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Abstract: We provide information on the diversity and natural history of anurans from preserved and disturbed
habitats in the region of Etd Farm, municipality of Sete Barras, state of Sdo Paulo, Brazil. The region is covered
by rainforest and plantations of banana and peach palm. From April, 2013 to March, 2014 we sampled amphibians
mainly with pitfall traps with drift fences and visual and auditory surveys. A total of 9813 individuals of 36 species of
anurans from nine families were recorded in this study. A larger number of species was found in forests (29 species),
followed by peach palm plantations (21 species), and banana plantations (17 species). The areas of peach palm
plantation and forests showed the greatest similarity in species composition. The vegetation type with the highest
number of exclusive species was the forest, whereas only four species were exclusive of the peach palm plantation,
and none was exclusive of the banana plantation. Species accumulation curves indicated that our sampling effort
was not enough to sample all the species that occur in the region. Our results reinforce the importance of forested
habitats for the maintenance of anuran diversity in the Atlantic forest. The preservation of large fragments of forest
in the region of Eta Farm is necessary to preserve the diverse amphibian fauna of this region.

Keywords: rainforest, banana plantation, peach palm plantation, reproductive phenology, reproductive mode,
conservation.

Anuros de areas preservadas e perturbadas de Mata Atlantica na regiio da Fazenda
Eta, municipio de Sete Barras, Estado de Sao Paulo, Brasil

Resumo: Neste estudo sdo apresentadas informagdes sobre diversidade e historia natural de anuros de area
preservadas e perturbadas na regido da Fezenda Et4, municipio de Sete Barras, estado de Sdo Paulo, Brasil. A
regido ¢ coberta por florestas e plantagdes de pupunha e banana. De abril de 2013 a margo de 2014 n6s amostramos
anuros principalmente com armadilhas de queda com cercas-guia e por meio de procura visual e auditiva. Um
total de 9.813 individuos de 36 espécies de nove familias foram registrados. Um niimero maior de espécies foi
encontrado nas florestas (29 espécies), seguidas pelas planta¢des de pupunha (21 espécies) e de banana (17 espécies).
As areas de plantacdo de pupunha e as florestas tiveram a maior similaridade em composicéo de espécies. O tipo
de vegetacdo com o maior numero de espécies exclusivas foi a floresta, ao passo que somente quatro espécies
foram encontradas exclusivamente na planta¢do de pupunha e nenhuma foi exclusiva de bananais. As curvas de
acumulag@o de espécies indicaram que nosso esfor¢o amostral ndo foi suficiente para amostrar todas as espécies
que ocorrem na regido. Nossos estudos reforcam a importancia de ambientes florestados para a manutengdo da
diversidade de anfibios na Mata Atlantica. A preservagao de grandes fragmentos de floresta ¢ imprescindivel para
a conservacao da rica fauna de anfibios da regido da Fazenda Eta.

Palavras-chave: floresta, bananal, plantagcdo de pupunha, fenologia reprodutiva, modo reprodutivo, conservagdo.
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Introduction

Currently, about 1,100 amphibian species are known to occur in
Brazil (Segalla et al. 2016), of which, 543 are found in the Atlantic
Forest (Haddad et al. 2013), most of them endemic of this formation
(Haddad et al. 2013). This high richness and endemism resulted from
the isolation of populations by geographical barriers throughout the
Atlantic Forest (Haddad 1998, Aragjo et al. 2009). Furthermore, the
high amount of rainfall, high humidity and high habitat complexity
favour the occurrence of this rich and unique amphibian fauna (Haddad
1998, Haddad & Prado 2005).

The Atlantic Forest has been recognized as “hotspot” for studying
and conserving the world’s biodiversity (Mittermeier et al. 2004).
The greatest threats to Brazilian amphibians are mainly the result
from habitat loss and degradation (Becker et al. 2007). Studies on the
diversity, geographic distribution, and ecology of amphibians (e.g.,
Haddad & Sazima 1992, Pombal Jr. & Gordo, 2004, Moraes et al. 2007,
Serafim et al. 2008, Silva et al. 2008, Aratjo et al. 2009, Forlani et al.
2010, Haddad et al. 2013) have provided valuable data for conservation
strategies directed to this group. Faunal inventories provide the most
direct means of accessing the diversity of a given locality at a given
time (Silveira et al. 2010). At the same time, they provide useful
natural history data that can be used in different kinds of research like
evolutionary biology and conservation (Greene 1986).

The Atlantic Forest in the southern portion of the state of Sao
Paulo, southeastern Brazil, is relatively well protected by a series of
well-preserved protected areas such as the Carlos Botelho and Intervales
State Parks. However, the remaining forests outside these protected
areas are under threat by human activities. The regional economy is
largely based on tea and banana agriculture (both in sharp decline) and
on mining (mainly limestone). A large part of the population lives in
rural areas and lives on subsistence agriculture and extraction of natural
products from unprotected forest fragments (Alves 2004). These types
of activities have changed the local landscape and several areas of
the region are composed of secondary forests and areas of cultivation
adjacent to the forest fragments. Although the amphibian communities
occurring in the protected areas of this region have been previously
studied (e.g., Forlani et al. 2010), our knowledge on communities from
areas under human disturbance is still scant.

The aim of the present study was to make an inventory and
provide information on the diversity and natural history of anurans
from preserved and disturbed habitats in an area of Atlantic Forest in
the municipality of Sete Barras, located in the southern portion of the
state of Sdo Paulo, southeastern Brazil. By providing information on
anuran diversity in relatively well-preserved forests and in two types
of anthropogenic habitats (peach palm and banana plantations), we
contribute to the knowledge on the biology of amphibians of this portion
of the Atlantic Forest and thus contributing with important information
for conservation of the group in this domain.

Material and methods

1. Study area

Our study was carried out in the region of the Eta Farm, municipality
of Sete Barras, state of Sdo Paulo, southeastern Brazil (24°19°13” S
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and 48°7°3” W). The region is a transition between coastal lowlands
and the Serra do Mar slopes, covered by Atlantic Forest (Joly et al.
1991), ranging from 45 to 800 m a.s.l. (Forlani et al. 2010). The
present study was restricted to the lowlands of this region, from 45
to 80 m a.s.l. (Figure 1). Most of the region is covered by diverse
rainforests (Mantovani 1993) and well-preserved forests in lowlands
are interspersed by secondary forests and banana and peach palm
plantations. The climate of the region is characterized by a high amount
of annual rainfall (mean 1542 mm for the period of 2005 to 2014),
high monthly maximum temperatures (mean 27.5 °C), and moderate
minimum monthly temperatures (mean 18.6 °C). A warmer and wetter
season occurs from October to March (mean monthly maximum
temperature 30.0 °C, mean monthly minimum temperature 21.0 °C, 1030
mm of rainfall) and a colder and drier season from April to September
(mean monthly maximum temperature 25.2 °C, mean monthly minimum
temperature 15.2 °C, 512 mm of rainfall).

2. Data collection

Data were collected by two researchers along 14 days per month,
from April, 2013 to March, 2014, for a total sample time of 168 days.
Anurans were sampled with pitfall traps with drift fences (Greenberg
et al. 1994, Cechin & Martins 2000), visual and auditory surveys
(Scott & Woodward 1994, Martins & Oliveira 1998), as well as during
accidental encounters (Martins & Oliveira 1998). Three main vegetation
types (banana plantation, peach palm plantation, and secondary forest;
Figure 2) were sampled with pitfall traps with drift fences. Our sampling
design for pitfall traps included two sampling units per vegetation
type, each sampling unit comprising three Y sets (with 12 m-long
branches), located 100 m from each other. Thus, we installed a total of
six sampling units with a total of 18 Y sets and 72 buckets. Sampling
units were located at least 500 m from each other. Each Y set had four
100 L plastic buckets (three at each branch end and one in the center)
connected by a 60 cm-high plastic fence. The buckets were perforated
on the bottom to avoid accumulation of rain water.

Visual and auditory surveys were made in all vegetation types,
including sporadic searches in an area of primary forest. These surveys
were made at night, especially during the first hours after sunset and
lasted two to four hours (total sampling effort of 558 person-hours of
visual search). Searches were made along trails and streams in forests,
and around ponds and marshes in open areas (banana and peach palm
plantation). During these searches, we recorded reproductive activity
(amplexus, number of calling males or presence of egg clutches),
reproductive mode (based on Salthe & Duellman 1973, Haddad & Prado
2005, Pombal & Haddad 2005,; Haddad et al. 2013, Mariotto 2014),
vegetation type and substrate used (e.g., ground, leaves, branches).

We collected a maximum of 40 specimens of each species and all
specimens that were collected were measured (snout-vent length) with
a caliper (0.01 mm) and weighed with spring scales (0.1 g). Field or
collection numbers are listed in Appendix. Body size measurements
are presented as mean snout-vent length (SVL) + standard deviation.
Voucher specimens were deposited in the herpetological collection
of the Museu de Zoologia da Universidade de Sdo Paulo (MZUSP).
Specimen collecting was authorized by the Instituto Chico Mendes
de Conservagdo da Biodiversidade (SISBIO permits 37820-3/2013
and 16593-1).
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Figure 1. Altitudinal map of the southern portion of Sdo Paulo state, Brazil, showing the location of the Eta farm as well as of the main cities
in the region of the farm.

Figure 2. Main vegetation types sampled at Eta farm, municipality of Sete Barras, southern Sao Paulo state, Brazil. (A) Banana plantation, (B)
Peach palm plantation, and (C) secondary forest.
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3. Data Analysis

Sampling sufficiency was estimated visually with species
accumulation curves (Magurran 2004) for the three main vegetation
types (forest, banana plantation and peach palm plantation), together and
separately. Using EstimateS v. 8.20 (Colwell 2012), we generated 1000
randomizations using our data matrix containing monthly abundance
data for each vegetation type. A Bootstrap equation was used to estimate
species richness (with 95% confidence limits). Our abundance data is
based on different methods (see Table 1), some of them (visual/auditory
survey and accidental encounters) not adequate to estimate abundances.
Thus, we consider the Bootstrap equation more appropriate to our
dataset because it estimates total richness using data for all species, not
being restricted to the rare ones. The similarity between the vegetation
types was achieved through the Bray-Curtis similarity index (Magurran
2004). Diversity was estimated using four different indices: Margalef’s
index (DMg), which expresses richness weighted by the range of sample
size; Simpson’s index (1/D), which measures dominance influenced by
the most common species; Shannon’s index (H’), which places a value
on the proportional abundance of species, emphasizing richness and
homogeneity; and Pielou’s equitability index (J).

To provide the species composition and abundance distribution
in all vegetation types we constructed a Venn diagram and abundance
diagram (containing the total number of individuals observed in the
field). A modification was made in the abundance diagram to include
the total number of individuals captured of the species Physalaemus
spiniger (which presented a much larger number of individuals than
the other species).

To synthetize ecological patterns for the assemblage as a whole, a
cluster analysis was performed using natural history data: habits (aquatic,
arboreal, cryptozoic, fossorial, rheophilic, terrestrial), microhabitat
(bromeliad, leaf litter, soil, soil at margins of water body, water body,
trunk, emergent vegetation, vegetation), habitat (banana plantation,
peach palm plantation, primary forest, secondary forest, disturbed
areas), and parameters related to reproductive mode [aquatic, terrestrial,
arboreal, endotrophic or exotrophic larvae, development mode (direct or
indirect), egg deposition site (lentic or lotic environments), foam or free
egg nests, parental care (if any)]. Euclidean distances were calculated
on a presence/absence matrix and the unweighted pair-group average
method (UPGMA, Romesburg 1984) was used for amalgamation in
the software PAST (Hammer et al. 2001). We arbitrarily considered
clusters with linkage distances greater than 2.75 as guilds, because
clusters delimited by this value were ecologically coherent.

Results

A total of 9813 individuals of 36 species of anurans from nine
families were recorded in this study (Figures 3-7). Most species were
found in forests, followed by peach palm plantations (about two thirds
of the species), and the banana plantations (about half of the species;
Table 1, Figure 8). The areas of peach palm plantation and forests
showed the greatest similarity in composition (BC = 0.57; Table 2).
The banana plantation showed the same number of species in common
with forest and with peach palm plantation (11 species). Only eleven
species (30.5% of all species found) were found in all three vegetation
types. The vegetation type with the highest number of exclusive species
was the forest (primary and secondary), whereas only four species were
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exclusive of the peach palm plantation and none was exclusive of the
banana plantation (Figure 8). Some species were found in a single
vegetation type. Among the latter, twelve (33.3%;Boana bischoffi, B.
faber, Bokermannohyla hylax, Cycloramphus acangatan, C. lutzorum,
Dendropsophus cf. brevipollicatus, Fritziana cf. ulei, Hylodes
phyllodes, Ischnocnema sp., Ololygon rizibilis, Proceratophrys boiei,
and Physalaemus lateristriga) were found only in forests (primary
and secondary), and four (11.1%; Boana cf. raniceps, Dendropsophus
elegans, D. seniculus, and Scinax imbegue) only in peach palm
plantations. No species was found exclusively in banana plantations
(Figure 8).

Species accumulation curves for each of the three vegetation types
as well as for all three vegetation types combined indicate that our
sampling effort was not enough to sample all species that occur in
the region (Figure 9). The estimated species richness was 39.4 species
for the entire Etd Farm anuran assemblage. The estimates for each
vegetation type separately were 32.8 species for the forest (primary
and secondary), 23.8 for the peach palm plantation, and 19.7 for the
banana plantation. The species most frequently found in this study was
Physalaemus spiniger, with about 5500 individuals (Figure 10). Eight
other species contributed with more than 100 individuals in our sample:
Leptodactylus latrans, Rhinella ornata, R. hoogmoedi, Leptodactylus
notoaktites, Scinax imbegue, Rhinella icterica, Dendropsophus werneri,
and Boana albomarginata (Figure 10). In the other extreme, seven
species contributed with a single individual: Cycloramphus acangatan,
C. lutzorum, Hylodes phyllodes, Ischnocnema sp., O. rizibilis, P
roceratophrys boiei and P, lateristriga (Figure 10). The areas that had the
highest diversity according to the three indices were the forest (primary
and secondary) and peach palm plantation (Table 3).

Nine of the species sampled (25%) are exclusively arboreal (using
low or high vegetation), four (11.1%) are cryptozoic, one (2.7%) is
bromeligenous, one is fossorial (2.7%), and one (2.7%) is rheophilic.
Ten species (27.7%) use two types of substrate and ten (27.7%) use
three or more types (Table 1).

During our study, the months with the largest number of calling
species were November and December, while March, April, and May
were the months with the smallest number of calling species (Table 4).
No reproductive activity was recorded for seven species: Ischnocnema
sp., Cycloramphus lutzorum, Itapotihyla langsdorffii, Ololygon rizibilis,
Hylodes phyllodes, Physalaemus lateristriga, and Proceratophrys boiei
(Table 4). During the study, monthly temperatures were relatively typical
for the region while the amount of rainfall was atypical (Figure 11A).
Rainfall was lower than expected in April, May, and December and
higher than expected in June and July (compare months in Figure
11A and 11B). A total of 11 reproductive modes were identified in the
assemblage studied, of which only three were observed in the field
(Table 4). The most frequent modes were mode 1, occurring in 20
species (55.6%), modes 2 and 11, occurring in four species (11.1%)
each, followed by mode 24, occurring in three species (8.3%), and by
modes 4 and 23, in two species (5.6%) each. Eight species (22.2%)
presented more than one reproductive mode, being mode 1 present in
7 of these species. Only one species (2.8%) showed three reproductive
modes (Table 4).

The cluster analysis based on natural history data (vegetation
type, substrate, and parameters related to reproductive mode; phenetic
correlation coefficient 0.863) indicated an ecological structuring with six
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Table 1. List of species of anurans found at Eta Farm and surroundings, including data on body size, habitat, substrate, and method of capture. Habitat: A = altered
habitat (near buildings); B = Banana plantation; Fb = Forest border; P = Peach palm plantation; Pf = Primary forest; Sf = Secondary forest. For substrate: Br =
Bromeliad; Fo = fossorial; L1 = Leaf litter; Ln = lentic water bodies (e. g., permanent or temporary ponds or natural or artificial lakes); Lo = lotic water bodies
(rivers or streams); Lv = low vegetation (below 1.5 m); Hv = high vegetation (above 1.5 m); S = soil; T = Trunk. For method of capture: C = accidental encounter;

P = pitfall trap; V/A visual/auditory search.

Species/Family SVL £ SD (mm) Habitat Substrate Capture Method
Brachycephalidae

Ischnocnema sp. 31.1+£0.5(N=2) St Ll V/A
Bufonidae

Dendrophryniscus cf. brevipollicatus Jimenez de la Espada, 1870 176 £22 (N=17) St Br, LI V/A, C
Rhinella hoogmoedi Caramaschi & Pombal, 2006 42.5+10.3 (N=23) B, Fb, P, Sf LLLv,S VI/A, P, C
Rhinella icterica (Spix, 1824) 50.1£19.3 (N=38) A,B,Fb,P,Sf Ll Ln,Lo,S V/A, P, C
Rhinella ornata (Spix, 1824) 62.3+£16.8 (N=22) B, P, Sf Ll Ln, S V/A, P, C
Cycloramphidae

Cycloramphus acangatan Verdade & Rodrigues, 2003 37.0(N=1) St Fo V/A
Cycloramphus lutzorum Heyer, 1983 488 (N=1) Pf Lo V/A
Craugastoridae

Haddadus binotatus (Spix, 1824) 46.3+9.8(N=19) P, Sf LI P
Hemiphractidae

Fritziana cf. ulei Miranda-Ribeiro, 1926 250+0.7(N=4) St Br V/A, C
Hylidae

Boana albomarginata (Spix, 1824) 523+9.1(N=9) B, Fb, P Hv V/A, C
Boana bischoffi (Boulenger, 1887) 47613 (N=5) Fb Lv V/A
Boana faber (Wied-Neuwied, 1821) 973£59(N=11) Fb, S Ln, Lv, Hv, S V/A
Boana cf. raniceps (Cope, 1862) 57679 (N=17) A, P Ln, Lo, Lv, Hv V/A
Boana semilineata (Spix, 1824) 48.4+£6.2 (N=20) A, B, P, Sf Lv,S VI/A, C
Bokermannohyla hylax (Heyer, 1985) 60.4+1.6(N=3) St Lv V/A
Dendropsophus berthalutzae (Bokermann, 1962) 222+22(N=13) Fb, P Lv VI/A, C
Dendropsophus elegans (Wied-Neuwied, 1824) 274+3.1(N=16) A, P Ln,Lv, S V/A, C
Dendropsophus minutus (Peters, 1872) 222+ 1.5(N=28) A,B,P Ln, Lv V/A, C
Dendropsophus seniculus (Cope, 1868) 36.1+5.0(N=4) P Lv V/A
Dendropsophus werneri (Cochran, 1952) 18.0+1.9(N=19) A,B,P Ln, Lv V/A, C
Itapotihyla langsdorffii (Duméril & Bibron, 1841) 95.0+ 14.5 (N=16) Fb, P Lo,Lv, T V/A, C
Phyllomedusa distincta Lutz, 1950 572 £ 8.9 mm (N =15) A, B, Fb, Sf Ln, Lv V/A, C
Ololygon argyreornata (Miranda-Ribeiro, 1926) 16.8 +2.3 (N=06) A, B, Fb, Sf Lv VIA, C
Ololygon littoralis (Pombal & Gordo, 1991) 279+ 6.3 (N=10) B, Fb, P, S Lv V/A, C
Ololygon rizibilis (Bokermann, 1964) 27.5(N=1) St Lv V/A
Scinax fuscovarius (Lutz, 1925) 403 +£3.6 (N=13) A, B, Fb, P Lv V/A, C
Scinax imbegue Nunes, Kwet & Pombal, 2012 303+2.1 (N=16) AP Ln,Lv,S VI/A, C
Sphaenorhynchus caramaschii Toledo, Garcia, Lingnau & 246+£0.5(N=3) Sf, B Ln, Lv V/A
Haddad, 2007

Trachycephalus mesophaeus (Hensel, 1867) 67.6+9.1 (N=10) B, Fb, P, S Ln, Lv, Hv V/A
Hylodidae

Hylodes phyllodes Heyer & Cocroft, 1986 221 (N=1) St Ll Lo C
Leptodactylidae

Adenomera marmorata Steindachner, 1867 182+ 1.8 (N=26) B, P, Sf LL S P
Leptodactylus latrans (Steffen, 1815) 88.1£26.3 (N=21) A, B, Sf, P Ln, Lo, S PC
Leptodactylus notoaktites Heyer, 1978 44.6+£7.6 (N=49) B, Fb, P, Sf Fo, S VI/A, P, C
Physalaemus lateristriga (Steindachner, 1864) 343 (N=1) St Ll P
Physalaemus spiniger (Miranda-Ribeiro, 1926) 19.0+ 1.8 (N=41) A, B, P, Sf Ll, Ln V/A, P, C
Odontophrynidae

Proceratophrys boiei (Wied-Neuwied, 1824) 1595(N=1) Pf Ll V/A

http://dx.doi.org/10.1590/1676-0611-BN-2017-0509
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Figure 3. Anurans recorded at Eta farm, municipality of Sete Barras, southern Séo Paulo state, Brazil. (A) Ischnocnema sp.; (B) Dendrophryniscus
cf. brevipollicatus; (C) Rhinella hoogmoedi; (D) R. icterica; (E) R. ornata; (F) Cycloramphus acangatan; (G) C. lutzorum; (H) Haddadus binotatus.
Photos: B. F. Fiorillo.
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Figure 4. Anurans recorded at Eta farm, municipality of Sete Barras, southern Sao Paulo state, Brazil. (A) Fritziana cf. ulei; (B) Bokermannohyla hylax;
(C) Dendropsophus berthalutzae; (D) D. elegans; (E) D. minutus; (F) D. seniculus; (G) D. werneri; (H) Boana albomarginata. Photos: B. F. Fiorillo.
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Figure 5. Anurans recorded at Eta farm, municipality of Sete Barras, southern Sao Paulo state, Brazil. (A) Boana bischoffi, (B) B. faber; (C) B. cf. raniceps;
(D) B. semilineata; (E) Itapotihyla langsdorffii; (F) Phyllomedusa distincta; (G) Ololygon argyreornata; (H) Ololygon. littoralis. Photos: B. F. Fiorillo.
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Figure 6. Anurans recorded at Eta farm, municipality of Sete Barras, southern Sao Paulo state, Brazil. (A) Ololygon rizibilis; (B) Scinax fuscovarius;
(C) Scinax imbegue; (D) Sphaenorhynchus caramaschii; (E) Trachycephalus mesophaeus; (F) Hylodes phyllodes (Photo: M. Martins, municipality of
Ubatuba, SPstate of Sdo Paulo, Brazil);. (G) Adenomera marmorata; (H) Leptodactylus latrans. Remaining photos: B. F. Fiorillo.
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Figure 7. Anurans recorded at Eta farm, municipality of Sete Barras, southern Sdo Paulo state, Brazil. (A) Leptodactylus notoaktites; B) Physalaemus
lateristriga (Photo: G. L. Oliveira, municipality of Tijuco do Sul, state of Parana, Brazil); (C) P. spiniger; (D) Proceratophrys boiei (Photo: M. Denoel,
municipality of Sdo Miguel Arcanjo, state of Sdo Paulo, Brazil). Remaining photos: B. F. Fiorillo.

Figure 8. Venn diagram of the intersections between the composition of each of the three
vegetation types sampled (banana plantation, peach palm plantation, and forests)
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Table 2. Similarity (Bray-Curtis index) of anuran abundances between vegetation types sampled at Eta farm, municipality of Sete Barras, state of Sao Paulo, Brazil.

Banana plantation Peach palm plantation Forest
Banana plantation - 0.40 0.18
Peach palm plantation 0.40 - 0.57
Forest 0.18 0.57 -

Figure 9. Bootstrap mean species accumulation curves and respective standard
deviations (1000 randomizations of samplings) for all vegetation types combined,
for forest, for peach palm plantation, and for banana plantation. Samplings were
made at Eta farm, municipality of Sete Barras, southern Sao Paulo state, Brazil.

Figure 10. Distribution of abundances of anurans sampled at Eta farm,
municipality of Sete Barras, southern Sdo Paulo state, Brazil. Values are shown
above each bar. Note that the bar for Physalaemus spiniger is broken.

Table 3. Richness, diversity, and equitability of anurans in the vegetation types studied at Eta farm, municipality of Sete Barras, Sao Paulo state, Brazil.

Banana plantation Peach palm plantation Forest
Total number of species 17 21 29
Number of exclusive species 0 4 12
Margalef diversity (Dmg) 2.34 2.53 3.35
Simpson diversity (1/D) 0.79 0.58 0.42
Shannon diversity (H”) 1.80 1.41 1.08
Pielou’s equitability (J) 0.63 0.46 0.32

guilds (Figure 12), one composed of related species (guild a, comprising
exclusively hylids) and the remaining composed by species from
different lineages (e.g., guild b, comprising species from three different
families). Guild a is composed by all hylids (except for Boana faber that
was not included in this cluster), all of them using arboreal substrates
and laying eggs in lentic habitats or on vegetation; guild b is composed
by Cycloramphus lutzorum, Hylodes phyllodes, Proceratophrys boiei,
and Boana faber, species that are always associated to forests forests and
lay eggs in the water or in the soil; guild ¢ is composed by the species
of the family Bufonidae and Leptodactylus latrans (Leptodactylidae),
which use terrestrial substrates and were found in water bodies in all
vegetation types sampled; guild d is composed of Dendrophryniscus
cf. brevipollicatus and Fritziana cf. ulei, which are closely associated
to bromeliads; guild e is composed of Leptodactylus notoaktites,
Physalaemus lateristriga, P. spiniger, and Adenomera marmorata,
which are cryptozoic, all of them found in forests and deposit eggs
in foam nests; and guild f which includes Cycloramphus acangatan,
Haddadus binotatus, and Ischnocnema sp., species that use non-arboreal
substrates and lay eggs on the ground (Figure 12).

http://dx.doi.org/10.1590/1676-0611-BN-2017-0509

Discussion

The anuran species richness found in the region of Eta Farm (36
species) and the estimated species richness based on our sample (ca. 40
species) are smaller than those obtained in some studies conducted at
Atlantic Forest sites in southern Sao Paulo state. For instance, Araujo
et al. (2010) found 60 species at Parque Estadual Turistico do Alto
do Ribeira, located about 50 km far from our study area, and Forlani
et al. (2010) found 65 species at a Parque Estadual Carlos Botelho,
located about 25 km far from Eta Farm. However, both studies included
sampling sites with different forest types within a wide altitudinal range
(e.g., 30—1000 m above sea level in the study of Araujo et al. 2010).
Possibly, the limited area and altitudinal range of our forest site may
have limited the number of species that we could potentially find. The
smaller species richness found may also reflect the frequent sampling
in disturbed areas in our study.

Indeed, Pombal & Haddad (2005) found 45 anuran species in a
mosaic of forests and disturbed areas in the region of Ribeirdo Branco,
located about 70 km from our study site. Zina et al. (2012) found 17
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Table 4. Reproductive mode and phenology of anuran species found at Eta Farm, municipality of Sete Barras, state of Sdo Paulo, Brazil, from April 2013 to March
2014. Abbreviations are: a = amplexus; ¢ = calling males; e = egg clutches; f = females bearing eggs; RM = reproductive mode (based on Salthe & Duellman 1973,

Pombal & Haddad 2005, Haddad & Prado 2005; Haddad et al. 2013; Mariotto 2014).

Family/Species Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar RM
Brachycephalidae

Ischnocnema sp. 23%**
Bufonidae

Dendrophryniscus cf. ce 8*
brevipollicatus

Rhinella hoogmoedi f c fa 1**
Rhinella icterica c c c ae [k 2%
Rhinella ornata a cf ca c ca % 2%
Cycloramphidae

Cycloramphus acangatan c 21%**
Cycloramphus lutzorum 19%*
Craugastoridae

Haddadus binotatus f f f 23%*
Hemiphractidae

Fritziana cf. ulei f f 36*
Hylidae

Bokermannohyla hylax f 4%
Boana albomarginata c c cf c 1H*
Boana bischoffi c c o
Boana faber c c c c c c 1% 4%
Boana cf. raniceps c c c c 1**
Boana semilineata c c c c c [
Dendropsophus berthalutzae f c c 24%*
Dendropsophus elegans c cf c c c [**
Dendropsophus minutus ca c c c 1*
Dendropsophus seniculus cfa 1**
Dendropsophus werneri c c c c c c 1% 24%*
Ttapotihyla langsdorffii 1**
Ololygon argyreornata fa cfa 1%*
Ololygon littoralis c f c fa c 1** 6%*
Ololygon rizibilis 11%*
Phyllomedusa distincta f c c c ca 24%*
Scinax fuscovarius c c 1**
Scinax imbegue c c c c c c fa c 1*
Sphaenorhynchus caramaschii c c 1*
Trachycephalus mesophaeus cfa c 1*
Hylodes phyllodes Rlok
Leptodactylidae

Adenomera marmorata f f f f f 32%%*
Leptodactylus latrans f c c 11%*
Leptodactylus notoaktites c cf cf cf cf 30%
Physalaemus lateristriga 11%*
Physalaemus spiniger c a a a c 11% 14%* 28%*
Odontophrynidae

Proceratophrys boiei

1** 2**

* Reproductive mode observed in the field; ** Reproductive mode based on literature information.
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Figure 11. (A) Climatic data for the period of study (April 2013 to March
2014) and (B) for 10 years (2005 to 2014) for municipality of Sete Barras (ca.
35 m a.s.l.), southern Sao Paulo state, Brazil, located ca. 20 km from the study
area. The continuous line represents monthly mean temperature and interrupted
lines above and below represent monthly means of maximum and minimum
temperatures, respectively. Bars represent monthly amount of rainfall. Data
from CIIAGRO (2015).

to 27 species in anuran communities of sandy coastal plains of the
Lagamar Paulista, which comprises the municipalities of Cananéia,
Ilha Comprida, Iguape, and Pariquera-Agu (located 35 to 70 km from
our study site).

We found a higher species richness of anurans in forests (N = 29)
than in plantations (N = 21 in peach palm plantation and 17 in banana
plantation). Furthermore, forests showed more exclusive species (N =
12) than plantations (zero and four species in peach palm plantation
and banana plantation, respectively). These results indicate that the
preservation of forest fragments is fundamental for most of the species
found in the region of Etd Farm. The higher species richness in peach
palm plantations (N =21) in relation to banana plantations (N = 17) may
be related to the frequent occurrence of temporary ponds in the former.
The lower species richness of the banana plantation, combined with the
fact that this vegetation type does not have any exclusive species, may
be related to some difficulty of the species to colonize and/or settle in
this vegetation type. Gardner et al. (2007) analysed data for different
forest types (primary, secondary, and Eucalyptus forests) and concluded
that primary rainforest harbours significantly more species, but support

http://dx.doi.org/10.1590/1676-0611-BN-2017-0509

Figure 12. Dendrogram of a cluster analysis based on natural history data
(vegetation type, substrate, and characters related to reproductive mode).
Euclidean distances were calculated on a presence/absence matrix and the
unweighted pair-group average method was used for amalgamation. Bars with
lowercase letters indicate guilds. See text for details.

a similar abundance of amphibians and lizards compared with adjacent
areas of second-growth forest or plantations.

Three of the commonest species in our study site, Physalaemus
spiniger, Leptodactylus latrans, and Rhinella ornata, are habitat
generalists and seem to tolerate a relatively high intensity of human
disturbance in their habitats (Haddad 1998, Carvalho-e-Silva et al. 2008,
Serafim et al. 2008, Ferreira & Tonini 2010, Forlani et al. 2010), what
may explain their high abundance. Despite the tolerance to disturbed
habitats, the high number of individuals of P. spiniger (5567) possibly
reflects the diversity of reproductive modes used by this species as well
as the relatively high diversity of vegetation types it used. Other species
of Physalaemus may also show a high abundances (e.g., Brasileiro et
al. 2005, Araujo & Almeida-Santos 2011).

Only three anuran species (8.3%), Boana faber, Dendropsophus
werneri, and Scinax imbegue, showed reproductive activity (indicated
by amplexus, vocalizations, gravid females, and egg clutches) for six
or more months during our study. In spite of being observed breeding
throughout the year in other studies (Pombal 1997, Forti 2009, Santos
& Conte 2014), Boana bischoffi and Dendropsophus minutus were
reproductively active for few months at the Eta Farm region.

The cluster analysis based on natural history data revealed an
ecological structuring with six arbitrarily defined guilds (Figure 12).
These groups can be explained, in part, by convergent traits related to
locomotion in closely related species (Gomes et al. 2009). Zug (1978)
suggested that habitat use is related to amphibian morphology (e.g.,
jumping performance relative to snout-vent length). For instance, the
larger group (group a) is formed essentially by hylids, that use arboreal
substrates. The groups ¢ and e are formed almost completely by
bufonids (with exception of Leptodactylus latrans) and leptodactylids,
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respectively, which use terrestrial substrates. As for habitat use, in
group c, all species use all types of vegetation cover, while in the
group e species are more restricted to forests. Bastazini et al. (2007)
investigated which environmental variables would predict the main
changes in anuran community composition in a shrub-to-forest restinga
gradient and their analysis suggested that plant communities are the
most important environmental factor acting on the structure of the
anuran community studied. This also seems to be the case of group d,
formed by Dendrophryniscus cf. brevipollicatus and Fritziana cf. ulei,
species highly dependent on bromeliads (shelter and reproduction site).
The groups b and f appear to differ in their need for water bodies for
breeding. Although both are restricted to forests, they include species
that present different preferences in substrate use (e.g., group b includes
one cryptozoic, one arboreal, and two rheophilic species). As stated
by Duellman & Trueb (1994), spatial heterogeneity lead to a higher
number of substrates, thereby increasing the number of anuran species
in communities, because they could occupy different parts of the mosaic.
Thus, guilds can be formed by species that occupy the same vegetation
cover and different substrates.

In conclusion, we found less species in disturbed areas than in
forests, no species was exclusive to banana plantation, and just a few
species were exclusive to peach palm plantation. These results reinforce
the importance of forested habitats for the maintenance of anuran
diversity in the Atlantic Forest. Therefore,, the preservation of large
fragments of forest in the region of Etd Farm is necessary to preserve
the diverse amphibian fauna of this region.

Supplementary material

The following online material is available for this article:
Appendix

Acknowledgements

We thank M. M. Mickenhagen for allowing our work at Eta
Farm. V. Gongalves for help in fieldwork. M. Verdade and graduate
students at C. F. B. Haddad’s Lab at UNESP, Rio Claro, helped with
species identifications; however, the authors are responsible for the
taxonomy used herein. C.S. and B.F.F. thank FAPESP for fellowships
(2014/23267-5 and 2014/11855-0, respectively) and M.M. thanks CNPq
for fellowships (302953/2012-4 and 306961/2015-6). This study was
funded by a grant from FAPESP (11/50206-9).

Author Contributions

Bruno Ferreto Fiorillo: Provided substantial contribution in
the concept and design of the study. Sconfienza contributed to data
collection. Contributed to data analysis and interpretation, manuscript
preparation, and to critical revision, adding intellectual content.

Carolina Sconfienza Faria: To data collection. Contributed to data
analysis and interpretation, manuscript preparation, and to critical
revision, adding intellectual content.

Bruno Rocha Silva: Contributed to data collection.

http://www.scielo.br/bn

Marcio Martins: Provided substantial contribution in the concept
and design of the study. Contributed to data analysis and interpretation,
manuscript preparation, and to critical revision, adding intellectual
content.

Conflicts of interest

The authors declare that they have no conflict of interest related to
the publication of this manuscript.

References

ALVES, H.P. F. 2004. Analise dos fatores associados as mudangas na cobertura
da terra no Vale do Ribeira através da integracdo de dados censitarios e
de sensoriamento remoto. Tese de doutorado. Universidade Estadual de
Campinas, Campinas.

ARAUIJO, C.0. & ALMEIDA-SANTOS, S.M. 2011. Herpetofauna in a cerrado
remnant in the state of Sao Paulo, Southeastern Brazil. Biota Neotropica
11(3): 47-62. http://dx.doi.org/10.1590/S1676-06032011000300003 (last
access on 21/06/2018).

ARAUJO, 0.G.S., TOLEDO, L.F., GARCIA, P.C.A. & HADDAD, C.F.B. 2009.
The amphibians of Sdo Paulo State. Biota Neotropica 9(4): 197-209. http://
dx.doi.org/10.1590/S1676-06032009000400020 (last access on 21/06/2018)

ARAUIJO, C.0., CONDEZ, T.H., BOVO, R.P., CENTENO, F.C. & LUIZ,
A.M. 2010. Amphibians and reptiles of the Parque Estadual Turistico do
Alto Ribeira (PETAR), SP: an Atlantic Forest remnant of Southeastern
Brazil. Biota Neotropica 10: 257-274. http://dx.doi.org/10.1590/S1676-
0603201000040003 1 (last access on 21/06/2018).

BASTAZINI, C.V.,, MUNDURUCA, J.F.V., ROCHA, P.L.B. & NAPOLI, M.F.
2007. Which environmental variables better explain changes in anuran
community composition? A case study in the restinga of Mata de Sao Jodo,
Bahia, Brazil. Herpetologica 63(4): 459-471.

BECKER, C.G., FONSECA, C.R., HADDAD, C.F.B., BATISTA, R.F,,
PRADO, P.I. 2007. Habitat split and the global decline of amphibians.
Science 318(5857): 1775-1777.

BRASILEIRO, C.A., SAWAYA, R.J., KIEFER, M.C. & MARTINS, M. 2005.
Amphibians of the Cerrado of Itirapina Ecological Station, Southeastern

Brazil. Biota Neotropica 5(2): 1-17.http://www.biotaneotropica.org.br/v5n2/
pt/abstract?article+BN00405022005 (last access on 21/06/2018).

CARVALHO-E-SILVA, AM.P, SILVA, G.R. & CARVALHO-E-SILVA, S.P.
2008. Anurans at Rio das Pedras Reserve, Mangaratiba, RJ, Brazil. Biota
Neotropica. 8(1):199-209. Anurans at Rio das Pedras Reserve, Mangaratiba,
RJ, Brazil (last access on 21/06/2018).

CECHIN, S.Z. & MARTINS, M. 2000. Eficiéncia de armadilhas de queda
(pitfall traps) em amostragens de anfibios e répteis no Brasil. Revevista
Brasileira de Zoologia 17(3): 729-740. http://dx.doi.org/10.1590/S0101-
81752000000300017 (last access on 21/06/2018).

CITAGRO - Centro Integrado de Informagdes Agrometeorologicas. 2015.
http://www.ciiagro.sp.gov.br/. (last access on 01/10/2015).

COLWELL, R.K. 2012. EstimateS: Statistical estimation of species richness
and shared species from samples. Version 8.2. User’s Guide and application.
http://viceroy.eeb.uconn.edu/estimates/ (last access on 21/06/2018).

DUELLMAN, W.E. & TRUEB, L. 1994. Biology of Amphibians. The Johns
Hopkins University Press, Baltimore, Maryland, U.S.A.

FERREIRA, R.B. & TONINI, J.E.R. 2010. Living holed: Leptodactylus latrans
occupying crab’s burrows. Herpetology Notes 3:237-238.

FORLANI, M.C., BERNARDO, P.H., HADDAD, C.F.B. & ZAHER, H.
2010. Herpetofauna do Parque Estadual Carlos Botelho, Sao Paulo,
Brasil. Biota Neotropica 10(3):265-309. http://dx.doi.org/10.1590/S1676-
06032010000300028 (last access on 21/06/2018)

http://dx.doi.org/10.1590/1676-0611-BN-2017-0509


http://dx.doi.org/10.1590/S1676-06032010000300028
http://dx.doi.org/10.1590/S1676-06032010000300028
http://www.scielo.br/pdf/bn/v18n4/1676-0611-bn-18-04-e20170509-suppl01.pdf

Biota Neotrop., 18(4): €20170509, 2018

Anurans of Sete Barras region

FORTI, L.R. 2009. Temporada reprodutiva, micro-habitat e turno de vocalizagdo
de anfibios anuros em lagoa de Floresta Atlantica, no sudeste do Brasil.
Revista Brasileira de Zoociéncias 11(1): 89-98.

GARDNER, T.A., RIBEIRO-JUNIOR, M.A., BARLOW, I., AVILA-PIRES,
T.C.S., HOOGMOED, M.S. & PERES, C.A. 2007. The value of primary,
secondary, and plantation forests for a Neotropical herpetofauna.
Conservation Biology 21(3): 775-787.

GOMES, F.R,REZENDE, E.L., GRIZANTE, M.B. & NAVAS, C.A. 2009. The
evolution of jumping performance in anurans: morphological correlates and
ecological implications. Journal of Evolutionary Biology 22(5):1088-1097.

GREENBERG, C.H., NEARY, D.G. & HARRIS, L.D. 1994. A comparison
of herpetofaunal sampling effectiveness of pitfall, single-ended, and
double-ended funnel traps used with drift fences. Journal of Herpetology
28(3):319-324.

GREENE, H.W. 1986. Natural history and evolutionary biology. In Prey-predator
relationships: Perspectives and approaches from the study of lower
vertebrates (M.E. Feder & G.V. Lauder, eds). University of Chicago Press,
Chicago, p.99-108.

HADDAD, C.F.B. 1998. Biodiversidade dos anfibios do Estado de Sao Paulo. In
Biodiversidade do Estado de Sdo Paulo, Brasil: sintese do conhecimento ao

final do século XX (R.M.C. Castro, ed.). Funda¢do de Amparo a Pesquisa
do Estado de Sao Paulo, Sao Paulo, p. 17-26.

HADDAD, C.F.B. & PRADO, C.P.A. 2005. Reproductive modes in frogs and
their unexpected diversity in the Atlantic Forest of Brazil. BioScience
55(3):207-217.

HADDAD, C.F.B. & SAZIMA, 1. 1992. Anfibios anuros da Serra do Japi. In
Historia Natural da Serra do Japi: Ecologia e preservagdo de uma area
florestal no Sudeste do Brasil (L.P.C. Morellato, ed.). Editora da Unicamp/
Fundacdo de Amparo a Pesquisa do Estado de Sao Paulo, Campinas,
p.188-211.

HADDAD, C.E.B., TOLEDO, L.F.,, PRADO, C.P.A., LOEBMANN, D.,
GASPARINI J.L. & SAZIMA, 1. 2013. Guia de anfibios da Mata Atlantica:
Diversidade e Biologia. Anolis Books Editora, Sdo Paulo.

HAMMER, @., HARPER, D.A.T. & RYAN, P.D. 2001. PAST: Paleontological
statistics software package for education and data analysis. Palacontologia
Electronica 4(1):1-9.

JOLY, C.A., LEITAO-FDHO, H. F. & SILVA, S.M. 1991. O patrimonio
floristico. In: Mata Atlantica/Atlantic Rain Forest (J.C. Cecchi & M.S.M.
Soares, coords.) Ed. Index, Fundagdo SOS Mata Atlantica, p.95-125.

MAGURRAN, A.E. 2004. Measuring Biological Diversity. Wiley-Blackwell
Publishing, Victoria.

MANTOVANI, V. 1993. Estrutura e Dindmica da Floresta Atlantica na Juréia,
Iguape — SP. Unpublished lecturer thesis, Universidade de Sdo Paulo, Sdo
Paulo.

MARIOTTO, L.R. 2014. Anfibios de um Gradiente Altitudinal em Mata
Atlantica. Dissertacdo de Mestrado, Universidade Federal do Parana,
Curitiba.

MARTINS, M. & OLIVEIRA, M.E. 1998. Natural history of snakes in forests
of the Manaus region Central Amazonia Brazil. Herpetological Natural
History 6(2):78-150.

MITTERMEIER, R.A., GIL, P.R., HOFMANN, M., PILGRIM, J., BROOKS,
T., MITTERMEIER, C.G., LAMOREAUX, J. & FONSECA, G.A.B.
2004. Hotspots revisited: Earth’s biologically richest and most endangered
terrestrial. Cemex, Washington.

http://dx.doi.org/10.1590/1676-0611-BN-2017-0509

MORAES, R.A., SAWAYA, R.J. & BARRELA, W. 2007. Composition and
diversity of anuran amphibians in two Atlantic Forest environments in
Southeastern Brazil, Parque Estadual Carlos Botelho, Sao Paulo, Brazil.
Biota Neotropica 7(2): 28:36. http://www.biotaneotropica.org.br/v7n2/pt/
abstract?article+bn00307022007 (last access on 21/06/2018)

POMBAL-JR., J.P. 1997. Distribuigdo espacial e temporal de anuros (Amphibia)
em uma poga permanente na Serra de Paranapiacaba, sudeste do Brasil.
Revista Brasileira de Biologia 57(4):583-594.

POMBAL-JR., J.P. & GORDO, M. 2004. Anfibios anuros da Juréia. In: Estagao
Ecologica Juréia-Itatins. Ambiente fisico, flora e fauna (O.A.V. Marques &
W. Duleba, eds). Holos editora, Ribeirdo Preto, p.243-256.

POMBAL Jr., J.P. &« HADDAD, C.F.B. 2005. Estratégias ¢ modos reprodutivos
de anuros (Amphibia) em uma poga permanente da Serra de Paranapiacaba,
Sudeste do Brasil. Papéis Avulsos de Zoologia 45(15):201-213.

ROMESBURG, H.C. 1984. Cluster Analysis for Researchers. Lifetime Learning
Publications, Belmont.

SALTHE, S.N. & DUELLMAN, W.E. 1973. Quantitative constrains associated
with reproductive mode in anurans. In Evolutionary biology of the anurans:
contemporary research on major problems (J.L. Vial ed.). University of
Missouri Press, Columbia, p.229-249.

SANTOS, E.J. & CONTE, C.E. 2014. Riqueza ¢ distribui¢do temporal de anuros
(Amphibia: Anura) em um fragmento de Floresta Ombrofila Mista. Iheringia
Série Zoologia 104(3):323-333.

SCOTT JR., N.J. & WOODWARD, B.D. 1994. Surveys at breeding sites. In
Measuring and Monitoring Biological Diversity: Standard Methods for
Amphibians (W.R. Heyer, M.A. Donnelly, R.W. McDiarmid, L.C. Hayek
& M.S. Foster, eds). Smithsonian Institution Press, Washington, USA,
p.118-130.

SEGALLA, M.V, CARAMASCHI, U., CRUZ, C.A.G., GRANT, T.,
HADDAD, C.F.B., GARCIA, P.C. A., BERNECK, B.V.M. &
LANGONE, J.A. 2016. Brazilian amphibians: list of species. Herpetologia
Brasileira 5(2):34-46.

SERAFIM, H., IENNE, S., CICCHI, P.J.P. & JIM, J. 2008. Anurofauna de
remanescentes de Floresta Atlantica do municipio de Séo José do Barreiro,
estado de Sdo Paulo, Brasil. Biota Neotropica 8:69-77. http://www.
biotaneotropica.org.br/v8n2/en/abstract?article+bn01008022008 (last
access on 21/06/2018)

SILVA, H.R., CARVALHO, A.L.G. & BITTENCOURT-SILVA, G.B. 2008.
Frogs of Marambaia: a naturally isolated Restinga and Atlantic Forest
remnant of southeastern Brazil. Biota Neotropica 8(4):168-174. http://
dx.doi.org/10.1590/S1676-06032008000400017 (last access on 21/06/2018)

SILVEIRA, L.F., BEISIEGEL, B.M., CURCIO, E.F., VALDUJO, P.H., DIXO,
M., VERDADE, VK., MATTOX, G.M.T. & CUNNINGHAM, P.T.M.
2010. Para que servem os inventarios de fauna? Estudos Avancados,
24(68):173-177.

ZINA, J., PRADO, C.P.A., BRASILEIRO, C.A. & HADDAD, C.F.B. 2012.
Anurans of the sandy coastal plains of the Lagamar Paulista, State of Sdo
Paulo, Brazil. Biota Neotropica 12(1):252-260. http://www.biotaneotropica.
org.br/vl2nl/en/abstract?inventory+bn02212012012 (last access on
21/06/2018)

ZUG, G.R. 1978. Anuran locomotion — Structure and function, 2: jumping
performance of semiaquatic, terrestrial, and arboreal frogs. Smithsonian
Contributions to Zoology (276):1-31.

Received: 28/12/2017
Revised: 24/06/2018
Accepted: 28/06/2018
Published online: 16/07/2018

http://www.scielo.br/bn


http://www.biotaneotropica.org.br/v12n1/en/abstract?inventory+bn02212012012
http://www.biotaneotropica.org.br/v12n1/en/abstract?inventory+bn02212012012



