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Seasonal changes in taxonomic and
functional diversity of lizard communities
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KAROLINE R. DA SILVA, LIARA G. GOMES, VANDA L. FERREIRA, CHRISTINE
STRUSSMANN & LEONARDO F.B. MOREIRA

Abstract. Seasonal changes play a key ecological role, structuring biotic processes and
communities. Yet we generally lack an understanding of how seasonal flood regimes affect
communities in floodplains. Herein, we investigated the effects of seasonal changes in
taxonomic and functional diversity of lizard communities in southern Pantanal ecoregion.
Lizards were sampled in seven sites encompassing seasonally flooded grasslands and
dense arboreal savannas, across rainy and dry seasons (2005-2006). Functional diversity
metrics were based on three morphological traits and included intraspecific variability.
We collected a total of 810 lizards from 13 species. Species richness did not differ
across seasons or months. Lizard abundance varied among sampling months, but did
not differ between rainy and dry season. Low values of abundance were recorded at
drawdown period. Community composition did not vary between seasons. Functional
diversity metrics exhibited random distributions, and both functional richness and
evenness were not influenced by seasons. Although communities seem to be resilient
to seasonal variations, our findings highlighted that transition from rainy to dry season
may represent an important constraint on lizard abundance. Including traits related to
food acquisition and predator avoidance could provide new insights into the effects of
seasonal floods on floodplains’ lizard communities.
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INTRODUCTION

It is well appreciated that seasonal variations
(i.e. shifts in temperature and precipitation
patterns) can affect biotic communities through
effects on productivity, habitat heterogeneity,
and resources availability (Robinson et al. 2013,
Ryan et al. 2016). In floodplains, biotic diversity
is strongly affected by flood regimes, both
directly and indirectly. The variation between
aquatic and terrestrial phases may favor the
development of plasticity (physiological and
behavioral) or even limit species distribution
(Ocock et al. 2014, Moreira et al. 2017). However,
the consequences of flood pulses for reptile

communities from Neotropical areas are still
a matter of debate. Flooded area influences
phylogenetic betadiversity of snake communities
in floodplains of Paraguay River basin (Piatti et
al. 2019). In contrast, flooding has a strong effect
on lizard species richness in floodplains of the
Araguaia-Tocantins basin, but no impact on the
phylogenetic community structure (Mesquita
et al. 2015). In this sense, we need integrative
approaches to understand how the flood pulse
affects different dimensions of communities (i.e.
taxonomic, functional, and phylogenetic).
Recently, functional trait approach has
been used to reveal reptile responses to
human disturbances (Trimble & van Aarde 2014,
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Berriozabal-Islas et al. 2017). An organism’s
traits have direct and indirect consequences on
its fitness, making functional traits a proxy for
understanding the habitat requirements and
responses to disturbances (Mouillot et al. 2013).
However, many challenges remain to establish
accurate generalizations concerning drivers
of the observed patterns. For example, many
animal trait data are not readily available or
the investigated traits can be hard to quantify.
Functional traits may also vary both among
and within populations (e.g. Raffard et al. 2019;
and references therein), so the spatial scale
under which they are considered needs to be
addressed. In addition, there is an ongoing
debate on trait selection and types of functional
diversity measures (Tsianou & Kallimanis
2016). For reptile communities, very little exists
concerning the effects of natural disturbances—
such as floods—on species traits (Piatti et al.
2019).

Ultimately, lizards inhabiting areas subject
to floods must have abilities to occasionally
live in trees, semi-aquatic habits or high vagility
to dispersal (e.g. Iguanidade, Mabuyidae,
and Tropiduridae). Otherwise persistence
in seasonally flooded areas will rely on
recruitment occurring from adjacent upland
areas (McDonald et al. 2012, Treilibs et al. 2019).
So, because floodplains are quite variable
regarding environmental conditions across
time and space, we expect lizard communities
inhabiting them to consist of generalist species,
rather than specialist species (e.g. Mesquita
et al. 2015). Morphological characteristics
are useful to discriminate niche gradients
between lizards (Pianka et al. 2017), however
categorical variables (such as diet, foraging
activity, reproductive mode) have also being
used in studies about lizard functional diversity
(e.g. Trimble & van Aarde 2014, Berriozabal-
Islas et al. 2017). Although discrete categories
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are more easily compiled and may help us to
infer general niches for broad comparisons,
they make difficult to assess how intraspecific
variability impacts functional diversity. In this
sense, incorporating individual measurements
instead of mean values would improve studies’
accuracy (Violle et al. 2012). When traits are
carefully selected, correlations between them
may reveal important aspects of community
functioning (Villéger et al. 2008).

In the center of South America, the
Pantanal ecoregion encompasses a large
variety of floodplain habitats (e.g. brackish and
freshwater ponds, extensive seasonally flooded
grasslands, channels, open and arboreal
savannas). Although most of these habitats
share similarities with Cerrado ecoregion,
they are subject to a predictable flood pulse
associated to seasonal, summer rainfall pattern
(Junk et al. 2011). Currently, 47 lizard species
are known for the region (Ferreira et al. 2017,
Dorado-Rodrigues et al. 2018). Although their
natural history is incompletely known, many
species appear to show patchy distributions
in the mosaic of grasslands-savannas in the
central Brazil (Nogueira et al. 2009). Such
microhabitat associations potentially prevent
some species from colonizing areas subject
to flood pulses, and result in reduced species
richness in the floodplain when compared with
localities situated in the neighboring plateaus
(Strissmann et al. 2011).

Here, we focus on lizard communities in
the Pantanal to evaluate seasonal patterns. We
considered three aspects of taxonomic diversity
(richness, abundance, and species composition)
and two aspects of functional diversity (richness
and evenness). Lizards exhibit high selectivity
for thermoregulatory microhabitats and intense
competition for suitable microclimates can exert
strong impact on individual's performance and
habitat use (Rusch & Angilletta 2017, Benicio
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et al. 2021). So, species composition and traits
associated to these species would be expected
to change from the warm-wet to the cool-dry
season, even with no seasonal change in the
taxonomic richness. In addition, flood pulse
may impose restrictions on microhabitats for
thermoregulation or shelter. So, functional
diversity would be lower in the rainy season
than in the dry season, following disturbance
associated to flood pulse.

MATERIALS AND METHODS

Study area and sampling procedures

The study area was located in the Negro-
Taquari interfluve, in part of the Taquari alluvial
megafan, a region known as Nhecolandia (for
more details see Oliveira et al. 2018). Field
samplings were done at the Nhumirim Ranch
(18.9833°S, 56.6500°W: 103 m a.s.l.; ca. 4300 ha), an
experimental station belonging to the Empresa
Brasileira de Pesquisa Agropecuaria, with 20%
of its area converted to Natural Heritage Private
Reserve. The topography is basically flat with low
level terrain, and the soil comprises fluvial and
lacustrine sands with high aluminum saturation
(Junk et al. 2006). The predominant landscape
includes a mosaic of dry and seasonally flooded
grasslands of both native and cultivated
pastures, open and dense arboreal savannas on
higher terrains locally called “cordilheiras” (Pott
et al. 2011). The tropical climate implies a mean
annual temperature of 25.5°C with maximum
temperatures above 35°C (October to January),
although the minimum can go down to 15°C
(June and July). Annual rainfall varies from 675
to 1185 mm and is highly seasonal, concentrated
between December and March (~70%; Soriano
& Alves 2005). In the rainy season, floods are
common in the region as a result of rainfall
runoff with a limited influence of overflow water
from rivers. Although interannual variations may
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occur, the flood often begins at mid-December
(Delatorre et al. 2015). The steady flood period
occurs from January to March, and water
drawdown may last until June.

At the Nhumirim Ranch, we sampled sites
within grassland areas (N = 4) and dense arboreal
savannas (N = 3), with a minimum distance of 1.2
km each other (Supplementary Material - Figure
S1). Lizards were captured in each site using sets
of pitfall traps. During rainy season, the area
can be almost completely covered by surface
water, except for patches with a higher elevation
(i.e. 1 m above the flood level). Thus, traps were
constrained by logistic issues and installed in
sites above the mean flood level. At each site,
we installed two sets of pitfall traps with drift
fences (spaced a minimum of 600 m apart).
Each pitfall trap set consisted of four plastic
buckets (100 L; diameter: 59 c¢cm; height: 71 ¢cm)
sunk in the ground and arranged in a “Y” shape,
with a central bucket connected to each of
three peripheral buckets by a 10 m plastic drift
fence (Figure S1). Samplings were conducted
four times in the dry season (May, June, August,
and October 2005) and four times in the rainy
season (February and March 2005, January and
March 2006). All traps remained open for nine
consecutive days during each sampling event.
Each captured individual was transported to field
laboratory, marked individually by toe clipping
and released in their original capture location
in the morning of the next day. Toe clipping
followed approved protocols and was provided
for in the field permit. Marked individuals
recaptured in the same sampling event were not
considered in the analysis. We recorded: body
mass, snout-vent length (SVL), and tail length
(Tal). Additional information on sex, evidence
of regenerated or broken tail, presence/absence
of eggs, and natural marks was also recorded.
Voucher specimens were anesthetized and
killed with an overdose of thiopental, fixed in
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10% formalin, and conserved in 70% alcohol.
They are housed in the zoological collections of
the Universidade Federal de Mato Grosso do Sul
(ZUFMS, Campo Grande, Brazil).

Diversity measures and statistical analysis

We assessed sampling saturation overall and
per season using rarefaction and extrapolation
curves based on Hill numbers (Chao et al. 2014).
We also estimated species richness per season
with two non-parametric richness estimators:
one abundance-based (Chao 1) and one
incidence-based (Chao 2). Sampling curves were
generated using the iNext R package (Hsieh et
al. 2016).

Although taxonomic/functional diversity
is frequently used in ecology, there are open
questions as to the best ways of how to measure
it (e.g. Tucker et al. 2016). Several authors argued
that diversity cannot be summarized by a single
metric, because mechanisms driving community
patterns did not affect in the same way aspects
of richness, divergence, and regularity. So, we
choose metrics that account for presence-
absence and abundance separately. Lizard
richness and abundance were the total number
of species and individuals by species captured
in each site, respectively. We tested whether
species richness and abundance varied between
seasons using linear mixed-effect models
(LMM). Season (two levels) was included as fixed
effect and site was included as a random effect.
Statistical significance was obtained using anova
function. As there might be a lag between rainy
season and flooding in the southern Pantanal,
we also tested if richness and abundance varied
over the months using LMMs. Site was also
included as a random effect in these models.
Significant interactions were investigated
with a Tukey's test with Bonferroni correction.
Abundance data were square-root transformed
to reduce the heteroscedasticity and to give less
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weight to the few dominant taxa. LMMs were
computed using the nlme R package (Pinheiro
et al. 2020). We used a permutational variance
analysis (PERMANOVA) to assess differences in
lizard community composition between rainy and
dry seasons, based on Bray-Curtis dissimilarity.
Before PERMANOVA, quantitative lizard data was
Hellinger—transformed (Legendre & Gallagher
2001). A compound graph (Dambros 2014) was
used to characterize species distribution across
seasons.

To quantify changes in functional diversity
across seasons, we calculated two components:
functional richness (FRic) and functional
evenness (FEve) (Villéger et al. 2008). Functional
richness is independent of species’ abundance,
while FEve value is proportional to species’
relative abundance. All metrics were based
on trait variation rates instead of species’
mean trait values, and included intraspecific
variability (Violle et al. 2012). Thus, we built
three matrices as recommended by Taudiere &
Violle (2016): i) a trait matrix where columns and
rows were traits and individuals, respectively;
ii) a matrix assigning a site name to each
individual; iii) a matrix assigning a species
name to each individual. Trait matrices included
data reflecting habitat use and resource use
requirements (body mass, SVL, and Tal). Body
size is correlated with foraging mode, while tail
length may be used as an indicator for primary
microhabitat (i.e. fossorial, terrestrial, scansorial;
Pianka et al. 2017). Because tail autotomy can
vary markedly with age and across lizard taxa
(Bateman & Fleming 2009), we included only
individuals without regenerated or broken tails
in the functional diversity analyses. Body mass
was measured to reflect reproductive aspects,
such as clutch size (Meiri et al. 2020). To facilitate
comparison between the different metrics, the
magnitude of the differences was calculated
based onstandardized effectsize (SES).So, we can
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estimate the extent of over- or underdispersion
in functional metrics. Standardized effects were
derived from a null model that randomizes trait
values for all individuals in all communities—
regional model (Taudiere & Violle 2016). We
used a paired Student's t test to compare SES.
FRic/FEve between dry and rainy season.

RESULTS

Summarizing data over all sampled sites, we
found a total of 810 lizards from 13 species (Table
). Functional diversity indices were calculated
based on three morphological measurements
from 717 individual captured at the seven sites—
note that some specimens had regenerated
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or broken tails and could not be included in
the analyses. The most abundant species was
Ameivula aff. ocellifera (Ameivula sp. 2 of Arias
et al. 2018), corresponding to 52% of all collected
individuals (Table 1). Throughout the study
period recaptures were recorded for only two
species: A. aff. ocellifera (N = 39) and Vanzosaura
rubricauda (N = 3). However, for the former, many
recaptures (61%) occurred in the same sampling
event. Fifteen individuals of A. aff. ocellifera
were recaptured at the same sites at intervals
of three to eight months, and three individuals
were recaptured at different sites, from 2 to
4 km apart. All recaptures of V. rubricauda
occurred at the same site at intervals of two to
three months. Table SI summarizes additional

Table I. Composition and abundance of lizard communities by season in the Nhumirim Ranch in Pantanal, Brazil,

from February 2005 and March 2006.

Family and Species Season
Dry Rainy
Dactyloidae
Norops meridionalis (Boettger, 1885) 1
Gymnophthalmidae
Bachia bresslaui (Amaral;1935) 1 1
Micrablepharus maximiliani (Reinhardt & Luetken, 1862) 10 9
Vanzosaura rubricauda (Boulenger, 1902) 190 90
Polychrotidae
Polychrus acutirostris Spix, 1825 1
Scincidae
Manciola guaporicola (Dunn, 1935) 4 15
Notomabuya frenata (Cope, 1862) 2 1
Copeoglossum nigropunctatum (Spix, 1825) 1
Sphaerodactylidae
Coleodactylus brachystoma (Amaral, 1935) 6 1
Teiidae
Ameiva ameiva (Linnaeus, 1758) 13 16
Ameiva sp. 5 9
Ameivula aff. ocellifera (Spix, 1825) 182 241
Tropiduridae
Tropidurus lagunablanca Carvalho,2016 7 4
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data about sex, age class, and reproductive
period of the individuals captured along the
study. Observed species richness was similar to
estimated richness for both estimators (Table
II). Rarefaction curves (individual-based and
sample-based) were similar between dry and
rainy seasons (Figure 1).

Species richness did not differ across
seasons (F,,, = 0.011; p = 0.915) or months (F,, =
1.951; p = 0.094). Lizard abundance varied among
sampling months (F,, = 7.484; p < 0.001), but did
not differ between rainy and dry season (F,,, =
0.747; p = 0.746). Post hoc tests indicated lower
values of abundance in June of 2005 (one month
after drawdown period) and at the end of the
rainy season of 2006 (p < 0.01; Figure 2).

Comparison of communities did not show
significant differences in species composition
associated with season (PERMANOVA, F,,=3.044;
p = 0.081). Four out of 13 species were recorded
in all sampling events (Figure 3). Based on SES,
functional diversity metrics exhibited random
distributions (Figure 4). Although the variation
of FRic was lower in the rainy season, both
functional richness and evenness did not differ
between seasons (FRic: t = 1.233, df = 6, p = 0.131;
FEve:t =1.298, df =6, p = 0129). A post hoc power
analysis indicated that more than 11 sites would
be needed to have adequate power to test
differences given the observed effect sizes.

SEASONAL CHANGES IN LIZARD DIVERSITY

DISCUSSION

In this study, we found no relationship between
richness (taxonomic or functional) and seasonal
flooding; however, lizard abundance declined
at drawdown period. At the community level,
the absence of trait clustering indicates that
flood did not directly influence habitat use and
resource use requirements, herein described
by snout-vent length, tail length, and body
mass. However, assembly mechanisms within
communities operate on various spatial scales,
and lizard communities have shown divergent
trends between local and regional scales
(Rabosky etal.2007, Ramm etal.2018).So, theidea
of no association between lizard communities
and flood pulse may be not necessarily true.
If analyses rely on different spatial scales,
inappropriate species pool can potentially
bias the likelihood of detecting a pattern of
clustering or overdispersion (Cadotte et al.
2017). In the Pantanal, there is recent evidence
suggesting that flooding effects occur in a direct
and localized way in snake assemblages (Piatti
et al. 2019). Thus, the assessment of other traits
related to behaviorand reproduction, integrating
intraspecific variability at different scales, would
be particularly useful to understand lizard
responses in unpredictable environments.

The recorded species richness in the
Nhumirim Ranch agree with other estimates of
lizard species richness found in surrounding
uplands of the Cerrado-Pantanal border (15-
20 spp.; Uetanabaro et al. 2007, Nogueira et al.

Table Il. Lizard species richness, lizard abundance, and abundance (Chao 1)/incidence based (Chao 2) richness

estimators across different seasons.

Species recorded

All period 13
Dry season 12
Rainy season 1

Total abundance

Chao1 Chao 2
(95% CI) (95% CI)
810 17(13-45) 17(13-42)
422 16(12-44) 13(12-22)
388 17(11-40) 17(11-49)
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2009, Valdujo et al. 2009) or in seasonal flooded
areas in the Cerrado-Amazon transition (14
spp.; Mesquita et al. 2015). Rarefaction curves
suggested that species richness was similar for
both seasons (~ 17 spp.), however confidence
intervals for the rainy season were particularly
large. Although we lack knowledge about lizard
dispersal capacities across taxa, conditions in
the flooded matrix probably constrain dispersal
to varying extents for different species. So,
strictly terrestrial species may face a reduction
of habitats at rainy season. A subtle issue here is
that imperfect detection could have influenced
our results. For example, the low abundance
or absence of fossorial species would be likely
a limitation of the sampling methodology.
Functional metricsseemto berobusttoimperfect
detection, although detectability has the
potential to bias trait-environment relationship
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(Roth et al. 2018). Absences of primarily arboreal
families—such as Iguanidae, Gekkonidae, and
Phyllodactylidae— and semi-aquatic lizards,
such as Dracaena paraguayensis, may also stem
from our sampling method. However, only few
species (between one and three) belonging
to these families have been recorded in the
Pantanal ecoregion so far (Ferreira et al. 2017).
So, such absences (even considering they are
truly sampling artifacts) would have only a
modest bias in our level of trait variance (i.e.
functional richness).

It is interesting to note that the community
structure recorded in the Nhumirim Ranch
seems quite similar to available studies for other
open habitats of South America. Overall, there is
much overlapping among the genera recorded
in open formations (e.g. Ameiva, Micrablepharus,
Notomabuya, Tropidurus; Nogueira et al. 2009,
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Mesquita et al. 2015), with some species turnover
according to soil heterogeneity, topography, and
land use. Many of the lizard species in open
habitats could be considered as generalists with
widespread distribution. However, there are
issues of taxonomic uncertainty and extensive
cryptic diversity (i.e. multiple lineages within a
species; Fenker et al. 2020). Here, the occurrence
of two species in process of formal description
(Ameiva sp. and Ameivula aff. ocellifera; V.L.
Ferreira, personal communication) highlights
that disentangling unrecognized taxa is
important to relate diversity and disturbances,
allowing more informed conclusions.
According to our findings, it seems that
transition from rainy to dry season represents
an important constraint on lizards in the
Pantanal ecoregion. There was a significant
decrease in lizard abundance during months
that correspond to the end of drawdown period,
being the captures mainly of Vanzosaura
rubricauda (~70%). In the drawdown period, the
plains are still moist, but residual flood water
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is concentrated in small puddles and channels.
Moreover, large aggregations of both resident
and migratory birds close to wet environments
are common when the water level drops, making
fish and other aquatic organisms easy preys
(Donatelli et al. 2017). Many bird species nest
at the beginning of the dry season, and once
aquatic prey availability in temporary puddles
is depleted, they are likely feed on terrestrial
vertebrates in surrounding areas. Although
we lacked specific information on predation
rates upon lizards, a plausible hypothesis
is that abundance patterns are linked to
seasonal predation associated with flood ebb.
It is well appreciated that predation pressure
is an important driver of lizards’ behavior and
body size (Downes & Hoefer 2004, Schalk &
Cove 2018). In addition, we have evidence in
northern Pantanal that predation upon lizards
isa common event during bird breeding season,
even among primarily insectivorous birds
(Smaniotto et al. 2017). Therefore, lizards’ lower
incidence could be related predation pressure.

Polychrus acutirostris
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Tropidurus lagunablanca
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Figure 3. Distribution of lizard species in relation to season in the Nhumirim Ranch, Pantanal, Brazil. Bar thickness
is proportional to lizard abundance (full bar ~ 90 individuals). Sampling in the rainy season (dark-gray bars);

Sampling in the dry season (light-gray bars).
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This idea did not exclude other effects that
may act simultaneously to flood ebb, such as
decrease in the food availability. Stable isotope
analyses have shown that terrestrial lizards may
receive trophic subsidy from both terrestrial and
aquatic sources (Martins et al. 2021), but there
are effects of lizard size and species identity
(Magnusson et al. 2001). So, decreases in the
food availability, at a particular stage of the
flood cycle, may constrain lizard abundance to
varying extents for different species and even
for cohorts of the same species (Moreira et al.
2022).

Random patterns of functional richness
indicate that, alternatively: i) flood disturbance
was not strong enough to constrain species with
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of Nhumirim Ranch, Pantanal Brazil. Black dots and
segments: mean and standard deviation of community
values, gray box: distribution under a null model.
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extreme trait values or, ii) the chosen traits were
not good enough to perceive flood effects. Since
the Quaternary, fauna and flora have faced an
unstable environment in the Pantanal (Junk et
al. 2006). Flood amplitude is known to vary a
lot at inter-annual scales (Junk et al. 2011) and
lizards should be able to cope with periods of
extreme flood or extreme drought, similarly
to other organisms living in the floodplain.
Our results were based on a restricted study
period (~ 1y), and this snapshot view must be
recognized as a constraint to find trends of
seasonal flooding. In field studies, long-term
assessments are rare, because high temporal
replication is a challenging task. Recent evidence
shows that lizard densities are more associated
to multiple factors acting on different short-
term snapshots than by accumulated long-
term changes in savannas subject to seasonal
disturbance (Souza et al. 2021). We cannot rule
out, also, the possibility that other traits may
restrict the occurrence of some lizard species in
flooded areas. Our traits’ choice was based on a
specific biological hypothesis (habitat filtering;
Trimble & van Aarde 2014, Berriozabal-Islas et al.
2017), besides being subject to field constraints
(time and manpower available). In addition, the
lack of significance for the functional diversity
metrics may be a function of the low sample
sizes. All these limitations could have influenced
our results and should be considered in future
studies on the topic. Still, it would be valuable
to investigate data of the same season from
different years to confirm issues of pattern
predictability.

In conclusion, we showed that lizard
communities seem to be resilient to seasonal
variations in the Pantanal. However, variations
in abundance suggest that flood regimes may
regulate ecological factors, such as biotic
interactions. Lizards are often important links for
energy transfer within Neotropical ecosystems.
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So, including traits related to food acquisition
and predator avoidance could provide new
insights into the effects of different seasons on
lizard communities.
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