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Riparian zone as a main determinant of the structure of
lizard assemblages in upland Amazonian forests
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Abstract The use of lizards as model organisms in ecological studies is based on their success in occupying a
great diversity of habitats, and some species are closely tied to the environment, which is disadvantaged by the
legislation of several countries concerning land use. Our aim was to relate lizard species distribution patterns in
rainforest environments to variation in environmental gradients, and provide ecologically based metrics for estab-
lishing buffer zones around streams. Lizards were sampled three times in 41 standardised transects near Manaus,
Brazil, only in dry season, with Time Limited Visual Search associated with raking through leaf litter. We
recorded 20 species from 10 families and used non-metric multidimensional scaling to reduce the dimensionality
of quantitative and qualitative compositions of species. Multiple linear regression models indicated that the envi-
ronmental gradients distance to nearest stream, extent of canopy openness, vegetation density and slope did not
significantly influence assemblage species distribution, with an indication of effect of litter depth. By means of
piecewise linear regression, the use of riparian zone was estimated at ~190 m from quantitative species composi-
tion and ~211 m from qualitative species composition. Five species occurred only in the riparian zone. Our
results suggest that conservation of the entire riparian lizard assemblage in Amazonian rainforest is likely to
require protection of at least a 211 m buffer on either side of streams.

Abstract in Portuguese is available with online material.
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INTRODUCTION

Lizards are widely used as ecological models due to
their success in occupying a great variety of habitat
types (Vitt et al. 2003). In addition to behavioural
(Mugabo et al. 2011), morphological (Abdala er al.
2014) and physiological (Lee 1980) aspects, several
environmental variables are involved in the structur-
ing of lizard assemblages (Cosentino er al. 2013;
Leavitt & Fitzgerald 2013). Some species are strongly
associated with particular habitats (Buckley & Jetz
2010; Silva er al. 2014), which makes them poten-
tially sensitive to environmental variations (Ledo &
Colli 2016).

In forest environments, gradients such as vegeta-
tion composition, litter depth and canopy openness
are important for habitat selection by lizards and in
maintaining their species diversity (Vitt er al. 2007;
D’Cruze & Kumar 2011). Across a great variety of
biological groups, including lizards, one of the most
significant threats to species diversity is habitat loss
(Ribeiro-Junior & Amaral 2016).
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Studies have suggested that riparian zones have
greater richness and distinctness of species composi-
tion than adjacent areas (Drucker ez al. 2008; Bueno
et al. 2012; Rojas-Ahumada ez al. 2012). Turnover in
species composition is favoured by the presence of
riparian zones (Sabo er al. 2005). These areas can
increase spatial heterogeneity, by modifying plant
species composition in the landscape. This is an
important factor in determining assemblage structure
(Pianka 1966; Keller er al. 2009). Riparian zones also
concentrate certain species because of habitat selec-
tion (Fraga et al. 2013), and are considered impor-
tant for maintaining regional biodiversity (Bub ez al.
2004; Lehmkuhl ez al. 2007; Bueno er al. 2012).
Increased spatial heterogeneity may facilitate
resource-partitioning, increase the availability of
refuges and microhabitats, and influence species rich-
ness and composition (Hutchinson 1957; Pianka
1974; Schall & Pianka 1978; Sebens 1991). Here, we
consider riparian zone as the area extending from the
two borders of a stream to where the influence of the
stream disappears (Zhang & Peng 2003).

Many governments around the world set fixed buffer
zones for streams, and this leads to the question of how
these values are derived and whether they are based on
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ecologically reasonable values. In several localities,
human actions have caused alterations in the course of
rivers and loss of riparian forests, damaging the native
biodiversity (Barrett & Guyer 2008; Bateman er al
2008). Recent changes in Brazilian environmental legis-
lation have led to removal of protection from many nat-
ural areas, as well as encouraging extensive exploitation
of resources and deforestation (Ab’Saber 2010; Novaes
& Souza 2013). One of the most significant losses has
been in riparian zones and their associated forests,
despite their key role in providing a variety of environ-
mental services (Tundisi & Tundisi 2010).

While it is clear that vertebrate assemblages in ripar-
ian zones are strongly structured (Seavy er al. 2009),
few studies have investigated the extent to which the
riparian zone is used or the importance of these areas
for lizard assemblages (e.g. Sabo & Power 2002; Seml-
itsch & Bodie 2003). Therefore, our objectives were
to: (i) relate lizard species distribution patterns in rain-
forest environments to variation in environmental gra-
dients and (ii) provide ecologically based metrics for
establishing buffer zones around streams.

METHODS

Study area

We conducted the study at the Federal University of
(FEX-UFAM),

Amazonas Experimental Farm

Manaus, Amazonas. FEX-UFAM (2° 38'57.6"S, 60°
3’11"W) is located in an upland (terra-firme) forest at
km 921 on highway BR-174 (Fig. 1) and occupies an
area of 3000 ha of tropical rainforest with a mainly
closed canopy and low-lying understorey. FEX-
UFAM has extensive episodically flooded areas due
to the presence of large streams, and an irregular
topography (altitude ranges from 42 to 130 m:
Rojas-Ahumada ez al. 2012).

Federal University of Amazonas Experimental Farm
is connected to protected areas managed by Brazilian
federal government bodies (Brazilian Institute for the
Environment and Renewable Natural Resources
(IBAMA) and the National Institute of Amazonian
Research (INPA)), and so is part of a much larger area
of continuous forest (Rojas-Ahumada ez al. 2012). The
annual mean temperature in the region varies between
24.6 and 26.9°C, and the daily relative humidity varies
between 75% in dry season and 92% in rainy season
(Araujo et al. 2002). The rainy season usually occurs
from December to May, and the dry season from June
to November (Marques-Filho ez al. 1981).

Sampling design and Data collection

Federal University of Amazonas Experimental Farm
includes a sampling plot system of the Biodiversity
Research Program (PPBio), installed in 2007 follow-
ing the RAPELD system (Rapid Assessment Pro-
gram; PELD - Long-Term Ecological Research;

Fig. 1. Location of the RAPELD grid in Fazenda Experimental da Universidade Federal do Amazonas, Manaus, Amazonas
State, Brazil (see Methods for supporting information). Black dots indicate locations of riparian transects, and white dots
show positions of upland (uniformly distributed) transects. Modified from: ppbio.inpa.gov.br.
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Magnusson er al. 2005; Magnusson ez al., 2013). At
FEX-UFAM, the plot system is composed of four
east—west oriented trails each of 8 km long, and nine
north—south oriented trails each 3 km long, covering
an area of 24 km? The plot system contains 41 250-
m-long plots in form of transects that follow the ter-
rain contour (Fig. 1). Of these, 31 are uniformly dis-
tributed transects, with neighbouring transects
separated by 1 km. Another 10 riparian transects that
follow the banks of waterbodies are separated from
other transects by at least 500 m (Rojas-Ahumada
et al. 2012).

We sampled all transects three times between
September and November 2015, or between Septem-
ber and November 2016, in a random order. We col-
lected data only in dry season, when the area is not
flooded and lizards were likely to be more active due
to higher temperatures. We visited the transects dur-
ing the day, between 09:00 and 15:00, on days with
temperatures of at least 26°C and in the absence of
rainfall. We used Time Limited Visual Search
(TLVS) associated with raking through leaf litter
(Crump & Scott 1994; Martins & Oliveira 1998).
Occasional lizard records outside the transects and
around the grid were not included in the analyses,
and were considered only as part of the description
of the local assemblage composition.

In order to detect terrestrial and arboreal lizards,
the TLVS was conducted by searching horizontally
(up to 5 m on each side) and vertically (up to 5 m
high) along the centre line of the transects. Raking
through leaf litter consisted of moving litter and fal-
len logs in search of fossorial animals. We conducted
TLVS following the sequence of space markers along
the transects, with 10 m distant from one another,
from 0 to 250 m, for 1 h. Racking through leaf litter
was performed in the reverse direction, also for 1 h.
During each survey, we surveyed each transect for
2 h, with two observers, totalling a sampling effort of
246 person-hours. Taxonomic nomenclature adopted
follows Ribeiro-Junior and Amaral (2016).

Environmental variables

In all transects, we quantified the following environ-
mental variables: distance to nearest stream, litter
depth, extent of canopy openness, vegetation density,
slope, percentage of clay in soil and altitude. The
measurement of the distance of the transect to the
nearest stream was obtained from a previous study
and ranged from 1.74 to 1093.4 m (Rojas-Ahumada
et al. 2012). In the third survey, we measured the lit-
ter depth with a ruler in six points distributed uni-
formly along each transect. We used the mean leaf-
litter depth value for each transect. We obtained
measurements of land slope, clay percentage and
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altitude data during field visits and from previous
studies, available at the Biodiversity Research Pro-
gram Data Repository (PPBio) at http://ppbio.inpa.
gov.br. All sampling methods followed the protocols
established by PPBio.

In addition, we used vegetation-density and
canopy-opening data collected with LiDAR (Light
Detection And Ranging) in previous studies (J. Schi-
etti, unpubl. data, 2017). We estimated vegetation
density as the sum of leaf area density (LAD) returns
for each transect, which is the returns of pulses in a
given volume of forest (MacArthur & Horn 1969).
We estimated the canopy openness from the percent-
age of sky shots, which is the number of emitted
pulses that do not return a reflection to the apparatus
(Parker ez al. 2004).

Data analysis

We calculated the dissimilarity in the composition of
the lizard assemblage among the transects using a Jac-
card distance (based on presence—absence) for qualita-
tive data, and a Bray-Curtis distance (based on
abundance) for quantitative data. We considered the
total number of observations in each transect in the
three sampling visits as an index of the abundance of
each species. We summarised the composite patterns
with non-metric multidimensional scaling (nMDS) to
reduce dimensionality of data to a single axis of multi-
variate ordering and to allow visualisation of composi-
tional patterns within the assemblage.

To determine the relationship of the lizard assem-
blage composition to the environmental variables, we
used multiple regressions, for which the dependent
variable was the first nMDS axis of quantitative or
qualitative composition. We tested the independence
of the predictor variables (Spearman’s correlation
coefficients, r < 0.60) and excluded the environmen-
tal variables altitude and clay percentage from the
model because they had high levels of correlation
with each other and with the variable distance to
stream (r > 0.8).

To determine the width of the riparian zone used by
lizards, we used piecewise regression to evaluate the
effect of distance from waterbodies on the quantitative
and qualitative composition of the lizard species
assemblage (nMDS axes). Piecewise regression uses
maximum likelihood to fit multiple linear models to
each x value, and then, two straight lines represent
variation in the nMDS axis in relation to the predictor
variable. The breakpoint represents an x value where
the linear function inclination changes. This break-
point is considered to represent the distance at which
organisms perceive an environmental differentiation,
thus delimiting the effective extension of the riparian
zone for the analysed group. We performed the
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segmented regression with the SiZer statistical pack-
age, version 0.1-4. SiZer uses a non-parametric
method to approximate the response function and its
derivatives. After that, it examines how those functions
change across the range of the predictor variable (Son-
deregger er al. 2009). All analyses for this study were
conducted in the R computing environment (R Core
Team, 2014).

RESULTS

Correlations of lizard assemblage and
environmental variables

We recorded 20 species of lizards from 10 families
(Table 1). After the exclusion of two species
recorded in occasional encounters, in the ecological
analyses we considered 18 species from 10 families,
totalling 429 records. The five species greater or
equal to 25 records made up 72.2% of the observa-
tions. The five least frequently encountered species
accounted for only 4.2% of all observations.

The number of species recorded in each transect
varied from one to nine (mean £+ SD = 4.7 + 1.9).
The number of observations in each transect varied
from two to 24 (mean + SD = 10.5 + 5.6). Ken-
tropyx calcarata and Chatogekko amazonicus were the
most frequently encountered species, occurring in
83% and 56% of transects. Two species, Thecadacty-
lus rapicauda and Uranoscodon superciliosus, were
recorded only once in non-riparian areas. The vast
majority of U. superciliosus was recorded less than
15 m from a stream, and only one individual (a juve-
nile) was seen outside the riparian zone. Plica plica
was recorded only in transects with a distance from
streams greater than 600 m.

The nMDS axes captured 39.2% and 41% of the
variance for quantitative and qualitative composi-
tions, respectively. Multiple regression models used
to test the effect of environmental variables (distance
to nearest stream, leaf-litter depth, canopy openness,
vegetation density, slope) on assemblage composition
(nMDS axes) were not significant (Table 2; quantita-
tive nMDS R? = 0.02, P = 0.33; qualitative nMDS
R?=0.10, P = 0.11). However, there was indication
of an effect of litter depth on qualitative composition
(P = 0.05).

Use of riparian habitats

The quantitative composition represented by the
nMDS axis showed a change in composition with
increasing distance from the nearest stream (Fig. 2).
The piecewise regression indicated a significant effect

doi:10.1111/aec.12754

Table 1. List of lizard species by family recorded at
Fazenda Experimental da Universidade Federal do Ama-
zonas in Manaus, Brazil, with the number of observations
per species. Species with a (*) symbol were recorded only
outside the sampling grid

Family/Species Observations
Alopoglossidae

Alopoglossus angulatus 6
Dactyloidae

Anolis chrysolepis 2

Anolis fuscoauratus 17

Anolis punctatus 12
Gekkonidae

Hemidactylus mabouia™ -
Gymnophthalmidae

Arthrosaura reticulata 10

Leposoma percarinatum 9

Neusticurus bicarinatus 8

Tretioscincus agilis 8
Iguanidae

Iguana iguana* -
Mabuyidae

Copeoglossum nigropunctarum 21
Phyllodactylidae

Thecadactylus rapicauda 4
Sphaerodactylidae

Chatogekko amazonicus 80

Gonatodes humeralis 54
Teiidae

Amerva amerva 37

Kentropyx calcarata 114

Tupinambis teguixin 2
Tropiduridae

Plica plica 4

Plica umbra 16

Uranoscodon superciliosus 25
Total 429

of distance on the quantitative assemblage composi-
tion from ~190 m (95% CI = 3.1-857.8 m) of the
nearest stream (R2 =0.13, df = 38, P = 0.02). The
exclusion of the rare species (z < 6) did not signifi-
cantly alter the result of stream distance on the quan-
titative  composition (change point ~188 m;
R?=0.41; df = 38; P < 0.01).

The qualitative composition represented by the
nMDS axis also showed changes with increasing dis-
tance from streams (Fig. 3). The piecewise regression
indicated a significant effect of distance on qualitative
assemblage composition from ~211 m of the nearest
stream (95% CI = 3.5-771.2 m; R? = 0.38; df = 38;
P < 0.01). The exclusion of the rare species (n < 6)
had little effect on the influence of distance to stream
on the qualitative composition (change point
~200 m, R? = 0.39, df = 38, P < 0.01). Considering
the model that explains the greatest percentage of dif-
ferentiation in the assemblage composition, the ripar-
ian zone, as recognised by lizard assemblage, extends
some 211 m from streams. Using this metric, 27 of

© 2019 Ecological Society of Australia
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Table 2. Results from multiple linear regressions. Mod-
els’ adjusted R-squared (model adjustment) and P-values
(significance) are given in parentheses. P-values for each
variable are given for the respective multiple regression
model. The non-metric multidimensional scaling derived
from Bray—Curtis distances of site-standardised data repre-
sents quantitative assemblage composition, and the non-
metric multidimensional scaling derived from Jaccard's
index for presence—absence data represents qualitative com-
position

Quantitative Qualitative

composition composition

(R* =0.02; (R* = 0.10;
Environmental variables P=0.33) P=0.11)
Distance from streams 0.20 0.20
Leaf-fitter depth 0.24 0.05
Canopy openness 0.93 0.72
Vegetation density 0.77 0.72
Slope 0.27 0.80

the 41 transects sampled lie within the riparian zone,
and 14 are outside the riparian zone (Fig. 4).

Five species were restricted to the riparian zone, all
with fewer than 10 records. Only one individual of
T. rapicauda out of 4 and one U. superciliosus out of
25 were recorded in transects outside the calculated

riparian zone. 7retioscincus agilis was recorded twice
in transects outside the riparian zone. Plica plica was
recorded only in upland forest. All other species were
recorded in transects in both habitat types, indicating
low species turnover (Fig. 4).

DISCUSSION

We recorded 18 species from 10 families, totalling
429 observations. Multiple regression models were
not significant. Considering the models from piece-
wise regressions, the riparian zone extends some
211 m from streams.

The lizard assemblage and effects of
environmental variables

Studies of Amazonian lizard fauna tend to show simi-
lar richness and composition to our study area (Zim-
merman & Rodrigues 1990; Vitt et al. 2008; Franca
& Venancio 2010; Ilha & Dixo 2010; Oliveira ez al.
2014). Studies in other areas of Amazon forest sug-
gest that assemblages may be affected differently at
the local scale, and this relationship can be highly
idiosyncratic (Pinto ez al. 2008).

o o
b

05

Species quantitative composition (nMDS1)
0.0

T I I

0 200 400

I | I
600 800 1000

Distance from streams (m)

Fig. 2. Effect of distance from streams on quantitative composition of a lizard species assemblage in an upland rainforest
near Manaus, Brazil. The nMDS axis represents the non-metric multidimensional scaling ordination derived from Bray—Cur-
tis distances of site-standardised data. Lines represent piecewise regressions (R? = 0.13; P = 0.02) with breakpoint at ~190 m

from nearest stream.
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Fig. 3.

Effect of distance from streams on quantitative composition of a lizard species assemblage in an upland rainforest

near Manaus, Brazil. The nMDS axis represents the non-metric multidimensional scaling ordination derived from the Jaccard
Index for presence—absence data. Lines represent piecewise regressions (R? = 0.38; P < 0.01) with breakpoint at ~211 m from

nearest stream.

Species turnover appears to be lower in forest envi-
ronments (Silva & Sites 1995) than in open regions
(Vitt er al. 2007) at the local scale. While the Amazo-
nian region has 138 known species of lizard, most of
which are widely distributed, most studies of Amazo-
nian lizards detect between 20 and 30 species
(Ribeiro-Junior & Amaral 2016). This suggests that
both turnover patterns and the influence of environ-
mental variables can be detected more easily at scales
broader than that employed in the present study.

Leaf-litter depth is likely to affect the lizard assem-
blages we studied because it increases habitat com-
plexity. Several studies point to the importance of
leaf litter in affecting lizard assemblages (Watling
2005; Whitfield ez al. 2007; Folt & Reider 2013).
This might be due to the increase in food resources,
given that leaf-litter arthropods constitute a large por-
tion of the food items consumed by lizards (Vitt et al.
2007).

Use of riparian habitats

Riparian zones play an important role in structuring
species assemblages, affecting both richness (Bub
et al. 2004; Rojas-Ahumada ez al. 2012) and species
composition (Lehmkuhl ez al. 2007; Fraga et al.

doi:10.1111/aec.12754

2011). Even though we found high uncertainty about
the extent of the riparian zone, both qualitative and
quantitative approaches resulted in similar estimates.
Results of the piecewise regression analysis indicated
that the riparian zone in the studied region influ-
enced species composition and abundance of lizards
and that the species assemblage responded to an eco-
tone that extended to about 200 m from streams. A
change in species composition was shown to occur
from 100 to 140 m for other groups as Amazonian
herbaceous plants (100 m; Drucker er al. 2008),
snakes (100 m; Fraga er al. 2011), bats (114 m; Per-
eira et al. 2019) and birds (140 m; Bueno er al.
2012). As Bueno er al. (2012) and Drucker ez al.
(2008), the lizard assemblage we studied showed
greater abundance of species in the riparian zone. In
addition, as Bueno ez al. (2012), we found more spe-
cies restricted to the riparian than to the non-riparian
environment.

The composition of plant species in areas closer to
the stream banks is distinct from areas further away,
with a continuous gradient of change that forms an
ecotone between lowland and upland areas (Drucker
et al. 2008). These changes might modify food avail-
ability, or even provide different sorts of resources,
which possibly alters species abundance (Curtis ez al.
2015). The higher abundance of lizard species in

© 2019 Ecological Society of Australia
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Plica plica

Ameiva ameiva

Plica umbra
Copeoglossum nigropunctatum
Arthrosaura reticulata
Anolis fuscoauratus
Chatogekko amazonicus
_l Gonatodes humeralis
____ Thecadactylus rapicauda
_J Tretioscincus agilis

I Kentropyx calcarata

-
]
1]
1

1 Anolis punctatus
| Uranoscodon superciliosus

Tupinambis teguixin

Anolis chrysolepis

Leposoma percarinatum

Neusticurus bicarinatus

Plots

Fig. 4.

Alopoglossus angulatus

Occurrence of lizard species related to distance from streams in Fazenda Experimental da Universidade Federal do

Amazonas, Manaus, Brazil. Transects are ordered from left to right by distance from nearest stream, which varied from 1.74
to 1093.4 m. Bars represent presence of species listed to the right of the graphs. The vertical line represents the estimated dis-
tance (obtained by piecewise regression) at which streams cease to influence in qualitative composition (~211 m).

riparian zones might be explained by the higher prey
abundance in these areas during the dry seasons
(Ryan & Poe 2014).

Implications for conservation

Establishing a fixed metric for mandatory preserva-
tion does not seem reasonable, since each species
uses space in different ways. At our study site, the
widest forest streams have an average width of 4.6 m
(Rojas-Ahumada ez al. 2012). According to Brazilian
laws, only 10 m of riparian forest on either side of
such streams would be protected by law, while more
than 200 m on either side could be eliminated, rep-
resenting about 95 per cent of the riparian zone as
recognised by the assemblage in the current study.
Environmental laws for the preservation of the
riparian zone have been adopted in a number of
Latin American countries, with minimal riparian
zone around 100-400 m, while in several US states
removal of native vegetation near waterbodies is
expressly prohibited and permission for plant sup-
pression occurs only in exceptional cases (Nusdeo
2012). In contrast, Brazilian environmental legisla-
tion has produced policies that are much less

© 2019 Ecological Society of Australia

conservation-oriented. Recent changes to the Brazil-
ian Forest Code allow the maintenance of 30 m of
riparian forest for waterbodies in urban areas or
10 m wide for small rural waterways, reaching 500 m
for streams with a width exceeding 600 m (Law
12.651 of May 25, 2012).

The ineffectiveness of the legislation in force in
megadiverse countries, such as Brazil, has already
been identified as a threat to species conservation
(Casatti 2010; Imperatriz-Fonseca & Nunes-Silva
2010; Marques er al. 2010; Ribeiro-Jr er al. 2012;
Novaes & Souza 2013; Ledo & Colli 2016). The
habitat reduction can cause decrease in ecological
services, as result of the loss of pollinators and seed
dispersers, as well as an increase in the likelihood of
disease transmission in urban centres (Develey &
Pongiluppi 2010; Galetti ez al. 2010).

The riparian zone in the present study is just one of
the many categories of wetlands in Amazonia (Junk
et al. 1989; Piedade er al. 2012). Studies at several
sites and across a variety of groups have shown that the
assemblage composition there tends to be markedly
different, and regional species richness increases sig-
nificantly when diversity data from riparian and non-
riparian environments are combined (Sabo ez al. 2005;
Ribeiro-Jr et al. 2012; Rojas-Ahumada ez al. 2012).

doi:10.1111/aec.12754
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Our results suggest that variation in the composi-
tion of Amazonian lizard assemblages is not ade-
quately considered under the legal tenets of the
current Brazilian Forest Code. The statistical meth-
ods used in the present study have proved to be
effective in establishing ecologically based buffer
zones. Fixed metrics, which are adopted by several
countries, do not reflect the effective use of forest
riparian habitats and should be reconsidered accord-
ing to the ecological needs of the species.
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