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Abstract

The great environmental changes induced by anthropogenic activities reshaped many
ecosystem processes. Thus, the previously natural landscapes have been turned into
mosaics of natural and seminatural lands embedded into human-modified landscape.
To understand effects of these landscape modifications on the anuran communities, we
aimed to compare pond-breeding anuran communities in a well-preserved forest with
communities in agricultural landscape. We tested the values of taxonomic, phylogenetic
and functional diversity, by analyzing four data matrixes containing environmental, phy-
logenetic, morphological and abundance information from 15 anuran species along this
environmental gradient. Our analysis showed that only the phylogenetic component of
the diversity was linked to the changes on the gradient and that the loss of environmental
quality generates enhanced phylogenetic diversity. We showed that the anthropogenic
disturbance acts negatively on anuran communities, forcing the species to adapt and
behave like generalist species in order to survive at the modified places now available,
where there were well-preserved forests before the humans changed it.

Keywords: anuran diversity and conservation, landscape conversion, habitat loss,
Atlantic rainforest, anthropogenic disturbance

1. Introduction

The great environmental changes induced by anthropogenic activities are, in general, dated
from before the industrial revolution (~1860 AD) [1]. These activities have reshaped many
ecosystem processes across the globe since the human populations have become persistent
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in some places due the enhanced agricultural practices [2]. As a result of this growing phe-
nomenon, the previously natural landscapes have been turned into mosaics of natural and
seminatural lands embedded into human-modified landscapes [3]. Actually, these mosaic
conditions of non-used land represent, almost 90% of the world’s tropical forests which are
inserted in reserves and parks within agricultural lands [4, 5]. Understanding the factors that
affect the community assemblies has been the focus of many ecological studies [6-9]. Since
the conversion of the previously undisturbed places is usually allied to unsustainable activi-
ties, which drives the ecosystem degradation throughout the loss of ecosystem services and
the related cascade events [10] causing biodiversity loss across the globe and across spatial,
temporal and organizational scales [11-13].

To understand these factors, some researchers have made use of a classical measure, the taxo-
nomic unit (e.g., species) [10, 14], but it does not take into account ecological and evolutionary
attributes of species. However, some modern approaches are combining functional attributes of
species (individual characteristics that can be measured and that affect the fitness) with phylo-
genetic relationships. This approach, in addition to the taxonomic diversity, can bring different
answers of a species community in relation to its habitat conditions, being these a combination
of ecological and evolutionary answers [15, 16]. Environmental degradation process can be
observed by studying diversity measures that are affected by disturbance conditions [17], and
for this, the usage of functional, phylogenetic and taxonomic diversity is a growing tool that has
been changing the focus of researchers from the use of species diversity or species composition
that take no account of differences in species’ life-history traits and ecological niches [17-19].

Although plenty of studies have shown strong relationships between community structure
and environmental predictors and how the functional traits of species can match up with the
environmental conditions [20], some adaptive processes remain unclear. This may be due the
large number of traits presented by each species and/or the high species number existing in
many habitats which generates an incomplete knowledge of which species traits can actually
be an influence to the ecosystem processes [21]. Among all vertebrates, the amphibians are the
group with highest proportion of species threatened with extinction [22], due to habitat loss,
fragmentation [23], and other related environmental stressors like enhanced UV radiation inci-
dence [24, 25] and canopy coverage loss [26]. Furthermore, the complexity on amphibian life
cycle and the differences in life-history strategies between species and also their habitat asso-
ciations generate a need for studies aiming to understand the true relationship between anthro-
pogenic disturbance and the structure and organization of amphibian communities [7, 8].

In the present study, we aim to answer the following question: In relation to the anthropogenic
disturbance in an agricultural-forest preserved gradient, would ponds in more preserved
environment harbor higher taxonomic, functional and phylogenetic diversity patterns? So we
tested the hypothesis that ponds located at most preserved and more heterogeneous environ-
ments would be taxonomically richest and would allow the coexistence of more function-
ally distinct species [27], expecting then a higher functional diversity and lower functional
redundancy. We also expect an increase of the phylogenetic diversity (and thus a decrease
in phylogenetic redundancy) at these sites, since more heterogeneous habitats can provide a
wide range of microhabitat usage, diminishing the interspecific competition and allowing the
coexistence of taxa with higher phylogenetic similarity [28, 29].
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2. Methods

2.1. Description of the study site

The sampling areas are located at the Parque Estadual do Turvo (PET) and its adjacencies, and
both belong to the Atlantic Rainforest biome. The PET is located at the Rio Grande do Sul State
(27°07'-27°16'S, 53° 48'-54° 04’ W; 100400 a.s.1), at the municipality of Derrubadas, covering
an area of 17,491 ha with about 90 km of perimeter of semi-deciduous forest. The study site
differs from the wet evergreen forests since it is dryer and presents more open areas, sharing
this same vegetational classification with the Republic of Argentina by the Mocona Provincial
Park (about 1000 ha) and the Yaboti International Biosphere Reserve (236,613 ha), as well the
Brazilian state of Santa Catarina by the Uruguay River [30] (Figure 1).

The vast majority of the surrounding areas of PET were converted into intensively agricul-
tural landscapes dominated by crops of soybeans (~22.000 t/year), maize (7.560 t/year), wheat
(6.840 t/year) and cattle (~8700 animals) pasture and where the legal buffer zones are not
implemented or respected [31]. The climate is characterized as subtropical highly humid with
average rainfall between 1.700 and 1.900 mm with reduction of precipitation at the winter
season, and the average of temperature ranges from 20 to 23°C [32].

2.2. Data collection

The fieldwork was conducted during two anuran breeding seasons at southern Brazil, the
first one from September 2013 to March 2014 and the second from September 2015 to March
2016, which comprises the spring and summer seasons at the southern hemisphere. The field

Turvo's State Park:"

Derrubadas municipality

Figure 1. Map representing the sampling area on the extreme north-western of the Rio Grande do Sul State, Brazil. The
white points on the map show location of the sampled ponds along the agricultural-preserved forest gradient at Parque
Estadual do Turvo and surrounds. The study was performed at two consecutive breeding seasons of anurans between
2014 and 2016.
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campaigns were made monthly, for approximately 10 days, when we sampled 38 ponds
following an environmental gradient. The gradient ranged from the agricultural landscape
where 19 ponds were located (outside of the park borders) to a preserved undisturbed forest,
the inner portion of the gradient, with 19 ponds too (Figure 1). We collected adult anurans by
using the method of “survey at breeding sites” [33], recording the number of calling males
along all perimeter of ponds. Then, the maximum abundance data from each species in each
pond was used to construct the composition matrix to be used at the subsequent analysis.

We undertook a series of 14 measures (averages from the continuous values, chosen given
their environmental and/or reproductive values) on morphological and ecological traits from
eight individuals of each recorded species, to access data on functional diversity and redun-
dancy (Table 1). Since the sampling method is based on the calling males, the morphomet-
ric measures were taken only from adult males. The data acquisition was performed from
anurans collected during the field campaigns and also on specimens already deposited at the
Universidade Federal de Santa Maria collection (ZUFSM Appendix A) between the years of
2010 and 2012 from the same area, to enlarge the database.

We also constructed a phylogenetic matrix based on the phylogenetic information of the
species to access data on phylogenetic diversity and redundancy. We manually inserted six

Trait type Variable Trait
Snout vent length Continuous Total size of the body, from the tip of the nose to the cloaca
Mouth ratio Continuous Distance between the rear edge of the jaw joint and the tip

of the snout, divided by the snout vent length

Forelimb ratio Continuous Greater distance from the “shoulder” to the tip of the
“hand,” divided by the snout vent length

Hind limb ratio Continuous Distance between the cloaca and the tip of the “foot,”
divided by the snout vent length

Perched Binary Place of activity/or vocalization
Ground Binary Place of activity/or vocalization
Water Binary Place of activity/or vocalization
Prolonged breeding Binary Time of breeding season
Explosive breeding Binary Time of breeding season
Reproductive Mode 1" Binary Reproductive mode
Reproductive Mode 2" Binary Reproductive mode
Reproductive Mode 11° Binary Reproductive mode
Reproductive Mode 24 Binary Reproductive mode
Reproductive Mode 30’ Binary Reproductive mode

"Reproductive modes based on [43].

Table 1. Description of the ecomorphological traits of the anurans recorded in ponds monitored at Parque Estadual do
Turvo and adjacencies between 2014 and 2016.
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species (Elachistocleis bicolor, Ololygon aromothyella, Physalaemus aff. gracilis, Rhinella ornata,
Scinax granulatus and S. perereca) not present at Pyron and Wiens” work [34]. The position of
these insertions (missing species) was defined according to the position of the closest species
or closest species group [35-38].

2.3. Statistical analysis

We calculated the functional and phylogenetic patterns by using Rao’s quadratic entropy and
the taxonomic diversity by using the Gini-Simpson’s index [39, 40]. These analyses were based
on [15, 16] by constructing a dataset composed by four matrices. The first one (matrix B) con-
tains the species functional traits, the second one (matrix W) contains the abundance of species
in each sampled pond, the third one (matrix E) with the environmental filter (distance from
the nearest border of PET, negative values for outside and positive values for inside) and the
fourth (matrix F) with the phylogenetic information (transformed then into a matrix of phy-
logenetic distance) of the recorded species. To perform these analyses, we used the software
Phylocom [41] and SYNCSA (available at http://ecoqua.ecologia.ufrgs.br/SYNCSA.html).

As a way to explore our database and better understand the effects of richness and equa-
bility of the species distributed along the measured gradient of distance, we constructed a
Whittaker diagram (or dominance diagram). After these procedures, we tested the relation of
the obtained values of functional diversity and redundancy, taxonomic diversity and redun-
dancy and phylogenetic diversity and redundancy of each pond with its distance from PET’s
nearest border (positive values represented the ponds inside PET’s area and negative val-
ues represented ponds outside PET’s boundaries). In addition, we also tested the relation
of the components of the community weighted means matrix (CWM matrix containing the
weighted functional traits) with the distance from the PET’s nearest borders (Vegan Package,
Im function, [42]).

3. Results

We found 15 anuran species from five families: Hylidae (four species), Leptodactylidae (four
species), Bufonidae (two species), Phyllomedusidae, Microhylidae and Ranidae, both with
one species each. We registered all the 15 species in the inner portion of gradient (the portion
inside the PET) and only 10 species in the outside portion. The most conspicuous species were
Dendropsophus minutus and Scinax granulatus both occurring at 31 of the 38 sampled ponds,
respectively (Table 2). We found, based on the abundance distribution curve, that the ponds
located at inner portion of the gradient have the species abundance more equally distributed
(equability) than the ponds located at the outside portion (Figure 2).

Regarding the taxonomic, functional and phylogenetic patterns of diversity that we analysed,
only the phylogenetic diversity and phylogenetic redundancy were related to the studied
gradient (r* = 0.14, p > 0.05 and r*> = 0.20, p < 0.05, respectively). The phylogenetic diversity
(opposed to what we assumed) decreased at the inner portion of the gradient, while the phy-
logenetic redundancy increased (see Figure 3A and B).

25



26 Tropical Forests - New Edition

Family/species Inside Outside Number of ponds (total 38)
Bufonidae

Rhinella icterica 01 04 04
Rhinella ornata 34 00 07
Hylidae

Dendropsophus minutus 74 40 31
Hypsiboas faber 30 24 18
Ololygon aromothyella 17 00 03
Scinax fuscovarius 04 00 01
Scinax granulatus 58 23 31
Scinax perereca 24 00 10
Leptodactylidae

Leptodactylus latrans 27 13 12
Leptodactylus mystacinus 28 19 21
Physalaemus cuvieri 45 37 25
Physalaemus aff. gracilis 31 04 15
Microhylidae

Elachistocleis bicolor 12 24 15
Phyllomedusidae

Phyllomedusa tetraploidea 18 00 08
Ranidae

Lithobates catesbeianus’ 50 28 23

"Exotic species.

Table 2. Anuran species, place of occurrence, frequency of occurrence and maximum abundance recorded in ponds
monitored at Parque Estadual do Turvo and adjacencies between 2014 and 2016.

A Inside
3 ¥ Outside

25—+

Dominance%

Species rank

Figure 2. Whittaker diagram, showing the distribution of abundance of 15 anuran species recorded along an agricultural-
preserved forest gradient at the Parque Estadual do Turvo, Rio Grande do Sul, southern Brazil. Black triangles represent
the inner portion of the gradient, and the gray triangles represent the outside portion.
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Figure 3.Regression results between anuran functional, phylogenetic (p < 0.05) and taxonomic diversities and
redundancy along the agricultural-preserved forest gradient (environmental filter) at Parque Estadual do Turvo and
adjacencies, southern Brazil between 2014 and 2016.

Despite the total functional diversity not showing statistical significance, when evaluated
alone with the distance gradient, the attributes (CWM matrix) showed that the individuals
from the inner portion of the gradient presented higher values of the forelimb ratios (hind
limbs r? = 0.13, p < 0.05, forearms r* = 0.11, p < 0.05) and mouth size ratio (r* = 0.12, p < 0.05)
than the individuals found at the outside portion of the gradient. The results also showed that
the reproductive mode number 4 (eggs laid on small ponds constructed by the males) [43],
exhibited by Hypsiboas faber, is more commonly found at the outside than the inner portion
(r*=0.12, p <0.05; see Figure 4A-D).
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Figure 4. Regression results between the ratios of the morphological characteristics of anurans and their reproductive
modes along the agricultural-preserved forest gradient (environmental filter) at Parque Estadual do Turvo and

adjacencies, southern Brazil between 2014 an
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Figure 5. Phylogeny of the anurans recorded at waterbodies monitored along an environmental gradient ranging from
an agricultural landscape to a well-preserved forest at the southern Brazil. Generated based in Pyron and Wiens [34],
Narvaes and Rodrigues [37], Faivovich (2002), Nascimento et al. [36], de Sa et al. (2012), [38] and Vieira (2010). We
defined the branch length based on the estimative of the age of the clades, given by the TimeTree (Hedges et al., 2006).

The phylogeny generated concerning the anurans showed the formation of two distinct clades
(Figure 5). The first, the oldest clade (about 90 million years), is formed by two genera with
one species each (Lithobates catesbeianus and Elachistocleis bicolor); the second clade is formed
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by eight genera (Physalaemus [two species], Leptodactylus [two species], Rhinella [two species],
Phyllomedusa [one species], Dendropsophus [one species], Scinax [three species], Ololygon [one
species] and Hypsiboas [one species]).

4. Discussion

The anuran community of the PET is characterized as a mixture of species (from several fami-
lies and genera) [44] given their distribution patterns. From the 15 species found at our study,
five occurred only at the inner portion of the gradient (Ololygon aromothyella, Phyllomedusa
tetraploidea, Rhinella ornata, S. fuscovarius and S. perereca), and four of them are quite dependent
of the arboreal strata or the different types of vegetation at water surface (O. aromothyella,
P. tetraploidea, S. fuscovarius and S. perereca) [43, 45, 46].

The pattern observed at the Whittaker’s diagram (Figure 2) showed the dominance of a low
number of species at the inside and outside portions of the gradient. This kind of pattern is
considerably recurrent; other studies already showed the decrease of richness and enhancing on
dominance at places affected by anthropogenic disturbance [47-49]. In the present case, at both
portions of the studied gradient, the native species Dendropsophus minutus and S. granulatus and
the exotic species Lithobates catesbeianus presented higher abundances when compared to other
species. These two native and abundant species share not just the reproductive mode but are
also highly tolerant to human induced disturbances, being found close to human dwelling (or
inside of them, like S. granulatus) and man-made water bodies. However, L. catesbeianus presents
a high invasive potential, and as explained by Madalozzo et al. [50], its distribution is facilitated
by the influence of the edge effect and the man-made water bodies along the borders of PET.

Our results show that despite the initial assumption of a higher taxonomic and functional
diversity at the inner portions of the gradient, there is no significant difference between the two
sampling sites. The great number of man-made water bodies available outside of PET area may
explain the similarity on the taxonomic and functional diversity given the high number of gen-
eralist species that inhabit both agriculture and forest environments (e.g. D. minutus, S. granu-
latus, L. catesbeianus, and Physalaemus spp.) and their reproductive modes, associated to both
permanent and temporary ponds. This pattern of occurrence is commonly found at studies on
Atlantic rainforest lato sensu (with exception of the wet evergreen forest), mainly at locations
that present ecotonal characteristics (given the recent anthropogenic modifications). This land-
scape feature may exert influence on anuran reproductive behavior and physiology, given the
unpredictability of variables like temperature and evaporation at these places, enhancing the
establishment of more plastic species which can respond differently and maybe more efficiently
to disturbed environmental conditions [51, 52]. In this way, it is expected to find similar species
(with similar functional traits) when thinking only on the pond-dwelling anurans, both, in and
outside of the gradient, since they have to deal with the diversity of microhabitat of both places,
diminishing the difference of this diversity patterns. However, when adding the stream (e.g.
Vitreorana uranoscopa, Hypsiboas curupi, Crossodactylus schmidti) the marsh-dwelling anurans (e.g.
Odontophrynus americanus, Proceratophrys avelinoi and P. bigibosa) and the extremely ephemeral
pond-dwelling anurans (e.g. Melanophryniscus), we can expect to see greater differences.
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Despite the lack of difference on taxonomic and functional diversities (and also functional
redundancy), we found evidence of a decrease on the phylogenetic component of diversity
toward the interior of the park. This result suggests that the environmental filter (distance)
has influence on the phylogenetic structure of the assemblages and also suggests low phy-
logenetic competition, opposing to what can be seen outside of the park [53, 54]. However,
another possibility may arise (concerning the decrease of phylogenetic diversity) with the
presence of strong competitors (clades); in this case the competition would be also a biotic
influence on these assemblages [55, 56]. These two non-excluding possibilities agree with the
hypothesis of the niche conservatism [56, 57], so the similar ecological traits shared by the
phylogenetically close species would allow them to coexist and the conservative similarity on
niche usage by these species would have shaped the actual clustering or over dispersion (e.g.
outside portion of the gradient).

In this way, it is expected that species occupying the same habitat (e.g. inner portion or outside
portion of the gradient) will show similar morphological traits in response to the environment
[58]. However, under a more competitive scenario, it would be expected that they show differ-
ences on morphology and, then, show the existence of some degree of niche specialization [59].
Despite the assumption of a similar response in morphology trait from closely related species
(evolutionary), the difference found on the size of some morphological traits (e.g. hind limbs,
forearms and mouth), greater from individuals from inside and smaller to individuals from out-
side, here, this pattern occurs following the premises of adaptive radiation, showing that when
the species (or lineages) adapt themselves to explore new or different niches, the changes can be
rapid [60-62]. The individuals present at the inner portion of the gradient are adapted to cope
with some barriers of dispersion (e.g. fallen trees, streams) and/or make use of a larger number
of habitats than the individuals present on the outside portion that are susceptible to preda-
tion, to desiccation and to pesticides (given the anthropic nature of the landscape). This is also
corroborated when we see that species that construct nests that can hold water (reproductive
mode 4) could be better distributed or more frequently found at places with hydrological deficit.

It is widely known that land-use intensification is one of the major threats to biodiversity
in local and global perspectives. Several studies have shown that anthropogenic influence can
cause a decline in several aspects of diversity in natural assemblages [22]. In this way, these
modifications would not allow the species to track their optimum environment, forcing them
to adapt in situ to avoid extinction [63]. These adaptations can be seen when the functional
traits (functional diversity) from individuals of a highly preserved area, show similarity from
individuals of a highly converted area; it is the phenotypical plasticity of these individuals
that seems to be needed at these places. In the present study, we found evidence of a strong
influence of the environmental conditions shaping the assemblages, given the phylogenetic
clustering and the lack of difference on functional diversity.
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Appendix I. Examined anuran specimens from the Herpetological
Collection of Universidade Federal de Santa Maria (ZUFSM).
Missing numbers are individuals measured in field and from
didactic collection

Dendropsophus minutus: ZUFSM4540, ZUFSM4558, ZUFSM4621, ZUFSM4622, ZUFSM4630
and ZUFSM4632; Elachistocleis bicolor: ZUFSM4575; Hypsiboas faber: ZUFSM 4476,
ZUFSM4619 and ZUFSM4661; Leptodactylus fuscus: ZUFSM4585, ZUFSM4628 and ZUFSM
4660; Leptodactylus latrans: ZUFSM4557 and ZUFSM4604; Leptodactylus mystacinus:
ZUFSM4473, ZUFSM4526 and ZUFSM4551; Ololygon aromothyella: ZUFSM4547,
ZUFSM4566, ZUFSM4596, ZUFSM4598, ZUFSM4616, ZUFSM4623, ZUFSM4633, ZUFSM4634
and ZUFSM4635; Phyllomedusa tetraploidea: ZUFSM4533, ZUFSM4580 and ZUFSM4581;
Physalaemus cuvieri: ZUFSM4555, ZUFSM4563, ZUFSM4578 and ZUFSM4579;
Physalaemus aff. gracilis: ZUFSM4356, ZUFSM4358, ZUFSM4359, ZUFSM4368, ZUFSM4553,
ZUFSM4572 and ZUFSM4609; Rhinella icterica: ZUFSM4529, ZUFSM4518, ZUFSM4516,
ZUFSM4515, ZUFSM10000, ZUFSM10009, ZUFSM10010 and ZUFSM10011; Rhinella ornata:
ZUFSM4477, ZUFSM4496, ZUFSM4497, ZUFSM4498, ZUFSM4499, ZUFSM4527, ZUFSM4659,
ZUFSM10005, ZUFSM10006 and ZUFSM10007; Scinax fuscovarius: ZUFSM4549, ZUFSM4556,
ZUFSM4576 and ZUFSM4610; Scinax granulatus: ZUFSM4550, ZUFSM4559, ZUFSM4594
and ZUFSM4607; Scinax perereca: ZUFSM2810, ZUFSM2956, ZUFSM4513, ZUFSM4597,
ZUFSM4599, ZUFSM4606, ZUFSM4613, ZUFSM4617, ZUFSM4627 and ZUFSM4808.

Author details

Victor Mendes Lipinski'*, Samanta Iop*, André Passaglia Schuch'? and
Tiago Gomes dos Santos'?

*Address all correspondence to: lipinskivictor@gmail.com

1 Post Graduation Program of Animal Biodiversity, Department of Biology, Laboratory of
Herpetology, Federal University of Santa Maria, Santa Maria, RS, Brazil

2 Universidade Federal do Pampa, Sao Gabriel, RS, Brazil
3 Southern Regional Space Research Center, CRS/INPE-MCTI, Santa Maria, RS, Brazil

4 Department of Ecology - Bioscience Institute, Universidade de Sao Paulo, Brazil

31



32 Tropical Forests - New Edition

References

[1]

(2]

3]

[4]

[5]

[6]

[7]

[8]

9]

[10]

[11]
[12]

[13]

[14]

Hunter P. The human impact on biological diversity. How species adapt to urban chal-
lenges sheds light on evolution and provides clues about conservation. EMBO Reports.
2007;8:316-318. DOI: 10.1038/sj.embor.7400951

Ellis EC, Goldewijk KK, Siebert S, Lightman D, Ramankutty N. Anthropogenic transfor-
mation of the biomes, 1700 to 2000. Global Ecology and Biogeography. 2010;19:589-606.
DOI: 10.1111/j.1466-8238.2010.00540.x

Cisneros LM, Fagan ME, Willig MR. Effects of human-modified landscapes on taxo-
nomic, functional and phylogenetic dimensions of bat biodiversity. Diversity and
Distributions. 2015;21:523-533. DOI: 10.1111/ddi.12277

WWE. Forest Management outside protected areas. Position Paper; 2002. http://assets.
panda.org/downloads/po3aforestmanagementoutsidepas.pdf

Chazdon RL et al. Beyond reserves: A research agenda for conserving biodiversity
in human-modified tropical landscapes. Biotropica. 2009;41:142-153. DOI: 10.1111/
j-1744-7429.2008.00471.x

Bihn JH, Gebauer G, Brandl R. Loss of functional diversity of ant assemblages in second-
ary tropical forests. Ecology. 2010;91:782-792. DOI: 10.1890/08-1276.1

Ernst R, Rodel M-O. Anthropogenically induced changes of predictability in tropical
anuran assemblages. Ecology. 2005;86:3111-3118. DOI: 10.1890/04-0800

Isaacs Cubides PJ, Urbina Cardona JN. Anthropogenic disturbance and edge effects
on anuran assemblages inhabiting cloud forest fragments in Colombia. Natureza &
Conservacao. 2011;9:39-46. DOI: 10.4322/natcon.2011.004

NewboldTetal.Globaleffectsoflanduseonlocalterrestrialbiodiversity.Nature.2015;520:45-50.
DOI: 10.1038/nature14324\ rhttp://www.nature.com/nature/journal/v520/n7545/abs/
nature14324.html#supplementary-information

Tscharntke T et al. Landscape moderation of biodiversity patterns and processes - Eight
hypotheses. Biological Reviews. 2012;87:661-685. DOI: 10.1111/j.1469-185X.2011.00216.x

Laurance WF. Forest destruction in tropical Asia. Current Science. 2007;93(11):1544-1550

Nelson GC et al. Anthropogenic drivers of ecosystem change: An overview. Ecology and
Society. 2006;11(2):29

Nepstad DC et al. Large-scale impoverishment of Amazonian forests by logging and
fire. Nature. 1999;398:505-508. DOI: 10.1038/19066

Fahrig L. Effects of habitat fragmentation on biodiversity. Annual Review of Ecology,
Evolution,and Systematics.2003;34:487-515.DOI:10.1146/annurev.ecolsys.34.011802.132419



[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[25]

[26]

Enhanced Phylogenetic Diversity of Anuran Communities: A Result of Species Loss in...
http://dx.doi.org/10.5772/intechopen.72256

Pillar VD, Duarte LDS. A framework for metacommunity analysis of phylogenetic struc-
ture. Ecology Letters. 2010;13:587-596. DOI: 10.1111/j.1461-0248.2010.01456.x

Pillar VD, Duarte LDS, Sosinski EE, Joner F. Discriminating trait-convergence and trait-
divergence assembly patterns in ecological community gradients. Journal of Vegetation
Science. 2009;20:334-348. DOI: 10.1111/j.1654-1103.2009.05666.x

Edwards FA, Edwards DP, Larsen TH, Hsu WW, Benedick S, Chung A, Vun Khen C,
Wilcove DS, Hamer KC. Does logging and forest conversion to oil palm agriculture alter

functional diversity in a biodiversity hotspot? Animal Conservation. 2014;17:163-173.
DOI: 10.1111/acv.12074

Tilman D, Knops J, Wedin D, Reich P, Ritchie M, Siemann E. The influence of functional
diversity and composition on ecosystem processes. Science. 1997;277:1300-1302. DOI:
10.1126/science.277.5330.1300

Petchey OL, Hector A, Gaston KJ. How do different measures of functional diversity
perform? Ecology. 2004;85:847-857. DOI: 10.1890/03-0226

Leibold MA, Holt RD, Holyoak M. Adaptive and coadaptive dynamics in metacommu-
nities—-tracking environmental change at different spatial scales. In: Holyoak M, Leibold
MA, Holt R, editors. Metacommunities: Spatial Dynamics and Ecological Communities.
Chicago: The University of Chicago Press; 2005. pp. 439-464

Tilman D. Functional diversity. In: Levin SA, editor. Encyclopedia of Biodiversity. San
Diego, California, USA: Academic Press; 2001. pp. 109-120

Beebee TJC, Griffiths RA. The amphibian decline crisis: A watershed for conservation
biology? Biological Conservation. 2005;125:271-285. DOI: 10.1016/j.biocon.2005.04.009

Bowne DR, Bowers MA. Interpatch movements in spatially structured populations: A liter-
ature review. Landscape Ecology. 2004;19:1-20. DOI: 10.1023/B:LAND.0000018357.45262.b9

Schuch AP, Lipinski VM, Santos MB, Santos CP, Jardim SS, Cechin SZ, Loreto ELS.
Molecular and sensory mechanisms to mitigate sunlight-induced DNA damage in tree-
frog tadpoles. The Journal of Experimental Biology. 2015;218:3059-3067. DOI: 10.1242/
jeb.126672

Schuch AP, Dos Santos MB, Lipinski VM, Peres LV, Dos Santos CP, Cechin SZ, Schuch NJ,
Pinheiro DK, da Silva Loreto EL. Identification of influential events concerning the
Antarctic ozone hole over southern Brazil and the biological effects induced by UVB
and UVA radiation in an endemic treefrog species. Ecotoxicology and Environmental
Safety. 2015;118:190-198. DOI: 10.1016/j.ecoenv.2015.04.029

Provete DB, Gongalves-Souza T, Garey MV, Martins IA, Rossa-Feres D de C. Broad-
scale spatial patterns of canopy cover and pond morphology affect the structure of a
Neotropical amphibian metacommunity. Hydrobiologia. 2014;734:69-79. DOI: 10.1007/
s10750-014-1870-0

33



34 Tropical Forests - New Edition

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Diamond JM. Assembly of species communities. In: Cody ML, Diamond JM, editors.
Ecology and Evolution of Communities. Massachusetts, USA: Harvard University Press;
1975. pp. 342-444

Magurran AE, McGill B]. In: Magurran AE, McGill BJ, editors. Biological Diversity:
Frontiers in Measurement and Assessment. Oxford: Oxford University Press; 2011.
xvii+345 pp

Webb CO, Ackerly DD, McPeek MA, Donoghue MJ. Phylogenies and community ecology.
Annual Review of Ecology and Systematics. 2002;33:475-505. DOI: 10.1146/annurev.
ecolsys.33.010802.150448

SEMA. Plano de Manejo do Parque Estadual do Turvo. Porto Alegre: Secretaria do Meio
Ambiente; 2005

daCuhaNG, daSilveiraR]C,SeveroCRS. EstudodeSolosdoMunicipiode Derrubadas—RS.
Embrapa; 2006. 62 p

Rossato MS. Os climas do Rio Grande do Sul: tendéncias e tipologias. In: Mendonga F,
editor. Os climas do Sul: em tempos de mudangas climaticas globais. Jundiai: Paco; 2014.
pp- 217-271

Scott NJ Jr, Woodward BD. Surveys at breeding sites. In: Heyer WR, Donnelly MA,
McDiarmid RW, Hayek LC, Foster MS, editors. Measuring and Monitoring Biological
Diversity: Standard Methods for Amphibians. Washington, DC: Smithsonian Institution
Press; 1994. pp. 118-130

Pyron AR, Wiens J]J. A large-scale phylogeny of Amphibia including over 2800 spe-
cies, and a revised classification of extant frogs, salamanders, and caecilians. Molecular
Phylogenetics and Evolution. 2011;61:543-583. DOI: 10.1016/j.ympev.2011.06.012

Faivovich J, Haddad CFB, Garcia PCA, Frost DR, Campbell JA, Wheeler WC. Systematic
review of the frog family Hylidae, with special reference to hylinae: Phylogenetic anal-
ysis and taxonomic revision. Bulletin of the American Museum of Natural History.
2005;294:1. DOI: 10.1206/0003-0090(2005)294[0001:SROTFF]2.0.CO;2

Nascimento LB, Caramaschi U, Cruz CAG. Taxonomic review of the species groups of
the genus Physalaemus Fitzinger, 1826 with the revalidation of the genera Engystomops
Jiménez-dela-Espada, 1872 and Eupemphix Steindachner, 1863. Arquivos do Museu
Nacional, Rio de Janeiro. 2005;36:296-320

Narvaes P, Rodrigues MT. Taxonomic revision of Rhinella granulosa species group
(Amphibia, Anura, Bufonidae), with a description of anew species. Arquivos de Zoologia.
2009;40:1-73

de Sa RO, Grant T, Camargo A, Heyer WR, Ponssa ML, Stanley E. Systematics of the
Neotropical genus Leptodactylus Fitzinger, 1826 (Anura: Leptodactylidae): Phylogeny,
the relevance of non-molecular evidence, and species accounts. South American Journal
of Herpetology. 2014;9:51-5100. DOI: 10.2994/SAJH-D-13-00022.1



[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[50]

[51]

Enhanced Phylogenetic Diversity of Anuran Communities: A Result of Species Loss in...
http://dx.doi.org/10.5772/intechopen.72256

Botta-Dukat Z. Rao’s quadratic entropy as a measure of functional diversity based on
multiple traits. Journal of Vegetation Science. 2005;16:533-540. DOI: 10.1111/j.1654-1103.
2005.tb02393.x

Rao CR. Diversity and dissimilarity coefficients: A unified approach. Theoretical
Population Biology. 1982;21:24-43. DOI: 10.1016/0040-5809(82)90004-1

Webb CO, Ackerly DD, Kembel SW. Phylocom: Software for the analysis of phyloge-
netic community structure and trait evolution. Bioinformatics. 2008;24:2098-2100. DOI:
10.1093/bioinformatics/btn358

R Development Core Team, R. R: A language and environment for statistical computing.
R Foundation for Statistical Computing. 2011;1:409. DOI: 10.1007/978-3-540-74686-7

Haddad CFB, Prado CP de A. Reproductive modes in frogs and their unexpected
diversity in the Atlantic Forest of Brazil. Bioscience. 2005;55(3):207-217. DOI: 10.1641/
0006-3568(2005)055[0207:RMIFAT]2.0.CO;2

Iop S, Caldart VM, dos Santos TG, Cechin SZ. Anurans of Turvo State Park: Testing
the validity of Seasonal Forest as a new biome in Brazil. Journal of Natural History.
2011;45:2443-2461. DOI: 10.1080/00222933.2011.596951

Borteiro C, Nieto C, Kolenc F. Amphibia, Anura, Hylidae, Scinax aromothyella: Distribution
extension and habitat. Check List. 2007;32(2):98-99. DOI: 10.15560/3.2.98

Prigioni C, Borteiro C, Tedros M, Kolenc F. Scinax aromothyella. Herpetological Review.
2005;36(4):464

Tocher M. Diferengas na composicao de espécies de sapos entre trés tipos de floresta e
campo de pastagem na Amazonia Central. In: Gascon C, Moutinho P, editors. Floresta
Amazonica: Dinamica, regeneracao e manejo. Manaus: Ministério da Tecnologia e
Ciéncia; 1998. pp. 219-232

De Moraes RA, Sawaya R], Barrella W. Composigao e diversidade de anfibios anuros em
dois ambientes de Mata Atlantica no Parque Estadual Carlos Botelho, Sao Paulo, sudeste
do Brasil. Biota Neotropica. 2007;7:27-36. DOI: 10.1590/51676-06032007000200003

Weygoldt P. Changes in the composition of mountain stream frog communities in the
Atlantic mountains of Brazil: Frogs as indicators of environmental deteriorations? Studies
on Neotropical Fauna and Environment. 1989;24:249-255. DOI: 10.1080/0165052890
9360795

Madalozzo B, Both C, Cechin S. Can protected areas with agricultural edges avoid inva-
sions? The case of bullfrogs in the Southern Atlantic Rainforest in Brazil. Zoological
Studies. 2016;55(51):1-13. DOI: 10.6620/Z5.2016.55-51

Inger RF, Colwell RK. Organization of contiguous communities of amphibians and rep-
tiles in Thailand. Ecological Monographs. 1977;47:229-253

35



36 Tropical Forests - New Edition

[52]

[53]

[54]

[56]

[57]

[60]

[61]

[62]

[63]

Halverson MA, Skelly DK, Kiesecker JM, Freidenburg LK. Forest mediated light regime
linked to amphibian distribution and performance. Oecologia. 2003;134:360-364. DOI:
10.1007/s00442-002-1136-9

Cavender-Bares ], Kozak KH, Fine PVA, Kembel SW. The merging of community ecol-
ogy and phylogenetic biology. Ecology Letters. 2009;12:693-715. DOI: 10.1111/j.1461-
0248.2009.01314.x

Horner-Devine MC, Bohannan BJM. Phylogenetic clustering and overdispersion in bacte-
rial communities. Ecology. 2006;87:5100-S108. DOI: 10.1890/0012-9658(2006)87[100:PCA
OIB]2.0.CO;2

Mayfield MM, Levine JM. Opposing effects of competitive exclusion on the phyloge-
netic structure of communities. Ecology Letters. 2010;13:1085-1093. DOI: 10.1111/j.1461-
0248.2010.01509.x

Straufs A, Guilhaumon F, Randrianiaina RD, Wollenberg Valero KC, Vences M, Glos J.
Opposing patterns of seasonal change in functional and phylogenetic diversity of tad-
pole assemblages. PLoS One. 2016;11:e0151744. DOI: 10.1371/journal.pone.0151744

Wiens J] et al. Niche conservatism as an emerging principle in ecology and conservation
biology. Ecology Letters. 2010;13:1310-1324. DOI: 10.1111/j.1461-0248.2010.01515.x

Grant PR. Convergent and divergent character displacement. Biological Journal of the
Linnean Society. 1972;4:39-68. DOI: 10.1111/j.1095-8312.1972.tb00690.x

Winemiller KO. Ecomorphological diversification inlowland freshwater fish assemblages
from five biotic regions. Ecological Monographs. 1991;61:343-365. DOI: 10.2307/2937046

Gavrilets S, Losos JB. Adaptive radiation: Contrasting theory with data. Science.
2009;323:732-737. DOI: 10.1126/science.1157966

Yoder JB et al. Ecological opportunity and the origin of adaptive radiations. Journal of
Evolutionary Biology. 2010;23:1581-1596. DOI: 10.1111/j.1420-9101.2010.02029.x

Diaz S, Purvis A, Cornelissen JHC, Mace GM, Donoghue MJ, Ewers RM, Jordano P,
Pearse WD. Functional traits, the phylogeny of function, and ecosystem service vulner-
ability. Ecology and Evolution. 2013;3:2958-2975. DOI: 10.1002/ece3.601

Chevin L-M, Lande R, Mace GM. Adaptation, plasticity, and extinction in a changing
environment: Towards a predictive theory. PLoS Biology. 2010;8:e1000357. DOI: 10.1371/
journal.pbio.1000357



