded in all treatments, although S. rosei was significantly
more abundant in untreated lantana. The use of lantana habitat
by S. rosei has been previously reported (DECC, 2008) and has
important management implications. Saproscincus species gen-
erally only require microhabitats associated with leaf litter

TABLE 1. Extended.

Scincidae Typhlopidae Varanidae

Lampropholis
adonis

Lampropholis
couperi

Lampropholis
delicata

Saproscincus
roseib

Unidentified

litter skinks

Ramphotyphlops
proximusa

Varanus
varius

Total no.

of individuals

Total no.

ID to speciesc

Total no.

of species

7 15 26 38 12 0 0 210 103 9
0.217 0.042 1.45 7.01 2.4 0 0 31.4 9.95
3 10 3 2 3 0 0
0 1 1 8 3 0 0
2 6 13 6 2 0 0
2 1 0 5 1 0 0
0 2 2 12 3 0 0
0 2 0 5 0 0 0

9 28 23 16 9 0 4 201 88 12
1.01 0.078 1.25 1.23 1.8 0 0.8 27 4.392
0 4 3 2 0 0 1
0 11 7 3 4 0 1
0 4 5 1 2 0 1
2 10 2 9 3 0 0
2 2 0 0 0 0 1
5 3 0 1 0 0 0

2 16 5 7 2 0 1 251 36 9
0.006 0.242 0.211 0.611 0.4 0 0.003 44.1 1.09
0 1 2 0 0 0 1
0 5 0 1 0 0 0
0 0 0 0 2 0 0
0 6 0 1 0 0 0
1 3 1 3 0 0 0
1 1 2 2 0 0 0

9 2 0 11 10 1 2 84 41 9
0.617 0.006 0 2 3 0.003 0.4 14.3 4.65
7 0 0 1 2 0 0
2 2 0 7 1 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 2 0 0 0
0 0 0 1 0 1 2

WEED MANAGEMENT AND REPTILE RESPONSES 181



(Kanowski et al., 2006) and, although litter was not correlated

with S. rosei in this study, litter cover is typically dense within

lantana patches (Stock, 2005) (Table 2); this may lead to S. rosei

favoring lantana.

Management Implications.––This study shows that the compo-

sition of reptile communities is significantly different in lantana

and lantana-managed sites. While our study was confined to a

small experimental analysis, these data provide some preliminary

insight into the potential value of lantana, specifically for reptile

communities. As such, the study provides the basis to test these

responses in order to assess their general applicability.

As our study demonstrates, long-established lantana habitats
are not devoid of reptile species, and land managers will need to
consider the implications of control or eradication programs
prior to deciding on appropriate interventions. Importantly, in
these wet sclerophyll forests, lantana supported relatively high
numbers of rare species, particularly S. rosei, emphasizing the
need to consider the conservation requirements for such species.
Despite the presence of a variety of species within lantana
habitats, there were no species restricted to these areas, and
management interventions that stagger control operations may
allow more species to colonize adjacent suitable habitats. The
effects caused by the treatment strategy, particularly on habitat
structure, and the use of lantana patches as habitat by particular
reptile species suggests the importance of adopting a mosaic
strategy to lantana management. However, little research has
been done on the recovery or resilience of reptile species in wet
sclerophyll landscapes following weed management. Reptiles
are not as mobile as other vertebrates, e.g., birds, and are
therefore not believed to recover as readily, which poses
conservation concerns (Mac Nally and Brown, 2001; Johnson
et al., 2007).

Our study reveals that the combination of herbicide and
burning controlled lantana encouraged the recovery of natural
vegetation at this site and maintained diverse reptile commu-
nities. This diversity of reptiles may have resulted from the
initial regrowth of vegetation in the burned sites, paired with
the high percentage cover of CWD and litter, thus increasing
structural diversity and heterogeneity. Heterogeneous environ-
ments commonly support a greater variety of reptile species
(Brown, 2001; Fischer et al., 2005), and this has significant
management and conservation implications, as prescribed
burning is an integral part of the management of forest reserves
in Australia (Whelan, 1995; Clarke, 2008; Valentine and
Schwarzkopf, 2009).

The results from our study are not consistent with the
negative fire responses of reptiles reported in the past (McLeod
and Gates, 1998; Singh et al., 2002; Andersen et al., 2005) and
may be due to the fact that AWC used a smaller-scale, lower-
intensity burn while allowing more than 6 months recovery
before our initial surveys. The use of lower intensity or patchy
mosaic fires seems to allow reptiles to move into nearby
unburned habitat and, consequently, this technique is therefore
advocated to limit negative effects caused by the fires (Valentine
and Schwarzkopf, 2009). In comparison to other treatment
types, burning may enhance reptile diversity because it removes

FIG. 4. Two-dimensional MDS of habitat attributes among
treatments with highly correlated (r > 0.5) habitat attributes. Each
point represents a replicate plot.

FIG. 3. Two-dimensional MDS of reptile composition of all species
observed (captures/hour) among treatments with highly correlated (r >
0.5) reptile species. Each point represents a replicate plot.

FIG. 2. Mean (6SE) (a) species richness and (b) reptile abundance
(captures/hour) among replicate plots within each treatment.
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non-preferred, weedy, non-native litter (Valentine et al., 2007;
Mott et al., 2010).

Our study delivers two key messages. First, lantana can
support diverse reptile communities and, second, herbicide
application followed by low-intensity burns provides an
effective mechanism to control lantana but still maintain diverse
reptile communities. These observations provide the basis for
further testing at a landscape scale. We also acknowledge that
lantana management in Australia is complicated by potentially
conflicting objectives in the conservation management of wet
sclerophyll forests (Unwin, 1989; Williams, 2000). There is
ongoing debate over the ‘natural’ state of these forests, which
range from grassy to a rainforest understory (Williams, 2000),
and over the role of fire in maintaining the fluid ecotone
between wet sclerophyll and rainforest ecosystems (Bowman,
2000; Bradstock et al., 2005). However, consideration of faunal
communities in land management is increasingly important,
and this study demonstrates the need to monitor the outcomes
of weed management.

Future control measures aimed at reducing the extent of
lantana while restoring native vegetation communities must
consider the potential implications for faunal communities.
Because lantana is widespread across the globe, our study has
implications in many countries. This is particularly imperative
in the context of reptile conservation, as reptiles can have small
home ranges and often exhibit an inability to move on to more
suitable habitat after large-scale vegetation clearing has taken
place (Johnson et al. 2007).
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