
Trinity University
Digital Commons @ Trinity

Biology Faculty Research Biology Department

4-2013

Effects of Human Land Use on Prey Availability
and Body Condition in the Green Anole Lizard,
Anolis carolinensis
Andrew C. Battles
Trinity University, abattles@trinity.edu

Tara K. Whittle
Trinity University, twhittle@trinity.edu

Chelsea M. Stehle
Trinity University

Michele A. Johnson
Trinity University, mjohnso9@trinity.edu

Follow this and additional works at: https://digitalcommons.trinity.edu/bio_faculty

Part of the Biology Commons

This Article is brought to you for free and open access by the Biology Department at Digital Commons @ Trinity. It has been accepted for inclusion in
Biology Faculty Research by an authorized administrator of Digital Commons @ Trinity. For more information, please contact jcostanz@trinity.edu.

Repository Citation
Battles, A. C., Whittle T. K., Stehle C. M., Johnson M. A. (2013). Effects of human land use on prey availability and body condition in
the green anole lizard, Anolis carolinensis. Herpetological Conservation and Biology, 8(1), 16-26.

CORE Metadata, citation and similar papers at core.ac.uk

Provided by Trinity University

https://core.ac.uk/display/216391569?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://digitalcommons.trinity.edu?utm_source=digitalcommons.trinity.edu%2Fbio_faculty%2F43&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.trinity.edu/bio_faculty?utm_source=digitalcommons.trinity.edu%2Fbio_faculty%2F43&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.trinity.edu/bio?utm_source=digitalcommons.trinity.edu%2Fbio_faculty%2F43&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.trinity.edu/bio_faculty?utm_source=digitalcommons.trinity.edu%2Fbio_faculty%2F43&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/41?utm_source=digitalcommons.trinity.edu%2Fbio_faculty%2F43&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:jcostanz@trinity.edu


Herpetological Conservation and Biology 8(1):16 – 26. 
Submitted: 3 August 2012; Accepted: 31 December 2012; Published: 30 April 2013. 
 

16 
 

EFFECTS OF HUMAN LAND USE ON PREY AVAILABILITY AND BODY 

CONDITION IN THE GREEN ANOLE LIZARD, ANOLIS CAROLINENSIS 
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Trinity University, Department of Biology, One Trinity Place, San Antonio, Texas 78212, USA 

1Corresponding author, email: mjohnso9@trinity.edu 
 

Abstract.—Lizards frequently occur in disturbed habitats, yet the impacts of human activity on lizard biology remain
understudied.  Here, we examined the effects of land use on the body condition of Green Anole lizards (Anolis 
carolinensis) and the availability of their arthropod prey.  Because human activity generally alters abiotic and biotic
habitat features, we predicted that areas modified by humans would differ from areas with natural, intact vegetation in 
arthropod abundance and biomass.  In addition, because biological communities in high use areas are often relatively
homogenized, we predicted that higher human land use would result in lower prey diversity.  Regardless of land use, we 
also predicted that areas with greater prey availability and diversity would support lizards with higher body condition.
We studied anoles in six plots with varying levels of human modification in Palmetto State Park in Gonzales County, 
Texas.  We quantified arthropod abundance, biomass, and diversity in each plot via transects and insect traps.  We also
determined lizard body condition using mass:length ratios and residuals, fat pad mass, and liver lipid content.  We found
that, although arthropod abundance did not differ across plots, arthropod biomass was higher in natural than in
disturbed plots.  Diversity indices showed that the plots varied in their arthropod community diversity, but not in relation
to disturbance.  Female (but not male) lizard body condition differed across plots, with body condition higher in natural
plots than disturbed plots.  Together, these results suggest that land use is associated with lizard body condition, but not
through a direct relationship with prey availability. 
 
Key Words.—body condition; edge effects; Green Anole; insect diversity; Texas
 
 

INTRODUCTION 
 
As human activity alters previously undisturbed 

environments, abiotic and biotic features of the 
landscape are often dramatically changed.  In general, 
human land use has largely negative impacts on the 
environment (Johnson 2001; Radeloff et al. 2005).  
These impacts have caused significant losses among 
reptiles and amphibians as their habitats are degraded 
and destroyed (Driscoll 2004; Stuart et al. 2004).  In 
habitats disturbed by human land use, we often find 
declines in species richness and diversity, changes that 
may affect the fitness of organisms at all levels of the 
food web.  For example, human disturbance frequently 
causes habitat fragmentation, which changes the 
composition and function of the landscape, produces 
isolated areas of the natural habitat, and increases habitat 
edges (Murcia 1995; McGarigal and Cushman 2002; 
Fahrig 2003).  The impacts of these changes are diverse: 
some taxa thrive at the intersection of two habitats (e.g., 
Hunter 1990; Christie et al. 2010), while others remain 
abundant only in “interior” habitats (e.g., Schlapfer and 
Thomas 2001; Grez et al. 2004; Reidy et al. 2009).  
Human disturbance is also associated with the 
homogenization of floral and faunal communities, 
reducing the biological diversity of disturbed 
communities (McKinney 2002; Dormann et al. 2007; 
Chen and Qiang 2011).  Thus, human land use may 
impact a particular species directly through its own 

response to a disturbed habitat, or through the altering 
the composition of the competitors, predators, and prey 
with which it interacts. 

In this study, we examined the effects of human 
disturbance on one measure of fitness (body condition) 
of an insectivorous lizard, the Green Anole (Anolis 
carolinensis), and we determined how habitat 
modification and lizard body condition were associated 
with arthropod prey abundance, biomass, and diversity.  
The Green Anole is a small, arboreal lizard common 
throughout the southeastern United States, with its native 
range extending from Texas to the Carolinas (Conant 
and Collins 1998).  Green Anoles are opportunistic 
insectivores, consuming a wide variety of invertebrates 
and on occasion, small vertebrates (Losos 2009).  They 
generally forage for their arthropod prey by moving 
through vegetation and eating any prey that they 
encounter, although they may also use a sit-and-wait 
ambush strategy (Jenssen et al. 1995; Nunez et al. 1997). 
The Green Anole has become a model organism for 
studying many aspects of ecology, evolution, and 
behavior (reviewed in Lovern et al. 2004; Losos 2009), 
although little work has examined how human 
disturbance impacts Green Anoles.  Because the Green 
Anole is prevalent in natural areas as well as in disturbed 
habitats and urban areas (e.g., Wade et al. 1983; 
McMillan and Irschick 2010), the impacts of varied land 
use on prey availability are ecologically relevant to this 
species. 
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The effects of human land use have been relatively 
well-studied at the landscape scale (see studies above), 
but less research has focused on these impacts at a 
smaller, local scale.  Depending on the territory size and 
mobility of an organism, the spatial scale of these effects 
can vary greatly across taxa (Crooks and Soulé 1999).  
Further, because human land use can vary dramatically 
across even a few acres, ecological interactions such as 
those among predators and their prey may also vary at 
the local scale (Lima 2002).  Here, we tested the 
hypothesis that Green Anole body condition varies with 
human land use as a function of arthropod prey 
availability at the scale of a single state park.  Two sets 
of predictions follow from this hypothesis.  First, we 
predicted that relatively undisturbed habitats will differ 
from more highly modified habitats in arthropod 
availability, as measured by arthropod abundance and 
biomass.  As the diet of Green Anoles is predominantly 
composed of arthropod prey, we predicted that increases 
in arthropod abundance and biomass will be positively 
associated with increases in lizard body condition.  
Second, we predicted that arthropod diversity will be 
lower in more disturbed habitats.  Previous work 
assessing the diet of Anolis lizards has shown that anoles 
naturally consume a wide variety of arthropods (e.g., 
Dial and Roughgarden 1995, Reagan 1996); thus, we 
predict that habitats with higher prey diversity will 
maintain higher lizard body conditions. 

 
MATERIALS AND METHODS 

 
Study sites and plots.—We studied Green Anole prey 

availability and body condition at Palmetto State Park in 
Gonzales, Texas, USA (N 29°35.34’, W 97°35.07’) 
during summer 2010.  Palmetto State Park is a 1.09 km2 
park that averages about 90,000 visitors per year, with 
about 33,000 who camp in the park using tents or 
recreational vehicles (RVs).  We studied anoles and their 
prey in six approximately 1000 m2 plots across the park 
(Fig.1), chosen to represent the range of human activity 
across the park, from protected natural palmetto swamp 
to heavily used campsite areas.  All plots were located in 
a central area of the habitat they were chosen to 
represent, were within 1 km of each other, and were 
embedded in a matrix of continuous forest. 

The two plots in the most natural, least-disturbed 
habitats were studied most intensively, as they were also 
the focus of other simultaneous studies.  The Palmetto 
plot was characterized by dense stands of Dwarf 
Palmettos (Sabal minor) and extensive canopy cover 
from trees such as Burr Oak (Quercus macrocarpa), 
Lacey Oak (Quercus laceyi), Cedar Elm (Ulmus 
crassifolia), Green Ash (Fraxinus pennsylvanica), and 
Box Elder (Acer negundo).  This plot, which represented 
the protected palmetto forest for which the state park 
was named, was situated in the middle of a natural forest 

matrix with no habitat edges in the plot.  The Field plot 
was a narrow field consisting of tall grasses surrounded 
by a moderately dense forest of primarily Live Oak 
(Quercus virginiana), Cedar Elm, and small clusters of 
Dwarf Palmettos.  The intersection of the open field and 
the forest resulted in a natural habitat edge on each side 
of this plot. 

The Lake and Trail plots were in areas along trails, 
and were thus moderately impacted by human activity.  
The Lake plot was a third intensively studied plot and 
was located along a park-maintained trail situated 
adjacent to Oxbow Lake.  This plot featured very dense 
understory, small trees and vines [e.g., Alabama 
Supplejack (Berchemia scadens), Mustang Grape (Vitis 
candicans), and the invasive Trumpet-creeper (Bignonia 
radicans)], and a continuous canopy across the trail.  
This closed canopy allowed lizards to utilize habitat on 
both sides of the trail, although the trail that bisected the 
plot and the lake on the northwest side of the plot created 
forest edges in the plot.  The Trail plot consisted of a 
wider trail segment surrounded by a moderately dense 
forest (similar to the Lake plot), but had almost no 
canopy cover across the trail.  As in the Lake plot, the 
trail created distinct edges throughout the plot.  The trail 
in this plot was also more heavily used by park visitors 
than the trail segment in the Lake plot, and was closer to 
bathrooms, the parking lot, and campsites.  

The Building and Campsite plots were the most 
heavily disturbed by human activity.  The Building plot 
was composed of two smaller sites: the grounds 
surrounding the park’s Refectory (constructed by the 
Civilian Conservation Corps in 1933) and Little Hill 
Baptist Church (a small church immediately adjacent to 
the park).  Both were buildings in the middle of a 
forested area, surrounded by large (200–400 m2) mowed-
grass lawns.  The lawns ended abruptly at the edge of the 
forest.  The Campsite plot had a cleared central area 
(approximately 400 m2) with tall grass, surrounded by 
forest similar in composition to the Palmetto plot.  The 
edge structure of the campsite was similar to that of the 
building sites. 

 
Measures of prey availability and diversity.—We 

used two methods to measure arthropods to quantify 
their abundance, biomass, and diversity in each plot.  
Following Dial and Roughgarden (1995), we used 
transects to census a wide range of arthropods and sticky 
glue traps to census flying insects.  The transect data 
provided us with descriptive information on general 
arthropod availability in the plots, while the replicated 
data from the sticky traps provided data for statistical 
analyses comparing the plots.  For both survey methods, 
we did not collect data during inclement weather (i.e., 
rain).  We collected data from all transect and sticky 
traps between 23 June and 13 July 2010, with 
approximately equal intervals between dates of data  
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FIGURE 1. A map of Palmetto State Park, Gonzales, Texas, USA showing the locations of
the plots to study the Green Anole Lizard (Anolis carolinensis), along with representative 
photos of the plots. (Photographed by Michele A. Johnson). 
 

collection in each plot. 
We measured arthropod availability within a 2 x 30 m 

transect in each plot by choosing an arbitrary starting 
point within the plot and identifying a haphazard 
direction to follow for 30 m.  We used this approach to 
choose a starting point rather than a formal 
randomization system because using random points and 
directions in the plot may not have resulted in a 30 m 
long transect that was completely inside the study areas.  
We looked for insects and other arthropods along stems 
and branches, on all surfaces of leaves, in the leaf litter 
on the ground, and in the air.  Within the entire transect 
area (60 m2), we identified each observed arthropod to 
order (or, for spiders, to class Arachnida) and estimated 
its body length to the nearest mm.  We performed 
transect surveys between 1300 and 1600 for each study 
plot.  To survey primarily flying insects, we used 

Catchmaster® sticky traps (AP&G Co., Inc., Brooklyn, 
California, USA) commonly used for catching rodents, 
which were 12.7 x 17.8 cm (5 x 7 in) cardboard 
rectangles coated on one side with a glue-like material.  
For four or five nonconsecutive days, we set five traps in 
each plot for 10 h (approximately 0800–1800, the 
general period of anole activity).  In each plot, we set the 
traps haphazardly at various locations and heights (from 
ground level to approximately 4 m) to represent the 
range of available anole microhabitats.  We attempted to 
maintain a consistent distribution of trap heights and 
types of locations across the plots.  For each arthropod 
captured on a trap, we recorded its order and measured 
its body length using digital calipers. 

To determine insect biomass from the body length 
data from both transects and sticky traps, we used the 
formula W = 0.035 * L2.62, where W is biomass in mg 
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and L is body length in mm (Rogers et al. 1976).  This 
equation provides reasonable biomass estimates across 
diverse insect taxa (Rogers et al. 1976; Robertson et al. 
2011).  We also used transect and trap data to estimate 
arthropod abundance (i.e., the total number of 
arthropods) by order for each plot. 

Additionally, we calculated the relative diversity of 
the arthropod community in each of the plots using three 
indices of community diversity.  We calculated the 
Shannon-Weaver Index of diversity (H’, also known as 
the Shannon-Wiener Index; Shannon 1948; Shannon and 
Weaver 1949), a measure of both the number of taxa 
(richness) and how many members of each taxon are 
present in a given habitat (evenness).  We also 
determined Simpson’s D (a measure of evenness; 
Simpson 1949) for both transect and sticky trap data, and 
we calculated the percentage in each plot of the five 
most abundant orders (following Sponseller et al. 2001) 
in transect data.  This latter measure was not calculated 
for sticky trap data, as traps rarely captured arthropods 
from more than five orders. 

 
Lizard body condition.—In each of the six study plots, 

we attempted to capture all observed lizards by hand or 
noose in overlapping two week periods between 24 May 
and 28 June 2010.  For each lizard captured, we recorded 
its sex and measured its snout-vent length (SVL) using a 
ruler, and mass using a Pesola spring scale.  In the three 
most intensively studied plots (Palmetto, Field, and 
Lake), we also marked each lizard by sewing a unique 
bead tag into its tail muscle (Fisher and Muth 1989).  In 
late July, we re-sampled the study plots to capture 
lizards for tissue collection.  We euthanized these lizards 
in the lab and immediately dissected them to harvest 
liver and fat pad tissues, which we flash froze and stored 
at -80° C (Table 1). 

Because there is currently no consensus on the most 
appropriate index of animal body condition (Vervust et 
al. 2008; Peig and Green 2010), we examined body 
condition using four methods.  First, we calculated the 
mass/SVL ratio, or body mass index (BMI), of each 
lizard captured in the six plots across the summer.  This 
is the simplest, standard measure of body condition in 
reptiles (e.g., van Berkum et al. 1989; van Marken 
Lichtenbelt et al. 1993; Goodman 2008).  Second, we 
calculated the residual of the relationship between mass 
and SVL using linear regression, a measure robust to 
differences in body size (Jakob et al. 1996), using a 
separate regression analysis for each sex.  

The third method we used to determine body condition 
was to measure fat accumulation in abdominal fat pads.  
Fat bodies contain the most labile lipids; therefore 
accumulation and utilization of lipids is most likely to 
occur in the fat pads, a mechanism confirmed in many 
reptilian taxa (Derickson 1976; Warner et al. 2008; 
Counihan et al. 2009).  Using lizards captured in late  

TABLE 1. Sample sizes for body condition analyses (body mass index 
and tissue-based measures of condition) of the Green Anole Lizard 
(Anolis carolinensis) at Palmetto State Park, Gonzales, Texas, USA. 
 
 Sample Sizes:  

Body Mass Index 
(June-July) 

Sample Sizes:  
Tissue Collection  

(Late July) 
Plot Males Females Males Females 

Palmetto 20 30 9 5 

Field 18 21 9 0 

Lake 23 37 4 14 

Trail 10 4 3 0 

Building 8 3 0 0 

Campsite 5 2 1 0 

     
July, we quantified an index of lipid storage as fat pad 
mass (determined immediately after euthanasia) divided 
by live body mass (Goldberg 1972). 

Finally, we determined the concentration of lipids 
stored in the liver, as levels in these lipids have been 
shown to fluctuate as a function of the amount and 
quality of food an animal consumes (lizards: Gist 1972; 
birds, mammals, and reptiles: McCue 2010).  Because 
lipids accumulate in the liver in globules, they can be 
observed and measured using a microscope.  We 
sectioned each frozen liver at 20 µm using a cryostat and 
stained the sections for microscopy using hemotoxylin 
and eosin.  To determine lipid content in these sections, 
we photographed one section of each liver under 100X 
magnification (Fig. 2).  In Photoshop (Adobe Systems, 
San Jose, California, USA), we used the threshold tool to 
change all pixels in the image to black and white, 
isolating the lipid areas as white.  We then determined 
the proportion of white pixels in each image, thus 
determining the percentage of the liver composed of 
stored lipids. 

 
Statistical analyses.—To determine whether there were 
differences in arthropod abundance and biomass among 
the six plots, we used insect trap data to perform a one-
way analysis of variance (ANOVA) for each of these 
variables.  We then used one-way ANOVA to compare 
arthropod abundance and biomass from trap data among 
three categories of plot disturbance, pooling the two 
relatively natural plots (Palmetto and Field), the two 
moderately disturbed plots (Lake and Trail), and the two 
highly disturbed plots (Campsite and Buildings).  We 
also used one-way ANOVA separately for each sex to 
determine whether measures of lizard body condition 
differed among the three primary study plots (Palmetto, 
Field, and Lake), and across the three disturbance levels.  
We used Tukey’s post-hoc tests for all pair-wise 
comparisons following significant ANOVA results.  All 
analyses were performed in SPSS (IBM Corporation, 
Armonk, New York, USA), with α = 0.05. 
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FIGURE 2. Liver samples stained with hemotoxylin and eosin from a) a wild-caught Green Anole Lizard (Anolis carolinensis) with no fat 
globules, and b) a laboratory-housed Green Anole fed ad libitum, with extensive fat globules throughout the liver. The scale is the same for both 
pictures. (Photographed by Tara K. Whittle). 
 

RESULTS 
 
Analysis of insect trap data showed that the six plots 

differed in both arthropod abundance (F5,21 = 5.48, P = 
0.002) and biomass (F5,21 = 2.91, P = 0.038).  
Comparing the natural, moderately disturbed, and highly 
disturbed plots showed that the plots with differing 
levels of human modification differed in arthropod 
biomass (F2,24 = 5.42, P = 0.011), with post hoc tests 
showing that the two most disturbed plots had greater 
arthropod biomass than the two natural plots.  The 
categories of plots also differed in arthropod abundance 
(F2,24 = 5.74, P = 0.009), with post hoc tests showing 
that the most disturbed plots had greater arthropod 
abundance than the two moderately disturbed (but not 
the natural) plots (Table 2). 

Measures of arthropod community diversity using the 
Shannon-Weaver index with primarily flying insects 
(insect trap data) showed lower overall diversity than the 
same measures of transect data, which included all of the 
arthropods we could see (both flying and crawling), but 
the opposite pattern was revealed using Simpson’s D, as 
evenness was on average greater in the transect data 
(Table 2).  Comparing across the plots, the relatively 
natural Field plot contained the highest evenness 
(Simpson’s D), but the lowest diversity as measured by 
the Shannon-Weaver index.  In contrast, the Trail plot, a 
plot with moderately high human activity, had the 
highest Shannon-Weaver index but the lowest Simpson’s 
D.  The two most disturbed plots, Building and 
Campsite, had moderate values for both of these 
diversity indices (Table 2).  

Across all plots, the most common arthropod orders 
captured by the insect traps were Lepidoptera, Diptera, 
and Hymenoptera, while the most common orders on the 
transects were Lepidoptera, Orthoptera, Odonata, 

Hemiptera, and Diptera (Appendix).  The percentage of 
arthropods in each plot among the most abundant five 
orders showed that each plot’s arthropod community was 
more than 86% composed from these orders.  The 
undisturbed Palmetto plot had the lowest percentages, 
indicating the highest contribution of “rare” orders, and 
the undisturbed Field and highly disturbed Campsite 
plots had the highest percentages (Table 2). 

We captured and calculated BMI (mass/SVL) and the 
residual index for 181 lizards in the park (Table 1).  
Neither sex differed in SVL across the six plots (males: 
F5,78 = 1.37, P = 0.25; females: F5,91 = 1.73, P = 0.14).  
Males also did not differ across the six plots in BMI 
(F5,78 = 1.28, P = 0.28) or the residual index (F5,78 = 
1.05, P = 0.40).  Because the sample sizes for females in 
the Trail, Building, and Campsite plots were so small 
(Table 1), we compared female BMI only among 
Palmetto, Field, and Lake plots.  We found that female 
BMI differed across these three plots (F2,85 = 11.1, P < 
0.001) with post hoc tests showing that BMI was lower 
in the Lake plot than Palmetto and Field.  The residual 
index showed the same pattern (F2,85 = 7.64, P = 0.001).  
Of these three plots, Lake plot had the lowest arthropod 
abundance, yet the highest arthropod biomass (Table 2). 

In a comparison of the BMI of all males and females 
pooling data from the highly disturbed, moderately 
disturbed, and natural plots, females had the highest 
BMI in the natural plots (F2,94 = 12.2, P < 0.001), with 
the average female BMI in the two categories of 
disturbed plots 0.074 and the average BMI in the natural 
plots 0.083.  The residual index was also highest in the 
natural plots (F2,94 = 7.93, P = 0.001).  Males did not 
differ in BMI among the plot types (F2,81 = 0.44, P = 
0.65), with the male average BMI across plots 0.084, and 
they did not differ in the residual index (F2,81 = 1.29, P = 
0.28).  Comparisons of the two other measures of body  
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TABLE 2. Measures of arthropod abundance, biomass, and community diversity across six plots at Palmetto 
State Park, Gonzales, Texas, using two methods of arthropod data collection (transects: total per m2; traps: 
average per trap per day).  Diversity indices include the Shannon-Weaver diversity index (H’), and Simpson’s 
diversity index (D).  The transect data include the percentage of the five most abundant orders (% 5 MAO) in
each plot. 

 

Plot Disturbance Level Abundance  Biomass (mg)
Shannon-

Weaver H’ Simpson’s D % 5 MAO 
Transects       

Palmetto Natural 3.5   58.5 1.91 0.17 86.1 

Field Natural 12.4 125.5 1.25 0.44 94.9 

Lake 
moderately 
disturbed 

5.8 176.6 1.44 0.37 90.2 

Trail 
moderately 
disturbed 

6.7 314.4 1.74 0.24 89.3 

Building highly disturbed 6.6 191.2 1.63 0.29 90.4 

Campsite highly disturbed 13.9 174.4 1.56 0.28 94.5 

Traps       

Palmetto natural 8.8 28.4 0.68 0.68 --- 

Field natural 7.7 17.3 0.55 0.77 --- 

Lake 
moderately 
disturbed 

4.1 50.5 0.94 0.43 --- 

Trail 
moderately 
disturbed 

4.2 34.2 1.06 0.40 --- 

Building highly disturbed 4.8 67.5 0.81 0.52 --- 

Campsite highly disturbed 13.6 99.1 0.86 0.57 --- 

       
condition showed no differences among the plots for 
either sex.  Neither mass of abdominal fat pads (males: 
F2,21 = 0.63, P = 0.55; females: F1,17 = 0.76, P = 0.40) 
nor liver lipid content (male: F2,21 = 1.34, P = 0.29; 
female:  F1,17 = 1.03, P = 0.33) differed among the plots. 

 
DISCUSSION 

 
Together, the results of this study indicate that both 

lizard body condition and arthropod availability differ 
across habitats, even within a small geographic area.  At 
this local scale, human habitat modification differed 
considerably across our study plots, with some habitats 
(i.e., palmetto swamp) being carefully protected from 
disturbance, while others (i.e., areas where buildings 
were constructed or cleared for campsites) are relatively 
heavily used by humans, and the observed differences in 
the conditions of lizards and their prey may be (but is not 
necessarily) associated with the varying degrees of 
modification.  However, the hypothesis that lizard body 
condition would vary with habitat use as a function of 
variation in arthropod prey received mixed support from 
our results. 

 
Arthropod abundance and biomass and lizard 

condition.—We first predicted that natural and disturbed 
habitats would differ in arthropod prey abundance and 
biomass.  Using both transect and sticky trap data, we 
found that while the six plots differed in arthropod 

abundance, these differences did not align with human 
disturbance level.  However, we found that the most 
disturbed plots supported higher arthropod biomass than 
the natural plots, a difference that may result from the 
more extensive habitat edges in the disturbed plots.  
Previous research has suggested that arboreal 
invertebrates are more common in areas with more edges 
because their predators were less abundant in those areas 
(e.g., Christie et al. 2010).  We did not directly measure 
the relationship between habitat edges and arthropod 
biomass or lizard abundance in this study, but our 
qualitative observations allow us to speculate on these 
relationships.  First, there appeared to be fewer anoles in 
the most disturbed areas in our study plots.  Yet, we did 
not attempt to systematically census the populations in 
our six plots, and so we cannot directly assess this 
pattern.  Alternatively, this difference in biomass across 
plots may be due to altered abiotic factors at habitat 
edges (Murcia 1995) providing a habitat more suitable 
for a few higher biomass arthropods such as Lepidoptera 
and Odonata, which were far more common in the most 
disturbed, more open plots (i.e., Lake, Building, and 
Campsite).  In contrast, the low biomass, high abundance 
orders such as Diptera and Hymenoptera were common 
in all plots (Appendix 2). 

We also predicted that arthropod availability should be 
positively associated with lizard body condition.  
Although we found differences in female (but not male) 
BMI and residual indices across the plots, our data did 
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not support this prediction.  Using the three most 
intensively studied areas, comparing the two natural to 
one disturbed plot showed that female lizards had higher 
BMI and residual indices in natural plots.  However, the 
disturbed plot (Lake) had higher available arthropod 
biomass, and generally lower arthropod abundance, than 
the natural plots.  One possible explanation for this 
pattern might be that the disturbed Lake plot in fact 
provides a higher quality habitat for anoles (with its 
greater availability of prey biomass) than the natural 
plots, attracting a larger number of competitors, and 
resulting in more competition for prey than in the natural 
plots.  Consistent with this, we captured the largest 
number of lizards in the Lake plot, suggesting that they 
were likely most abundant in that plot.  Another 
possibility is that all arthropod prey are not equally 
valuable to Green Anoles, and that the natural habitats 
provide a higher proportion of palatable or nutritious 
prey than the disturbed plot, and therefore support a 
higher body condition for female anoles.  Thus, while 
human habitat modification does appear to be associated 
with female lizard body condition, it does not seem to do 
so through a direct relationship with arthropod 
abundance or biomass. 

The lack of positive relationship between prey 
biomass and lizard body condition in either sex may 
result if not all arthropods are accessible prey to the 
lizards.  The size and shape of the skull of the lizard, and 
in particular its jaw, can constrain the ability of a lizard 
to consume a particularly large or tough prey item 
(reviewed in Montuelle et al. 2012).  However, if these 
factors limit prey consumption in anoles, females should 
be constrained more than males, as male Green Anoles 
have larger jaws and greater bite force than females 
(Herrel et al. 2007).  Further, because each individual 
female’s BMI and residual index would vary with her 
reproductive status, it is perhaps even more striking that 
females differed in body condition across the plots.  
Female anoles lay one-egg clutches approximately every 
1–4 weeks throughout the summer breeding season 
(Andrews and Rand 1974), and the condition of a female 
would presumably be maximized just before parturition, 
and minimized just after.  Higher female condition in the 
natural plots can then indicate that females in those plots 
produce eggs at a higher rate, produce larger eggs, have 
greater mass in non-reproductive tissues, or some 
combination of these factors. 

The two measures of body condition directly 
associated with lipid accumulation did not reveal any 
variation among plots.  This is likely because few lizards 
of either sex exhibited fat pads, and the livers of these 
lizards had almost no fat accumulation.  Dessauer (1955) 
noted that stored lipid levels in Green Anoles are highest 
in September and October, and much lower throughout 
the rest of the year.  However, the season in which body 
condition may be most important for fitness is early 

spring, when these lizards begin to enter breeding 
conditions.  Therefore, it is possible that lipid storage in 
fat pads or livers may differ among our plots at other 
critical times of the year, but this could not be tested in 
the current study. 

 
Arthropod diversity and lizard condition.—Because 

human land use often homogenizes biotic communities 
(Dormann et al. 2007; Chen and Qiang 2011), we 
predicted that the most highly modified plots would 
exhibit lower arthropod diversity than natural plots.  The 
three measures of community diversity used here 
(Shannon-Weaver, Simpson’s D, and percentage of the 
five most abundant orders) suggest that the plots differed 
in arthropod diversity, but did not reveal an association 
between arthropod diversity and human disturbance.  For 
most of these measures, the two natural plots (Palmetto 
and Field) actually had the highest and lowest diversity 
indices, with the disturbed plots exhibiting relatively 
moderate values.  Thus, the differences in human 
activity represented across these six plots do not explain 
differences in arthropod diversity in the plots. 

Interestingly, the Shannon-Weaver and Simpson’s D 
indices show almost exactly opposite results across the 
six plots in our study, such that plots that have the 
highest Shannon-Weaver indices have the lowest 
Simpson’s D, and vice versa.  This pattern has been 
reviewed in detail by Nagendra (2002).  In brief, these 
differences in diversity indices occur because the 
Shannon-Weaver index is more sensitive to the presence 
of rare taxa, and Simpson’s D is more sensitive to the 
proportion of individuals representing the most dominant 
taxa (Nagendra 2002; Dogan and Dogan 2006).  Our 
results are consistent with this interpretation, as the 
Palmetto plot had the highest Shannon-Weaver index 
using transect data, and the lowest percentage of the five 
most abundant orders; thus this plot included the most 
rare arthropod taxa.  The important question in this study 
is which measure provides the most relevant assessment 
of the diet of Green Anoles; however, this is not an easy 
question to answer.  Because the measures of anole body 
condition were not associated with any measure of 
diversity, it remains unclear whether abundance or 
evenness of rare or dominant taxa has a more direct 
impact on condition. 

In conclusion, this study suggests that varying human 
land use at a local scale directly impacts lizard body 
condition, as females in natural plots had higher BMI 
than those in one of the disturbed plots, but this 
relationship does not appear to be directly mediated by 
arthropod abundance, biomass, or diversity.  Thus, 
Green Anoles appear to be sensitive to the decreased 
quality of human-altered habitats, but it is not clear what 
factors are the primary causes of this effect.  Further, the 
subjective categories defining levels of human habitat 
modification in this study may be simplifications of the 
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actual effects of habitat disturbance on lizards and their 
prey. Overall, these results suggest the complexity of the 
impacts of human disturbance on the interacting 
components of a biological community (Donovan et al. 
1997; Richmond et al. 2011), and point to the need for 
conservation efforts to examine small scale, population 
level patterns that may result from varied land use. 
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Appendix 1. Arthropod abundance and biomass from insect trap and transect data. 

Table A1. Average arthropod abundance by plot, per trap per day. 
 Palmetto Field Lake Trail Building Campsite 

Arachnida 0.25 0.09 0.18 0.16 0.06 0.22 
Coleoptera 0.33 0.04 0.05 0.05 0 0 

Diptera 7.00 6.43 2.32 2.37 2.92 7.72 
Ephemeroptera 0 0 0 0 0.06 0 

Hemiptera 0.17 0.04 0.14 0.05 0 0.39 
Hymenoptera 0.21 0.35 0.32 0.42 0.24 3.33 

Isopoda 0.08 0.13 0 0 0 0.06 
Lepidoptera 0.71 0.43 1.05 0.89 1.42 1.61 

Odonata 0 0 0 0 0 0.06 
Orthoptera 0 0.13 0.05 0.16 0.06 0.17 

 
Table A2. Average arthropod biomass (mg) by plot, per trap per day. 

 Palmetto Field Lake Trail Building Campsite 

Arachnida 0.12 0.01 0.05 0. 05 0.001 0.29 
Coleoptera 0.11 0.002 0.04 0.04 0 0 
Diptera 1.79 1.95 0.81 0.70 5.12 3.86 
Ephemeroptera 0 0 0 0 0.13 0 
Hemiptera 0.29 0.01 0.03 0.004 0 0.26 
Hymenoptera 0.06 0.16 0.29 0.08 1.08 0.76 
Isopoda 0.02 0.04 0 0 0 0.04 
Lepidoptera 25.96 14.16 48.89 33.19 63.29 80.36 
Odonata 0 0 0 0 0 10.63 
Orthoptera 0 0.68 0.40 0.13 0.04 2.96 

 
Table A3. Average arthropod abundance by plot, per m2 of transects. 

 Palmetto Field Lake Trail Building Campsite 
Arachnida 0.63 1.20 0.92 0.77 0.83 0.58 
Blattodea 0.12 0.02 0 0 0.02 0.02 
Coleoptera 0.03 0.10 0.02 0.22 0.19 1.12 
Diptera 0.77 2.03 0.45 0.67 0.90 2.07 
Ephemeroptera 0 0.02 0 0 0 0.02 
Isopoda 0.50 0.23 0.17 0.05 0.43 0.12 
Hemiptera 0.28 0.38 0.28 1.10 0.52 3.25 
Hymenoptera 0.82 7.82 3.33 2.87 3.15 6.12 
Lepidoptera 0.27 0.17 0.20 0.23 0.18 0.17 
Odonata 0 0.10 0.18 0.17 0.23 0.22 
Orthoptera 0.05 0.33 0.25 0.60 0.12 0.23 
Phasmidia 0.02 0 0 0.05 0 0 

 
Table A4. Average arthropod biomass (mg) by plot, per m2 of transects. 

 Palmetto Field Lake Trail Building Campsite 

Arachnida 3.31 25.57 2.66 1.80 2.47 4.86 
Blattodea 4.75 1.49 0 0 0.14 0.04 
Coleoptera 0.71 0.18 0.06 0.13 0.19 9.68 
Diptera 1.20 5.09 3.30 1.02 1.22 8.65 
Ephemeroptera 0 0.14 0 0 0 0.10 
Isopoda 4.62 1.85 0.73 0.77 3.35 0.62 
Hemiptera 8.25 15.57 26.70 3.54 4.64 38.82 
Hymenoptera 7.03 14.11 7.67 70.40 10.19 4.61 
Lepidoptera 24.05 6.18 14.75 5.81 12.92 10.33 
Odonata 0 19.63 107.36 65.74 141.93 76.54 
Orthoptera 4.48 35.69 13.32 105.62 14.13 20.17 
Phasmidia 0.14 0 0 59.55 0 0 
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