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Approximately two thirds of the world’s land is directly supporting human population 

contributing to an accumulation of disturbed habitats. This dissertation investigates the 

impact of human mediated habitat disturbance, in introduced Eucalyptus plantations, on 

community diversity and population divergence using Brazilian Cerrado lizards as a 

model. Data was collected along a gradient from undisturbed cerrado to disturbed 

Eucalyptus plantations.  Community diversity differences and indicator species were 

identified. Furthermore, the role of phenotypic divergences were determined based  on 

populations able to persist in disturbed habitats. Dispersal, food availability (body 

condition), competition and predation (caudal autotomy) were tested as potential 

mechanisms driving phenotypic divergences. Additionally, I investigated phylogenetic 
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community structure differences between habitats to test for a phylogenetic signal to 

disturbance. The evidence showed community diversity indices were significantly lower 

in Eucalyptus plantations with a decrease along the cerrado– Eucalyptus gradient. 

Furthermore, 29 % of the Cerrado species suffered local extinctions in the disturbed 

habitat and of these 80 % are endemic species. One indicator species was identified for 

the disturbed habitat and seven species were identified for the undisturbed habitat.  

Species able to persist in both habitats demonstrated morphological trait divergences. 

These species showed short dispersal distances with only two individuals dispersing 

between habitats indicating a mechanism driving the observed phenotypic divergences.  

Another mechanism is body condition, which was higher in the disturbed habitats, 

reflecting increased food availability possibly due to the decreased abundances. Caudal 

autotomy showed no difference between the habitats indicating that competition and 

predation are not driving phenotypic divergences. Phylogenetic community structure 

demonstrated a phylogenetic signal to disturbance. The undisturbed habitat consists of 

communities with more closely related species compared to the disturbed habitat: 

indicating evolutionary forces such as habitat filtering as the stronger process structuring 

these communities. Whereas, disturbed communities are structured by ecological forces 

such as competition. This research provides information for the preservation and 

maintenance of the Cerrado biodiversity and has an even broader impact since habitat 

change caused by human activities touches a plethora of ecosystems. 
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Chapter 1: Brazilian Central Cerrado Lizards in Introduced Eucalyptus 

Plantations: Community Responses to Human-Mediated Habitat Disturbance. 

 

Introduction 

Striving to minimize the loss of biodiversity in rapidly expanding, human-altered 

landscapes, conservation biologists are increasingly interested in understanding how 

species are affected by human-mediated habitat disturbance (HMHD). Approximately 

two thirds of the world’s land surface is directly supporting human populations, leading 

to an accumulation of HMHD (Millennium Ecosystem Assessment 2005b). HMHD 

affects local population persistence (Bolger et al. 1991) and dispersal patterns (Fahrig and 

Merriam 1994), leading to significant changes in biological communities (Andren 1994). 

Knowledge of these patterns and processes is essential to mitigate harmful effects of 

HMHD on biodiversity. 

 Plantation forests are a form of HMHD that has been adopted by many countries 

(Brockerhoff et al. 2005). Plantations consist of industrial monocultures of a limited 

number of species, particularly from the genera Pinus, Eucalyptus, and Acacia (Lamb et 

al. 1997, Parrotta and Knowles 1999). Introduced from Australia, Eucalyptus spp. were 

first planted in Brazil in 1904 and today are one of the largest providers of raw materials 

for industrial processes, principally paper (Dossa et al. 2002, Instituto de Pesquisas e 

Estudos Florestais 2009). Brazil is within the top ten countries in the world that have 

converted a large portion of their area to plantation forests. In 2010, plantation forests of 
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Eucalyptus and Pinus covered approximately 6.5 million hectares, of which 73% 

consisted of Eucalyptus (Associacao Brasileira de Produtores de Florestas Plantadas 

2011). The area occupied by plantation forests in Brazil increased by 23% from 2005 to 

2010, at a rate of 3.5% annually (Associacao Brasileira de Produtores de Florestas 

Plantadas 2011). Impacts on Brazilian native biodiversity remain poorly understood, 

despite this rapidly growing industry. 

 Biodiversity conservation is becoming a priority in planation management 

(Hartley 2002, McDonald and Lane 2002, Lindenmayer and Hobbs 2004, Scott et al. 

2006, Australian Forestry Standard 2007). Most studies of plantations focus on tropical 

rainforests and charismatic indicator species. Those studies are contradictory, 

demonstrating equally both positive and negative effects of plantations on biodiversity 

(Hamer and Hill 2000, Johnson et al. 2002, Hill and Hamer 2004). Ecological 

consequences of plantations vary considerably depending on the type, magnitude, and 

intensity of disturbance on different taxa, because species interact differently with 

disturbed environments (Daily 2001, Hartley 2002, Koh et al. 2004, Lindenmayer and 

Hobbs 2004). This variation brought attention to expanding the research on the effects of 

plantations to a wider range of biomes and taxa (Barlow et al. 2007, Gardner et al. 2008, 

Hawes et al. 2009). 

 Reptiles are important both as predators and prey in structuring ecological 

communities (Dial and Roughgarden 1995, Schoener and Spiller 1996, Kanowski et al. 

2006). Reptiles are expected to respond differently to plantations from other terrestrial 
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vertebrates, due to their relatively small size, limited mobility, and low energy and water 

requirements (Nagy et al. 1999). Previous studies indicate that lizards are especially 

sensitive to changes in vegetation structure (Vitt et al. 1998, Mott et al. 2010). Plantations 

strongly alter vegetation structure (McCullough 1999), solar radiation levels, and 

environmental temperatures (Lemenih et al. 2004, Yirdaw and Luukkanen 2004). 

Responses are also expected to vary among lizard species. It is expected that species with 

generalist niches, such as active foragers, should persist in Eucalyptus plantations, while 

species with specific niches, such as sit-and-wait foragers, should experience local 

extinction (Kavanagh et al. 2001, Borsboom et al. 2002). 

 The Cerrado is the second largest biome in South America, harbors a rich and 

endemic biota (Oliveira and Marquis 2002), and is recognized as a biodiversity hotspot 

(Myers et al. 2000). This biome has endured large-scale human disturbance, including the 

introduction of Eucalyptus plantations. Approximately 55% of the original vegetation has 

been destroyed, reflecting a higher annual disturbance rate than the Amazon, and there 

will be no natural areas left by 2030 if the current rate is not reversed (Machado et al. 

2004b). Less than 3% of the Cerrado is protected in natural reserves (Machado et al. 

2004a, Rylands et al. 2007). Studies on the effects of Eucalyptus plantations upon 

Cerrado birds, mammals, and insects produced mixed results. The parrots Amazona 

aestiva and Salvatoria xanthops use Eucalyptus plantations as roosting sites (Carrara et 

al. 2007). Eucalyptus plantations provide night shelters and perching sites, decreasing 

competition among parrots, and the lack of understory decreases the occurrence of 
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potential predators, such as nocturnal mammals. A study on carnivore mammals in the 

Cerrado showed those species were unaffected by the Eucalyptus plantations as long as 

some large native fragments are left and the matrix is permeable to native fauna (Lyra-

Jorge et al. 2008). Conversely, Eucalyptus plantations negatively affect both richness and 

abundance of invertebrate and bird communities. Sampled termite, ant, butterfly and bird 

communities in plantations were only a subset of native Cerrado communities (Zanuncio 

et al. 1998, Piratelli and Blake 2006, Calderon and Constantino 2007, Gries et al. 2011). 

Cerrado lizards are an ideal model system to study the effects of Eucalyptus plantations, 

because they are relatively well studied in natural areas (Colli et al. 2002, Nogueira et al. 

2009). Understanding the response of Cerrado lizard communities to Eucalyptus 

plantations will improve the ability of conservation managers to better preserve and 

maintain Cerrado biodiversity. This study tests the effects of Eucalyptus plantations on 

the structure of Cerrado lizard communities. 

Materials and Methods 

Study sites 

The study was conducted in Brasília, Distrito Federal, Brazil, a planned city in the 

core region of Cerrado. Constructed in 1960, Brasília has experienced HMHD due to a 

rapidly growing population. Elevation ranges between 1,000 m and 1,100 m; average 

annual rainfall is 1,500 mm; mean air temperature is 20º C. Climate is highly seasonal 

wet from October to March and dry from April to September. Lizards were sampled in 

cerrado sensu stricto (s.s.) and Eucalyptus plantations within three reserves: Fazenda 
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Água Limpa (FAL; 15º 55’ S, 47º 55’ W), Floresta Nacional de Brasília (FLONA; 15°45’ 

S, 48°4’ W), and Parque Nacional de Brasília (PNB; 15°35’ S, 47°53’ W), from 10 to 25 

km apart of each other (Figure 1.1). Cerrado includes a mosaic of vegetation 

physiognomies including woodlands, savannas, grasslands, and gallery and dry forests 

(Eiten 1977, Ribeiro et al. 1981). Cerrado s.s., the most widespread physiognomy, is a 

semi-open vegetation with three well-defined layers: grasses, scattered shrubs and palms 

of up to 1 m, and stunted, twisted, barky trees, with a semi-closed canopy of up to 6 m. 

Eucalyptus plantations consist of a closed vegetation with two well defined layers: the 

leaf litter and a closed canopy, with a minimum of 8 m in height. They are reminiscent of 

land management practices prior to the establishment of reserves. In 1984, 19.356,87 ha 

(3.33%) of natural areas were converted to Eucalyptus and Pinus plantations in Distrito 

Federal (UNESCO Office Brasilia 2002).  

Experimental design 

In each reserve, an U-shaped transect was placed across the cerrado -Eucalyptus 

boundary (Figure 1.2). The transition between the two habitats is abrupt, with a ~5 m 

wide dirt road dividing the two habitats (Figure 1.3). Each transect contained 30 arrays of 

pitfall traps (15 in each habitat), ca. 50 m apart of each other. Twenty arrays (80 buckets) 

ran along a 1 km linear transect spanning from cerrado to Eucalyptus, with 10 pitfall 

arrays in each habitat. Each transect also included 5 pitfall arrays on each end, breaking 

off perpendicularly to form an overall U-shape (Figure 1.2). Each pitfall array consisted 

of four 35 l plastic buckets, buried in the ground and arranged in a “Y”, with three 
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buckets at the extremities connected to a central bucket by 6 m long plastic drift fences 

(Figure 1.3). 

Data acquisition 

From 23/March/2009 to 25/November/2009, one of the three transects was 

checked each day for captured lizards. This resulted in a sampling effort of 120 buckets 

for 30 pitfall trap arrays during 248 days, or 29,760 trap-days. Lizards were individually 

marked by toe clipping and released next to the capture site. The number and abundance 

of each species were recorded for each transect. 

Statistical analyses 

Statistical analyses were performed on lizard captures, richness and equitability 

(measured as Hurlbert’s Probability of Interspecific Encounter (PIE). Hurlbert’s PIE is 

the probability that two randomly sampled individuals from the community represent two 

different species, ranging from 0 to 1, where 0 represents low and 1 represents high 

equitability (Hurlbert 1971). Differences in number of captures between cerrado and 

Eucalyptus were assessed with log-linear models (Crawley 2007). Richness and 

equitability were compared with rarefaction, based on 10,000 randomizations, using 

EcoSim v7.0 (Gotelli and Entsminger 2004). In addition, changes in number of captures, 

richness, and equitability across the cerrado – Eucalyptus transition were assessed with 

Spearman's rank correlation. The total number of captures, richness, and equitability per 

trap were correlated against the position of the trap along the habitat gradient, where 1 

corresponds to the first trap in cerrado, whereas 30 corresponds to the last trap in 



 
 
 

7 

Eucalyptus plantation. Correlation analyses were carried out using the program R version 

2.14.0 (R Development Core Team 2011). 

 To summarize the variation in species abundances across different habitats 

(cerrado vs. Eucalyptus), study sites (FAL, FLONA, and PNB), and traps (within sites), a 

correspondence analysis (CA) was performed. To explain the CA ordination in terms of 

the habitat, vector and surface fitting of trap position was used (as above). Vector fitting 

consists of finding directions in the CA ordination space towards which environmental 

vectors (trap position) change most rapidly and to which they have maximal correlations 

with the CA ordination configuration (Oksanen et al. 2011). The significance of vector 

fitting was assessed with 999 Monte Carlo permutations. Surface fitting was achieved 

using thinplate splines under a generalized additive model (GAM) with Gaussian errors. 

Correspondence analysis and vector and surface fitting were carried out using the 

package vegan (Oksanen et al. 2011) using the program R version 2.14.0 (R 

Development Core Team 2011). 

 To identify species that could be used as indicators of environmental changes 

along the cerrado – Eucalyptus transition, an indicator species analysis was carried out 

(Dufrene and Legendre 1997), using the indicator value index (IndVal) and the point-

biserial correlation index (rpb), modified to deal with combinations of trap groups (De 

Caceres and Legendre 2009, De Caceres et al. 2010). The two indices were calculated 

separately for each study site (FAL, FLONA, and PNB) and for all sites taken together. 

The indicator value of a species is the product of two quantities, A and B (Dufrene and 
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Legendre 1997, De Caceres and Legendre 2009). For species abundance data (IndValind), 

A is the mean abundance of the species in the target group of traps (cerrado or 

Eucalyptus) divided by the sum of its mean abundance over all groups. Using the sum of 

the mean abundances over all groups, instead of the sum of the actual abundances over all 

groups, controls for the effect of unequal sizes of the trap groups. B is the relative 

frequency of occurrence of the species inside the target trap group, i.e., the number of 

traps where the species occur in the target group divided by the total number of traps in 

that group. rpb is the Pearson correlation between a vector of the species abundance 

values at the various traps and a binary vector of group membership values. Because the 

same number of traps was placed in each habitat, rpb is equal to the group-equalized 

point-biserial correlation index  ( rpb
g ) and IndValind is equal to the group-equalized 

indicator value index ( IndValind
g , herein reported in square-root form (De Caceres and 

Legendre 2009).  Furthermore a modification of the two indices that incorporates 

combinations of the trap groups was used (De Caceres et al. 2010). This modification 

considers the association between the target species and each of the possible groups of 

traps formed by combining all possible combinations of the habitat groups. Given k 

different habitat groups (two in this study), there exist 2k –1 possible combinations of 

habitat groups including all sites (three in this study). The trap-group combination 

showing the strongest association with the target species is retained. The significance of 

the two indices was assessed by comparing the observed values to a null distribution of 
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values obtained by randomly reassigning species abundance values to traps 10,000 times. 

Because the results of indicator species analysis were reported for several species, Holm's 

method (Holm 1979) was used to control the family-wise error rate. Indicator species 

analyses were carried out using package indicspecies (De Caceres and Legendre 2009) 

under R version 2.14.0 (R Development Core Team 2011). All statistical tests were 

conducted using the significance level of 5%. 

Results 

Sampling resulted in 1303 lizard captures (including 201 recaptures), representing seven 

families and 17 species (Table 1.1). This corresponds roughly to 22% of the lizard 

species known in the Cerrado biome (Nogueira et al. 2011) and 65% of the lizard species 

known in Distrito Federal (GRC unpublished data). Eight of these species are endemic to 

Cerrado (47%). The mean recapture rate for each individual was 0.15 ± 0.36. The 

dominant species were, in order of total captures, Cercosaura ocellata, Micrablepharus 

atticolus, Mabuya frenata, Tropidurus itambere, and Anolis meridionalis (Table 1.1). 

Pooled lizard captures, excluding recaptures, were significantly higher in cerrado than in 

Eucalyptus (Table 1; χ21= 192.85; P<< 0.001). A log-linear model analysis indicated a 

significant effect of the species vs. habitat interaction upon lizard captures (χ2= 308.61, 

P<< 0.001). The sequential removal of species from the analysis, based on their chi-

square residuals, indicated that the number of captures of Mabuya frenata, 

Micrablepharus atticolus, Tropidurus itambere, Mabuya nigropunctata, and Tropidurus 

torquatus in Eucalyptus plantations was higher than expected by chance (Table 1.2, 
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Figure 1.4). After the exclusion of these species from the analysis, there was no 

significant effect of the species vs. habitat interaction upon lizard captures (Table 1.2). 

Five species (29% of the total), Anolis brasiliensis, Bachia bresslaui, Ophiodes sp., 

Polychrus acutirostris, and Tupinambis duseni, were never captured in Eucalyptus (Table 

1.1). Rarefaction analyses indicated that both species richness (cerrado: 17, Eucalyptus: 

12, P< 0.001) and equitability (cerrado: 0.92; Eucalyptus: 0.77; P< 0.001) were greater 

in cerrado. Correlation analyses indicated a significant decrease in number of captures 

and species richness along the cerrado – Eucalyptus gradient in all three studied sites 

(Table 1.2, Figure 1.5). However, lizard equitability decreased along the habitat gradient 

only in PNB. Overall, lizard captures, richness, and equitability were significantly lower 

in Eucalyptus plantations. 

 The first two axes of the CA of the pooled captures per study site*habitat 

explained 77.5% of the total variance in species abundances (Figure 1.6). Most of the 

variance in lizard captures across the cerrado –Eucalyptus transect was captured by the 

first axis (46.5% of the total variance), whereas differences in lizard abundances among 

study sites, primarily between FAL vs. FLONA and PNB, were mainly resumed by the 

second axis (31.1% of the total variance). Mabuya frenata had the lowest score on the 

first axis, being frequently captured in Eucalyptus plantations, whereas Cercosaura 

ocellata had the highest score on the second axis, being frequently captured in FAL 

(Figure 1.6). The three CAs of lizard captures in each study site, along with vector and 

surface fitting, depicted strong variation in the lizard community along the habitat 
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gradient (Figures 1.7-1.9). In FAL, Ameiva ameiva, Mabuya frenata, Mabuya 

nigropunctata, Micrablepharus atticolus, and Tropidurus torquatus were frequently 

captured in Eucalyptus plantations (Figure 1.7); the same results occur with Mabuya 

frenata, Tropidurus itambere, and Tropidurus torquatus in FLONA (Figure 1.8), and 

with Mabuya dorsivittata, Mabuya frenata, and Tropidurus torquatus in PNB (Figure 

1.9). In all three cases, the correlation of trap position with the CA configuration was 

highly significant (FAL: r2= 0.46, P= 0.001; FLONA: r2= 0.79, P= 0.001; PNB: r2= 

0.60, P= 0.001). 

 Results of indicator species analyses based on IndValind
g  and rpb

g  in each study 

site were the same, with the exception of Tropidurus itambere in Eucalyptus-FLONA and 

cerrado-PNB and Mabuya frenata in Eucalyptus-PNB, which were supported only by rpb
g  

values (Table 1.4). Only two indicator species were found in Eucalyptus habitats: 

Mabuya frenata in FLONA and PNB and Tropidurus itambere in FLONA. In contrast, 

there were eight indicator species of cerrado sensu stricto habitats: Anolis brasiliensis, 

Anolis meridionalis, Cercosaura ocellata, Cersosaura schreibersii, Cnemidophorus 

ocellifer, Mabuya dorsivittata, Micrablepharus atticolus, and Tropidurus itambere. 

Among them, only Anolis meridionalis was considered an indicator species in all three 

sites, whereas Anolis brasiliensis, Cercosaura ocellata, and Tropidurus itambere were 

considered indicator species in two sites. The indicator species analysis of the pooled 

sites gave similar results (Table 1.4). With the exception of Cnemidophorus ocellifer in 
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cerrado (supported by IndValind
g ) and Mabuya frenata in Eucalyptus and Tropidurus 

itambere in cerrado (both supported by rpb
g ), the remaining indicator species were 

supported by both indices. Only Mabuya frenata was regarded as an indicator species of 

Eucalyptus habitats, whereas there were seven indicator species of cerrado habitats: 

Anolis brasiliensis, Anolis meridionalis, Cercosaura ocellata, Cercosaura schreibersii, 

Cnemidophorus ocellifer, Mabuya dorsivittata, and Tropidurus itambere. Three indicator 

species associated with cerrado habitats are endemic to the Cerrado biome, whereas the 

only species associated with Eucalyptus is not endemic (Table 1.1).  

Discussion 

Previous research indicates the impact introduced plantations have on biodiversity 

cannot be generalized. The level of impact will depend on the type, magnitude and 

intensity of disturbance on different taxa (Hartley 2002, Lindenmayer and Hobbs 2004). 

Some species will suffer local extinctions in the introduced plantations, while other 

species will be able to persist in the disturbed habitats.  There are many studies 

documenting that introduced conifer plantations lower species richness and abundances 

across several taxa leading to possible local extinctions when compared to adjacent native 

forest. Those studies focused on invertebrates (Bonham et al. 2002, Coetzee et al. 2007, 

Mgobozi et al. 2008), mammals (Lindenmayer et al. 1999), and particularly birds (Curry 

1991, Allan et al. 1997, Armstrong and van Hensbergen 1997, Diaz et al. 1998, Estades 

and Temple 1999, Lindenmayer et al. 2002). Studies focusing on Cerrado also 
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demonstrate lower species richness and abundance to the presence of Eucalyptus 

plantations in the Cerrado for both invertebrate and bird communities (Zanuncio et al. 

1998, Piratelli and Blake 2006, Calderon and Constantino 2007, Gries et al. 2011). As a 

consequence, plantation forests are often assumed to support a low diversity and 

abundance of native species, and have been referred to as ‘biological or green deserts’ 

(Brockerhoff et al. 2008).  

Nevertheless, some species have been documented to be unaffected or even to 

thrive in introduced plantations. Research has shown that managed plantation forests can 

support a diverse array of native understory plants (Allen et al. 1995, Ogden et al. 1997, 

Brockerhoff et al. 2003), invertebrates (Humphrey et al. 1999, Hutcheson and Jones 

1999, Bonham et al. 2002, Woodcock et al. 2003, Humphrey 2005, Oxbrough et al. 2005, 

Carnus et al. 2006), and birds (Clout and Gaze 1984). In New Zealand, introduced 

plantation forests provided significant habitat for many native beetle species for which 

the estimated species richness was higher in plantations than native forest (Pawson et al. 

2008). That pattern also was documented with other recent invertebrate studies in New 

Zealand (Brockerhoff et al. 2005, Pawson et al. 2006, Berndt et al. 2008) and Australia 

(Bonham et al. 2002). In the Cerrado, a study on carnivore mammals showed they were 

unaffected by the Eucalyptus plantations as long as some large native fragments are left 

and the matrix is permeable to native fauna (Lyra-Jorge et al. 2008). Two species of 

parrots are benefited by the Eucalyptus plantations because they utilize that habitat for 

roosting sites (Carrara et al. 2007). 
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The studies on reptile communities in introduced plantations contain the same 

dichotomy. Some researchers demonstrated that reptiles and amphibians decline in 

introduced plantations when compared to the native fauna (Parris and Lindenmayer 2004, 

Gardner et al. 2007). Gardner et al. (2007) compared amphibian and lizard diversity 

between primary, secondary, and plantation forests in the Brazilian Amazon and 

demonstrated that primary rainforest had greater species richness, but supported a similar 

abundance of amphibians and lizards compared with adjacent areas of secondary growth 

forest or plantations. The community composition varied depending on the taxa; 

amphibian communities in secondary forests and Eucalyptus plantations formed nested 

subsets of primary forest species, but lizard species composition differed from plantations 

distinctly dominated by open-area species. Alternatively, other researchers studying the 

reptile communities introduced pine plantations in Australian and African found that they 

were as speciose as those in native forests, with the difference lying once again with 

community composition. The introduced pine communities were composed mainly of 

species that typically use closed-canopy rainforest and prefer cooler, shadier habitats that 

are typical of local lowland rainforest and not a subset of adjacent native forest 

communities. These researchers conclude that the high level of diversity may be 

attributed to proximity of rainforest from which species can recolonize (Vonesh 2001, 

Mott et al. 2010).  

This study contradicts Vonesh (2001) and Mott et al. (2010), by capturing a lower 

richness and abundance with a less equitable community in the introduced Eucalyptus 
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plantations compared to the native cerrado habitat. In addition, five species, or 29 %, of 

the cerrado lizard species were never caught in the Eucalyptus plantation. Of these five 

lizard species four are endemic to the Cerrado.   Furthermore, considering capturing five 

or fewer individuals of a certain species in Eucalyptus (that is more abundant in adjacent 

cerrado) over nine months an indication of potential local extinction, another five species 

can be considered to be in peril, causing species richness to decrease 59% in the 

Eucalyptus. This pattern was also maintained along a continuous transect. The transect 

from cerrado to Eucalyptus had a significant impact on species capture and richness at all 

sites but equitability was significant only for PNB. Thus, distance from the native cerrado 

habitat does influence the lizard communities negatively as one goes deeper into the 

Eucalyptus plantation. This is an extremely alarming scenario for conservation biologists 

whose goal is to understand patterns and processes associated with disturbance in order to 

minimize its' detrimental effects. 

By identifying the subsets of species that are able to persist in disturbed habitats, 

conservation managers will be able to mitigate some of the negative impacts of 

Eucalyptus plantations on the cerrado lizard biodiversity. This study demonstrated that 

species found in the Eucalyptus habitat are a subset of the adjacent cerrado species, 

indicating the role of the cerrado as either an initial or continuous source of recruitment. 

Mabuya frenata, Micrablepharus atticolus, Tropidurus itambere, Mabuya nigropunctata 

and Tropidurus torquatus were captured more than expected by chance in the Eucalyptus 

habitats.  Mabuya frenata was the dominant species in the Eucalyptus plantations at two 



 
 
 

16 

of the three sites. That species could be utilizing Eucalyptus plantations as a habitat to 

give birth since Eucalyptus has been documented to have a potentially lower number of 

predators compared to the Cerrado (Carrara et al. 2007). The proportion of Mabuya 

frenata juveniles in the FLONA was 64% and 38% in the PNB, a considerable proportion 

of the population. Mabuya are viviparous giving birth between the dry and wet season 

transition, juveniles were captured in early September in the FLONA and late August in 

the PNB. Another explanation of why this species was able to persist in the Eucalyptus 

plantations is provided by Vitt  (1991) who documented that Mabuya frenata from the 

Cerrado is usually associated with dead tree trunks and limbs on the ground or live trees 

with either loose bark or cavities. Therefore, the Eucalyptus plantations serve as an ideal 

habitat for that species because there are a plethora of tree trunks on the ground providing 

this opportunistic species with a microhabitat to which it has already been adapted. These 

are only a few hypotheses that may explain why this species is able to persist in the 

Eucalyptus plantations; future research is necessary address the alternatives.  

Many studies documented rare or threatened species that are able to persist in 

introduced plantations. In New Zealand, 118 species classified by the Department of 

Conservation as threatened have been recorded in plantations (Pawson et al. 2010a). In 

France, a Pine plantation harbors a population of the locally threatened hoopoe bird, 

Upupa epops (Barbaro et al. 2008). A critically endangered and endemic ground beetle 

species, Holcaspis brevicula, was recorded in an introduced pine plantation forest in New 

Zealand as its only remaining known habitat (Brockerhoff et al. 2005, Berndt et al. 2008). 
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In southern Brazil, plantation forests contribute to the conservation of a threatened 

and endemic frog species, Physalaemus lisei (Becker et al. 2007). This study is not that 

optimistic, although there are two endemic species (Tropidurus itambere and 

Micrablepharus atticolus) that are able to persist in the Eucalyptus plantations, most 

endemic species are negatively affected by the introduced Eucalyptus plantations. Half of 

the endemic species of the Cerrado recorded in our study suffered local extinctions in 

Eucalyptus plantation habitats. In addition, two species were captured five times or less 

signaling a threat of local extinction.  

Species sensitive to environmental change can be utilized as ecological indicators 

to measure the condition of the environment, as an early-warning system or to diagnose 

environmental change (Dufrene and Legendre 1997). The strength of the association 

between species and environment provides useful information on a species ecological 

tolerance which has gained popularity for predictive purposes. In botanical studies, plant 

species that are able to tolerate a single vegetation type are useful for the identification of 

vegetation types in field surveys (Chytry et al. 2002). Species of this kind are called 

‘‘indicator species’’ by ecologists, and are used to monitor environmental changes and 

assess the impacts of disturbances on an ecosystem(Carignan and Villard 2002). This 

study demonstrates that indicator species can be grouped together to assess the condition 

of the site. More importantly, a single endemic species, Anolis meridionalis, was 

identified as an indicator species across the cerrado.  On the other hand,  Mabuya frenata 

in elevated numbers or dominating the community may be able to indicate disturbance in 
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the form of Eucalyptus plantations. When analyzing each site separately more indicator 

species appear for the natural cerrado. These are all species on which conservation 

managers should focus their attention because they indicate change in the cerrado and are 

able to signal the initial stages of disturbance. Three indicator species associated with 

cerrado habitats are endemic to the Cerrado biome, whereas one species that is not 

endemic was an indicator species for the Eucalyptus; reinforcing that Eucalyptus 

plantations are not suitable habitats for endemic cerrado lizard species. 

Researchers previously documented that reptiles often occupy specific habitats 

based on fine-scale habitat features (Brown and Nelson 1993, Greenberg et al. 1994, 

Lindenmayer et al. 2001, Fischer et al. 2004, Vitt et al. 2007). Structurally complex 

habitats increase reptile species richness within a habitat by providing a greater diversity 

of niches (Jones 1981, Hadden and Westbrooke 1996). Therefore, the reduced structural 

complexity can be a potential cause of decreased lizard diversity in Eucalyptus 

plantations. These plantations are structurally simple in comparison to native cerrado, 

because they consist of a monoculture, with the majority of species at the same height 

and distance from each other decreasing the horizontal and vertical niche diversity. In 

addition to the homogeneous environment found in the Eucalyptus plantations changes in 

the microclimate create a cooler environment with a smaller range of variation in 

temperature throughout the day and less radiant energy at ground level (Mott et al. 2010). 

Hence, the absence of structural diversity, shelter, and limited oviposition success may 
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explain why plantations can sustain only a small proportion of the original vertebrate 

fauna (Recher et al. 1996, Majer and Recher 1999, Marco et al. 2005, Mott et al. 2010).   

Several plantation management methods can be applied to minimize the 

detrimental effects of Eucalyptus plantations on the native cerrado lizard diversity. One 

method is maintaining the proximity of native vegetation because it influences the biota 

of neighboring plantations. The effect of proximity is obviously closely tied to the 

plantation geometry which should be taken into account because it will influence the 

length of boundaries and the size of interior parts of plantations distant from such 

boundaries. Since this study demonstrates the inability of many Cerrado species to 

survive in plantations, including a great proportion of endemic Cerrado species, a better 

method of fauna conservation in plantation forests is promoted through the retention of 

remnant native habitats within the plantations (Fischer and Lindenmayer 2002, Holland 

and Bennett 2007, Archibald et al. 2011). The retention of remnant native habitats would 

increase habitat heterogeneity, landscape heterogeneity and stand structural complexity 

promoting wildlife conservation (Lindenmayer and Hobbs 2004, van Halder et al. 2008). 

This leads us to a forest management concept that has gained popularity called the Triad 

model. The Triad model divides the forest landscape into three zones: (1) intensive 

plantation, (2) ecological plantation and (3) complete conservation. This zoning system 

minimizes the negative ecological effects of intensive plantation practices by 

compensating the intensive management areas with increased biodiversity conservation 

measures in the rest of the landscape. Such a zoning model is in place in some regions of 
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South-western Australia (Stoneman 2007), Sweden (Ranius and Roberge 2011) and 

across Canada’s boreal forest (Montigny and MacLean 2006, Messier et al. 2009).  

Tree density should also be considered as a method to reduce the impact 

plantations have on biodiversity. Pawson et al. (2010b) demonstrated that grassland 

invertebrate communities were strongly dependent on conifer density. The negative 

effects of conifers on biodiversity were low at densities below 800 trees per ha and to 

conserve invertebrate diversity in semi-natural grasslands they recommended thinning of 

high density conifers (>800 trees per ha) to restore habitat to a state suitable for grassland 

species. A study conducted on birds in Australian introduced pine plantations converges 

with the tree thinning regime to support native species (Luck and Korodaj 2008). 

The temporal effect , or age, of plantation is another method that significantly 

increases biodiversity. In southeastern Queensland, Borsboom et al. (2002) recorded 

increasing vertebrate species richness with increased stand age in Eucalyptus plantations. 

Older stands provide more structurally diverse conditions and these promote species 

richness. A study in Brazil on ant diversity in the cerrado compared Eucalyptus 

plantations with five classes of understory plantation ages; results demonstrated that the 

oldest stand age represented the closest similarity to the native cerrado (Marinho et al. 

2002). Plantation age studies on both animal and plant taxa have been repeated across 

many regions, with a consistent conclusion being that older plantations more closely 

resemble native forest communities than do younger plantations (Clout and Gaze 1984, 
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Peterken et al. 1992, Parker et al. 1994, Allen et al. 1995, Gill and Williams 1996, 

Donald et al. 1998).  

In summation, this study concludes that Eucalyptus plantations decrease species 

diversity compared to the native cerrado. Although, subsets of species are able to persist 

in these introduced plantations there is a great loss of endemic species. The gradient 

analysis demonstrates that distance from native habitat is related to the loss of 

biodiversity. This research is a conservative estimation of what occurs in active 

Eucalyptus plantation sites because the plantations studied for this research are within 

reserves and consist of older stands compared to active Eucalyptus plantations with the 

purpose of timber production. Eucalyptus plantations currently managed for timber 

production contain fast-growing stands that are mainly planted with clones, or seedling 

hybrids, harvested every six to seven years. In addition, soil is mechanically tilled a few 

months after each clearcut harvest. The new cuttings or seedlings are planted intensively 

in rows at a density of about 1300 trees per ha and fertilized with chemical weeding 

carried out during the first year of growth, resulting in the absence of weeds or understory 

in these plantations (le Maire et al. 2011). Therefore, it is expected that Eucalyptus 

plantations at the industrial scale are going to have even greater negative impact on the 

cerrado biodiversity. 

Studies focusing on the effect of introduced plantations, a form of HMHD, at the 

community level are important because they suggest a starting point from which more 

detailed exploration of responses to HMHD can be undertaken. Identification of which 
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species cannot adapt to Eucalyptus plantation habitats allows conservation managers to 

identify species in immediate threat of local extinction. At the same time, understanding 

which species can persist in Eucalyptus plantation habitats allows conservation managers 

to design plantations that minimize the harmful impacts on Cerrado biodiversity. Thus, 

this research should assist conservation agencies when making decisions on how to best 

preserve and maintain the Cerrado fauna for future generations. 

 Future research should include the placement of longer transects along a 

continuum from cerrado habitat to active Eucalyptus plantations, with the purposes of 

producing pulp at the industrial scale. This will give researchers information of what the 

design of the Eucalyptus plantation should be to minimize loss of biodiversity. Another 

interesting research avenue is to study whether the species that do persist in Eucalyptus 

plantations show signs of phenotypic and genetic divergences, allowing researchers to 

understand the evolutionary consequences of human-disturbed habitats on the native 

biodiversity. 
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Chapter 2: Brazilian Central Cerrado Lizards in Introduced Eucalyptus 

Plantations: Human-Mediated Habitat Disturbance and phenotypic responses 

across multiple species. 

 

 

Introduction 

Populations across several taxa exhibit marked variation in phenotype associated 

with habitat differences suggesting adaptive divergence (Endler 1977, Schluter and Grant 

1984, Endler 1986, Garland and Losos 1994, Wainwright and Reilly 1994, Bell et al. 

2004, Herrel et al. 2005, Thorpe et al. 2005). Phenotypic divergence due to habitat 

differences is a central theme in evolutionary ecology. Phenotypic divergence may act as 

a premating barrier to gene exchange which can initiate speciation in turn affecting 

biodiversity (Endler 1977, Schluter 2000).  

If populations are adapted to their local habitats (Endler 1986, Schluter 2000), 

then novel habitats have the ability to drive phenotypic divergences. Human-mediated 

habitat disturbances (HMHD) are creating novel habitats in which species have been 

documented to respond quickly, causing changes in selection and population structure 

(Stockwell et al. 2003, Meyer et al. 2006, Strauss et al. 2006, Carroll et al. 2007, Hendry 

et al. 2007, Kinnison and Hairston 2007, Darimont et al. 2009). Biologists recently 

focused their attention on this phenomenon of “rapid” or “contemporary” evolution. This 

ongoing evolution in relatively short time frames such as years or decades may be either 
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a phenotypically plastic or fixed response of the genes (Hendry and Kinnison 1999, 

Stockwell et al. 2003, Hendry et al. 2008). A meta-analysis concluded that rates of 

phenotypic change are greater in anthropogenically disturbed areas compared to natural 

areas. This study demonstrates that human disturbance may be a driving agent of rapid 

evolutionary change, and may unleash an unplanned experiment on the planet’s 

biodiversity (Hendry et al. 2008).  

Approximately two thirds of the world’s land surface directly supports human 

populations, contributing to an accumulation of HMHD (Millennium Ecosystem 

Assessment 2005a). HMHD leads to a rapid loss of biodiversity in addition to causing 

changes in assemblage composition which in turn changes ecosystem function.  

Therefore, there is an imperative need to understand how assemblages are responding to 

disturbance (Dornelas 2010). A powerful tool for understanding changes in biodiversity 

is the ability to identify species at the population-level according to which phenotypic 

traits are associated to species persistence in disturbed environments (Caughley 1994, 

Davies et al. 2000, Hendry et al. 2008).  

The following studies were extensive and well tested to establish which 

phenotypic traits are associated with species persistence in disturbed environments. The 

introduction of predators on guppies in Trinidad demonstrated a rapid shift in selection 

pressure favoring guppy individuals that are younger and smaller at sexual maturity, 

producing larger quantities of smaller offspring in each litter while devoting more 

resources to reproduction than do guppies from sites without predators (Reznick and 
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Bryga 1996, Reznick et al. 1996, Reznick et al. 2008). A study on anthropogenic habitat 

changes on traits in the little greenbul (Andropadus virens) demonstrated birds from 

mature and secondary forest were found to differ significantly in three morphologic traits. 

Birds from mature forest had larger wings, tarsi, and bill depths than those in secondary 

forest. These traits are often correlated with fitness (Smith et al. 2008). A study 

demonstrated that in only 30 generations, experimental introduction into a novel 

environment of five male and five female lacertid lizards (Podarcis melisellensis) 

resulted in large differences in head morphology, bite force and digestive tract structure 

due to exploitation of a different dietary resource. The researchers also documented that 

these morphological changes occurred along with changes in population density and 

social structure. These studies demonstrate how the invasion of a novel habitat can 

evolutionarily drive multiple aspects of the phenotype (Herrel et al. 2008). 

Phenotypic divergences between natural and human-altered habitats can be driven 

by several mechanisms such as dispersal, food availability, competition for mates,  and/or 

escaping predators. Populations with the ability to disperse between adjacent habitats and 

survive to have offspring in both habitats may demonstrate a lack of phenotypic 

divergence due to gene flow. Alternatively, if populations have limited dispersal 

capabilities between habitats, phenotypic divergences may become established (Ogden 

and Thorpe 2002, Smith et al. 2008). 

Food availability can also drive population divergences. Body condition has been 

used as a measure related to an animal’s health, quality, or vigor (Peig and Green 2009) 
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and can serve as a proxy for food availability. Body condition can be defined as the 

energy capital accumulated in the body as a result of feeding.  An animal with higher 

condition is assumed to have more energy reserves than an animal with lower condition 

(Millar and Hickling 1990). Body condition is a useful indirect measure because it is 

expected that habitats with low food availability will be occupied by individuals with 

lower body condition compared to habitats with a higher availability of food resources. A 

study in Spain demonstrated that the lacertid lizard, Iberolacerta cyreni, had lower body 

conditions in habitats on deteriorated ski slopes (Amo et al. 2007). 

Other potential mechanisms causing phenotypic divergences are competition and 

predation. Predator pressure can be measured indirectly by caudal autotomy in lizards. 

Caudal autotomy, in which the animal loses its tail to be able to escape, is a widespread 

defense mechanism amongst lizards, occurring within 13 of the approximately 20 lizard 

families (Zani 1996, Downes and Shine 2001). Even though caudal autotomy is mostly 

associated with escape from predation, it also occurs during conspecific aggression 

(Dickinson and Fa 2000, Bateman and Fleming 2009, 2011). Thus, an increased 

frequency of individuals with broken tails suggests increased competition and/or 

predation.  Researchers documented that lizard caudal autotomy is significantly increased 

at sites where predators are more frequent for Niveoscincus metallicus (Chapple and 

Swain 2004), Podarcis muralis (Diego-Rasilla 2003), Podarcis lilfordi (Cooper et al. 

2004), and Cnemidophorus tigris (Pianka 1970). 
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The interplay between dispersal, food availability, competition, and predation and 

phenotypic divergence in populations is important because they can aid in our 

understanding of how individuals persist in novel environments which in turn provides 

information on how species are affected by HMHD. This information will assist 

conservation managers in maintaining and preserving biodiversity in the face of HMHD. 

The aim of this research is to test whether a novel environment and form of 

HMHD, represented as Eucalyptus plantations, generate phenotypic divergences affecting 

the direction of selection in the Cerrado biome across multiple species at a local scale. In 

addition, dispersal, food availability (body condition), competition and predation (caudal 

autotomy) will be tested as potential mechanisms behind phenotypic divergences between 

habitats. 

Materials and Methods 

Study sites 

The study was conducted in Brasília, Distrito Federal, Brazil, a planned city 

constructed in 1960 in the core region of Cerrado. Brasília has experienced HMHD due 

to a rapidly growing population. Elevation ranges between 1,000 m and 1,100 m; average 

annual rainfall is 1,500 mm; mean air temperature is 20º C. Climate is highly seasonal 

being wet from October to March and dry from April to September. Lizards were 

sampled in cerrado sensu stricto and Eucalyptus plantations within three reserves: 

Fazenda Água Limpa (FAL; 15º 55’ S, 47º 55’ W), Floresta Nacional de Brasília 

(FLONA; 15°45’ S, 48°4’ W), and Parque Nacional de Brasília (PNB; 15°35’ S, 47°53’ 
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W), from 10 to 25 km apart of each other (Figure 1.1, refer to Chpt.1). Cerrado is a 

Brazilian savanna and includes a mosaic of vegetation physiognomies including 

woodlands, savannas, grasslands, and gallery and dry forests (Eiten 1977, Ribeiro et al. 

1981). Cerrado s.s., the most widespread physiognomy, is a semi-open vegetation with 

three well-defined layers: grasses, scattered shrubs and palms of up to 1 m, and stunted, 

twisted, barky trees, with a semi-closed canopy of up to 6 m. Eucalyptus plantations 

consist of a closed vegetation with two well defined layers: the leaf litter and a closed 

canopy, with a minimum of 8 m in height. They are reminiscent of land management 

practices prior to the establishment of reserves. In 1984, 19,356.87 ha (3.33%) of natural 

areas were converted to Eucalyptus and Pinus plantations in Distrito Federal (UNESCO 

Office Brasilia 2002).  

Experimental design 

In each reserve, U-shaped transects were placed across the cerrado-Eucalyptus 

gradient (Figure 1.2, refer to Chapter.1). The transition between the two habitats is 

abrupt, with a ~5 m wide dirt road dividing the two habitats (Figure 1.3, refer to 

Chapter1). Each transect contained 30 arrays of pitfall traps (15 in each habitat), ca. 50 m 

apart from each other. Twenty arrays (80 buckets) ran along a 1 km linear transect 

spanning from cerrado to Eucalyptus, with ten pitfall arrays in each habitat. Each transect 

also included five pitfall arrays on each end, breaking off perpendicularly in a U-shape 

(Figure 1.2, refer to Chapter1). Each pitfall array consisted of four 35 l plastic buckets, 

buried in the ground and arranged in a “Y” configuration, with three buckets at the 
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extremities connected to a central bucket by 6 m long plastic drift fences (Figure 1.3, 

refer to Chapter1).  

Data acquisition  

Pitfall traps were placed from March 23 2009 to November 25 2009.  Pitfalls 

were checked once every two days rotating between the three study sites (FAL, FLONA 

and PNB). Four lizard species utilized in this study: Cercosaura ocellata, 

Micrablepharus atticolus, Tropidurus itambere, and Mabuya frenata. Lizards were 

removed from buckets and marked for individual identification by toe clipping. Each 

species per site was marked with an individual toe-clipped code. The following linear 

morphological measurements were obtained for snout-vent length (SVL), head length, 

head width, head height, body width, body height, forelimb length and hindlimb length. 

SVL was measured to the nearest millimeter with a clear plastic ruler, and all other 

measurements were made with digital calipers to the nearest 0.01 mm. Trapping effort 

yielded 29,760 trap-days.   

Statistical analyses  

Total morphometric variation was partitioned between size and shape variation,  

body size was defined as an isometric size variable (Rohlf and Bookstein 1987).  

Following Somers (1986 ), an isometric eigenvector was calculated, defined a priori with 

values equal to p-0.5, where p is the number of variables (Jolicoeur 1963), and scores were 

obtained from this eigenvector, hereafter called body size, by postmultiplying the n* p 

matrix of log-transformed data, where n is the number of observations, by the p * 1 
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isometric eigenvector. To remove the effects of body size from the log-transformed data, 

Burnaby’s method was utilized (Burnaby 1966). The n * p matrix of the log-transformed 

data was postmultiplied by a p * p symmetrical matrix, L, defined as:  

L � I� � �����	
���  

where Ip is a p * p identity matrix, V is the isometric size eigenvector aforementioned, 

and VT is the transpose of matrix V (Rohlf and Bookstein 1987). The resulting size-

adjusted variables are referred to as shape variables throughout the text. A stepwise 

discriminant analysis identified morphometric variables that best discriminate among site 

and habitat per species. 

Dispersal differences between species were calculated as probabilities. For each 

species the number of individuals dispersed in 50 m intervals was divided by the total 

number of individuals that dispersed. Differences between species dispersal probabilities 

were tested with chi square analysis with a Bonferonni correction for multiple tests. 

Body condition was used as an indirect measure of food availability and 

quantified as a ‘scaled mass index’ of body condition following Peig and Green (2009): 

scaled	mass	index ∶ ��� � �� ���
��
 
!"#$

 

 where Mi and Li are the body mass and the snout vent length measurement of individual 

i, bSMA is the scaling exponent estimated by the Standardized Major Axis regression of M 
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on L; L0  is the arithmetic mean value for study population and scaled mass index is the 

predicted body mass for individual i when the linear body measure is standardized to L0.  

A factorial ANOVA between species, site, and habitat was performed on the 

scaled mass index values. To test further where the significant differences occur, factorial 

ANOVA’s were performed on site and habitat for each species separately.  

Caudal autotomy was used as an indirect measure of competition and predation. A 

factorial ANOVA between species, site, and habitat was performed on the number of 

broken regenerated tails. 

Burnaby transformation was performed in R v. 2.14.0 (R Development Core 

Team 2011). All other analyses were performed in SPSS v. 19. 

Results 

 

For Cercosaura ocellata, stepwise discriminant analysis applied on body size and 

all shape variables selected body size, snout–vent length, and head length (all size-

adjusted) as the most powerful discriminators determining site and habitat with a 

classification accuracy of 0.76 based on cross-validation. The first two discriminant 

functions based on body size and snout vent length variables explained about 98% of the 

total variation, The first function represents body size (0.880) and the second function 

represents the variation in snout vent length (0.999) Results from the first axis (function 1 

reduces variation by 94%) indicate that C. ocellata from the Eucalyptus (FAL and PNB) 

are larger in total body size compared to those from cerrado populations. Results from the 

second axis (function 2 reduces residual variation by only 4%) indicate that C. ocellata 
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from the Eucalyptus (FLONA and PNB) have more elongate bodies in relation to body 

size compared to cerrado populations (Figure 2.1).   

For Micrablepharus atticolus, stepwise discriminant analysis applied on body size 

and all shape variables selected body size and body height (all size-adjusted) as the most 

powerful discriminators determining site and habitat with a classification accuracy of 

0.48 based on cross-validation. The first two discriminant functions based on body size 

and body height variables captured 100% of the total variation. The first function 

represents body size (0.797) and the second function represents the variation in body 

height (0.993) Results from the first axis (function 1 reduces variation by 96%) indicate 

that M. atticolus from Eucalyptus (FAL and PNB) are smaller in total body size 

compared to cerrado populations. Results from the second axis (function 2 reduce 

residual variation by only 4%) indicate that M. atticolus from the Eucalyptus (FAL and 

PNB) have higher bodies in relation to body size than cerrado populations (Figure 2.2).  

  For Tropidurus itambere, stepwise discriminant analysis applied to body size and 

all shape variables selected hindlimb and forelimb length (all size-adjusted) as the most 

powerful discriminators determining site and habitat with a classification accuracy of 

0.38 based on cross-validation. The first two discriminant functions based on hindlimb 

and forelimb length variables reduced total variation by 100%. The first function 

represented higher loadings for hindlimb length (0.877) and the second function in 

forelimb length (0.598) Results from the first axis (function 1 reduced variation by 91%) 

indicate that T. itambere from Eucalyptus (FAL and FLONA) have smaller hindlimb 
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length in relation to total body size compared to  cerrado populations, while the opposite 

is true for the lizards of the PNB. Results from the second axis (function 2 reduces 

residual variation by only 9%) indicate that T. itambere from the Eucalyptus (FAL and 

FLONA) have larger  forelimb  length in relation to total body size compared to cerrado 

populations, while the opposite is true for lizards of the PNB (Figure 2.3).  

For Mabuya frenata, stepwise discriminant analysis applied on body size and all 

shape variables selected forelimb length (all size-adjusted) as the most powerful 

discriminator determining site and habitat with a classification accuracy of 0.68 based on 

cross-validation. The first function indicates that M. frenata from the Eucalyptus (FAL 

and PNB) have smaller forelimb length in relation to total body size compared to the 

cerrado populations (Figure 2.4). 

Species probabilities of dispersal distances differed significantly (χ224= 39.551; P 

= 0.02). The significant difference lies between M. frenata and the other species in the 

probability of not dispersing (0 m), 50 m, 100 m, 250 m, 350 m, 500 m is less than for the 

other three species. 

In general, recapture rates were extremely low (Cercosaura ocellata: 9%; 

Micrablepharus atticolus: 16%; Tropidurus itambere: 10%; Mabuya frenata: 8%) 

indicating that a small proportion of individuals disperse. Out of the small proportion of 

individuals that did disperse, recaptured species did not go very far (with the exception of 

M.  frenata), having the highest probability of dispersing within a 50 m. range. C. 

ocellata and T. itambere longest dispersal recorded was 250 m. for the former and 50 m. 
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for the latter, with both species always recaptured in their original habitat. The longest 

dispersal distance recorded for these species becomes short dispersal distances when 

compared to the other studied species. M. atticolus (500 m) and M. frenata (750 m) have 

the ability to disperse longer distances albeit with low probability. In addition, both these 

species were recaptured once in the habitat in which they were not originally captured 

(Figure 2.5). 

The factorial ANOVA for species, site, habitat, and their interactions was 

significant on body condition (F= 152.719,  df=19 ,729, p< 0.001). There was a 

significant effect of species (F= 429.599,  df=3 ,729, p< 0.001), site (F= 6.275,   

df=2 ,729, p<=0.002), habitat (F= 6.018,  df=1 ,729, p=0.014),  species by site (F= 

21.335,  df=4 ,729, p< 0.001),  species by habitat (F= 8.199,  df=3 ,729, p< 0.001) and 

species by site by habitat (F= 4.979,  df=4 ,729, p= 0.001). Site by habitat was not 

significant.  

A factorial ANOVA was conducted to compare the effect of site and habitat on 

body condition of Cercosaura ocellata.  Effects of site (F= 4.705,  df=2 ,257, p = 0.010) 

and habitat (F= 9.427,  df=1 ,257, p = 0.002) were significant. A Bonferroni test was 

utilized for post hoc comparisons between sites. FAL and FLONA (p=0.013) and FAL 

and PNB (p< 0.001) differed significantly. These results demonstrate that site and habitat 

have a significant effect on body condition. Specifically, results indicate that body 

condition is higher in the Eucalyptus habitats compared to cerrado. In addition, body 

condition is higher at PNB than at the other two sites (Figure 2.6).  
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A factorial ANOVA was conducted to compare the effect of site and habitat on 

body condition of Micrablepharus atticolus. The only significant effect was of site  (F= 

3.955,  df=1 ,176, p = 0.048). Specifically, body condition is higher at the FAL site than 

at the other two sites (Figure 2.6). 

A factorial ANOVA was conducted to compare the effect of site and habitat on 

body condition of Tropidurus itambere. There was a significant effect of site  (F= 

30.276,  df=2 ,167, p< 0.001), habitat (F= 23.805,  df=1 ,167, p< 0.001) and the 

interaction between site and habitat (F= 4.638,  df=2 ,167, p= 0.011). A Bonferroni test 

was utilized for post hoc comparisons between sites. FAL and PNB (p< 0.001) and 

FLONA and PNB (p< 0.001) differed significantly. These results suggest that site and 

habitat along with the interaction have a significant effect on body condition. 

Specifically, results suggest that body condition is higher in Eucalyptus habitats 

compared to the cerrado. In addition, body condition is higher at the FAL site than at the 

other two sites (Figure 2.6). 

The factorial ANOVA comparing the effect of site and habitat on body condition 

of Mabuya frenata was not significant (Figure 2.6).  

The caudal autotomy factorial ANOVA for species, site, habitat and their 

interactions was not significant (F= 1.160,  df=19 ,729, p= 0.286) indicating that the 

number of individuals with and without caudal autotomy did  not differ significantly 

between species by site or habitat.  
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Discussion  

This research suggests that Cerrado biome conversion to Eucalyptus plantations 

has altered the course of phenotypic diversification for some species traits while other 

species traits remain unaffected.  Nevertheless, trait changes are not unidirectional across 

or within species. Phenotypic divergences between natural cerrado and disturbed 

Eucalyptus habitats occurred in all four studied species. Although the number of traits 

diverging between habitats and the degree to which one is able to classify populations to 

habitat according to trait divergence varied between species.   

Interestingly, body size and limb measurements are traits that diverge in half the 

species studied. Two (C. ocellata and M. atticolus) of the four studied species are 

experiencing phenotypic divergence in body sizes between habitats. Both species show a 

repetition in the direction of phenotypic change within species but not across species. 

Thus, body size may be sensitive to changes between habitats for cerrado lizards but the 

direction is not always the same across different species. Body size divergences have 

been documented over short time scales many times in natural populations (Hendry and 

Kinnison 1999, Reznick and Ghalambor 2001). That phenotypic trait has interesting 

implications associated with fitness. In Trinidadian guppies, body size is associated with 

number of offspring in which individuals that are younger and smaller at sexual maturity 

produce larger quantities of smaller offspring in each litter at sites with predators when 

compared to sites without predators (Reznick and Bryga 1996, Reznick et al. 1996, 

Reznick et al. 2008). Larger sizes also help males reproduce more, because their larger 
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sizes allow them to win females during conspecific aggression. Being extremely large 

may make them easy target for predators. Thus, each species has an optimal size in each 

habitat, depending on which selective pressures are most influential.  

  Limb length also varied in this study between natural and disturbed habitats for 

two of the four species (Tropidurus itambere and Mabuya frenata). This study 

demonstrates significant differences between habitats, but once again not always in the 

same direction across different species. In addition, T. itambere showed that different 

limb traits can vary in opposite directions within species. Previous authors indicated a 

strong relationship between hindlimb length and performance, which affects individual 

survival (Losos et al. 1997, Schneider et al. 1999). Longer hindlimbs give an advantage 

for increased running speed on broad substrates, whereas shorter limbs provide greater 

maneuverability on narrow surfaces (Losos and Sinervo 1989, Losos and Irschick 1996, 

Irschick and Losos 1998, Spezzano and Jayne 2004, Goodman 2009). The overall pattern 

of shorter hindlimbs in Eucalyptus plantations compared to the cerrado habitat 

corresponds with the literature that open habitats select for longer hindlimbs. One of the 

mechanisms driving these differences could therefore be predation pressure. 

Other phenotypic traits that demonstrated divergences between habitats were head 

length in Cercosaura ocellata and body height in Micrablepharus atticolus. Head and 

body traits were found to differ in other lizards relative to habitat differences. Schneider 

et al. (1999) concluded that lizard head measurements were larger in open forest habitats 

compared to the closed forest habitat. Cercosaura ocellata head length was also larger in 
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the more open habitat of the cerrado compared to the more closed habitat of the 

Eucalyptus plantation. Head traits can be influenced by diet (McBrayer 2004, Herrel and 

Holanova 2008, Herrel et al. 2008) although they may also be under the influence of 

sexual selection as a weapon in contests with conspecifics (Lappin and Husak 2005, 

Stuart-Fox et al. 2006, Measey et al. 2009) Micrablepharus atticolus body height is larger 

in the Eucalyptus plantation compared to the natural cerrado populations. Body traits may 

also be under the influence of sexual selection.  

Given all these phenotypic trait divergences between species, sites and habitats, 

one must take into account that the classification accuracy for C. ocellata and M. frenata 

were moderate to high indicating that these traits divergences separated species into their 

correct habitats. Nevertheless, the classification accuracy for M. atticolus and T. itambere 

are extremely low, cautioning against the ability of phenotypic traits to separate 

populations between habitats. In other words, even though significant differences exist 

between these habitats among these traits, there is also a lot of variation, so phenotypic 

divergences cannot separate populations by habitat.  Furthermore, several phenotypic 

traits did not demonstrate significant divergences between habitats. This lack of 

divergence could be related to time -- possibly not enough time has elapsed for evolution 

to separate out these traits. Several researchers previously demonstrated that disturbance 

can lead to rapid evolution in a diversity of organisms (Hendry and Kinnison 1999, 

Reznick and Ghalambor 2001, Hendry et al. 2008). Researchers studying the interaction 

between guppies and their predators (a form of disturbance) demonstrated the number of 
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generations required for evolution of significant differences between guppies male age 

and size at maturity was seven generations and female age and size at maturity was 13 

generations (Reznick et al. 1997). Lizards studied here have been in Eucalyptus 

plantations for at least 28 years.  Thus, phenotypic divergences for many measured traits 

may not be necessary for species persistence in Eucalyptus plantations.  

The phenotypic trait divergences that did occur between natural and disturbed 

habitats in the last 28 years may reflect phenotypic plasticity. Although evidence from the 

literature suggests that phenotypic plasticity may not be explaining all of the observed 

variation because shifts occur in shape as well as in size between habitats, indicating that 

natural selection acts on particular morphological characters, particularly body size and 

limb length. In addition, both these traits have direct ecological performance 

consequences for lizards (Pianka 1986, Losos 1990) and are likely to be subject to natural 

selection (Schneider et al. 1999). Nevertheless, the role of plasticity cannot be completely 

ruled out without further investigation. 

Phenotypic divergence could also be explained by density dependence. Two lines 

of evidence can rule out this effect. First, Tropidurus itambere diverged in both directions 

depending on the measured traits. Second, a study on Anolis lizards demonstrated that at 

high population densities selection favors larger phenotypic traits. By experimentally 

manipulating population density of A. sagrei on several small islands the strength of 

natural selection was proportional to population density and favored larger body sizes at 

higher density, presumably owing to the enhanced competitive ability afforded by larger 
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sizes (Calsbeek and Smith 2007). Thus, density dependence does not explain the 

phenotypic divergences in the studied cerrado populations since they have higher 

densities but smaller body sizes in C. ocellata, making a stronger argument for the 

influence habitat has on causing phenotype divergences in these lizards. 

Because lizards did demonstrate phenotypic divergences between natural and 

disturbed habitats, dispersal, food availability, competition, and predation were 

investigated as possible mechanisms behind these phenotypic divergences between 

habitats.  

This study demonstrates dispersal differences do occur between species even 

though recapture rates were low. These low recapture rates along with dispersal 

probabilities indicate the studied lizards mostly remain within small ranges. This is 

interesting because it is true for both sit-and-wait foragers such as Tropidurus itambere, 

which is expected, as well as active foragers, which is not expected.  The low recapture 

rate and short dispersal distance probabilities for all four species studied could be 

attributed to the observed phenotypic divergences between habitats. Although molecular 

analyses need to be performed because dispersal may not reflect gene flow (Kawecki and 

Ebert 2004). Gene flow can be higher than dispersal when populations are inbred 

immigrants may have higher fitness than residents (Ingvarsson and Whitlock 2000, Ebert 

et al. 2002). Alternatively, dispersal can be higher than gene flow due to selection against 

migrants and hybrids (Hendry et al. 2000, Hendry 2004, Nosil et al. 2005). Therefore, 



 
 
 

41 

future studies on population genetic structure between these populations are needed to 

understand the interplay between dispersal and gene flow. 

Differences in food availability between habitats may also be attributed to 

observed phenotypic divergences. Body condition is an indirect measure of food 

availability. Body condition was higher in Eucalyptus plantations compared to cerrado 

for two of the four species while the other two species did not show significant 

differences in body condition between habitats. These results suggest that food 

availability is not a limiting factor in Eucalyptus plantations. This study contradicts the 

literature that states disturbed habitats demonstrate a lower lizard body condition 

compared to natural habitats (Amo et al. 2007). Thus, Eucalyptus plantation disturbance 

seems to allow for a sufficiently intact arthropod diversity that has not affected the 

studied Cerrado lizard species.  In addition, for C. ocellata and T. itambere more food 

may be available in the Eucalyptus plantation because they hold lower lizard abundances 

which provide less competition for resources. Therefore, body condition could explain 

the larger body sizes of C. ocellata in the Eucalyptus plantation compared to the cerrado.  

Frequency of caudal autotomy indirectly measures competition and/or predation 

(Schall 1974, Wilson 1991). Caudal autotomy in the lizard Cnemidophorus vanzoi was 

documented during competition between adult males during guarding of gravid females 

and was documented in females resulting from defense of oviposition sites (Dickinson 

and Fa 2000). Caudal autotomy is also indicative of increased predators at a location 
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(Diego-Rasilla 2003, Chapple and Swain 2004, Cooper et al. 2004).  Our study 

demonstrated no difference in caudal autotomy for species by site by habitat. Both 

habitats demonstrated a low frequency of broken tails suggesting subdued competition as 

well as predation.  This indicates the observed phenotypic divergences occurring between 

lizards in natural cerrado and disturbed Eucalyptus habitats are not due to increased 

competition or predation in a particular habitat. 

This research highlights the importance of studying taxa and biomes on a case-by-

case basis to understand better the conservation needs of the species. Thus, one can 

provide a more efficient and tailored conservation plan. Since the 1980’s, conservation 

efforts focused a great deal of attention on slowing the rate of extinction due to human 

disturbance (Myers et al. 2000). Those efforts are vital for preservation of species and 

should be pursued.  However, more attention should be focused towards understanding 

how anthropogenic changes affect evolutionary trajectories of species that can persist in 

degraded habitats. 
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Chapter 3: Brazilian Central Cerrado Lizards in Introduced Eucalyptus 

Plantations: Community Phylogenetics and Human-Mediated Habitat Disturbance.  

 

Introduction 

 

The study of community structure has long been a central question in ecology 

(Pianka 1973, Joern and Lawlor 1980 , Case 1983 , Winemiller and Pianka 1990, Vitt and 

Zani 1996, Churchfield et al. 1997 , Pausas and Verdu 2010). Community structure 

involves a complex network of ecological, evolutionary and stochastic processes. These 

processes are influenced by the interaction of species with one another, their environment 

and their origins. Understanding how these processes work together in structuring 

communities elucidates our comprehension of species diversity; or why certain species 

are present in certain communities. The recent availability of phylogenies has allowed 

community ecologists to incorporate evolutionary history using community phylogenetic 

methods. These research techniques in community phylogenetics allow community 

ecologists to compare the degree of phylogenetic relatedness of species in a community 

to that of species’ source pools, therefore enabling inferences to be made about the 

processes structuring communities (Webb et al. 2002, Cavender-Bares et al. 2009, 

Vamosi et al. 2009).  Few studies have investigated the effects of disturbance on 

community structure utilizing community phylogenetic methods (Warwick and Clarke 

1998, Terlizzi et al. 2005, Verdu and Pausas 2007, Knapp et al. 2008, Willis et al. 2008, 
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Helmus et al. 2010). Disturbance changes the structure of ecological communities and 

may cause local extinctions therefore decreasing species diversity. Considering 

accelerated worldwide habitat destruction, understanding how disturbed communities are 

structured and the processes that influence their dynamics will assist in managing and 

mitigating negative effects on species diversity.  

The ecological process of competition and the evolutionary process of habitat 

filtering act differently when structuring communities. Competition minimizes related 

species from occurring in the same community. Related species share similar resources 

and will outcompete each other to the point of exclusion when resources are limited 

(Elton 1946 ).  When competition is the stronger process influencing community 

membership then the species in a community should be more distantly related than 

expected by chance which is called phylogenetic overdispersion (Webb et al. 2002). 

Many studies have found competition to be the dominant process responsible for 

structuring communities as seen in: the Fynbos shrub communities in South Africa 

(Slingsby and Verboom 2006), sunfish communities in Wisconsin (Helmus et al. 2007), 

mammalian carnivores (Davies et al. 2007), monkey, squirrel and possum assemblages 

(Cooper et al. 2008), eastern North American salamanders (Kozak et al. 2005), Florida 

oak communities (Cavender-Bares et al. 2004)  and bacteria (Horner-Devine and 

Bohannan 2006).  

Habitat filtering maximizes the number of related species occurring in the same 

community since related species tend to have similar tolerances to similar habitat 
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conditions (Webb 2000). When habitat filtering is the dominant process structuring 

communities, species within a community should be more closely related than expected 

by chance called phylogenetic clustering (Webb et al. 2002). Several studies have found 

habitat filtering to be the dominant structuring process in communities as seen in: 

grasslands (Tofts and Silvertown 2000), Bornean rain forest trees (Webb 2000), Barro 

Colorado island Neotropical trees in young forests and plateaus (Kembel and Hubbell 

2006) and  North American wood-warblers at the local community scale (Lovette and 

Hochachka 2006).  

If community structure is not strongly influenced by either competition or habitat 

filtering, or if multiple factors oppose and nullify each other, species within a community 

should be randomly distributed across the phylogeny. Species in the community will be 

neither more nor less closely related than expected by chance (Helmus et al. 2007). These 

concepts form the basis of ‘community phylogenetic’ methods (Webb et al. 2002). By 

comparing the phylogenetic position of community members with those of non-members 

from a regional source pool, to explore patterns of relatedness, one can identify which 

process is structuring the community. Therefore, we can apply these concepts and tools to 

help us understand which ecological, evolutionary or stochastic processes are structuring 

communities and if there is a phylogenetic signal to human disturbance.  

Recent research has demonstrated a phylogenetic signal in disturbed communities. 

These studies conclude that evolutionary processes have a greater influence in structuring 

disturbed communities by selecting for closely related species with similar tolerances 
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(Warwick and Clarke 1998, Anderson et al. 2004, Terlizzi et al. 2005, Verdu and Pausas 

2007, Knapp et al. 2008). Nevertheless, most of this research is based on comparing 

spatially distant undisturbed and disturbed sites.  These studies are problematic because 

differences in community phylogenetics can be attributed to site location instead of 

disturbance (Warwick and Clarke 1998, Verdu and Pausas 2007).    

Few studies have compared the same community before and during a disturbance 

event. A study with angiosperms demonstrated that species in the community during a 

disturbance event, in the form of climate change, are more closely related.  They share 

similar sensitivity to climate change due to phylogenetically conserved flowering-time 

response traits (Willis et al. 2008). Another study found that zooplankton communities in 

North American lakes, subject to various types of disturbance, are comprised of low 

diversity stress-tolerant species more closely related than expected by chance (Helmus et 

al. 2010). These studies demonstrate evidence that a phylogenetic signal exists to 

disturbance in which evolutionary processes may be the dominant force structuring 

communities by habitat filtering. Closely related community members are being selected 

since they share similar physiological responses ensuring their survival after the 

disturbance event. This has large repercussions for species diversity since local 

extinctions caused by disturbance are eliminating distantly related species thereby 

decreasing the genetic variability in the community.  

Lizards of the Cerrado biome are an excellent model to further test the prediction 

whether disturbance is leading to local extinctions of distantly related species thus 
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causing a loss of genetic variability. The Cerrado has experienced habitat disturbance due 

to a growing human population since Brasilia was constructed in the 1960’s. 

Furthermore, some large preserved areas in the region within Brasılia serve as a source 

for natural undisturbed populations. Eucalyptus plantations have been introduced to this 

biome causing human habitat disturbance. This scenario presents undisturbed cerrado 

communities adjacent to disturbed Eucalyptus communities. This pairing provides a 

unique opportunity to study the impact disturbance is having on community structure and 

how this is affecting Cerrado biodiversity.  

The aim of this research is to test whether the phylogenetic structure of lizard 

communities changes in a predictable manner following habitat disturbance in the form 

of introduced Eucalyptus plantations. I expect communities that have been disturbed will 

be phylogenetically ‘clustered’ compared to undisturbed communities in natural cerrado 

because reduced competition following disturbance allows for increased species 

similarity. In addition, disturbance could select for disturbance tolerance traits which are 

phylogenetically conserved. 

Materials and Methods 

Study sites 

The study was conducted in Brasília, Distrito Federal, Brazil, a planned city in the 

core region of Cerrado. Constructed in 1960, Brasília has experienced HMHD due to a 

rapidly growing population. Elevation ranges between 1,000 m and 1,100 m; average 

annual rainfall is 1,500 mm; mean air temperature is 20º C. Climate is highly seasonal: 
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wet from October to March and dry from April to September. Lizards were sampled in 

cerrado sensu stricto and Eucalyptus plantations within three reserves: Fazenda Água 

Limpa (FAL; 15º 55’ S, 47º 55’ W), Floresta Nacional de Brasília (FLONA; 15°45’ S, 

48°4’ W), and Parque Nacional de Brasília (PNB; 15°35’ S, 47°53’ W), from 10 to 25 km 

apart of each other (Figure 1.1, refer to Chapter 1). Cerrado includes a mosaic of 

vegetation physiognomies including woodlands, savannas, grasslands, and gallery and 

dry forests (Eiten 1977, Ribeiro et al. 1981).  Cerrado s.s., the most widespread 

physiognomy, is a semi-open vegetation with three well-defined layers: grasses, scattered 

shrubs and palms of up to 1 m, and stunted, twisted, barky trees, with a semi-closed 

canopy of up to 6 m. The Eucalyptus plantations consisted of a closed vegetation with 

two well defined layers: the leaf litter and a closed canopy, with a minimum of 8 m in 

height. They are reminiscent of land management practices prior to the establishment of 

reserves. In 1984, 19,356.87 ha (3.33%) of natural areas were converted to Eucalyptus 

and Pinus plantations in Distrito Federal (UNESCO Office Brasilia 2002).  

Experimental design 

In each reserve, U-shaped transects were placed across the cerrado-Eucalyptus 

gradient (Figure 1.2, refer to Chapter 1). The transition between the two habitats is 

abrupt, with a ~5 m wide dirt road dividing the two habitats (Figure 1.3, refer to Chapter 

1). Each transect contained 30 arrays of pitfall traps (15 in each habitat), ca 50 m apart of 

each other. Twenty arrays (80 buckets) ran along a 1 km linear transect spanning from 

cerrado to Eucalyptus, with 10 pitfall arrays in each habitat. Each transect also included 5 
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pitfall arrays on each end, breaking off perpendicularly in a U-shape (Figure 1.2, refer to 

Chapter 1). Each pitfall array consisted of four 35 liter plastic buckets, buried in the 

ground and arranged in a “Y”, with three buckets at the extremities connected to a central 

bucket by 6 m long plastic drift fences (Figure 1.3, refer to Chapter 1). 

Data acquisition 

Lizard data from three undisturbed cerrado communities (FAL, FLONA and 

PNB) and three disturbed Eucalyptus communities (FAL, FLONA and PNB) were 

analyzed (Table 1.1, refer to Chapter 1). From 23/March/2009 to 25/November/2009, one 

of the three transects was checked each day for captured lizards. This resulted in a 

sampling effort of 120 buckets for 30 pitfall trap arrays during 248 days, or 29,760 trap-

days. Lizards were individually marked by toe clipping and released next to the capture 

site. The number and abundance of each species were recorded for each transect. Lizards 

were marked for individual identification by toe clipping and tissues were collected for 

DNA molecular analyses Tissues were placed in pure alcohol and deposited in the 

herpetological collection at the University of Brasilia (CHUNB) in a -80° C freezer. 

Individuals of species on each area (FAL, FLONA and PNB) were marked with an 

individual toe-clipped code.  

The genomic DNA of two individuals of each species (17 in total) was extracted 

from toe clip tissues utilizing the Dneasy Tissue kit (QIAGEN). The fragment of the 

region 16S (+/- 500pb) of the mitochondrial DNA was amplified with 16SaR and 16Sd 

primers using the same PCR conditions described in Reeder (1995). After amplification, 
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PCR products were purified utilizing ExoSap and sequenced by the company 

MACROGEN, Korea. Sequences were aligned with MUSCLE v.3.7 using default 

settings (Edgar 2004). 

Phylogenetic analysis  

I utilized BEAST v1.7.0 (Drummond and Rambaut 2007) to perform a relaxed-

clock Bayesian analyses to estimate both the topology and divergence times with 

Posterior Probability support values of 0.95 considered as strong support. Evolutionary 

rates along branches followed an uncorrelated lognormal distribution, a HKY nucleotide 

substitution model and a Yule speciation process. Effective sample sizes (ESS) of at least 

200 were achieved for all estimated parameters. Tree Annotator was used to produce 

maximum credibility trees. Divergence-time estimates were constrained by placing age 

calibrations on a total of six nodes along the tree. Fossil ages were determined from the 

literature. For each calibration point, I used BEAUti to construct a normal distribution 

with a mean equal to the age of the fossil. 

   Priors for calibration points were provided for six nodes: (1) the most recent 

common ancestor (MRCA) of the Iguania with Teiioidea clade was fixed at 179.7 million 

years ago (Hedges and Vidal 2009), (2) MRCA for Gymnophthalmidae with Teiidae 

clade at 85.5 Mya (Hedges and Vidal 2009), (3) the Teiidae clade at 63 mya (Giugliano et 

al. 2007),(4) Iguania clade at 72.6 mya (Townsend et al. 2011), (5) the Iguania clade 

without Enyalius sp. at 65 mya (Townsend et al. 2011) and (6) the Iguanian clade without 

Enyalius sp. and Polychrus acutirostris at 63 mya (Townsend et al. 2011).   
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Statistical analyses  

To estimate the effect of disturbance on phylogenetic community composition, I 

calculated the phylogenetic species variability (PSV), phylogenetic species richness 

(PSR) and phylogenetic species evenness (PSE) of each lizard community described in 

Helmus et al. (2007).  

Observed data (PSV, PSR and PSE) were compared to distributions created under 

a null model to test significance of observed values of each community against random 

distributions.  A data matrix that contains all species and communities was constructed 

with communities as rows and species as columns, randomizing the abundance of species 

within columns. This algorithm randomizes the undisturbed and disturbed communities 

by disrupting the barrier between these communities.  

This randomization assumes that species richness have the same expectation per 

community in the data while maintaining species occurrences. The null hypothesis will 

be rejected by nonrandom associations between species among communities if two 

species are closely related and are more likely (clustered) or less likely (overdispersed) to 

occur in the same communities than expected by chance.  

Each community was randomized with each model 1000 times to create null 

distributions. Observed values were compared to these distributions at a = 0.05 for a two 

tailed test. All analyses were performed in R 2.14.0 (R Development Core Team 2011) 

with modified functions from the package PICANTE (Kembel et al. 2010). 

Results 
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In total 1303 individual lizards were captured and released representing 7 families 

and 17 species, 201 individuals were recaptures, the dominant species were, in order of 

total captures, Cercosaura ocellata, Micrablepharus atticolus, Mabuya frenata, 

Tropidurus itambere, and Anolis meridionalis (Table 1.1, refer to Chapter 1). The 

phylogenetic relationships between the species in the communities along with their 

divergence estimates are in Figure 3.1. 

The PSV mean is lower in undisturbed cerrado communities compared to 

disturbed Eucalyptus communities.  Furthermore, when comparing all individual areas 

separately, all three areas responded in the same direction. The largest difference occurs 

in the PNB site while the smallest is at the FAL site. These results highlight that 

undisturbed cerrado habitat saurofaunas are comprised of more closely related species 

compared to the disturbed Eucalyptus habitat communities. PSR means are larger in 

undisturbed habitats compared to disturbed habitats, which also holds true when 

comparing individual areas separately. Undisturbed cerrado communities also had larger 

differences when comparing PSR to number of species. This confirms that more closely 

related species occur in the undisturbed cerrado habitat due to the increase in species 

richness. In other words, communities with greater species richness are more closely 

related. PSE mean values are also greater in cerrado habitats indicating that undisturbed 

communities are more even in their phylogenetic relationships compared to undisturbed 

communities. Nevertheless, when comparing within individual sites, the PNB site 

demonstrated the largest differences while FAL demonstrated to be slightly more even in 
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the disturbed Eucalyptus site. In summation, PSV, PSR and PSE mean’s indicate that 

Eucalyptus disturbed plantations have fewer species that are less closely related with an 

uneven distribution. The same conclusion can be made for the individual sites FLONA 

and PNB (with the exception of the FAL PSE value).  The fact that the sites respond in 

the same direction reinforces the direction of the effect disturbance on the cerrado 

communities (Table 3.1).  

When comparing observed PSV values per community across the null model 

(disrupting the undisturbed cerrado - disturbed Eucalyptus barrier and maintaining 

species occurrences across communities) both PNBCE and FLONACE are significantly 

clustered indicating that species within these communities are more closely related than 

expected by chance. Interestingly, the PNBEU, FALCE and FALEU were significantly 

overdispersed with species within these communities less closely related than expected 

by chance signaling competition as the structuring mechanism for these communities 

(Figure 3.2). 

Comparisons of observed PSR values per community across the null model 

distribution shows all disturbed Eucalyptus communities are significantly clustered, while 

all undisturbed cerrado communities are significantly overdispersed. This suggests an 

inverse relationship between PSV and N (species richness). Undisturbed cerrado 

communities have increased species richness causing species relatedness to increase 

(decreasing PSV) and the opposite occurs in disturbed Eucalyptus communities (R 

square= 0.99; ANOVA Regression F=266.14 df = 1,5,  P< 0.0001) (Figure 3.2). 
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When comparing observed PSE values per community across null model 

distribution FAL and PNB disturbed Eucalyptus communities are significantly clustered 

reflecting the unevenness arising from the phylogenetic relationships occurring within 

these communities when compared to chance. Interestingly, the FALCE also shows an 

unevenly distributed community. Furthermore, PNBCE and FLONACE are significantly 

overdispersed demonstrating the evenness arising from phylogenetic relationships 

compared to chance (Figure 3.2). 

The third most prevalent species, M. frenata has the largest effect on PSV (-0.23).  

This large effect can be explained by the location of M. frenata in the species pool 

phylogeny, which is split at the root into two major clades. The two major clades split 

into one small clade containing three Mabuya species and the other larger clade with 14 

species of Iguania and Teiioidae. The species of the major clade containing the Mabuya 

are usually less prevalent than the Iguania and Teiioidae clade. The PSV species effect 

value for all species in the Mabuya clade are negative. Thus, adding species from the 

Mabuya  clade increases the PSV of lizard communities that generally have Iguania and 

Teiioidae species. Hence, M. frenata has a large effect on PSV observed values because it 

is the most prevalent member of the Mabuya clade (Table 3.2). 

 

Discussion 

Contrary to recent literature previously reviewed, this research demonstrates that 

undisturbed cerrado communities are comprised of more closely related species than 
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disturbed Eucalyptus communities (Willis et al. 2008, Helmus et al. 2010). A 

phylogenetic signal to disturbance exists in the Cerrado. The stronger process influencing 

the undisturbed cerrado community structure is an evolutionary force in which closely 

related species, with similar tolerances, are more likely to survive and reproduce and 

have successful offspring. Whereas, disturbed communities are influenced by ecological 

forces structuring the community such as competition.  This is extremely interesting since 

the Cerrado biome is such a unique biome with well-defined seasonality and episodic 

fires. This unique biome may have selected for specific traits within the evolutionary 

constraints of species causing the species that coexist to be similar in traits and therefore 

more closely related. In addition, the cerrado could have more resources allowing for 

more congeneric species to coexist. Alternatively, disturbed communities, in the form of 

Eucalyptus plantations, have suffered recent alterations to the habitat causing resources 

such as food and nesting sites to become extremely limited. This would create 

competition which causes the elimination of the closely related congeneric species. 

Interestingly, this type of disturbance on the cerrado diminishes the potential loss of 

genetic variability by eliminating the closely related species instead of the distantly 

related species.  

One possible explanation for the unexpected results of the processes influencing 

the disturbed versus undisturbed community structure is the Cerrado biomes unique 

environment. The literature has studied environments that are continuous with seasonal 

changes that are less dramatic such as flora and the lakes of North America (Willis et al. 
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2008, Helmus et al. 2010). Thus disturbance, in the form of drastic changes, will seem 

novel causing nature to select for species with similar physiological constraints. The 

Cerrado biome is not continuous; it oscillates between a dramatically different dry and 

wet season and suffers from frequent fires simulating a habitat that has already suffered 

from disturbance. This biome could have been selected for more similar or closely related 

species with similar tolerances leading to the habitat filtering process being the prominent 

structuring force in the cerrado communities.  

PSR serves as another reliable metric to identify how communities are structured 

and the effects of disturbance. This metric contains species richness relative to species' 

phylogenetic background. Once again, the result of this research is contrary to the 

expectation in the literature.  When Helmus et al. (2007) studied fish communities in 

North American lakes, the PSV value was positively correlated with the number of 

species across communities, even though PSV should be independent of number of 

species if communities represent random samples from the species pool. This illustrated 

an unexpected and possibly biologically significant relationship between number of 

species and PSV. In their communities, as one increases the number of species, species 

became more unrelated. Distantly related species were being added into the communities 

with a larger number of species. In the Cerrado, an opposite trend is seen as more closely 

related species are being added to the community. In undisturbed cerrado communities 

more congeneric species occur than in the disturbed Eucalyptus communities which have 

lower species richness. This metric reinforces that undisturbed cerrado communities have 
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more resources allowing for co-existence and/or the disturbed Eucalyptus communities 

have fewer resources promoting competition and the elimination of similar species. 

Webb et al. (2002) stated that finding any association between abundance and 

relatedness could indicate that local abundance is actively influenced by phylogenetically 

conserved characters. One study utilizing a molecular phylogeny and species abundances 

from yeasts that live in decaying cactus demonstrated that community structure in the 

form of abundances is linked to genetic relatedness but that the relationship differs for the 

same yeasts found in different habitats, or different Cacti. In one cactus the genetically 

related and unrelated yeasts have equivalent probability of being similar in abundance. 

While on the other cactus, the abundant yeast species tend to be genetically distant from 

one another, whereas rare species tend to be closely related. Distinctive differences 

between the two cacti habitats suggest that conditions imposed by the habitat modify the 

relationship between phylogenetic relatedness and species abundances in the cactus yeast 

community (Anderson et al. 2004). Therefore, the strength of community competition 

versus habitat filtering can modify the abundance relationship of species that are either 

closely or distantly related. 

In this study, abundances and their phylogenetic relationships (PSE) differed 

depending on the community being analyzed confirming results by Anderson et al. 

(2004). The null model demonstrated the undisturbed PNB cerrado communities had the 

most even distribution of species when accounting for phylogenetic relatedness. This 

community is the “healthiest” one compared to the other communities. In this 
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community, selection imposed by the habitat is greater than the strength of species 

interactions. In this community, habitat filters eliminate species with unsuitable traits, 

resulting in greater than expected similarity in abundances of phenotypically similar 

species (Weiher and Keddy 1995). Surprisingly, phylogenetic species evenness values at 

both the FLONA  and FAL sites did not differ much between the undisturbed cerrado and 

disturbed Eucalyptus. The FLONA falls in the realm of randomness so no immediate 

threat of disturbance is signaled for the site. This suggests that the intactness of the 

FLONA cerrado may allow for a more even distribution of species in the adjacent 

disturbed site since the cerrado is a more intact potential source pool. This emphasizes 

the importance of connectivity to “healthy” habitats to minimize the impact of 

disturbance.  Alternatively, the undisturbed FAL cerrado community differs from other 

undisturbed communities signaling a potential threat to its biodiversity. Species evenness 

in this community is the lowest compared to all other sites including the disturbed 

communities. C.ocellata completely dominates other species in the undisturbed FAL 

cerrado.  The two disturbed communities FAL Ecalyptus and PNB Ecalyptus responded 

in the expected direction, with communities that are uneven in their species abundances 

within communities. M. atticolus dominates in the FAL Ecalyptus with 66% of the 

abundance. This could result from the original species pool in the adjacent undisturbed 

cerrado where M. atticolus is the only species that survives in the depleted resource 

habitat of the Eucalyptus. M. frenata dominates in the PNB Eucalyptus disturbed habitat. 

These three communities support dominant species to the detriment of other species in 
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the community. The pattern of only one species dominating in the disturbed site to the 

detriment of other species signals a depletion of resources causing strong competition. 

Competitive exclusion diminishes the population density of a species relative to that of a 

phenotypically similar competitor (Weiher and Keddy 1995).  

In summation, disturbance does affect phylogenetic signal. Undisturbed 

communities are composed of more closely related species than expected by chance 

suggesting that habitat filtering structures communities. Disturbed communities are 

composed of more distantly related species than expected by chance signaling 

competition as the structuring force. Therefore, closely related species are lost to 

disturbance minimizing the loss of genetic diversity.  Nevertheless, even though this 

pattern exists in the FAL, values are not very different between undisturbed and disturbed 

habitats.  In addition, the disturbed habitat is actually more even than the undisturbed 

habitat. The phenomenon that the FAL cerrado community behaves differently from 

other undisturbed communities, but similar to disturbed communities, suggests that it 

suffers from effects of disturbance. Thus, phylogenetic community methods can be a 

useful tool in conservation biology since they can alert conservation managers to which 

sites suffer from disturbance and must be prioritized to mitigate and minimize negative 

impacts of disturbance. The phylogenetic signal of disturbance varies depending on the 

taxon and biome being studied. Future studies of interest will be to see if this pattern 

holds for other types of disturbance in the Cerrado and other habitats.  
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Table 1.1: Number of lizards captured in pitfall traps  

 

Number of lizards captured in pitfall traps placed in cerrado sensu stricto (CE) and Eucalyptus plantations (EU) in three 

reserves, at Brasília, Distrito Federal, Brazil. Recaptures were excluded. FAL: Fazenda Água Limpa, FLONA: Floresta 

Nacional de Brasília, PNB: Parque Nacional de Brasília. E Endemic species (Nogueira et al., 2011; D'Angiolella et al., 2011) 

 

Taxon FAL FLONA PNB Total 

CE 

Total 

EU 

Grand 

total CE EU CE EU CE EU 

Polychrotidae          

Anolis meridionalis (Boettger, 1885) E 25 1 53 5 21 2 99 8 107 

Anolis brasiliensis (Vanzolini and Williams, 1970) E 6 0 17 0 3 0 26 0 26 

Polychrus acutirostris (Spix, 1825) 0 0 5 0 0 0 5 0 5 

Leiosauridae          

Enyalius sp. E 0 0 5 1 0 0 5 1 6 

Tropiduridae          

Tropidurus itambere (Rodrigues, 1987) E 61 10 11 34 47 13 119 57 176 
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Table 1.1: Number of lizards captured in pitfall traps cont. 

Tropidurus torquatus (Wied, 1820) 

 

2 

 

2 

 

1 

 

2 

 

0 

 

2 

 

3 

 

6 

 

9 

Anguidae          

Ophiodes sp. E 0 0 3 0 0 0 3 0 3 

Scincidae          

Mabuya dorsivittata (Cope, 1862) 2 0 75 2 1 1 78 3 81 

Mabuya frenata (Cope, 1862) 8 3 1 40 31 93 40 136 176 

Mabuya nigropunctata (Spix, 1825) 4 7 0 0 0 0 4 7 11 

Teiidae          

Ameiva ameiva (Linnaeus, 1758) 1 1 1 0 6 1 8 2 10 

Cnemidophorus ocellifer (Spix, 1825) 0 0 0 0 15 3 15 3 18 

Tupinambis duseni (Lönnberg, 1896) E 2 0 0 0 2 0 4 0 4 

Gymnophthalmidae          

Bachia bresslaui (Amaral, 1935) E 0 0 0 0 1 0 1 0 1 
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Table 1.1: Number of lizards captured in pitfall traps cont. 

Cercosaura ocellata (Wagler, 1830) 

 

193 

 

17 

 

10 

 

5 

 

35 

 

8 

 

238 

 

30 

 

268 

Cercosaura schreibersii (Wiegmann, 1834) 0 0 15 1 0 0 15 1 16 

Micrablepharus atticolus (Rodrigues, 1996) E 42 51 1 0 76 15 119 66 185 

Abundance 346 92 198 90 235 138 782 320 1102 

Richness 11 8 13 8 11 9 17 12 17 
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Table 1.2: Selection of log-linear models relating lizard abundance  

 

Selection of log-linear models relating lizard abundance to species and habitat, in three reserves of Brasília, Distrito Federal, 

Brazil. Species pool consisted of 17 lizard species and habitats consisted of cerrado sensu stricto and Eucalyptus plantation. 

Species were excluded in decreasing order of chi-square residuals, calculated as observed-expected( ) / expected  . The 

saturated model included the species vs. habitat interaction, whereas candidate models excluded the interaction. After the 

exclusion of Tropidurus torquatus, there was no significant difference between the saturated and candidate model.  

 

Species excluded cerrado 

residual 

Eucalyptus 

residual 

Deviance of 

saturated model 

Deviance of 

candidate model 

Difference df P 

Mabuya frenata -7.60 11.87 607.40 728.13 -120.72 10 < 0.001 

Micrablepharus atticolus -2.40 4.82 490.38 559.06 -68.68 9 < 0.001 

Tropidurus itambere -2.38 5.47 433.28 468.20 -34.92 8 < 0.001 

Mabuya nigropunctata -1.86 5.33 433.28 451.45 -18.17 7 0.011 

Tropidurus torquatus -1.80 5.47 432.94 438.83 -5.89 6 0.436 
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Table 1.3: Gradient analysis for diversity indices 

 

Spearman's rank correlation between lizard captures, richness, and equitability (Hurlbert's 

PIE) with pitfall trap array position along a cerrado sensu stricto – Eucalyptus gradient in 

three reserves in Brasília, Distrito Federal, Brazil. Pitfall trap array ranks increase from 

cerrado sensu stricto to Eucalyptus. 

Study site rS P 

Fazenda Água Limpa (FAL)   

 Captures -0.76 < 0.001 

 Richness -0.56 0.001 

 Equitability 0.10 0.595 

Floresta Nacional de Brasília (FLONA)   

 Captures -0.58 < 0.001 

 Richness -0.67 < 0.001 

 Equitability -0.02 0.921 

Parque Nacional de Brasília (PNB)   

 Captures -0.39 0.034 

 Richness -0.60 < 0.001 

 Equitability -0.51 0.004 
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Table 1.4: Indicator species analyses 

 

Results of indicator species analyses of lizard species across a cerrado sensu stricto – 

Eucalyptus gradient in three reserves at Brasília, Distrito Federal, Brasil. For each area, 

only those species significantly associated with one of the two habitats are listed. The 

strength of association between species and habitats is assessed by the group-equalized 

indicator value ( IndValind
g

) and point biserial correlation indices ( rpb
g ), both modified to 

deal with combinations of site groups. For each area, P-values are adjusted by Holm's 

method (Holm, 1979) to control the family-wise error-rate. 

Species Habitat IndValind
g  P rpb

g  P 

FAL      

Anolis brasiliensis cerrado 0.577 0.0418 0.420 0.0413 

Anolis meridionalis cerrado 0.913 0.0004 0.697 0.0004 

Cercosaura ocellata cerrado 0.959 0.0004 0.885 0.0004 

Tropidurus itambere cerrado 0.895 0.0004 0.579 0.0008 

FLONA      

Anolis brasiliensis cerrado 0.730 0.0030 0.471 0.0052 

Anolis meridionalis cerrado 0.956 0.0005 0.814 0.0006 

Cercosaura schreibersii cerrado 0.791 0.0030 0.579 0.0027 

Mabuya dorsivittata cerrado 0.953 0.0005 0.778 0.0006 

Mabuya frenata Eucalyptus 0.883 0.0005 0.747 0.0006 

Tropidurus itambere Eucalyptus — — 0.425 0.0096 
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Table 1.4: Indicator species analyses cont. 

 

PNB 

     

Anolis meridionalis cerrado 0.818 0.0016 0.567 0.0032 

Cercosaura ocellata cerrado 0.807 0.0052 0.592 0.0032 

Cnemidophorus ocellifer cerrado 0.707 0.0125 0.455 0.0151 

Mabuya frenata Eucalyptus — — 0.675 0.0006 

Micrablepharus atticolus cerrado 0.851 0.0027 0.588 0.0030 

Tropidurus itambere cerrado — — 0.571 0.0034 

All areas      

Anolis brasiliensis cerrado 0.577 0.0006 0.358 0.0009 

Anolis meridionalis cerrado 0.895 0.0006 0.650 0.0009 

Cercosaura ocellata cerrado 0.795 0.0006 0.472 0.0009 

Cercosaura schreibersii cerrado 0.456 0.0118 0.294 0.0156 

Cnemidophorus ocellifer cerrado 0.408 0.0345 — — 

Mabuya dorsivittata cerrado 0.603 0.0006 0.385 0.0009 

Mabuya frenata Eucalyptus — — 0.406 0.0009 

Tropidurus itambere cerrado — — 0.297 0.0132 
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Table 3.1: Phylogenetic species analyses 

 

Phylogenetic species variability (PSV), Phylogenetic species richness (PSR), 

Phylogenetic species evenness (PSE)  and Species Richness (SR) values for each 

community along with their variances and means. FAL, FLONA and PNB represent the 

three areas while CE is the undisturbed cerrado community and EU the disturbed 

Eucalyptus community.   

 

Community          PSV          var.PSV        PSR         var.PSR        PSE         SR 

FALCE        0.7801231   0.0004854   8.5813550   0.0587277   0.5297383   11 

FALEU         0.7955710   0.0015706   6.3645680   0.1005165   0.5338714    8 

FLONACE        0.7342242   0.0002132   9.5449140   0.0360328   0.6834398   13 

FLONAEU       0.7666125   0.0015706   6.1329000   0.1005165   0.6612294    8 

PNBCE       0.7448347   0.0004854   8.1931820   0.0587277   0.6917213   11 

PNBEU      0.7816095   0.0010534   7.0344860   0.0853290   0.5515579    9 

MeanCE     0.7530607   0.0003947   8.7731503   0.0511627   0.6349665   12 

MeanEU    0.7812643   0.0013982   6.5106513   0.0954540   0.5822196    8 
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Table 3.2: Effects of species 

 

Effects of species in Cerrado lizard communities on PSV. 

Taxon Species Effect 

Polychrotidae  

Anolis meridionalis E 0.069521610 

Anolis brasiliensis E 0.028928564 

Polychrus acutirostris  0.018372059 

Leiosauridae  

Enyalius sp. E 0.041092597 

Tropiduridae  

Tropidurus itambere E 0.089050951 

Tropidurus torquatus  0.107104478 

Anguidae  

Ophiodes sp. E 0.005688833 

Scincidae  

Mabuya dorsivittata  -0.198606278 

Mabuya frenata  -0.226242905 

Mabuya nigropunctata  -0.044123936 

Teiidae  

Ameiva ameiva  0.027959716 

Cnemidophorus ocellifer  0.047326406 

Tupinambis duseni E 0.019840433 

Gymnophthalmidae  

Bachia bresslaui E 0.020585671 

Cercosaura ocellata  0.003865293 

Cercosaura schreibersii  -0.031026881 

Micrablepharus atticolus E 0.020663388 
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Figure 1.1: Aerial photo of Brasilia 

 

Aerial photo of Brasilia, Federal District, Brazil. Stars indicate location of transects 

within reserves. The green star marks traplines within the FAL, the blue star those within 

the FLONA and the red star those within the PNB.   
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Figure 1.2: Image of PNB with pitfall arrays. 

 

Image of PNB with red dots representing pitfall arrays. The cerrado is to the left and the 

Eucalyptus is to the right. Each array is separated from each other by a distance of 50 m. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 



71 
 

Figure 1.3: Photographs of habitats 

 

Top left: pitfall array in Eucalyptus. Top right: pitfall array in the cerrado. Bottom left: 

road separating cerrado and Eucalyptus habitats. Bottom right: Micrablepharus atticolus 

captured in bucket. 
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Figure 1.4: Lizard captures in cerrado sensu stricto and Eucalyptus plantations  

 

Lizard captures in cerrado sensu stricto and Eucalyptus plantations in Brasília, Distrito 

Federal, Brazil. Aa: Ameiva ameiva, Ab: Anolis brasiliensis, Am: Anolis meridionalis, 

Bb: Bachia bresslaui, Co: Cercosaura ocellata, Cs: Cercosaura schreibersii, Cn: 

Cnemidophorus ocellifer, Es: Enyalius sp., Md: Mabuya dorsivittata, Mf: Mabuya 

frenata, Ma: Micrablepharus atticolus, Mn: Mabuya nigropunctata, Os: Ophiodes sp., 

Pa: Polychrus acutirostris, Ti: Tropidurus itambere, Tt: Tropidurus torquatus, Td: 

Tupinambis duseni. 
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Figure 1.5: Gradient graph 

 

Number of captures, richness and probability of interspecific encounter along the transect 

from deep into the cerrado to deep into the Eucalyptus plantation for each site.  The 

abrupt dirt road dividing the two habitats is between C1 and E1. 
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Figure 1.6:  Correspondence analysis for site by habitat  

 

Correspondence analysis for site by habitat. The three sites are FAL: Fazenda Água 

Limpa, FLONA: Floresta Nacional de Brasília, PNB: Parque Nacional de Brasília 

FLONA. The opened circles represent cerrado habitats while the closed circles represent 

Eucalyptus habitats. 

 

 
 
 
 
 

An. brasiliensis 
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Figure 1.7: Correspondence analysis for the species in the FAL  

 

Correspondence analysis for the species in the FAL site along a grid with surface fitting 

using thinplate splines under a generalized additive model (GAM) with Gaussian errors. 

Circles represent cerrado pitfall traps while triangles represent Eucalyptus pitfall traps. 

Aa: Ameiva ameiva, Ab: Anolis brasiliensis, Am: Anolis meridionalis, Ce: Cercosaura 

ocellata, Md: Mabuya dorsivittata, Mf: Mabuya frenata, Ma: Micrablepharus atticolus, 

Mn: Mabuya nigropunctata, Ti: Tropidurus itambere, Tt: Tropidurus torquatus, Td: 

Tupinambis duseni. 
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Figure 1.8: Correspondence analysis for the species in the FLONA  

 

Correspondence analysis for the species in the FLONA site along a grid with surface 

fitting using thinplate splines under a generalized additive model (GAM) with Gaussian 

errors. Circles represent cerrado pitfall traps while triangles represent Eucalyptus pitfall 

traps. Aa: Ameiva ameiva, Ab: Anolis brasiliensis, Am: Anolis meridionalis, Co: 

Cercosaura ocellata, Cs: Cercosaura schreibersii, Es: Enyalius sp., Md: Mabuya 

dorsivittata, Mf: Mabuya frenata, Ma: Micrablepharus atticolus, Os: Ophiodes sp., Pa: 

Polychrus acutirostris, Ti: Tropidurus itambere, Tt: Tropidurus torquatus. 
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Figure 1.9: Correspondence analysis for the species in the PNB  

 

Correspondence analysis for the species in the PNB site along a grid with surface fitting 

using thinplate splines under a generalized additive model (GAM) with Gaussian errors. 

Circles represent cerrado pitfall traps while triangles represent Eucalyptus pitfall traps. 

Aa: Ameiva ameiva, Ab: Anolis brasiliensis, Am: Anolis meridionalis, Bb: Bachia 

bresslaui, Co: Cercosaura ocellata, Cn: Cnemidophorus ocellifer, Md: Mabuya 

dorsivittata, Mf: Mabuya frenata, Mi: Micrablepharus atticolus, Ti: Tropidurus 

itambere, Tt: Tropidurus torquatus, Td: Tupinambis duseni. 
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Figure 2.1: Linear discriminant function for Cercosaura ocellata 

 
Means (open circles: cerrado habitats, closed circles: Eucalyptus habitats) and standard 
errors (error bars) of scores on first (LDF 1) and second (LDF 2) linear discriminant 
functions of body size and snout vent length (all size-adjusted; see text for details) for 
Cercosaura ocellata per site per habitat. 
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Figure 2.2: Linear discriminant function for Micrablepharus atticolus 

 

 Means (open circles: cerrado habitats, closed circles: Eucalyptus habitats) and standard 

errors (error bars) of scores on first (LDF 1) and second (LDF 2) linear discriminant 

functions of body size and body height (all size-adjusted; see text for details) for 

Micrablepharus atticolus per site per habitat. 
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Figure 2.3: Linear discriminant function for Tropidurus itambere 

 

Means (open circles: cerrado habitats, closed circles: Eucalyptus habitats) and standard 

errors (error bars) of scores on first (LDF 1) and second (LDF 2) linear discriminant 

functions of hindlimb length and forelimb length (all size-adjusted; see text for details) 

for Tropidurus itambere per site per habitat. 
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Figure 2.4: Linear discriminant function for Mabuya frenata 

 

Means and standard errors (error bars) of scores on first linear discriminant function 

(LDF 1) of forelimb length (all size-adjusted; see text for details) for Mabuya frenata per 

site per habitat. 
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Figure 2.5: Probability of dispersing  

 

Probability of dispersing a given distance for the four most abundant species. 
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Figure 2.6: Body condition  

 

Body condition (Scaled Mass Index) mean and standard error bars for each species by 

site and habitat. 
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Figure 3.1: Bayesian chronogram produced by BEAST analyses  

 

Bayesian chronogram produced by BEAST analyses with 16S gene (based on mean age 

estimates). Shaded bars represent 95% highest probability densities. Numbers on scale bar are 

millions of years before present. 
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Figure 3.2: Null model distributions for PSV, PSR, and PSE 

 

Null model distributions for each value (PSV, PSR and PSE). Dotted lines represent alpha 

significance for a-two tailed test. Stars represent values for undisturbed communities and circles 

those for disturbed communities. 
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